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PL1.01.03

What did we learn from historical cohort studies

T.J. Roseboom

AMC, AMSTERDAM, The Netherlands

Poor nutrition during critical periods of early human develop-
ment has lasting negative consequences for growth, development,
and health. This talk summarizes the evidence from studies
investigating the effects of prenatal exposure to the Dutch famine
on later mental and physical health. The Dutch famine was
remarkable in several ways, and its unique features have con-
tributed to the fact that it has most often been used in studies
examining the long-term consequences of prenatal under-
nutrition. The Dutch famine was an acute period of under-
nutrition that was clearly circumscribed in time and place; it had
an abrupt beginning and end and struck a population that was
previously and subsequently well nourished. Also, the adminis-
tration was well organized and records were kept allowing
researchers to investigate the consequences of starvation in the
decades that followed. All these characteristics make the Dutch
famine uniquely suited for such studies, and allow researchers to
take a quasi-experimental design to address a question that would
otherwise be impossible to answer in a human setting. The effects
of famine depended on its timing during gestation and the organs
and tissues undergoing critical periods of development at that
time. Early gestation appeared to be the most vulnerable period
which may not be surprising considering the fact that all organs
are laid down within 12 weeks after fertilization. The effects of
famine were widespread and affected structure and function of
organs and tissues, resulting in altered behavior and increased
disease risks, which in turn led to reduced participation in the
labor market and increased mortality. The effects of famine were
apparent in the absence of any effects on size at birth. Some
effects of prenatal undernutrition were more pronounced or even
limited to one sex, but generally the effects applied to both men
and women. There is preliminary evidence to suggest that the
effects of famine may not to be limited to those affected pre-
natally, but were passed on to the next generation, both through
the maternal and paternal line.Studies in other settings show
similar effects and suggest that the findings are not uniquely
linked to the characteristics and setting of the Dutch famine, but
reflect biologically fundamental processes that describe human

plasticity. Adequately feeding women before and during preg-
nancy will allow future generations to reach their full potential
and lead healthier and more productive lives, ultimately leading
to healthier and more equal future.

PL1.01.04

Preconception and embryonic origins of health

E.A.P. Steegers

Erasmus MC, University Medical Center, Rotterdam, the Netherlands

Prenatal growth in the second half of pregnancy and sub-
sequent birth weight have been studied for decades and are
shown to be associated not only with pregnancy outcome, but
also with health and disease throughout life and even in next
generations. The first trimester of pregnancy is highly impor-
tant with regard to cell multiplication, differentiation and epi-
genetic programming of the embryonic and placental tissues.
These early weeks of pregnancy are most vulnerable in human
and therefore it is also not surprising that several pregnancy
complications originate during this period, such as congenital
malformations, low birth weight and preeclampsia. Although
the first trimester represents perhaps the most important period
of prenatal development, so embryonic growth as proxy for
embryonic health has received relatively little attention both in
research and clinical care. New opportunities of three-
dimensional ultrasound techniques in combination with the
virtual reality (VR) technology of the BARCO I-Space and
V-scope visualization software enable depth perception and
therefore have tremendously improved the possibilities of
visualization of the human embryo. Using this technique in
prospectively obtained serial ultrasound scans during the first
trimester of pregnancy now revealed associations between
maternal age, folic acid supplement use, dietary patterns,
smoking and embryonic crown rump length and volume
measurements as outcomes of embryonic health. Moreover,
being small as an embryo appeared to be associated with an
increased risk of being born small for gestational age, but also
with an adverse cardiovascular risk profile in childhood. These
imaging techniques also enable scoring of embryonic develop-
mental morphology according to the external morphological
criteria of the Carnegie stages. Very recently it was shown that a
low level of vitamin B12 and high level of homocysteine, as
biomarkers of one carbon metabolism involved in epigenetic
programming, significantly delay embryonic development.
This new knowledge will also contribute to a shift of prenatal
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diagnosis of congenital abnormalities and suboptimal intrau-
terine growth from the second to the first trimester of preg-
nancy, enabling ´embryonic medicine´ in the future.
Moreover, the importance of embryonic health also emphasizes
that risk factors of couples should be handled already before
pregnancy; preconception care. Modifiable risk factors are for
example poor nutrition, smoking and alcohol use. These life-
style behaviors are very difficult to change with respect to
gaining long-term health benefits. Therefore, empowering
women but also their partner adopting a life course approach
from preconception onwards covering the embryonic period
may have important implications for not only fertility and
pregnancy complications but also for future prevention of non-
communicable diseases. Nowadays the reproductive popula-
tion can easily be reached by (pre)pregnancy eHealth and
mHealth platforms providing personalized lifestyle programs
integrated in health care. The evidence-based online personal
platform ‘Smarter Pregnancy’ (Dutch version www.slimmerz-
wanger.nl, English version www.smarterpregnancy.co.uk/
research) is an example of mHealth coaching tailored on
nutrition and lifestyle to improve preconceptional health and
care. This platform already shows beneficial effects on the
adoption of adequate intake of folic acid supplements,
vegetables and fruits, and to quit smoking and alcohol use in
women, but in particular in those couples of whom the male
partner is being coached as well. Such technology may offer
excellent opportunities and possible great health and health
care benefits for current and next generations.

PA1.01 - Endocrine programming

PA1.01.01

Stress, glucocorticoids and the developing brain

G. Matthews

University of Toronto, TORONTO, Canada

The developing fetal brain is highly sensitive to its endocrine
environment. Glucocorticoids (GCs) are potent modulators of
development, with the brain being particularly sensitive. GCs are
maintained at low levels in the fetus until late gestation, when
levels increase exponentially. This ‘surge’ in GC is critical for
normal maturation of several organ systems including the brain.
GCs can become elevated in the fetus as a result of stress
(maternal or fetal) or maternal treatment with GCs. The latter
occurs in cases of threatened preterm birth (>10% of all preg-
nancies). Using the guinea pig as a model, we have shown that
premature exposure of the fetal brain to GC can lead to profound
changes in the epigenetic (DNA methylation, acetylation) and
transcriptional landscapes in the fetal prefrontal cortex (PFC),
hippocampus and hypothalamic paraventricular nucleus (PVN).
These effects are associated with modified hypothalamic-
pituitary-adrenal (HPA) function and stress-related behaviours
in offspring, and are maintained in to adulthood. Most recently,
we have shown that the effects of GCs on epigenetic/

transcriptional landscapes, HPA function and behaviours extend
across multiple generations, and that this can occur via maternal
and paternal transmission. These findings have significant
implications for clinical practice but also our fundamental
understanding of the mechanisms by which the fetal endocrine
environment impacts the developing brain.

PA1.01.03

Fetal thyroid hormone exposure

R.P. Peeters

Erasmus MC, Rotterdam, The Netherlands

Thyroid hormone (TH) is essential for normal development of
virtually all tissues, especially the brain. Untreated maternal
hypothyroidism during pregnancy is associated with an increased
risk of adverse pregnancy and child outcomes. Evenmildmaternal
thyroid dysfunction adversely affects child cognitive development
resulting in lower IQ scores and an increased risk of autism,
ADHD and schizophrenia. During pregnancy, profound changes
in thyroid physiology occur, resulting in different reference
intervals compared to the nonpregnant state. However, there are
large differences in thyroid function reference intervals between
different populations of pregnant women. These differences can
be explained by variations in assays as well as population-specific
factors, such as ethnicity and body mass index. As a consequence,
the definition of both overt as well as subclinical thyroid dys-
function has changed considerably over the last few years and
varies between populations. In my presentation I will discuss the
negative consequences of gestational thyroid dysfunction for fetal
development and how to interpret these findings in relation to the
changes that occur in thyroid physiology during pregnancy. In
addition, I will show some examples of how epidemiological stu-
dies in this field have helped to better understand physiology and
pathophysiology, thereby enabling strategies to identify high-risk
individuals who might benefit from thyroid hormone treatment.
This has resulted in substantial changes in the new international
clinical guidelines on Thyroid and Pregnancy.

PA1.01.05

Leptin trajectories from birth to mid-childhood and early
adolescence cardio-metabolic outcomes: Findings from
project Viva

L.J. Li1, S.L. Rifas-Shiman2, I.M. Aris3, J.G. Young4,
C.M. Mantzoros5, M.F. Hivert5, E. Oken4

1Singapore Eye Research Institute, SINGAPORE, Singapore;
2Harvard Prilgrim Health Care Institute, BOSTON, United
States of America; 3Singpaore A*STAR, SINGAPORE,
Singapore; 4Harvard Pilgrim Health Care Institute, BOSTON,
United States of America; 5Massachusetts General Hospital,
BOSTON, United States of America

Background: Leptin is a hormone produced by adipose tissue
that promotes satiety, and some evidence suggests that greater
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early life leptin exposure prevents excessive adiposity gain in
later life. However, few studies have analyzed longitudinal
changes in leptin throughout childhood. In this study, we
aimed to identify distinct leptin trajectories in childhood, and
to examine their predictors and associations with cardio-
metabolic outcomes at early adolescence.
Methods: Among children in the Project Viva cohort born
1999-2002 in Massachusetts, USA, we studied 1360 with
leptin measured at least once at birth, early childhood
(mean 3.3 ± SD 0.3 years), or mid-childhood (7.9 ± 0.8 years)
for leptin trajectory analysis. At in person research visits, we
collected information on maternal characteristics (e.g.
pre-pregnancy body mass index [BMI], smoking history),
paternal BMI, gestational characteristics (e.g. glucose level,
gestational weight gain), and offspring characteristics (e.g. sex,
birth weight, gestational age, anthropometry). We assessed
markers of cardio-metabolic health including anthropometry,
blood pressure (BP), and fasting plasma biomarkers in early
adolescence (13.2 ± 0.9 years). We determined childhood lep-
tin trajectories in two stages: 1. As we were interested in effects
of child leptin trajectory independent of maternal leptin or
child weight, we first regressed each leptin measure (birth, early
childhood, and mid-childhood) on maternal 2nd-trimester
leptin, child sex, race/ethnicity and birth weight for gestational
age z-score (and also child current age and BMI for the early
and mid-childhood measures) to estimate leptin independent
of these factors; 2. We next included the residuals from these
models in latent class growth models to identify trajectories in
leptin over time from birth to mid-childhood. Finally, we used
multiple regression models to examine associations of other
early life exposures with these trajectories and of leptin trajec-
tories with cardio-metabolic outcomes in early adolescence.
Results: The latent class growth models identified three
distinct leptin trajectories, which we characterized as “low stable”
(n= 1031, 75.8%), “high-decreasing” (n= 219, 16.1%) and
“intermediate-increasing” (n= 110, 8.1%) (Figure). After
adjustment for confounders, those with higher paternal BMI
(ratio of relative risk [RRR] 1.03; 95% confidence interval [CI]:
0.95, 1.11) and maternal gestational weight gain (1.05; 0.97,
1.15) were somewhat more likely to be in the “intermediate-
increasing” compared with the “low-stable”. Compared with the
“low-stable”, the “intermediate-increasing” trajectory was asso-
ciated with several markers of adverse cardiometabolic health in
early adolescence, including higher adiposity (e.g. BMI z-score for
age and sex: 0.63 units; 0.29, 0.97), abnormal metabolic
biomarkers (e.g. HOMA-IR: 2.24; 1.26, 3.22), higher metabolic
risk scores (0.41; 0.13, 0.70) and greater odds of obesity (odds
ratio 2.92; 1.20, 7.11), but lower BP (SBP z-score for age, sex,
and height: -0.45; -0.74, -0.17).
Conclusions: In our prospective cohort, we identified three
distinct trajectories of leptin from birth to mid-childhood.
Even after adjustment for early life BMI, the intermediate-
increasing leptin trajectory was associated with higher adiposity
and metabolic risk scores yet lower systolic blood pressure at
early adolescence. Our findings implies a great opportunity for

cardio-metabolic outcomes especially for obesity intervention
during early childhood, and future studies are warrant a longer
follow-up on the leptin changes in offspring.

Three leptin trajectories identified by latent class growth models.

PA1.01.06

Prenatal air pollution exposure and newborn thyroid
function

C.G. Howe1, R.H. Habre1, F.W. Lurmann2, G.V. Vahdani1,
F.D. Gilliland1, C.V. Breton1

1University of Southern California, LOS ANGELES, United
States of America; 2Sonoma Technology, Inc., PETALUMA,
CALIFORNIA, United States of America

Background: Thyroid hormones are critical for normal fetal
growth and development. Previous studies have observed that
prenatal tobacco smoke (PTS) exposure impacts fetal thyroid
function, and recent evidence from a birth cohort in Belgium
suggests that 3rd trimester exposure to particulate matter (PM)
air pollution may alter cord blood thyroid hormones. However,
this has not been investigated in other populations, and addi-
tional air pollutants have not been evaluated. Our objective was
to examine associations between prenatal exposure to both
ambient and traffic-related air pollutants and newborn total
thyroxine (TT4) concentrations in the Southern California-
based Children’s Health Study (CHS).
Methods: TT4 concentrations in newborn heel stick blood
spots were acquired from the California Department of Public
Health for 2178 singleton-birth CHS participants. Monthly
averages of ambient (PM2.5, PM10, O3, NO2) and traffic-
related air pollutants (Freeway NOx, Non-Freeway NOx, and
Total NOx) were determined based on inverse distance-squared
weighted central monitoring data and the CALINE4 dispersion
model, respectively. Pregnancy and trimester-specific averages
were calculated for each pollutant. Associations between air
pollutants and newborn TT4 concentrations were evaluated
using mixed effects linear regression models, adjusted for baby’s
age at blood spot collection, gestational and maternal age,
maternal parity and education, baby’s sex and race/ethnicity,
PTS exposure, and season of birth (fixed effects), and also the
community of the participant at recruitment (random effect).
We additionally evaluated potential interactions with sex and
birth weight.

10th World Congress S3

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Results: Prenatal exposure to ambient air pollutants was
associated with higher newborn TT4 concentrations. Associa-
tions were statistically significant for PM10 (P< 0.01), PM2.5

(P< 0.01), and O3 (P= 0.03), with a similar trend for NO2

(P= 0.13). A 2 SD increase in PM10 (equivalent to 22.3
micrograms/m3), PM2.5 (equivalent to 16.5 micrograms/m3),
and O3 (equivalent to 24.3 ppb) was associated with a 1.1, 0.9,
and 0.5 micrograms/dl higher newborn TT4 concentration,
respectively. Associations were stronger for late pregnancy PM
and O3 exposures (2

nd or 3rd trimester). PTS exposure was also
positively associated with newborn TT4 concentrations
(P= 0.04); on average, TT4 concentrations were 0.7 micro-
grams/dl higher in PTS exposed newborns. In contrast, pre-
natal Freeway, Non-Freeway, and Total NOx exposures were
not significantly associated with newborn TT4, and we did not
observe significant interactions between sex or birth weight and
any of the air pollutants.
Conclusions: In our study population of newborns in South-
ern California, prenatal exposure to ambient air pollution,
particularly in the 2nd or 3rd trimester, was associated with
higher TT4 levels, and the magnitude of association for pre-
natal PM was similar to that for PTS.

PA1.01.07

Maternal thyroid function during pregnancy and offspring
depression and anxiety: A study from Avon Longitudinal
Study of Parents and Children

D.M. Fetene, K.S. Betts, R. Alati

University of Queensland, BRISBANE, Australia

Background: Brain development can be affected by several
factors of which iodine and thyroid hormones contribute the
lion share. Maternal thyroid dysfunction during pregnancy can
affect neurobehavioral disorders in the offspring. We investi-
gated the relationship between maternal thyroid function dur-
ing pregnancy and offspring depression and anxiety.
Methods: Data were sourced from the Avon Longitudinal
Study of Parents and Children (ALSPAC). A total of 4,839
mother-child pairs were included. Thyroid stimulating hor-
mone (TSH) levels, free thyroxine (fT4) and autoantibodies to
thyroid peroxidase (TPO-Ab) were assessed during the first
trimester of their pregnancy. Child depression and anxiety were
assessed using the Development and Well-Being Assessment at
age 91 months and 15 years old and were coded according to
DSM-IV criteria. The odds of presenting with depression and
anxiety were estimated using generalized estimating
equations model.
Results: The levels of maternal thyroxine hormone during the
first trimester of pregnancy was associated with child depression
[OR= 1.21, 95% CI: 1.00-1.14]. An increase of one unit
standard deviation distance from the mean level of fT4 during
pregnancy increases the odds of child depression at age 15 by
30% after adjusted for TPO-Ab, maternal age, body mass
index, gender, birth weight, maternal smoking, maternal

depression, gestational hypertension, zinc and iodine intake
during pregnancy [OR= 1.30, 95% CI: 1.02-1.65]. There was
no relation between maternal levels of TSH, fT4 and TPO-Ab
and childhood anxiety.
Conclusions: An increased level of thyroxine from the mean
value during the first trimester of pregnancy is associated with
increased risk of offspring depression. This finding suggests
that the level of thyroxine in early gestation influences fetal
brain development which determines neurobehavioral changes
later in life.

PA1.01.08

Association between maternal thyroid function in early
pregnancy and offspring autistic traits: meta-analysis of
three prospective birth cohorts

D. Levie1, T. Korevaar2, S.C. Bath3, A. Dalmau-Bueno1,
M. Murcia4, M. Espada5, J.M. Ibarluzea6, J. Sunyer1,
H. Tiemeier2, M. Rebagliato4, M.P. Rayman3, R.P. Peeters2,
M. Guxens1

1ISGlobal, BARCELONA, Spain; 2Erasmus MC,
ROTTERDAM, The Netherlands; 3University of Surrey,
GUILDFORD, United Kingdom; 4FISABIO-Universitat Jaume
I-Universitat de València, VALENCIA, Spain; 5Laboratorio
Normativo de Salud Pública, BILBAO, Spain; 6Subdirección de
Salud Pública de Guipúzcoa, SAN SEBASTIÁN, Spain

Background: During the first 18-20 weeks of pregnancy,
optimal fetal brain development depends on the placental
transfer of maternal thyroid hormones. Thyroid hormone
dependent brain development processes, such as neuronal cell
proliferation and migration, have been implicated in the
pathophysiology of autism. Previous studies focusing on the
association between maternal thyroid function and the risk of
autism spectrum disorder in the offspring are scarce and con-
flicting. Therefore, we assessed whether maternal thyroid
function in early pregnancy is associated with offspring autistic
traits.
Methods: We analyzed data from three large European,
population-based birth cohorts: INMA (Spain), Generation R
(The Netherlands) and ALSPAC (United Kingdom). Thyroid
stimulating hormone (TSH), free thyroxine (FT4) and thyroid
peroxidase antibodies (TPOAbs) were measured before the
18th week of pregnancy. Autistic traits were assessed at age 4-7
years using validated parental questionnaires. Adjusted cohort-
specific effect estimates were combined using random-effects
individual data meta-analysis.
Results: A total 7,778 mother-child pairs were included of
which 1.4%, 3.1%, and 7.5% of children were defined as
having autistic traits in the clinical range in INMA, Generation
R and ALSPAC, respectively. Maternal FT4 concentrations
below the 5th percentile were associated with a 1.5-fold higher
risk of offspring autistic traits (95%CI 1.0 to 2.4). Similarly,
maternal hypothyroxinemia was associated with a 1.9-fold
higher risk of autistic traits (95%CI 1.2 to 3.0). Additionally,
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FT4 above the 97.5th percentile also increased the risk on
autistic traits by 1.9-fold (95%CI 1.0 to 3.5). Neither maternal
TSH concentrations continuously, nor subclinical hypothyr-
oidism were associated with offspring autistic traits.
Conclusion: Both low and high maternal FT4 concentrations in
early pregnancy are associated with a higher risk of offspring
autistic traits. This cross-cohort study indicates that suboptimal
FT4 concentrations may have adverse fetal effects and thus that
overtreatment with high dose levothyroxine should be prevented.

PA1.01.09

Role of leptin in M1 programming of monocyte-derived
macrophages from newborns of obese mothers

F. Vega, G. Soto-Carrasco, I. Lefever, C. Letelier, P. Casanello,
B.J. Krause

Ponticia Universidad Catolica de Chile, SANTIAGO, Chile

Offspring from women with pre-gestational obesity (pOB) are
at high risk to develop chronic diseases related to an altered
immune function. We recently reported that monocytes and
macrophages from neonates of mothers with differentially
express pro-inflammatory and anti-inflammatory genes
compared with cells from offspring of normal weight mothers
(pNW), suggesting a functional programming of immune cells
by maternal metabolic status. Several studies show that leptin is
substantially increased in cord blood plasma from pOB
offspring compared to pNW, without significant changes in the
levels of pro-inflammatory and anti-inflammatory cytokines. In
this context, leptin induces the expression of pro-inflammatory
cytokines in macrophages from lean adults. Considering the
increased levels of leptin in pOB neonates, we hypothesize that
leptin exposure during monocyte-to-macrophage differentia-
tion modifies the expression of pro-inflammatory and anti-
inflammatory mediators in neonatal macrophages obtained
from pNW women enhancing the development of M1-skewed
macrophages. Neonatal monocytes were purified and
differentiated into macrophages by the addition of M-CSF
(100ng/mL) in presence or absence of leptin (10 or 100 ng/mL)
for 7 days. Macrophages were stimulated for additional 24 hours
with E.coli-LPS (100 ng/mL) and recombinant human IFN-γ
(20 ng/mL) and the mRNA levels of TNF-α and IL-10 were
assessed by qPCR. Parallel experiments were carried out in the
monocytic cell line THP-1. Exposing neonatal macrophages to
leptin (100ng/mL) increased the basal levels of TNF-α mRNA
(10-fold). Furthermore, when treated with LPS+ IFN-γ, the
expression of TNF-α showed a 20-fold increase, whilst further
increased when exposed to 10 or 100 ng/mL leptin (161-fold and
138-fold, respectively). Conversely, the expression of IL-10 did
not change significantly after stimulation with LPS+ INF-γ in
neonatal macrophages when treated with leptin during differ-
entiation. Similarly, the treatment of THP-1 cells with leptin
(10 ng/mL) enhanced the expression of TNF-α in response to
LPS (37-fold) with respect to LPS alone (27-fold), whilst the
expression of IL-10 in THP-1 stimulated with LPS was lower in

cells pre-treated with leptin (186-fold) compared to LPS alone
(494-fold). These preliminary results show that leptin enhances
the expression of pro-inflammatory cytokines while keeping a low
expression of anti-inflammatory cytokines upon stimulation with
M1-skewing agents (LPS and IFN-γ). This effect may be
involved in the developmental effect of pre-gestational obesity in
the mother, with high levels of neonatal leptin, and the postnatal
risk of developing chronic diseases. The latter could be due to a
leptin-mediated programming of macrophages to a pro-
inflammatory M1-skewed phenotype, leading to the establish-
ment of long-term, low-grade inflammation, thus increasing the
risk of developing chronic diseases during adulthood in pOB.

Effects of leptin concentrations on the pro-inflammatory
induction of TNFɑ in neonatal macrophages. ***p< 0.01 vs
cells without leptin.

PA1.02 - Pregnancy interventions

PA1.02.01

Pregnancy interventions, where are we?

L. Poston

King’s College London, LONDON, United Kingdom

Associations between a sub-optimal early life environment and
longer term adverse health outcomes are now recognised by
health care policy makers, but few evidence based preventative
intervention strategies are available. One reason lies in the
limited number of large and rigorously designed intervention
studies designed for long term child/adulthood health out-
comes, in contrast to the many cohort and population studies
reported. A recent individual patient data meta-analysis
(IPDMA) of the numerous lifestyle interventions in pregnant
women designed primarily to improve pregnancy outcome
(Rogozinska et al 2017), concluded that diet and physical
activity recommendations can reduce maternal weight gain and
the risk of caesarean section, but that there is little effect on fetal
outcomes. It is not yet known if these maternal benefits are
sufficient to improve lifelong health in the child, and only a few
of the component studies have reported childhood follow-up.
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UPBEAT, a randomised controlled trial of an intensive diet
and physical activity intervention in obese pregnant women,
which contributed to the IPDMA, has analysed the maternal
metabolic profile and followed the children to 6months of age.
The intervention which improved maternal diet, and reduced
maternal adiposity and gestational weight gain was associated
with a healthier maternal metabolome (unpublished), and with
reduced adiposity in the infants at 6mths of age (Patel et al,
2017). Whether this effect is sustained remains to be deter-
mined, and longer term follow up of the children is underway.
Interventions which target those women most at risk of having
an obese child are likely to have maximal benefit for mother
and child. Strategies for targeted intervention in obese women
will be discussed.
Rogosinska et al, Effects of antenatal diet and physical activity
on maternal and fetal outcomes; individual patient data and
meta-analysis and health economic evaluation. Health technol
Asess 2017; 21: 1-158 doi: 10.3310/hta21410.
Patel N et al.Infant adiposity following a randomised
controlled trial of a behavioural intervention in obese preg-
nancy. In J Obes (Lond). 2017;41:1018-1026. doi: 10.1038/
ijo.2017.44

PA1.02.03

A little less association, a little more action: a workshop to
develop new approaches to implementing and evaluating
early life interventions

J. Wright1, R McEachan1

1Bradford Institute for Health Research, UK

The early years of life are considered to be the most important
period in determining physical, emotional and cognitive
development. Early interventions are recognised as key to
improving the life chances for children and reducing inequal-
ities in health and well-being. There is good research evidence
about the factors that affect health and development such as
parenting practices, diet, physical activity, language and com-
munication skills. However there is a paucity of research into
the effectiveness of programmes to address these factors and
improve outcomes. Ten years after setting up the Born in
Bradford family cohort study we became increasingly frustrated
by the limitations of observational research to change practice:
many of the health problems that they were researching were
getting worse rather than better. In 2015 we were successful in
obtaining Big Lottery funding to set up the World’s first
experimental birth cohort study, Born in Bradford’s Better
Start, with the aim of improving outcomes for children in three
key areas: social and emotional development; communication
and language development; and nutrition.
This presentation will describe

1) How we identified effective early life interventions to
improve child health and wellbeing that can be tested in the
new cohort

2) How we are developing innovative, efficient and pragmatic
approaches to evaluation of these interventions using routine
data linkage
3) The challenges of integrating large scale, system-wide
research and practice.

PA1.02.05

Effects of an antenatal dietary intervention in overweight
and obese women on 6-month infant outcomes: follow-up
from the LIMIT trial.

M. Dodd1, J. McPhee2, R. Deussen1, J. Louise1, N. Yelland1,
A. Owens1, S. Robinson1

1The University of Adelaide, NORTH ADELAIDE, Australia;
2Women’s and Children’s Hospital, NORTH ADELAIDE,
Australia

Background: The immediate impact of providing an antenatal
dietary intervention during pregnancy on health has been exten-
sively studied, but little is known of the longer-term effects
beyond the neonatal period. Our aim was to evaluate the effects
of an antenatal dietary intervention in overweight or obese
women on early infant outcomes obtained 6-months after birth.
Methods: We conducted follow-up of infants born to women
who participated in the LIMIT randomized trial. Live-born
infants at 6-months of age, and whose mother provided consent
to ongoing follow-up were eligible for inclusion. While preg-
nant, women were randomized to a comprehensive antenatal
dietary intervention or standard antenatal care. The primary
study endpoint for the follow-up study was the incidence of
infant BMI z-score ≥ 90th centile for infant sex and age.
Secondary study outcomes included a range of infant anthro-
pometric measures, neurodevelopment (assessed using the Ages
and Stages Questionnaire), general health, and infant feeding.
Analyses used intention to treat principles according to the
treatment group allocated in pregnancy. Missing data were
imputed and analyses adjusted for maternal early pregnancy
BMI, parity, study centre, socioeconomic status, age, and
smoking status. Outcome assessors were blinded to the allo-
cated treatment group.
Results: 1,754 infants were assessed at age 6 months (Lifestyle
Advice n= 869; Standard Care n= 885), representing 82.1%
of the eligible sample (n= 2,136). There were no statistically
significant differences in the incidence of infant BMI z-score
≥ 90th centile for infants born to women in the Lifestyle Advice
group, as compared with the Standard Care group (Lifestyle
Advice 233 (21.71%) versus Standard Care 233 (21.90%);
adjusted relative risk aRR 0.99; 95% confidence interval 0.82
to 1.18; p= 0.88). There were no other effects on infant
growth, adiposity, or neurodevelopment.
Conclusions & Relevance: Antenatal dietary intervention did
not alter 6-month infant growth and adiposity. Ongoing
follow-up will enable assessment of obesity related outcomes in
later childhood, and exploration of pathways from maternal
obesity to child health.
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PA1.02.06

Which lifestyle interventions improve gestational weight
gain for women of varying educational attainment? IPD
meta-analysis from the i-WIP collaboration

E.C. O’Brien1, R. Segurado2, G. Alberdi1, A.A. Geraghty1,
On behalf Of I-WIP3, F. McAuliffe1

1University College Dublin, DUBLIN 2, Ireland; 2CSTAR,
School of Public Health, Physiotherapy and Sports Science,
UNIVERSITY COLLEGE DUBLIN, Ireland; 3I-WIP
(International Weight Management in Pregnancy) Collaborative
Network, LONDON

Background: Pregnancy outcomes, including gestational
weight gain (GWG), are negatively influenced by low socio-
economic status. Lifestyle interventions aim to manage GWG,
but few stratify analyses by socioeconomic status. We aimed to
identify if socioeconomic status is a prognostic factor for
GWG, and to determine the differential effects of lifestyle
interventions (diet-alone, exercise-alone or mixed approach) on
GWG, according to socioeconomic status.
Methods:Data from the International Weight Management in
Pregnancy (i-WIP) Network were used, including 21 rando-
mised control trials and 5,183 participants. The PRISMA-IPD
Statement guidelines and pre-specified protocol were followed.
IPD meta-analyses were performed using one-step generalised
linear mixed models. The outcome GWG/week was analysed
as per the Institute of Medicine 2009 guidelines (inadequate,
adequate, excess) and as kg/week. GWG was analysed accord-
ing to maternal educational attainment (proxy for socio-
economic status) and type of lifestyle intervention.
Results: Regarding GWG, we found that women of lower
educational attainment had an increased risk of both excess
(OR: 1.182, 95% CI: 1.008, 1.385) and inadequate (OR:
1.284, 95% CI: 1.045, 1.577) GWG. Among women with
lower education, diet-alone interventions reduced risk of excess
and inadequate GWG (OR: 0.515, 95% CI: 0.339, 0.785;
OR: 0.504, 95% CI: 0.288, 0.884, respectively), and reduced
GWG/week (kg) (B= -0.055, 95%CI: -0.098, -0.012). Mixed
interventions also reduced risk of excess GWG for women of
low education (OR: 0.735, 95% CI: 0.561, 0.963). Among
women with high education, diet-alone interventions reduced
risk of excess GWG (OR: 0.609, 95% CI: 0.437, 0.849), and
mixed interventions reduced GWG/week (kg) (B= -0.053,
95% CI: -0.069, -0.037). Exercise-alone interventions did not
have an impact on GWG in the total cohort, nor stratified by
educational attainment.
Conclusions: Pregnant women with low education are at an
increased risk of both excess and inadequate GWG, high-
lighting the need for intervention among these women. Diet-
alone interventions seem to be the most appropriate choice for
women with lower education, and additional support through
mixed interventions may also be beneficial. Women with
higher education also benefited from diet-alone interventions.
No impact on GWG was observed with exercise-alone

interventions. Health care professionals should consider nutri-
tion based interventions as part of baseline maternity care
packages, for all pregnant women.

PA1.02.07

Exercise during pregnancy to prevent gestational diabetes
mellitus and improve outcomes in overweight /obese
pregnant women: A randomized controlled trial

C. Wang1, Y. Wei1, X. Zhang1, Y. Zhang1, Q. Xu1, Y. Sun1,
S. Su1, L. Zhang1, C. Liu1, Y. Feng1, C. Shou2, K. Guelfi3,
J. Newnham4, H. Yang1

1Peking University First Hospital, BEIJING, China; 2Division of
hospital medicine Hallmark health system, MEDFORD, United
States of America; 3School of Sport Science, Exercise and Health,
The University of Western Australi, PERTH, Australia; 4School of
Women’s and Infants’ Health, The University of Western
Australia, Aust, PERTH, Australia

Background: The portion of overweight/obese women of
reproductive age has increased recently. Being overweight/
obese is a risk factor for gestational diabetes mellitus (GDM),
and increases the risk of adverse outcome for both mothers and
their offspring. Regular exercise has the potential to reduce the
risk of developing GDM, however, its efficacy remain con-
troversial. At present, most exercise interventions are imple-
mented on Caucasian women and in the second trimester, and
there is a paucity of studies focusing on overweight/obese
pregnant women. Thus we aimed to test the efficacy of regular
exercise in early pregnancy to prevent GDM in Chinese over-
weight/obese pregnant women.
Methods: This was a prospective randomized clinical trial in
which non-smoking women over 18 with a singleton preg-
nancy and met the criteria for overweight/obese status
(BMI< 28 kg/m2; obese, BMI≥ 28kg/m2) and an uncompli-
cated pregnancy at less than 12+ 6 weeks of gestation were
randomly allocated to either exercise group (EG) or a control
group (CG). Patients allocated to the EG were assigned to
exercise 3 times per week (no less than 30min/session with a
rating of perceived exertion between 12-14) via a cycling pro-
gram begun within 3 days of randomization until 37 weeks of
gestation. Those in the CG continued their usual daily activ-
ities. Both groups received standard prenatal care. The primary
outcome was incidence of GDM.
Results: From December 2014 to July 2016, 300 singleton
women at 10 gestational age and with a mean pre-pregnancy
BMI of 26.78 ± 2.75 kg/m2 were recruited. They were rando-
mized into an EG (n= 150) or a CG (150). (1) Women ran-
domized to the EG had significantly lower incidence of GDM
(22.0% vs. 40.6%, p< 0.001).These women also had sig-
nificantly (2) less gestational weight gain (4.08 ± 3.02 kg vs.
5.92 ± 2.58 kg, p< 0.001) by 25 gestational weeks and at the
end of pregnancy (8.38 ± 3.65 kg vs. 10.47 ± 3.33 kg,
p< 0.001), and (3) reduced insulin resistance levels (2.92 ±
1.27 vs. 3.38 ±2.00, p= 0.033) at 25 gestational weeks.
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Other secondary outcomes, including (4) hypertensive
disorders of pregnancy (17.0% vs. 19.3%; OR, 0.854; 95%CI,
0.434-2.683, P= 0.6), (5) cesarean delivery (except for scar
uterus) (29.5% vs. 32.5%;OR, 0.869; 95% CI, 0.494 -1.529,
P= 0.6), (6) mean gestational age at birth (39.02 ± 1.29 vs.
38.89 ± 37 weeks gestation; P= 0.5); (7) preterm birth (2.7%
vs. 4.4%, OR, 0.600; 95% CI, 0.140-2.573, P= 0.5), (8)
macrosomia (defined as birth weight above 4000 g) (6.3% vs.
9.6%; OR, 0.624; 95%CI, 0.233-1.673, P= 0.3) and (9) large
for gestational age infants (14.3% vs. 22.8%; OR, 0.564; 95%
CI, 0.284-1.121, P= 0.1) were also lower in the EG compared
to the CG, but without significant difference. However, infants
born to women following the exercise intervention had a
significantly lower birth weight compared with those born to
women allocated to the CG (3345.27 ± 397.07 g vs.
3457.46 ± 446.00 g, P= 0.049).
Conclusions: Cycling exercise initiated early in pregnancy is
associated with a significant reduction in the frequency of
GDM in overweight/obese pregnant women. Furthermore, it
did not increase the risk of preterm birth or reduce the mean
gestational age at birth.

PA1.02.08

The effect of a lifestyle intervention in obese pregnant
women on change in gestational metabolic profiles:
findings from UPBEAT

H.L. Mills1, N. Patel2, S.L. White2, D. Pasupathy2,
A.L. Briley2, D.L. Santos Ferreira1, P.T. Seed2, S.M. Nelson3,
N. Sattar3, K. Tilling1, L. Poston2, D.A. Lawlor1, On behalf
Of the UPBEAT Consortium4

1University of Bristol, BRISTOL, United Kingdom; 2King’s
College London, LONDON, United Kingdom; 3University of
Glasgow, GLASGOW, United Kingdom; 4The UK Pregnancies
Better Eating and Activity Trial Consortium, United Kingdom

Background: Obesity in pregnancy is considered to be asso-
ciated with disturbances in metabolic function which can lead
to adverse outcomes for mother and child. Randomised con-
trolled trials (RCTs) in pregnant women have suggested some
beneficial effect of lifestyle interventions on maternal gesta-
tional weight gain and adiposity, but whether this improves
their metabolic profiles is unclear. The UK Pregnancies Better
Eating and Activity Trial (UPBEAT), a RCT of a lifestyle
intervention in obese pregnant women, was previously shown
to improve diet and physical activity, to reduce maternal
gestational weight gain and adiposity, but not to prevent
gestational diabetes. We used UPBEAT to determine (a) the
magnitude of change in metabolic profiles during pregnancy in
obese women and (b) the impact of the lifestyle intervention on
these profiles.
Methods: UPBEAT recruited and randomised 1555 obese
(BMI≥ 30kg/m2) pregnant women, aged 16 years or older and
with a singleton pregnancy between 15+ 0-18+ 6 weeks gesta-
tion. Detailed targeted metabolic profiling, with quantification

of 158 metabolic traits (129 lipid measures, 9 glycerides and
phospholipids, and 20 low-molecular weight metabolites) was
completed on three occasions (~17-, 28- and 35-weeks of
gestation) in the UPBEAT participants using NMR. Random
intercept and random slope models were used to quantify
metabolite changes in obese women using the control (usual
care) group only. The effect of the intervention was determined
by comparing rates of metabolite change between women
randomised to the intervention or to usual care, using intention
to treat analyses (using N= 1158 women with metabolite
data). In all analyses we controlled for the minimising variables
used in randomization (BMI, ethnicity, parity, age and clinic
centre).
Results: There were adverse changes across pregnancy in most
lipoprotein subclasses, lipids, glycerides, phospholipids, several
fatty acids and glucose. All extremely large, very large, large,
medium, small and very small VLDL particles increased by 2 to
3 standard deviation units (SD), with IDL, and large, medium
and small LDL particles increasing by 1 to 2SD, between 16-
and 36-weeks. Triglycerides increased by 3 to 4SD, and glucose
increased by 2SD, across the same time period, with more
modest changes in other metabolites. The intervention resulted
in reductions in the rate of change of concentrations of most
lipids, phospholipids and triglycerides in extremely large, very
large, large and medium VLDL particles. Triglyceride to
phosphoglyceride ratio was reduced and there were improve-
ments in fatty acid profiles (increased rates of change in the
degree of saturation of fatty acids, and the ratios of linoleic,
omega-6, and polyunsaturated fatty acids to total fatty acids,
and decreased rates of change in the ratio of saturated to total
fatty acids).
Conclusions: These findings demonstrate systematic meta-
bolic disruption in obese pregnant women as their pregnancy
progresses. Importantly, we have demonstrated that a lifestyle
intervention that effectively improved diet and physical activity
in these women resulted in improvements in most VLDL
particles and VLDL size. With further follow-up of these par-
ticipants we will be able to explore the extent to which these
improvements in metabolic profiles impact maternal and off-
spring adiposity postnatally.

PA1.02.09

Exercise before and during pregnancy in maternal obese
rats has preventative effects on offspring lipid dysregulation
at 650 days age

C. Lomas-Soria1, L.A. Reyes-Castro1, G.L. Rodríguez-
González1, C. Ibañez-Chavez1, P.W. Nathanielsz2,
E. Zambrano1

1Instituto Nacional de Ciencias Medicas y Nutricion SZ,
MEXICO DISTRITO FEDERAL, Mexico; 2University of
Wyoming, LARAMIE, United States of America

Background: Epidemiological and animal studies demonstrate
that maternal obesity (MO) predisposes offspring to metabolic
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disorders - excessive weight, adiposity, and dysregulation of
lipid metabolism – that increase with age. There is a need for
interventions that slow or even reverse these aging outcomes.
Exercise is well established to have numerous health benefits;
however, the effects of maternal (F0) exercise on the offspring
(F1) aging metabolic phenotype are poorly understood.
We hypothesized that maternal exercise before and during
pregnancy has preventative effects on these outcomes and the
benefit persists into late life in male and female F1.
Methods: F0 female Wistar rats ate control (C) or obesogenic
diet (MO) from weaning through lactation. From 90 days
(d) to 120 d (when they were bred) half of each group wheel ran
30min/day, 5 times/week, providing four groups: control (C),
obese (MO), exercised controls (CEx), and exercised obese
(MOEx). After weaning all male and female F1 groups ate
C diet.We evaluated serum leptin and triglycerides (TG) inmales
and females at 110 and 650 d, fat depots excised and weighed.
Data presented as mean ± SEM, n= 6-8 rats from different lit-
ters. Analyses were two-way ANOVA with post-hoc Tukey test.
Results: With aging, F1 male and female C group increases in
total fat, leptin, and TG between 110 and 650 d were greater in
MO F1 than in C. However, maternal exercise prevented these
age-related changes in MO F1 at 650 d (Fig 1A-F). Interestingly,
maternal exercise even lowered leptin and TG in CEx males.
Conclusions: Our data indicate maternal voluntary exercise
intervention prior and during pregnancy has beneficial effects
on programming of lipid metabolism in F1 of MO rats.

F1 male and female metabolic variables, p< 0.05 for different
letters between groups at the same age, *p< 0.05 650d vs 110d
within the same group

PA1.03 – Epigenetics

PA1.03.01 Early nutritional influences on metastable
epialleles associated with human disease

R.A. Waterland

USDA Children’s Nutrition Research Center, Departments of
Pediatrics and Molecular & Human Genetics, Baylor College of
Medicine

Epigenetic mechanisms including DNA methylation stably
regulate mitotically heritable alterations in gene expression
potential. Nutritional influences on developmental epigenetics
may be an important mechanism linking early exposures to
adult disease. Testing this in humans is complicated, however,
because 1) epigenetic marks can vary between different cell
types, so measurements in easily obtainable samples (like per-
ipheral blood) may not indicate epigenetic regulation in cell
types most relevant to many diseases, and 2) the disease process
itself can induce epigenetic changes, so many disease-associated
epigenetic aberrations neither caused nor preceded the disease.
Exceptional genomic loci called metastable epialleles (MEs)
offer unprecedented opportunities to circumvent these obsta-
cles. MEs – essentially epigenetic polymorphisms – are stable
interindividual epigenetic variants that are neither tissue-
specific nor genetically mediated. We have pioneered a novel
approach for discovery of human MEs – DNA methylation
profiling across multiple tissues frommultiple individuals – and
shown that the loci we identify exhibit all the characteristic of
MEs in inbred mice, including persistent effects of peri-
conceptional nutrition. Several of the MEs we have identified
affect genes implicated in disease. Population studies are
underway to determine whether individual variation in DNA
methylation at MEs predicts risk of diseases including obesity
and specific types of cancer.

PA1.03.03

Epigenetic selection and the DNA methylation signature of
prenatal adversity

B.T. Heijmans1, EW Tobi1, J Van den Heuvel2, BJ Zwaan2,
LH Lumey3, T Uller4

1Leiden University Medical Center, LEIDEN,
The Netherlands; 2Wageningen University, WAGENINGEN,
The Netherlands; 3Columbia University, NEW YORK,
United States of America; 4University of Lund, LUND,
Sweden

DNA methylation (DNAm) patterns associated with early
prenatal adversity are often interpreted as signatures of
adaptive plasticity. We propose as an alternative explanation
that epigenetic reprogramming after fertilization creates sto-
chastic DNAm differences between embryos that affect embryo
survival, and show that such ‘epigenetic selection’ provides a
more tenable mechanism for DNAm signatures of prenatal
adversity than adaptive plasticity. A model of early embryonic
DNAm dynamics separates the scenarios by demonstrating that
only epigenetic selection will generate a characteristic reduction
in variance in DNAm at selected loci in populations exposed to
prenatal adversity. We found this predicted variance reduction
in DNAm data on a human cohort prenatally exposed to the
Dutch Famine. Our hypothesis has implications for the inter-
pretation of the developmental origins of health and disease,
and for developing intervention strategies.
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PA1.03.05

LowvitaminB12 in pregnancy is associatedwith adipose derived
circulating miRNAs targeting PPARγ and insulin resistance

A. Antonysunil1, M. Vatish2, M.T. Alam1, S. Ott1, S. Kumar1,
P. Saravanan1

1University of Warwick, WARWICK, United Kingdom;
2University of Oxford, OXFORD, United Kingdom

Background: Low vitamin B12 (B12) during pregnancy is
associated with higher maternal obesity, insulin resistance (IR),
gestational diabetes (GDM) and type 2 diabetes (T2D)
prevalence at 5 year follow up. However, it is not clear whether
these are causally related. B12 is a key co-factor of the DNA
methylation cycle (1-carbon metabolism). We hypothesize that
B12 plays a role in epigenetic regulation by altering circulating
miRNAs (miRs) during adipocyte differentiation and results in
an adverse metabolic phenotype.
Methods: Maternal venous blood samples (n=91) and sub-
cutaneous adipose tissue (n=42) were collected at delivery.
Human pre-adipocyte cells (Chub-S7) were differentiated in var-
ious B12 concentrations (1) Control (B12=500nM); (2)
LowB12 (B12=0.15nM) (3) NoB12 (B12=0nM). Serum B12,
folate, lipids and plasma 1-carbon metabolites were determined.
miR profiling, miR expression and gene expression weremeasured.
Results:We demonstrated that low B12 in human pregnancy was
associated with higher BMI and lipids, and in maternal adipose
tissue, increased gene expression of adipogenesis (PPARγ, CEBPα,
RXRα) and lipogenesis (FASN, ACC1, perilipin) (Fig1A). Our
in vitro human adipocyte model showed that adipocytes differ-
entiated in B12 deficient conditions accumulated more lipids
(Fig1B-D), had higher triglyceride levels (Fig1E,F) and increased
gene expressions of adipogenesis (Fig1G) and lipogenesis (Fig1H).
MiR array screening in adipocytes revealed differential expression of
133miRs (adjusted p<0.05). We then validated 14miRs related to
adipocyte differentiation and function by q-RT PCR. MiRs tar-
geting PPARγ (miR-27b, miR-23a, miR-130b), CEBPα (miR-31),
Zfp423 (miR-195a), adipocyte differentiation (miR-143, miR-145,
miR-146a, miR-221, miR-222, miR-125b) and IR (miR-103a,
miR-107 andmiR-29b) were altered in adipocytes and its secretion.
In vivo validation in pregnant women with low B12, identified a
similar pattern of altered miR expression in human adipose tissue
and circulating miR expression in serum. Of the 14 circulating
miRs, regression analysis after adjusting for likely confounders (age,
parity, folate supplement use, smoking, insulin and glucose) in
addition to B12, showed that four miRs (miR-27b, miR-23a,
miR-103a, miR-107) associated with BMI. Further multivariate
analysis showed that the association of B12 with BMI was mediated
by these circulating miRs which targets PPARγ (miR-27b, miR-
-23a) and IR (miR-103a, miR-107). Finally, the miR-gene-
pathway network analysis evidenced that these miRs associated
with the genes regulating the signalling pathways such as PPARγ,
adipocytokine, insulin, Wnt and T2D.
Conclusions: Our study shows that low B12 levels in preg-
nancy alters adipose derived circulating miRs, which may

mediate an adipogenic and insulin resistant phenotype leading
to obesity. This is the first study to identify the changes in miR
secretion due to micronutrient deficiency and provides new
insight that these circulating miRs can act as a novel mode of
cell signalling molecules from dysfunctional adipocytes and
develop obesity associated adipocyte dysfunction in mothers.
This may predispose metabolic disease to both mothers and
offspring in later life. These findings need to be replicated in
early pregnancy cohort and in longitudinal studies involving
offspring data.

Gene expression of adipogenesis and lipogenesis in human
maternal adipose tissue and human adipocyte cell line
(Chub-S7).
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PA1.03.06

Prenatal air pollution exposure and genetic and epigenetic
variation in mitochondrial DNA are associated with infant
growth

A.Y. Song1, F. Lurmann2, H.M. Byun3, A. Baccarelli4,
C.V. Breton5

1University of Southern California, LOS ANGELES, United
States of America; 2Sonoma Technologies, PETALUMA, United
States of America; 3Human Nutrition Research Centre, Institute of
Cellular Medicine, Newcastle Univ, NEWCASTLE UPON
TYNE, United Kingdom; 4Mailman School of Public Health,
Columbia University NEW YORK, United States of America;
5University of Southern California, Department of Preventive
Medicine, LOS ANGELES, United States of America

Background: Mitochondria are the cellular organelles that serve
as central regulators of metabolism and oxidative stress.
Dysfunctional mitochondria have been implicated in a variety of
diseases and are important in fetal development. Mitochondria
also contain the machinery required to epigenetically modify
mtDNA and affect its transcription, suggesting that these mod-
ifications may have the ability to affect disease risk.
Methods: We investigated whether prenatal exposure to air pol-
lution caused alterations in mtDNAmethylation in cord blood and
whether mtSNPs modified such relationships in 181 newborns in
the Maternal and Child Health Study. We also examined whether
differences in mtDNAmethylation level were associated with birth
weight and infant growth trajectories in a subset of infants who
were followed by phone and had medical records abstracted until
6 months old (n=52). Traffic related air pollution (TRP) and
ambient air pollution (AAP) exposures were estimated based on
participants’ residential addresses reported at study entry using
California Line-Source Dispersion Model (CALINE4) or routine
air monitoring data collected daily in California and available from
U.S. Environmental Protection Agency’s Air Quality System,
respectively. DNA was extracted from cord blood and methylation
measured using Pyrosequencing in three mtDNA regions: the
transfer RNA phenylalanine (MT-TF), 12S ribosomal RNA (MT-
RNR1) and D-loop control region. mtDNA methylation was also
measured in a subset of sorted CD4+ and CD14+ cells (N=89)
to evaluate cell type specific differences. Sixteen mitochondrial
SNPs (mtSNPs) were genotyped using the Sequenom iPLEXGold
MassArray technique. Multiple linear mixed models were used to
evaluate the associations between prenatal air pollution, percent
mtDNA methylation and infant growth.
Results: A 1 SD (2 ppb) increase in prenatal non-freeway NOx
was associated with 0.16 (95% CI: 0.00, 0.31) higher MT-
RNR1 methylation in whole blood but not in CD14+ or
CD4+ cells. Living near major roads during pregnancy was
also associated with higher MT-RNR1 methylation in whole
blood, consistent with the CALINE4 modeled non-freeway
NOx findings. In contrast, a 1 SD (1 μg/m3) increase in PM2.5

was associated with a 0.13 (95% CI: -0.03, -0.24) lower MT-
RNR1 methylation and a 0.45 (95% CI: 0.08, 0.81) higher

D-Loop methylation only in CD14+ cells. A 1 SD (3 ppb)
increase in O3 was also associated with a 0.53 (95% CI: 0.01,
1.05) higher D-Loop methylation in CD14+ cells when
adjusting for PM2.5. One mtSNP, T16189C, modified the
association between prenatal air pollutants and mtDNA
methylation in MT-RNR1 and the D-Loop. This mtSNP also
modified the association between mtDNA methylation levels
and infant birth weight. A one SD increase in MT-TF methy-
lation was associated with a 115 gram (95% CI: -226, -5) lower
birth weight in subjects carrying the C allele and a 42 gram
(95%CI: -29, 113) increase in birth weight in subjects carrying
the T allele (pint= 0.03).
Conclusion: Prenatal air pollution exposures, either alone or in
combination with mtDNA SNPs, may alter mtDNA methy-
lation and influence child growth.

PA1.03.07

Maternal obesity induces epigenetic changes in baboon
fetal liver that regulate pathways thought to play important
roles in regulating lifespan

S. Puppala1, C. Li2, J.P. Glenn1, A. Quinn3, J. Palarczyk3,
E.J. Dick1, P.W. Nathanielsz2, L. Cox1

1Texas Biomedical Research Institute, SAN ANTONIO, United
States of America; 2University of Wyoming, LARAMIE, United
States of America; 3University of Texas Health Science Center,
SAN ANTONIO, United States of America

Introduction: Maternal obesity (MO) increases offspring cardi-
ometabolic disease and shortens lifespan (PMID: 23943697) as a
result of developmental programming, defined as a response to a
specific challenge to the mammalian organism during a critical
developmental time window that alters the trajectory of devel-
opment with persistent effects on offspring phenotype. To
anticipate altered aging trajectories it is of interest to determine
changes in fetal life capable of altering the rate of aging. We have
developed a baboon model of MO in which MO was induced
prior to pregnancy by a diet rich in fat and sucrose. Controls
(CON) ate normal baboon chow. We hypothesized that MO
would alter fetal baboon liver molecular mechanisms considered
key to regulating metabolic pathways that affect longevity.
Methods:Gene array and microRNA (miRNA; small RNA Seq)
abundance analyses were performed on near-term fetal baboon
livers (CON= 6, MO= 5) and subjected to pathway analyses to
identify coordinated fetal liver molecular response to MO.
Results: 933 genes were differentially expressed between con-
trol and MO livers: 350 up-regulated and 583 down-regulated.
MO fetal livers showed down-regulation of the proteasome and
oxidative phosphorylation (Table 1), TCA cycle and glycolytic
pathways (not shown), and inversely expressed miRNAs tar-
geting genes in these pathways, supporting MO induction of
epigenetic changes that dysregulate pathways central to cellular
metabolism in MO fetal livers.
Conclusion: MO fetal livers revealed dysregulation of the
proteasome, oxidative phosphorylation, TCA, and glycolysis
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pathways. There was evidence of epigenetic changes in that
miRNAs exhibited inverse expression with genes regulated by
the miRNAs in these pathways. This is the first observation of
fetal nonhuman primate liver miRNA changes that, if they
persist in later life, would result in alteration of mechanisms
such as the proteasome and oxidative phosphorylation, which
are considered potential candidates driving aging processes.
Funding:OD P51 OD011133 to Southwest National Primate
Center; HD 21350.

Differentially expressed microRNAs inversely expressed with
gene targets in key KEGG pathways.

PA1.03.08

Cadmium-associated differential methylation throughout the
placental epigenome: an EWAS across two US birth cohorts

T.M. Everson1, T. Punshon2, B.P. Jackson2, K. Hao3,
L. Lambertini3, J. Chen3, M.R. Karagas2, C.J. Marsit1

1Emory University, ATLANTA, United States of America;
2Dartmouth College, HANOVER, NH, United States of America;
3Mount Sinai, NEW YORK, NY, United States of America

Background: Maternal cadmium (Cd) exposure during preg-
nancy has been associated with impaired fetal growth, preg-
nancy complications, and cognitive deficits in early childhood,
all of which may set the stage for health and/or cognitive issues
throughout the life-course. The underlying mechanisms
driving this toxicity are unclear. The placenta acts as a partial
barrier, limiting direct fetal exposure to Cd via sequestration
throughout pregnancy. However, given the critical developmental
functions of the placenta and toxic effects of Cd, this sequestration
may not be without consequence to fetal development. We aimed
to investigate Cd-associated variations in placental DNA methy-
lation, their associations with gene expression potential, and their
potential roles in Cd-associated reproductive toxicity.
Methods: We investigated placental whole genome methylation
in relation to placental Cd concentrations with linear models in

the NewHampshire Birth Cohort Study (NHBCS, n= 343) and
the Rhode Island Child Health Study (RICHS, n= 141). We
performed an EWAS analysis adjusted for tissue heterogeneity
using a reference-free method, aggregated cohort-specific results
via inverse variance weighted fixed effects meta-analysis, and
examined whether differentially methylated CpGs were asso-
ciated with gene expression. Lastly, we performed functional
enrichment analyses and tested for associations between gene
expression and standardized birth metrics.
Results:We identified 17 Cd-associated differentially methylated
CpG sites with meta-analysis p-values < 1e-05, two of which
were within a 5% false discovery rate (FDR).Methylation levels at
9 of the 17 loci were associated with increased expression of 6 cis
genes (5% FDR): TNFAIP2, EXOC3L4, GAS7, SREBF1,
ACOT7, and RORA. Furthermore, higher placental expression of
TNFAIP2 and ACOT7, and lower expression of RORA, were
associated with lower birth weight z-scores (p-values < 0.05)
while ACOT7 expression was also associated with decreased birth
length and head circumference (p-values < 0.05). The top 250
hits from the meta-analysis were enriched for KEGG pathways
including cell adhesion molecules and tight junctions, multiple
cancer pathways, G-protein and nitric oxide signaling, and cyto-
toxicity (5% FDR).
Conclusion: We identified novel differentially methylated loci
associated with placental Cd concentrations, and evidence of
DNAM-expression associations at multiple epigenetic loci
involved in inflammatory signaling and cellular outgrowth. The
expression levels of genes involved in inflammatory signaling
(TNFAIP2, ACOT7, and RORA), were also associated with
growth metrics at birth. Furthermore, the biological pathways
identified in our KEGG enrichment analyses are consistent with
many of the Cd-associated mechanisms of toxicity that have been
examined via animal and/or in-vitro models, but have yet to be
thoroughly studied in human pregnancy.

PA1.03.09

Methylome changes associated with prenatal tobacco
smoke exposure in sorted cord blood CD4 + cells

C.G. Howe, M. Zhou, A.D. Smith, C.V. Breton

University of Southern California, LOS ANGELES, United
States of America

Background: Prenatal tobacco smoke (PTS) exposure has been
associated with alterations in newborn DNA methylation
patterns at both the global and gene-specific level. However,
studies evaluating the impacts of PTS exposure on gene-specific
DNA methylation have largely utilized candidate gene or
methylation array approaches, which cover only a small fraction
of CpG sites within the human genome. Furthermore, the
majority of these studies have evaluated DNA methylation
patterns in cord blood, which consists of a mixture of different
cell types, each of which have distinct DNA methylation pro-
files. Our objective was to evaluate whether PTS exposure alters
whole genome DNA methylation patterns, measured by
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whole-genome bisulfite sequencing (WGBS), in sorted CD4+
cord blood cells from the Southern California-based Maternal
and Children’s Health Study (MACHS).
Methods: 10 PTS-exposed MACHS Hispanic white newborns
were identified and matched to 10 PTS-unexposed MACHS
Hispanic white newborns, according to gestational age and also
maternal age, BMI, and history of diabetes. Cord blood cells
were sorted for these 20 participants, and high-resolution,
whole genome DNA methylation levels were obtained using
WGBS in sorted CD4+ cells. The average coverage on CpG
sites was 6X. WGBS data was mapped to Human Genome
Build 19, using the Wildcard ALignment Tool (WALT). The
MethPipe package was used to calculate average CpG methy-
lation levels and bisulfite conversion rates, which were close to
99% for all CpGs. Differentially methylated (DM) CpGs and
differentially methylated regions (DMRs) were identified using
the Regression Analysis of Differential Methylation (RAD-
Meth) software, which utilizes beta-binomial regression.
DMRs were filtered for those containing 5 or more significant
DM CpG sites. Regression models were adjusted for baby’s sex
and whether or not the mother worked during pregnancy.
Annotation of genomic regions was conducted using the
“Goldmine” package in R.
Results: After adjusting for multiple comparisons, we identi-
fied 3673 DM CpG sites and 56 DMRs (FDR-adjusted
p-value < 0.01). DMRs spanned from 84 to 491 base pairs,
with an average methylation difference of ± 18%. The largest
methylation differences for these DMRs were -45% and
+42%. Of the identified DMRs, 26.8%, 30.4%, 30.4%,
7.1%, and 5.3% were found to overlap promoter, intergenic,
intron, 3’ end, and exon regions, respectively. We plan to
conduct pathway analyses to determine if specific gene net-
works are impacted by PTS exposure. We will additionally
evaluate whether any of the DM CpG sites and regions have
been identified in previous studies of PTS exposure.
Conclusions:Using WGBS, we identified 3673 CpG sites and
56 regions that were DM by PTS exposure in sorted cord blood
CD4+ cells.

PA1.04- Kidney outcomes

PA1.04.01

Early kidney development and later life consequences

V. Luyckx

University Hospital Zürich, Switzerland

The association between stress experienced during fetal and early
post-natal development and an increased risk of later-life high
blood pressure and kidney disease is now well accepted. In part
this association is modulated by impairment of nephrogenesis
leading to a low nephron number and a kidney that over time is
less able to compensate in the setting of injury or increased
metabolic demand. Other factors, including programming of
cardiovascular disease, diabetes and vascular reactivity all

contribute to the programmed phenotype of premature chronic
kidney disease and even death. Thus far most attention has
focused on low birth weight (defined a s a birth weight< 2.5 Kg)
and preterm birth (birth before 37 weeks of gestation) as the
major clinical markers of intrauterine stress. In humans associa-
tions exist between low birth weight or preterm birth and low
nephron numbers; low nephron numbers and higher blood
pressures; low birth weight or preterm birth and higher blood
pressures; low birth weight or preterm birth and chronic kidney
disease. Evidence is growing suggesting that being small for
gestational age (birth weight < 10th percentile), being high birth
weight or being born in a pregnancy complicated by pre-
eclampsia, maternal overweight/obesity or maternal diabetes are
also risk factors for fetal programming of blood pressure and
kidney disease. Other maternal exposures such as chronic illness,
infections or medication exposure during pregnancy are risk fac-
tors for low birth weight and preterm birth and may also predict
future risk in the offspring. Given that 15% of babies born
annually are of low birth weight and 11% are born preterm,
millions of babies are at risk of future chronic disease. Awareness
of the programmed risk should begin at birth and simple pre-
ventive measures should be implemented early. The risk for low
birth weight and preterm birth differ between low- and high-
income countries. In low-income countries maternal malnutri-
tion, short stature, poverty, lack of family planning, suboptimal
education for girls, child marriage, teenage pregnancies, anaemia
and poor antenatal care are important. In high-income countries
older maternal age, more maternal chronic illness, lower socio-
economic status and greater use of assisted reproduction tech-
nology predominate. Importantly a mother who herself was born
of low birth weight or preterm has herself an increased risk of
delivering a low birth weight or preterm infant as well as experi-
encing preeclampsia and gestational diabetes. The consequences
of developmental programming therefore can cross generations.
The World Health Organisation has now embraced A “Life
Course Approach” to the prevention of chronic diseases, stressing
the importance of optimizing maternal health before conception
and throughout pregnancy, optimizing early childhood nutrition,
avoiding obesity and promoting healthy life-styles as achievable
strategies to interrupt the programming cycle. Given the many
social/structural factors that impact maternal, fetal and child
health that extend beyond the health system, achievement of the
Sustainable Development Goals will also be important in the
quest to achieve true primary prevention of high blood pressure
and kidney disease in future generations.

PA1.04.03

Early childhood: A critical period for kidney function
throughout life

J. Ingelfinger1,2

1Pediatric Nephrology, MassGeneral Hospital for Children at
MGH, Harvard Medical School; 2the New England Journal of
Medicine, Boston, MA 02115 USA
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Beyond the critical role of the perinatal period in determining
future cardiorenal health, each person’s growth and development
during early childhood also is crucial in setting individual risk, all
important for future good health or future health challenges.
Much emphasis has been placed on perinatal events in deter-
mining chronic kidney disease, and less on the influence of
childhood events beyond the neonatal period. Nephrogenesis is
completed by term birth in the human; thus, intrauterine events
may affect the final number of nephrons in term infants, while
preterm infants are still forming nephrons when born. Substantial
information suggests that a person who was small- or large-for-
gestational-age at birth will follow a different health trajectory,
depending on the environment in early childhood. For example, a
person born premature or with low birthweight for postmenstrual
age who grows at a rate commensurate with his or her initial
relative size is less likely to develop hypertension, cardiovascular
disease and type 2 diabetes than someone whose trajectory is one
of quicker-than-anticipated growth. However, there is less known
about the rate of childhood growth and kidney function and
structure. We do know that premature babies receive many
potentially nephrotoxic medications while in the newborn
intensive care unit, which makes them more vulnerable than
those born at term without difficulty. We are starting to under-
stand that exposures in early childhood will be particularly
important for future kidney health for persons at risk, owing to
their perinatal history. For example, the presence of an adverse
early childhood milieu, related not only to nutrition, but also to
the home environment, socioeconomic status, parental health
and education and the wider economy, may have profound legacy
effects on general health and on kidney health. Further, there is
increasing evidence that still other factors impact future kidney
disease. Humans interact with macro- and micro-organisms of
many types. Indeed, the microbiome is very important in future
health and may influence the level of chronic inflammation,
which can have a profound influence on the kidney and the
vasculature. Experimental data support these contentions, while
strong clinical data are evolving. What seems clear, presently, is
that certain children are at higher risk for suffering kidney injury
as they mature. Given known risks, it will be increasingly
important to institute programs during childhood that may help
to prevent chronic kidney disease, presently affecting (con-
servatively) as much as 10% of the world population.

PA1.04.05

A new approach to chronic kidney disease through the
application of principles of evolutionary biology: tradeoffs
and life history theory

L. Chevalier

University of Virginia, CHARLOTTESVILLE, VA, United
States of America

Background: There is a growing epidemic of progressive
chronic kidney disease (CKD), which now affects 10% of the
global population, resulting in millions of deaths annually.

Reduction in nephron number leads to early hyperfiltration
and hypertrophy of remaining nephrons, but later nephron loss
through atrophy and fibrosis. Current research in CKD is based
on the concept of “maladaptation” by nephrons following
injurious stimuli. Angiotensin inhibitors remain the only gen-
erally available therapy to slow progression of CKD, and they
do not stop the process. A new paradigm is needed to explain
the changing response of the kidney to injury over the life cycle.
Methods and Results—Literature review: A new discipline
was developed in the 1990s by G.C. Willams and R. Nesse,
now recognized as evolutionary medicine. Williams proposed
that natural selection of deleterious genetic effects is the result
of antagonistic pleiotropy, whereby a gene has survival benefit
through reproductive age, but detrimental effects afterward.
Rather than framing the nephron response to injury as mala-
daptive (physiologic adaptation), viewed in the context of
evolutionary tradeoffs and life history theory, the process can be
considered as molded by selection for reproductive success
(evolutionary adaptation). The physiology of the mammalian
nephron is counterintuitive: high blood flow and filtration of
180 liters of plasma daily is matched by tubular reabsorption of
99% of the filtrate, requiring high energy expenditure. This is a
result of millions of years of evolution, with adaptation from a
marine to freshwater environment. Adaptation to terrestrial life
required subsequent evolution of the distal nephron to provide
urine concentration and sodium conservation. The evolu-
tionary tradeoff for the nephron: a hyperosmolar environment
at the brink of hypoxia, vulnerable to ischemic or toxic injury.
Human mortality is high in embryonic development, during
which the kidney is susceptible to developmental anomalies
driven by genetic and epigenetic factors (Figure); most
CKD in children is caused by congenital anomalies. Mortality
decreases to a nadir, then increases again, driven largely by
environmental factors after reproductive years. Natural selec-
tion operates through the reproductive years, then becomes less
influential. The normal 10-fold variation in nephron number
at birth is the result of developmental plasticity, determined by
natural selection. Mismatch of the renal phenotype to the
environment develops in adulthood in infants of low birth
weight, and subjected to Western diet which also promotes
diabetes, the primary cause of CKD in adults. Before the age of
40, energy is directed to renal maintenance and repair,
enhancing selection for reproductive success and a low inci-
dence of kidney failure. The steep increase in kidney failure
thereafter results from loss of nephrons through senescence
with superimposed environmental factors. These reflect a
reduction in energy commitment to repair/regeneration as
selection pressure decreases.
Conclusions: Future research in CKD would benefit from the
study of tissue ecosystems and diversified animal models in the
context of evolved differences between species (not just their
genetic homologies). Combining genomics across large sample
sizes of life histories, systems biology could reveal evolutionary
insights into maladaptation in CKD, and potential new
interventions.
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Relative contribution to CKD of environment, natural selec-
tion, and genetic/epigenetic factors as determinants of mortal-
ity throughout the life cycle.

PA1.04.06

Early longitudinal kidney growth patterns and glomerular
filtration rate at school-age

H. Bakker, K. Miliku, T. Voortman, E.M. Dorresteijn,
K. Cransberg, E.A.P. Steegers, V.W.V. Jaddoe

Erasmus MC Sophia Children’s Hospital, ROTTERDAM,
The Netherlands

Background: Suboptimal kidney development in early life may
be associated with an increased risk of kidney disease in later
life. We aimed to identify specific kidney growth patterns
during fetal life and infancy associated with impaired kidney
function in childhood.
Methods: In a population-based prospective cohort study
among 614 mothers and their children, combined kidney
volume was measured by ultrasound at the ages of 30 weeks of
gestation, and 6, 24 and 72 months. At the age of 6 years,
estimated glomerular filtration rate (eGFR) was calculated from
blood creatinine and cystatin C concentrations.
Results: Children with small combined kidney volume during
fetal life which persisted at 6 years had lower eGFRcreat, compared
to children with persistent large combined kidney volume (dif-
ferences eGFRcreat -0.64 SD (95% CI -0.95 to -0.33) and
eGFRcyst -0.39 SD (95% CI -0.71 to -0.07), respectively).
Longitudinal analyses showed that children in the lowest tertile of
eGFRcreat and eGFRcyst had smaller combined kidney volume
from fetal life onwards, compared to children in the highest tertile
(all p values < 0.01). Conditional regression analyses showed that
early childhood kidney growth, independent from previous kid-
ney growth, was positively associated with eGFRcreat and eGFR-
cyst (all P values <0.05).

Conclusion: Smaller combined kidney growth during both
fetal life and early childhood is associated with lower eGFR at
school-age.

PA1.04.07

Deficiency in retinoic acid leads to inborn nephron deficit
in offspring exposed to diabetes in utero

A.S.W. Shum1, S.T.K. Tam1, L.M.Y. Lee1, A.S. Woolf2,
P.J. McCaffery3

1The Chinese University of Hong Kong, HONG KONG,
Hongkong – China; 2Institute of Human Development,
University of Manchester, MANCHESTER, United Kingdom;
3Institute of Medical Sciences, University of Aberdeen,
ABERDEEN, United Kingdom

Background:Diabetes mellitus is a global health crisis. Besides
adversely affecting the individual, maternal diabetes can cause
long-term negative consequence in the offspring. There is
growing evidence that offspring of mothers with type 1 diabetes
are more prone to develop hypertension and chronic kidney
disease in adulthood. Epidemiological and experimental animal
studies show that prenatal programming of hypertension and
chronic kidney disease is related to low nephron mass. It is
therefore important to understand the mechanism by which
nephron generation is perturbed in embryos exposed to
maternal diabetes, so as to develop in utero therapy to restore
nephrogenesis. During mammalian embryogenesis, all-trans
retinoic acid (RA), synthesized from vitamin A obtained from
maternal circulation, is crucial for nephrogenesis. A positive
correlation between maternal circulatory vitamin A levels and
fetal nephron number has been demonstrated. In studying a
mouse model of type 1 diabetes induced by streptozotocin, we
find that serum vitamin A concentrations are lower in pregnant
diabetic mice than non-diabetic mice. We therefore hypothe-
size that there is RA deficiency in the kidneys of embryos
exposed to maternal diabetes, which leads to reduced nephron
number.
Methods: Streptozotocin-induced diabetic or non-diabetic
female ICR mice were mated with non-diabetic male ICR
mice. At gestational day 12, the embryonic kidneys, at early
stage of development, were collected for various measurements,
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including RA synthesis and RA concentrations using a highly
sensitive RA reporter cell line, and the mRNA expression levels of
RA target genes by real-time qRT-PCR. Nephron number at
birth was counted by physical disector/fractionator combination
of peanut agglutinin-stained glomeruli. To determine whether
hyperglycemia is the critical factor in the maternal diabetic milieu
that perturbs RA homeostasis in the embryonic kidney, an
in vitro model was established by culturing kidney explants
in vitro in high glucose conditions. Varying concentrations of RA
were added to the culture to test whether high glucose-induced
impairment of nephrogenesis could be corrected.
Results: In the developing kidneys of embryos of diabetic
mice, there was a significant decrease in RA synthesis and RA
concentrations. The expressions of several RA target genes
including Ret, which is important for modulation of nephron
number via regulating ureteric branching morphogenesis, were
significantly downregulated. At birth, neonates of diabetic mice
exhibited 30% deficit in nephrons in comparison to neonates
of non-diabetic mice. Perturbation of RA homeostasis and
signalling with reduced ureteric branching and nephrogenesis
were similarly found in kidney explants cultured in a high
glucose medium. Notably, co-addition of RA could stimulate
ureteric branching and restore nephrogenesis.
Conclusions: Together, our findings show that maternal dia-
betes inhibits RA synthesis and causes a deficiency of RA in the
embryonic kidney, which perturbs RA signalling in the control
of the expression of key genes, including Ret, for nephrogenesis.
This mechanism contributes, at least in part, to reduced
nephron endowment in the offspring. These findings will pave
the way for the design of in utero therapeutic intervention to
promote nephrogenesis and prevent inborn nephron deficit in
the offspring exposed to diabetes in utero.

PA1.04.08

Birth weight and postnatal weight influence glomerular
podocyte number and renal pathophysiology

L. Cullen-McEwen1, V. Puelles2, J. van der Wolde1,
J. Armitage3, J. Black1, J. Dowling4, R. deMatteo1, J. Bertram1

1Monash University, CLAYTON, VICTORIA, Australia;
2RWTH Aachen University, AACHEN, Germany; 3Deakin
University, WAURN PONDS, Australia; 4Monash Medical
Centre, CLAYTON, VICTORIA, Australia

Background: Low birthweight (LBW) is associated with
chronic kidney disease (CKD) in later life. While many studies
have linked LBW with low nephron endowment, no study to
date has examined the effects of LBW on specific nephron cell
populations. Podocytes are components of the glomerular fil-
tration barrier and incapable of mitosis. Podocyte depletion,
either podocyte loss or reduced podocyte density, is a key step
in the development of CKD. We hypothesised that LBW off-
spring are born with a low podocyte endowment that increases
their risk of developing renal pathophysiology, particularly in
the setting of excess postnatal weight gain.

Methods: Kidneys were collected at postnatal day 21 (PN21)
from male Sprague-Dawley rats exposed to a maternal low
(LPD; 8%) or normal (NPD; 20%) protein diet from 3 weeks
before pregnancy until weaning. At PN21, a cohort of rats
exposed to maternal LPD or NPD, were then fed either a
normal (NFD, 6% fat) or high (HFD, 21% fat) fat diet until
6 months, at which time body composition (dual energy x-ray
absorptiometry), proteinuria (albumin to creatinine ratio),
podocyte number per glomerulus (immunofluorescence, opti-
cal clearing and confocal microscopy - WT1+ nuclei indicated
podocytes) and renal pathology were assessed.
Results: At PN21, LPD offspring had significantly lower body
(40%) and kidney (50%) weight, nephron number (30%) and
podocyte number per glomerulus (13%; NPD 152±7, LPD
133±7, (mean±SD), P<0.001) than NPD offspring. At
6 months, LPD offspring fed a NFD (LPD/NFD) had undergone
significant catch-up growth, weighing just 15% less than NPD/
NFD offspring. Podocyte number did not change between PN21
and 6 months in either NPD/NFD or LPD/NFD offspring.
Despite lower nephron and podocyte number in LPD/NFD off-
spring, the podocyte deficit was in proportion to bodyweight and
there was no evidence of proteinuria or renal pathology at 6months.
At 6 months, NPD/HFD offspring weighed 13%more and had
a 35% greater fat mass than LPD/HFD offspring. Surprisingly, at
6 months, NPD/HFD offspring had lost 13% of their podocytes
compared with NPD/NFD offspring. In contrast, there was no
podocyte loss in LPD/HFD offspring compared to LPD/NFD
offspring. At 6 months, both NPD and LPD offspring fed HFD
exhibited proteinuria and focal and segmental glomerulosclerosis
(FSGS), glomerular pathology indicative of podocyte depletion
and CKD. Both NPD and LPD offspring fed a HFD had sig-
nificantly fewer podocytes per glomerulus per kg bodyweight
(26% in NPD/HFD offspring and 14% in LPD/HFD offspring)
than offspring fed a NFD for 6 months.
Conclusions: This study shows for the first time that podocyte
number can be developmentally programmed. Both birth weight
and postnatal weight influenced podocyte number. Postnatal
body weight gain plays a significant role in podocyte loss and
development of renal pathophysiology. Whether podocyte
number per glomerulus/kg bodyweight can indicate risk for renal
pathophysiology in humans should be investigated.

PA1.04.09

Cardiorenal and metabolic pregnancy adaptations in
females born small on a high fat diet and benefits of
endurance exercise training

M.E. Wlodek1, D. Mahizir1, G.D. Wadley2, K. Anevska1,
K. Moritz3

1The University of Melbourne, MELBOURNE, Australia;
2Deakin University, MELBOURNE, Australia; 3University of
Queensland, ST. LUCIA, Australia

Intrauterine growth restriction programs adult cardiorenal and
metabolic diseases, which are exacerbated with “second hits”
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such as pregnancy and obesity in females born small. Impor-
tantly, exercise is reported to have a positive effect in those born
small. This study determined if a high fat diet (HFD) exacerbates
the known adverse cardiorenal and metabolic adaptations to
pregnancy in rats born small and whether exercise before and
during pregnancy is more beneficial in preventing these compli-
cations than exercise during pregnancy alone. Uteroplacental
insufficiency resulting in growth restriction was induced by
bilateral uterine vessel ligation (Restricted) or sham (Control)
surgery on embryonic day 18 (E18) inWistar-Kyoto rats. Female
offspring consumed a Chow or HFD (23% fat) from 5 weeks and
were mated at 20 weeks. Female rats were exercised on treadmills
for 4 weeks before pregnancy and throughout pregnancy or
during the last two thirds of pregnancy only. Systolic blood
pressure was measured by tail cuff and non-fasted glucose toler-
ance test was performed at E18. At E19, rats were individually
placed in a metabolic cage to collect urine and plasma was taken
by tail vein to calculate estimated glomerular filtration rate
(eGFR). At E20, rats were anaesthethised with intraperitoneal
injection of Ketamine (100mg/kg) and Ilium Xylazil-20 (30mg/
kg) and plasma, pancreas and skeletal muscle were collected.
Control and Restricted rats consuming a HFD were significantly
heavier with higher plasma leptin concentrations compared to
Chow-fed rats irrespective of exercise interventions. No changes
in pre-pregnancy systolic blood pressure were observed in all
groups. Restricted Chow-fed rats, and both Control and
Restricted females on a HFD had an adverse cardiovascular
adaptation to pregnancy with a greater reduction in systolic blood
pressure during late gestation (p< 0.05). Importantly, both
exercise interventions prevented the adverse cardiovascular adap-
tation (p< 0.05). Sedentary Control females on a HFD had
adverse renal function (+50% eGFR; p< 0.05) and this was not
affected by exercise. Compared to Control, Restricted females
that remained Sedentary had adverse renal function (+56%
eGFR; p< 0.05), which was not exacerbated by HFD, but was
prevented by exercise. HFD exacerbated the pregnancy induced
glucose intolerance in Restricted females (+18%; p< 0.05) and
importantly exercise before and during pregnancy prevented this
development and exacerbation of glucose intolerance (p< 0.05).
Control and Restricted females on a HFD who exercised before
and during pregnancy had increased pancreatic β-cell mass
(+36%; p< 0.05). No differences in skeletal muscle mitochon-
drial biogenesis markers (peroxisome proliferator-activated
receptor gamma coactivator 1-α and citrate synthase activity)
were detected across the groups. Metabolic dysfunction was not
impacted by exercise in pregnancy alone. In summary, pregnant
females born small are at a greater risk of cardiorenal adaptations
during pregnancy. Females born small also have exacerbated
glucose intolerance when consuming a HFD; this was prevented
by the lifestyle intervention of exercise, potentially due to
improved β-cell mass. Although cardiorenal dysfunction was
prevented by exercise both prior to and during pregnancy as well
as during pregnancy alone, only exercise initiated before con-
ception and continued during pregnancy prevented metabolic
dysfunction.

PA1.05 - Dynahealth Consortium

PA1.05.01

Lifecourse origins of healthy ageing - The DynaHEALTH
project

S. Sebert1, On behalf of The DynaHEALTH consortium2

1University of Oulu, OULU, Finland; 2European Consortium, Europe

The relationships between glycaemic health, psychosocial factors
and healthy aging, including freedom from non-communicable
diseases, may be conceptualised in several different ways. It is an
integral part of DynaHEALTH to develop these concepts and
operationalize them into corresponding analytical study designs
compatible with the available data in the consortium. A very large
body of evidence, gathered from multiple complementary fields
spanning from genetic epidemiology to social sciences has estab-
lished the hypothesis of causal pathways linking the develop-
mental period to the risk of unhealthy and inactive ageing.
Multiple knowledge gaps remain in order to understand and
integrate the factors contributing to the mediation of poor cardio-
metabolic health from the fetal period onwards. Critically, the
entanglement between the healthy ageing and the psychosocial
gradient imposes challenges to researchers and the social and
healthcare systems by eliciting important vicious circles compli-
cated by trans-generational factors. The DynaHEALTH project
consortium is harnessing part of the wealth of prospective data
collected in Europe from 1934 onward and empowering scien-
tific skills in Data science to i) operate life-course models for bio-
psychosocial health affecting the path from early adiposity to co-
morbid patterns of non communicable disease; ii) design econo-
metric equations; iii) analyse the metabolic, epigenetic and brain
markers and their predictive power and iv) provide ways to
exploit the scientific research into tools and recommendations
targeted to healthcare providers and their clients.
After two years of inspiring work in the project, the consortium is
reaching a stage of primary discovery to pilot new biostatistical
tools and molecular markers on the backbone of a robust life-
course model to explore the lifecourse origins of healthy aging.
This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 633595.

PA1.05.03

Prenatal depressive symptoms and offspring brain
morphology: a pediatric neuroimaging study

H. El Marroun1,2,3

1The Generation R Study Group, Erasmus MC, Rotterdam, The
Netherlands; 2dept. Child and Adolescent Psychiatry, Erasmus
MC, Rotterdam, The Netherlands; 3dept. Pediatrics, Erasmus
MC, Rotterdam, The Netherlands

During the reproductive years, a significant proportion of women
experience depressive and anxiety disorders. Approximately,
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8–15% of women suffer from clinically relevant depressive or
anxiety symptoms during pregnancy. There is a large number of
studies demonstrating that untreated depression and anxiety have
a negative impact on the offspring. For example, untreated
depression during pregnancy has been repeatedly associated with
low birth weight, preterm birth, and a broad range of physiological
and psychological problems later in life. These include problems
involving affect, cognition, interpersonal relationships, and neu-
roendocrine functioning; and these suggest that prenatal maternal
depression influences neurodevelopment. However, the under-
lying neurobiological mechanisms have remained unclear. To
better understand the possible underlying neurobiological effects
of prenatal maternal depression on offspring, structural and
functional neuroimaging could be used. Nevertheless, very limited
information is available about the potential association of maternal
depression during pregnancy and offspring brain morphology and
connectivity. Further, little information is present on whether the
course of maternal depressive symptoms is important, or whether
there is a specific period of vulnerability. In this presentation, we
will provide an overview of the current literature on maternal
depressive symptoms and child development with a focus on
neurodevelopmental outcomes. Furthermore, recent results of
analyses on prenatal depressive symptoms and childhood brain
development will be presented. Finally, trajectories of maternal
depressive symptoms from pregnancy until childhood will be
presented to explore how the course of maternal depressive
symptoms influence child brain development.
This project was performed as part of the DynaHEALTH
project and has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 633595.

PA1.05.05

DNA hypomethylation of placental growth factor and
decreased SAM:SAH ratio in placental tissue of
preeclampsia-complicated pregnancies

S. Heil, E.M. Herzog, P.H. Griffioen, B.D. van Zelst,
S.P. Willemsen, R.P.M. Steegers-Theunissen, E.A.P. Steegers

Erasmus MC, ROTTERDAM, The Netherlands

Background: The pathophysiology of preeclampsia is largely
unknown. Aberrant DNA methylation might be involved in
the etiology of preeclampsia (PE). Serum placental induced
growth factor (PlGF) levels are decreased during second tri-
mester pregnancy. We hypothesize that placental levels of PlGF
DNAmethylation are lower in PE pregnancies. In addition, we
measured global methylation by long-interspersed nuclear
element-1 (LINE-1) and S-adenosylmethionine (SAM) and
S-adenosylhomocysteine (SAH) levels in placental tissue.
Methods: Placental tissue of 22 PE pregnancies (11 early onset
PE (EOPE) and 11 late onset PE (LOPE)) and 60 controls
(25 uncomplicated controls and 35 complicated controls
including 20 fetal growth restriction and 15 preterm births) was
collected from a nested case-control study in The Rotterdam

Periconceptional Cohort. DNA was isolated from placental
tissue and was treated with sodium bisulfite. Methylation of
LINE-1 and PlGF genes was analyzed by Sequenom Epityper
and SAM and SAH were measured by LC-ESI-MS/MS.
Results: Placental SAM levels and SAM:SAH ratio were sig-
nificantly lower in placental tissue of PE pregnancies compared
to uncomplicated and complicated controls (Beta = -0.30 and
Beta = -0.29 respectively, P< 0.05). PlGF DNA hypo-
methylation was observed in PE casus versus controls (Beta =
-0.30, P= 0.005). Stratification according to onset of PE
showed that these effects were more pronounced in EOPE
(Beta = -0.42, Beta = -0.46 and Beta = -0.47 respectively for
SAM, SAM:SAH ratio and PlGFDNAmethylation, P< 0.05).
No significant differences were observed for SAH and LINE-1
DNA methylation.
Conclusions: Placental PlGF gene is hypomethylated in pre-
eclampsia. Together with disturbed SAM:SAH ratio this
underlines the possible role of aberrant placental DNA
methylation in the pathophysiology of PE, which needs to be
further addressed.

PA1.05.06

Metabolomics in Gestational Diabetes mellitus:
transgenerational correlations and impact of maternal
phenotypes on offspring metabolites

A.S.D. Kindt1, J. Krumsiek1, D. Much2, S. Hivner2,
A. Hofelich2, G. Kastenmüller1, W. Römich-Margl1,
C. Prehn3, J. Adamski3, A.G. Ziegler2, S. Hummel2

1Helmholtz Zentrum München, NEUHERBERG, Germany;
2Helmholtz Zentrum, Klinikum rechts der Isar, MÜNCHEN,
Germany; 3Helmholtz Zentrum München, Genome Analysis
Center, MÜNCHEN, Germany

Background: Children, who were exposed to either gestational
diabetes mellitus (GDM) or obesity while in utero, are at
increased risk for obesity later in life. Additionally, other
maternal phenotypes, such as current BMI or gestational
weight gain, could affect the metabolism of their offspring. In
order to identify offspring metabolite changes correlating with
maternal phenotypes or metabolites we correlated the meta-
bolic profiles of healthy offspring several years postpartum with
the metabolic profiles of their mothers with GDM and other
maternal phenotypes.
Methods: Targeted metabolomics (137 metabolites) was per-
formed in 75 mothers with GDM and their offspring, partici-
pating at the Postpartum Outcomes in Women with
Gestational Diabetes and their Offspring (POGO)-study.
Mean age at time of analysis was 40.6+ 5.0 years in mothers
and 6.7+ 2.2 years in offspring. Plasma samples were collected
from mother-offspring pairs at 0, 30 and 120min during a 75g
oral glucose tolerance test. Transgenerational correlations of
metabolites were calculated, adjusting for gender, BMI and age
of the children, and BMI and age of the mothers. A correlation
network was built for visualization (Figure). Correlations
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between phenotypes and offspring metabolites were significant
if their p-value was less than 0.05 after correcting for multiple
testing using the Bonferroni method.
Results: Transgenerational correlation networks revealed a
clear separation between maternal and offspring fasting meta-
bolites, with few connections across generations. Of these,
three identical metabolites correlated significantly between
mothers and offspring within the network (H1, p=1.03× 10-7;
taurine, p= 2.68× 10-6; acetyl-ornithine, p= 3.83× 10-13).
Furthermore, we identified significant correlations of offspring
fasting SM C20:2 with maternal gestational weight gain
(p=7.40× 10-5) and of offspring fasting PC aa C36:3 and PC aa
C38:3 with maternal BMI (p= 3.04× 10-4 and p=3.09× 10-4,
respectively). Maternal smoking during pregnancy was not cor-
related with offspring metabolites. The offspring AUCs of
metabolites over the glucose challenge were not significantly
correlated with gestational weight gain, maternal BMI or mater-
nal smoking during pregnancy.
Conclusions: We conclude that maternal phenotypes have an
impact on the metabolic profiles of their offspring and that
these changes can be seen up to several years postpartum.
Furthermore, the metabolites affected by gestational weight
gain or current BMI suggest pathways which could lead to later
obesity in the currently lean and healthy offspring.

Transgenerational correlation network of fasting metabolites of
mothers with GDM and their offspring.

PA1.05.07

The association between duration of breastfeeding and
type 2 diabetes in adulthood: influence from potential
confounders

G. Bjerregaard1, L. Mortensen2, L.M. Pedersen2,
I.A. Sørensen1, L. Baker1

1Frederiksberg Hospital, FREDERIKSBERG, Denmark;
2University of Copenhagen, COPENHAGEN, Denmark

Background: Although a number of observational studies
suggest that breastfeeding protects against the development of
type 2 diabetes later in life, there are inconsistencies across
studies, potentially due to differences in study size and adjust-
ment for potential confounders. Moreover, most studies are
limited to comparison of breast-fed versus bottle-fed infants.
Therefore, the aim of this study was to examine the association
between duration of breastfeeding and type 2 diabetes in

adulthood in a cohort with a wide range of potentially con-
founding variables.
Methods: We included 4,786 individuals from the Copenha-
gen Perinatal Cohort born 1959-61 in Denmark. The duration
of any breastfeeding as assessed by a physician interviewing the
mothers at the infant’s 1-year examination was divided into
quartiles (≤ 1, >1-2, > 2-4, >4 months). Type 2 diabetes
status (age ≥30 years) was obtained from the National Patient
Register (n= 171). Hazard ratios (HR) and 95% confidence
intervals for the association between duration of breastfeeding
and type 2 diabetes were estimated by Cox proportional
hazards regressions without and with adjustment for sex, birth
weight, maternal body mass index, maternal diabetes during
pregnancy, maternal smoking during the third trimester and
parental social status and education.
Results: In the unadjusted analysis, there was a significant and
inverse trend between quartiles of duration of breastfeeding and
risk of type 2 diabetes in adulthood (P= 0.01). In unadjusted
analyses, compared with infants breastfed for 1 month or less,
among infants breastfed for >2-4 months there was a non-
statistically significant, albeit inverse, association with type 2
diabetes (HR= 0.84 [0.56-1.26]). In unadjusted analyses,
compared with infants breastfed for 1 month or less, infants
breastfed for > 4 months had a 40% reduced risk of type 2
diabetes (HR= 0.60 [0.38-0.96]). However, after adjustment
for potential confounders this was attenuated to a 29% reduced
risk (HR= 0.76 [0.47-1.23]) and was no longer statistically
significant.
Conclusion: When a range of type 2 diabetes risk factors are
considered, breastfeeding is not associated with adult type 2
diabetes. Although breastfeeding has a modest but non-
significant protective effect against this disease, the results
suggest that it is likely an indirect indicator of diabetes risk
factors, highlighting the potential effects of unknown or poorly
measured confounders. In addition, mediation by later life risk
factors should be considered.

PA1.05.08

Life-course accumulation of socioeconomic adversities and
obesity: a 46-year follow-up of the Northern Finland Birth
Cohort

E.L. Lowry1, N.R. Rautio2, L. Ala-Mursula3, J. Miettunen4,
S. Sebert5, M.R. Järvelin6

1University of Oulu, OULU, Finland; 2Center for Life Course
Health Research, Unit of Primary Health Care, OULU, Finland;
3Center for Life Course Health Research, OULU, Finland;
4Center for Life Course Health Research, Medical Research Center,
OULU, Finland; 5Center for Life Course Health Research,
Biocenter Oulu, OULU, Finland; 6Center for Life Course Health
Research, Dept of Epidemiology and Biostatistics, LONDON,
United Kingdom

Background: Social inequalities in morbidity and mortality
continue to be a public health concern. Whilst the association
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between adulthood socioeconomic position (SEP) and obesity
is well-established, the extent to which adverse social circum-
stances during childhood influences risk of later obesity is less
clear. Recent research has focused on the accumulation
hypothesis in which the cumulative effects of socioeconomic
disadvantage across the life-course impacts upon adult health
status. Additionally, the pathway to a particular adult SEP may
be associated with differential risk of obesity.
Aim: We are using life-course modelling to investigate the
influence of socioeconomic factors in childhood and adulthood
on the later onset of obesity. In addition, we aim to identify life-
course SEP trajectories, and compare those reaching the same
final SEP to ascertain importance of pathways.
Methods: We used longitudinal data from the Northern
Finland Birth Cohort 1966 (n= 3,763). Those with missing
data at any of the time points were excluded. SEP was assessed
using latent factors at three time points; peri-natal, 31 and
46 years. Material and psychosocial measures relating to family,
working life and education at each time point were combined
using factor analysis in order to reflect a more comprehensive
measure of SEP. At the peri-natal stage, parental information
was used to represent SEP of the offspring. Total factor scores
were divided into tertiles representing low (0), intermediate
(1) and high (2) SEP at each time point in the life-course.
A cumulative score was derived as a sum of SEP at each time
point ranging from 0 to 6 (lowest to highest SEP score at all
three time points).
The next step in modelling life-course SEP is to apply
group-based trajectory modelling. We will use the PROC
TRAJ macro in SAS to test for latent SEP trajectories. SEP
factor scores will be used as a continuous variable within a
censored normal model. We will follow the general recom-
mendations of selecting the model with smallest absolute
Bayesian Information Criterion value that also meets the stan-
dards of additional diagnostics. Multivariate regression will
determine associations between SEP trajectories and BMI at
age 46 years.
Results and Conclusion: At all time points, we observed
significantly higher mean BMI at age 46 years in those
categorised as low SEP. Furthermore, there was a graded linear
relationship between accumulation of socioeconomic exposure
and BMI. Participants with a score of 0 had significantly higher
BMI at age 46 years than those with a score of 6 (Table 1).
Additionally, peri-natal SEP was significantly related to
BMI at age 46 years, independently of SEP at ages 31 and
46 years. These results emphasise the adverse long-term
impact of accumulated socioeconomic disadvantage from
childhood to adulthood. We have derived a comprehensive
life-course measure of SEP representing a combination of
material and psychosocial adversities. The independent asso-
ciation with SEP in childhood supports the need for interven-
tions to reduce inequalities in early life. Further research is
needed to understanding the underlying mechanisms by which
social circumstances, particularly in early life, influence adult
obesity.

Mean BMI at age 46 years by SEP tertile at each stage of the
life-course. ANOVA was used to assess differences between
mean BMI at age 46 years.

PA1.05.09

Genetically determined later puberty impacts lowered bone
mineral density in childhood and adulthood

L. Cousminer

Childrens Hospital of Philadephia, PHILADELPHIA, United
States of America

Background: Later puberty is associated with lower areal bone
mineral density (aBMD), and both are known risk factors for
osteoporosis later in life. However, the relationship between
puberty-associated genetic variants and aBMD during devel-
opment, and the potential causal relationship between puberty
and aBMD, remain uncharacterized.
Methods: We constructed sex-specific polygenic risk scores
(GRS) consisting of genetic variants associated with later pub-
erty (Female GRS, n= 333 age at menarche-associated var-
iants; Male GRS, n= 49 age at voice break-associated variants).
The sample consisted of European-descent children in the
Bone Mineral Density in Childhood Study, a longitudinal
cohort with up to seven assessments (n= 1419) between the
ages of 5-20 years. These GRS were tested for associations with
age- and sex-specific aBMD Z-scores at the lumbar spine (LS),
femoral neck (FN), total hip, and distal one-third radius,
accounting for clinical covariates using sex-stratified linear
mixed models. Two-sample Mendelian randomization (MR)
was used to test for a causal relationship between pubertal
timing and aBMD in the BMDCS and in adults using pub-
lically available data from the GEFOS consortium.
Results: The sex-specific puberty-delaying GRS were asso-
ciated with lower pediatric LS-aBMD in girls and boys, even
after adjusting for height and pubertal stage (beta (SE)= -0.088
(0.034); P= 0.0097 and beta (SE)= -0.068 (0.033),
P= 0.039, for girls and boys, respectively). In the MR frame-
work, the puberty-delaying genetic instruments supported a
causal association with lower LS-aBMD in adolescent girls
(beta (SE)= -0.18 (0.063), P= 0.0046) and in adults of both
sexes (women: beta (SE)= -0.072 (0.016), P= 9.21× 10-6;
men: beta (SE)= -0.12 (0.033), P= 0.0003) as well as lower
FN-aBMD in adults (women: beta (SE)= -0.074 (0.014),
P= 9.44× 10-8; men: beta (SE)= -0.11 (0.028),
P= 7.04× 10-5).

S20 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Conclusions: Pubertal timing and bone density during skeletal
development share a genetic basis, and the genetic determinants
of pubertal timing impact bone in a site-specific manner with
potential implications for later life skeletal health. A clearer
understanding of the complex interactions between sexual
maturation and BMD is important for developing personalized
recommendations for optimizing bone health over the lifespan,
but further studies are needed to assess the impact of puberty loci
on fracture risk and to identify causal genes at key loci.

LM1.1 - Trainee lunch workshop

LM1.01.01

How to write a successful grant

B. Koletzko1,2,3,4

1Ludwig-Maximilians-Universität of Munich; 2Dr. von Hauner
Children’s Hospital; 3University of Munich Medical Center,
Munich, Germany; 4EU-FP7 Early Nutrition Project

Writing grant applications is an essential part of research and a
skill in itself. Every scientific researcher faces the challenge of
putting research ideas to paper and presenting them in the most
optimal way, targeted at the funding agency and the specific
funding call text. In this workshop, Professor Berthold
Koletzko will try to give insights in how to approach writing a
successful grant application and will discuss tips and tricks,
based on his extensive experience. Professor Koletzko is Pro-
fessor of Paediatrics at the Ludwig-Maximillians-Universität in
Munich, Germany. His research is funded by the European
Commission, the European Research Council, the German
Research Council, and other public funding bodies. He is
coordinator of the EU FP7 project Early Nutrition. He also
serves as member of the Grant Review Board Medicine and as
Chair of the Clinical Trial Grant Review Board of the German
Research Council.

LM1.02 - Oral slam session: Maternal and fetal health

LM1.02.01

Assessment of adaptive cerebrovascular changes in fetuses
of diabetic mothers on two-dimensional obstetrics
ultrasound

N. Mohammed1, R. Nuruddin2, M. Yakoob2, S.I. Azam2,
S. Khan3, S. Butt3

1Aga Khan University Hospital, KARACHI, Pakistan;
2Department of Community Health Sciences, Aga Khan
University Hospital, KARACHI, Pakistan; 3Department of
Obstetrics and Gynaecology, Aga Khan University Hospital,
KARACHI, Pakistan

Background: Hyperglycemia in pregnancy (HIP) exposes
fetuses to high glucose levels. The subsequent fetal hypergly-
cemia and hyperinsulinemia may lead to the possible

consequences of hyperglycemia-induced-insulin-resistance
in the fetal brain. We hypothesize that this pathophysiological
phenomenon could be associated with increased resistance
in middle cerebral artery (MCA) blood flow velocity waveform
and therefore, a proxy of fetal brain insulin-resistance.
Objective: To assess the difference in middle cerebral artery
(MCA) pulsatility index (PI) between HIP and euglycemic
pregnancies (EP).
Methods: For this cross-sectional study, we identified
86 HIP and 80 EP carrying appropriate-for-gestational-age
singleton fetus. HIP group consisted of 55 subjects with
gestational-diabetes-mellitus (GDM) and 31 with pre-
pregnancy-diabetes-mellitus (PPDM). We excluded fetuses
with congenital abnormalities and mothers with conditions
such as Rh-iso-immunization and hypertensive-disorders-of-
pregnancy. All fetuses had serial ultrasound-scan for growth
and MCA, umbilical artery (UA) and uterine artery (UtA)
blood flow velocity studies performed during the third-
trimester. Doppler studies performed within 2 weeks of deliv-
ery were chosen for analysis. Groups were compared by two-
tailed independent sample t-test or Mann-Whitney U test,
where appropriate.
Results: Compared to EP mothers, mothers with HIP were
older (years) [Mean 30.4 (SD 5.0) versus 32.3 (SD 4.8)
P= 0.01]. Gestational age (GA) at registration for antenatal
check-up and at delivery (weeks) were similar for both
the groups [Mean 14.1 (SD 4.3 vs 14.8 (SD 4.9) P= 0.3]
and [Mean 37.2 (SD 1.41) vs 37.2 (SD 1.44) P= 0.8],
respectively. The GA (weeks) at the performance of the last
third-trimester ultrasound scan was also not significantly dif-
ferent between the two groups [Mean 35.3 (SD 1.0) vs 35.7
(1.1) P= 0.06]. The birthweight centile of neonates born to
HIP mother were significantly higher [52.1 (SD 25.6) vs 43.1
(SD 26.3) P= 0.03]. MCA PI was found to be significantly
higher in fetuses of HIP as compared to EP [1.84 (SD 0.2) vs
1.74 (SD 0.3) P= 0.02]. Median MCA Peak Systolic Velocity
was also significantly elevated in HIP [52.7 (SD 2.7) vs 51.7
(SD 2.3 P= 0.02]. Umbilical artery (UA)/Uterine artery (UtA)
ratio and MCA/UtA ratio was found to be higher in HIP as
compared to EP group [1.08 (SD 0.20) vs 0.97 (SD 0.19)
P= 0.02] and [2.34 (SD 0.47) vs 2.01 (SD 0.65 P= 0.02],
respectively. Those subjects who were on insulin therapy were
found to have a significantly elevatedMCA PI [1.90 (SD 0.19)]
as compared to those on oral hypoglycemic agent [1.78 (SD
0.24) P= 0.02].
Conclusion: HIP is associated with elevated fetal MCA PI,
MCA/UtA and UA/UtA ratio. Those subjects who are on
insulin treatment have demonstrated significantly elevated
MCA blood flow velocity waveform as compared to those on
oral medication. High resistance in MCA blood flow could be
suggestive of chronic-hypoxia and an adaptive fetal cere-
brovascular reorganization in response to compromised intra-
uterine environment. Association between MCA vascular-
remodeling and neuro-cognitive impairment in early childhood
needs further evaluation.

10th World Congress S21

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


LM1.02.02

Associations of gestational diabetes and glucose levels with
ultrasound scan assessed fetal growth in South Asian and
White European women.

J.S. Brand1, J. West2, R. McEachan2, J. Wright2, K. Tilling1,
D.A. Lawlor1

1University of Bristol, BRISTOL, United Kingdom; 2Bradford
Institute for Health Research, Bradford Royal Infirmary,
BRADFORD, United Kingdom

Background: Intrauterine exposure to gestational diabetes
(GDM) is associated with perinatal complications, including
excess fetal growth and macrosomia. Diagnostic oral glucose
tolerance testing (OGTT) for clinical detection of GDM is
performed at 24-28 weeks’ gestation (wkGA) because there are
detectable increases in insulin resistance at this time. However,
results from a study of predominantly White European
women, has shown that fetal growth acceleration occurs
between 20 and 28 wkGA in those subsequently diagnosed
with GDM. Whether this is the same for South Asians who
have greater risk of GDM and greater infant adiposity, is
unknown. Our aim was to determine the associations of GDM
and gestational glucose levels with fetal growth in women of
South Asian and White European origin.
Methods: We used data from 10 105 (4296 South Asian and
5809White European) women with a singleton pregnancy and
without pre-existing diabetes in the Born in Bradford (BiB)
birth cohort study who completed a 75-g OGTT at 26-28
wkGA. Ultrasound measurements of fetal head circumference
(HC), femur length (FL) abdominal circumference (AC) and
estimated fetal weight (EFW) and corresponding anthropo-
metric measurements at birth were collected as per routine
clinical care and the BiB study protocol. Best fitting growth
curves were identified using second-degree fractional poly-
nomials and associations with GDM and fasting and 2h post-
load glucose levels were analysed using multilevel models,
adjusting for maternal and pregnancy related characteristics.
We evaluated the timing at which differences in fetal size were
first apparent and potential interactions with ethnicity.
Results: 805 (8.0%) of pregnancies were complicated by
GDM and this prevalence was higher among South Asian
(10.3%) than White European (4.8%) women. Diagnosis of
GDMwas preceded by an increase in all fetal parameters except
FL. At 26 wkGA, predicted differences (95% CI) in mean HC,
AC and EFW comparing women with and without GDMwere
1.2mm (0.6-1.9), 1.8mm (0.9-2.7) and 14.9 g (5.6-24.3),
respectively. In women who were not diagnosed with GDM a
linear relation between fasting glucose levels and fetal size was
observed as early as 20-22 wkGA [predicted differences (95%
CI) in mean HC, AC and EFW per 1 sd higher fasting glucose
= 0.2mm (0.1-0.4), 0.3mm (0.1-0.5) and 1.1 g (0.1-2.2)
respectively]. 2h post-load glucose levels were also linearly and
positively associated with fetal growth parameters, but with
lower magnitude. Stratified analysis by ethnicity revealed that

glycaemia-associated differences in fetal size were detectable at
slightly earlier gestational ages in South Asian than White
European women, though the overall strength of assocations
were similar in both groups.
Conclusions: Fetal growth acceleration starts prior to routine
GDM diagnostic testing, with gestational glucose levels show-
ing a linear relation with fetal size from 20 wkGA, especially in
South Asian women. These findings highlight the importance
of developing novel diagnostic tools for identifying women at
risk of hyperglycaemia earlier in pregnancy.

LM1.02.03

Association of maternal and cord blood adipokines with
offspring adiposity in project Viva: Is there an interaction
with child age?

L.J. Li1, S.L. Rifas-Shiman2, I.M. Aris3, J.G. Young4,
C.M. Mantzoros5, M.F. Hivert5, E. Oken4

1Singapore Eye Research Institute, SINGAPORE, Singapore;
2Harvard Prilgrim Health Care Institute, BOSTON, United
States of America; 3Singpaore A*STAR, SINGAPORE,
Singapore; 4Harvard Pilgrim Health Care Institute, BOSTON,
United States of America; 5Massachusetts General Hospital,
BOSTON, United States of America

Background: Higher leptin and lower adiponectin correlate
with adult and childhood adiposity, but it is unclear how
exposure to these adipokines during gestation relates to off-
spring growth. We aimed to investigate the relationship
between maternal and cord adipokines and offspring adiposity
across childhood to early adolescence, as well as interactions
with child age.
Methods: In mother-child pairs in the Project Viva cohort
(Massachusetts, USA), we measured adipokines in mothers at
2nd trimester (n= 1106) and in cord blood at birth (n= 657).
We measured offspring adiposity indices at early childhood
(mean 3.3 ± SD 0.3 years), mid-childhood (7.9 ± 0.8 years)
and early adolescence (13.2 ± 0.9 years). To assess our main
hypothesis that maternal and cord blood adipokines were
associated with offspring adiposity measures and such effects
were age-dependent, we fit mixed linear models as a function of
child age at outcome measurement. This method accounts for
the correlation between repeated measures on the same indi-
vidual at different ages. We further adjusted models for
maternal pre-pregnancy body mass index (BMI), age at
enrollment, smoking history, college degree (yes or no), and
gestational weight gain (GWG) at exposure; paternal BMI;
child sex and race/ethnicity; and the other adipokine at
exposure.
Results: Leptin levels in 2nd trimester were higher among
mothers who were overweight or obese before pregnancy (30.0
vs. 15.6 ng/dl normal/underweight), had excessive GWG (24.5
vs. 15.0 ng/dl adequate GWG), and smoked during pregnancy
(24.4 vs. 19.7 ng/dl nonsmokers). Offspring born to mothers
with the highest (vs. lowest) quartile of leptin had lower BMI
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z-score (-0.49 units, 95% CI: -0.72, -0.26), waist circumference
(-2.6 cm, 95% CI: -3.7,-1.5) and sum of subscapular and triceps
skinfolds (SS+TR) (-2.8mm, 95% CI: -4.1,-1.4) in early life.
Children of mothers in the lowest (vs. highest) adiponectin
quartile had lower early life BMI z-score (-0.27 units, 95%
CI: -0.48, -0.05), waist circumference (-1.7 cm, 95% CI: -2.7,
-0.6), hip circumference (-1.4 cm, 95% CI: -2.6, -0.2) and sums
of SS+TR (-1.8mm, 95% CI: -3.1, -0.5) after adjusting for
covariates. The association between maternal adipokines and
offspring adiposity growth was not constant as the children age, as
effect estimates for higher leptin and lower adiponectin became
less negative with increasing offspring age. Results were similar for
cord blood leptin but largely null for cord blood adiponectin.
Furthermore, maternal and cord blood highest (vs. lowest)
quartile of leptin was associated with lower offspring early ado-
lescent total lean mass index (-0.9 kg/m2, 95%CI: -1.4, -0.4) and
(-0.7 kg/m2, 95% CI: -1.3, -0.03), respectively.
Conclusions: Our findings showed that higher maternal and
cord leptin, and lower maternal adiponectin, were associated with
lower offspring adiposity from childhood to early adolescence,
independent of maternal BMI and GWG. However, the strength
of the associations were not constant over time, which suggests a
weakening of the programming effect of adipokine exposure
during gestation on offspring adiposity as children age.

LM1.02.04

Association of fetal fractional limb volume at 20 and
30 weeks gestation with newborn body composition

S. Ikenoue1, F. Waffarn2, K. Sumiyoshi2, M. Ohashi2,
C. Ikenoue2, C. Buss2, D. Gillen2, S. Hyagriv3, S. Entringer2,
P. Wadhwa2

1Saitama City Hospital, SAITAMA, Japan; 2University of California,
Irvine, IRVINE, CA, United States of America; 3University of
Pittsburgh, PITTSBURGH, PA, United States of America

Background: Fetal fractional limb volume has recently been
proposed as a useful measure for predicting fetal and newborn
size and growth. However, the association of fractional limb
volume measures with newborn body composition is poorly
understood. The aim of this study was to determine whether
fetal fractional limb volume is prospectively associated with
newborn body composition.
Method: In a prospective, longitudinal study of 93 low-risk
pregnancies, fetal ultrasonography was performed at approxi-
mately 20 and 30 weeks gestation. Fractional arm volume and
fractional thigh volume weremeasured as cylindrical limb volume
based on 50% of total diaphysis length (to eliminate the proximal
or distal end of the diaphysis, where the soft tissue boundaries are
poorly visualized) using 4D View software. The acquired partial
limb volume was divided into 5 subsections of equal length, and
the contour in each subsection was traced manually in an axial
view. Birth weight percentile was determined using the 2000
United States Natality dataset. Newborn body composition
(body fat percentage) was quantified by whole body Dual Energy

X-Ray Absorptiometry (DXA) imaging. The associations of
fractional limb volume with birth weight percentile and with
newborn body fat percentage were determined by multiple linear
regression, controlling for key covariates (maternal age, parity,
socioeconomic status, race/ethnicity, pre-pregnancy BMI,
maternal gestational weight gain, gestational diabetes, gestational
age at birth, infant sex, postnatal age at DXA scan, and mode of
infant feeding). Partial correlational analysis was used to deter-
mine the relative contribution of fractional limb volumemeasures
in explaining variation in newborn body fat percentage.
Results: Fractional arm volume was 2.51 ± 0.45 cm3 and
12.8 ± 2.02 cm3 at 20 weeks and 30 weeks gestation, respec-
tively. Fractional thigh volume was 4.99 ± 1.19 cm3 and
29.1 ± 4.92 cm3 at 20 weeks and 30 weeks gestation, respec-
tively. Fractional limb volume at 20 weeks gestation was not
associated with birth weight percentile or newborn body fat
percentage. Fractional arm volume and fractional thigh volume
at 30 weeks gestation were moderately correlated with birth
weight percentile and they explained 6.5% and 4.1% of varia-
tion in newborn body fat percentage (table 1).
Conclusion:Fetal fractional arm volume and fractional thigh
volume at 30 weeks gestation explained a modest portion of the
variation in newborn body fat percentage. Because fractional
limb volume is an indicator of soft tissues that contain not only
fat mass but also lean mass and bone, the additional con-
sideration of other fetal measures that can better differentiate
these compartments may be warranted.

LM1.02.05

Feasibility of three-dimensional power Doppler ultrasound and
Virtual Realitymeasurements of (utero)placental vascularization
as non-invasive biomarkers of (utero)placental health

I.F. Reijnders, A.G.M.G.J Mulders, M.P.H. Koster,
A.H.J. Koning, R.P.M. Steegers-Theunissen, E.A.P. Steegers

Erasmus MC, ROTTERDAM, The Netherlands

10th World Congress S23

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Background: Worldwide, every year millions of women suffer
from subfertility and/or placenta-related pregnancy complica-
tions, such as preeclampsia, low birth weight and preterm birth.
These adverse outcomes are also associated with the health of
mothers and offspring later in life. We hypothesize that pre-
conceptional uterine vascularization and early first trimester
utero(placental) vascularization are determinants of endo-
metrial receptivity and placental health respectively. If it is
feasible to reliably and noninvasively measure indices of the
utero(placental) vascularization in vivo, new opportunities will
be provided for early prediction, prevention and treatment of
subfertility and placenta-related adverse outcomes. The current
state-of-the-art technology for the evaluation of utero(pla-
cental) vascular morphology is three-dimensional power Dop-
pler ultrasound (3D PD US). To enable use of the third
dimension, i.e. depth, we have developed an in-house novel,
innovative technology that displays volumetric ultrasound
datasets as holograms, using the Barco I-Space CAVETM-like
virtual reality (VR) system (Barco NV, Belgium). Recently, a
VR desktop system based on the technical principles of the
I-space has been implemented to enable clinical application of
VR. Therefore, this study aims to develop a feasible and reliable
method to assess preconceptional and early first-trimester utero
(placental) vascular volumes using three-dimensional power
Doppler ultrasound (3D PD US) on two Virtual Reality (VR)
systems.
Methods: In 35 women, either preconceptional (n= 5) or in
pregnancy at 7 (n= 10), 9 (n= 10) or 11 (n= 10) weeks of
gestation, 3D PD US images of the utero(placental) vascular-
ization were obtained. Preconceptional uterine vascular volume
(UVV) and first-trimester placental vascular volume (PVV) and
embryonic vascular volume (EVV) were measured by two
observers on two different VR systems i.e., the I-Space and the
VR desktop. Intra- and inter-observer agreement and
intersystem agreement were assessed by intra-class correlation
coefficients (ICC) and absolute and relative differences.
Results: Median UVV preconceptional was 1.8 cm3 [range:
1.0;5.5]. Throughout the first trimester of pregnancy, median
PVV increased being 0.4 cm3 [range: 0.1;1.0] at 7 weeks of
gestation, 4.5 cm3 [range: 1.6;9.2] at 9 weeks of gestation and
7.0 cm3 [range: 1.9;16.2] at 11 weeks of gestation. Overall,
utero(placental) vascular measurements were feasible and
accurate with good to excellent intra- and inter-observer
agreement as well as VR inter-system agreement with most
ICC >0.8 and relative differences <20% throughout the entire
gestational age range. Inter-observer agreement of PVV at
11 weeks gestation was suboptimal (ICC 0.7, relative difference
50%).
Conclusions: Preconceptional and early first-trimester 3D PD
US utero(placental) vascular volume measurements are feasible
and accurate using VR. Future cohort studies are needed to
further validate these measurements and assess their eligibility
as potential biomarkers for endometrial receptivity and
placental health. Ultimately, utero(placental) vascular volumes
could be part of a strategy towards more accurate and

personalized prediction, prevention and treatment of sub-
fertility and placenta-related complications from the earliest
moments in pregnancies onwards.

3D power Doppler ultrasound images of utero(placental) vas-
cular volumes preconceptional and in pregnancy at 9 weeks of
gestation visualized by VR.

LM1.02.06

Role of placental, amniotic and cord blood microbiome in
the colonisation of the infant gut: a systematic review

C. Edwards1, A. Gil2, E.M. van der Beek3, M.H. Schoemaker4,
S. Ozanne5, C. Belzer6, C. Stanton7, C.A. van Loo-Bouwman8,
V. Marinello1, R. Rueda9

1University of Glasgow, GLASGOW, United Kingdom; 2University
of Granada, GRANADA, Spain; 3Nutricia Research, UTRECHT,
The Netherlands; 4Mead Johnson Pediatric Nutrition Institute,
NIJMEGEN, The Netherlands; 5University of Cambridge,
CAMBRIDGE, United Kingdom; 6University of Wageningen,
WAGENINGEN, The Netherlands; 7Teagasc, DUBLIN, Ireland;
8Yili Innovation Center Europe, WAGENINGEN, The
Netherlands; 9Abbott Nutrition, GRANADA, Spain

Background: There is increasing evidence for the potential role
of the gut microbiome in human health with decreased diver-
sity recognised as a key characteristic of a range of diseases. It is
important to understand how the microbiome develops and
possible strategies to stimulate a health promoting microbiota.
The bacterial colonisation of the infant gastrointestinal tract is a
key stage in the process, and maternal and infant events may be
important determinants of the diversity and composition of the
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microbiome. In addition to maternal faecal and vaginal transfer
at birth, it has been suggested that there is a placental micro-
biome which provides the first bacterial exposure to the devel-
oping infant prior to parturition. However, it is unclear how
robust the evidence is for colonisation of the placenta and
transfer to the infant gut, e.g. possible contamination during
sample collection/analysis and pathological infection.
A systematic review of the evidence for the placental micro-
biome in healthy mothers and possible transfer to the infant
was carried out.
Methods: Searches using PUBMED, OVID, LILACS and
PROQUEST included: (“Microbiota”[Mesh] OR “Metagen-
ome”[Mesh] OR “Dysbiosis”[Mesh]) AND “Anti-Bacterial
Agents”[Mesh]) AND (“Infant”[Mesh] OR “Infant, Extremely
Premature”[Mesh] OR “Infant, Extremely Low Birth Weight”[-
Mesh] OR “Infant, Low BirthWeight”[Mesh] OR “Infant, Very
Low Birth Weight”[Mesh] OR “Infant, Small for Gestational
Age”[Mesh] OR “Infant, Premature”[Mesh] OR “Infant, Post-
mature”[Mesh] OR “Infant, Newborn”[Mesh] OR “Infant,
Premature, Diseases”[Mesh]) ((Microbiota OR Microbiome OR
Bacteria OR Microflora OR (Gut Flora)) AND (Meconium OR
Amnion OR (Amniotic Fluid) OR (Gestational Sac) OR
(Amniotic Sac) OR Placenta OR (Cord Blood)) AND ((In utero)
OR Uterus OR Fetus OR Foetus)) AND (Umbilical cord) OR
(Blood transfer) OR (Placental circulation) OR (placental trans-
fer) OR (placental transmission) OR (Maternal-fetal exchange).
Papers were checked for duplicates and relevance by three authors
and then assessed for details of where bacteria were detected (cord
blood, amniotic fluid or placental tissue), when infant faeces were
assessed, number of samples and mothers, delivery methods,
maternal health status, pregnancy history, contamination pre-
vention during collection, sample storage and kits/processes used
for DNA/RNA extraction and bacterial identification.
Results: Twenty two papers were fully assessed and included
placental tissue, cord blood or amniotic fluid with 2-165
samples each. Methods used to extract DNA/RNA varied and
were not always stated. Characterisation of the microbiome
differed from PCR to whole shotgun sequencing. Details of
sample storage were not always clear. Few studies considered
bacterial transfer to the infant.
Conclusion: Current data are limited and more research is
needed to confirm the role and importance of the placental
microbiome.

LM1.02.07

Prenatal exposure to maternal anxiety and emotion
processing at age 4 years: an event-related potential study

M.I. van den Heuvel1, C.L. Donkers2, - Henrichs3,
R.H. Van den Bergh4

1Wayne State University, NIH/NICHD, DETROIT, United
States of America; 2Maastricht University, MAASTRICHT, The
Netherlands; 3VU Medical Center, AMSTERDAM, The
Netherlands; 4KU Leuven, LEUVEN, Belgium

Objective: Maternal anxiety during pregnancy can negatively
affect fetal neurodevelopment, predisposing the offspring
to a higher risk of behavioral and emotional problems
later in life. The current study investigates the association
between maternal anxiety during pregnancy and child
affective picture processing using event-related brain potentials
(ERPs).
Method: Mothers reported anxiety during the second
trimester using the anxiety subscale of the Symptom Checklist
(SCL-90). At age 4 years, child affective picture processing
(N= 86; 44 girls) was measured by recording ERPs during
passive viewing of neutral, pleasant, and unpleasant pictures
selected from the International Affective Pictures System. The
late positive potential (LPP) – an ERP component reflecting
individual differences in affective processing – was used as child
outcome.
Results: We found a positive association between maternal
anxiety during pregnancy and LPP amplitudes for neutral pic-
tures in the middle (-.243, p= .025) and late time window
(r= -.272, p= .011) at the anterior electrode location, indi-
cating that children prenatally exposed to higher levels of
maternal anxiety show a stronger neural response to neutral
pictures. These associations remained significant after adjusting
for maternal postnatal anxiety and gestational age at birth. No
significant results were observed for pleasant or unpleasant
pictures.
Conclusions: Our study provides neurophysiological evidence
that children prenatally exposed to higher maternal anxiety
devote more attentional resources to neutral pictures, but not
to unpleasant or pleasant pictures. Possibly, these children
show enhanced vigilance, resulting in a lower threshold for
appraising threat in seemingly neutral stimuli. Although useful
in dangerous environments, this enhanced vigilance may pre-
dispose children prenatally exposed to higher maternal anxiety
to developing behavioral and/or emotional problems later
in life.

Group-average (N= 86) LPP amplitudes to the neutral pic-
tures of children exposed to low (blue line; N= 69) and high
(orange line; N= 17) anxiety, for the
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LM1.02.08

Positive maternal mental health during pregnancy
associated with specific forms of adaptive development
in early childhood

D.Y. Phua1, M.Z. Kee1, D.X.P Koh1, A. Rifkin-Graboi1,
M. Daniels2, H. Chen2, Y.S. Chong1, P.D. Gluckman1, B.F.P.
Broekman1, I. Magiati3, N. Karnani1, M. Pluess4, M.J. Meaney5

1Singapore Institute for Clinical Sciences, SINGAPORE,
Singapore; 2K Women’s and Children’s Hospital, SINGAPORE,
Singapore; 3National University of Singapore, SINGAPORE,
Singapore; 4Queen Mary University, LONDON, United
Kingdom; 5Sackler Program for Epigenetics & Psychobiology at
McGill University, MONTREAL, Canada

Background: The quality of prenatal maternal mental health,
from psychological stress, depressive symptoms, to anxiety and
other non-psychotic mental disorders profoundly affects fetal neu-
rodevelopment. Despite the compelling evidence for the broad
influence of maternal emotional well-being, the existing literature
focuses almost exclusively on the effects of stress or symptoms of
depression or anxiety, and does therefore not capture the full range
of mental well-being. Health is a continuum that is not defined by
merely an absence of illness or disability. Positive mental health has
been shown to be a distinct construct from absence of symptoms of
mental illnesses which predicts future mental and physical health.
Despite the evidence for the influence of positive mental well-being
on health there is, to our knowledge, no research examining the
possible effects of positive antenatal mental health on the develop-
ment of the offspring. While large-scale birth-cohort studies
emphasize the importance of maternal mental health problems,
measures of positive mental health in the study design are rarely
considered. While such measures are used to screen for symptoms
of mental disorders, it may nevertheless be possible to detect aspects
of positive mental health through latent variable modelling.
Methods: This study was part of a prospective birth cohort study,
GrowingUp in Singapore Towards HealthyOutcomes (GUSTO).
The sample (n=1066) included women who conceived naturally,
did not have any medical conditions before or during pregnancy,
and gave birth to full-term babies with normal birth weight.
Three mental health measures (i.e., Beck Depression Inventory II
[BDI-II], State-Trait Anxiety Inventory [STAI] & Edinburgh
Postnatal Depression Scale [EPDS]) were administered during 26-
week pregnancy during the participants’ clinic visit. The responses
to the measures’ items were used in bifactor latent modelling.
Mothers rated their child on the Infant Toddler Socio-Emotional
Assessment (ITESA) questionnaire at 12-months-old and the
Quantitative Checklist for Autism in Toddlers (QChat) at
18-months-old. At 24-month, and the Bayley Scales of Infant
and Toddler Development third edition (Bayley) was used to
assess the child’s development in the domains of cognition, lan-
guage, motor skills, socio-emotional behaviors and adaptability.
Results: A seven-factor bi-factor model best fitted the data. This
included a general factor and six sub-factors. Two of the sub-
factors were related to positive mental health – Positive Mood

(FD = 0.94; ωH = .51; H= 0.87) and Positive Self (FD =
0.89; ωH = .43; H= 0.65). The reliability indices suggest that
positive mental health construct can be reliably extracted from
screening tools for depression and anxiety. A heatmap illustrates
the significant association of positive antenatal mental health with
some behaviors in children, specifically those associated with
sociability, communication and parentally-rated competence.
Conclusion: In conclusion, this study demonstrates the feasi-
bility of using common psychiatric disorders screening tools to
examine the effect of positive mental health. Moreover, the
effects of positive mental health are likely to be specific and
different from the lack of mental disorders. A deeper under-
standing of positive mental health will allow for more com-
prehensive understanding of fetal and child development.

Heatmap illustrating significant correlations between maternal
mental health factors & child behavioral outcomes.
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LM1.02.09

Can obesity in early childhood be influenced by lifestyle
interventions during pregnancy? A systematic review of the
literature.

V. Dalrymple, J. Martyni-Orenowicz, M. O’Keeffe, J. Poston

King’s College London, LONDON, United Kingdom

Background: Childhood obesity is rapidly becoming a global
pandemic, in 2015 more than 41 million children <5 years
were affected by overweight or obesity. In the UK, over a fifth
of children aged 4-5 years are classified as overweight or obese.
There is an increasingly convincing body of evidence that
obesity in children may have its origins in early life, specifically
adverse exposures during in-utero development. Cohort studies
have highlighted the association between childhood obesity
and increased maternal body mass index (BMI) and excessive
gestational weight gain. Furthermore, observational studies
suggest that manipulation of maternal diet and/or physical
activity in the antenatal period has the potential to influence
offspring growth and development and this has been shown in
experimental animals and their offspring. The maternal popu-
lation is therefore a target for prevention of childhood obesity,
and this has led to a number of randomised controlled trials
focusing on lifestyle in pregnancy. However, any lasting causal
effect on childhood obesity from these trials is currently
unknown. The objective of this systematic review was to
determine whether antenatal lifestyle interventions in pregnant
women, aimed at modifying diet and/or physical activity, lead
to a reduction in measures of offspring obesity in early
childhood.
Methods: A systematic review of the literature was completed
from 1st January 1990-31st March 2017 in MEDLINE,
Embase, and CENTRAL for antenatal interventions with
subsequent offspring follow-up publications. A hand search of
reference lists and cited articles of relevant reports and review
articles was also completed. Electronic searches identified 3361
titles and a further three trials were identified through hand
searches. Of these 145 duplicates were removed, 32 abstracts
were eligible for full-text review, KD and JMO independently
screened the relevant articles, extracted the data and assessed
risk of bias.
Results: Seven antenatal lifestyle interventions with offspring
follow-up data were identified. Four trials included women
from all BMI categories and three trials included obese women
only. The antenatal interventions were heterogeneous in terms
of intervention design, intensity and outcome measures. For
the seven offspring follow-up publications children aged
6 months–7 years, measures of obesity in the offspring
(n= 1689) included, weight, BMI, weight-for-length z-scores,
skinfold thicknesses and circumferences. Two studies, focusing
on obese women only, reported reduced measures of adiposity
from 6-12 months (n= 787). The remaining five studies, two
from infancy (n= 500) and three (n= 402) from early child-
hood found no effect on measures of obesity.

Conclusion: For the offspring follow-up studies, there was
heterogeneity in methods and variations in reported outcomes
and studies were limited due to high rates of attrition. Measures
of obesity up to 12 months of age have been shown to be
reduced by lifestyle interventions during pregnancy in obese
women, however we are unable to draw a conclusion on the
influence antenatal interventions have on measures of obesity
in early childhood.

LM1.02.10

Maternal circulating cotinine concentration in pregnancy
and offspring weight and body mass index (BMI) in the first
36 months

S. Ng1, I.M. Aris2, M.T. Tint3, S.E. Soh2, L.W. Chen4, P.D.
Gluckman5, K.M. Godfrey6, L.P.C. Shek4, K.P. Yap7, K.H.
Tan8, L. Lek9, O.H. Teoh10, Y.H. Chan11, M.F.F. Chong12,
Y.S. Lee4, Y.S. Chong3, S.Y. Chan3

1National University of Singapore, SINGAPORE, Singapore;
2Agency for Science, Technology and Research (A*STAR),
SINGAPORE, Singapore; 3Department of Obstetrics &
Gynaecology, Yong Loo Lin School of Medicine, NUS,
SINGAPORE, Singapore; 4Department of Paediatrics, Yong Loo
Lin School of Medicine, NUS, SINGAPORE, Singapore; 5Liggins
Institute, University of Auckland, AUCKLAND, New Zealand;
6MRC Lifecourse Epidemiology Unit, SOUTHAMPTON,
United Kingdom; 7Department of Paediatric Endocrinology, KK
Women’s and Children’s Hospital, SINGAPORE, Singapore;
8Department of Maternal Fetal Medicine, KK Women’s and
Children’s Hospital, SINGAPORE, Singapore; 9Department of
Paediatrics, KKWomen’s and Children’s Hospital, SINGAPORE,
Singapore; 10Department of Paediatrics, KK Women’s and
Children, SINGAPORE, Singapore; 11Biostatistics Unit, Yong
Loo Lin School of Medicine, NUS, SINGAPORE, Singapore;
12Saw Swee Hock School of Public Health, NUS, SINGAPORE,
Singapore

Introduction: Cotinine is an objective biomarker widely
used to quantify exposure levels to active tobacco smoking
and environmental tobacco smoke (ETS). Whilst there is
good evidence that maternal self-reported smoking during
pregnancy is associated with decreased birthweight, there is
now increasing evidence for an associated increased risk of
overweight in childhood. This study aimed to examine the
relationship between maternal cotinine concentrations in
pregnancy and child weight and BMI changes from birth to
36 months of age.
Methods: There were 970 mother-child pairs identified from
the GUSTO birth cohort. Cotinine levels in maternal plasma
collected at 26-28 weeks of gestation were measured by LC/
MS/MS with a detection limit (LOD) of 0.17 ng/mL. Off-
spring weight and length were obtained at birth and at age 3, 6,
9, 12, 15, 18, 24 and 36months. All subjects were categorized
into 4 groups by cotinine levels and history of ETS exposure;
Group 1: cotinine below LOD and no exposure to ETS
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(n= 511); Group 2: cotinine below LOD but self-reported
ETS (n= 284); Group 3: cotinine concentration 0.17-
13.99 ng/mL (n= 139); Group 4: cotinine concentration equal
to or above 14 ng/mL (n= 36), which is consistent with active
smoking. Age- and sex-specific z-scores for weight and BMI
were calculated using the WHO 2006 reference. The associa-
tions of maternal circulating cotinine with 1) offspring weight
(Fig. A) and BMI (Fig. B) at each time point were estimated
using multivariable regression and 2) weight (Fig. C) and BMI
(Fig. D) changes from birth to 36 months was analyzed using
linear mixed effect models.
Results: Compared with Group 1, maternal circulating coti-
nine ≥ 14ng/mL (Group 4) was associated with a reduction of
180.8 (95% CI -309.87, -51.68) grams in birthweight and
0.44 (95% CI -0.86, -0.01) kg/m2 in BMI at birth, after
adjusting for infant sex, gestational age at birth, ethnicity,
maternal age, education level, parity and maternal BMI in the
1st trimester. However, across 3 to 36 months, there were no
statistically significant differences in z-scores for weight and
BMI between Group 1 and Group 4. In contrast, offspring in
Group 3 had a higher z-score for BMI at 6 months [β 0.25
(95%CI 0.01, 0.49)], 15 months [β 0.36 (95%CI 0.13, 0.59)],
18 months [β 0.33 (95%CI 0.33 (0.07, 0.59)], 24 months [β
0.34 (95%CI 0.08, 0.59)] and 36 months [β 0.40 (95%CI
0.15, 0.66)] compared with Group 1, amounting to an average
increase of 0.16 (95%CI 0.0002, 0.32) kg/m2 from birth to age
36 months. Over the 36 months, there was significantly faster
weight gain in Group 4 offspring and an increasingly higher
BMI in Groups 3 and 4, compared to Group 1.
Conclusions: These findings suggest that increased prenatal
cotinine exposure is associated with faster weight gain and
greater BMI in offspring during early childhood, even at rela-
tively low cotinine levels consistent with mere ETS exposure
without active smoking. Whether in utero programming is a
contributory factor to this phenomena in addition to post-natal
confounding lifestyle factors remains to be elucidated.

The associations of maternal circulating cotinine with Off-
spring weight and BMI.

LM1.02.11

Effect of maternal exercise during obese pregnancy on the
cardiovascular health of male mouse offspring

J.H. Beeson, H.L. Blackmore, S.K. Carr, L. Dearden,
D.E. Duque-Guimarães, L.C. Kusinski, L.C. Pantaleão,
A.G. Pinnock, D.S. Fernandez-Twinn, S.E. Ozanne

University of Cambridge, CAMBRIDGE, United Kingdom

Background: The prevalence of obesity amongst women of
childbearing age has increased dramatically over the past few
decades. Recent studies in the UK suggest that over half of
women are now overweight or obese during pregnancy. This is
of concern as obesity during pregnancy is associated with short
and long term consequences for both mother and child. Studies
in humans have suggested that individuals born to obese
mothers are at increased risk of cardio-metabolic disease and
death from cardiovascular disease. Studies in animal models
provide strong evidence that these effects are mediated by non-
genetic programmed mechanisms. It is critical that suitable
interventions are identified to prevent this epigenetic propa-
gation of obesity and cardio-metabolic dysfunction from
mother to child. Exercise is one potential intervention strategy.
This study therefore aimed to investigate the effect of exercise
during obese pregnancy on the cardiovascular health of the
offspring.
Methods: A diet-induced obesity mouse model was used where
female dams are maintained on an obesogenic diet (high fat and
sugar) for approximately six weeks prior to pregnancy. For the
exercise intervention, daily treadmill exercise (5 days/week) was
started one week before mating and continued until gestational day
17 of pregnancy in obesogenic diet fed mice. Offspring of these
dams were compared to the offspring of control-fed dams. Both
groups of offspring were weaned onto standard laboratory chow fed
ad libitum. Male offspring were studied at 8 weeks of age. Cardi-
omyocyte area was assessed bymanually circumscribing cell borders
of mid-cardiac sections stained by wheat germ agglutinin. Expres-
sion of genes implicated in pathological cardiac hypertrophy were
measured by RT-PCR. Blood pressure was measured non-
invasively through tail-cuff photoplethysmography.
Results: Offspring born to obese dams (ObeseOff) displayed
pathological cardiac hypertrophy, demonstrated by increased
heart weight (p< 0.001) and cardiomyocyte area (p< 0.05)
alongside re-expression of fetal genes including atrial natriuretic
peptide (Nppa) (p< 0.001) and β-myosin heavy chain (myh7)
(p< 0.05). Maternal exercise prevented all measured markers
of cardiac hypertrophy in the offspring. ObeseOff had
increased systolic blood pressure compared to control offspring
(101 ± 2.2 versus 131 ± 6.2mmHg) (p< 0.01). This was not
corrected by maternal exercise intervention.
Conclusions: Maternal exercise prevented the development of
cardiac hypertrophy in offspring exposed to maternal obesity.
However, offspring blood pressure remained elevated suggest-
ing that pressure overload did not drive the structural changes
in the heart. These findings demonstrate that maternal exercise
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during an obese pregnancy has therapeutic effects on the car-
diovascular health of the offspring; however further work is
needed to understand the underlying mechanisms.

LM1.03 - DOHaD Australia and New Zealand symposium

LM1.03.11

The Importance of Birth Cohorts in DOHaD Research (an
Australian and New Zealand Perspective)

B.S. Muhlhausler1, G. Singh2

1The University of Adelaide, ADELAIDE, Australia; 2Menzies
School of Health Research, DARWIN, Australia

This Symposium, hosted by the DOHaD Society of Australia
and New Zealand, will highlight the critical role that long-
itudinal, and in some cases, transgenerational, birth cohorts
have played (and continue to play) in DOHaD Research in
Australia and New Zealand. The Symposium will feature pre-
sentations on several of the prominent birth cohorts from the
region, including:
The Raine cohort and the intergenerational cycle of obesity
The role of long-term cohort studies for evaluating the impacts
of ART/IVF
The Adelaide Women’s Health Study
The Aboriginal Birth Cohort
the PETS (twin cohort study)
Growing Up in New Zealand Study
The symposium will comprise of short presentations by each of
the speakers, with a focus on the role that each cohort/study has
played in supporting the DOHaD concept, and providing
evidence regarding critical windows/potential interventions.
This will be followed by a panel discussion with all speakers,
encouraging audience participation/discussion.
We look forward to welcoming you to the Symposium.

LM1.03.01

Aboriginal Birth Cohort Study

G. Singh

Menzies School of Health Research, DARWIN, Australia

Background: Aboriginal Australians fare worse than other
Australians on almost every measure of physical and mental
health. A greater burden of disease is evident at both ends of the
life course, with higher rates of preterm birth and low birth
weight babies at the start of life and higher rates of chronic
diseases such as diabetes, cardiovascular and renal disease at the
end of life. The core objective of the Australian Aboriginal
Birth Cohort (ABC) is to examine the effect of early life events
and conditions on later health in this high risk population.
Methods: The ABC is recognised as the largest and longest
running prospective birth cohort of Indigenous Australians. A
total of 686 babies born to Aboriginal mothers (a representative
sample of the 1238 eligible babies) recruited at Royal Darwin

Hospital (RDH), between January 1987 and March 1990.
Subsequent follow-up has occurred at Wave-2 (mean age 11.4
years: 85% of living participants), Wave-3 (mean age 18.2 years:
71% of living participants) and Wave-4 (mean age 25.4 years:
71% of living participants). To date there have been 39 deaths,
therefore 647 people are available for future follow-up. Core data
obtained at each follow-up includes anthropometry (weight,
height, head, mid upper arm, waist circumferences, fat percen-
tage), socioeconomic measures, renal (size and function), meta-
bolic, cardiovascular and haematological biomarkers. Additional
markers were included. At Wave-2, puberty stage and respiratory
function were collected. Wave-3 saw expansion to include oral
health, lifestyle and emotional status, iodine status with thyroid
ultrasound, long term immunity to Hepatitis B vaccination at
birth, cognitive and novel cardiovascular markers. In Wave-4, in
addition to the above, nutritional intake, stress and inflammatory
markers were added.
Results: Fetal Growth Restriction (FGR) rates were high
(25%) and major risk factors were maternal smoking, under-
nutrition and age <20 years. At 11, 18 and 25 years partici-
pants who had been FGR at birth were still shorter and lighter
than non-FGR babies. Although undernutrition is still present
at 25 years in this population, the rates of overweight are rising.
The high risk combination for chronic disease, of FGR with
later obesity, was rare in this cohort. The prevalence of chronic
disease markers at adolescence and young adulthood was low.
In cross-sectional analyses, current weight and not birth weight
has been the predominant determinant of early biomarkers of
chronic disease. Predictors of chronic disease risk factors, par-
ticularly as they relate to chronic kidney disease will be dis-
cussed in greater detail.
Conclusions: Although the prevalence of chronic disease
markers at adolescence and young adulthood was low, these are
increasing with age. Current weight continues to be the pre-
dominant determinant of biomarkers of chronic disease. The
major strengths of the study are the availability of reliable
gestational age, the direct standardised collection of compre-
hensive health data obtained via face-to-face health checks by a
core group of trained researchers and excellent retention rates
despite logistical challenges.

LM1.03.03

Growing up In New Zealand Study

S. Morton

The University of Auckland, AUCKLAND, New Zealand

Background: New Zealand is regarded as a “great place
to raise kids”, but international rankings of child health tell a
different story. New Zealand children rank bottom of 24 OECD
countries for non-intentional injury, infant mortality and
immunisation rates. Hospitalization rates for respiratory and skin
infections are twice those of Australian children. Overall popu-
lation statistics hide large health inequalities, with Māori and
Pacific children most vulnerable to a poor start to life.
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Method: Growing Up in New Zealand is the contemporary
longitudinal cohort study that tracks the health and develop-
ment of 6853 NZ children from born in 2009 and 2010, in the
context of their diverse families and their wider social envir-
onments. The longitudinal study was explicitly established to
provide population relevant evidence to inform new cross-
sectorial policies that could improve population wellbeing and
reduce inequalities in health and development from birth.
Information is currently available from children, families and
routine record linkage over their first five years of life. Factor
analysis and stepwise multivariable regression were used to
examine the capacity of twelve routinely available antenatal
maternal factors to define population sub-groups of NZ
children most vulnerable to poor health and development from
before they were born. Risk factors included teenage mother-
hood, lower socioeconomic status, partnership status for
mothers, antenatal maternal depression and maternal smoking.
Results: Risk factors for vulnerability clustered with no single
risk factor being sufficient alone to efficiently identify
vulnerable population sub-groups of pregnant mothers. Three
common clusters occurred however which together explained
just less than 50% of the population distribution of all factors.
Using longitudinal exposure data over the first 1000 days of life
we noted that cumulative exposure identified vulnerability
more efficiently than any single time point, and also that Māori
and Pacific mothers and children experienced the greatest
cumulative burden of adversity. Exposure to a greater cumu-
lative exposure in the perinatal period in particular was asso-
ciated with lower birth weight, reduced breastfeeding duration
more childhood infections and admissions to hospital as well as
with more likelihood of abnormal behaviours in the pre-school
period.
Conclusions: Identifying vulnerable children effectively from
before their birth using clusters of routinely available maternal
risk factors offers an opportunity to optimise life course well-
being and give all NZ children the best start in life. Using
multi-disciplinary population relevant evidence on a cohort of
almost 7000 NZ pre-school children it is clear that cumulative
exposure to disadvantaged environments from before birth
leads to some population subgroups in New Zealand falling
behind before they can even begin life’s race. Additionally the
information from the cohort about “what works” for children
who are resilient in the face of this cumulative adversity can
provide us with novel ways to support all NZ children and
families better right from the start.

LM1.03.05

Studies of the role of epigenetics in the early life origins of
disease using a twin cohort

J.M. Craig

Murdoch Childrens Research Institute, MELBOURNE, Australia

Background: The Peri/postnatal Epigenetic Twins Study
(PETS) is a unique cohort of 250 mothers and their twins.

Women were recruited from three Melbourne hospitals mid-
way through their second trimester, which enabled measure-
ment of maternal shared and fetal nonshared factors at multiple
time points. We collected multiple biospecimens at birth (cord
blood, cords, placenta and buccal tissue) and repeat samples
when twins were 18 months of age (blood and buccal swabs)
and 6 years of age (blood, buccal swabs, saliva, tooth plaque,
stools). Our aim is to use the power of twins to shed light on the
early life origins of chronic diseases, for example, using a
within-monozygotic-twin pair design to study the role of
nonshared environment - the largest component of variation of
NCDs – in DOHaD. Specifically we are investigating the effect
of environment in the first 1000 days of life on epigenome and
microbiome complexity and on specific outcomes including
oral health, BMI, blood pressure, and neurodevelopmental
disorders in children.
Methods: We performed both gene-specific and genome-wide
analysis of the epigenetic mark of DNA methylation in multi-
ple cell types using Sequenom MassArray EpiTyper and Illu-
mina Infinium arrays. Data were regressed against multiple
shared maternal factors (e.g. IVF, folate intake, gestational
diabetes) and placenta weights, specific to each twin. We ana-
lysed microbiomes using 16S rRNA sequencing.
Results: Twin pairs exhibited a wide range of within-pair epi-
genetic discordance at birth, which overlapped with that observed
between unrelated individuals. Using gene-specific analysis we
found that that certain gene ontologies are consistently variably
methylated within pairs in all tissues, and that genetic and
intrauterine environmental influence on DNA methylation var-
ied throughout the genome. Using regression analysis, we iden-
tified genes whose expression and methylation levels correlated
with birth weight in MZ pairs. These were enriched in functions
related to nutrient metabolism and response to environmental
agents. We also found an associations between placental weight
and gestational diabetes and DNA methylation at birth and
tissue-specific association with other factors. Similarly to the
epigenome, the largest component of variation in the plaque
microbiome, was nonshared environment.
Conclusions: Our data support the idea that genetic, shared
(maternal) and nonshared (placental) environmental factors
impact on the developing epigenome and microbiome, with the
largest component being nonshared environment. They also
suggest that multiple early environments may be epigenetically
reprogramming genes involved in metabolism, which may pro-
vide a mechanism for the early origins of cardiometabolic disease.

LM1.03.07

Fertility in the fast lane: 21st Century technologies and
reproductive outcomes

M. Davies

Robinson Research Institute, ADELAIDE, Australia

Technological innovation has transformed patterns of fertility
globally, with improved perinatal outcomes. However, the
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same period has seen older age at birth, increased use of assisted
reproductive technologies, and epidemics of adverse lifestyle
factors such as obesity.
Research on the impact of these factors on the reproductive
health of contemporary women and the future health of their
children is fragmented, giving rise to poorly focussed and
inefficient interventions. This presentation integrates a series
overlapping cohort studies drawn from the same population
base to develop a synthetic lifecourse cohort to identify envir-
onmental factors that contribute to impaired infertility, adverse
pregnancy outcomes after infertility treatment, and the
consequences of treatment for the enduring health of the
offspring.
We have identified the impact of work-place conditions,
specifically night shift, on female reproductive health and need
for infertility treatment; the contribution of maternal factors,
such as obesity to growth trajectories and child obesity and
subsequent PCOS; and the contribution of assisted reproduc-
tive technologies such as IVF to adverse outcomes for mother
and child including low birth weight, low gestational age,
neonatal death, cerebral palsy, and birth defects.

LM1.03.09

The Western Australia Pregnancy Cohort (Raine Study)
and the Intergenerational Cycle of Obesity

R.C. Huang

Telethon Kids Institute, University of Western Australia, PERTH,
Australia

Background and Methods: Between 1989 and 1991, 2900
pregnant women volunteered to be part of the study and were
randomized to receive a single prenatal ultrasound scan at
18 weeks pregnancy or 4 scans at 18, 24, 28 and 38 weeks
gestation. 2868 babies were born within the study and were
examined on the first or second day after birth by a child health
nurse. The families then continued with follow-up assessments
of their babies. Follow-ups have occurred with these children at
2, 5, 8, 10, 13, 17, 18, 20 and 22 years-old including anthro-
pometry and blood pressure each time. Ultrasound, DXA and
MRI measures of adiposity were undertaken at 17, 20 and 22
years-old respectively. Illumina Infinium HumanMethyla-
tion450 BeadChip analysis was undertaken on 1192 indivi-
duals at 17 years-old. Between 2014-2017, generation 1
(parents of the Raine Study participants) were invited for
assessments including a DXA scan, blood pressure, anthropo-
metric testing, and accelerometry. Currently, generation 3
(children of the Raine Study participants) are being invited for
assessment.
Results: Investigations from the Raine Study showed for the
first time in a western population that both extremes (low and
high) birth weight were risk factors for cardio-metabolic disease
(U-shaped relationship), confirming that fetal programming
occurs in a modern, Western human population. The effects of
early life environmental risk factors (such as pre-pregnancy

maternal obesity, gestational weight gain, hypertension/pre-
eclampsia, and duration of breast feeding) have been demon-
strated in the Raine Study. A further critical window for
potential intervention that has been heavily investigated in the
Raine Study is that of adolescence. In adolescence, the role of
smoking, passive exposure to smoking, physical activity levels,
alcohol, dietary fructose, depressive and aggressive behaviors,
and oral contraception have been demonstrated to affect
cardio-metabolic risk. Gender was frequently shown to affect
response to these environmental influences. For example
females, but not males, who were exposed to passive smoke or
smoked themselves had lower HDL-cholesterol at 17 years-old.
Genetic and epigenetic influences on fetal programming have
also been explored, with contribution to identification of new
SNPs and CpGs associated with obesity, and further under-
standing that preeclampsia and cardiovascular risk share genetic
risk factors. Current focus is on dissecting out the interplay
between fixed genetic influences, epigenetics and the early life
environment on subsequent obesity, using higher order –

omics data.
Conclusions and Discussion: These data from the Raine
Study have contributed to providing evidence for critical win-
dows and potential interventions. The data provides detail
pertaining to stratification (for example, by sex) of responses of
environment upon obesity-related disease. This generates
hypotheses for optimizing and targeting interventions. An
important future direction for the Raine and other cohort
studies is in contribution to individual participant data (IPD)
meta-analyses. The Raine Study is a partner of the LIFE-
CYCLE project (EU Horizon2020) (2017-2021), which
includes European, UK and Australian pregnancy and child
cohort studies combining data on over 250,000 children and
their parents. It aims to provide robust evidence on the early life
stresses which may affect health trajectories throughout life.

LM1.04 – DOHaD Africa symposium

LM1.04.01

International Society of Developmental Origins of Health
and Disease: Launch of the DOHaD Africa Chapter

S.A. Norris1

1MRC Developmental Pathways for Health Research Unit,
Department of Paediatrics, University of the Witwatersrand,
Johannesburg, South Africa

Africa faces multiple burdens (infectious and non-
communicable diseases). From substantial evidence linking
maternal and nutrition exposures that occur during pregnancy
and infancy to adult health and disease, the aim of the DOHaD
Africa Chapter is to: (i) increase the exposure of DOHaD sci-
ence across the continent; (ii) see more African researchers
contributing to DOHaD; and (iii), applying a DOHaD fra-
mework to aid the achievement of the Sustainable Develop-
ment Goals, and assist in improving health across generations.
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To increase DOHaD research and its application in Africa, we
need to mobilise multisectoral partners, utilise existing data and
expertise on the continent, and foster a new generation of
young African scientists engrossed in DOHaD. This session
marks the launch of the Chapter with information around the
Chapter, and invited presentations addressing the value of
DOHaD science for Africa, and the importance of integrating
maternal mental health into the DOHaD scientific agenda.

LM1.04.08

Association between maternal and household
socioeconomic status with birth and infant growth
outcomes in sub Saharan Africa: a systematic review and
meta-analysis

N.B.C. Bwangandu, D.M. Douglas, L.C. Lumbwe,
S.N. Shane, R.S.M. Rihlat

University of Witwatersrand, JOHANESBURG, South Africa

Background: Preterm birth (PTB) and infant malnutrition
remain the leading cause of death of children under five years of
age in sub-Saharan Africa (SSA), with almost half (49%) of
these deaths occurring within the first year of life. If the critical
period of growth and development is identified in the first
1000 days of life (from the conception to two years of life), the
critical period of life where a majority of deaths appears still
between the birth to one year of life. Maternal undernutrition
has an impact to the nutritional status of fetus, newborns and
infants. Socioeconomic status (SES) has been shown as a
determinant of overall health status (maternal and child);
however, little is known on the relationship between maternal
and household SES and both birth outcomes and infant growth
during the first two years. There is no consensus about how to
evaluate the SES in different context and, any study has focused
on both these outcomes regarding the particular first year of
life. This systematic review (SR) and meta-analysis assesses the
association between maternal socio-demographic character-
istics and household SES under two years of life in sub Saharan
Africa, and the following outcomes: Preterm Birth (PTB), low
birth weight (LBW), small for gestational age (SGA), stunting,
wasting and underweight. Socioeconomic factors will include:
maternal education, employment, marital status, household
assets, household size and income.
Methods: A SR protocol was developed apriority, and regis-
tered on Prospero. Three electronic databases (Pub med, Sco-
pus and Science direct) were used for looking for published
citations. The combination of keywords was identified at the
same time the SES (maternal education, maternal occupation,
income, marital status, household wealth), the form of out-
comes (low birth weight, small for gestational age, preterm
birth, stunting, wasting, underweight) and Africa. All identified
citations were imported into Endnote reference manager and
assessed by two independent reviewers (NBC, MD). Eligibility
criteria include all studies published from 1990, dealing with
association between pre-specified maternal or household SES

and outcomes and, leading in sub Saharan African countries.
Then, full texts of included relevant studies were retrieved. The
quality of their body evidence is systematically assessing by the
Agency for Healthcare Research and Quality (AHRC)
approach. Pre-defined relevant SES and outcome data were
extracted by NBC and MD, and are being summarized, syn-
thesized and statistically combined using a meta-analysis. This
SR will be reported according to the (PRISMA) guideline.
Results: The search identified 1969 citations, [Scopus = 1051
(53.4%), Pub med = 816 (41, 4%), Science direct = 102
(5,2%)], of which 1141(58%) duplicate references where
excluded, 828(42%) citations were screened for final inclusion
into the review.
Conclusion: The results of the review are to follow.

LM1.04.10

Proposal to investigate the iodine status and thyroid
function of South African pregnant women and the impact
on their offspring

J. Osei1, C.M. Walsh1, J. Baumgartner2

1University of the Free State, BLOEMFONTEIN, South Africa;
2North-West University, POTCHEFSTROOM, South Africa

Background: During pregnancy requirements for iodine is
increased due to increased maternal thyroid hormone produc-
tion and several other factors. In South Africa pregnant women
are not routinely screened and monitored for iodine status,
possibly because iodization of household salt is mandatory.
Therefore data on iodine status among pregnant women are
scarce. Throughout pregnancy, iodine is crucial for the synth-
esis of maternal thyroxine, which is transferred to the foetus in
early gestation and is essential for foetal growth and brain
development. Deficiency during this crucial period may lead to
irreversible brain damage, and also low birth weight in infants.
We will assess iodine status including thyroid hormone func-
tion throughout gestation, and further determine associations
with offspring growth and development from birth until late
adolescence. This study will be nested within a larger birth
cohort study (Future Impact Today), aimed at investigating the
impact of early environment on the short and long-term out-
comes of health and wellbeing.
Methods: The proposed research will be designed as a long-
itudinal observational cohort. Pregnant women (before
14 weeks gestation) and later their new born infants
(n= 3000), will be recruited from two areas in the Free State
Province, South Africa. These areas will allow for urban and
rural comparisons. Data on iodine intake and thyroid func-
tioning will be collected and analysed in seven stages:
(1) Antenatal (during each trimester); (2) Birth; (3) Follow up
after delivery; (4) Early childhood– 2 to 6 years; (5) Late
childhood– 7 to 10 years; (6) Early adolescence– 11 to 15 years;
and (7) Late adolescence– 16 to 20 years. Spot urine samples
will be collected from pregnant women and offspring for
assessment of urinary iodine concentration (UIC). For thyroid
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hormone analysis, blood will be collected from mothers during
each trimester and at 3 and 6 months postpartum. In the off-
spring, thyroid stimulating hormone, thyroglobulin and thyr-
oxine will be measured in cord blood samples obtained at birth.
From 3 months and older, whole blood will be obtained.
Anthropometric indices will be measured to determine growth
and development.
Results: Although our previous research in 100 lactating South
African women showed general adequate iodine status, 39% of
the studied mothers were iodine deficient. The median UIC in
these mothers was 118μg/L, and iodine-to-creatinine ratio
126μg/g. Research in the UK found associations between low
iodine status in early pregnancy (<150μg/g urinary iodine-to-
creatinine ratio) and lower verbal IQ reading scores in the off-
spring. For this proposed study, we expect to find poor iodine
status throughout pregnancy as a result of increased iodine
needs. We hypothesize poor maternal iodine status to be asso-
ciated with a higher risk of adverse obstetrical outcomes such as
preeclampsia, stillbirth, and reduced foetal growth leading to
low birth weight and possibly poor postnatal linear growth.
Conclusions: It is crucial to determine iodine status in preg-
nancy to avoid potential detrimental effects of deficiency on the
offspring. This research will generate data that will subse-
quently inform health policy makers about the effectiveness of
the mandatory salt iodization program for pregnant women in
South Africa.

LM1.05 - DOHaD Japan symposium

LM1.05.01

Nutritional Perspectives on maternal and child health in
Japan for strategic transforming lifestyle and dining

H. Fukuoka1, H. Hamano1, M. Nakanishi2, K. Yasuda2,
S. Minoura2, T. Ozaki3

1Waseda University, TOKYO, Japan; 2National Center for
Global Health and Medicine, TOKYO, Japan; 3Mitoyo and
Kanonji City Medical Association, KAGAWA, Japan

NCDs (Non communicative diseases) are the leading causes of
death and disability, and show an increasing tendency. The
number of NCDs patients are predicted to increase 1.7 to 1.8
times in 20 years, especially in the developmental countries.
Without prevention of these diseases, the economic and social
progression cannot be expected in each country. The fetal
exposure in utero to undesirable environment, including
nutrients, chemicals, or psychologic stress would cause epige-
netic modification, and post-delivery interaction between
environments and the epigenetic change would induce diseases.
In Japan the incidence of low birth weight infant (LBWI) has
been staying high around 9.6%. One factor determining the
birthweight is the maternal BMI at conception. Rate of 20’s
slim female, BMI under 18.5, is 21.5% in 2013. Analysis of the
huge physical examination for life-style-related-diseases in
children in Kagawa disclosed that the optimal maternal BMI

should be over 21.3 for reducing LBWI from 9.6% to under
5.0%. In addition, there appeared undesirable circumstances,
namely slightly increasing incidence of spina bifida (SB) and
rickets. We worked to elucidate the real causes through the
nutrition survey of maternal and fetal nutritional state in the
peri-conceptional and perinatal stage including cord blood.
The following nutrients were studied through the ques-
tionnaire of nutrient intake and blood analysis, such as nutri-
ents controlling one carbon metabolism (OCM), carbohydrate,
vitamin A, vitamin D, and lipids. Intake of folic acid and
vitamin B12 is reported to be preventive of SB or autism for the
children with specific gene polymorphisms. Compared with a
decade ago the level of folic acid in early gestational age was
higher and that of homocysteine was lower, without any change
of Vitamin B12. These results would be imagined to lower the
incidence of this anomaly. By contraries, that has been still
increasing slightly. We should study other mechanism than
OCM as causing SB. The glucose is an important nutrient as
histone cord. The average intake of carbohydrate and total
energy was lower and did not changed during pregnancy. and
10% pregnant mothers were disclosed to be in the state of
ketosis. Average 25(OH)D level was lower than the criterion
value of vitamin D deficiency under 20 ng/mL and all mothers
were in the VDD. And even the cord 25(OH)D level was in
VDD. For prevention of these diseases and reducing LBMI,
repeatedly nutritional education should be done for the female
young generation and pregnant mothers.

LM1.05.03

Fetal exposure to PCBs and alteration of DNA methylation
in umbilical cord found in birth cohort in Japan

C. Mori

Chiba University, CHIBA CITY, Japan

Background: In the previous studies, we have reported that
environmental contaminants such as polychlorinated biphenyls
(PCBs) were detected in maternal blood, umbilical cord and
cord blood (Fukata et al., 2005). PCBs are concerned to affect
human reproductive and developmental health because of their
endocrine-disrupting effects (Mori & Todaka, 2011). A birth
cohort study, Chiba Study of Mother and Children’s Health
(C-MACH), focusing on environmental health effects on
fetuses and involving multiomics analysis has been conducted
since 2014 (Sakurai et al, 2016). As European birth cohorts
using a meta-analysis indicated a negative relationship between
PCB exposures with birth weight (Govarts et al. 2012), in
C-MACH also, it was revealed that the maternal PCB exposure
caused low birth weight of newborns (Eguchi et al, 2017).
It is possible that the fetal PCB exposure might inhibit the
healthy growth of fetuses through epigenetic alteration (Fukata
and Mori 2004). However, the association between maternal
PCB levels and fetal DNA methylation tendency has not
been studied well. In this study, we investigated the relation-
ship between PCB levels in maternal serum and DNA
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methylation tendency in cord tissue (a part of fetus) using
450K-methylation array analysis.
Methods: In this study, cohorts from C-MACH participants
were used for investigating PCB levels in maternal serum and
DNA methylation tendency of cord tissue. Human serum
samples (23 maternal sera: sampling at a gestational age of
32 week) and paired cord tissue (n= 23) were collected from
participants (Sakurai et al. 2016). Informed consent was
obtained from the participants. DNA methylation analysis was
performed as previously described (Tachibana et al. 2017). The
DNA methylation profiles of the umbilical cords were deter-
mined using the Infinium Human Methylation450 BeadChip
(Illumina). The methylation levels at each CpG quantified with
average β values were calculated using GenomeStudio 2011.1
(Module M Version 1.9.0; Illumina). This study was approved
by the Biomedical Research Ethics Committee of the Graduate
School of Medicine, Chiba University (ID 451, 462 and
ID 502).
Results: The average age, pre-pregnancy body mass index
(BMI), parity, and serum PCB concentrations in mothers of
the participants were 32.4 years old (standard deviation [SD]:
3.58), 20.6 (SD: 2.54), 1.09 (SD: 1.35) and 0.36 ng g-1 wet wt
(SD: 0.18), respectively. In this prediction model, DNA
methylation levels of six CpG sites in cord tissue (cg20778915,
cg10967430, cg04072301, cg12564102, cg04444959, and
cg08695418) were related with PCB levels in the maternal
serum. Methylation tendency of cg20778915, cg12564102,
cg04444959 and cg08695418 were positively and cg10967430
and cg04072301 were negatively related with maternal PCB
levels.
Discussion and conclusions: These methylated sites might
affect angiogenesis, glycolysis, and myoblast differentiation,
indicating maternal PCB levels might be related to their off-
spring’s DNAmethylation tendency. It is possible that these six
sites might be biomarker of negative health effects on the next
generation.

LM1.05.05

Understanding of DOHaD concepts in Japanese pregnant
women studied using a standardised questionnaire for
international comparison

O. Masahito1, A. Lim2, R. Dixon2, C. Wall2, J. Bay2

1Fuji Women’s University, ISHIKARISHI, Japan; 2University of
Auckland, AUCKLAND, New Zealand

Background: Evidence to support the DOHaD theory
accumulates, and preemptive medicine for prevention of non-
communicable diseases (NCDs) is needed. In Japan, there is
growing concern that high proportions of thin women in their
twenties and thirties, and of low birth weight infants may lead
to an increase in NCDs in the future. This research is part of a
collaborative research: International Comparative Project on
Understanding of DOHaD, between University of Auckland
and Fuji Women’s University. The purpose of this study is to

obtain basic data on understanding of DOHaD concepts in
pregnant women in Japan.
Methods:The targets are all pregnant women (about 300/year)
in Ishikari-shi (population approximately 59,000), Hokkaido,
Japan. When they notified the municipal office of their preg-
nancy and received maternal and child health handbooks, they
were asked to answer a questionnaire. The questionnaire con-
sists of ten statements utilizing Likert attitude scales and con-
tains the statements that the food a mother eats during
pregnancy affects the health of the baby during the pregnancy,
the first two years of their life, throughout childhood, or
adulthood. The response choices were Strongly Agree, Some-
what Agree, Don’t know, Disagree, and Strongly Disagree. The
survey using the questionnaire started from June 2016 and is
still in progress.
Results: From June 2016 to March 2017, thirty-four pregnant
women answered the questionnaire and the response rate was
17.4% (the total number of pregnant women was 195). The
pregnant women recognized that a mother’s nutrition during
pregnancy impacts the health of her fetus. However, they have
limited awareness of the association between early-life nutrition
and later-life NCD risk. Furthermore, they perceived that
nutrition until two years of life has less impact on life-long
health than on childhood health.
Conclusion: Japanese pregnant women in this study consider a
mother’s nutrition during pregnancy to be a much less
important influence on lifelong health than on health during
fetal period. Dissemination of DOHaD concepts to the Japa-
nese society and introduction of DOHaD education to a wide
range of health professionals may be warranted.

LM1.05.07

A maternal diet with moderately high-fat modulates
adipose gene expression of glucose, lipid metabolism in the
offspring

T. Sugiyama1, T. Umekawa2, K. Tsuiji3, Y. Uchikura1,
K. Takagi1, Y. Matsubara1, K.M. Matsubara1

1Ehime University Graduate School of Medicine, TOON, Japan;
2Mie University Graduate School of Medicine, TSU, Japan;
3Tohoku University Graduate School of Medicine, SENDAI,
Japan

Background: Maternal dietary modifications determine the
susceptibility to metabolic diseases in adult life. We investi-
gated the effect of maternal moderately high-fat diet on gene
expression of adipose tissue in her offspring. Methods: Female
6-weeks-old mice were fed either normal chow diet (ND:
10 kcal% fat) or high-fat diet (HFD: 45 kcal% fat) for 4 weeks
before mating and throughout pregnancy. Gene array experi-
ments were performed in the visceral fat tissue of the male
offspring mice.
Results: At 10-week-old, the weight was not different between
the ND and HFD offspring. However, systolic blood pressure
was significantly higher in the HFD offspring than in the ND
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offspring. Although glucose tolerance was significantly lower in
the HFD offspring than in the ND offspring, insulin tolerant
test did not show significant difference among two groups. Re-
feeding test for offspring from the HFD group showed more
insulin resistant in lipid metabolism compared with that in the
ND group. Database for Annotation, Visualization and Inte-
grated Discovery analyses indicated that all differentially
expressed genes of the offspring between the two groups were
mapped to some pathways. Not only lipid pathways including
free fatty acid and cholesterol, but also carbohydrate pathways
including glycolysis and gluconeogenesis were modified by
high-fat diet pregnancy mice model.
Conclusions: A maternal high-fat diet before and during
pregnancy can modulate adipose glucose, lipid homeostasis,
and gene expression in lipid signaling pathway.

LM1.05.09

Undernourishment in utero as well as endoplasmic
reticulum stress alleviation affects lipid profile of the mice
fatty liver

H. Itoh1, N. Masaki1, J.F. Urmi1, K. Muramatsu-Kato1,
Y. Kohmura-Kobayashi1, K. Mochizuki2, K. Kubota3,
N. Kanayama1

1Hamamatsu University School of Medicine, HAMAMATSU,
Japan; 2University of Yamanashi, KOFU, Japan; 3Seitoku
University, MATSUDO, Japan

Background: Recently we reported that the undernourishment
in utero primes hepatic steatosis under obesogenic diet and
alleviation of Endoplasmic Reticulum (ER) stress by a chemical
chaperon improved the adversity in mouse model (Scie
Reports; 16867,2015). Hepatic steatosis was reported to be
related to the defects in metabolic pathways that involve
hepatic accumulation of Lipid Droplets (LD) however the
underlying pathophysiology is unknown. To evaluate the
mechanism underlying we aimed to study the cell size and ratio
of lipid deposition in the hepatocytes of undernourishment in
utero and performed Liquid Chromatography Mass Spectro-
metry (LCMS) to identify defect in metabolic pathways.
Method: The study included sampling of blood and liver of
CN57Bl mice (n= 16) aged 22 weeks, pups (group A; n= 8)
obtained from dams with free access to food with normal
nutrition (NN) and pups (group B; n= 8) from dams with
40% caloric restriction with undernutrition (UN). After
weaning (upto 8 weeks) pups were fed high fat diet (HFD)
through 22weeks and from 17weeks onward we have sub-
divided both group to vehicle (Veh) and Tauroursodeoxycholic
acid (TUDCA, a chemical chaperon of ER stress) admini-
strated group. Then we randomly selected 4 pups per each
group and measured liver weight (gm), liver weight-
bodyweight ratio (%), Triglyceride content (mg/gm tissue),
total Triglyceride (mg) were measured. Slides were stained with
Hematoxylin and Eosin (HE) and Oil Red O stain and using
WinRoof software we have calculated (in 3.88mm² field per

slides) the mean size (μm²) of the hepatocyte, percentage of the
area of lipid deposition per cell size (%) and area of lipid
deposition per cell numbers (μm²/cell number). LCMS was
done by Q Exactive Benchtop Orbitrap LC-MS/MS System
(Thermo fisher).
Result: In UN in utero pups Liver weight, liver weight-
bodyweight ratio, Triglyceride content and total Triglyceride
amount (P< 0.0001) was significantly elevated. Moreover UN
in utero induced enlargement of hepatocyte size (group A [NN]
vs group B [UN]; mean size= 1745 ± 187(SD) μm²,
2250 ± 147μm², p< 0.01, respectively) and increase lipid
deposition by 63.7% (group A [NN] vs group B [UN]
35.4 ± 12.8%, 46.4 ± 7.8%, p< 0.01). Intriguingly adminis-
tration of TUDCA improved the condition by reduction of
cell size by 19.33% (P> 0.05) and lipid deposition by 82.2%
(P< 0.001) (group B[UN-Veh] vs group B[UN-TUDCA]).
LCMS analysis showed that UN in utero increased 9 lipid
metabolites, 7 of them were significantly reduced by TUDCA
treatment; however 2 of them further increased with all the
improvement of total triglyceride deposit. On the other hand
UN in utero also caused reduction of 14 lipid metabolites all of
which were increased by TUDCA administration. Their
direction of changes was totally opposite to the changes of tri-
glyceride deposit, suggesting the dynamic changes of lipid
composition during the deterioration as well as improvement of
hepatic fat deposit induced by undernourishment in utero or
ER stress alleviation. Conclusion: Undernourishment in utero
significantly enlarged hepatocyte and aggravated intercellular
lipid deposition in later life, concomitant with dynamic chan-
ges of lipid composition, presumably via integration or alle-
viation of local ER stress.

LM1.05.11

Japan Environment and Children’s Study (JECS) - Study
design and present status

M. Kamijima1, S.N. Nakayama2, T.K. Kawamoto3

1Nagoya City University Graduate School of Medical Sciences,
NAGOYA, Japan; 2National Institute for Environmental Studies,
TSUKUBA, Japan; 3University of Occupational and
Environmental Health, KITAKYUSHU, Japan

Background: With increasing public concern over environ-
mental effects on children’s health and development, recent
political initiatives have encouraged research on children’s
environmental health. Especially a series of the G7/8 Envir-
onment Ministers’ Meetings have emphasized the importance
of international cooperation on securing safe environment for
children and future generations. The G7 Environment Minis-
ters’ Meeting held in Toyama, Japan in May 2016 reaffirmed
their commitment to the better understanding of chemical risks
on children’s health and development. Taking this movement
into consideration, many children’s studies have been con-
ducted worldwide. In Japan, the Ministry of the Environment
started a nationwide 100,000-scale birth cohort study named
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Japan Environment and Children’s Study (JECS) in 2011.
JECS is designed to evaluate the effect of the environment on
children’s health and development. This presentation aims to
report the study design and the present status of JECS.
Methods and Results: Expecting mothers were recruited for
JECS in 15 Regional Centers located nationwide. The Main
Study involves all the 100,000 participants. The Sub-Cohort
Study are formed with 5,000 children extracted from the Main
Study. The health outcomes are measured primarily through
questionnaires and medical record transcriptions, while medical
examination and clinical blood testing are also performed. JECS
priority health outcomes are: Reproduction and pregnancy
complications; congenital anomalies; neuropsychiatric/develop-
mental disorders; allergy and immune system disorders; and
metabolic and endocrine system dysfunctions. In JECS, the
environment is defined broadly such as global/ambient environ-
ment including chemical substances and physical conditions,
built environment, behaviours/habits, socio-economic factors,
family/community support and genetic factors. The exposure
assessment is conducted through chemical analyses of biospeci-
mens collected from the participants (pregnant women, their
children and the children’s fathers), questionnaires, environ-
mental monitoring and modelling/computer simulations. The
biospecimens include blood, urine, umbilical cord blood, breast
milk and hair. For the Sub-Cohort Study, more extensive
methods of measurement for both environmental factors and
health outcomes are employed, such as ambient air monitoring, a
neurodevelopmental test, pediatricians’ examinations and blood
tests. Maternal whole blood samples of the mid-late trimester
period from all participants were analyzed for mercury, lead,
cadmium, manganese and selenium. Nicotine metabolite, i.e.
cotinine, was measured in maternal urine samples from all par-
ticipants as well. Completed was the collection of outcomes
related to pregnancy, birth and congenital anomalies. In March
2014, the three-year recruitment was completed, achieving the
target of 100,000 registration of pregnant women. As of July
2017, children have become 3-6 years old, andmore than 90%of
the participants are being followed.
Conclusions: JECS is successfully in progress, and expected to
identify environmental factors that affect children’s health and
development. The mission of JECS is to provide scientific basis
to decision makers who design better chemical risk manage-
ment strategies.

PA1.06 – Genetics of DOHaD

PA1.06.01

Mendelian Randomisation in a DoHaD context: what does
this mean?

N. Timpson

Integrative Epidemiology Unit at the University of Bristol, UK

Mendelian randomisation (MR) has become increasingly
popular as an analytical technique in epidemiology given the

relative efficiency of the method and the chance of asserting
causality in otherwise complex epidemiological problems. In
simple form, a genetic proxy for a risk factor of interest is used
to re-estimate observational associations between that risk fac-
tor and a health outcome. Despite the relative lack of analytical
power and the complexities of genetic effects, the potential
benefits of a randomly assigned well measured risk factor proxy
are substantial and can lead to causal estimates where other
approaches cannot. In a developmental origins model, MR can
play a role and be a tool for unpicking the importance of early
life factors in shaping later life outcomes. I will describe three
scenarios where this is pertinent, but also where there are
complications to the application of MR that need to be con-
sidered. The three scenarios follow: (i) using genetic predictors
of environmental risk factors for the foetus in utero, (ii) using
genetic predictors for birthweight on applied genetic epide-
miology (and potentially MR) and (iii) analysis of the impact of
adult derived genetic predictors or cardiovascular risk in early
life. These examples each have the ability to comment on the
importance of early life events. In utero exposures can be
modelled causally in light of later life outcomes, though have
the complications of parental genotype correlation; birthweight
predictors from genomewide association study analyses exit,
but have complex meaning when considering developmental
trajectory; adult genetic predictors are manifest in early life, but
note the lack of temporal consistency in genetic effects. Toge-
ther these will give an illustration of what MR means in a
DoHaD context and advance the potential, but also the com-
plications of MR application.

PA1.06.03

Assessing causality in associations between maternal
adiposity and perinatal birth outcomes in mothers and
offspring: A Mendelian randomization approach

M. Taylor1, M.C. Borges1, R.C. Richmond1, J. West2,
R. McEachan2, J. Wright2, D.A. Lawlor1

1University of Bristol, BRISTOL, United Kingdom;
2Bradford Institute for Health Research, BRADFORD,
United Kingdom

Background: Observational studies consistently suggest that
maternal obesity is related to a number of adverse perinatal
outcomes. However, which of these are causal and which are
due to confounding is unclear. We aimed to carry out
Mendelian randomization (MR), which uses genetic variants
robustly associated with the exposure of interest as instrumental
variables (IV), to determine the causal effect of maternal BMI
on a number of obstetric and perinatal outcomes.
Methods: Data from the Avon Longitudinal Study of Parents
and Children and the Born in Bradford cohort (White Eur-
opean individuals only) were used (N= 3,554 to 9,480 for
different outcomes). First, multivariable regression associations
between maternal BMI and each outcome was examined
adjusting for a range of potential confounders. Second, we used
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97 established genetic variants that have been shown to be
robustly associated with BMI in a weighted allele score in inverse
variance IV analyses to obtain causal estimates of maternal BMI
on each of the outcomes. We used MR-Egger and weighted
median IV analysis in sensitivity analyses to explore potential bias
due to horizontal pleiotropy. For outcomes where offspring
genetic predisposition for BMI was likely to play a role, MR
analyses were adjusted for offspring genotype.
Results: In standard multivariable analysis, a 1 standard
deviation (SD, ~ 4.95 kg/m2) increase in maternal BMI was
associated with a 0.12 SD (95% CI 0.10-0.14) increase in
offspring birthweight, 1.64 (95% CI 1.57-1.75) greater odds of
gestational hypertension, 1.34 (95% CI 1.25-1.43) greater
odds of induced labour and 1.36 (95% CI 1.28-1.46) greater
odds of macrosomia. In MR analyses using the 97 variant
genetic risk score, a 1 standard deviation increase in maternal
BMI was associated with a 0.16 SD (95% CI 0.04-0.28)
increase in offspring birthweight, 1.84 (95% CI 1.12-3.03)
greater odds of gestational hypertension, 1.55 (95% CI 1.07-
2.23) greater odds of induced labour and 2.05 (95% CI 1.12-
3.82) greater odds of macrosomia. Results from MR Egger
regression and weighted median were generally consistent and
did not suggest strong bias by pleiotropy. We also found mul-
tivariable regression evidence for positive associations of
maternal BMI with birth ponderal index, caesarean delivery,
combined pre-eclampsia and gestational hypertension, and
membrane rupture before onset of contractions, and inverse
associations with Apgar score and breastfeeding. MR estimates
for these were all statistically consistent, but the 95% con-
fidence intervals were wide and included the null. In multi-
variable analyses, maternal greater BMI was associated with
shorter gestation age and greater risk of preterm birth, whereas
the opposite was true for MR analyses. In these two studies we
had insufficient data on gestational diabetes to explore asso-
ciations with it.
Conclusions: Our findings support a causal effect of increased
maternal BMI on several important adverse obstetric and
perinatal outcomes with greater BMI generally resulting in
poor perinatal health. OurMR analyses are underestimated and
we are currently working with more studies in a large consortia
to better address this research question.

PA1.06.04

Genome-wide association study identifies three novel
genetic determinants of dental maturation

O. Grgic1, O. Grgic1, S. Vucic1, C. Medina-Gomez1,
B. Dhamo1, K. Trajanoska1, E.M. Ongkosuwito1,
V.W.V. Jaddoe1, A.G. Uitterlinden1, M.R. Jarvelin2,
N.J. Timpson3, D.E. Evans3, E.B. Wolvius1,
F.R. Rivadeneira1

1Erasmus MC, ROTTERDAM, The Netherlands; 2NFBC1966/
Lifecourse Epidemiology, Imperial College London/U.K.,
LONDON, United Kingdom; 3ALSPAC/MRC Integrative

Epidemiology Unit, Bristol University/U.K., BRISTOL, United
Kingdom

Background: Advanced or delayed physiological age may
influence significantly health and disease processes. Physiolo-
gical age can be estimated using several parameters including
dental age (DA). Previous meta-analyses studying “Number of
Teeth at 15 Months” (NT15M) and “Age at First Teeth Erup-
tion” (AFTE) have identified 15 loci. We performed a genome-
wide association study (GWAS) meta-analysis to identify genetic
determinants in children of school age.
Methods: Discovery GWAS of DA was performed in the
Generation R study, a multiethnic pregnancy cohort in Rot-
terdam, The Netherlands. We included 2,793 children with
mean age 9.82 (SD= 0.34) years. DA was determined from
dental panoramic radiographs using the Demirjian method.
Participants were genotyped with the HumanHap 610K plat-
form, imputed to the 1000GP reference panel. Analysis was
adjusted for age, sex, height, BMI and 20 genomic principal
components; genome-wide significance (GWS) was set at
P< 5× 10-8. Replication of signals associated with DA was
pursued using summary level results from the published
GWAS meta-analysis of the ALSPAC and NFBC1966 studies
(n= 12,012) studying NT15M and AFTE. Fisher’s combined
probability test weighted by sample size, implemented in
METAL, was used for the combined meta-analysis.
Results: Top signals mapped to 16q12.2(IRX5; P= 1.1× 10-7)
and 17p11.2(SREBF1; P= 9.1× 10-8) loci associated with
advanced DA. Significant evidence for replication of both
GWAS signals was observed in the previous NT15M meta-
analysis (IRX5:P= 2.7× 10-5 and SREBF1:P= 0.001). In the
combined meta-analysis, the top-associated marker in the
IRX5-region reached GWS (P= 2.1× 10-9). Also, alleles of
these markers associated with higher DA were nominally
associated with earlier teeth eruption in the AFTE meta-
analysis (IRX5:P= 1.5× 10-5 and SREBF1:P= 0.002).
Furthermore, after genome-wide meta-analysis we identified
variants in three novel loci: 16q12.2 (IRX5; P= 3.4× 10-9),
7p15.3 (IGF2BP3; P= 2.87× 10-8) and 14q13.3 (PAX9;
P= 3× 10-8);
Conclusion: We describe here three novel loci associated with
dental development. These findings provide further under-
standing into the process of dental maturation in children from
early infancy to late school age. Further, these novel loci implicate
diverse pathways related to BMI, lipid metabolism, growth hor-
mone/insulin-like growth factors and craniofacial development.

PA1.06.05

Transgenerational programming of methylation and gene
expression in the prefrontal cortex (PFC) by
glucocorticoids

A. Constantinof, V.G. Moisiadis, S.G. Matthews

University of Toronto, TORONTO, Canada
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Introduction: Prenatal exposure to excess glucocorticoids
increases risk for neurodevelopmental disorders. Previous
research has shown that prenatal glucocorticoid exposure
results in offspring that are hyperactive in a stressful
environment, and that this behavioral phenotype that is
transmitted over multiple generations. The PFC is implicated
in programming stress responsivity and behavior, and has
previously been shown to be affected by prenatal glucocorti-
coids. We hypothesized that prenatal synthetic glucocorticoid
(sGC) exposure programs gene transcription and methylation
in the PFC across three generations following paternal
transmission.
Methods: Pregnant guinea pigs received 3 courses of beta-
methasone (Beta; 1mg/kg) or saline in late gestation. F1 and F2
male offspring were mated with non-experimental females to
generate F2 and F3 offspring. Animals were sacrificed at post-
natal day 40, and the PFC was micro-punched from F1(C;
n= 4, Beta; n= 4), F2(C; n= 4, Beta; n= 4), and F3(C; n= 4,
Beta; n= 4) and RNA/DNA extracted. RNA was submitted for
RNA-seq and data analyzed using standard bioinformatics.
Methylation analyses were performed using bisulfite converted
DNA paired with pyrosequencing of proximal transcription
start site regions of target genes. In silico transcription factor
binding analyses were undertaken using SABiosciences’
DECODE tool.
Results: In F1, 1148 genes were significantly (P< 0.001,
FDR< 0.05) differentially expressed following prenatal Beta.
Of these, 442 genes were significantly up-regulated, and 706
genes down-regulated. In F2 offspring, 432 genes were sig-
nificantly (P< 0.001, FDR< 0.05) differentially expressed
between Veh and Beta, with 255 genes up-regulated, and 177
genes down-regulated. In F3, 438 genes were significantly
(P< 0.001, FDR< 0.05) differentially expressed following
prenatal Beta. Of these, 258 genes were significantly up-regu-
lated, and 180 genes down-regulated. 22 genes were sig-
nificantly differentially expressed across all three generations.
16 out of the 22 significantly differentially expressed genes
contained MEF2C binding site within 30kb of transcription
start site. Mef2c expression was significantly (P< 0.001,
FDR< 0.05) upregulated in F1 offspring, significantly
(P< 0.001, FDR< 0.05) down regulated in F2 offspring, and
trending towards significantly (P= 0.009, FDR= 0.15)
increased in F3 animals. Methylation analyses revealed sig-
nificant (p< 0.05) changes in methylation that significantly
(p< 0.05) correlated in gene expression changes across the
generations.
Conclusions: This is the first evidence of transgenerational
programming of gene expression and methylation in the PFC
via antenatal sGC. Further, we identified 22 genes that are
differentially expressed across all 3 generations, the majority of
which contain a MEF2C binding site within cis-regulatory
distance of the transcription start site. Mef2c expression and
function can be regulated by glucocorticoids. These findings
provide insight into the heritable changes in gene expression
affected by prenatal sGC exposure. Further, these data have

identified key genes for future investigation as drug and inter-
vention targets.

PA1.06.06

Associations of genetic variants for birth weight with fetal
growth measures in the Generation R Study.

M.J. Vermeulen1, K. Miliku2, E.A.P. Steegers2,
V.W.V. Jaddoe1, J. Felix2

1Erasmus MC Sophia Children’s Hospital, ROTTERDAM,
The Netherlands; 2Erasmus MC, ROTTERDAM,
The Netherlands

Background: Recent large genome-wide association studies
(GWAS) have identified 60 common genetic variants
(SNPs) associated with birth weight. A number of these genetic
variants are also associated with adult height, blood pressure
and type 2 diabetes. Birth weight is the result of fetal growth,
but a particular birth weight can be the result of different pre-
natal growth patterns. To further disentangle the effects of the
known birth weight variants on fetal growth at different time
points, we studied whether a combination of these genetic
variants is associated with fetal growth measures throughout
pregnancy.
Methods: In a population-based prospective cohort study,
GWAS data and fetal growth measures were collected among
5374 singleton live-born children. Information on 59 out of
the 60 SNPs were available in our population. A weighted
genetic risk score was calculated for each child, based on the
number of birth weight increasing alleles for each of the 59
SNPs, weighted by their reported effect sizes. Fetal ultrasound
data (gestational age adjusted standard deviation scores (SDS))
were collected in the second and third trimester, and included
estimated fetal weight, femur length and head circumference.
At birth, we measured weight, total body length and head cir-
cumference (SDS). We used multivariable linear regression to
study the association of the risk score with each growth measure
in the second and third trimester and at birth, with adjustment
for sex and ancestry. The association of the genetic risk score
with longitudinal growth patterns will be studied using linear
mixed models.
Results: The weighted genetic risk score was not associated with
any of the fetal growth measures in the second trimester. Each
additional average risk allele in the risk score was associated with
an increase of 0.02 SDS (standard error (SE): 0.003) in estimated
fetal weight, an increase of 0.01 SDS (SE 0.003) in head cir-
cumference and an increase of 0.01 SDS (SE 0.003) in femur
length in the third trimester (all p values < 0.004). Strong asso-
ciations were observed at birth, with an increase in weight of 0.04
SDS (SE 0.003), in head circumference of 0.02 SDS (SE 0.005)
and in body length of 0.03 SDS (SE 0.004) per additional average
risk allele (all p-values < 0.0001).
Conclusions:Our data suggest that the known genetic variants
for birth weight exert their effect on fetal growth in late
pregnancy.
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Genetic variants and fetal weight . Graphic representation of
the association between the genetic risk score (number of
weighted risk alleles, x-axis) and weight (estimated fetal weight
in second and third trimester and birth weight, in gestational
age adjusted SDS, right y-axis), adjusted for sex and ancestry.
The lines represent the regression of the mean outcome mea-
sure values on the categories of the weighted risk score. The
number of individuals in each category is shown in the blue
histogram (left y-axis).

PA1.06.07

Genome-wide analysis of H3K27ac reveals differential
activity of regulatory regions in placentas of pregnancies
affected by fetal growth restriction

N.D. Paauw, A.T. Lely, A. Franx, M. Mokry,
B.B. van Rijn

UMC Utrecht, UTRECHT, The Netherlands

Background: Epigenetic dysregulation in the placenta is sug-
gested to be critical to the disturbed placental development
and function underlying the majority of pregnancies
affected by fetal growth restriction (FGR). At this moment, no
epigenetic marks other than methylation profiles have been
studied in of FGR placentas. In this study, we explored whether
FGR placentas exhibit specific profiles of histone 3 lysine 27
acetylation (H3K27ac). With this approach, we aimed to
identify previously unstudied alterations in promoter and
enhancer activity and its effect on corresponding gene expres-
sion profiles, to provide novel information on candidate genes
and pathways involved in the development and maintenance
of FGR.
Methods: For this study we collected placentas obtained after
Caesarian sections for severe FGR with an estimated fetal
weight < p3 (FGR, n= 5) and controls with uncomplicated
pregnancies (n= 4). Using ChIP-seq we catalogued the differ-
ential H3K27ac occupancy of DNA regulatory regions in FGR
compared to controls and used RNA-seq to identify up- and

downregulated genes. Next, we identified genes in the close
vicinity to the differentially acetylated regions and performed
gene ontology and functional pathway analysis. In addition, we
performed transcription factor binding motifs (TFBM)
enrichment analysis in open chromatin regions overlapping
with differentially acetylated regions.
Results: Analysis of H3K27ac shows 366 hyperacetylated
and 604 hypoacetylated regions in FGR of which the
500most variable regions clearly segregate the FGR and control
group in the unbiased PCA analysis (Figure). We identified the
hyperacetylated sites to be mostly associated with hypoxia-
dependent and immune system-related pathways and
hypoacetylated sites to be associated with angiogenesis and
immune activation. In the subsequent RNA-seq we found
581 upregulated genes and 528 downregulated genes in
FGR. Within the upregulated genes we found 34 genes to
overlap with genes in close vicinity of hyperacetylated sites
which included genes known to be involved in placental
pathology (LEP, FLT1, HK2, ENG, FOS). Functional ana-
lyses showed these genes are mainly related to the HIF-1-alpha
transcription factor network. In addition, we found 26 over-
lapping genes within the downregulated transcripts and
hypoacetylated sites which we could group as genes encoding
secreted soluble factors and extracellular matrix protein and
being involved in growth hormone receptor signaling
(examples: CSH family, GH and FRZB). Upregulated TFs
with enriched H3K27ac of their TFBM are SP1, ARNT2,
HEY2 and VDR.
Conclusion: In this study we show that FGR placentas carry
specific H3K27ac profile in key regions related to the placental
function. Our combined CHIP-seq and RNA-seq analysis
reveals genes, molecular pathways and processes likely involved
in pathogenesis and/or maintenance of FGR.
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PA1.07 - Biological clock

PA1.07.01

Developmental Origin of Health and Disease (DOHaD)
and the circadian clock: later life health effects of
gestational circadian rhythm disturbance in mice

I. Chaves1, B.C.J. van der Eerden2, Y. Ridwan1, R.G. Boers3,
J. Essers1,4, J. Gribnau3, M.J. Vermeulen5, I.K.M. Reiss5 and
G.T.J. van der Horst1

1Departmentsof Molecular Genetics, Erasmus University Medical
Center, Rotterdam, the Netherlands; 2Department of Internal
Medicine, Erasmus University Medical Center, Rotterdam, the
Netherlands; 3Department of Developmental Biology, Erasmus
University Medical Center, Rotterdam, the Netherlands;
4Department of Vascular Surgery, Erasmus University Medical
Center, Rotterdam, the Netherlands; 5Department of Pediatrics,
Erasmus University Medical Center, Rotterdam, the Netherlands

Background: The mammalian circadian clock imposes near
24-hour (circa-dies) rhythmicity on physiology, metabolism
and behavior, and allows organisms to anticipate daily recurring
environmental changes (i.e. light-dark cycle). To keep pace
with the day-night cycle, the clock is daily synchronized by
light. Epidemiological and animal studies have associated
chronic circadian rhythm disturbance (CRD) in adults (as
encountered during shift work and jet lag) with a variety of
diseases, including cancer, metabolic syndrome and cardiovas-
cular disease. According to the Developmental Origins of
Health and Disease (DOHaD) theory, fetal programming
permanently shapes the body’s structure, function, and meta-
bolism. In this scenario gestational environmental factors (e.g.
nutritional insults), interacting with the genes, contribute to
later life disease. Using an animal experimental approach, we
have investigated whether gestational CRD leaves epigenetic
marks on the fetal genome that remain present throughout life
and that touch upon circadian performance, physiology and
metabolism, and as a direct consequence, affect the vulner-
ability to later-life disease.
Methods: Pregnant C57BL6 mice were subjected to either a
constant 12hr light:12-hr dark (LD 12:12) cycle (control) or to
repeated (i.e. once every 3 days) 8-hr phase advanced (east-
bound jet lag, EJL) or delayed (westbound jet lag, WJL) LD
12:12 cycles. At the day of delivery, dams and their offspring
were kept again under a constant light-dark cycle. Offspring
was followed in time for the occurrence of health effects.
Results In the first weeks after birth, both EJL and WJL off-
spring showed a reduced weight gain, resulting in a life-long
reduction in body weight. At the age of 3 months, circadian
performance was assessed in male offspring. EJL offspring dis-
played a faster circadian clock. Furthermore, EJL offspring
adjusted more rapidly to an 8 hr phase advance, while, oppositely,
WJL offspring took less time to overcome an 8 hr phase delay.
Strikingly, analysis of the bones (i.e. femur) of 6-month-old male
offspring by microcomputed tomography revealed reduced

trabecular and cortical bone mass in EJL offspring. Especially in
the diaphysis, endocortical volume, perimeter and moment of
inertia (a proxy for bone strength), were significantly reduced,
whereas cortical thickness was elevated. Analysis of the cardio-
vascular system of 9-month-old female offspring revealed left
ventricle hypertrophy in the EJL offspring. Epigenetic analysis of
the livers of control, EJL and WJL offspring revealed markedly
differentially DNA methylation patterns in the livers of EJL and
WBL offspring, as compared to control offspring.
Conclusions We have shown that circadian rhythm dis-
turbance in pregnant female mice by a chronic jet lag affects the
development of the circadian system and predisposes to health
effects in adult life.

PA1.07.05

Impact of postnatal light conditions on development and
later life health

I. Chaves, B.C.J. van der Eerden, Y. Ridwan, R.G. Boers,
J. Essers, J. Gribnau, M.J. Vermeulen, I.K.M. Reiss,
G.T.J. van der Horst

Erasmus MC, ROTTERDAM, The Netherlands

Background: The circadian clock significantly impacts health
during the life course. Human and animal studies showed that
genetic defects in clock genes and circadian disruption by
chronic jet lag or long-term shiftwork increase the risk of dis-
ease, e.g. metabolic syndrome, cardiovascular disease and can-
cer. Importantly, studies on preterm infants have shown that
light conditions in the Neonatal Intensive Care Unit (NICU)
exert short-term (e.g. recovery and weight gain) and long-term
(i.e. sleep alterations) effects, with cycling light favorable over
constant light or (near) dark conditions. Yet, the impact of
(abnormal) postnatal light conditions on development and on
later-life health remain largely unexplored. As a consequence,
predictive markers for health risk in relation to the early life
light environment are currently missing.
Animal studies have shown that postnatal light conditions
permanently modulate circadian clock performance, pointing
to a programming effect on the developing circadian system. In
line with this is the observation that otherwise arrhythmic
Cry1/Cry2 double KOmice develop a normal circadian rhythm
when exposed to continuous light during the first weeks after
birth. This finding lead us to hypothesize that light conditions
during early development leave epigenetic marks on circadian
performance that remain present throughout life and touch
upon physiology and metabolism. As a direct consequence, this
may affect the vulnerability to later-life disease.
Methods: In the present study, we investigated whether aber-
rant postnatal light conditions contribute to later life adverse
health effects. During the first four weeks of life, newborn
C57BL6 mice were subjected to either a constant 12h light:12h
dark cycle (control), constant darkness (dark) or constant light
(light). The animals were monitored from three weeks of age.
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Mice from the light group showed a reduced weight gain,
resulting in a reduced body weight throughout life.
Results: Circadian performance was assessed at the age of three
months. We observed that the animals housed under constant
light during the first four weeks of life have a longer circadian
period, indicative of a later chronotype, and display an
altered response to changes in the light-dark cycle. We are
currently analyzing heart function and pathology, as well as
bone structure.
Conclusions: This study shows that exposure to aberrant light
conditions early in life affects the development of the circadian
system. This finding is in line with the Developmental Origins
of Health and Disease (DOHaD) theory, which proposes that
early-life programming by (adverse) environmental factors
predisposes to non-communicable disease in adult life.

PA1.07.04

Developmental Origin of Health and Disease (DOHaD)
and the circadian clock: epigenetics pre- and early postnatal
circadian rhythm disturbance in mice

I. Chaves, B.C.J. van der Eerden, R.Y. Ridwan, R.G. Boers,
J. Essers, J. Gribnau, M.J. Vermeulen, I.K.M. Reiss,
G.T.J. van der Horst

Erasmus MC, ROTTERDAM, The Netherlands

Background: The mammalian circadian clock imposes near
24-hour (circa-dies) rhythmicity on physiology, metabolism
and behavior, and allows organisms to anticipate daily recurring
environmental changes (i.e. light-dark cycle). To keep pace
with the day-night cycle, the clock is daily synchronized by
light. Epidemiological and animal studies have associated
chronic circadian rhythm disturbance (CRD) in adults (as
encountered during shift work and jet lag) with a variety of
diseases, including cancer, metabolic syndrome and cardiovas-
cular disease. According to the Developmental Origins of
Health and Disease (DOHaD) theory, fetal programming
permanently shapes the body’s structure, function, and meta-
bolism. In this scenario gestational environmental factors (e.g.
nutritional insults), interacting with the genes, contribute to
later life disease. Using an animal experimental approach, we
have investigated whether gestational CRD leaves epigenetic
marks on the fetal genome that remain present throughout life
and that touch upon circadian performance, physiology and
metabolism, and as a direct consequence, affect the vulner-
ability to later-life disease.
Methods: Pregnant C57BL6 mice were subjected to either a
constant 12hr light:12-hr dark (LD 12:12) cycle (control) or to
repeated (i.e. once every 3 days) 8-hr phase advanced (east-
bound jet lag, EJL) or delayed (westbound jet lag, WJL) LD
12:12 cycles. At the day of delivery, dams and their offspring
were kept again under a constant light-dark cycle. Offspring
was followed in time for the occurrence of health effects.
Results: In the first weeks after birth, both EJL and WJL off-
spring showed a reduced weight gain, resulting in a life-long

reduction in body weight. At the age of 3 months, circadian
performance was assessed in male offspring. EJL offspring dis-
played an faster circadian clock. Furthermore, EJL offspring
adjusted more rapidly to an 8 hr phase advance, while, oppositely,
WJL offspring took less time to overcome an 8 hr phase delay.
Strikingly, analysis of the bones (i.e. femur) of 6-month-old male
offspring by microcomputed tomography revealed reduced tra-
becular and cortical bone mass in EJL offspring. Especially in the
diaphysis, endocortical volume, perimeter and moment of inertia
(a proxy for bone strength), were significantly reduced, whereas
cortical thickness was elevated. Analysis of the cardiovascular
system of 9-month-old female offspring revealed left ventricle
hypertrophy in the EJL offspring. Epigenetic analysis of the livers
of control, EJL and WJL offspring revealed markedly differen-
tially DNA methylation patterns in the livers of EJL and WBL
offspring, as compared to control offspring.
Conclusions: We have shown that circadian rhythm dis-
turbance in pregnant female mice by a chronic jet lag affects the
development of the circadian system and predisposes to health
effects in adult life.

PA1.07.06

Maternal melatonin or agomelatine therapy prevents
programmed hypertension in male offspring of mother
exposed to continuous light

Y. Tain, C. Hsu, J. Chan

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Environmental disturbance of the circadian
rhythm is associated with the development of hypertension.
Hypertension can originate from early-life insults, whereas
maternal melatonin therapy can be protective in a variety of
models of programmed hypertension. Because melatonin con-
trols circadian clock and melatonin deficiency causes hyper-
tension, we hypothesize that melatonin or melatonin receptor
agonist agomelatine can prevent programmed hypertension in
adult offspring induced by maternal exposure to continuous
light. We further employed the whole-genome RNA next-
generation sequencing (NGS) to quantify the abundance of
RNA transcripts in the offspring kidney from maternal expo-
sure to continuous light, melatonin, or agomelatine.
Methods: Female Sprague-Dawley pregnant rats randomly
divided into four groups: controls, rats exposed to continuous
light, exposed to continuous light plus treated with agomelatine
(50mg/day i.p.), and exposed to continuous light plus treated
with 0.01% melatonin in drinking water throughout preg-
nancy and lactation period. Three of each group were sacrificed
at birth for NGS study. Blood pressure (BP) was measured in
conscious rats by an indirect tail-cuff method (BP-2000;
Visitech Systems, Inc., Apex, NC). Male offspring (n= 10/
group) were sacrificed at 12 weeks of age.
Results: The major findings can be summarized as follows:
(1) exposure of the mother to continuous light induced
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programmed hypertension in adult offspring, which maternal
agomelatine or melatonin therapy prevented; (2) continuous light
exposure in pregnancy caused 718 renal transcripts to be mod-
ified in the developing offspring kidney; (3) continuous light
exposure impaired melatonin synthesis and signaling in the
developing kidney, but not persisted into adulthood; (4) genes
that belong to the RAS, sodium transporters, AMPK pathway,
and circadian rhythm were potentially involved in the continuous
light exposure induced programmed hypertension; (5) maternal
agomelatine therapy decreased Ace expression but increased Agtr2
and Mas1; (6) maternal melatonin therapy prevented the
increases of Slc9a3, Slc12a3, and Atp1a1 expression induced by
maternal continuous light exposure; and (7) in continuous light
exposure-induced programmed hypertension, the components of
RAS, sodium transporters, and AMPK pathway were differen-
tially regulated by agomelatine and melatonin therapy, to repro-
gram the development of hypertension.
Conclusions: In conclusion, early agomelatine or melatonin
therapy provides protection in male offspring of mothers
exposed to continuous light against programmed hypertension.
Maternal agomelatine and melatonin therapy reprogram the
RAS and sodium transporters differentially to prevent maternal
exposure to continuous light-induced programmed hyperten-
sion. By providing new information of candidate pathways on
BP regulation whose effects can be modified by agomelatine or
melatonin, our NGS results are of significance to the develop-
ment of novel interventions in the prevention of programmed
hypertension in children exposed to maternal night shift work
and circadian disruption.

PA1.07.07

Premature birth and circadian preference in young
adulthood: evidence from two birth cohorts

J. Björkqvist1, A.K. Pesonen2, L. Kuula2, H.M. Matinolli1,
A. Lano3, M. Sipola-Leppänen1, M. Tikanmäki1, D. Wolke4,
M.R. Järvelin5, J.G. Eriksson6, M. Vääräsmäki7, K.
Heinonen2, K. Räikkönen2, P. Hovi1, E. Kajantie1

1National Institute for Health and Welfare, HELSINKI, Finland;
2Department of Psychology and Logopedics, University of Helsinki,
HELSINKI, Finland; 3Children’s Hospital, University of Helsinki
and Helsinki University Hospital, HELSINKI, Finland;
4Department of Psychology, University of Warwick, WARWICK,
United Kingdom; 5Imperial College, LONDON, United Kingdom;
6University of Helsinki and Helsinki University Hospital,
HELSINKI, Finland; 7PEDEGO Research Unit, MRC Oulu,
Oulu University Hospital and University of Oulu, OULU, Finland

Background: A later circadian preference (being a “night owl”)
and preterm birth (<37 weeks of gestation) are associated with
many similar risk factors and adverse outcomes, such as ele-
vated blood pressure, impaired glucose regulation, poorer
physical fitness and lower mood. This raises the question
whether circadian preference could be a mediating mechanism
for the association observed between preterm birth and these

adverse health outcomes. Interestingly, the limited research in
the area suggests that prematurity, instead of being associated
with eveningness, in fact seems to be associated with an earlier
chronotype. We set out to objectively measure whether this is
observed across the whole gestation range.
Methods: We studied the circadian rhythm among 594 young
adults (mean age 24.3 years, SD 1.3) from two cohorts; the Arvo
Ylppö Longitudinal Study and the ESTER [Preterm Birth and
Early-Life Programming of Adult Health and Disease] study. We
compared participants born early preterm (<34weeks, n=83) and
late preterm (34 - <37 weeks, n=165) with those born at term
(n=346). We also compared very low birth weight (VLBW,
<1500g) participants with term controls. We obtained objective
sleep data with actigraphs. The participants wore the actigraphs for
a mean period of 6.8 (SD 1.4) nights. Our primary outcome was
mid sleep point during weekdays and weekend. Mid sleep point is
the half-way time between falling asleep and waking up, and is
considered to represent circadian preference. We also investigated
subjective circadian preference with the Morningness-Eveningness
Questionnaire (MEQ) in 688 (n=138/221/329) ESTER parti-
cipants. The MEQ consists of 19 questions, which estimates the
respondent to be of a “morningness”, “eveningness” or “inter-
mediate” chronotype, based on the Morningness-Eveningness
Score (MES). We analyzed the data from the actigraphs and the
MESwith three incremental linear regressionmodels, and analyzed
distribution of chronotype class with Pearson χ2.
Results: There were no consistent differences across the study
groups in mid sleep point. Mean differences and 95% confidence
intervals for mid sleep: early preterm weekdays 0:11:47 (-0:08:34
to 0:32:08), early preterm weekend 0:04:14 (-0:19:45 to
0:28:13), late preterm weekdays -0:10:28 (-0:26:16 to 0:05:21)
and late preterm weekend -0:01:29 (-0:20:36 to 0:17:37). There
was no difference in circadian preference between VLBW-
participants and controls either.
The distribution of chronotype in the MEQ among all partici-
pants was 12.4% morningness, 65.4% intermediate and 22.2%
eveningness. The distribution of subjective chronotype class did
not differ between the three gestational age groups (p= 0.975).
The linear regression models did not show any influence of
gestational age group or VLBW status on the MES (all p> 0.5).
Conclusions: We found no consistent differences between adults
born early or late preterm and those born at term in circadian
rhythmor preference. The earlier chronotype observed in those born
smallest is unlikely to extend across thewhole range of preterm birth.

PA1.07.08

Association of sleep quality in pregnancy with obesity and
cardiometabolic traits in childhood

L. Chatzi1, D. Ierodiakonou1, A.A. Margetaki1,
T. Roumeliotaki1, M. Vassilaki1, K. Sarri1, V. Leventakou1,
G. Chalkiadaki1, M. Vafeiadi1, M. Kogevinas2

1University of Crete, HERAKLION, Greece; 2Barcelona Institute
for Global Health (ISGlobal), BARCELONA, Spain
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Background: Sleep disorders in pregnancy may be associated
with increased weight gain and complications such as hyperten-
sion, pre-eclamsia and gestational diabetes mellitus, as well as
adverse perinatal outcomes including intrauterine growth
restriction and low birth weight. In adults and children, sleep
deprivation has been linked to obesity and adiposity, however to
our knowledge there are no studies assessing associations of sleep
disorders in pregnancy with adiposity and cardiometabolic risk
factors in childhood. The precise molecular mechanisms linking
sleep disorders with these outcomes are complex and proposed
mechanisms involve intermittent hypoxia-induced oxidative
stress and inflammation (also affecting the placenta), activation of
the sympathetic nervous system with up-regulation of counter-
regulatory hormones, and high circulating concentrations of
leptin. Our aim was to evaluate the impact of sleep quality during
pregnancy in offspring obesity and cardiometabolic traits at 4 and
7 years in 649 mother-child pairs from the RHEA pregnancy
cohort in Crete, Greece.
Methods: Information on sleeping habits (sleep duration; snor-
ing; daytime sleepiness) was collected through a computer-assisted
interview at the third trimester of pregnancy. Furthermore, we
created a sleep quality score based on the sum of 3 sleep-related
responses: a) sleep duration (>8 hrs=0, 6-7 hrs=1, ≤5 hrs=2),
b) snoring (non-snorers (never/rarely)=0, occasional snorers
(sometimes/often)=1, severe snorers (frequently/always)=2),
and c) excessive daytime sleepiness (Epworth Sleepiness Scale
score:≤ 10=0, 11-14=1 and ≥15=2). This score ranges from
0-6 with higher values indicating worse sleep quality. We mea-
sured child weight, height, body mass index (BMI), waist cir-
cumference, skinfold thicknesses, percent body fat (%BF), serum
lipids and blood pressure levels at age 4 and 7 years. Adjusted
associations were obtained via multivariable regression analyses.
Results: Short sleep duration (≤5 hours per day) was associated
with higher cholesterol, LDL and triglyceride levels at age 7 [%
change (95%CI): 9% (3, 15); 13% (4, 24) and 30% (10, 55)
respectively]. Severe snoring and daytime sleepiness in late preg-
nancy were associated with reduced sum of skinfolds and %BF
[-25% (-39, -8) and -21% (-34, -4) respectively] at age 4. A per
unit increase in the sleep quality score was associated with lower
child weight [β= -0.30 kg (-0.57, -0.03)] and BMI [-0.21 kg/m2

(-0.38, -0.03)] but higher LDL and triglyceride levels [2.95%
(0.15, 5.83) and 5.41% (-0.14, 11.27) respectively] at age 7.
Conclusions: These findings suggest that sleep disorders in late
pregnancy may influence child weight, adiposity and serum lipids
in childhood. Further prospective studies are needed to examine
these associations and explore the underlying mechanisms.

PA1.08 – Environmental stressors

PA1.08.01

DOHaD and the early life exposome

M. Vrijheid

Institute for Global Health (ISGlobal); Barcelona, Spain; On
behalf of the HELIX Consortium.

Major environmental hazards may lead to serious, chronic
pathologies, especially when exposure occurs during critical
early-life periods of development, but work has almost
uniquely focused on single exposure-health effect relationships.
The “exposome” concept was proposed to encompass the
totality of exposures from conception onwards, complementing
the genome. New analytical frameworks are required to inter-
pret multi-dimensional exposome data. HELIX, the Human
Early Life Exposome, is a collaborative research project com-
missioned in the EU exposome programme. HELIX uses six
existing, prospective birth cohort studies to measure a range of
chemical and physical environmental hazards in food, con-
sumer products, water, air, noise, and the built environment, in
pre and postnatal periods, and link these with molecular omics
profiles and child health outcomes. We will present first results
of the HELIX project, including a description of the correlation
structure of multiple exposure data, as a first step in developing
analytical tools appropriate to exposome data. The exposome
concept provides an important new framework to improve
knowledge on the environmental component of disease aetiol-
ogy, with early life as a crucial developmental period. Chal-
lenges in the measurement, analysis, and interpretation of
complex longitudinal exposome-health associations require
efficient collaboration between the environmental health and
life-course epidemiology fields.

PA1.08.03

Effects of prenatal exposure to particule matter air
pollution on lateral ventricles, corpus callosum and
behavioral problems in children

M.M. Mortamais1, JP Pujol2, DM Macià2, GMV Martínez-
Vilavella2, RF Fenoll2, CR Reynes3, RS Sabatier3, IR Rivas1,
MAP Alvarez-Pedrerol1, JS Sunyer1

1ISGlobal, BARCELONA, Spain; 2MRI Research Unit, Hospital
del Mar, BARCELONA, Spain; 3University of Montpellier,
MONTPELLIER, France

Background: Exposure to particulate air pollution matter have
been proposed as environmental risk factors for autism in
children. The effects of these pollutants on brain structures
potentially involved in the pathophysiology of autism are
unknown. The aim of this study was to investigate the effects of
prenatal exposure to particulate air pollution on cerebral grey
matter, white matter, amygdala, lateral ventricles and corpus
callosum volumes and behavioral problems in primary school
age children.
Methods: We conducted an imaging study in 187 children
aged 8-12 years from the general population in the city of
Barcelona, Spain. Exposure at home to fine particule matter
whose median aerodynamic diameters is less than 2.5mm
(PM2.5) during the prenatal period was estimated at the geo-
coded postal address of each participant´s mother at the time of
pregnancy using land use regression models. Brain volumes
were derived from structural MRI scans using automated tissue
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segmentation. Children´s behavior was assessed using the
Strengths and Difficulties Questionnaire (SDQ) completed by
the parents and using the Attention Deficit Hyperactivity
Disorders (ADHD)/ symptoms Scales, (American Psychiatric
Association 2002) completed by teachers.
Results: Prenatal exposure to PM2.5 was associated with
corpus callosum and lateral ventricles volumes (i.e., an inter-
quartile range increase in PM2.5 level during the prenatal
period (5.4 μg/m3) was significantly linked to a decrease in the
corpus callosum body volume (mm3) and an increase in the
lateral ventricles volume (mm3) (β= -33.0, 95% CI [-63.7,
-2.2], p= 0.036, and β= 880.0, 95% CI [311.1, 1449],
p= 0.003 respectively) independently of intracranial
volume, age, sex, maternal education and socioeconomic vul-
nerability index at home). Furthermore, a 1000mm3 increase
in the lateral ventricles volume was significantly associated with
higher SDQ and hyperactivity scores. Finally, SDQ and
hyperactivity scores increased in children with higher prenatal
exposure to PM2.5, but these associations were not statistically
significant.
Conclusions: Prenatal exposure to PM2.5 is associated with
changes on the lateral ventricles and corpus callosum
volumes in children. The consequences of these induced brain
changes might be an increase in behavioral problems.
This neuroimaging study, by providing biological plausibility
in the relationship between particulate matter air pollution
exposure and higher risk of behavioral problems in children
observed in many epidemiological studies, highlights the
urgent necessity to reduce anthropogenic emissions of air
pollutants.

PA1.08.04

Maternal circulating cotinine concentration in pregnancy
and persistent short stature in children from a multi-ethnic
Asian cohort

S. Ng1, I.M. Aris2, M.T. Tint3, S.E. Soh2, P.D. Gluckman4,
K.M. Godfrey5, L.P.C. Shek6, K.P. Yap7, K.H. Tan8, L. Lek9,
O.H. Teoh10, Y.H. Chan11, M.F.F. Chong12, Y.S. Lee6,
Y.S. Chong3, M.S. Kramer13, S.Y. Chan3

1National University of Singapore, SINGAPORE, Singapore;
2Agency for Science, Technology and Research (A*STAR),
SINGAPORE, Singapore; 3Department of Obstetrics &
Gynaecology, Yong Loo Lin School of Medicine, NUS,
SINGAPORE, Singapore; 4Liggins Institute, University of
Auckland, AUCKLAND, New Zealand; 5MRC Lifecourse
Epidemiology Unit, SOUTHAMPTON, United Kingdom;
6Department of Paediatrics, Yong Loo Lin School of Medicine,
NUS, SINGAPORE, Singapore; 7Department of Paediatric
Endocrinology, KK Women’s and Children’s Hospital,
SINGAPORE, Singapore; 8Department of Maternal Fetal
Medicine, KK Women’s and Children’s Hospital,
SINGAPORE, Singapore; 9Department of Paediatrics, KK
Women’s and Children’s Hospital, SINGAPORE, Singapore;

10Department of Paediatrics, KK Women’s and Children,
SINGAPORE, Singapore; 11Biostatistics Unit, Yong Loo Lin
School of Medicine, NUS, SINGAPORE, Singapore; 12Saw
Swee Hock School of Public Health, NUS, SINGAPORE,
Singapore; 13Faculty of Medicine, McGill University,
MONTREAL, Canada

Introduction: Several studies have reported an association
between maternal smoking during pregnancy and persistent
short stature in the offspring. However, most of these studies
used self-reported parental smoking instead of an objective
quantification of a specific biomarker such as cotinine. This
study aims to examine the relationship between maternal
cotinine levels in pregnancy and child length/height trajectory
from birth to 60 months of age.
Methods: 968 mother-child pairs were identified from the
GUSTO birth cohort, comprising Chinese, Malay and Indian
subjects. Cotinine levels in maternal plasma collected at 26-28
weeks of gestation were measured by LC/MS/MS with a
detection limit (LOD) of 0.17 ng/mL. Offspring length was
measured at birth and at age 3, 6, 9, 12, 15, 18, 24, 36, 48, 54
and 60 months. All subjects were categorized into 4 groups
by cotinine levels and history of environmental tobacco
smoke exposure (ETS); Group 1: cotinine below LOD and no
ETS (n= 510); Group 2: cotinine below LOD but self-
reported ETS (n= 283); Group 3: cotinine concentration
between 0.17-13.99 ng/mL (n= 139); Group 4: cotinine
concentration 314 ng/mL (n= 36), consistent with active
smoking. Age- and sex-specific z-scores for offspring length/
height were calculated using the WHO 2006 reference. Asso-
ciations of maternal circulating cotinine with offspring stature
at each time point were estimated using general linear models,
while length/height trajectory was analyzed using linear mixed-
effect models.
Results: Compared with Group 1, maternal circulating coti-
nine 314ng/mL (Group 4) was associated with a reduction of
0.77cm in birth length [β -0.77 (95% CI -1.44, -0.11)] and a
z-score β of -0.43 (95% CI -0.79, -0.07), after adjusting for
infant sex, gestational age at birth, ethnicity, maternal age,
education level, parity, maternal BMI in the 1st trimester, and
maternal height. Offspring in Group 4 continued to be shorter
than those in Group 1 from 3 to 60 months, with statistically
significant z-score differences at 3 months [β -0.58 (95%CI
-0.95, -0.20)], 36 months [β -0.54 (95% CI -0.92,-0.15)],
48 months [β -0.43 (95% CI -0.81,-0.04)], and 60 months [β
-0.57 (95% CI -0.96,-0.17)]. The association was stronger in
boys [β -0.52 (95% CI -0.92, -0.12)] than in girls [β -0.16
(95% CI -0.58, 0.25)] for the overall trajectory. No significant
differences in offspring stature were observed in Groups 2 and
3 compared with Group 1.
Conclusions: To our knowledge, this is the first longitudinal
study reporting the association between maternal smoking
during pregnancy and persistent short stature from birth and
into early childhood in an Asian population. Further research is
needed to define the possible mechanisms.
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Associations between maternal cotinine levels and z-score for
length /height at birth to age 60 months.

PA1.08.05

Parental smoking and risks of birth complications,
childhood overweight and obesity: individual participant
data meta-analysis of 200,000 singleton births

E.M. Philips1, On behalf Of the MOCO Collaboration2

1Erasmus MC, ROTTERDAM, The Netherlands; 2Maternal
Obesity and Childhood Outcomes

Background: Prenatal exposure to smoking is considered a key
avoidable risk factor for adverse birth outcomes and is asso-
ciated with overweight and obesity in later life.
Objective: To determine whether patterns of parental smoking
during pregnancy are associated with birth outcomes and body
mass index (BMI) throughout childhood using individual partici-
pant data from 195,009 singleton births from 27Western cohorts.
Methods: We used multilevel mixed effects models to deter-
mine the associations of patterns of parental smoking during
pregnancy (maternal smoking (nonsmoking, smoking only in
early pregnancy, continued smoking), paternal smoking, and
change in maternal dosage) with adverse birth outcomes (pre-
term birth and small for gestational age (SGA)) and childhood
BMI outcomes (BMI SDS, overweight/obesity).
Results: Children born to mothers who continued smoking
during pregnancy (3.6-21.1%) were more likely to be born
preterm, to be SGA and to be overweight or obese than chil-
dren born to nonsmoking mothers (respective odds ratios were
1.16 [95% CI 1.09-1.24], 2.06 [1.98-2.15], 1.32 [1.25-1.39],
and 1.79 [1.65-1.94]). We observed a dose-response relation-
ship for third trimester smoking only. Smoking only in early
pregnancy (first trimester) was not associated with these adverse
birth outcomes or childhood BMI outcomes. In nonsmoking
mothers, heavy paternal smoking was associated with preterm

birth, childhood overweight and childhood obesity (respective
odds ratios were 1.13 [1.01-1.26], 1.25 [1.13-1.37], and
1.42 [1.22-1.65]), but not with SGA.
Conclusion: Our findings confirm that continued smoking
during pregnancy leads to a higher risk of being SGA through a
direct intrauterine effect. For preterm birth and childhood BMI
outcomes, the overlap in maternal and paternal smoking esti-
mates may reflect an adverse influence of passive smoking or
unmeasured environmental exposures. The benefits to child
health of early smoking cessation emphasize the importance of
improved smoking cessation strategies.

PA1.08.06

Early-life environmental exposure determinants of child
behavior and mental health: an exposome-wide approach in
the HELIX project

L. Maitre1, J. Julvez1, M. López-Vicente1, C. Hernandez-
Ferrer1, C. Philippat2, K. Gutzkow3, M. Guxens1, I. Tamayo1,
C. Thomsen4, M. Nieuwenhuijsen1, R. Slama2, L. Chatzi5,
J. Wright6, R. Gražuleviciene7, J. Ramon Gonzalez1,
X. Basagaña1, M. Vrijheid1

1ISGlobal, BARCELONA, Spain; 2Inserm, Univ. Grenoble
Alpes, CNRS, IAB (Institute of Advanced Biosciences), Tea,
GRENOBLE, France; 3Division of Molecular Biology,
Department of Chemicals and Radiation, Norwegian, OSLO,
Norway; 4Department of Environmental Exposure and
Epidemiology, Norwegian Institute of Pu, OSLO, Norway;
5Department of Social Medicine, Faculty of Medicine, University
of Crete, HERAKLION, Greece; 6Bradford Institute for Health
Research, Bradford Teaching Hospitals NHS Foundati,
BRADFORD, United Kingdom; 7Vytauto Didziojo Universitetas
(VDU), KAUNUS, Lithuania

Background: Child behaviour is driven by complex multistage
developmental processes that take place prenatally and during
the first years of post-natal life. The exposome concept recog-
nizes that individuals are exposed simultaneously to a multi-
tude of different factors. European population is typically
exposed to a long list of industrial chemicals that are potentially
neurotoxic. However, at the same time, many other environ-
mental factors are expected to be beneficial for the brain
development, such as spending longer periods surrounded by
green and blue spaces.
Method: The HELIX study consists of 1,300 children from 6
European cohorts (BIB in UK, EDEN in France, KANC in
Lithuania, INMA in Spain, MOBA in Norway, and RHEA in
Greece) which were followed using the same harmonized pro-
tocols. In this study, we investigated the impact of the prenatal
and postnatal exposome (>200 exposures) at 7-10 years old
when parents completed the Child Behaviour Checklist
(CBCL). We measured a wide range of exposures including the
outdoor exposome (air pollution, build environment, noise),
the individual exposome assessed using biomarkers (cotinine,
metals, persistent organic pollutants (POPs), PFAS, phthalates,
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phenols, and organophosphates) as well as lifestyle factors (diet
and physical activity). Initial agnostic analysis was conducted
using negative binomial regressions with adjustment for cohort,
maternal age, child gender, parity and maternal education.
Results coefficient estimates with p-values under 0.05, are
reported as the percent of change in the incidence of behavior
problems for one quartile increase in the “exposure” level.
Results: Initial analyses for externalizing scales - behavioral pro-
blems identified 6 out of 92 prenatal exposures significantly
associated and 24 out of 139 post-natal exposures. It included an
increase in symptom incidence with pregnancy intake of meat
(+9%), bisphenol A urinary concentrations (+7.4%) and traffic
density on nearest road at home (+5.1%). Postnatal exposures at
7-10 years old included a decrease in symptom incidence with
sleep (-7.3%), vegetable intake (-6.3%) and adherence to Medi-
terranean diet (-11.3%). An increase in symptom incidence was
found with postnatal individual chemical exposure to lead
(+9.9%) and phthalates (MECPP, MEHHP and DEHP; 8.6%,
7.1% and 6.9% respectively), PM indoor air pollution at home
(+8.8%), urban environments such as the road connectivity near
school (+7.9%), lifestyle with sedentary behavior (+8%) and
consumption of sweets and bakery products. Unexpected
decreases in symptom incidence were found with both pre- and
postnatal PCBs and POPs.
Similar results were found for internalizing scales - emotional
problems associations. Unique findings for this outcome include
a protective effect of breastfeeding duration with a -5.9% reduc-
tion in problem incidence and increase incidence with postnatal
urban environments such as the density of public transport bus
lines near school (+20%) and car traffic near home. Associations
with postnatal lead exposure, sweet/bakery product intake and
indoor air were only found for externalizing problems.
Conclusion: External outdoor and some individual exposures
(including BPA, lead, phthalates) were associated with child
internalizing and externalizing problems. Further analyses are
needed to unravel the effects of nutrient and lifestyle interplay
during and after pregnancy on child behavioral and emotional
development with neuro-toxicants.

PA1.08.07

Consequences of maternal overweight and obesity in
pregnancy on offspring diabetes risk: a record linkage study
in Aberdeen, Scotland

R.M. Reynolds1, M. Lahti2, S. Bhattacharya3, S.H. Wild1,
R.S. Lindsay4, K Raikkonen5, J.E. Norman1, S. Bhattacharya3

1University of Edinburgh, EDINBURGH, United Kingdom;
2Department of Psychology and Logopedics, HELSINKI, Finland;
3University of Aberdeen, ABERDEEN, United Kingdom;
4University of Glasgow, GLASGOW, United Kingdom;
5University of Helsinki, HELSINKI, Finland

Background: Maternal obesity in pregnancy is associated with
cardiovascular disease and mortality in the offspring. With the
rising prevalence of obesity in pregnancy it is vital to

understand the underlying mechanisms in order to design
appropriate interventions to prevent adverse offspring out-
comes. We aimed to determine whether maternal obesity is also
associated with increased risk of offspring type 2 and type 1
diabetes as a candidate mechanistic pathway.
Methods: Birth records of 118,201 children from 1950-2011
from the Aberdeen Maternity and Neonatal Databank were
linked to Scottish Care Information-Diabetes, the national
register for diagnosed diabetes in Scotland, to identify incident
and prevalent type 1 and type 2 diabetes up to 01/01/2012.
Maternal body mass index (BMI) was calculated from height
and weight measured at the first antenatal visit. The effect of
maternal obesity on offspring outcomes was tested using time-
to-event analysis using Cox-proportional hazard regression to
compare outcomes in offspring of mothers in underweight,
overweight or obese categories of BMI, compared to offspring
of women with normal BMI.
Results: Offspring of obese (BMI> 30 kg/m2) and overweight
(BMI> 25-29·9 kg/m2) mothers had increased risk of type 2
diabetes compared to normal BMI mothers after adjustment
for gestation when weight was measured, maternal history of
diabetes before pregnancy, age at delivery, parity, socio-
economic status, and offspring sex (Hazard ratio (95% con-
fidence interval) 3·48 (2·39, 5·06) and 1.39 (1·06, 1·83),
respectively. There were no significant associations of maternal
BMI with offspring Type 1 diabetes.
Conclusions:Maternal obesity is associated with increased risk
of type 2 diabetes in the offspring. Evidence-based strategies to
reduce obesity among women of reproductive age are urgently
required.

Offspring diabetes according to maternal BMI.

PA1.09 – Early origins of cancer and rare disease

PA1.09.01

Early-life factors and cancer development

S. Mahabir

Epidemiology and Genomics Research Program, National Cancer
Institute, National Institutes of Health (NIH)
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Most cancer research in human populations has focused on a
range of exposures in the middle to later years of the lifespan.
While this narrow age range yields the highest number of
cancer cases, it is a phase of life in which cancer prevention
efforts are more difficult and perhaps less effective. The emer-
ging evidence that early life exposures affect cancer develop-
ment later in life calls for a refocusing of efforts targeting the
early life spectrum. This paradigm shift in cancer research has
the potential to translate into substantial gains in cancer pre-
vention and control. Emerging epidemiological evidence and
research efforts focused on early life factors and cancer devel-
opment will be presented. Advancement of cancer research
efforts focused on early life factors and the links to cancer have
been slow due to methodological issues related to human study
designs and research resources.

PA1.09.03

Environment, DNA methylation and risk of childhood
acute lymphoblastic leukaemia: a novel Mendelian
randomization study

J.A. Timms1, J.A. McKay1, G. Strathdee1, J. Rankin1,
C.L. Relton2

1Newcastle University, NEWCASTLE, United Kingdom; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom

Previous literature has identified multiple environmental
exposures to be associated with an increased risk of acute lym-
phoblastic leukaemia (ALL). DNA methylation is modifiable
by the environment and is therefore a plausible mediating
mechanism of environmental exposures on ALL risk. An
altered methylation has also been found in ALL patients.
Therefore two sample Mendelian randomization (MR) will be
used to strengthen evidence about the causal pathway for
childhood ALL, and determine whether DNAmethylation acts
as a mediator between early life environmental exposures and
ALL development. MR is a relatively new approach to causal
inference. It addresses limitations of observational epidemiol-
ogy study designs (i.e. bias, confounding and reverse causation)
in assessing the causal role of modifiable exposures/risk factors,
and can be used to examine causality when randomized con-
trolled trials (RCTs) are not feasible. The approach uses genetic
variation (such as single nucleotide polymorphisms (SNP)) as
an instrumental variable (proxy) for an exposure of interest; the
alleles of this exposure–associated genetic variant are randomly
distributed amongst the study population (thus analogous to a
RCT). The advantage of using the genetic proxy is that the
direction of causation is always from the genetic polymorphism
to the outcome. The underlying principle of the approach is
that, if a genetic variant alters or emulates the biological effect
of an environmentally-modifiable exposure then, if that expo-
sure is truly causally-related to the disease, the genetic variant
should also be related to disease risk. An epigenome-wide
association study (EWAS) previously carried out identified

altered methylation at individual CpG sites associated with an
ALL-risk exposure (e.g. maternal smoking, alcohol consump-
tion, and folic acid supplementation). It has been shown that
cis-SNPs are associated with methylation status of nearby CpG
sites. Therefore the methylation quantitative loci database
(mQTLdb; http://www.mqtldb.org/) will be used to select
specific cis-SNPs to represent the identified CpG sites of
interest; these will act as genetic proxies for the methylation
sites of interest (i.e. they will be the instrumental variables). To
validate each cis-SNP, the instrumental variable assumptions
(see Figure) will be tested. Further statistical tests to check these
assumptions will be undertaken once the MR analysis has been
run (see Supplementary and sensitivity analyses). To estimate
the causal effect genome-wide association study (GWAS) data
for 2487 childhood ALL cases and 1014 cancer-free control
children will be used to investigate whether the cis-SNPs
representing each CpG site are associated with childhood ALL.
Analysis will be carried out in R using packages designed at the
University of Bristol (MRInstruments and TwoSampleMR).
These enable: extraction of user-specified SNP effects; linkage
disequilibrium pruning of exposure SNPs; and harmonisation
of direction of effects between exposure and outcome associa-
tion. Supplementary and sensitivity analyses will be carried out
to further enhance the causal inference from the initial MR
analysis, and to establish the robustness of the findings. These
include exclusion of nonspecific SNPs; pleiotropy analyses; and
weighted median estimator, gene-environment interaction,
multiple independent instrument, multi-SNP instrument, and
MR-Egger regression analyses.

PA1.09.04

DNA methylation as a potential mediator of early life
exposures on risk of childhood acute lymphoblastic
leukaemia

J.A. Timms1, J.A. McKay1, G. Strathdee1, J. Rankin1,
C.L. Relton2

1Newcastle University, NEWCASTLE, United Kingdom; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom

Childhood acute lymphoblastic leukaemia (ALL) arises from
genetic abnormalities that can occur in utero. Reported
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frequencies of certain genetic ALL-related abnormalities at
birth are significantly higher than the number of associated
ALL cases arising, suggesting secondary hits are required for
disease development. Childhood ALL incidence is currently
increasing in westernised populations and evidence suggests
several environmental exposures influence childhood ALL risk.
With peak incidence of diagnosis between 2-5 years of age,
early life exposures are likely to be key. DNA methylation, a
mechanism of gene regulation, is modifiable by environment
and altered in childhood ALL. Therefore DNA methylation
may be involved in the causal pathway towards disease by act-
ing as a mediator between in utero and early life environmental
factors and childhood ALL development. A meet in the middle
approach was used to investigate the potential role of DNA
methylation in ALL disease development. The Avon Long-
itudinal Study of Parents and Children cohort (ALSPAC) hold
environmental data on mothers throughout pregnancy.
Genome-wide DNA methylation data previously generated
using the Illumina Infinium HumanMethylation450K plat-
form, at birth using cord blood (n= 861) and age seven using
blood (n= 927) from a subset of children from the ALSPAC
cohort were assessed in relation to environmental factors asso-
ciated with childhood ALL. The effect of environmental
exposures associated with childhood ALL risk on DNA
methylation at individual CpG sites were analysed using linear
regression. DNA methylation was modelled as a continuous
variable, in a multivariate regression model accounting for
potential confounders (sex, parity, gestation, and batch). The
resultant data were integrated with a compiled list of gene loci
with methylation changes associated with overt ALL disease
(identified using published literature). DNA methylation
changes were found at birth in association with maternal
exposure to smoking, alcohol, radiation exposure, folic acid,
sugary caffeinated drinks, iron, caffeine, and household paints.
At age seven, DNA methylation changes were observed with
day care attendance. Hypergeometric tests suggested that the
overlap between the number of genes found to have altered
methylation in ALL and in response to the majority of ALL-risk
exposures was not due to chance. This supports the hypothesis
that DNA methylation may mediate the effect of environ-
mental risks factors associated with disease development. If
alterations in DNA methylation underlie disease susceptibility,
then the altered DNA methylation should be present in both
disease and normal cells and thus should be at least partially
retained in ALL patients in remission. Therefore, DNA
methylation was measured using pyrosequencing for several
identified environmentally responsive gene loci (AHRR,
CYP1A1, BHMT, and LCK) in ALL patient remission samples
(as proxy for pre-disease methylation measurement) and heal-
thy controls. In agreement with our hypothesis, significant
differences were found between the ALL remission samples and
controls for all environmentally responsive genes. Further stu-
dies to understand the importance of these methylation chan-
ges in inducing or contributing to disease development will be
important, as such findings may provide predictive disease

biomarkers and offer insights into how preventative strategies
may be introduced.

PA1.09.05

Epigenetic precursors of childhood cancer and associated
early-life exposure

A.G. Ghantous1, S. GONSETH2, R. Saffery3, T. Dwyer4, A.
Novoloaca1, S.E. Haberg5, H. Hernandez-Vargas1, J.L.
Wiemels2, M.C. Munthe-Kaas6, Z. Herceg1

1International Agency for Research on Cancer, LYON, France;
2University of California - San Francisco, SAN FRANCISCO,
United States of America; 3Murdoch Childrens Research Institute,
MELBOURNE, Australia; 4University of Oxford, OXFORD,
United Kingdom; 5Norwegian Institute of Public Health, OSLO,
Norway; 6Oslo University Hospital, OSLO, Norway

Background: Childhood cancer remains the first cause of
disease-related death in children, with increasing incidence
worldwide. Its risk factors are largely unidentified and under-
lying biological mechanisms remain poorly understood. Dur-
ing embryogenesis, a global reprogramming of the epigenome
(including DNA methylome) occurs to enable tissue differ-
entiation, and it has been proposed that this profound epi-
genome reconfiguration constitutes susceptibility windows.
Hence, we hypothesize that DNA methylation during in utero
development may act as a sensor of environmental exposures
and mediate risk to childhood cancer later in life.
Methods: We profiled the genome-wide methylation levels in
cord blood samples from the International Childhood Cancer
Cohort Consortium (I4C), the largest prospective investigation
into childhood cancer based on mother-child birth cohorts.
Starting with a major I4C cohort (MoBa, Norway), DNA
methylation levels of more than 450,000 cytosines (CpGs)
were compared (using HM450-BeadChip) between nested
cases (n= 80, representing similar proportions of leukemias,
central nervous system tumors and other tumors) and controls
(n= 160, matched to cases by birth year). Findings were then
replicated in two independent cohorts from different con-
tinents using both epigenome-wide and targeted DNA
methylation approaches.
Results: We identified two differentially methylated 200-bp
regions (DMRs) in leukemias relative to controls (FDR<
0.05). A mean difference of 5-10% methylation was con-
sistently found across several CpG sites in each DMR and was
validated using bisulfite sequencing. The observed associations
were not influenced by covariates such as blood cell subtype
distribution and age. These epigenetic signatures of childhood
leukemia were replicated in two independent cohorts and are
currently being analyzed in relevance to early-life exposure
factors in these and in additional I4C cohorts. Preliminary
findings suggest a role for early-life infection and maternal
smoking during pregnancy.
Conclusions: These findings may place DNA methylation in
the causal pathways linking early-life exposures and childhood
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leukemia and may contribute to a leap forward in deciphering
mechanistic precursors of childhood cancer.
Acknowledgement: INSERM/INCA grant and the IARC Post-
doctoral Fellowship-Marie-Curie-Actions-People-COFUND;
families, children, and collaborators from the International
Childhood Cancer Cohort Consortium, and the EXPOsOMICS
and Pregnancy And Childhood Epigenetics consortia.

PA1.09.06

Associations between early-life body size factors and
pubertal onset by breast cancer family history in the
LEGACY Girls Study

M. Goldberg1, L.C. Houghton1, I. Andrulis2, A. Bradbury3, S.
Buys4, M. Daly5, E.M. John6, M.B. Terry1

1Columbia University Mailman School of Public Health, NEW
YORK, United States of America; 2Lunenfeld-Tanenbaum
Research Institute and University of Toronto, TORONTO,
Canada; 3Perelman School of Medicine of the University of
Pennsylvania, PHILADELPHIA, United States of America;
4University of Utah School of Medicine, SALT LAKE CITY,
United States of America; 5Fox Chase Cancer Center,
PHILADELPHIA, United States of America; 6Cancer Prevention
Institute of California, FREMONT, United States of America

Background: Earlier onset of breast development, which has
been observed globally, is a known risk factor for breast cancer.
Growing evidence suggests that age at onset of breast devel-
opment as well as other markers of puberty may be influenced
by maternal pre-pregnancy body mass index (BMI), maternal
gestational weight gain (GWG) and infant body size. To date,
all of the epidemiologic evidence, however, has come from
cohorts of girls not enriched with a breast cancer family history
(BCFH). As maternal BMI and GWG may be modifiable, we
investigated whether maternal BMI, GWG and size at birth
were associated with earlier pubertal onset, and whether these
associations varied by BCFH, using a prospective cohort of girls
in which approximately half have a history of breast cancer in a
first or second degree relative.
Methods: Using longitudinal Weibull models and data from
girls ages 5-7 years at baseline (n= 240), we assessed whether
maternal pre-pregnancy BMI, GWG, and daughter’s weight
and length at birth, reported by the mother at baseline, were
associated with breast (thelarche) and pubic hair (pubarche)
development, defined as maternal report of Tanner stage 2+ .
We examined modification by BCFH and mediation by
daughter’s childhood BMI in adjusted models.
Results: The median ages of thelarche and pubarche were 10.1
(95% confidence interval (CI)= 9.9, 10.4) and 10.9 (95%
CI= 10.5, 11.3) years, respectively. Higher maternal pre-
pregnancy BMI was associated with earlier thelarche in their
daughters (Hazard ratio (HR) adjusted for age and race/ethni-
city= 1.05, 95% CI= 1.01, 1.08 per kg/m2). However, the
association between maternal BMI and onset of thelarche was
modified by GWG. Compared to daughters whose mothers

had a pre-pregnancy BMI of <25 kg/m2 and gained <30
pounds, girls whose mothers had a pre-pregnancy BMI<25 kg/
m2 and gained ≥30 pounds (HR= 1.96, 95% CI 1.13, 3.39)
and girls whose mothers had a pre-pregnancy BMI of ≥25 kg/
m2 had an approximately twofold increased risk of earlier the-
larche regardless of the mother’s GWG (HR= 2.11, 95% CI
1.17, 3.80 for GWG <30 lbs and HR= 2.19, 95% CI 1.07,
4.47 for GWG ≥30 lbs). Associations were similar after
adjustment for childhood BMI at baseline. Associations
between maternal pre-pregnancy BMI and GWG were stron-
ger for girls without a BCFH, although the interactions were
not statistically significant. There were no consistent patterns
between maternal pre-pregnancy BMI or GWG and pubarche.
Daughter’s weight and length at birth were not associated with
the timing of thelarche or pubarche.
Conclusion: In a prospective cohort enriched for breast cancer
family history, we found that earlier onset of breast develop-
ment in girls was associated with two potentially modifiable risk
factors – maternal pre-pregnancy BMI and gestational weight
gain – and that the effect of these risk factors on timing of
breast development were independent of childhood body size.

PA1.09.07

Exposure to chemotherapy induces epigenetic damage in
normal cells in childhood cancer patients

J.A. McKay, LS Sharp, JC Casement, G. Strathdee

Newcastle University, NEWCASTLE UPON TYNE, United
Kingdom

Survival rates for childhood cancers have improved dramati-
cally in recent years, leading to an increase childhood cancer
survivors. Long term follow up has shown that survivors of
childhood cancer are at very significantly increased risk of
developing many common chronic diseases and early death
compared to the general population. Recently the British
Childhood Cancer Survivor Study found a ~ nine-fold
increased death rate in cancer survivors, with secondary
malignancies, circulatory conditions and respiratory conditions
accounting for the majority of excess deaths not related to
disease re-occurrence. Recent reductions in therapy, particu-
larly reduction in the use of radiotherapy and anthracyclines,
may have had some effect in reducing premature deaths in
cancer survivors, but rates remain highly elevated (Fidler
et al, 2016).
The mechanisms underlying the high rates of chronic illness
and premature deaths in survivors of childhood cancer are not
fully understood. One potential mechanism could involve
epigenetic damage induced by anti-cancer therapies. Epigenetic
changes, such as altered DNA methylation, are an attractive
potential mechanism as these changes, once induced, can be
stable over many years and thus could underlie later health
problems. To begin to explore this, we assessed the impact of
chemotherapy on DNA methylation at six candidate genes in
normal cells from ALL patients in early and late remission.

10th World Congress S49

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Five of the six candidates exhibited no increase in methylation
between early and late remission samples. However HOXA4
was found to exhibit dramatically increased methylation in late
remission compared with early remission. Furthermore the
extent of the increase in methylation was associated with the
duration of the treatment, implying that increased exposure to
chemotherapy was associated with an increased level of aberrant
DNA methylation.
Based on this initial evidence, we expanded these studies to
assess genome wide DNA methylation changes in response to
therapy. We performed genome wide methylation analysis
using Illumina MethylationEpic arrays, which cover
> 850,000 CpG sites across the genome in 32 sets of paired
DNA samples (derived from peripheral blood) taken from
initial remission (or diagnosis in solid tumours) and late
remission (up to 2 years) in childhood cancer patients. This
analysis confirmed that the highly significant increase in methy-
lation at the HOXA4 locus. In addition a further 153 differen-
tially methylated regions (DMRs) were found to exhibit altered
DNA methylation in normal, non-cancer cells, in later remission
compared with early remission after correction for FDR. This
demonstrates that exposure to chemotherapy induces large and
wide spread changes in DNA methylation across the genome in
healthy cells from childhood cancer patients. Furthermore, the
induced methylation changes were highly similar in solid tumour
patients (primarily neuroblastoma patients) and in leukaemia
patients, suggesting that altered DNA methylation occurs largely
independently of the specific chemotherapeutic regimes used.
Further studies will be required to determine if the altered DNA
methylation induced in childhood cancer patients is sustained
into later life and if it plays a mediating and/or predictive role in
the development of long term health effects associated with the
treatment of childhood cancer.
Fidler et al (2016) BMJ 354:i4351

PA1.10 - Early Nutrition

PA1.10.01

Paternal obesity modifies the effect of an antenatal lifestyle
intervention in women who are overweight or obese on
newborn anthropometry.

M. Dodd1, J. McPhee2, R. Deussen1, J. Louise1, N. Yelland1,
A. Owens1, S. Robinson1

1The University of Adelaide, NORTH ADELAIDE, Australia;
2Women’s and Children’s Hospital, NORTH ADELAIDE,
Australia

Background: The contribution of paternal obesity to preg-
nancy outcomes has been little described. Our aims were to
evaluate the effect of paternal BMI on infant birth weight and
adiposity; and determine whether the effect of a randomized
antenatal maternal dietary and lifestyle intervention among
women who are overweight or obese on newborn adiposity, is
modified by paternal obesity.

Methods: Secondary analysis of a multicenter randomized
controlled trial, in which pregnant women with BMI
≥ 25kg/m2 received either Lifestyle Advice or Standard Care.
Paternal anthropometric measures included height, weight,
BMI; waist, hip, calf and mid-upper arm circumferences;
biceps and calf skinfold thickness measurements (SFTM); and
percentage body fat. Newborn anthropometric outcomes
included length; weight; head, arm, abdominal, and chest cir-
cumferences; biceps, triceps, subscapular, suprailiac, thigh, and
lateral abdominal wall SFTM; and percentage body fat.
Results: Increasing paternal BMI was associated with a sig-
nificant increase in infant suprailiac (p= 0.05) and thigh
SFTM (p= 0.04), particularly in men with BMI ≥35.0kg/m2.
The effect of an antenatal maternal dietary and lifestyle inter-
vention among women who were overweight or obese on
neonatal anthropometric measures, was significantly modified
in infants whose fathers’ BMI ≥35.0kg/m2, with a significant
reduction in infant triceps, suprailiac, and thigh SFTM, and
percent fat mass, to below that observed in offspring of lean
fathers.
Conclusion: Further research is required to determine whether
our observed associations are causal, and, if so, whether paternal
weight loss prior to conception would affect infant adiposity, as
a potential strategy to reduce the adverse intergenerational
effects of obesity.

PA1.10.02

Effect of maternal cafeteria diet and taurine
supplementation on body and organ weights of the
offspring

A. Kabasakal Çetin1, A. Güleç2, A. Akyol Mutlu2

1Hacettepe University, ANKARA, Turkey; 2Hacettepe University
Department of Nutrition and Dietetics, ANKARA, Turkey

Background: Maternal over-nutrition may disrupt the devel-
opmental process of the fetus during gestation and lactation.
Several studies demonstrate that taurine amino acid exerts
antioxidant, anti-inflammatory, antitumorigenic and hepator-
enal protective effects. The possible protective influence of
maternal taurine supplementation in the setting of maternal
over-nutrition is not well documented. This study aimed to
examine the effect of maternal cafeteria diet and/or taurine
supplementation on body and organ weights of the offspring.
Methods: Female Wistar rats were fed a control (CON) diet,
CON supplemented with 1.5% taurine in drinking water
(CONT), cafeteria diet (CAF) or CAF supplemented with
taurine (CAFT) from weaning. After 8 weeks all animals were
mated and maintained on the same diets during pregnancy and
lactation. Birth weights were recorded and bodyweights of
offspring were measured during lactation. At the end of lacta-
tion, two offspring from every dam were weaned onto a control
diet and the rest were culled. Blood and tissue samples were
taken. Major organ weights (liver, brain, kidneys and heart)
were recorded. The effect of gestational diet on maternal and
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fetal outcomes was assessed using a general linear model ana-
lysis of variance (ANOVA) (fixed factors, maternal diet and
sex). Where longitudinal data were available (for example,
weekly body weights or energy intake), the week of study was
used in a repeated-measures analysis.
Results: Birth weights of pups did not differ between groups
(p= 0.532), but male offspring’s birth weights were higher
than female offspring (CON male: 5.87 ± 0.13 g, female:
5.40 ± 0.10 g; CONT male:5.70 ± 0.11 g, female:5.36 ± 0.11
g; CAF male:5.64 ± 0.11 g, female:5.30 ± 0.12 g and CAFT
male:5.64 ± 0.12 g, female: 5.37 ± 0.11 g) (p< 0.001). Mater-
nal cafeteria diet and taurine supplementation affected body
weights during lactation and both CAF and CAFT pups were
leaner than CON and CONT pups (CON: 19.02 ± 0.25 g,
CONT: 20.30 ± 0.26 g, CAF: 16.93 ± 0.24 g and CAFT:
16.45 ± 0.23 g) (p< 0.001). An effect of maternal diet was
observed on offspring’s liver weights (relative to body weights
%) which indicated a significant reduction in CAF and CAFT
compared to CON and CONT (CON: 4.28 ± 0.07, CONT:
3.93 ± 0.07, CAF:3.45 ± 0.07 and CAFT:3.47 ± 0.06)
(p< 0.001). The relative weight of brain was significantly
heavier in CAFT than CON and CONT (CON: 3.58 ± 0.08,
CONT: 3.54 ± 0.08, CAF: 3.75 ± 0.08 and CAFT:3.97 ±
0.07) (p< 0.001). The heart was heavier in CAF offspring
compared to CON, CONT and CAFT offspring (CON:
0.51 ± 0.01, CONT: 0.52 ± 0.01, CAF: 0.56 ± 0.01 and
CAFT: 0.52 ± 0.01) (p= 0.002).
Conclusions: Maternal cafeteria diet and/or taurine supple-
mentation induced alterations in body and organ weights of off-
spring. Despite these differences, cafeteria diet supplemented
with taurine did not exert a profound protective effect on body
and organ weights. Future studies will continue to examine the
influence of maternal cafeteria diet and taurine supplementation
on physiological and metabolic changes in the offspring.
Funding: The present study was funded by the Scientific and
Technological Research Council of Turkey (TUBITAK),
Number 115S538.

PA1.10.03

DNA-methylation and body composition in pre-school
children of the CHOP study- Are methylation variants
associated with further body composition development?

P. Rzehak1, M. Covic2, R. Saffery3, E. Reischl4, S. Wahl4, V.
Grote2, M. Weber2, A. Xhonneux5, J.P. Langhendries5, N.
Ferre6, R. Closa-Monasterolo6, J. Escribano6, E. Verduci7, E.
Riva7, P. Socha8, D. Gruszfeld8, B. Koletzko2, On behalf Of
the CHOP Trial Study Group9

1Ludwig-Maximilians Universität München (LMU),
MUNICH, Germany; 2Ludwig-Maximilians Universität
München (LMU) /Dr. von Hauner Children’s Hospital,
MUNICH, Germany; 3Murdoch Childrens Research Institute /
Royal Children’s Hospital, MELBOURNE, Australia;
4Helmholtz Zentrum Muenchen / Institute of Epidemiology II,

MUNICH, Germany; 5CHC St Vincent, LIÈGE-ROCOURT,
Belgium; 6Universitat Rovira i Virgili, IISPV, REUS, Spain;
7University of Milano / Department of Pediatrics, MILANO,
Italy; 8Children’s Memorial Health Institute, WARSAW, Poland;
9European Childhood Obesity Trial Study Group, X, Germany

Background: In a recent cross-sectional epigenome-wide-
association-study (EWAS) conducted by our group in 374
pre-school children of four European countries (BE,DE, IT,
ES) 13 DNA-methylation (DNAm)-variants were found sig-
nificantly associated with body size (BMI(kg/m²), ZBMI
(WHO-z-score)) and body composition measures (fat-mass
(FM (kg)), fat-free-mass (FFM (kg)) and its height related
indices (FMI (kg/m²), FFMI (kg/m²)) at age 5.5 years. These
DNAm-variants were located in genes related to lipid and
glucose metabolism, obesity or diabetes. This study aims to
investigate whether these epigenetic marks are associated with
further growth until age 11 years.
Methods: The European Childhood Obesity Project (CHOP)
study is an ongoing prospective study with multiple anthro-
pometric measurements from birth and body composition
measures derived from bio-impedance analysis collected at age
5.5, 6, 7, 8 and 11 years. Genome wide DNAm data were
determined in whole blood for these children using the
Illumina-HumanMethylation450K BeadChip array at the age
of 5.5 years. Latent growth curve modelling (LGCM) was
applied to construct BMI, ZBMI, FM, FMI, FFM and FFMI
trajectories. We analyzed whether any of the 13 DNAm-
variants previously identified were associated with body com-
position at age 5.5 years or with respective trajectories. Analyses
were adjusted for all covariates as in the detection EWAS (6-
WBC-celltypes, 30 control probe principal components, sex,
age at blood draw, country, education). Further adjustments
were child’s birth weight, gestational age, maternal age at
delivery, pre-pregnancy BMI and smoking during pregnancy.
In the LGCM a cubic shaped trajectory with random intercept
and slope and fixed quadratic and cubic terms was specified.
The intercept and latent linear slope of each of the 6 body-size
and composition trajectories were regressed on each of the 13
DNAm-variants previously identified adjusted for the covari-
ates listed above.
Results: Except for CpG 2, 6 and 10 all DNAm-variants were
significantly associated with at least one linear slope (= velocity
of development) of some body composition trajectory. BMI
development (linear slope) was associated with CpG: 8, 9, 12
(P-values: 1.10E-04, 8.66E-07, 4.67E-02, respectively). ZBMI
slope was associated with CpG: 1, 3, 4, 5, 7, 11, 13 (P-values:
5.63E-07, 1.07E-04, 1.15E-02, 1.66E-03, 1.68E-05, 4.04E-
-02, 3.55E-02). FM slope was associated with CpG: 1, 3, 5, 8,
9, 12 (P-values: 3.12E-02, 2.74E-02, 3.93E-02, 3.44E-07,
3.36E-10, 6.67E-03). FMI slope was associated with CpG: 8,
9, 12 (P-values: 5.71E-07, 4.19E-10, 4.73E-02). FFM slope
was associated with CpG: 8, 9, 12 (P-values: 2.24E-02,
4.52E-03, 1.83E-02). FFMI slope was associated with CpG: 1,
9 (P-values: 3.49E-02, 1.79E-02).
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Conclusions: Most of the previous identified DNAm-variants
associated with body composition at age 5.5 y in our study have
long-term effects on body composition. Provided replication they
may be considered as early markers for further development of
body composition. The finding that some DNAm-variants affect
development of BMI, FM and FFM whereas others are specific
for FM may be of future interest. Assessment of epigenetic sta-
bility of these identified DNAm-variants is also required.
Funding: Commission of the European Communities, the 7th
Framework Programme, contract FP7-289346-EARLY
NUTRITION and the European Research Council Advanced
Grant ERC-2012-AdG–no.322605 META-GROWTH.

PA1.10.04

Maternal diabetes impairs fetal brown adipose tissue
development

K.N. Lin, C.C. Wang, A.S.W. Shum

The Chinese University of Hong Kong, HONG KONG,
Hongkong - China

Background: Intrauterine growth restriction is a common clin-
ical complication in babies born to women with pregestational
type 1 diabetes. Epidemiological studies show that these babies
are more prone to develop obesity and related metabolic disorders
later in life, but the mechanism remains unclear. There are
emerging evidences that brown adipose tissue (BAT) is important
not only for thermoregulation in the neonatal period, but also
plays a key role in controlling body weight and preventing obesity
in adulthood via dissipating stored chemical energy in the form of
heat. This study aims to use a mouse model to determine whether
BAT development is impaired in fetuses exposed to intrauterine
type 1 diabetes, which increases their propensity to develop
obesity and metabolic disorders in postnatal life.
Methods: Pregnancies were obtained by mating non-diabetic
male ICR mice with streptozotocin-induced diabetic or non-
diabetic female ICR mice. The interscapular BAT (iBAT)
weight and body weight of near-term fetuses at gestational day
18 (GD18), and neonates on the day of birth (postnatal day 1:
PD1) were measured. Differentiation of fetal iBAT was asses-
sed by oil Red O staining of lipids and measurement of trigly-
cerides content. As a critical component for BAT functions,
mitochondrial number and mass were determined by trans-
mission electron microscopy, MitoTracker Red staining, and
mRNA expressions of mitochondrial DNA-encoded genes
cytochrome c oxidase I (Cox1) and NADH dehydrogenase 5
(ND5). The mRNA and protein levels of the BAT-specific gene
uncoupling protein 1 (Ucp1), which sets the thermogenic
process, were measured by real-time qRT-PCR and Western
blot. Thermogenic capacity of PD1 neonates was assessed.
Offspring of diabetic dams were fostered by non-diabetic dams.
After weaning, they were challenged with a high-fat diet. The
body weight of offspring was monitored at regular intervals.
Insulin tolerance test and glucose tolerance test were conducted
at 4 months of age.

Results: The birthweight of PD1 neonates of diabetic dams
was 30% lower than that of non-diabetic dams. At GD18,
concomitant with a lower iBAT-to-body weight ratio, there
were prominently less lipid droplets and lower concentrations
of triglycerides in the iBAT of fetuses of diabetic mice. More-
over, mitochondrial number and mass were markedly reduced.
The upregulation of mRNA and protein levels of Ucp1 prior to
birth was dramatically suppressed by over 90%. In line with
these findings, the P1 neonates had significantly lower body
temperature at the interscapular region and showed reduced
capacity to maintain their body temperature. Despite having a
lower birthweight, offspring of diabetic dams that were fostered
by non-diabetic dams showed rapid catch-up growth. When
challenged with a high-fat diet, they gained more weight, and
were more insulin resistant and glucose intolerant than off-
spring of non-diabetic dams.
Conclusions: Our results show that in growth-restricted fetu-
ses of mice with streptozotocin-induced diabetes, development
of BAT is impaired. Further studies are required to determine
whether there is a link between defective BAT development
during gestation and predisposition to adiposity and metabolic
disorders in postnatal life in offspring exposed to type 1 dia-
betes in utero.

PA1.10.05

Effect of dietary lipid structure in early life improves
metabolic function of adult adipose tissue in mice

A.M.C. Baars1, L. Schipper1, M. Mischke1, M. Klein
Hazebroek2, E. van Schothorst2, E.M. van der Beek1, A.
Oosting1

1Nutricia Research, UTRECHT, The Netherlands; 2Human and
Animal Physiology,Wageningen University, WAGENINGEN,
The Netherlands

Background: The incidence of childhood obesity is increasing
worldwide and is associated with adult obesity and metabolic
disease. Environmental factors in early life, including nutrition,
have shown to impact lifelong health. For instance, breast-
feeding is associated with a reduced risk of childhood obesity
and adult metabolic disease. We developed an infant milk
formula with a complex lipid matrix (Nuturis®) more closely
resembling the lipid structure of human milk. Early life expo-
sure to Nuturis® has consistently resulted in a beneficial effect
on adult fat mass accumulation in mice. In this study we
investigated the potential underlying mechanism in adipose
tissue in more detail.
Methods: A diet containing either Nuturis® or a standard
infant milk formula (CTRL) was provided to mice from post-
natal day (PN) 15 to 42, a time period corresponding to
infancy and childhood. Subsequently, mice were challenged
with a moderate Western style diet (WSD; 40 En%) or fed a
standard rodent chow during adolescence and adulthood until
dissection at PN112. Body composition (BC) was monitored
by EchoMRI bi-weekly from PN42 to PN98. Adipocyte cell
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size and macrophage content were determined by epididymal
white adipose tissue (epiWAT) staining and epiWAT gene
expression analysis by means of microarrays at PN112.
Results: BC analysis confirmed reduced adiposity in the
Nuturis® mice after a WSD challenge, whereas no differences
were found between Nuturis® and CTRLmice after the standard
chow. Adipocyte cell size was smaller in Nuturis® compared to
CTRL mice independent of the adult diet. Nuturis® mice
showed a trend towards reduced crown-like structures and indi-
vidual macrophages infiltration in WAT after the WSD chal-
lenge, suggesting a reduced inflammation risk. In addition,
expression of genes related to metabolic function and energy
metabolism were beneficially affected in Nuturis® mice.
Conclusion: Our study showed that the reduced fat accumula-
tion in mice after aWSD in adult life was associated with selective
changes in adipocyte size, inflammatory markers and markers
related to metabolic function and energy metabolism. These
changes indicate that early modulation of epiWAT function may
contribute to the protective effects of Nuturis® on later life health.

PA1.10.06

Adult glucose dysregulation after severe prenatal food
restriction in the Dutch Hunger Winter: only partial
mediation by current body size.

L.H. Lumey1, L.C. Li1, A.D.S. Stein2, E.T. Tobi3, B.T.H.
Heijmans3

1Columbia University, NEW YORK, United States of America;
2Emory University, Rollins School of Public Health, ATLANTA,
United States of America; 3Leiden University Medical Center,
LEIDEN, The Netherlands

Background: Previous studies show that fetal exposure to the
Dutch famine of 1944-45 is associated with increased body size
and impaired glucose dysregulation in later life. The interrela-
tion of these outcomes has not yet been examined taking time
order into account.
Methods: We recruited 342 men and women in three birth
clinics in the western Netherlands whose mothers were exposed
to famine during or immediately preceding pregnancy (births
between January 1945 and March 1946); 291 men and women
born in 1943 or 1947 in the same clinics as time-controls; and
302 prenatally unexposed same-sex siblings of individuals above
as family controls. Study participants were administered a 75-g
oral glucose tolerance test after overnight fasting. We examined
baseline glucose and insulin, HOMA-IR as a measure of insulin
resistance and 2-hr post-challenge glucose. Type 2 diabetes mel-
litus (DM) was defined by a positive medical history prior to
examination or a fasting glucose concentration (≥7.0mmol/L) or
2-hr glucose concentration≥11.1mmol/L. We asked particpants
to recall their weight at age 20. Current body size was defined by
weight, body mass index (BMI), waist circumference (WC), or
sagittal abdominal diameter (SAD) at the age of examination
(~59 years). Weight gain was defined as current minus recalled
weight at age 20. We used multi-level linear and logistic

regression models to estimate the degree of glucose dysregulation
associated with famine exposure relative to controls. We used
methods proposed by Baron and Kenny to examine the relation
between weight gain, current body size and glucose dysregulation
after prenatal famine exposure.
Results: Prenatal famine exposure was not related to recalled
weight at age 20. In agreement with previous studies, famine
exposed subjects had higher levels of fasting glucose (0.19mmol/
L; 95% CI: 0.05 to 0.33), 2-hr glucose (0.37mmol/L; 95% CI:
0.03 to 0.71), and insulin resistance (log HOMA-IR units) (0.09;
95% CI: 0.00 to 0.18); they also had an increased odds for DM
(OR= 2.20; 95% CI: 1.34 to 3.60). After adjustment for BMI
(or WC or SAD) these estimates reduced to 0.13mmol/L (95%
CI: -0.01 to 0.27), 0.27mmol/L (95% CI: -0.06 to 0.61), and
0.01 log HOMA-IR units (95% CI: -0.07 to 0.09) respectively.
The odds for DM remained elevated (OR=1.86; 95% CI: 1.13
to 3.06) after adjustment for BMI. DM prevalence among the
exposed was 18.7%. Adjustment for recalled weight had no
impact on glucose outcomes.
By contrast, adult weight gain and current body size mediated a
significant proportion of the famine effects on fasting and 2hr
glucose (20-50%), HOMA-IR (60-90%), and DM (15-25%)
(Figure). We confirmed our results in sibling pairs.
Interpretation: The increase in body size after age 20 as
expressed by weight gain or current body size is an important
mediator of glucose dysregulation after prenatal famine but
provides only a partial explanation of long-term health effects.
Further studies should therefore also include glucose handling
and pancreas functions in famine-exposed individuals that are
independent of body size.

Mediation of famine effects on current glucose by past weight
gain and current body size.

PA1.10.07

Prenatal exposure to phthalates in relation to epigenetic and
metabolomic markers in a birth cohort with high risk of obesity

N. Holland, G.T. Tindula, K. Huen, K. Harley, B. Eskenazi

University of California, Berkeley, BERKELEY, United States of
America
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Background: The prospective nature of birth cohort studies and
wealth of epidemiological data and biological samples provide
unique opportunities to address effects of early life exposures on
health outcomes later in life in light of the DOHaD paradigm.
Several lines of evidence highlight phthalates as potential key
obesogens. Epigenetic mechanisms attract increasing attention as
a potential link between the genetic and environmental deter-
minants of health. We aimed to study the relationship of prenatal
exposure to phthalates with epigenetic modifications and obesity
in children from birth through adolescence.
Methods:Urinary phthalate metabolites were measured during
pregnancy in 400 women from the CHAMACOS study, an
ongoing longitudinal birth cohort of low-income Mexican-
Americans from California. We characterized DNA methyla-
tion using 450K Infinifum BeadChips, pyrosequencing of
imprinted genes as well as LINE-1 and Alu repeats in blood
collected from children at several time-points. Expression of
human miRNAs was measured by Next Generation Sequen-
cing using the novel HTG platform. Health outcomes included
length of gestation, birth weight, and obesity and metabolic
health parameters through age 14 years.
Results: Maternal phthalate concentrations in CHAMACOS
women were similar to other US and European cohorts, and were
correlated with several markers identified by targeted metabo-
lomics. More than 55% of CHAMACOS children aged 9-14
years were overweight or obese. Phthalate metabolites were asso-
ciated with child BMI Z-score, waist circumference, isoprostane
and adipokine levels. miRNA expression and DNA methylation
differed by sex and were also associated with phthalate exposure
and prenatal factors after adjusting for blood cell composition.
Conclusions: Our findings provide evidence that in utero expo-
sure to phthalates may contribute to obesity development in
children. Furthermore, the relationship of prenatal phthalate
exposure with altered DNA methylation and miRNA profiles
suggest epigenetics as a potential molecular pathway through
which prenatal exposure can affect obesity in children at older
ages. Unlike genetics, epigenetic mechanisms could be reversible
and understanding their role may lead to better protection of
pregnant women and children, and improved public health.

PL1.02 – Mechanistic studies in DOHaD

PL1.02.01

Exploring mechanisms and examples of paternal epigenetic
inheritance

S. Kimmins1,2, K. Siklenka2, A. Lismer2, R. Lambrot1

1McGill University, Department of Animal Science, Montreal,
Quebec, Canada; 2McGill University, Department of
Pharmacology and Therapeutics2, Montreal, Quebec, Canada

Multiple reports, some more convincing than others, describe how
paternal and even grandparental exposures can impact the pheno-
types of un-exposed offspring. This intergenerational or transge-
nerational inheritance occurs through non-DNA based

mechanisms and has been termed epigenetic inheritance. Despite
the now numerous studies demonstrating the phenomena of
transgenerational inheritance, following dietary, toxicant and even
stress exposures, there remain significant questions about the nat-
ure of the mechanism(s) responsible for the transmission of these
environment- induced defects between generations. We do know
that for such transmission to occur, it must involve mechanisms
that operate in the germline. To date, histones, DNA methylation
and non-coding RNA have been implicated in transgenerational
inheritance. The sperm epigenome is highly unique in comparison
to the oocyte; the majority of histones are replaced with sperm-
specific nucleoproteins, the protamines. In mice and men about
1% and 10% of histones are retained respectively primarily at CpG
rich regions. Sperm is also highly enriched in noncoding RNA and
has a unique DNA methylome where in general regions that are
enriched for histones tend to be hypomethylated. We will discuss
how alterations in the epigenome (epimutations) might resist
extensive epigenetic reprogramming that takes place during the
normal development of the germ line between generations. In the
workshop we will explore examples of epigenetic inheritance, the
mechanisms involved, the technological limitations and how we
can best study epigenetic inheritance in the future.

PL1.02.02

Programming by maternal over-nutrition: a developing
obesity crisis

S. E. Ozanne

University of Cambridge, CAMBRIDGE, United Kingdom

Obesity prevalence is increasing in both the developed and
developing world in all age groups within the population
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including women of childbearing age. In many countries, such as
the UK, over half of women are now overweight or obese during
pregnancy. This is of concern as growing evidence suggests that
developing in utero in an obesogenic environment not only has
short term detrimental effects for both mother and baby but also
has long-term effects on the metabolic and cardiovascular health
of the child later in life. This evidence has been gained from
studies in both humans and in a range of animal models. The
strongest evidence from humans to suggest that development in
utero in an obesogenic environment “programmes” increased risk
of obesity and cardio-metabolic disease has come from the study
of siblings born before and after maternal bariatric surgery. These
revealed that the sibling born post-surgery when the mother was
leaner had reduced adiposity, lower blood pressure and increased
insulin sensitivity compared to their sibling born prior to maternal
weight-reducing surgery. Studies in animal models have been key
in showing that these relationships are causal and in defining
underlying mechanisms.We have used amouse model of maternal
diet-induced obesity to define the mechanisms by which obesity
during pregnancy impacts on the long-term cardio-metabolic
health of the offspring. These studies have demonstrated that the
offspring of obese dams develop insulin resistance, cardiac dys-
function, hypertension and fatty liver when weaned onto a healthy
low fat diet and have a normal body weight. Offspring of obese
dams are also more susceptible to diet-induced obesity which can
exaggerate the programmed phenotype. Studies in animal models
have also helped in the identification of key factors associated with
obesity during pregnancy that mediate programmed effects in the
offspring. Our studies have identified maternal insulin as a key
“programming” factor and highlight it as an important target of
intervention studies such as those involving increased maternal
physical activity. These studies therefore provide important insight
in strategies for prevention of transmission of obesity from mother
to child and thus reduce the burden of some of the most common
non-communicable diseases of the 21st century.

PL1.02.03

Genetics of birth weight and later life diseases

R.M. Freathy

University of Exeter, EXETER, United Kingdom

Individuals with birth weights approaching the lower and
upper ends of the population distribution are more at risk of
adverse neonatal and later-life health outcomes than those of
average weight. The factors influencing birth weight are com-
plex and involve both maternal and fetal genetic contributions
in addition to the environment. Genome-wide association
studies have identified more than 60 regions of the genome in
which common genetic variants are robustly associated with
birth weight. This presentation will describe the most recent
genome-wide association studies of birth weight. These include
analyses of both fetal and maternal genetics, which have pro-
vided biological insights into important intrauterine factors and
relevant pathways, in addition to estimates of the genetic

contribution to the inverse observational associations between
birth weight and later life diseases. The findings, their limita-
tions, and future directions will be discussed.

PA1.11 – Experimental fetal and neonatal methods

PA1.11.01

Consequences of fetal hypoxia: Does it all come down to
timing, duration and severity?

J. Morrison1

1University of South Australia, Adelaide, Australia

The complex developmental trajectory of fetal growth and devel-
opment requires adequate oxygen delivery throughout gestation.
Interruption of that oxygen supply may be brief, repetitive or
sustained, and may occur at any time, thus producing a spectrum
of pathophysiological responses that have implications for the
fetus’ immediate and long-termwellbeing. Detailed animal studies
allow dissection of how timing, duration and severity of a
hypoxemic insult modifies fetal and postnatal health. This insight
may lead to different interventional approaches in babies or chil-
dren that were exposed to different types of hypoxemia. This talk
will include examples of cardiopulmonary adaptation to fetal
hypoxemia and suggest potential therapeutic strategies.

PA1.11.03

Consequences of fetal and neonatal adaptation to a hypoxic
environment

I.K.M. Reiss

ErasmusMC-Sophia, ROTTERDAM, The Netherlands

Reduced oxygenation of the placenta is linked to severe compli-
cations including intra-uterine growth retardation and pre-
eclampsia. Despite reductions in systemic oxygen supply, the
fetus is able to cope with physiologic hypoxic conditions. A
similar reduction in systemic oxygen supply occurs at high alti-
tude, making high altitude a good model for hypoxia research.
While many studies have addressed the hypoxic placenta’s vas-
cular remodeling and metabolic changes, data on the mature fetal
adaptation to a hypoxic environment are scarce. We will present
data on microvascular density in healthy term neonates born to
mothers living at high altitude during pregnancy.We were able to
demonstrate that microvascular density was 14% higher than in
neonates born at sea level, pointing towards a possible adaptive
fetal strategy to cope with reduced oxygenation. In preterm
infants born too small for gestational age, most often caused by
more extreme hypoxic conditions, total vessel density is also sig-
nificantly higher soon after birth.We can speculate that enhanced
microvascularization is a general adaptive mechanism that might
be induced by hypoxia driven stabilization of hypoxia inducible
factors (HIF) 1 and 2. Physiological adaptive processes (maternal,
fetal and neonatal) to a hypoxic environment as well as their short
and long-term consequences will be discussed.
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PA1.11.05

Sex-specific programming of cardiac bioenergetics by
chronic hypoxic pregnancy and mitochondria-targeted
antioxidant therapy

A.M. Spiroski1, M.P. Murphy2, A.J. Murray3, D.A. Giussani3

1University of Cambridge, CAMBRIDGE, United Kingdom;
2MRC Mitochondrial Biology Unit, CAMBRIDGE, United
Kingdom; 3Department of Physiology, Development &
Neurosciece, CAMBRIDGE, United Kingdom

Background: Fetal cardiac mitochondria are exquisitely sensitive
to oxygen availability, and adapt to prenatal hypoxia predominantly
via Complex I (CI) to maintain ATP production throughout
gestation (Neary, et al. J Mol Cell Cardiol. 74:340-52, 2014).
However, chronic fetal hypoxia induces oxidative stress, increasing
the risk of cardiovascular pathology in adulthood (Giussani &
Davidge. J Dev Orig Health Dis. 4:328-37, 2013). The
mitochondria-targeted antioxidant MitoQ is protective against
oxidative stress in the adult (Smith, et al. Ann NY Acad Sci 1201
(1):96-103, 2010), but its applicability as a prenatal intervention
has not been investigated. Thus, the aims of this study were to
determine sex-specific cardiac bioenergetics in adult offspring of
hypoxic pregnancy, and the effects of prenatal MitoQ intervention.
Methods: Pregnant Wistar dams were exposed to normoxia (N;
21% O2) or (hypoxia (H; 13% O2) from 6-20 days gestation ±
MitoQ (NM and HM, respectively) provided at 200μM in
drinking water. Offspring were maintained in normoxia until
4 months of age. Mitochondrial respiration was assessed in per-
meabilised cardiac muscle fibres of female (N, n= 12-18; H,
n= 9-12; HM, n= 5-8; NM, n= 8-13) and male (N, n= 5-8;
H, n= 6-7; HM, n= 5-7; NM, n= 6-8) offspring with a Clark-
type oxygen electrode. Mitochondrial oxygen consumption
(nmol O2 ·min-1 ·mg wet weight-1) was measured by the addi-
tion of CI (pyruvate; PY) and β-oxidation (palmitoylcarnitine;
PC) substrates, with malate (PY-M and PC-M, respectively), in
the absence (State 2; S2) and presence (State 3; S3) of ADP;
respiratory control ratios (RCRs) were calculated. Following CI
and CIII inhibition (rotenone + antimycin a), CIV was mea-
sured in S3 with the electron donor N, N, N’, N’-tetramethyl-
p-phenylenediamine and ascorbate (TMPD-A).
Results: Cardiac mitochondria of male, but not female adult
hypoxic offspring, showed an increase in pyruvate-mediated CI
oxygen consumption and decreased RCR, with the latter
improved by prenatal MitoQ treatment (Fig. 1A). Hypoxia
increased CI palmitoylcarnitine-mediated β-oxidation RCR in
males, which was restored by MitoQ treatment (Fig. 1B).
Prenatal MitoQ treatment also reduced β-oxidative coupling
and S3 CIV oxygen consumption in both sexes of treated and
untreated pregnancy (Fig. 1B and C).
Conclusions: Prenatal hypoxia programmes sex-specific altera-
tions in cardiac mitochondrial respiration in adult offspring.Whilst
female offspring of hypoxic pregnancy appear protected, males have
poorer CI and β-oxidative coupling. Prenatal MitoQ treatment in
hypoxic pregnancy may improve pyruvate-mediated CI coupling

and β-oxidative uncoupling in hearts of male offspring. Prenatal
MitoQ treatment in any pregnancy may also reduce CIV oxygen
consumption in adult offspring of both sexes. Therefore, prenatal
MitoQ treatment in pregnancymay reduce cardiac oxygen demand
in adult offspring, shifting mitochondrial bioenergetic flux through
anaerobic pathways. Figure (A) Pyruvate (PY), PY with malate
RCR (PY-MRCR), (B) palmitoylcarnitine (PC), with malate RCR
(PC-M RCR), and (C) S3 TMPD with ascorbate (TMPD-A).
Data are means ± SEM for female and male offspring (N, white;
H, black; HM, grey; NM, hashed). Statistical differences are
(p<0.05): * main effect of hypoxia; † main effect of MitoQ;
hypoxia x MitoQ interaction indicated by brackets (Two-Way
ANOVA with Tukey’s post-hoc comparison).
Supported by the British Heart Foundation

PA1.11.06

Low level arsenic exposure during pregnancy in 3xG cohort
in Flanders: increased maternal oxidative stress and reduced
birth weight

N.R.J. Lambrechts1, E. Govarts1, B. Morrens2, E. Den Hond3,
A. Colles1, M. De Soomer1, V. Nelen3, I. Loots2, D. Stappers3,
E. Van de Mieroop3, G. Schoeters1

1VITO, MOL, Belgium; 2University of Antwerp, ANTWERP,
Belgium; 3Provinciaal Instituut voor Hygiëne, ANTWERP, Belgium

Increasing epidemiologic evidence indicates that even low level
arsenic (As) exposure affects adverse pregnancy outcomes. The
adverse outcome pathways from As exposure during pregnancy
need further clarification.
This study investigates whether urinary As species and As
methylation efficiency are associated with oxidative stress dur-
ing pregnancy and birth weight in 151 mother-child pairs of
the 3xG cohort in Flanders, Belgium (2012-2015).
Urine samples were collected between 25 and 35 weeks of gestation
and different As species (inorganic As (iAs; As(III), As(V)), mono-
methylAs acid (MMA) and dimethylAs acid (DMA)) were mea-
sured usingHPLC-IC-MS.Multiple linear regression analyses were
performed to evaluate the associations between As exposure and
oxidative stress, measured by the amount of 8-hydroxy-2′-deox-
yguanosine (8-OHdG, ln-transformed) in the same urine samples
(ELISA), as well as birth weight. The associations for 8-OHdG
were adjusted for age and smoking before sample collection, and
those for birth weight for age and BMI of the mother, gender of the
baby, gestational age, and smoking during pregnancy.
With increasing levels of MMA levels, urinary 8-OHdG
concentrations increased with 24% (μg/l) (95% CI= 0.5-
51.7%), while the birth weight decreased with -176,71 g
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(-337.84; -15.59). Further, a decreasing trend between the sec-
ondary methylation index (=DMA/MMA) and 8-OHdG was
found (β= 0,998 (95% CI= 0.996-1.000)). No significant
associations were observed for SMI and birth weight, and for iAs,
DMA and the primary methylation index (=MMA/iAS) with 8-
OHdG as well as birth weight. Together, these data indicate that
in a region with a relatively low environmental As burden, oxi-
dative stress during pregnancy is associated to the toxic metabolite
MMA and with less efficient As detoxification efficiency. Fur-
thermore, this same monomethylated As-species seems to affect
the birth weight of these women’s children. This underscores the
risks of low level As exposure to vulnerable populations. The 3xG
study is part of the cAT project, funded by NIRAS and the local
partnerships MONA and STORA.

PA1.11.07

Effect of maternal antioxidant MitoQ treatment on aged
offspring cardiovascular function in a rat model of
intrauterine growth restriction (IUGR)

M. Aljunaidy1, J.S. Morton1, R. Kirschenman1, P. Case2,
C.L.M. Cooke1, S.T. Davidge1

1University of Alberta, EDMONTON, Canada; 2University of
Bristol, BRISTOL, United Kingdom

Introduction: A suboptimal environment in fetal life is linked to
cardiovascular disease in adult life. One of the central factors
which impacts development of the fetus is a hypoxic environ-
ment. Maternal hypoxia can lead to placental oxidative stress and
abnormal cardiovascular function in the offspring. Mitochondria
are a major source of oxidative stress in the placenta. We propose
to target placental oxidative stress using the mitochondrial anti-
oxidant MitoQ. MitoQ will be loaded into nanoparticles to
restrict treatment to the placenta and prevent MitoQ from
crossing the placental barrier to the fetus. Our preliminary data
have shown that nanoparticles can reach the labyrinth zone of the
placenta but do not cross to the fetus (due to the size and charge
of the nanoparticles). We have also shown that maternal treat-
ment with MitoQ loaded into nanoparticles can prevent the
placental oxidative stress caused by hypoxia. However, the long
term effect of this treatment on preventing fetal programming of
cardiovascular disease awaits investigation. We hypothesize that
placental targeted MitoQ treatment may prevent the develop-
ment of cardiovascular disease in aged offspring.
Methods: Pregnant rats were injected with either MitoQ loa-
ded nanoparticles (nMitoQ; 125 μM) or saline via tail vein on
gestational day (GD) 15. Rats then were subdivided into two
groups exposed to either hypoxia (11% O2) or normoxia (21%
O2) from GD 15-21 (term; 22 days). At 13 months of age,
blood pressure (tail-cuff plethysmography), in vivo cardiac
function (echocardiography) and vascular function (wire
myography) were assessed in both male and female offspring. A
2-way ANOVA was used for analyses.
Results: Assessment of cardiac function demonstrated that
hypoxia led to diastolic dysfunction in male and female

offspring. Treatment with nMitoQ did not improve diastolic
function in male offspring but did improve diastolic function in
both normoxic and hypoxic female offspring by increasing the
E wave velocity (MV E: normoxia/saline: 847 ± 60mm/s vs.
normoxia/nMitoQ: 1204 ± 162mm/s and hypoxia/saline:
844 ± 75mm/s vs. hypoxia/nMitoQ: 929 ± 88mm/s; P=
0.02). Hypoxia had no effect on ex vivo mesenteric artery
sensitivity to phenylephrine (PE) in either male or female off-
spring. nMitoQ, however, increased sensitivity to PE in male
offspring from normoxic and hypoxic pregnancies (pEC50 PE:
normoxia/saline: 5.54 ± 0.05 vs. normoxia/nMitoQ:
5.66 ± 0.03 and hypoxia/saline: 5.69 ± 0.08 vs. hypoxia/nMi-
toQ: 5.88 ± 0.03; P= 0.0001). This effect was not seen in
female offspring. While hypoxia did not alter ex vivomesenteric
artery sensitivity to the vasorelaxant methacholine (MCh) in
male offspring, sensitivity to MCh was increased by treatment
with nMitoQ. In female offspring, hypoxia reduced mesenteric
artery sensitivity to MCh and nMitoQ increased it in both
normoxic and hypoxic female offspring. Neither hypoxia nor
nMitoQ altered blood pressure.
Conclusion: Using nanoparticles to target the antioxidant
treatment (MitoQ) to the placenta in mid gestation can alter
cardiovascular function in offspring later in life. This was illu-
strated by reversal of an aging effect on vascular function in
male offspring. MitoQ was shown to increase mesenteric artery
sensitivity to vasoconstriction, increase the sensitivity to
vasorelaxation in male and female offspring and improve dia-
stolic function in female offspring.

PA1.11.08

How safe is ART? Effect of in vitro fertilisation (IVF) and
prolonged embryo culture on mouse development and
postnatal health

A.R. Aljahdali1, I.R. Khalif2, B. Sheth1, M. Velazquez3,
K. Wallen1, C. Osmond1, N. Smyth1, T.P. Fleming1, J. Eckert1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2University Malaya, MALAYSIA, Malaysia; 3Newcastle
University, NEWCASTLE, United Kingdom

Since the advent of IVF (in vitro fertilisation), several million
babies have been born worldwide. However, reports link
in vitro techniques with adverse short and long-term health
outcomes. Using a mouse model, we investigated the effect of
IVF and duration of culture on blastocyst development and cell
number and the postnatal health of offspring. Experimental
groups (8-13 litters each): NM (natural mating, non-super-
ovulated); IV-ET-2Cell (2-cell embryos derived in vivo from
superovulated mothers (SOM) and immediately transferred
(ET) to recipients; IV-ET-BL (blastocysts derived in vivo from
SOM and immediate ET); IVF-ET-2cell (2-cell embryos gen-
erated by IVF from SOM, short culture and ET); IVF-ET-BL
(blastocysts generated by IVF from SOM, long culture and
ET). IVF blastocysts after prolonged culture developed slower
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and comprised reduced trophectoderm and ICM cell numbers
compared with in vivo generated blastocysts (P< 0.05; n= 50-
87 per treatment). IV-ET-2Cell (n= 57), IV-ET-BL (n= 47),
IVF-ET-2Cell (n= 75) and IVF-ET-BL (n= 42) groups
compared with NM controls (n= 80), showed increased body
weight, increased Systolic blood pressure SBP, impaired GTT
and abnormal organ:body weight ratios in both genders
(P< 0.05), independent of litter size. SBP and Angiotensin
Converting Enzyme (ACE) for IVF-ET-BL males was
increased compared to IV-ET-BL males. SBP for IVF-ET-BL
males was increased compared to IVF-ET-2Cell males. SBP for
IVF-ET-BL males at week 21 was positively correlated with
lung (ACE). However, glucose concentration 2 hours after
glucose injection and AUC (area under curve) in male IVF-ET-
BL was reduced compared with IVF-ET-2Cell males. Serum
insulin for IVF-ET-BLmales was significantly reduced compared
with IVF-ET-2Cell, but serum glucose and G:I ratio did not
show any significant differences. No differences were evident
between the four treatments groups for females. We conclude
that reproductive treatments affect the development and potential
of preimplantation embryos, influencing postnatal development
and physiology compared with undisturbed reproduction. In
particular, prolonged embryo culture, with normalised SO, IVF
and ET, may adversely affect male offspring cardiovascular but
improve the metabolic profile compared with short culture,
However, female health is less sensitive.

PA1.12 - Folate and other nutrients

PA1.12.01

Life course evolution of vitamin B12 deficiency in young
rural Indian adults

C.S. Yajnik1, D.S. Bhat1, S.J. Joshi1, T.L. Limaye1,
S. Bandyopadhyay2,G.Chandak3, S.Nongmaithem3, C.H.D. Fall4

1King Edward Memorial Hospital Research Centre, PUNE,
India; 2Indian Institute of Public Health, HYDERABAD, India;
3Centre for Cellular and Molecular Biology, HYDERABAD,
India; 4MRC LEU, SOUTHAMPTON, United Kingdom

Background:Vitamin B12 (B12) is an important regulator of
1-C metabolism and therefore, crucial for fetal growth and
development. Maternal vitamin B12 deficiency has been
shown to increase risk of fetal neural tube defects, impaired
brain development, and programming of adiposity and insulin
resistance. B12 deficiency is common in Indians. There are few
studies addressing the ‘lifecourse’ evolution of B12 status. Pune
Maternal Nutrition Study (PMNS) offers a unique opportunity
to study these factors.
Methods: PMNS is a preconceptional birth cohort set in 6 vil-
lages around Pune. Mothers were investigated before and during
pregnancy, babies at birth, and both parents and the child serially
at 6, 12 and 18 years after delivery. Measurements included
socio-economic status (SES), body size and composition, nutri-
tion, and hematological and biochemical-metabolilc parameters

(B12, folate and homocysteine). A genetic risk score (GRS) was
calculated for B12 deficiency based on 8 significantly associated
SNPs in a GWAS. We used Generalised Estimating Equations
(GEE) to investigate the associations of B12 deficiency (plasma
B12< 150 pmol/L) in 18 year old children.
Results: In Children, mean plasma B12 concentrations progres-
sively decreased (224, 188 and 139pmol/L at 6, 12 and 18 years
of age, respectively) and B12 deficiency correspondingly increased
(16%, 24% and 58% respectively). Children had higher rates of
B12 deficiency at 18 years (58%) compared to their parents
(mothers: 34%, fathers: 51%). Folate status was normal and
remained stable. Plasma homocysteine concentration progressively
increased from 12 to 18 years (mean 11.7 and 26.3 μmol/L) and
27% and 89% were hyperhomocysteinemic, respectively.
During pregnancy, ~ 65% of the mothers of these children
were B12 deficient, a third were hypehomocysteinemic and
90% had elevated methyl malonic acid (MMA) concentration.
Folate status was adequate.
B12 deficiency in the child was related to genetic risk score
(based on CUBN, FUT2, FUT6, MMAA, TCN1 and TCN2
genotypes), lower maternal B12 at 28 weeks gestation, lower
parental B12 status during post-partum period, increasing age
of the child, and with larger body size, lower milk consump-
tion, and lower WBC count.
Conclusion: This is the world’s first lifecourse description of
the evolution of vitamin B12 deficiency in a very deficient
population. Genetic factors contributed significantly but there
is a clear evidence for environmental contribution. Lower
maternal transfer during pregnancy, rapid childhood and
pubertal growth, post-natal family environment including low
dietary intake of milk and better hygiene seem to be important
contributory factors. These factors should be considered in the
public health policy to improve B12 status of Indians to reduce
incidence of NTDs, and fetal programming of diabetes and
related disorders.

The inter-generational and life course evolution of vitamin
B12 status
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PA1.12.03

The impact of periconceptional folic acid on reproduction,
care and health

R.P.M. Steegers-Theunissen

Department of Obstetrics and Gynaecology, and Paediatrics /
Division of Neonatology; Erasmus MC, University Medical
Centre, The Netherlands

Reproduction is associated with health and non-communicable
disease risks in later life. A multitude of genetic and environmental
factors, including the B vitamin folic acid (here synthetic and nat-
ural form), are involved and influence the pathways and underlying
molecular biological mechanisms. TheWHO recommendation of
the periconceptional maternal use of folic acid supplements to
prevent neural tube defects, stimulated the research on the impact
of folic acid on other reproductive failures, such as subfertility, fetal
growth restriction, preeclampsia, and diseases occurring in post-
natal life, such as asthma, cancer, cardiovascular and psychiatric
diseases. Folic acid is essential for the provision of one-carbon
moieties for the synthesis of proteins, lipids, DNA and RNA, and
themethylation of chromatin. Vegetables and fruits are rich sources
of folic acid of which the intake is adequate in less than 20% of
couples in reproductive ages. In addition to the increased folic acid
requirements during the periconception period as a consequence of
rapid growth and numerous cell divisions, the prevalence of folic
acid shortage is also very high in the reproductive population. In
the first part of this presentation an overview will be given of the
latest evidence of the impact of periconceptional folic acid on fer-
tility and embryonic- and fetal health. As researchers we have the
responsibility to implement our research findings in patient care
and society. Because of the overwhelming evidence of the impact of
the inadequate intake of folic acid supplements, vegetables and
fruits on reproduction as well as disease risks later in life, we laun-
ched in 2011 the mHealth coaching programme ‘Smarter-
Pregnancy’ (www.smarterpregnancy.ac.uk, www.slimmerzwanger.
nl). This personalized and individual programme empowers cou-
ples to increase the intake of folic acid (woman only), vegetables
and fruits during the preconception and pregnancy period. Fol-
lowing the significant results of the survey using ‘Smarter Preg-
nancy’ as intervention, first data will be presented of the
randomized controlled trial conducted in the general population
and IVF/ICSI population, in the second part of this presentation.
Since mHealth has the potential to reach and educate a large
population, the great opportunities of a life course approach of
adopting healthy nutrition and lifestyle from the preconceptional
period onwards will be addressed.

PA1.12.05

Advanced glycation end products-rich diet during
pregnancy affects early somatic and motoric development
and metabolic status of offspring in mice

K. Sebekova1, R. Gurecka1, I. Koborova1, M. Csongova1,
K. Jansakova1, L. Tothova1, V. Somoza2, P. Celec1

1Comenius University Medical Faculty, BRATISLAVA, Slovak
Republic; 2Faculty of Chemistry, University of Vienna, VIENNA,
Austria

Background: In thermally processed foods, advanced glycation
end products (AGEs) are formed by non-enzymatic reaction
between proteins and reducing sugars. Ingested AGEs are par-
tially absorbed into circulation. Current evidence support that
AGEs are maternally transferred to fetus. Consumption of
AGE-rich diet associates with negative metabolic effects, and
behavioral changes in adult rodents, and age-related changes,
and pathology in humans. Since maternal diet may affect
postnatal development of offspring, and their susceptibility to
metabolic disturbances, we investigated whether consumption
of AGE-rich diet by dams during pregnancy affects early
development of offspring, and their metabolic status later in
young adulthood.
Methods:C57BLmice had during pregnancy ad libitum access
either to a standard rat chow (CTRL), or AGE-rich diet (AGE,
75% standard rat chow/25% bread crusts, wt/wt). After
delivery, both groups of dams received a standard diet. In off-
spring, somatic, motoric, and neurological reflexes develop-
ment (eye opening, ear unfolding, incisor eruption, ear twitch-,
eyelid-, and auditory startle- reflexes, forelimb/hindlimb grasp,
negative geotaxis, air and surface rightning, rope suspension)
were monitored until weaning (day (D)21). After weaning,
offspring (CTRL: n= 18; BC: n= 13) were placed on a stan-
dard diet. At D80, offspring’s metabolic status was tested.
Results: Both groups of dams consumed similar amounts of
food during pregnancy or lactation. Body weight of newborn
(D3) or weaned (D21) offspring of CTRL and AGE dams did
not differ significantly. At D80, male offspring of AGE dams
were significantly heavier (p< 0.02) compared with their
CTRL counterparts. Offspring of AGE dams developed ear
twitch (11.5 ± 1.1 day vs. 12.3 ± 0.8 day, p< 0.026), eyelid
(15.1 ± 0.8 day vs. 15.8 ± 0.9 day, p< 0.042), and auditory
startle (13.6 ± 1.1 day vs. 14.8 ± 1.3 day, p< 0.012) reflexes
earlier comparing with their counterparts from CTRL dams.
They also performed surface rightning within 1 second earlier
(11.4 ± 2.2 day vs. 13.7 ± 1.8 day, p< 0.004). In young adult
mice, blood pressure, renal function, and measures of oxidative
status did not differ significantly between the groups. Offspring
of AGE dams maintained similar glycemia to that of their
CTRL counterparts with significantly higher insulin levels,
resulting in lower insulin sensitivity (HOMA: 8.8 ± 7.2 vs
3.6 ± 1.8, p< 0.026). At sacrifice, both groups of offspring
presented similar AGEs-associated fluorescence of plasma. A
trend towards lower levels of soluble receptor for AGEs -
sRAGE - was observed in AGE offspring (648 ± 156 pg/ml vs.
553 ± 131 pg/ml, p= 0.07). No significant between-group
difference in heart-, liver-, and kidney-to-body weight ratio;
liver cholesterol or triacylglycerols content was revealed.
Conclusions: In mice, a maternal AGE-rich diet (even if con-
sumed solely during pregnancy) may affect early somatic and
motoric development of offspring; and their insulin sensitivity
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in later life, even if offspring consume a standard diet after
weaning. Further work is needed to determine the under-
pinning mechanisms by which a maternal AGE-rich diet
adversely affects neurobehavioral and metabolic pathways in
offspring.

PA1.12.06

Maternal genetic polymorphisms affect plasma vitamin B12
levels during pregnancy and impact the neonatal
epigenome

N. Karnani1, L. Chen1, A. Sampathkumar1, G. Min1,
S. Barton2, R. Murray2, K. Lillycrop2, A. Teh1, M. Kobor3,
M. Chong1, H. Inskip2, K.H. Tan4, Y.S. Chong1,
P. Gluckman1, I. Zolezzi5, K. Godfrey2, A. Binia5

1Singapore Institute for Clinical Sciences, A*STAR,
SINGAPORE, Singapore; 2University of Southampton,
SOUTHAMPTON, United Kingdom; 3University of British
Colombia, VANCOUVER, Canada; 4KK Women’s and
Children’s Hospital, SINGAPORE, Singapore; 5Nestlé Research
Center, LAUSANNE, Switzerland

Background: Vitamin B12 status during gestation can affect
health outcomes for both mother and the offspring. Investi-
gating genetic polymorphisms that affect vitamin B12 level
during pregnancy can help understand the link between
nutrition, genetics and pregnancy outcomes. Here we present
the first Genome Wide Association Study (GWAS) of vitamin
B12 concentrations during pregnancy and its influence on the
neonatal methylome.
Methods: In a prospective mother-offspring multi-ethnic
cohort study, Growing Up in Singapore Towards healthy
Outcomes (GUSTO), we performed a Genome-Wide
Association Study (GWAS) to identify the genetic risk var-
iants associated with B12 insufficiency during pregnancy. All
mothers (N= 938) were genotyped using the Illumina
omniexpress + exome array. Relevant covariates/confounders
were adjusted for in the statistical models. Pyrosequencing was
used to analyze additional SNPs in the gene locus of interest.
Replication of the top gene variants was performed in an
independent cohort, the Southampton Women’s Survey
(SWS) (N= 1755). Downstream effects of genotype depen-
dent maternal B12 insufficiency on neonatal methylome
(n= 883) were interrogated by methylation profiling of cord
tissue by using Infinium HumanMethylation 450 arrays.
Results: We found 4 genetic risk variants within/near the
Fucosyltransferase (FUT) genes associated with maternal
plasma B12 levels at genome-wide significance (P < 5.00E-8).
Two of these variants, located in the FUT2 coding region and
FUT6 promoter (4bp from Transcription Start Site (TSS)),
have been previously linked to B12 deficiency in Chinese
populations, while the remaining two variants located in coding
sequence of FUT3 and FUT6 promoter (1614bp from TSS)
were novel findings. We also found FUT3 and FUT6 variants
to be in strong linkage disequilibrium with each other. Similar

to FUT2 mutations, vitamin B12 levels increased with the
increase in minor allele dosage for FUT3 and FUT6 poly-
morphisms. The significance of FUT genes on maternal B12
concentrations replicated in the SWS independent cohort. A
more intricate analysis of the FUT polymorphisms identified
ethnic diversity in the vitamin B12 linked genetic risk variants
found in Asians vs Caucasians. In the GUSTO cohort we
interrogated the downstream effects of maternal B12 insuffi-
ciency on infant outcomes and found it to impact perinatal
methylation at 6 CpGs (FDR< 0.05). Of all the FUT muta-
tions, FUT2 missense mutation was the most significant factor
explaining the variation in neonatal epigenome, especially in
the biological pathways involved in cardiac development and
neurophysiological function. Segregation analysis of the FUT2
polymorphism identified the secretor genotype (AA and AT) to
be associated with a greater influence of maternal vitamin B12
concentration on perinatal methylation compared to the non-
secretor form (TT).
Conclusion: Our findings indicate that genetic polymorph-
isms in FUT genes are linked with B12 concentrations during
pregnancy. There is ethnic diversity in these genetic poly-
morphisms, and maternal FUT2 secretor status can play a role
in regulating the sensitivity of the fetal methylome to sub-
optimal plasma B12 levels in utero.

PA1.12.07

Exposure to low-dose vitamin D from fortification in
prenatal life and risk of childhood asthma: Results from the
D-Tect study

F. Thorsteinsdottir1, E. Maslova2, P. Frederiksen3,
R. Jacobsen3, B.L. Heitmann3

1Bispebjerg and Frederiksberg Hospital, FREDERIKSBERG,
Denmark; 2Department of Epidemiology Research, Statens Serum
Institut, COPENHAGEN, Denmark; 3The Parker Institute,
Bisbebjerg and Frederiksberg Hospital, FREDERIKSBERG,
Denmark

Background: Prenatal vitamin D insufficiency may influence
immune system and lung development, and cause permanent
changes in these organ systems, thereby contributing to the
later risk of childhood asthma development. Results from epi-
demiological studies on the association of vitamin D intake or
status during pregnancy with childhood asthma risk in the
offspring are, however, conflicting. Furthermore, most studies
have short follow up periods and limited number of partici-
pants. The objective of this study was to examine whether
prenatal exposure to additional vitamin D from margarine
fortification was associated with reduced childhood asthma risk
until age 9 years, especially among those who had the majority
of their prenatal period during the dark months.
Methods: In Denmark a mandatory vitamin D fortification
program was terminated 1st of June 1985. This study compares
the risk of asthma diagnosed during hospitalization in all
children born in Denmark during the two years before the
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termination of the Vitamin D fortification program (i.e.
exposed to fortification during prenatal life), to the risk among
all children born during the two years after the termination (i.e.
unexposed to fortification during prenatal life). The children
were identified in the Danish Civil registration System and
followed up in the Danish National Patient Register from birth
to the age 9 years to identify presence and date of the first
inpatient asthma admission. The data was analyzed using Cox
proportional hazards regression with age as underlying time
scale.
Results: Out of 106,347 children exposed to the fortification
program during prenatal life, 1,427 (1.34%) had at least
one inpatient asthma admission; out of 115,900 children
unexposed to fortification, 1,613 (1.39%) had at least one
inpatient asthma admission. The Hazard Ratio (HR) for the
first inpatient asthma admission among children exposed versus
unexposed to fortification was 0.96 (95% CI: 0.90-1.04).
In analyses stratified by age HR were 0.86 (95% CI:
0.75-0.98), 0.95 (95 CI% 0.85-1.06), and 1.10 (95 CI% 0.96-
1.26) for the first asthma admission at ages 0-3, 3-6, and
3-9 years, respectively. Adjusting for sex and season of birth
gave essentially similar results. There were no statistically sig-
nificant interactions with season of birth (p= 0.74) or sex
(p= 0.55).
Conclusion: Prenatal exposure to extra vitamin D from the
Danish mandatory fortification program did not seem to affect
the risk of developing asthma that would require hospitaliza-
tion among children aged 0–9 years. Fortification did not have
additional benefit for those children who had the majority of
their prenatal period during the dark months. The risk varied
according to age at first asthma admission and this minor var-
iation could be explained by age-related asthma phenotypes,
and/or by potential uncertainty of asthma diagnosis in very
young children.

First admission rate for children age 0-9 years.

PA1.12.08

Folic acid supplementation partly mitigates adverse health
outcomes caused by perinatal exposure to Arctic
contaminants in a rat model

J.L. Bailey1, M. Lessard1, P. Charest1, P. Herst1,
M.O. Benoit-Biancamano2, M. Dalvai1

1Laval University, QUEBEC CITY, Canada; 2University of
Montreal Faculty of Veterinary Medicine, ST. HYACINTHE,
Canada

Background: Persistent Organic Pollutants (POPs) are trans-
ported to the north via natural weather currents, contaminating
the Arctic food chain. Inuit populations, therefore, have high
POPs body burdens. Early development is sensitive to toxicants
and maternal consumption of PCB-contaminated food during
pregnancy is associated with negative developmental outcomes.
There is a major health discrepancy between Inuit people in
Arctic regions and non-Aboriginal Canadians, culminating in a
13 years shorter lifespan. A therapeutic strategy to reduce the
impact of POPs is desirable to improve Inuit health. Folic acid
supplementation in utero is known to reduce the incidence of
congenital disorders and protect against various other pathol-
ogies. We hypothesize, therefore, that prenatal exposure to
POPs disrupts developmental and reproductive parameters of
males and that dietary folic acid (FA) mitigates the toxicant
effects.
Methods: Four treatment groups of Sprague-Dawley F0
founder females (n= 6) were gavaged with an environmentally-
relevant mixture of Arctic POPs (500μg/kg) or corn oil (Con-
trol) and received either 1X or 3X FA representing normal
Canadian intakes from fortified foods (1X)+ a daily multi-
vitamin for periconceptional women (3X). F0 females were
treated for 5 weeks to establish a body burden of POPs, and
then mated to untreated males and POPs/FA treatments con-
tinued until weaning of the prenatally-exposed F1 litters. All
rats were then fed control chow. GD19.5 placentas and fetuses
were assessed for congenital pathologies, including macro-
anatomical and histopathologic examination. Reproductive
development and function were assessed in F1 males at
150 days of age (n= 12/treatment group) following mating
with untreated females.
Results: At GD19.5, F1 placental, fetal and body weights and
sizes were unaffected by treatment. Prenatal POPs exposure
influences male sexual development for the F1 sons as ano-
genital distance was higher in the POPs 1X and 3X treatment
groups. PND150 F1 males had higher kidney (P= 0.01) and
brain (P= 0.09) weights due to early-life POPs exposure and
smaller spleens (P= 0.04) with FA supplementation. Blood
analysis performed on F1 males at PND150 revealed lower
haematocrit and platelet counts due to POPs, however, an
interaction between POPs and FA supplementation corrected
these counts when simultaneously administered (POPs 3X;
P< 0.01). Erythrocyte counts were higher with FA supple-
mentation (P= 0.05). Sperm function parameters also
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decreased due to POPs (P= 0.05), but were also partly rescued
by FA: spermmotility (Control 78% versus POPs 64%), sperm
viability (Control 48% versus POPs 34% but POPs with 3X
FA 44%). Seminal vesicle weights were higher with 3X FA
irrespective of POPs exposure. Prenatal POPs exposure of the
F1 males altered the sex ratio of their F2 offspring (Control
60% males/litter versus POPs with either 1X or 3X FA 40%
males/litter; P= 0.05).
Conclusions:These findings confirm the hypothesis that early-
life exposure to environmentally-relevant Arctic POPs induces
developmental perturbations in male rats that persist through
adulthood. Furthermore, FA supplementation also alters
development and appears to rescue some of the outcomes
induced by POPs exposures. These preliminary results support
the concept that a nutritional intervention can mitigate the
harmful outcomes caused by environmental contaminants.
Financed by CIHR.

PA1.13 - Maternal obesity and gestational disorders

PA1.13.01

Maternal hypertensive disorders of pregnancy and
cardiovascular disease risk factors in offspring at age
40 years

A. Kurbasic1, A. Fraser2, I. Mogren3, P.W. Franks1,
J.W. Rich-Edwards4, S. Timpka1

1Lund University, MALMÖ, Sweden; 2University of Bristol,
BRISTOL, United Kingdom; 3Umeå University, UMEÅ,
Sweden; 4Brigham and Women’s Hospital and Harvard Medical
School, BOSTON, United States of America

Background: Women with a history of hypertensive disorders
of pregnancy (HDP) have increased risk of cardiovascular dis-
ease (CVD) later in life. In addition, it has been reported that
offspring to mothers with HDP have worse cardiometabolic
risk factor profiles in early adulthood and higher risk of cardi-
ovascular disease (CVD) later in life. Potentially, these asso-
ciations are explained by a shared maternal-fetal preponderance
for adverse CVD risk factor profiles. We aimed to study the
association between maternal HDP and offspring CVD risk
factors in middle age, accounting for familial heredity of CVD.
Methods: We included 13,466 first-born participants (49.9%
women) who attended a population-based structured clinical visit
in primary care (The Västerbotten Intervention Program) at age
40 (±0.5) years in Sweden between 1991 and 2014. Data on
exposure to maternal HDPwere collected from population-based
registries on pregnancy and birth outcomes. Using linear regres-
sion, we investigated the association between maternal HDP and
log transformed CVD risk factors in offspring, adjusting for sex
and reported family history of CVD in our main model. In a
subsample (N≈4,650) there were data available on maternal
CVD risk factors at age 50 and/or 60 years. In a sensitivity ana-
lysis, we included the maternal measure at 50 or 60 years as an
additional proxy for familial CV health.

Results: 375 (2.8%) of participants were exposed to maternal
HDP. Offspring exposed to maternal HDP had a 3.2% (95%
confidence interval (CI) 1.6 to 4.7%) higher body mass index
(BMI) at age 40 years, 3.2% (95% confidence interval (CI) 2.1
to 4.2%) higher systolic blood pressure (SBP), and 3.3% (95%
confidence interval (CI) 2.0 to 4.5%) higher diastolic blood
pressure (DBP). We found little support for an association
between maternal HDP and total serum cholesterol (-1.1%,
95% CI -3.2 to 0.8%). Upon further adjustment for maternal
BMI, the association between maternal HDP and offspring
BMI at age 40 years was fully attenuated. Maternal HDP was
still associated with offspring SBP (1.9%, 95% CI 0.1 to 3.6%)
but no longer with offspring DBP (1.5%, 95% CI -0.5 to
3.6%) or total serum cholesterol (-2.1%, 95%CI -5.3 to 1.1%)
after adjusting for the corresponding maternal measure.
Conclusions: Though offspring exposed to maternal HDP had
slightly worse CVD risk factor profile at age 40 years, our study
suggests that this might be explained by a familial preponderance
to worse CVD profile rather than an intra-uterine effect of HDP
exposure per se. Nonetheless, this means that when developing
CVDprevention programs for womenwith a history of pregnancy
complications, a family-based approach, which also includes pri-
mordial CVD prevention in her child/children, could potentially
increase the public health impact of such interventions.

PA1.13.02
Maternal pre-pregnancy overweight and childhood physi-
cal activity and fitness - the ABCD study

S. Mintjens1, R.J.B.J. Gemke1, M.N.M. van Poppel2,
T.G.M. Vrijkotte3, T.J. Roseboom3, A.W. van Deutekom3

1VU University Medical Center, AMSTERDAM, The
Netherlands; 2University of Graz - Institute of Sport Science,
GRAZ, Austria; 3Academic Medical Centre, AMSTERDAM,
The Netherlands

Background: Maternal obesity is a risk factor for obesity and
cardiovascular disease in the offspring. Furthermore, childhood
fitness and physical activity are strongly associated with later
health. As the prenatal environment could affect the develop-
ment of childhood fitness, we assessed whether maternal pre-
pregnancy overweight/obesity (ppBMI≥ 25kg/m2) is an inde-
pendent determinant of cardiorespiratory fitness, muscular
strength, physical activity (PA) and sedentary behaviour (SB) in
8-9 year old children.
Methods: 194 children of Dutch ethnicity aged 8.6 (±0.4)
years participated. These children were randomly selected from
a prospective birth cohort, the Amsterdam Born Children and
their Development study (ABCD). We assessed cardior-
espiratory fitness by 20-m Multistage Shuttle Run test
(20-m MSRT), muscular strength by hand dynamometry and
moderate-to-vigorous PA (MVPA) level and SB by 7-day
accelerometry. The association of pre-pregnancy overweight/
obesity with these outcome measures was assessed by multi-
variate linear regression. Subsequently, we assessed the
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mediating effect of birth weight and fat mass, derived from
bioelectrical impedance, at 5 years of age.
Results: Mean (± SD) attained 20-m MSRT stage was 5.3
( ±1.7). Compared to children from normal weight women,
children from women with pre-pregnancy overweight/obesity
attained a 0.75 (95% CI: -1.42; -0.08) lower stage, adjusted for
child’s sex and BMI. This association was not mediated by
birth weight or child’s fat mass at age 5. Maternal pre-
pregnancy overweight was not associated with child’s muscular
strength, MVPA or SB.
Conclusion: Maternal pre-pregnancy overweight or obesity is
associated with reduced cardiorespiratory fitness in the off-
spring, but not with muscular strength, physical activity or
sedentary behaviour. Birth weight or fat mass at age 5 did not
mediate this association. Reduced cardiorespiratory fitness may
partly explain the increased cardiovascular disease risk in chil-
dren of obese women.
Funding: Dutch heart foundation (grant no. 2013T085).
ZonMw (grant no. 40-00703-98-11627)

PA1.13.03

Achieving late-pregnancy glycemic control is beneficial
for the long-term health of obese mothers and their
children-the PEACHES mother-child cohort

D. Gomes1, M. Nast2, M. Stubert2, L. Langhammer2,
N. Haas2, H. Netz2, L. Holdt2, D. Teupser2, M. Delius2,
U. Hasbargen2, A. Roscher2, R. von Kries2, R. Ensenauer1

1University Children’s Hospital, Heinrich Heine University,
DÜSSELDORF, Germany; 2Ludwig-Maximilians-Universität
München, MUNICH, Germany

Background: Obese women are at high risk of developing
gestational diabetes (GDM), an important cause of adverse
pregnancy outcomes including increased risks of type 2 dia-
betes (T2DM) in the mother and overweight in the offspring.
However, it has remained unclear whether achieving adequate
glycemic control reduces the risk of later T2DM or prediabetes,
particularly in obese women, and if it is beneficial for the long-
term health of their children. We therefore aimed to assess the
impact of late-pregnancy dysglycemia, as indicated by a high
glycated hemoglobin (HbA1c) at delivery, in obese mothers
with or without GDM on both maternal and offspring long-
term outcomes.
Methods: The Programming of Enhanced Adiposity Risk in
CHildhood-Early Screening (PEACHES) mother-child cohort
(n= 1,683) investigates the long-term effect of pre-pregnancy
maternal obesity on the development of overweight and asso-
ciated metabolic diseases in the offspring and comprises obese
mothers with longitudinal information on gestational glucose
metabolism (n= 749). Explanatory variables were GDM status
according to the criteria of the International Association of
Diabetes and Pregnancy Study Groups and maternal HbA1c at
delivery. Outcomes comprised offspring birth weight, body
mass index (BMI) z-scores at 4 years, and maternal glucose

metabolism 3 years postpartum (glucose concentrations of an
oral glucose tolerance test, HbA1c). Obese GDM-negative
mothers with a low HbA1c at delivery (< 5.7%) served as
controls. Increments (Δ) were assessed in multivariate regres-
sion models with adjustment for maternal pre-pregnancy BMI,
gestational weight gain, sex of the offspring, and maternal body
fat percentage measured at the postpartum visit.
Results: Obese GDM-negative mothers with high HbA1c at
delivery had dysglycemia 3 years postpartum, including higher
mean fasting glucose concentrations (Δ: 0.29mmol/L, 95%
CI: 0.12–0.47) and HbA1c values (Δ: 0.40%, 95% CI: 0.28–
0.53) than controls. Their offspring had a higher mean birth
weight (Δ: 196.3 g, 95% CI: 95.8–296.8) and 4-year BMI
z-score (Δ: 0.63, 95% CI: 0.16–1.10). In contrast, obese
GDM-positive mothers achieving a low HbA1c at delivery
yielded child outcomes that were similar to control offspring
(4-year BMI z-score: Δ: 0.07, 95% CI: -0.33–0.47). These
mother’s own long-term glucose metabolism was less severely
affected than in obese GDM-positive mothers with a high
HbA1c at delivery, who had a 2.2 (95% CI: 1.16–4.20)-fold
increased risk of developing T2DM or prediabetes.
Conclusions: Achieving late-pregnancy glycemic control in
obese pregnant women, irrespective of their GDM status,
reduces the risk of childhood overweight and long-term
maternal dysglycemia. Obese mothers need intensified mon-
itoring throughout pregnancy until delivery.

PA1.13.04

Excess maternal gestational weight gain is associated with
early timing of pubertal onset in daughters

A. Kubo1, C.A. Laurent2, E. Kurtovich2, L.H. Kushi2,
L.C. Greenspan3, C.P. Quesenberry, Jr.2, A. Ferrara2

1Kaiser Permanente, OAKLAND, United States of America;
2Kaiser Permanente Division of Research, OAKLAND, United
States of America; 3Kaiser Permanente San Francisco Medical
Center, SAN FRANCISCO, United States of America

Background: To investigate whether in utero exposure to
maternal excess or inadequate gestational weight gain (GWG)
is associated with the timing of pubertal onset in girls, and
whether the association is mediated by pre-pubertal BMI. Early
puberty is associated with a variety of negative health con-
sequences, including adolescent mental health and adulthood
chronic conditions, such as cancer. The average age of pubertal
onset among girls has declined dramatically over the past few
decades.
Methods: Prospective cohort study including 2,161 diverse
mother-daughter pairs of Kaiser Permanente Northern Cali-
fornia (KPNC), where daughters were age 6-11 y. Pubertal
onset was assessed using pediatrician-recorded pubertal
maturation (Tanner) staging in the KPNC electronic health
record (EHR). Maternal total GWG was calculated by sub-
tracting pre-pregnancy weight from the weight immediately
prior to birth. All the weights measured before or during
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pregnancy were obtained from the KPNC EHR and total
GWG was categorized according to the 2009 Institute of
Medicine (IOM) recommendations as met (referent), inade-
quate (below recommended GWG), or exceed. We used pro-
portional hazards model with interval censoring, with the
outcomes as age of transition from breast stage 1 to 2+
(BR2+ ) or pubic hair stage 1 to 2+ (PH2+ ). Associations
were examined without adjustment (Model 1), adjusted for
maternal age, girl’s race/ethnicity, and gestational age (Model
2), and with girls’ pre-pubertal body mass index (Model 3).
Results: There was a significant association between excess GWG
and earlier timing of pubertal onset (Table 1). Girls whose mother
exceeded the IOM recommendation were over 1.5 times more
likely to experience earlier onset of breast and pubic hair than those
whose mother met the recommendation [adjusted hazard ratio
(HR)=1.61, 95% confidence interval (CI) 1.29-2.01; HR=
1.55, 95%CI 1.17-2.06, respectively]. The associations remained
statistically significant after adjusting for girl’s pre-pubertal BMI
[HR=1.45, 95% CI 1.16-1.82; HR=1.38, 95%CI 1.04-1.84,
respectively. Inadequate GWG was also associated with earlier
pubertal onset, though the associations were attenuated and
became non-significant after adjusting for girl’s pre-pubertal BMI.
Conclusions: We observed independent associations between
maternal excess GWG and earlier timing of pubertal onset in
girls. The results suggest the importance of monitoring the
weight gain among pregnant women to prevent ever-
accelerating pubertal maturation in girls as an upstream pre-
vention for a variety of adolescent and adult health conditions.

Table 1.

Association between maternal gestational weight gain and onset
of breast and pubic hair development: KPNC Puberty Study.

PA1.13.05

Unfolded protein response in developing intestine
inhibited by maternal obesity

K.M. Kennedy, W. Gohir, D.M. Sloboda

McMaster University, HAMILTON, Canada

Background: Although maternal obesity is associated with
offspring intestinal inflammation and reduced gut barrier
function, its impact on fetal gut development remains unclear.

The unfolded protein response (UPR) is critical to the devel-
opment of secretory tissues such as the intestine due to high
demands on the endoplasmic reticulum, and has previously
been shown to be necessary for differentiation of the intestinal
epithelium. This study set out to investigate the impact of
maternal diet-induced obesity (mDIO) on the unfolded pro-
tein response in the developing fetal intestine.
Methods: Female C57BL/6 mice were fed a control or a high
fat diet (mDIO; 60% kcal from fat) for 6 weeks prior to and
throughout gestation. At E18.5 fetal small and large intestines
were collected from one male and one female per litter and
UPR signaling was analyzed by qPCR (control n= 7; mDIO
n= 8) and western blot (control n= 4; mDIO n= 6).
Results: In the fetal small intestine, mDIO was associated with
increased mRNA levels of mucin (MUC)2 (p<0.0001) and
tight junction protein occludin (p< 0.0001), although protein
levels of occludin did not differ by maternal diet. Concurrently,
fetal small intestine mRNA levels of UPR-related signaling
factors including ER-chaperone glucose-regulated protein 78
(grp78; p< 0.001) and its transcriptional regulator spliced
X-box binding protein (XBPs; p< 0.05) were decreased, as well
as a modest decrease in activating transcription factor 4 (ATF4;
p= 0.065). In the fetal large intestine, mDIO was associated
with decreased levels of ATF4 (p< 0.01) and C/EBP homo-
logous protein (CHOP; p= 0.01). While mDIO was asso-
ciated with increased mRNA levels of pro-inflammatory toll-
like receptor 4 (TLR4) in fetal small intestines (p< 0.05),
mRNA levels of inflammatory cytokines including TNF, IL-
-10, NF-κB, IL-1β, and MCP1 were similar between maternal
diet groups in both small and large intestines.
Conclusion:Occludin andMUC2 are essential components of
the intestinal barrier, but while increases in mRNA levels are
observed with mDIO, protein levels of occludin were not
changed and it is unclear whether fetal barrier function is
altered. We show mDIO decreased fetal gut GRP78, XBPs,
and ATF4, which are markers of the unfolded protein response
(UPR)—a homeostatic response to prevent the accumulation
of misfolded proteins. However, mDIO had no effect on
inflammatory cytokines, indicators of unresolved ER stress.
Our data may indicate inhibition of the normal UPR in the
fetal gut due to maternal obesity, which may result in an
impairment of fetal intestinal epithelial differentiation, poten-
tially predisposing offspring to increased gut permeability and
inflammation postnatally.

PA1.13.06

Cord metabolic profiles in obese pregnant women; insights
into offspring growth and body composition

N. Patel1, C. Hellmuth2, O. Uhl2, K.M. Godfrey3, A. Briley4,
P. Welsh5, D. Pasupathy4, P.T. Seed4, B. Koletzko2, L. Poston4

1King’s College London, LONDON, United Kingdom; 2Ludwig-
Maximilians-Universität München, Dr. von Haunersches
Kinderspital, DIV. METABOLIC AND NUTRITIONAL
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MEDICINE, Germany; 3MRC Lifecourse Epidemiology
Unit and NIHR Biomedical Research Centre,
SOUTHAMPTON, United Kingdom; 4Division of Women’s
Health, Women’s Health Academic Centre, LONDON, United
Kingdom; 5Institute of Cardiovascular and Medical Sciences,
University of Glasgow, GLASGOW, United Kingdom; *Joint
senior authorship

Background: Offspring exposed to maternal obesity and
hyperglycaemia in-utero are at an increased risk of obesity in
childhood and as adults; however the underlying mechanisms
remain unknown. The primary aim was to assess the effect of
an antenatal lifestyle intervention in obese women on the off-
spring cord blood metabolic profile. Associations between the
cord blood metabolic profile and the mother’s clinical and
biochemical characteristics and offspring body composition
(birth and age 6 months) were also explored.
Methods: Data were from the UK Pregnancies Better Eating
and Activity Trial (UPBEAT), a randomised controlled trial in
1555 women assessing an antenatal intervention promoting a
low glycaemic diet and increased physical activity in obese
pregnant women. Maternal anthropometry and BMI were
measured at trial enrolment and in the 3rd trimester. The
women underwent universal screening for the diagnosis of
gestational diabetes. Offspring were followed up at birth
(n= 343) and at age 6 months (n= 209), when detailed
assessments of growth and body composition were made.
Where reference population data was available, z-scores and
velocities of growth were calculated. The cord blood metabolic
profile included candidate hormones previously implicated in
adverse fetal growth, and targeted metabolome (including
amino acids, non-esterified fatty acids, carboxylic acids, phos-
pholipids, acylcarnitines). To explore associations with infant
adiposity, multivariate regression was undertaken with adjust-
ment for potential in-utero and early-life confounders and false
discovery rate correction for multiple testing.
Results: The UPBEAT intervention was not associated with
change in any measures of the cord blood metabolic profile.
When combining intervention and control arms, higher
maternal glycaemia (fasting glucose at 28 weeks’ gestation)
demonstrated a linear association with cord blood concentra-
tions of lysophosphatidylcholines 16:1 (β= 0.65, 95%CI 0.03
to 0.10) and 18:1 (0.52, 0.02 to 0.80). A principal component
of cord blood phosphatidylcholines and lysopho-
sphatidylcholines was associated with infant birthweight
z-scores (β= 0.04, 0.02 to 0.07); and weight z-scores at age
6 months (β= 0.05, 0.00 to 0.10)). Cord blood IGF-1 and
adiponectin concentrations were positively associated with
infant weight z-scores at birth and age 6 months.
Conclusions: We provide novel evidence to suggest that con-
centrations of lysophosphatidylcholines along with IGF-1
measured in cord blood may be determinants of newborn
weight and infant weight at age 6 months. If found causal, these
data support the hypothesis that susceptibility to childhood
obesity may be ‘programmed’ in-utero.

Funding: This study was funded by NIHR RP-0407-104522
& BRC at GSTT&KCL; CSO Scotland, GSTT Charity
Tommy’s Charity, the European Early Nutrition Project and
Action Medical Research.

PA1.13.07

Maternal body mass index, gestational weight gain and the
risk of childhood overweight: An individual participant
data meta-analysis

E. Voerman1, On behalf Of the MOCO Collaboration2

1Erasmus MC, ROTTERDAM, The Netherlands; 2Maternal
Obesity and Childhood Outcomes

Background: Maternal obesity and excessive gestational
weight gain may affect the risk of overweight in the offspring.
We aimed to assess the separate and the combined effects of
maternal pre-pregnancy body mass index (BMI) and gesta-
tional weight gain on offspring BMI and the risk of overweight
throughout childhood.
Methods: In this individual participant data meta-analysis,
162,737 mothers and their children from 37 pregnancy and
birth cohorts from Europe, North-America and Oceania were
included. We assessed the separate and combined associations
of maternal pre-pregnancy BMI and gestational weight gain,
both across the full range and in clinical groups, with BMI
standard deviation scores (SDS) and the risks of overweight in
early (2.0-4.9 years), mid (5.0-9.9 years) and late childhood
(10.0-17.9 years) using linear and binary logistic mixed effects
models.
Results: A higher maternal pre-pregnancy BMI was associated
with higher BMI SDS and higher risks of overweight
throughout childhood, with the strongest effect estimates in
late childhood. These associations were present across the full
range of maternal pre-pregnancy BMI. For all maternal BMI
categories, only gestational weight gain in the upper extremes
tended to be associated with an increased risk of offspring
overweight. Combined analyses showed that, as compared to
children of mothers with a normal weight and sufficient
gestational weight gain, those of mothers with overweight or
obesity had a higher risk of overweight, independent of the
gestational weight gain of their mother. Children of mothers
with obesity and excessive gestational weight gain had the
highest risk of overweight in early, mid and late childhood
(Odds Ratios (OR) 2.57 (95% Confidence Interval (CI) 2.26,
2.92), OR 3.69 (95% CI 3.44, 3.97) and OR 5.88 (95% CI
4.68, 7.40), respectively).
Conclusions: Maternal pre-pregnancy BMI is across its full
range associated with the risk of childhood overweight, with the
strongest associations present at later childhood ages. The
additional effect of excessive gestational weight gain in over-
weight and obese mothers on childhood overweight risk seems
to be limited. Promoting a healthy weight in women before
pregnancy, rather than targeting weight gain during pregnancy,
may improve offspring weight status.
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PA1.14 – Obesity and cardiovascular risk

PA1.14.01

Neonatal adiposity: determinants and consequences for
later health

N. Modi

Section of Neonatal Medicine, Department of Medicine, Imperial
College London, London, UK

Adiposity is influenced by genotype, nutrition and health.
Neonatal adiposity is also influenced by intrauterine exposures,
determined by maternal phenotype and health. Altered adip-
osity is implicated in the development of the metabolic syn-
drome. It is unknown if altered adiposity in the neonatal period
tracks into in childhood and adult life. Neonatal adiposity
increases linearly across the normal range of maternal Body
Mass Index. Babies of diabetic and obese mothers, and very
preterm babies, regardless of weight at birth, are at around
twice the risk of developing diabetes, high blood pressure and
heart disease in early adult life, conditions that are related to
adipose tissue content and distribution. We have shown that
when they reach their due date, adipose tissue content and
distribution in babies born very preterm differs from babies
born at full-term, and is characterised by an increase in internal-
abdominal adiposity. We have also identified similar findings in
young adults born very preterm. In a cohort of babies of dia-
betic mothers, we showed that adiposity in early infancy is
amplified in comparison with babies of healthy mothers,
despite good maternal diabetic control and breast-feeding. If
inferences from cross-sectional studies such as these are corro-
borated in longitudinal cohorts adipose tissue content and
distribution may be used as a biomarker of future cardio-
metabolic health and could also be used as an outcome measure
to test nutritional and pharmacological treatments in infancy to
reduce later metabolic health risks.

PA1.14.03

Birth weight and subsequent risk of obesity across two
generations in Chinese females

W.H. Xu1, M.L. Chen2, Y. Fang2, H. Fang3, C. Kelleher4,
G.Y. Qin2

1School of Public Health, Fudan University, SHANGHAI, China;
2Fudan University, SHANGHAI, China; 3Center for Disease
Prevention and Control of Minhang District, SHANGHAI, China;
4University College Dublin, DUBLIN, Ireland

Objective:Malnutrition in early life, an important risk factor for
subsequent adverse conditions, has been related with a higher risk
of metabolic abnormalities in offspring. This study was designed
to evaluate a cross-generational association of birth weight with
the risk of subsequent obesity in Chinese females.
Methods: A cross-sectional survey was performed among
10324 female residents with lineal blood relationship from

3888 families in Minhang district, Shanghai, China, during
Nov 2012 to Jan 2013. In-person interview was conducted
using a structured questionnaire to collected information on
demographic characteristics, birth weight, birth length, gesta-
tional age, tobacco use and alcohol consumption. Body weight,
standing height, waist circumference and blood pressure were
measured for participants aged 20 years or above following a
standard protocol. Path analysis was performed to estimate the
effect of maternal birth weight and body size on their female
offspring’s, and mediation analysis was applied to test whether
daughters’ birth weight mediated the associations between
maternal and daughters’ body size in adulthood.
Results: A positive association was observed between maternal
and daughters’ birth weight, with 1 kg increase of maternal birth
weight linked to an average of 335 g increase in daughters’ birth
weight [95% confidence interval (CI): 307 to 363 g]. The posi-
tive association was more pronounced at both the lower and
upper extreme of daughters’ birth weight. Maternal overall and
central obesity were associated with an average of 67 g (95%CI:
27 to 106 g) and 40 g (95%CI: 17 to 62 g) increase in daughters’
birth weight, respectively, and tripled the subsequent risk of
obesity in the offspring. In subjects aged 20 years or above, birth
weight was positively associated with subsequent risk of obesity,
with odds ratios (OR) (95%CI) of overall and central obesity
being 1.93 (1.11 to 3.36) and 1.49 (1.10 to 2.02), respectively,
for women with birth weight ≥4 kg compared with those with
birth weight of 2.5 ~ 2.9 kg. Path and mediation analyses showed
that offspring’s birth weight, as a mediator of maternal and
daughters’ body mass index, explained 1.8% of the association,
but didn’t mediate the association between maternal and
daughters’ waist circumference.
Conclusions: Maternal birth weight and status of obesity may
influence female offspring’s birth weight and subsequent risk of
obesity. The cross-generational association may contribute to
the increasing obesity and related non-communicable chronic
diseases in China.

PA1.14.04

Body mass index trajectories associated with
resolution of elevated adiposity in youth and incident
adult obesity

M.J. Buscot1, R.J. Thomson2, M. Juonala3, M.A. Sabin4,
D.P. Burgner4, T. Lehtimäki5, N. Hutri-Kähönen6,
J.S.A. Viikari3, E. Jokinen7, P. Tossavainen8, T. Laitinen9,
O.T. Raitakari10, C.G. Magnussen11

1University of Tasmania, HOBART, Australia; 2Centre for
Research in Mathematics, Western Sydney University,
SYDNEY, Australia; 3Department of Medicine, University of
Turku, TURKU, Finland; 4Murdoch Childrens Research
Institute, The Royal Children’s Hospital, PARKVILLE, Australia;
5Department of Clinical Chemistry, Fimlab Ltd, TAMPERE,
Finland; 6Department of Pediatrics, University of
Tampere, TAMPERE, Finland; 7Department of Pediatric
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Cardiology, University of Helsinki, HELSINKI, Finland;
8Department of Pediatrics, Oulu University Hospital and
University of Oulu, OULU, Finland; 9Department of Clinical
Physiology & Nuclear Medicine, Kuopio University Hospital,
KUOPIO, Finland; 10Research Centre of Applied and Preventive
Cardiovascular Medicine, TURKU, Finland; 11Menzies Institute
for Medical Research, University fo Tasmania, HOBART,
Australia

Background: Youth with high body mass index (BMI) who
become non-obese adults have the same burden of cardiovas-
cular risk factors in adulthood as those who were never obese.
However, the early-life BMI trajectories for youth who develop
incident obesity in adulthood, or those overweight or obese
youth who avoid becoming an obese adult, have not been
described. Therefore, we aimed to determine and compare
early life BMI trajectories in 4 groups of participants defined
according to their change in BMI status between youth and
adulthood.
Methods: From 1980 to 2011 up to 8 measures of weight
and height were collected from participants in the population-
based prospective Cardiovascular Risk in Young Finns
Study. Participants were 2717 young adults (1252 males,
1465 females) who had BMI (calculated as weight in kg/(height
in m2)) at baseline in 1980 when aged 3, 6, 9, 12,15, or
18 years, and again at least once in adulthood in 2001, 2007,
or 2011 when aged 34 to 49 years. Elevated youth (those
aged 3-18 years) BMI status was defined as a BMI level
exceeding Cole’s international overweight and obesity cut-
points and adult (21-49 years) obesity was defined as a BMI
≥30kg/m2. Participants were stratified into 4 groups based on
their BMI status in 1980 and the latest adult follow-up:
persistently elevated BMI, persistent non-obese, incident
obese, and elevated youth BMI resolvers. Bayesian Hierarchical
Piecewise regression was used to model individual trajectories
of BMI from youth to adulthood and to investigate differences
in trajectories across the four a priori defined groups based on
BMI status.
Results: Compared with those with persistently elevated BMI,
those who resolved their elevated youth BMI by adulthood had
lower average BMI at age 6 years, and slower rates of BMI
change from young childhood. In addition, their BMI levels
started to plateau on average before young adulthood (16 years
for females and 21 years for males), while the BMI of those
whose high-BMI persisted did not level off until 25 years for
males and 27 years for females (Figure A). Compared with
those who resolved elevated youth BMI, those who developed
incident obesity had higher BMI rate of change from age 6
years and their BMI continued to increase linearly until
approximately age 30 years (Figure B).
Conclusions:Efforts to alter BMI trajectories that predict adult
obesity should ideally commence before age 6 years. The nat-
ural resolution of high youth BMI starts in adolescence for
females and early adulthood for males, suggesting a critical
window for secondary prevention.

PA1.14.05

BMI change during puberty is a novel risk factor for
adult heart failure

M. Bygdell1, A. Sondén2, J. Celind1, A. Rosengren3,
C. Ohlsson1, J.M. Kindblom1

1University of Gothenburg/Institute of Medicine,
GOTHENBURG, Sweden; 2University of Gothenburg/
Bioinformatics Core Facility, GOTHENBURG, Sweden;
3University of Gothenburg/Department of Molecular and Clinical
Medicine, GOTHENBURG, Sweden

Background: Hospitalization for heart failure among younger
men has increased in Sweden. The reason for this trend is
unknown but it coincides with the obesity epidemic. We
recently made the novel observation that the correlation
between childhood BMI and BMI change during puberty was
marginal, indicating that these two distinct developmental
BMI parameters might contribute non-overlapping informa-
tion as risk markers for adult diseases. The aim of the present
study was to evaluate the association between childhood BMI
and BMI change during puberty for risk of adult heart failure
in men.
Methods: Using the BMI Epidemiology Study (BEST), a
population-based study in Gothenburg, Sweden, we collected
information on both childhood BMI at age 8 and BMI change
during puberty (BMI at age 20 - BMI at age 8) for men born
1945-1961, and followed them until December 2013 (n=
37,670). BMI was collected from pediatric growth charts and
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mandatory military conscription tests. Information on heart
failure was retrieved from high quality national registers (342
first hospitalizations for heart failure).
Results: BMI change during puberty (HR per SD increase
1.47; 95% CI 1.36-1.60), but not childhood BMI, indepen-
dently associated with risk of heart failure. Boys developing
overweight during puberty (HR 3.14; 95% CI 2.25-4.38) but
not boys with childhood overweight that normalized during
puberty had increased risk of heart failure compared with boys
without childhood or young adult overweight.
Conclusion: BMI change during puberty is a novel risk factor
for adult heart failure in men.

PA1.14.06

Qualitatively distinct child to adult BMI trajectories and
adult cardiometabolic outcomes

M.J. Buscot1, R.J. Thomson2, M. Juonala3, M.A. Sabin4,
D.P. Burgner4, T. Lehtimäki5, N. Hutri-Kähönen6,
J.S.A. Viikari3, O.T. Raitakari7, C.G. Magnussen8

1University of Tasmania, HOBART, Australia; 2Centre for
Research in Mathematics, Western Sydney University, SYDNEY,
Australia; 3Department of Medicine, University of Turku,
TURKU, Finland; 4Murdoch Childrens Research Institute, The
Royal Children’s Hospital, PARKVILLE, Australia; 5Department
of Clinical Chemistry, Fimlab Ltd, TAMPERE, Finland;
6Department of Pediatrics, University of Tampere, TAMPERE,
Finland; 7Research Centre of Applied and Preventive
Cardiovascular Medicine, TURKU, Finland; 8Menzies Institute
for Medical Research, University fo Tasmania, HOBART,
Australia

Background: The relationship between life course body mass
index (BMI) trajectories and adult risk for cardiovascular dis-
ease is poorly described. In a well-characterized longitudinal
cohort study, we aimed to identify BMI trajectories from early
childhood to adulthood and investigate their association with
adverse cardiometabolic phenotypes (type 2 diabetes (T2DM),
high risk lipid levels, hypertension, and high carotid intima-
media thickness (cIMT)) in middle adulthood.
Methods:We used Latent Class Growth Mixture Modelling to
identify distinct BMI trajectories among 2631 Cardiovascular
Risk in Young Finns Study participants aged 6 to 49 years, and
Poisson regression with a robust error variance to determine
whether trajectory groups predicted each cardiometabolic out-
come measured in adulthood (ages 24-49 years).
Results: Six discrete life course BMI trajectories were identified
(Figure): stable normal (class 1, 55.2%), high BMI resolving
(class 2, 1.6%), progressively overweight stabilizing (class 3,
33.4%), progressively obese increasing (class 4, 4.2%), rapidly
overweight stabilising obese (class 5, 4.3%), and overweight or
obese persisting (class 6, 1.2%). Higher trajectories were gen-
erally associated with increased cardiometabolic risk in middle
age. Participants who progressively became overweight (class 3)
had greater risks in adulthood compared with those in the

stable normal group (class 1) for all considered cardiometabolic
phenotypes (risk ratios, RR: 1.47- 3.06). Compared with the
progressively overweight stabilizing group (class 3), the high
BMI resolving group (class 2) had smaller risk ratios for adult
T2DM, high-risk lipid levels and hypertension, but increased
risk for high cIMT (RR: 3.37 vs. 1.70).
Conclusions: BMI trajectories from childhood to adulthood
that reach or persist at high levels are associated with increased
cardiometabolic risk in middle age. Stabilizing BMI in obese
adults may limit adverse cardiometabolic risk profiles and
resolution of elevated BMI in young adulthood may result in
substantially reduced cardiometabolic risk. However, to effec-
tively reduce the risk for high adult cIMT, obesity prevention
should be targeted at young children.

PA1.14.07

The development of the obesity epidemic across age, time
and socioeconomic position: evidence from five UK birth
cohort studies

J. Hardy1, D. Bann2, L. Li3, D. Kuh1, W. Johnson4

1University College London, LONDON, United Kingdom; 2UCL
Institute of Education, LONDON, United Kingdom; 3UCL
Great Ormand Street Institute of Child Health, LONDON,
United Kingdom; 4Loughborough University,
LOUGHBOROUGH, United Kingdom

Background: There is clear evidence of a rise in overweight and
obesity across all ages and multiple countries, but a lack of
information on secular trends in the age-related process by
which people develop overweight or obesity. Using harmonized
longitudinal data from 5 UK birth cohort studies, we investi-
gated shifts over nearly 70 years in the distribution of body
mass index (BMI) and development of overweight or obesity
across childhood and adulthood and the socioeconomic
inequalities according to father’s social class.
Methods: The sample comprised 56,632 participants with
273,843 BMI observations in 5 studies within the CLOSER
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(Cohorts & Longitudinal Studies Enhancement Resources)
consortium; the MRC National Survey of Health and Develop-
ment (NSHD; born in 1946), National Child Development
Study (NCDS; 1958), British Cohort Study (BCS; 1970), Avon
Longitudinal Study of Parents and Children (ALSPAC; 1991),
and theMillenniumCohort Study (MCS; 2001). Information on
father’s occupational social class was obtained when study mem-
bers were 10/11 years. Standardized procedures were employed to
create harmonized datasets. The Lambda-Mu-Sigma technique
was used to produce growth references, and multinomial mixed-
effects regression was used to model overweight/obesity trajec-
tories and linear mixed-effects models for BMI.
Results: During childhood, the 50th centiles for all cohorts lay
in the middle of the International Obesity Task Force normal
weight range. However, there was a secular trend towards a
positive skewing of the BMI distribution at younger ages.
Trajectories of overweight or obesity showed that more recently
born cohorts developed greater probabilities of overweight or
obesity at younger ages. By age 10 years the estimated prob-
abilities of overweight or obesity in cohorts born after the
1980s were 2-3 times greater than those born before; for
example 0.23 (95% CI 0.22-0.24) in MCS males compared
with 0.07 (0.06-0.08) in NSHD. Overweight or obesity
became more probable in NCDS than in NSHD in early
adulthood, and more probable in BCS than NCDS and NSHD
in adolescence. On top of this secular trend of increasing BMI
at increasingly younger ages, a more disadvantaged childhood
social class was associated with higher mean BMI and higher
probability of overweight or obesity in adulthood in both men
and women in NSHD, NCDS and BCS70. Differences were of
a similar magnitude in each cohort; for example, the mean
difference in BMI at 42/43 years in women in the lowest
compared with highest childhood social class was 1.7 kg/m2

(95% CI: 0.2, 3.2) in NSHD, 1.5 kg/m2 (0.6, 2.5) in NCDS,
and 2.7 kg/m2 (1.6, 3.9) BCS. Ongoing research is investigat-
ing the social inequalities in childhood BMI across the cohorts.
Conclusions:Our results demonstrate the power of cross-cohort
analyses and the impact of the onset of an obesogenic environ-
ment from the 1980s in the UK which affected all generations.
They show that younger generations are accumulating greater
exposure to obesity across their lives and thus are at increased risk
of chronic health conditions. Given the persisting inequalities,
new and effective policies to both reduce BMI overall and to
reduce inequalities in BMI are urgently required.

PA1.14.08

The positive association of infant weight gain with
adulthood body mass index has strengthened over time:
Fels Longitudinal Study

W. Johnson1, K. Lucas2, P. James3, A.C. Choh4, M. Lee4,
S.A. Czerwinski4, E.W. Demerath5

1Loughborough University, LOUGHBOROUGH, United
Kingdom; 2Department of Population Health, London School of

Hygiene and Tropical Medicine, LONDON, United Kingdom;
3MRC Unit, The Gambia and MRC International Nutrition
Group, LSHTM, LONDON, United Kingdom; 4The University
of Texas Health Science Center at Houston, HOUSTON, United
States of America; 5University of Minnesota, MINNEAPOLIS,
United States of America

Background: Infant weight gain is positively associated with
obesity risk, yet average weight gain and peak body mass index
(BMI) are lower for infants born during the obesity epidemic
compared to infants born earlier in the 20th century. One
explanation for these counterintuitive findings is that the infant
weight gain-adulthood BMI association has strengthened over
time. This study aimed to determine how the association of
infant weight gain with adulthood BMI might have changed
across successive birth year cohorts. Adulthood blood pressure
was tested as a secondary outcome to provide a more direct
measure of cardio-metabolic disease risk.
Methods: The sample comprised 346 participants in the Fels
Longitudinal Study with measures of 1) weight and length at
birth and age two years and 2) BMI, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) in adulthood
(median 19.7, range 18.0-33.8 years of age). General linear
regression was used to investigate the associations of condi-
tional weight-for-length Z-score (WLZ), capturing weight
change between 0-2 years of age, with adulthood BMI, SBP,
and DBP. Birth year cohort (1933-1949, N= 137; 1950-
1969, N= 108; 1970-1997, N= 101) was included as an
interaction with conditional WLZ to test for effect modifica-
tion; post-estimation commands were used to obtain birth
cohort-specific estimates and Wald tests were used to evaluate
the differences between these estimates. Models were adjusted
for sex, WLZ at birth, age of outcome assessment, birth order,
multiple birth, race, and adulthood height (for blood pressure
outcomes).
Results: Adulthood BMI was on average higher in the 1970-
1997 cohort (24.3 kg/m2) compared to the 1933-1949 cohort
(22.0 kg/m2) and 1950-1969 cohort (22.4 kg/m2) (p-values <
0.05). However, infant weight gain was on average lower in the
1970-1997 cohort (8.6 kg) compared to the 1933-1949 cohort
(9.1 kg) and 1950-1969 cohort (9.2 kg) (p-values < 0.05).
Conditional WLZ was positively related to adulthood BMI,
but there was significant effect modification by birth year
cohort such that the association was over two times stronger in
the 1970-1997 cohort (β 2.31; 95% confidence interval 1.59,
3.03) compared to the 1933-1949 cohort (0.98; 0.31, 1.65) or
1950-1969 cohort (0.87; 0.21, 1.54); Wald tests for these
comparisons were significant at p< 0.05 (see Figure). A similar
pattern was observed for SBP, but with the estimated associa-
tion with conditional WLZ being stronger in both the 1970-
1997 cohort (1.85; 0.10, 3.61) and 1950-1969 cohort (2.26;
0.63, 3.89) compared to the 1933-1949 cohort (-0.33; -2.00,
1.35). Conditional WLZ was not related to DBP in the full
sample and there was no evidence of effect modification by
birth year cohort.
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Conclusions: Our findings provide novel evidence that the
positive infant weight gain-adulthood BMI association is
stronger for infants born during the obesity epidemic compared
to infants born earlier in the 20th century. Rapid infant weight
gain may, therefore, be implicated in the development of the
obesity epidemic despite average infant weight gain actually
having declined over time.
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PO1.01.01

Do low-birth-weight babies have higher central adiposity?
A study on newborn anthropometry and adiposity in
Colombo, Sri Lanka

M.N. Lucas1, V.P. Wickramasinghe1, P. Lanerolle1, A. Hills2

1University of Colombo, COLOMBO, Sri Lanka; 2University of
Tasmania, TASMANIA, Australia

Background: This study was undertaken due to lack of data
regarding neonatal anthropometry and adiposity in Sri Lanka
along with concerns regarding interventions taken to expedite
catch up growth in low birth weight babies. The objectives of
the study are to describe the anthropometry and adiposity of
term newborn babies and determine if there is a difference
between <2.5kg vs ≥2.5kg and males vs females.
Methods:Ongoing descriptive longitudinal study commenced
in July 2015. All healthy babies born in the University unit, De
Soysa Hospital for Women after 37 weeks gestation of mothers
>18 years old who were able to attend monthly follow up until
1 year was included. Weight, length and circumferences were
measured using SECA instruments and adiposity was assessed
via skinfold thickness using Harpenden skinfold calipers
according to the WHO growth standards within 48 hours of
birth. Ethical clearance was obtained from University of

Colombo. SPSS was used for statistical analysis and Chi square
test was used to test significance.
Results: The total study population was 287. Mean gestational
age was 39 ±1weeks(37-41). The overall anthropometry was:
birth weight 2.908Kg ± 0.431SD (1.84–4.070), length
48.5 ± 2.0cm(43.4–54.7), head circumference 33.9 ± 1.39cm
(30.8–43.9), chest circumference 32.6 ± 2.2cm(22.8–39.4),
abdominal circumference 30.6c ± 2.2cm(24.3– 41.2) and mid
upper arm circumference(MUAC) 10.6 ±1.1cm (8.0–13.6).
Their skin fold thicknesses were: biceps 4.4 ± 0.9mm(2.4–
8.9), triceps 4.8 ± 1mm(2.6–8.8), subscapular 5.0 ±1.2mm
(2.4–10.7) and supra-iliac 4.3 ± 1mm(2.2-9.2). No significant
difference was found in birth weight(p= 0.269), length
(p= 0.363), head circumference(p= 0.365), MUAC
(p= 0.467), chest circumference(p= 0.349), abdominal cir-
cumference(p= 0.478) or skin fold thickness of biceps
(p= 0.954), triceps(p= 0.056), subscapular(p= 0.307), supra-
iliac(p= 0.558) between boys(142) and girls(145). There were
46 babies below 2.5kg, whose length(p< 0.001), head cir-
cumference(p= 0.002), chest circumference(p< 0.001),
MUAC(p< 0.001), abdominal circumference(p< 0.001) and
skinfold thickness of biceps(p= 0.044) and triceps(p= 0.003)
were significantly lower than those ≥2.5kg. However the sub-
scapular skinfold(p= 0.065) and suprailiac skinfolds
(p= 0.192) were preserved.
Conclusion: Supra-iliac and subscapular skinfold thickness were
preserved with significant reduction in all other parameters sug-
gesting increased central adiposity in the<2.5kg babies. However
No difference was found between males and females.

PO1.01.02

Differences in development of white adipose tissue depots
in post-weaning C57BL/6j mice

A. Kodde1, E. Engels1, A. Oosting1, K. van Limpt1, E.M. van
der Beek1, J. Keijer2

1Nutricia Research, UTRECHT, The Netherlands; 2Wageningen
University, WAGENINGEN, The Netherlands

Different white adipose tissue (WAT) depots have a distinct
contribution to metabolic health, depending on their location
in the body. Distribution of fat over WAT depots and the
metabolic profile of these depots may be programmed by
nutritional exposure in early (postnatal) life. Yet, little infor-
mation is available on early life development of the metabolic
function of different WAT depots. We evaluated post-weaning
development of three WAT depots focusing on markers for
mitochondrial content, oxidative capacity andWAT browning.
C57BL/6j male mice were fed AIN93G until day 42 and
AIN93M from day 42 to 98. Inguinal (ING), epididymal (EPI)
and retroperitoneal (RP) WAT of 21, 42 and 98 days old mice
was dissected, weighed and investigated for markers for adip-
osity and preadipocyte number (Lep, Mest and Pref1 gene
expression), mitochondrial content (citrate synthase activity)
and oxidative capacity (OXPHOS protein expression) and WAT
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browning (Ucp1 and Cidea gene expression). WAT depot weight
increased over time. In line with this, gene expression of adiposity
markers Lep andMest increased in EPI (p< 0.05) and RP WAT
(p=0.06 for Lep and p< 0.05 forMest), but levels were stable in
ING WAT. Preadipocyte numbers as measured by Pref1 gene
expression declined over time in all three depots (p< 0.001).
Citrate synthase activity was highest in INGWAT and decreased
in all three depots (p <0.01), indicating higher mitochondrial
numbers in ING WAT and a decline in mitochondrial number
over time, being most pronounced between day 21 and 42 in
ING WAT (-56%). Protein expression of OXPHOS complexes
I-III were also highest in ING WAT and declined over time in
this depot (p< 0.01), but remained stable over time in EPI and
RP WAT. The ATP synthase subunit (ATP5A) of OXPHOS
showed an opposite pattern, with levels being stable over time in
INGWAT but declining in EPIWAT (p< 0.05). The latter may
suggest that activity of the electron transport chain was not cou-
pled to ATP synthase activity in ING WAT. Together with the
substantial decrease in gene expression ofUcp1 andCidea in ING
WAT (p< 0.01), this could indicate that INGWAT transforms
from a browner phenotype to a pure white depot during early
post-weaning. Together these data showed that developmental
trajectory of ING WAT during the post-weaning period in
C57BL/6j mice is distinctly different from that in EPI and RP
WAT, indicating that postnatal programming of adipose tissue
function is depot specific.

PO1.01.03

Is early life exposure to polyomaviruses and herpesviruses
associated with childhood obesity and cardiometabolic traits?

M. Karachaliou1, S. Sanjose2, T. Waterboer3,
T. Roumeliotaki1, M. Vassilaki1, K. Sarri1, V. Leventakou1,
M. Vafeiadi1, G. Chalkiadaki1, E. Stiakaki4, A. Michel3,
M. Pawlita3, M. Kogevinas5, L. Chatzi1, D. Ierodiakonou1

1University of Crete, HERAKLION, Greece; 2Unit of Infections
and Cancer, Cancer Epidemiology Research Programme, Catalan
I, BARCELONA, Spain; 3Molecular Diagnostics of Oncogenic
Infections Division, Infection, Inflammation, HEIDELBERG,
Germany; 4Department of Pediatric Hematology-Oncology
University of Crete, University Hos, HERAKLION, Greece;
5ISGlobal, BARCELONA, Spain

Background: Evidence for an infectious origin of obesity is
emerging based on animal studies and limited studies in
humans, which mostly concern adenovirus 36. Further efforts
to identify new pathogens that contribute to obesity are nee-
ded. Moreover, a metabolic dysfunction has been shown to
accompany some common viral infections including CMV and
HSV but no evidence exists in childhood. We aim to explore
whether natural infection with ten polyomaviruses and four
herpesviruses in early childhood is associated with obesity and
cardiometabolic traits at age four and seven.
Methods: We used cross-sectional data on 674 children parti-
cipating at the four years of age follow-up in the Rhea birth

cohort in Crete, Greece and prospective data on 440 children at
age seven. Blood levels of IgG antibodies to ten polyomaviruses
(BKPyV, JCPyV, KIPyV, WUPyV, HPyV6, HPyV7, TSPyV,
MCPyV, HPyV9, HPyV10) and four herpesviruses (EBV,
CMV, HSV-1, HSV-2) were measured using multiplex serology
at age four. We measured BMI, waist circumference and skinfold
thickness at four anatomical sites at age four and seven. Data on
cardiometabolic traits, including blood pressure, serum lipids,
leptin and adiponectin levels were also available. Multivariable
linear regression models were used to estimate the association of
single and multiple polyomaviruses and herpesviruses infections
with outcomes after adjusting for maternal age, origin, education,
pre-pregnancy BMI, child’s sex, age, breastfeeding, having older
siblings, school attendance, screen-time per day and child’s BMI
(only for cardiometabolic outcomes).
Results: At age four, seroprevalence to polyomaviruses ranged
from 21% for HPyV9 to 82% for HPyV10. Seroprevalence for
EBV was 53%, for CMV 26%, for HSV-1 3.6% and for HSV-2
1.5%. The prevalence of overweight and obesity was 14.1% and
6.7% at four years and increased to 21.8% and 9.6% at seven
years, respectively. BKPyV seropositivity was associated with
lower BMI SD-score at age four [-0.21 (95% CI:-0.39, -0.03)]
and seven [-0.27 (95% CI:-0.48, -0.05)] waist circumference at
age four [-1.12cm (95% CI:-2.10, -0.15)] and seven [-1.73cm
(95% CI:-3.33, -0.12)], sum of skinfolds at age four [-2.97mm
(95% CI:-5.70, -0.24)], systolic blood pressure SD-score at age
four [-0.16 (95% CI: -0.31, -0.01)] and leptin levels at age four
[ratio of geometric means, 0.83 (95% CI: 0.70, 0.98)]. On the
other hand, CMV seropositivity was associated with higher BMI
SD-score at age four [0.28 (95%CI: 0.11, 0.45)] and seven [0.24
(95% CI: 0.03, 0.45)] and sum of skinfolds at age seven
[4.75mm (95% CI: 0.67, 8.83)]. Although no other herpesvirus
was individually associated with obesity outcomes, having “2-3
herpesviruses infections” (versus “0 herpesvirus infections”) was
associated with higher BMI SD-score [0.32, (95% CI: 0.12,
0.53)], waist circumference [1.22cm (95% CI: 0.13, 2.31)] and
sum of skinfolds [3.26mm (95% CI: 0.18, 6.35)] at age four.
Polyomavirus burden was not associated with obesity and cardi-
ometabolic outcomes.
Conclusions: Our findings suggest that certain infectious
agents might closely interact with developmental processes
related to obesity and cardiometabolic traits in early childhood
and play a more important role in health and disease than
previously understood during the formative stages of life.

PO1.01.04

The joint effect of maternal smoking during pregnancy and
pre-pregnancy overweight on the development of
overweight in children

T. Chattrapiban1, H.A. Smit1, A.H. Wijga2, U. Gehring3,
L. van Rossem1

1UMC Utrecht, UTRECHT, The Netherlands; 2National
Institute of Public Health and the Environment, BILTHOVEN,
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The Netherlands; 3Institute for Risk Assessment Science, Utrecht
University, UTRECHT, The Netherlands

Background: Maternal smoking during pregnancy and pre-
pregnancy overweight are known risk factors for childhood
overweight. Maternal smoking during pregnancy causes growth
restriction in utero and may result in catch-up growth with
relatively more fat mass in childhood after being born with low
birth weight. Maternal pre-pregnancy overweight is probably
related to fetal over-nutrition resulting in high birth weight and
increased fat mass. In a previous study, we observed that birth
weight of children from mothers who had both these risk fac-
tors was similar to that of children from mothers without both
risk factors. In this study, we aimed to assess the overweight
trajectories between 3 months and 17 years in offspring of
mothers with none, one, or both risk factors.
Methods: We used the data of 3,171 children with complete
exposure data for maternal smoking during pregnancy and pre-
pregnancy overweight, born at term in the PIAMA birth
cohort. Four exposure groups were distinguished: (i) children
born to smoking, non-overweight mothers, (ii) children born
to overweight, non-smoking mothers (iii) children born to
mothers who both smoked during pregnancy and had pre-
pregnancy overweight, and (iv) children born to mothers with
none of these risk factors. The outcome variable was childhood
overweight trajectories in four categories: never, persistent,
increasing and decreasing overweight between 3 months and
17 years. We performed multinomial regression analysis to
assess the relation of children of mothers who both smoked
during pregnancy and had maternal pre-pregnancy overweight
with the risk of developing persistent or increasing overweight
between 3 months and 17 years of age.
Results: Of 3,171 children, 67.5% (n= 2,139) of children
were born to non-overweight, non-smoking mothers, 16.0%
(n= 507) to overweight, non-smoking mothers, 12.7%
(n= 405) to smoking, non-overweight mothers, and 3.8%
(n= 120) to mothers with both risk factors. Of the 4 trajec-
tories of overweight, the never overweight trajectory included
62% of children, while the increasing, persistent, and decreas-
ing trajectories included 18.1%, 6.6%, and 13.3% of children
respectively.
Compared to children from mothers without both risk factors,
those from overweight, non-smoking mothers had an increased
risk of persistent overweight (RR= 4.02, 95%CI: 2.83, 5.70)
and increasing overweight during childhood (RR= 2.33, 95%
CI: 1.78, 3.06). Children from smoking, non-overweight
mothers only had an increased risk of increasing overweight
during childhood (RR= 1.46, 95% CI: 1.05, 2.02). Children
from mothers who both smoked during pregnancy and had
pre-pregnancy overweight had an increased risk of increasing
and persistent overweight (RR= 2.56, 95%CI: 1.58, 4.15, and
RR= 2.36, 95%CI: 1.16, 4.79 respectively).
Conclusion: Maternal pre-pregnancy overweight increases the
risk of persistent overweight, and maternal smoking increases
the risk of increasing overweight. Children of mothers with

both risk factors were at increased risk for both persistent and
increasing overweight.
Abbreviation: PIAMA, The Prevention and Incidence of
Asthma and Mite Allergy study

Risk of belonging to one of the four overweight trajectories
according to pre-pregnancy overweight, maternal smoking
during pregnancy, or both

PO1.01.05

Testing the developmental mismatch hypothesis: how
responses to unhealthy childhood diet depend on prenatal
experience

R. Crozier1, J. Baird1, M. Inskip1, C. Harvey1, M. Robinson1,
C. Cooper1, M. Hanson2, M. Godfrey1

1MRC Lifecourse Epidemiology Unit, SOUTHAMPTON,
United Kingdom; 2University of Southampton,
SOUTHAMPTON, United Kingdom

Background: The developmental mismatch hypothesis pro-
poses that risk of diseases such as obesity is increased when
restricted prenatal nutrition, leading to reduced fetal growth, is
followed by a high level of nutrition in childhood, especially an
unhealthy diet. Impaired prenatal nutrition and growth, fol-
lowed by an unhealthy childhood diet, might therefore pre-
dispose to obesity. To test this hypothesis, we used longitudinal
data from the Southampton Women’s Survey (SWS) on fetal
growth velocities and childhood diet quality, and related these
to adiposity in childhood. We investigated whether there was
an interaction between conditional growth in fetal abdominal
circumference (AC) in late pregnancy and diet at age 6 years on
adiposity at age 9 years.
Methods: 3158 SWS women had live singleton births. AC was
measured at 11, 19 and 34 weeks’ gestation, birth, and ages
6 months and 1, 2, 3 and 6 years. At age 9 years a subset had
dual-energy absorptiometry (DXA) scans. Among mothers
with a reliable menstrual history, enabling precise gestation
determination, 582 children had DXA measurements. Total
and percentage fat at age 9 years were transformed to z-scores.
AC z-scores for age were created; from these AC growth
between two consecutive time points was calculated to describe
the conditional growth in AC relative to that predicted from all
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previous AC measurements. At age 6 years dietary patterns were
identified using principal component analysis; the first compo-
nent was a ‘prudent’ dietary pattern that complied with dietary
recommendations characterized by frequent consumption of
fruit, vegetables and fish. Linear regression models were fitted to
assess the effects of AC growth on 9-year adiposity. A multi-
plicative interaction term for AC growth from 34 weeks to birth
and 6 year prudent diet score was added to the regression models.
Confounding variables (determined by a Directed Acyclic Graph)
were breastfeeding duration, maternal BMI, maternal education,
sex, smoking in pregnancy, 9-year height, age at DXA, late
pregnancy vitamin D and pregnancy weight gain.
Results: Median fat mass at 9 years was 7.6 kg and percentage
fat was 24.4%. There were associations between greater AC
growth from birth to 6 months, 2 to 3 years and 3 to 6 years
and higher fat mass and percentage fat at 9 years. The interac-
tion between AC growth from 34 weeks to birth and 6 year
prudent diet score was statistically significant for total fat
(P= 0.006) (Figure) and percentage fat (P= 0.005). Amongst
children with low AC growth in late gestation, lower prudent
diet scores were associated with greater 9-year total and per-
centage fat, whereas amongst children with high AC growth in
late gestation there was little effect of prudent diet score on total
and percentage fat.
Conclusion: Individuals showing late gestation faltering
of fetal growth who then had an unhealthy imprudent child-
hood diet had greater adiposity, while childhood diet had no
influence on adiposity in individuals whose fetal growth had
not faltered. Confirming the mismatch hypothesis has impli-
cations for preventing childhood obesity; this is particularly
relevant to societies undergoing economic and nutritional
transition.

The effects of AC growth from 34 weeks to birth and 6-year
prudent diet score on 9-year total fat

PO1.01.06

Current size not birth size is associated with risk of
metabolic syndrome in young Australian adults

R. Singh, K. Montgomery-Quin, B. Davison

Menzies School of Health Research, CASUARINA, Australia

Background: Cardiovascular disease (CVD) is the leading
cause of death and morbidity, globally. Indigenous
Australians have an increased risk of CVD, with mortality
due to ischaemic heart disease ten times higher in those
aged 25-34 years relative to non-Indigenous adults of the same
age group. Metabolic syndrome (Mets) has been associated
with an increased risk of CVD and stroke resulting in increased
CVD mortality. Prevalence of mets in Indigenous and
non-Indigenous participants are described and the influence of
birth and current size on these is examined.
Methods: The Life Course Program, based in the Northern
Territory, Australia, encompasses two distinct but com-
plementary cohorts; The Aboriginal Birth Cohort (686
Indigenous) and the Top End Cohort (196 non-Indigenous).
Participants of both studies were born between 1987 and
1991, with face-to-face assessment occurring in young
adulthood aged 21-27 years (2013-2015). Reliable birth weight
measurements were available. Height and weight were
measured and Body Mass Index (BMI cm/kg2) calculated. This
was categorised as underweight <18.5, normal 18.5-24.9,
overweight 25-29.9 and obese ≥30. Metabolic Syndrome
(Mets) was classified as: waist circumference ≥94cm for
men and ≥80cm for women,triglycerides ≥150mg/dL,
HDL-C <1.0mmol/L in males and <1.3mmol/L in females,
blood pressure systolic ≥130 &/or diastolic ≥85mm Hg or
history of hypertension. Due to low numbers of fasting bloods
available, HbA1c ≥5.7% was used as an alternative to plasma
glucose. Pregnant women were excluded. Complete data
obtained from 378 Indigenous and 103 non-Indigenous
participants.
Results: Significantly lower birthweights were seen in Indi-
genous participants compared to non-Indigenous (mean 3044
to 3300 grams; p< 0.001). Indigenous participants had higher
rates of underweight and lower rates of obesity. Indigenous
participants were more likely to have 3 or more components of
mets compared to non-Indigenous (26 to 9% p< 0.001). No
association was seen between birth weight and occurrence of
mets. Current size was significantly associated with risk of mets
(p< 0.001). Mets scores ≥ 3 were most often seen in Indi-
genous obese or overweight Indigenous participants. For those
with obesity the proportions were 80% (n= 41) compared to
33% (n= 3) and for those who were overweight, this was 44%
(n= 39) compared to 20% (n= 5) in non-Indigenous
participants.
Discussion: A quarter of Indigenous participants had
3 or more metabolic risk factors. The main risk factor for
metabolic syndrome in both Indigenous and non-Indigenous
young adults was current size. No association was seen with
birth weight. These results underscore the fundamental role
healthy lifestyles play in maintenance of health. Provision of an
environment that enables physical activity and healthy nutri-
tional choices needs to be incorporated into healthy lifestyle
programs to encourage uptake of these health messages.
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Number of abnormal cardio-metabolic criteria by BMI
categories

PO1.01.07

Birth weight classification and BMI trajectories in early life:
evidence of maternal effects from the Lifeways Cross-
Generation Cohort study

H. Khalil1, R. Segurado1, R. Somerville1, J. Mehegan1,
C. Murrin1, C. Kelleher1, On behalf Of the Lifeways Steering
Group2

1University College Dublin, DUBLIN 4, Ireland; 2Lifeways
Cross-Generation Cohort Study Steering Group

Background: Birth weight is a known predictor of childhood
adiposity, however sex and age-related body size trajectories are
better indicators of later disease risk. Studies have explored
socio-economic and early life factors associated with early
childhood trajectories but few have examined the role of the
maternal diet during pregnancy.
Methods: The Lifeways Cross Generation Cohort Study
comprises a longitudinal birth cohort where expectant mothers
were recruited from two large Irish maternity hospitals. At
booking visit they completed a questionnaire on health
(including height and weight), lifestyle and socioeconomic
details. Dietary information was obtained using a food fre-
quency questionnaire and estimated macronutrient intake was
adjusted for energy. Height and weight of the proband child
were measured over three data collection waves (birth, 5 years,
and 9 years). Marginal models of body mass index were fitted
using Low (LBW:< 2.5kg), Mid (MBW:2.5-3.99kg) and
High (HBW: ≥4kg) birthweight categories, to predict trajec-
tory, with unstructured correlation of residuals between time-
points. Modifiers of three derived trajectories were modelled
with higher-order interactions. We adjusted for maternal
smoking, sex of the child, breastfeeding, maternal pre-
pregnancy BMI and a range of values for maternal nutrient
intake during pregnancy.
Results: At least one BMI was measured in 1087 infants of
whom 4% were LBW, 18% HBW. BMI was available in more
than one wave in 65% of LBW, 53% of MBW, and 51% of
HBW babies.

Models showed increased BMI variance at age 9 years, and
highest covariance between 5 and 9 years. Statistically sig-
nificant interaction terms showed fastest increases in mean
BMI in the LBW, catching up with peers by age 5, and over-
taking them by age 9.
Pre-pregnancy Maternal BMI showed a positive effect on the
BMI rate, consistently across birth-weight patterns. The impact
of dietary intake during pregnancy revealed that crude total
energy intake modifies LBW overcompensation (p= 0.020):
mean BMI at 9y was substantially lower with intakes in the
highest range >3000Kcal. This pattern is similar for fat and
carbohydrate intake (p= 0.039, p= 0.018 respectively), but
not protein nor energy-adjusted macronutrient intake.
Conclusions: The overcompensatory trajectory appears unre-
lated to high maternal energy-intake during pregnancy.
Maternal nutritional status prior to pregnancy may be a
stronger determinant of trajectories in childhood.

PO1.01.08

Impact of foetal growth restriction on rate of change and
composition of young adult body mass

R. Singh, S. Williams

Menzies School of Health Research, CASUARINA, Australia

Background: Aboriginal people in the Northern Territory
(NT) of Australia have poorer health outcomes that Non-
Aboriginal Australians, with higher rates of Fetal Growth
Restriction in early life and high rates of chronic disease such as
diabetes, renal and cardiovascular disease in later life. Obesity, a
Major risk factor for chronic disease is also disproportionately
high in NT Indigenous people. We compare (i) rate of increase
of Body Mass Index (BMI) and time to reach overweight or
obesity and (ii) composition of weight change in early adult-
hood with respect to FGR status in the Aboriginal Birth Cohort
(ABC), established in 1987 in the NT.
Methods: ABC participants (n= 686) recruited at birth
(Wave-1), then anthropometrically assessed at mean ages of 11
(Wave-2), 18 (Wave-3) and 25 years (Wave-4). FGR is defined
as <10th percentile of birthweight for gestational age (Inter-
growth); overweight/obese (ow/ob) as BMI≥ 25; BMI gain as
an increase of ≥1 standard deviation (SD) to age 18 then 1
category change; BMI gain as small (<1 SD change), medium
(≥1 SD without ow/ob) and large (≥1 SD with ow/ob). Cox
regression, adjusting for gender, age (months) at Wave-4,
recent location, prematurity and maternal smoking, was used
and Hazard ratios (HR) obtained. Multivariate regression was
used for analysis of fat composition, and also adjusted for rate of
BMI change and BMI category at Wave-4.
Results:Of 630 with FGR status, 211 (33%) reached ow/ob at
any wave. Of 339 with complete data, 130 (38%) reached ow/
ob, with the proportion of FGR less than non-FGR (p= 0.01).
Only 3 FGR reached obesity compared to 43 non-FGR
(p< 0.01). Although FGR have 53% greater risk of increased
BMI (HR 1.53 p< 0.01; 1.12,2.10), they have 40% less risk of
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ow/ob (HR 0.60, p=0.029; 0.38,0.95) than non-FGR in their
first 25 years. FGR has less fat mass than non-FGR; with small
BMI gain, geometric mean of fat mass (kg) is 45% less (p=0.001)
and with medium BMI gain is 20% less (p=0.03). For median
BMI gain fat % (p=0.02), fat free mass (p=0.05) and ratio fat
mass/fat free mass (p=0.04) are less in FGR.. For large BMI gain,
only fat free mass remains less in FGR (p=0.005).
Conclusions: FGR babies gain weight for height faster, but
take longer to reach overweight/obesity, presumably due to a
lower starting BMI. FGR have reduced gains in fat mass and fat
free mass compared to non-FGR, and a corresponding reduced
fat mass/fat free mass ratio until ow/ob is reached, possibly
delaying the development of chronic diseases. However,
reduced fat free mass seen here once ow/ob is reached may
increase risk of chronic disease in FGR even at lower BMI
levels. The reduced ratio of fat mass/fat free mass in medium
FGR suggests this is the optimal BMI to maintain and provides
a key point for intervention.

Adjusted ratio fat mass to fat free mass by BMI gain and
FGR status.

PO1.01.09

Assessment of infant body composition using air
displacement plethysmography

K. Shorthose1, C. Bagias2, B. Jack1, A. Gopinath1,
P. Saravanan2

1Diabetes Research Team, NUNEATON, United Kingdom;
2Warwick Medical School, University of Warwick, COVENTRY,
United Kingdom

Background: Extremes of birth weight (high and low) are
predictors of future metabolic risk including obesity, type 2
diabetes and cardiovascular disorders. However, similar to BMI
in adults, it does not differentiate babies who are proportio-
nately big or small. Adult adiposity is a better marker of car-
diometabolic disorders and is likely that newborn adiposity
could be a better marker than birth weight. Our research
question was: ‘What are the maternal characteristics which
predict infant adiposity?’

Methods: PRiDE:PEAPOD study is a sub-study of babies
born to women at high risk of gestational diabetes (GDM)
from the multicentre, prospective PRiDE study (Micro-
nutrients in Pregnancy as a Risk factor for gestational Diabetes
and Effects on mother and baby). Babies body composition was
assessed using air displacement plethysmography (PEAPOD)
within 48 hours of birth. Maternal characteristics were
obtained during early pregnancy (12 weeks gestation), includ-
ing maternal anthropometric measurements. Fasting and
2 hour post-load glucose levels were obtained at the time of
oral glucose tolerance test (OGTT), carried out between
24-28weeks gestation.
Results: Forty-three babies were studied between August 2016
and April 2017. The maternal characteristics in early pregnancy
were (mean ± sd): maternal BMI – 34.4 ± 8.6Kg/cm²; waist
circumference – 102.7 ± 21.7cm; maternal triceps skinfold
thickness – 28.8 ± 10.1; maternal subscapular skinfold thick-
ness – 28.9 ± 11.6. Mean fasting and 2 hour post-load glucose
at the time of OGTT were 4.4 ± 1.2 and 5.5 ± 2.4mmol/l,
respectively.
Of the 43 babies, 22 were male and 21 female. The newborn
characteristics were (mean ± sd): gestational age at birth –

39 weeks ± 1 week; birth weight – 33.3 ± 0.55 kg; newborn fat
mass – 0.39 ± 0.2kg and newborn % fat – 11.5 ± 4.5%. After
adjusting for gestational age, mean male fat mass -
0.42 ± 0.28kg; mean female fat mass – 0.36 ± 0.13kg (p= 0.1);
mean male % fat – 11.4 ± 5.5% and female % fat –

11.6 ± 3.4% (p= 0.3). % fat of male and female newborns
ranged between 3-26.4% and 5.6-18.6%, respectively. In a
multivariate regression analysis gestational age independently
predicted infant adiposity (p= 0.05); when adjusted for
maternal BMI, maternal family history of diabetes, infant
gender, maternal anthropometry (waist circumference, triceps
and subscapular skinfold thickness), baseline and 2 hour GTT
results.
Conclusion: No difference in infant adiposity was identified
when adjusting for infant gender. Gestational age was the only
independent predictor of body composition within the first
48 hours of birth. A larger sample size is required to look at
further maternal characteristics and the role of intra-uterine
programming on infant body composition.

PO1.01.10

Predisposing factors for metabolic syndrome in pregnancy
and newborns‘ body size: preliminary report from the
Croatian Islands‘ Birth Cohort Study

D. Havaš Auguštin1, M. Zajc Petranovic1, J. Šarac1, T. Caric1,
A. Perinic Lewis1, N. Novokmet1, V. Pribacic Ambrožic1,
J. Sindik1, M. Coklo1, D. Karelovic2, V. rabic3, A. Žižic2,
L. Stanišic4, B. Orehovec5, Ž. Romic5, S. Jankovic6,
N. Cameron7, E.W. Demerath8, L.M. Schell9, S. Missoni1

1Institute for Anthropological Research, ZAGREB, Croatia;
2Department of Obstetrics and Gynecology, University Hospital
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Split, SPLIT, Croatia; 3Department of Paediatrics, Split
University Hospital Center, SPLIT, Croatia; 4Department of
Medical Laboratory Diagnostics, University Hospital Split,
SPLIT, Croatia; 5Clinical Department of Laboratory Diagnostics,
Dubrava University Hospital, ZAGREB, Croatia; 6Department
for Radiologic Technology, University Department for Health Care
Stu, SPLIT, Croatia; 7Loughborough University, School of Sport,
Exercise and Health Sciences, LOUGHBOROUGH, United
Kingdom; 8University of Minnesota, School of Public Health,
MINNEAPOLIS, United States of America; 9University at
Albany, State University of New York, ALBANY, United States of
America

The prevalence of the metabolic syndrome (MetS) on the
Eastern Adriatic islands is higher than in the neighboring
mainland area. The CRoatian Islands‘ Birth Cohort Study
(CRIBS) is an ongoing 3-year-project aiming to assess the
prevalence of known risk factors for MetS. The CRIBS sample
consists of pregnant women from Dalmatian islands of Brač
and Hvar and the nearby coastal town of Split and it’s sur-
roundings, who had no history of chronic diseases, who con-
ceived naturally, and had singleton pregnancies,. We tested the
association of possible predisposing factors for MetS (age,
smoking, prepregnancy BMI, blood biomarkers) and new-
borns’ anthropometric measures. In this preliminary sample
(n= 131, age range 19.8-41.7 yrs, mean 30.6 ± 4.6 yrs), 28.3%
of women reported smoking in pregnancy and 22.2% reported
being exposed to passive smoking. 17.9% of all the women
were overweight and 4.7% were obese. In comparison to
underweight women (<18.5 kg/m2), obese pregnant women
gave birth to heavier (p< 0.05) and longer babies (p< 0.01).
Newborns of primi- and multiparous mothers were sig-
nificantly longer (p< 0.05) and had greater head circumfer-
ences (p< 0.001) than newborns of nulliparous mothers.
Women with higher mean triglyceride levels more often had
large for gestational age than normal for gestational age children
(p< 0.01). Smokers, in comparison to non-smokers, had sig-
nificantly higher triglycerides (p< 0.05) and lower HDL cho-
lesterol (p< 0.01). All the predisposing factors for MetS were
compared according to the island and mainland place of resi-
dence: newborns‘ size at birth (weight, length and head cir-
cumference, z-standardized according to WHO) did not differ
between the two groups. The only difference was detected in
women; islanders had higher glucose (p< 0.05), while women
from the mainland had higher homocysteine and lipoprotein(a)
(both p< 0.05). Despite the fact that none of the investigated
women were diagnosed with MetS, some of its risk factors
have a considerable prevalence in the investigated CRIBS
population.

PO1.01.11

Improving risk estimates for metabolically healthy obesity
and mortality using a refined healthy reference group

W. Johnson1, J.A. Bell2, M. Hamer1

1Loughborough University, LOUGHBOROUGH, United
Kingdom; 2MRC Integrative Epidemiology Unit at the University
of Bristol, BRISTOL, United Kingdom

Background: Whether or not obesity without metabolic dys-
function carries excess risk of mortality remains unclear. Little
attention has focused on the importance of the referent group,
usually comprising adults who are non-obese and metabolically
healthy at a single point in time. As a consequence, estimates of
excess mortality risk among healthy obese versus healthy non-
obese adults may be obscured by failing to distinguish referent
non-obese individuals who have had a body mass index (BMI)
below the obesity range for many years from those who used to
be obese but lost weight. We aimed to re-examine mortality
risk estimates for metabolically healthy obesity by using a more
stable healthy non-obese referent group.
Methods: The sample comprised 5,427 men and women (aged
65.9 ± 9.4 years, 45.9% men) from the English Longitudinal
Study of Ageing born on or before 29 February 1952. Identical
clinical assessments were performed at baseline in 2004-05 and
four years later in 2008-09. These data were linked with death
records from National Health Service registries up to February
2012. At each sweep, participants were classified as 1) non-
obese (BMI <30 kg/m2) or obese (BMI ≥30 kg/m2) and 2)
healthy (0 or 1 metabolic abnormality) or unhealthy (≥ 2
metabolic abnormalities), based on measurements of blood
pressure, HDL-cholesterol, triglycerides, glycated haemoglo-
bin, and C-reactive protein. Cox proportional hazards regres-
sion models were used to examine associations between healthy
obesity and all-cause mortality, adjusting for age, sex, physical
activity, smoking, depressive symptoms, long standing illness,
and wealth at baseline. Analyses first compared risk estimates
based on baseline obesity and health status (i.e., healthy obese,
unhealthy obese, healthy non-obese (referent), unhealthy non-
obese). Analyses were then re-run using a refined referent group
of participants who were still healthy non-obese at the four year
follow-up.
Results: A total of 671 deaths were observed over an average
follow up of eight years. As baseline, 10% of the sample were
healthy obese, 19% were unhealthy obese, 46% healthy
non-obese, and 25% unhealthy non-obese. Only 66% of
healthy non-obese remained in this category four years later.
When defining the referent group based on one clinical
assessment (i.e., baseline), the unhealthy non-obese (hazard
ratio 1.22; 95% CI 1.01, 1.45) and unhealthy obese
(1.29; 1.05, 1.60) were at greater risk of all-cause mortality
compared to the healthy non-obese participants, yet no excess
risk was seen in the healthy obese (1.14; 0.83, 1.52). When
defining the referent group based on two clinical assessments,
these effect estimates were accentuated and healthy obese par-
ticipants were also at increased risk of mortality (2.67; 1.64,
4.34). Similar patterns were observed for cardiovascular-
specific mortality.
Conclusions: Excess risk of mortality among healthy obese
adults was only evident when using a more persistent healthy
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non-obese referent group, defined using data from two
clinical assessments just four years apart. Failure to consider
obesity history when defining the referent group may,
therefore, make healthy obesity appear less harmful by
obscuring the benefits of never being obese or having metabolic
dysfunction.

PO1.01.12

Effects of birth weight and childhood accumulation of body
fat on metabolic parameters in primary school children in
Sri Lanka

K. Thillan, P. Lanerolle, D. Samaranayake, S. Thoradeniya,
V.P. Wickramasinghe

University of Colombo, COLOMBO, Sri Lanka

Introduction: Birth weight is a reflection of fetal growth and
low birth weight increases the risk of cardio vascular diseases in
later life. The role of fat accumulation in the generation of
metaboloic abnormalities in adults is well documented, and is
likely to be observed in the young child as well. Hence the
importance of healthy growth verses accumulation of fat mass.
The aim of this study was to identify the effects of birth weight
and accumulation of body fat on metabolic derangements
among 8-9 years old primary school children in Colombo
Municipal area Sri Lanka.
Method: A cross sectional descriptive study design was
used (N= 324) including boys (N= 161) and girls (N= 163).
The children were recruited at the school medical inspection
(SMI) in the state schools in Colombo Municipal area Sri
Lanka. Weight, height, Fat mass (FM), fasting(8-10 hours)
blood sugar ( FBS), insulin, total cholesterol (TC), HDL,
Triglyceride (TG) and LDL were measured. HOMA IR
(Homeostatic model of insulin resistance was calculated as
[fasting insulin (μU/L) x fasting glucose (nmol/L)/22.5].
Comparison was done between low, medium and high
BMI tertiles along birth weight categories (<2.5, ≤3.5
and> 3.5 kg).
Results: Significantly high levels of metabolic parameters were
observed in the low birth weight and high current BMI tertile
compared to low birth weight and low current BMI tertile (%
BF-41.21± 5.25 VS 16.21± 5.74(p< 0.001), fasting insulin-
12.08± 7.93 VS 2.29± 1.21-p< 0.001 HOMA IR-3.01± 2.69
VS 0.50± 0.25 (p< 0.001) and TG-103.27± 42.41 VS
67.41± 16.74(p< 0.01) ). In the lower BMI tertile no significant
differences in metabolic parameters were observed across the
three different birth weight categories.
Conclusion: Children with low birth weight and low BMI at 9
years had a lower risk of developing an abnormal metabolic
profile. Our results indicate that gaining weight in the form of
accumulation of fat cannot be considered as healthy growth.
Therefore proper feeding and monitoring are important in the
management of the child with low birth weight in order to
ensure appropriate metabolic profiles.

PO1.01.13

Which lesson from the evaluation of parental perception of
child’s weight in an European cohort of 8 years old children

A. Xhonneux1, J.P. Langhendries1, F. Martin1, L. Seidel2, E.
Dain3, V. Grote4, M. Weber4, V. Luque5, N. Ferre5, B.
Mariani6, E. Verduci6, D. Gruszfeld7, P. Socha7, B. Koletzko4

1Centre Hospitalier Chrétien (CHC), ROCOURT, Belgium;
2Biostatistic, SIME, CHU, LIÈGE, Belgium; 3ULB,
BRUSSELS, Belgium; 4Ludwigs-Maximilians-Universität,
Division of Metabolic and Nutritional Medicine, MUNICH,
Germany; 5Paediatrics Research Unit, Universitat Rovira i
Virgili, REUS, Spain; 6Department of Paediatrics, San Paolo
Hospital, University of Milan, MILANO, Italy; 7Neonatal
Intensive Care Unit, Children’s Memorial Health Institute,
WARSAW, Poland

Background: Parental perception of child’s weight may influ-
ence the development of overweight in childhood. We aim at
describing parental perception of their child’s weight status in a
sample of 8 year-old healthy children from 5 European
countries.
Methods:This study was performed in families participating in
the EU CHOP study. Children’s weight and height were
measured and Body Mass Index (BMI) was calculated (kg/m²).
Both parents were asked to judge their child’s weight status
using a scale of sketches#_ftn1 and the question : In your
opinion, to which sketch does your child most resemble at the
moment? The middle image of the sketches was developed to
represent a child at the 50th BMI percentile for the age. Ordinal
logistic regression was used to describe the relationship between
the actual BMI of the child and parental perception of it. Based
on literature, we included gender, level of parental concern
related to overweight, parental BMI, country and level of
education in the model.
Results: At eight years, 587 families (52.8% with girls) were
included. Mean BMI was 16.8 ± 2.79 kg/m² in boys and
17.0 ± 2.55 in girls (n.s.). Based on WHO BMI standards 408
children (69.5%) were normal weight whereas 172 (29.3%)
were overweight. The rest was in the category thinness. The
choice of sketch by mothers and fathers was significantly related
to the child’s BMI (p< 0.0001). However, most of the parents
underestimated the child’s weight status: about 90% of the
parents select a picture of their child lower or equal to the
middle of the scale, despite that around 30% of the children
were already overweight. Maternal and paternal perception was
similar. Perception by both parents was significantly lower for
boys than for girls. Mothers with higher BMI did perceive
significantly their child thinner than mothers with a lower
BMI. A higher paternal level of education enhanced the chance
that the fathers selected a bigger sketch. Polish fathers differed
significantly from those of the other countries.
Conclusions:Our study shows a high level of underestimation
of children’s weight status by their parents. Girls and boys are
perceived differently.
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PO1.02 – Cardio-metabolic health –Growth and long term
effects

PO1.02.01

The emergence of cardiovascular risk factors in adolescence
in a high risk Australian population

B. Davison, J. Goodall, G.R. Singh

Menzies School of Health Research, CASUARINA, Australia

Background: Cardiovascular disease (CVD) is one of the
leading causes of death in the developed world and contributes
to the current gap in health status and life expectancy between
Indigenous and non-Indigenous Australians. This gap is par-
ticularly evident in the Northern Territory (NT) where the life
expectancies of Indigenous residents are, on average, 15 years
less than non-Indigenous residents. The exact age of onset of
CVD and risk factors, high blood pressure, abnormal lipids and
obesity, is not well established.
Methods: The Life Course Program, based in the Northern
Territory, Australia, encompasses two distinct but com-
plementary cohorts; The Aboriginal Birth Cohort (Indigenous)
and the Top End Cohort (non-Indigenous). Participants of
both studies were examined in adolescence, aged 16-20 years
(2005-2007 for Indigenous and 2008-2009 for non-Indigen-
ous) and again in young adulthood aged 21-27 years (2013-
2015 for both). Directly collected lifestyle questions (including
tobacco and alcohol use, physical activity level, hypertension
diagnosis), anthropometric measures and blood pressure were
obtained using standardised methods. Height and weight were
used to calculate Body Mass Index (BMI cm/kg2). Categories
used include: smoker = current, overweight/obese = BMI≥
25, inactivity = none or <5 hours activity per week, high
LDL-c >2.59, low HDL <1.0, alcohol = alcohol at least
weekly, hypertension = systolic BP> 140 &/or diastolic
BP> 90 &/or diagnosis of hypertension. Complete data was
obtained from 276 Indigenous and 85 non-Indigenous.
Results: Significantly higher rates of smoking were present in
Indigenous participants, with those smoking in adolescence
continuing into adulthood (88%). Rates of overweight/obesity
are rising in both Indigenous and non-Indigenous participants.
Of those who were overweight or obese in adolescence 87%
remained so in adulthood. Physical activity levels are declining
in Indigenous participants, but increasing in non-Indigenous.
LDL-c levels are decreasing in non-Indigenous participants but
remain stable for Indigenous. By adulthood over half of Indi-
genous and non-Indigenous participants had a low HDL.
Alcohol use has increased significantly from adolescence to
adulthood for both cohorts. Hypertension rates, although low,
are increasing in both cohorts, with a further 9% (n= 32) of

adolescents and 14% (n= 32) of young adults being pre-
hypertensive (systolic> 130 &/or diastolic> 80).
Discussion: Modifiable risk factors, obesity and lifestyle fac-
tors, such as smoking, alcohol use, physical activity and diet, are
developed in adolescence and continue into adulthood. Of
particular note are the high rates of smoking present in Indi-
genous adolescence continuing into young adulthood,
emphasizing the lack of impact current programs are having in
this at-risk population. The higher rates of modifiable risk
factors present in Indigenous adolescents and young adults may
explain the overt rates of chronic diseases present in later life.

Health status of adolescence and young adults by
Indigenous status

PO1.02.02

Simple health indicators to evaluate influence of early
life gluco-psychosocial factors on self-reported health in
later life

N.S. Wasenius1, M.K. Salonen2, J.G. Eriksson3, On behalf Of
the DynaHEALTH Consortium4

1Folkhälsan, HELSINKI, Finland; 2Folkhälsan, National
Institute of Health and Welfare, HELSINKI, Finland;
3University of Helsinki and Helsinki University Hospital,
HELSINKI, Finland; 4DynaHEALTH, OULU, Finland

Background: A myriad of different early life exposures to gly-
cemic and psychosocial factors have been shown to be asso-
ciated with long-term health. Usually the relationships between
these factors and long-term health have been studied separately.
However, it remains to be determined how the accumulation of
different risk factors can alter long-term health. We aimed to
explore the associations between gluco-psychosocial axis (GPA)
score, which was based on maternal body mass index (BMI) in
late pregnancy, offspring BMI at the age of 7, and childhood
socioeconomic status (SES) on later life self-reported health,
which was used as a surrogate marker of the ageing process.
Methods: We investigated 765 men and 891 women (mean
age = 61.5 years, standard deviation = 2.9). The information
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of maternal BMI during late pregnancy, offspring BMI at the
age of 7 years, and childhood SES was based on the hospital
birth records and child welfare and school health care records.
The early GPA score was calculated as a sum of maternal BMI
(normal weight <25 kg/m2= 0, overweight 25 – 29.9 kg/
m2= 1, obese ≥30 kg/m2= 2), offspring BMI (underweight
<5 percentile = 1, normal weight 5- <85 percentile = 0,
overweight 85 – 94.9 percentile = 1, obese ≥95 percentile =
2), and SES (high = 0, moderate = 1, low = 2) categories.
GPA was divided into tertiles (low, average, high (worse)).
Participant’s self-reported health was based on a question from
the SF-36, where people were asked to rate their general health
(excellent, very good, good, fair, poor). Generalized ordered
logit models were applied to investigate the association between
the GPA tertiles and self-reported health tertiles (good, fair,
poor). Analyses were adjusted for age.
Results: In men, a low GPA score had a significantly greater
probability to be identified with good health compared to the
men with average (mean difference = 11.7 percentage point
(pp), 95% CI 2.9–20.5, p= 0.009) or high GPA score (mean
difference = 19.0 pp, 95% CI 7.6–30.5, p= 0.001). Among
women, low GPA was also associated with greater probability
to be identified with good health compared to the average GPA
group, however, the between the group difference was only
borderline significant (mean difference = 8.1 pp, 95% CI
-0.8–17.0, p= 0.075).
Conclusions: A favorable combined score based on early life
gluco-psychosocial factors is associated with better self-reported
health in later life. This association is stronger among men than
in women.

PO1.02.03

Excess early postnatal weight gain and blood pressure in
healthy young children

M.A.C. Jansen1, C.S.P.M. Uiterwaal2, C.K. van der Ent3,
H.A. Smit2, D.E. Grobbee2, G.W. Dalmeijer2

1UMC Utrecht, UTRECHT, The Netherlands; 2Julius Center for
Health Sciences and Primary Care, UMC Utrecht, UTRECHT,
The Netherlands; 3Department of Pediatric Pulmonology,
Wilhelmina Children’s Hospital, UMC Utrecht, UTRECHT,
The Netherlands

Background: Blood pressure (BP) tracks from childhood to
adulthood and early BP trajectories predict cardiovascular dis-
ease risk later in life. Excess postnatal weight gain is associated
with vascular changes early in life, however to what extent it is
associated to children’s BP is largely unknown.
Methods and Results: In 775 healthy 5-year-old children of
the Wheezing-Illnesses-Study-Leidsche-Rijn (WHISTLER)
birth cohort systolic and diastolic BP (SBP;DBP) were mea-
sured in sitting and supine postures, and Z-scores of individual
weight gain rates adjusted for length gain rates were calculated
by using at least two weight and length measurements from

birth until 3 months of age. Linear regression analyses were
conducted to investigate associations between WLG and BP
adjusted for sex and ethnicity. Each standard deviation increase
inWLG resulted in 0.9mmHg (95% CI 0.2;1.5) higher sitting
SBP after adjustment for confounders. WLG was not asso-
ciated to supine SBP or DBP. Particularly in children in the
lowest birth size decile, high excess weight gain resulted in
higher sitting SBP values compared to those children with
low WLG.
Conclusion: Children with excess weight gain in the first three
months of life, particularly those with a small birth size, have
higher sitting systolic blood pressure at the age of 5 years.

PO1.02.04

Is birth weight associated with blood pressure in early
adolescence? Results from a tropical birth cohort.

A.S. Lule1, B. Namara2, H. Akurut3, L. Muhangi2, M.
Nampijja2, F. Akello2, G. Oduru2, L. Smeeth1, A. Elliott2, E.
Webb1

1London School of Hygiene and Tropical Medicine, LONDON,
United Kingdom; 2MRC/UVRI Uganda Research Unit,
ENTEBBE, Uganda; 3MRC/UVRI Uganda Research Unit on
AIDS, ENTEBBE, Uganda

Background:Various studies from high-income countries have
reported an inverse relationship between birth weight and
blood pressure (BP). However, in Africa (where both low birth
weight and high BP are prevalent) the relationship between
birth weight and BP later in life remains uncertain. We aimed
to investigate the relationship between birth weight and BP
among early adolescents, using data from a birth cohort in
Entebbe, Uganda.
Methods: Ten and eleven-year-old adolescents in the Entebbe
Mother Study (EMaBS) birth cohort were enrolled into this
study on BP. Initially, the EMaBS was designed to investigate
the effect of worms and their treatment in pregnancy and early
childhood on vaccines and infections in childhood. Using a
2× 2 factorial design, 2507 pregnant women were randomized
to receive albendazole or matching placebo and praziquantel or
matching placebo. At 15 months of age, the resulting offspring
were randomized to receive quarterly albendazole or matching
placebo up to five years of age. Children continued under
follow-up after trial interventions were completed. Birth weight
was measured and recorded soon after delivery, while BP was
measured in triplicate among 10 and 11-year-olds, with the
mean of the last two BP readings used for analysis. Data on
important potential confounders and effect modifiers were
collected prospectively earlier in life. Linear regression models
were used to assess crude and adjusted associations between
birth weight and BP.
Results: 1119 adolescents were enrolled into the BP study.
Mean birth weight was 3.16 kg (range: 0.8 to 5.5), while at ages
10 and 11 years mean systolic blood pressure (SBP) was
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105.87mmHg (range: 74.5 to 142) and mean diastolic blood
pressure (DBP) was 65.20mmHg (range: 44 to 96.5).
From the preliminary results, the unadjusted analysis showed
weak evidence of a U or J-shaped relationship between birth
weight and SBP (P-value= 0.208) or DBP (P= 0.291). After
adjusting for maternal and childhood factors, SBP decreased by
0.13mmHg, 95% CI (-2.15, 1.90) and by 0.14mmHg95%
CI (-1.48, 1.21) among participants with birth weight less than
2.5 kg and 2.5-2.99 kg respectively compared to those with
birth weight of 3.00-3.49 kg, but increased by 0.08mmHg,
95% CI (-1.17, 1.34) among those born weighing more than
3.5 kg compared to those weighing 3.00-3.49 kg (P-value=
0.992). Similarly, birth weight was not associated with DBP
after adjusting for maternal and childhood characteristics (P-
value= 0.990).
Interestingly, the effect of birth weight on SBP differed by
maternal treatment with praziquantel/matching placebo during
pregnancy (interaction p-value< 0.001). Among participants
whose mothers received praziquantel, SBP dropped by
3.69mmHg, 95% CI (-6.61, -0.78) among those with birth
weight less than 2.5 kg compared to those weighing 3.00-
3.49 kg, but among those whose mothers received placebo,
SBP increased by 3.46mmHg, 95% CI (0.82, 6.11) among
those with birth weight less than 2.5 kg compared to those
weighing 3.00-3.49 kg.
Conclusions: Birth weight is not associated with BP among
adolescents in this birth cohort. However, maternal prazi-
quantel treatment in pregnancy might influence programming
of SBP in low birth weight infants.

PO1.02.05

The effect of stunting on blood pressure and BMI in
adolescence: A prospective cohort study of the Dogon of
Mali

B.I. Strassmann, A. Dadkhah, C. Vincenz, Z.J. Dolo,
K. Shedden

University of Michigan, ANN ARBOR, United States of America

Introduction: Studies of the effect of childhood stunting on
systolic blood pressure (SBP) and body mass index (BMI)
during adolescence have produced conflicting results (Rachmi
et al. 2017), and there is a dearth of longitudinal, prospective
studies, especially in Africa. We used an 18-year prospective
cohort study of the Dogon of Mali to test the following
hypotheses:(1)Is a history of childhood stunting and catch-up
growth associated with elevated SBP during adolescence?;(2) Is
this association stronger in members of the cohort who
migrated to Bamako–the fastest growing city in Africa?;(3)
Does a history of childhood stunting and catch-up growth
associate with lower BMI during adolescence, as one might
expect from life history theory, or does it associate with higher
BMI as has been seen in young infants in India?
Methods: The total population of children age < 5 years in 9
rural Dogon villages was enrolled in May 1998 and newborns

were added through August 2000 (N= 1698). By 2015, nearly
half of the participants had migrated to Bamako (>80% follow-
up), while other participants remained in the villages (>98%
follow-up of survivors). Subjects were measured approximately
annually in the villages from 1998 to 2015 and in Bamako
from 2010 to 2015 (3786 total observations). The data were
analyzed using linear mixed models including random effects
for clustering by patrilineage, mother, and father, and random
slopes for age. Stunting was defined as a height-for-age z-score
< -2.0 in relation to the WHO reference.
Results: Children who were stunted in both 2000 and 2007
had SBP during adolescence that was 2.1mm Hg higher than
for children who were not stunted in either year (P< 0.001).
Children who experienced catch-up growth were statistically
similar to children who were never stunted. These results were
adjusted for: year of the study, BMI, height, gender, urban/
rural status, gender by urban/rural status, age (linear and
squared), age by gender, school attendance, log of the number
of times the person had had their blood pressure taken, ambient
temperature, and wealth Z-score. Interestingly, persistent
stunting predicted elevated SBP to a similar extent in the
villages as in the city. Children who were stunted in both
2000 and 2007 had a BMI (kg/m2) in adolescence that was
0.65 kg/m2 lower than for children who had never been stun-
ted (P< 0.001). Results were similar for children who were
initially not stunted but who became stunted. Conversely,
children who caught up in height were not statistically different
from children who were never stunted (ß= -0.25, P= 0.11).
Conclusions: Between the mean ages of 2.5 years and 11.5
years, persistent stunting predicted increased systolic blood
pressure (SBP) and decreased BMI during adolescence (mean
age 17 years). Urban migration did not further exacerbate the
increase in SBP associated with stunting, although urban
migration itself was a risk factor for elevated SBP, especially in
males. SBP and BMI in children who experienced catch-up
growth during these ages was not significantly different from
that of children who had never been stunted.

PO1.02.06

No associations of excessive crying with resting blood
pressure and cardiac autonomic nervous system activity in
childhood

L.J.C.A. Smarius1, M. van Eijsden2, T.A.H. Doreleijers3, T.G.
M. Vrijkotte1, R.J. Gemke3, T.G.A. Strieder4, S. de Rooij1

1Academic Medical Center, AMSTERDAM, The Netherlands;
2Department of Epidemiology, Health Promotion and Health
Care Innovation, Publ, AMSTERDAM, The Netherlands; 3VU
University Medical Center, AMSTERDAM, The Netherlands;
4Arkin, AMSTERDAM, The Netherlands

Background: Early life stress has been shown to influence the
developing autonomic nervous system. Stressors in infancy may
program the autonomic nervous system resting state set point,
affecting cardiovascular function in later childhood. Excessive
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crying may be an indicator of stress arousal in infancy. We
hypothesized that excessive infant crying is related to altered
cardiac autonomic nervous system activity and increased blood
pressure at age 5-6 years and additionally that a potential asso-
ciation would be moderated by maternal stress and behavior.
Methods: In the Amsterdam Born Children and their Devel-
opment study, excessive infant crying, maternal burden of care
and maternal aggressive behavior in the 13th week after birth
(range 11 – 16 weeks), were reported using questionnaires.
Blood pressure, heart rate and indicators of cardiac autonomic
nervous system activity (sympathetic drive by pre-ejection
period, parasympathetic drive by respiratory sinus arrhythmia,
and cardiac autonomic balance and regulation) were measured
at age 5-6 years during rest. Inclusion criteria were: singleton
birth, term-born, and no reported congenital or cardiovascular
problems (N= 2158 included).
Results: Excessive crying (2.9%) was not associated with rest-
ing heart rate, pre-ejection period, respiratory sinus arrhythmia
and cardiac autonomic balance and regulation, nor with sys-
tolic or diastolic blood pressure at age 5-6 years.
Conclusions: Excessive infant crying as an indicator of
increased stress arousal does not seem to be related to resting
activity of the autonomic nervous system or blood pressure at
age 5-6. Potential associations may become visible under
stressed conditions.

PO1.02.07

Methylglyoxal treatment in lactating mothers leads to type
2 diabetes phenotype in male rat offspring at adulthood

F.A. Francisco1, L.F. Barella2, S. Silveira3, L.P.J. Saavedra3,
K.V. Prates3, V.S. Alves3, C.C.S. Franco3, R.A. Miranda4,
T.A. Ribeiro3, L.P. Tófolo3, A. Malta3, E. Vieira3, K. Palma-
Rigo3, A. Pavanello3, I.P. Martins3, V.M. Moreira3,
J.C. de Oliveira5, P.C.F. Mathias3, R.M. Gomes6

1University Estadual of Maringá, MARINGÁ, Brazil; 2National
Institutes of Health, BETHESDA, United States of America;
3State University of Maringá, MARINGÁ, Brazil; 4Federal
University of Rio de Janeiro, RIO DE JANEIRO, Brazil; 5Federal
University of Mato Grosso, SINOP, Brazil; 6Federal University of
Goiás, GOIÂNIA, Brazil

Background: Environmental and nutritional disorders during
perinatal period cause metabolic dysfunction in the progeny
and impair human health. Advanced glycation end products
(AGEs) are primarily produced during metabolism of excess
blood glucose, which is observed in diabetes. Methylglyoxal
(MG) is a precursor for the generation of endogenous AGEs,
which disturbs the metabolism. This work aimed to investigate
whether the maternal MG treatment during lactation programs
the progeny to metabolic dysfunction later in life.
Methods: Female Wistar rats were divided into two groups:
control group (C) treated with saline and MG group treated
with MG (60mg/kg/day) by gavage throughout the lactation
period. Both mothers and offspring were fed a standard chow.

At weaning, breast milk composition was analyzed and mothers
euthanized for blood and tissue sample collections. At 90 days of
age, offspring were submitted to glucose tolerance test (ivGTT)
and euthanized for blood and tissue samples collection.
Results: MG mothers showed increase in glucose and fructo-
samine levels; however, they showed low insulin levels and
failure in β-cell function (p< 0.05). MG mothers also showed
dyslipidemia (p< 0.05). Moreover, breast milk had elevated
levels of glucose, triglycerides, cholesterol and fructosamine and
low insulin (p< 0.05). Interestingly, MG offspring had
increased body weight and adipose tissue at adulthood, and
they also showed glucose intolerance and failure in β-cell
function (p< 0.05). Besides, MG offspring showed dyslipide-
mia (p< 0.05) increasing cardiovascular diseases risk.
Conclusions: Maternal MG treatment negatively affects the
male rat offspring, leading to type 2 diabetes and dyslipidemia
in later life, possibly by changes in breast milk composition.

PO1.02.08

Awareness, Treatment, and Control of Hypertension is Low
among Adults in Aksum Town, North Ethiopia: A
Sequential Quantitative-Qualitative Study

K.H. Misgina1, T.A. Gebrihet2, Y.S. Gebregiorgis3,
A.B. Kahsay4, N.B. Weldehawaria3, M.G. Weldu3

1University Medical centre Groningen, GRONINGEN, The
Netherlands; 2Woreda Health Office, AKSUM, Ethiopia; 3Aksum
University, AKSUM, Ethiopia; 4Mekele University, MEKELE,
Ethiopia

Background: Hypertension is a major risk factor of cardio-
vascular diseases which are the leading causes of deaths from
chronic non-communicable diseases in Ethiopia. However,
little is documented on the issue. Therefore, this study aimed to
assess prevalence, associated factors, awareness, treatment and
control of hypertension among adults 18 years old or above in
Aksum town, Tigray region, North Ethiopia.
Methods: A sequential quantitative-qualitative study was
conducted among adults aged 18 years and above in Aksum
town. A multi stage sampling procedure was used to select the
study participants for the quantitative study whilst convenience
sampling technique was used for the qualitative part. Pre-tested
and structured questionnaire was used to collect quantitative
data, and interview guide was used to collect the qualitative
data. The data were collected by trained health extension
workers. Logistic regression model was fitted to identify factors
independently associated with hypertension using SPSS Ver-
sion 20. P-values of < 0.05 were considered statistically sig-
nificant. For the qualitative data, iterative hearing of the
discussions verbatim interpretation was done followed by
categorizing similar ideas in to themes and finally triangulated
with the quantitative results.
Results: The overall prevalence of hypertension was 16.5%
(95% CI: 13.4, 20.0). Awareness, treatment and control of
hypertension were 43%, 2.1% and 18.2%, respectively. Being
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unable to read and write [AOR = 4.73, 95% CI:1.11, 20.23],
not consuming fruit [AOR= 4.31, 95% CI:1.74, 10.66],
being physically inactive [AOR = 20.11, 95% CI:8.75, 6.20],
not knowing physical inactivity is a risk factor of hypertension
[AOR= 3.57, 95% CI: 1.69, 7.69)] and being overweight/
obese [AOR= 9.2, 95% CI:4.54, 18.67] were significantly
associated with hypertension. Findings from the qualitative
study also strengthened the quantitative findings. Remarkably,
all identified hypertensive cases were linked to the nearby
hospital for confirmation of diagnosis, care and follow-up and
all of them were found to be hypertensive. This suggests that
implementing primary health care approach integrated with
urban health extension package may be effective in the pre-
vention and control of hypertension in poor settings.
Conclusion and recommendation: Prevalence of hyperten-
sion among adults was very high but awareness, treatment and
control of hypertension was very low. Being unable to read and
write, not consuming fruit, being physically inactive, over-
weight/obesity and not knowing physical inactivity is a risk
factor for hypertension were independently associated with
hypertension. Policy makers need to consider integrating pre-
vention and control of hypertension with health extension
package. Appropriate information, education and commu-
nication strategies should also be designed and implemented to
avoid unhealthy lifestyles and promote healthy practices. Key
words: hypertension, awareness, treatment and control

PO1.02.09

Perinatal cholesterol influence differentially atherosclerosis
progression in ApoE-/- offspring male and females by
altering cholesterol metabolism.

C. Trenteseaux1, A. Aguesse2, A. Pagniez2, G. Poupeau2, P. de
Coppet2, V. Amarger2, J. Laschet3, R. Andriantsitohaina4,
M. Krempf2, E. Nobecourt-dupuy5, K. Ouguerram2

1UMR 1280 Phan, NANTES, France; 2UMR PhAN, NANTES,
France; 3UMR LVTS, PARIS, France; 4UMR SOPAM,
ANGERS, France; 5UMR Détroi, SAINTE CLOTILDE, France

Background: Atherosclerosis is a common cause of death and
disability throughout the world. The ‘fetal origin’ hypothesis
states that cardiovascular disease in adult life, originate through
the fetus environment (Barker, 2000).
Our objective is to check whether the cholesterolemia during
gestation affect the development of atherosclerosis by altering
reverse cholesterol transport.
Methods: ApoE-/- offspring, male (Ma) and female (Fe), from
ApoE-/-hypercholesterolemic mothers (H) were compared to
offspring from normocholesterolemic mothers (C) (n= 5-7 per
group). Atherosclerotic lesions were assessed by measuring lipid
deposition in the aortic sinus at 18 and 25 weeks old. Choles-
terolemia, hepatic and aortic arch cholesterol content were
measured. Gall-bladder bile acids were quantified. Hepatic
gene expression was measured.

Results: Aortic lesion size was significantly higher in Fe-H
(18 weeks: 45.1 + /- 32.3 μm2; 25 weeks: 223.9 ± 64.1 μm2)
than Fe-C (18 weeks: 5.2 + /- 7.4 μm2, p< 0.05; 25 weeks:
61.5 ± 75.9 μm2, p< 0.01) and Ma-H (18 weeks: 11.9 + /-
8.4 μm2, p< 0.05; 25 weeks: 106.3 ± 6732 μm2, p< 0.01). At
18 weeks, aortic cholesterol content was higher in Fe-H
(8.0 ± 2.9mg/g) compared to Fe-C mice (2.3 ± 1.4mg/g,
p< 0.05). Total aortic cholesterol rose from 18 to 25 weeks in
Ma-H (from 6.2 ± 6.0mg/g to 16.8 ± 10.5mg/g) and Fe-H
mice (from 8.0 ± 2.9mg/g to 19.8.8 ± 12.4mg/g).
Although total plasma cholesterol levels were similar at 10, 18
and 25 weeks, we noted an increase in hepatic cholesterol in Ma-
H (4.7± 0.3mg/g) compared to Ma-C (2.3± 1.1mg/g;
p< 0.05) and Fe-H (3.2± 0.9mg/g; p< 0.01) at 25 weeks old.
BA pool size was higher in Ma-H compared to Fe-H at 18
(p< 0.05) and 25 weeks (p< 0.05). At 25 weeks, BA pool size
was greater in Ma-H compared with Ma-C mice (p< 0.01).
Whereas Scarb1 (encoding SR-B1) and Ldlr expression were both
increased in the liver of Ma-H compared to Ma-C, it was
downexpressed in the Fe-D compared to Fe-C. At 25 weeks old,
Cyp7a1expressionwasdecreased in Fe-H compared to Ma-H.
Conclusions: Our findings suggest that maternal hypercho-
lesterolemia exacerbates the development of atherosclerosis in
female offspring by affecting reverse cholesterol transport.
Epigenetic change was associated with lipids levels in humans .
Also increase Scarb1 (Delaney; 2013), decreased Ldlr and
increased Cyp7A1 expression (Cai, 2014) were reported in male
(mice and piglets) offspring born to mothers supplemented
with methyl donor. These modifications were associated with
changes in both promoter CpG methylation and microRNA
expression (Cai, 2014). In our study, DNA methylation at
cytosine–guanine dinucleotides in Scarb1, Ldlr and Cyp7a1
remain to be identified.
Barker D.J., (2000), Theriogenology; 53: 555-574.
Delaney C., (2013), PLoS ONE; 8(2): e56253
Cai D., (2014), British Journal of Nutrition; 112(09): 1459–1468

PO1.02.10

Cardiometabolic risk factors prevalence among employed
adults in urban Delhi: Need for a life course approach for
prevention of CVDs

D.S. Shokeen, B.T. Aeri

Institute of Home Economics, University of Delhi, DELHI, India

Background: Cardiometabolic risk factors like hypertension,
type 2 diabetes, abnormal triglyceride, low HDL, abdominal
obesity, high body mass index contributes to morbidity, mor-
tality and economic burden among different stages of adult-
hood in India and around the world. This study aims to
estimate the prevalence of cardiometabolic risk factors among
employed adults of urban Delhi and to study the factors asso-
ciated with these risks.
Methods: A cross sectional study was carried out among 455
apparently healthy employed adults (both males and females) of
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urban Delhi, India. Different worksites from public and private
sectors were selected to conduct the study. Using a pretested
questionnaire information about family history of coronary artery
disease, tobacco and alcohol use, dietary patterns, total physical
activity was collected. Blood pressure, anthropometric and
metabolic parameters were measured. Subjects were identified for
metabolic syndrome as per NCEP ATP III Guidelines.
Results: It was found that 46.6% of apparent healthy
employed adults (Mean age 41.4 ± 9.8) were suffering from
metabolic syndrome which was used as a predictor for cardio-
metabolic risk. The risk was more among females (25.5%)
compared to males (21.7%) (p< 0.00). Cardiometabolic risk
factors observed were low High Density Lipoprotein (HDL)
(62.9%), Abdominal Obesity (WC) (39.3%), Overweight
(20.9%), Obesity (42.6%), hypertension (BP) (56.3%), ele-
vated blood glucose (16%) and high Triglyceride (TG)
(61.1%). 53.4% of the subjects had 0-2 and 46.6% of the
subjects had 3-5 CVD risk factors. There was significant posi-
tive correlation between Body Mass Index (BMI), WC with
lipid parameters and BP. There was statistically significant
difference between mean values of HDL (p< 0.05), TG
(p< 0.05) and WC (p< 0.05) between subjects with and
without risk factors. It was found that sedentary lifestyle among
working adults was one of the significant risk factors for the
prevalence of CVDs (32.3%, p< 0.04) along with family his-
tory (74.9%), smoking (17.6%) and drinking (37.8%). Low
physical activity was negatively correlated with increased BMI
(p< 0.005) and WC (p< 0.000), and positively correlated
with HDL (p< 0.00). An increasing trend in prevalence of
overweight/obesity and cardiometabolic risk factors was
observed with increase in age from early to late adulthood. Age
was significantly associated with abdominal obesity, hyperten-
sion and elevated blood glucose (all p< 0.05).
Conclusion: Risk of developing CVDs is accumulated
throughout the life course but it is evident from the findings that
the greatest increase in risks is acquired in adult life. We need to
address the link between sedentary lifestyle, unhealthy eating,
obesity and other prevailing cardiometabolic risk factors which
contributes to high disability rates among the working adult
population. Healthy behaviors and intervention at early stage is
priority to reduce the risk of developing CVDs in adult life.

PO1.02.11

Joint effect of birth weight and obesity measures on
abnormal glucose metabolism at adulthood

J. D. Dong1, B X Xi2, J. M. Mi3

1Peking Union Medical College, Capital Institute of pediatrics,
BEIJING, China; 2Shandong University, JINAN, China;
3Capital Institute of Pediatrics, BEIJING, China

To investigate the joint effect of birth weight and each
of obesity measures [body mass index (BMI) and waist
circumference (WC)] on abnormal glucose metabolism

(including diabetes) at adulthood. Using the historical cohort
study design and the convenience sampling method, 1 921
infants who were born in Peking Union Medical College
Hospital from June 1948 to December 1954 were selected to
do the follow-up in 1995 and 2001 respectively. A total of 972
subjects (627 were followed up in 1995 and 345 were followed
up in 2001) with complete information on genders, age, birth
weight, family history of diabetes, BMI, WC, fasting plasma
glucose(FPG) and 2-hour plasma glucose (2-h PG) met the
study inclusion criteria. The ANOVA and Chi-squared tests
were used to compare the differences in their characteristics by
birth weight group. In addition, multiple binary Logistic
regression model was used to investigate the single effect of
birth weight, BMI, and waist circumference on abnormal glu-
cose metabolism at adulthood. Stratification analysis was used
to investigate the joint effect of birth weight and each of obesity
measures (BMI and WC) on abnormal glucose metabolism.
There were 972 subjects (male: 50.7%, mean age: 46.0 ± 2.2
years) included in the final data analysis. The 2 h PG in low
birth weight group was (7.6 ± 3.2) mmol/L, which was higher
than that in normal birth weight group (6.9 ± 2.1) mmol/L and
high birth weight group (6.4 ± 1.3) mmol/L (F= 3.88,
P= 0.021). After adjustment for gender, age ,body length,
gestation age, family history of diabetes, physical activity,
smoking and alcohol consumption, and duration of follow-up,
subjects with overweight and obesity at adulthood had 2.73 (95
confidence interval (CI)= 2.06-3.62) times risk to develop
abnormal glucose metabolism compared with normal weight
ones. Likewise, subjects with central obesity were more likely to
develop abnormal glucose metabolism than ones with normal
waist (odds ratio (OR)= 3.35, 95%CI= 2.49-4.50). In addi-
tion, compared to subjects with normal birth weight and nor-
mal BMI at adulthood, ones with normal birth weight and
overweight (including obesity) at adulthood were more likely to
have abnormal glucose metabolism (OR= 2.60, 95%CI=
1.91-3.49); subjects with low birth weight and overweight
(including obesity) at adulthood had the highest risk for
abnormal glucose metabolism (OR= 4.70, 95%CI= 1.84-
11.99). The attributable proportion of interaction between low
birth weight and overweight (including obesity) at adulthood
was 48.5%. In addition, compared to subjects with normal
birth weight and normal WC at adulthood, one with normal
birth weight and central obesity at adulthood were more likely
to have abnormal glucose metabolism (OR= 3.18, 95%CI=
2.33-4.32); subjects with low birth weight and central obesity
at adulthood had the highest risk for abnormal glucose meta-
bolism (OR= 4.78, 95%CI= 2.01-11.38); subjects with high
birth weight and central obesity at adulthood also had high risk
for abnormal glucose metabolism ( OR= 4.35, 95%CI= 1.38-
13.65). We found that the attributable proportion of interac-
tion between low birth weight and central obesity at adulthood
was 38.5%, and was 28.3% for interaction between high birth
weight and central obesity. There was strong interaction
between birth weight and overweight (especially central obe-
sity) at adulthood on abnormal glucose metabolism.
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PO1.02.12

Neonatal nutritional deficit in infants with birth weight less
than 1500 g and Its association with blood pressure in
adolescence

N.A. Dinerstein1, L. Solana2, M. Nieto2, R. Conti2,
N. Aspres2, M. Casale2, M. Moiron2, F. General3

1Maternidad Sardá, BUENOS AIRES, Argentina; 2Maternidad
Sarda, BUENOS AIRES, Argentina; 3Nutricia Bago, BUENOS
AIREA, Argentina

Background: VLBW frequently present postnatal malnutri-
tion at hospital discharge. This phenomenon is associated with
short- and long-term adverse outcome. Its association with high
arterial tension levels in the adolescence has not been reported.
Objective: To evaluate the association between higher than
75% percentile systolic (SBP) and diastolic blood pressure
(DBP) in adolescents with VLBW at birth and their nutritional
deficits during the first 28 days of life.
Methods: Prospective cohort. VLBW patients enrolled in a
follow-up program that in the neonatal period received an
intensive early nutritional support and in whom the nutritional
deficits were prospectively recorded.
Results: 137 patients were followed-up. Pc 75th was
113mmHg for SBP and 63mmHg for DBP. The table below
shows the characteristics of subjects with or without SBP and
DBP above 75th percentile respectively. In a multivariate analysis
protein deficit and BMI persisted significant for high SBP.
Neonatal caloric deficit was associated with higher DBP. For each
gram of neonatal protein deficit the probability that SBP were
above the 75th percentile at the adolescence increased 5% (95%
CI 0.5-8). For each point of BMI increase, the probability of SBP
above the 75th percentile increased 37% (95%CI 15-64).
Conclusions: Systolic blood pressure higher than 75th per-
centile was associated in our population with increased protein
deficit during the neonatal period and higher BMI after de
second year of life.Higher diastolic blood pressure in the ado-
lescence was associated with caloric deficit in the neonatal
period and BMI after the third year of life. In this population
there was not association between blood pressure levels above
75th percentile and low birth weight for gestational age, birth
weight or Z-score for body weight at time of discharge from
hospital.

PO1.02.13

Hepatitis C virus infection might increase the risk of atrial
fibrillation

C.C. Lin

Institute of Occupational Medicine and Industrial Hygiene
National Taiwan Univer, TAIPEI, Taiwan

Background & Aim: Previous studies indicated that chronic
inflammatory conditions might increase the risk of atrial
fibrillation (AF). Among patients with Hepatitis C virus
(HCV) infection, extrahepatic manifestations are polymorphic,
including cardiovascular, renal, metabolic and central nervous
system diseases. However, limited data on the association of
HCV infection and AF. The aim of this study was to investigate
the association between HCV infection and AF.
Methods: We conducted a population-based cohort study by
using the Taiwan National Health Insurance Research Data-
base from 1997-2013. 11806 HCV infected patients were
included in our study and each of them was matched by age,
gender and socioeconomic status at a ratio of 1:4. Overall,
58,820 patients (11,764 matched sets) were included in the
final analysis. Due to higher mortality among HCV infected
patient, we used competing risks regression models to compute
the hazard ratios (HRs) accompanying 95% CIs after adjust-
ment for age, sex, socioeconomic status and other comorbidity.
Two-tailed p= 0.05 was considered significant.
Much comorbidity has shown positive association with AF. To
examine potential effect modifiers, we conducted sensitivity
analyses to evaluate the difference and consistency between
HCV infection and AF.
Results: There were 2,703 AF incidents during the follow-up
period from 1997-2013. The
incidence rate (95% CI) of AF were 340.1(314.3–367.9) and
271.2(259.8-283.1) among patients with and without HCV
infection, respectively. In competing risks regression models,
the relative hazard of AF was 1.20 (95% CI, 1.10-1.31) with
HCV compared to those without. The sensitivity analysis
adjustments exhibited little effect on the estimates of the asso-
ciation between HCV infection and AF according to different
models.
Conclusions: HCV infection was associated with an increased
risk of AF. Possible mechanisms include chronic systemic
inflammation caused HCV infection. Further mechanistic
research is required

PO1.02.14

Body parameters at birth and blood pressure in young age

B. Kurc-Darak1, D. Kornafel2, S. Wozniak1, P. Dabrowski1,
Z. Domagala1

1Faculty of Medicine, WroclawMedical University, WROCLAW,
Poland; 2Laboratory of Psychology, University of Lower Silesia,
WROCLAW, Poland

S84 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Background: The gestational maturity of the newborn is often
listed among the factors determining the development of
essential hypertension. Values of blood pressure are affected by
a complex interaction of genetic and environmental factors.
Among the latter, special attention is given to birth weight,
which reflects the conditions during intrauterine development.
Numerous epidemiological studies have demonstrated the
negative correlation between birth weight and blood pressure in
children and adolescents. The aim of the study was to analyse
the correlation between the birth length and weight and values
of blood pressure in young women, and to assess differences in
mean values of systolic and diastolic blood pressure in groups of
subjects born with low, average and high body weight and
length.
Materials and methods: We analysed 101 girls aged 19 years
on the day of the study. The study used information from the
personal child health record. Examination also included mea-
surement of blood pressure and anthropological parameters.
Blood pressure was measured using an oscillometric device.
The cuff was placed on the left arm at heart level, and the
measurement was taken twice. Obtained values of blood pres-
sure were analysed using percentile tables. Since only 5% of the
surveyed girls had birth weight under 2500g, the analysed
subjects were grouped in terms of body weight based on ter-
ciles, and the same procedure was used for the distribution of
body length. Basic descriptive statistics were used for the gen-
eral characterisation of the analysed quantitative traits. The
significance of differences between means for more than two
groups and a single independent variable was tested using the
analysis of variance (ANOVA).
Results and conclusions: The mean birth weight in the
study group was 3320 ± 470 g, and birth length was
53.8 ± 3.2 cm. The actual mean body height of the analysed
subjects was 167.1 ± 5.6 cm, and the mean body weight was
58.4 ± 9.3 kg. The mean body mass index was 20.8 ± 2.9 kg/
m2. The mean recorded values were 114.30 ± 10.40mmHg for
systolic blood pressure and 73.86 ± 10.40mmHg for diastolic
blood pressure. Girls with high systolic blood pressure had
lower mean birth weight and length compared to girls with
normal systolic blood pressure. Girls with the lowest mean
birth length had high diastolic blood pressure, and girls with
the greatest birth length had severe hypertension. The lowest
mean birth weight was found in girls with normal diastolic
blood pressure and the highest birth weight was found in girls
with hypertension, but the differences were not statistically
significant (p> 0.05). There was no correlation between birth
weight and length and values of systolic and diastolic blood
pressure. Population studies increasingly often suggest that the
pathogenesis of coronary heart disease and abnormalities asso-
ciated with them depend on the number of interactions
occurring at different stages of body development. It has been
speculated that the negative correlation between birth weight
and blood pressure becomes stronger with age, but a longer
observational study is required to finally confirm this
hypothesis.

PO1.03 – Epigenetics – Growth and cardio-metabolic
health

PO1.03.01

HIF3a methylation in cord blood associates with
cardiovascular measures in early childhood

T. Mansell1, F. Collier2, K. McCloskey2, P. Vuillermin2,
A.L. Ponsonby3, D. Burgner4, R. Saffery1, On behalf Of the
BIS Investigator Group5

1Murdoch Childrens Research Institute & the University of
Melbourne, PARKVILLE, Australia; 2School of Medicine, Deakin
University, and Barwon Health, GEELONG, Australia;
3Murdoch Childrens Research Institute, and the University of
Melbourne, PARKVILLE, Australia; 4Murdoch Childrens
Research Institute, University of Melbourne, PARKVILLE,
Australia; 5Barwon Infant Study abbreviated to BIS,
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The intrauterine environment influences the risk of later car-
diometabolic disease, a process likely mediated by epigenetic
changes at relevant disease-modifying genes. Differential
methylation at two regions of the hypoxia-inducible factor 3
alpha gene (HIF3α), a negative regulator of adaptive tran-
scriptional responses to hypoxia, has previously been associated
with maternal pre-pregnancy BMI, birthweight, postnatal
weight gain and adiposity measures. We investigated the rela-
tionship between differential HIF3α methylation and early life
cardiovascular risk phenotypes in a large Australian population-
derived cohort, the Barwon Infant Study (BIS). Methylation
was quantified at 19 CpG units spanning two regions in cord
blood samples from 776 infants. Childhood aortic intima-
media thickness (aIMT), previously linked to cardiovascular
risk in young adults, was measured at one month of age
(n= 454). Aortic IMT was adjusted for minimal aortic dia-
meter to account for age-related differences in vessel size.
Increased methylation at seven (of 13 units) CpG units at one
HIF3α region was associated with mean aIMT (estimated
0.77μm increase in mean aIMT thickness for every 1% increase
in averageHIF3αmethylation across the region, 95% CI: 0.09,
1.44, p= 0.03), adjusting for sex and birthweight standardised
for gestational age. Infant weight, BMI, and the sum of tricep
and subscapular skinfold thickness (a measure of adiposity) at
one month were associated with mean aIMT (r= 0.25,
r= 0.23 and r= 0.17 respectively, p< 0.001 for all) but not
HIF3αmethylation (r= 0.04, p= 0.53; r= 0.03, p= 0.65; and
r= -0.02, p= 0.70 respectively). We are currently analysing
equivalent cardiometabolic phenotypes at four years of age. BIS
is among the first longitudinal studies of cardiovascular inter-
mediate risk phenotypes from birth into childhood. We pro-
vide evidence of a clear association between differential
methylation of theHIF3α gene at birth and putative markers of
early cardiovascular risk in infancy. These data support a link
between epigenetic variation in utero and later cardiovascular
risk. Further studies are required to identify antecedents of
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HIF3α methylation at birth and to determine the relationship
between HIF3α methylation and gene expression.

PO1.03.02

Physical activity before and during pregnancy and DNA
methylation in maternal peripheral blood

S. Badon1, A.J. Littman1, K.C.G. Chan1, M.A. Williams2,
D.A. Enquobahrie1

1University of Washington, SEATTLE, United States of America;
2Harvard T.H. Chan School of Public Health, BOSTON, United
States of America

Background: Leisure time physical activity during pregnancy
is associated with pregnancy complications and fetal outcomes.
Epigenetic mechanisms, such as DNA methylation, potentially
play key roles in these associations. Few studies have investi-
gated maternal DNA methylation in relation to physical
activity.
Methods: We conducted a cross-sectional study among parti-
cipants (N= 92) of the Omega study, a pregnancy cohort study
based in westernWashington state. During a study interview in
early pregnancy, participants self-reported leisure time physical
activity duration (hours per week) and energy expenditure
(MET-hours per week) in the year before pregnancy and dur-
ing early pregnancy. DNA methylation in selected sites of
candidate genes (NSMAF, NXN, MSGN1, C1orf212, NOS2A,
H19, HSD11B2, and F2), selected based on their role in
pathophysiologic pathways related to pregnancy complications
and outcomes, was profiled in maternal peripheral blood, col-
lected shortly after the study interview (16 weeks gestation, on
average). Site-specific linear regression models adjusted for
maternal age and gestational age at blood draw were used to
determine beta estimates and 95% confidence intervals.
Results: Eighty-seven percent of participants reported any lei-
sure time physical activity in the year before pregnancy, and
77% reported any leisure time physical activity in early preg-
nancy. Each additional hour/week or MET-hour/week of pre-
pregnancy leisure time physical activity was associated with
hypermethylation of a site in C1orf212 (β= 0.137, P= 0.05
and β= 0.030, P= 0.05, respectively). Each additional MET-
hour of early pregnancy leisure time physical activity was
associated with hypomethylation of a site in F2 (β= -0.101,
P= 0.01). Pre- or early pregnancy leisure time physical activity
was not associated with methylation in other evaluated
candidate genes.
Conclusions: Maternal leisure time physical activity may be
associated with methylation levels of C1orf212, a protein cod-
ing gene, and F2, a protein coding gene involved in inflam-
mation, in peripheral blood. Future larger studies conducted in
diverse populations are needed to confirm observed associa-
tions. Results from such studies will contribute to better
understanding the mechanisms underlying associations of
maternal physical activity with pregnancy complications and
fetal growth.

PO1.03.03

DNA methylation mediates effects of prenatal maternal
cognitive appraisal of a disaster on metabolic and immune
outcomes: Project Ice Storm

S. King1, L. Cao-Lei2, M. Szyf1, F. Veru2

1McGill University, VERDUN, Canada; 2Douglas Hospital
Research Centre, MONTREAL, Canada

Background: Research suggest that prenatal exposure to stress
is associated with adverse health outcomes, such as type 2 dia-
betes, hyperglycemia, and insulin resistance, as well as immune
disorders, in offspring. DNA methylation is considered one
possible underlying mechanism. The 1998 Quebec ice storm
provides a unique opportunity to study an independent pre-
natal stressor on child outcomes. We have already shown that
higher prenatal maternal hardship from the ice storm predicts
higher insulin secretion in the children at age 13½. The
objectives of this study are to determine 1) whether prenatal
exposure to disaster-related objective hardship influences chil-
dren’s C-peptide secretion and whether maternal cognitive
appraisal influences children’s insulin and C-peptide secretion
at age 13½; 2) whether DNA methylation of diabetes-related
genes mediates the effects of prenatal stress on insulin and
C-peptide secretion; and 3) whether DNA methylation of NF-
κB signaling-related genes in T cells mediates the effect of
prenatal maternal cognitive appraisal of the ice storm on Th1
and Th2 cytokine production in these adolescents.
Method: We recruited women who were pregnant during ice
storm in January 1998, and they completed questionnaires
about their stress in June 1998. We assessed the severity of their
objective exposure to the storm, and their subjective distress
(PTSD symptoms). To assess their cognitive appraisal we asked
how they thought about the consequences of the storm, from
very negative to neutral to very positive. Their children’s
(n= 32) insulin and C-peptide secretion in response to an oral
glucose tolerance test were assessed in blood at 13½ years.
DNA methylation levels of selected type 1 and 2 diabetes-
related genes were chosen based upon the genes associated with
objective hardship and/or cognitive appraisal levels. For
immune function, twenty NF-κB signaling-related genes
whose methylation levels were associated with maternal cog-
nitive appraisal were selected to test for mediation effects on the
children’s cytokine levels. Bootstrapping analyses were per-
formed to determine the mediation effect of DNAmethylation.
Results: We found that children whose mothers experienced
higher objective hardship exhibited higher C-peptide secretion.
Cognitive appraisal was not directly associated with either insulin
or C-peptide secretion. DNA methylation of type 1 and 2
diabetes-related genes had a positive mediation effect of objective
hardship on both insulin and C-peptide secretion: higher objec-
tive hardship predicted both higher insulin and C-peptide secre-
tion through DNA methylation. Negative mediation effects of
cognitive appraisal were observed on both outcomes: negative
(versus neutral/positive) cognitive appraisal predicted both higher
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insulin and C-peptide secretion through DNA methylation.
However, only one gene, LTA, remained a significant mediator
on C-peptide secretion after Bonferroni correction. For immune
function, DNA methylation levels of five CpGs from LTA were
significant mediators of the effect of maternal cognitive appraisal
on IL-2 secretion after correcting for multiple testing; there were
no mediation effects on IFN-γ, and no mediation effects on IL-4
and IL-13 secretion, after Bonferroni correction.
Conclusions: Our findings suggest that DNA methylation
could act as an intervening variable between prenatal stress and
metabolic outcomes, highlighting the importance of epigenetic
mechanisms in response to environmental factors.

PO1.03.04

Impact of a low glycaemic index diet in pregnancy on DNA
methylation in 5 year old children: the ROLO Study

A.A. Geraghty1, A. Sexton-Oates2, E.C. O’Brien3, R. Saffery2,
F.M. McAuliffe3

1University College Dublin, DUBLIN, Ireland; 2Cancer and
Disease Epigenetics, Murdoch Childrens Research Institute,
MELBOURNE, VICTORIA, Australia; 3UCD Perinatal
Research Centre, School of Medicine, University College Dublin,,
DUBLIN, Ireland

Background: Environmental factors during fetal development
have been shown to influence variable DNA methylation pat-
terns which have been implicated in the determination of long-
term health for the child. Maternal diet during pregnancy has
been shown to influence offspring DNA methylation at birth
but research is limited as to whether these changes persist as the
child ages or whether the postnatal environment has a stronger
influence on the methylome. This study aims to investigate if a
dietary invention during pregnancy has a lasting impact on
childhood epigenetic profile at 5 years of age using a genome-
wide methylation approach.
Methods: Sixty-three children were selected from the ROLO
study (Randomised cOntrol trial of LOw glycaemic index diet
versus no dietary intervention). DNAmethylation profiles were
obtained from saliva samples collected at 5 years of age. DNA
methylation was investigated in 780,501 CpG sites using the
Illumina MethylationEPIC BeadChip array. Principal compo-
nents analysis was undertaken and linear regression was used to
compare the dietary intervention group to controls. Gene
pathway analysis was carried out and associations with child-
hood growth and body composition were also explored.
Results: Regression analyses identified 22,181 differentially
methylated CpGs (unadjusted P≤ 0.01) in children of mothers
exposed to the dietary intervention compared to the controls. No
specific CpG sites showed significantly different methylation at
False-Discovery-Rate corrected p-value. Principal components
analysis found no strong association with the intervention, nor
with child birth weight, current weight, BMI or adiposity mea-
sures at 5 years of age. Interestingly, gene pathway analysis
identified functional clusters that differed between the

intervention and control children involved in insulin secretion
and resistance, pathways targeted by the intervention. Gene
functional clusters involved in cellular functioning and regulation
that control multiple cell differentiation processes during
embryonic and adult life were also influenced by the intervention.
Conclusions: In this modest-sized discovery sample, we identi-
fied preliminary evidence of potentially long-lasting influences of
a low glycaemic index dietary intervention in pregnancy on
childhood DNA methylation patterns related to insulin secretion
and resistance. Larger studies and replication of these findings are
required to substantiate whether methylation differences at birth
have a long-lasting effect into childhood.

PO1.03.05

A low glycaemic index diet in pregnancy induces DNA
methylation variation in blood of newborns: results from
the ROLO Study

A.A. Geraghty1, A. Sexton-Oates2, E.C. O’Brien3, G. Alberdi3,
P. Fransquet2, R. Saffery2, F.M. McAuliffe3

1University College Dublin DUBLIN, Ireland; 2Cancer and Disease
Epigenetics, Murdoch Childrens Research Institute, MELBOURNE,
VICTORIA, Australia; 3UCD Perinatal Research Centre, School of
Medicine, University College Dublin,, DUBLIN, Ireland

Background: The epigenetic profile of the developing fetus is
sensitive to environmental influence. Mounting research sug-
gests a role of variable DNA methylation in fetal programming
of risk for a range of common non-communicable diseases.
Maternal diet has been shown to influence individual DNA
methylation patterns in offspring but research in humans is
generally limited to observational studies with poorly defined
exposures. This study investigates the impact of a dietary
intervention during pregnancy on neonatal epigenetic profiles
using a genome-wide methylation approach.
Methods: Sixty sex-matched neonates from the ROLO
(Randomised cOntrol trial of LOw glycaemic index dietary
intervention to prevent macrosomia) study were analysed.
DNA methylation was investigated in 771,484 CpG sites in
neonatal cord blood. Principal component analysis was
undertaken and epigenome-wide associations were examined
using linear regression of the methylation values comparing the
dietary intervention group to controls. Associations with
maternal and offspring factors were also explored.
Results: Principal component and regression analyses identified
widespread variation in the DNA methylation profile of new-
borns of mothers exposed to the dietary intervention, accounting
for 11% of total variation within the dataset. Despite this, no
specific CpG sites showed significantly different methylation at
False-Discovery-Rate corrected p-value. No association was
found withmaternal early-pregnancy bodymass index, infant sex,
or birthweight. Locus-specific replication of a subset of sites in a
larger sample failed to replicate the original genome-wide find-
ings. Pathway analysis identified common influences of the
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intervention on multiple aspects of cellular function including
pancreatic and immune functioning.
Conclusions: Using a modest sized discovery sample, we iden-
tified preliminary evidence of widespread differential methylation
in progeny of mothers exposed to a low glycaemic index dietary
intervention. This included differential methylation of several
genes plausibly linked to pathways targeted by the intervention.
Although these findings provide preliminary evidence for dietary
interventions in pregnancy modifying the offspring epigenome,
limited replication failed to reproduce a subset of the findings,
potentially due to the very small effect size. Larger studies are
required to fully explore the potential for interventions in preg-
nancy to break the cycle of transmission of poor metabolic health
from mother to offspring via epigenetic variation.

PO1.03.06

Varying influence of cellular heterogenity on the relation of
DNA methylation to adiposity and early life

R.C. Huang1, K.M. Godfrey2, J.D. Holbrook2, R. Clarke-
Harris3, P.E. Melton1, G.C. Burdge4, T.A. Mori1, L.J. Beilin1,
J.M. Craig5, M.S. Kobor6, D.A. Anderson1, W.H. Oddy7,
C.E. Pennell1, S. Barton2, K.A. Lillycrop3

1University of Western Australia, PERTH, Australia; 2MRC
Lifecourse Epidemiology Unit and NIHR Southampton BRC,
University of Southa, SOUTHAMPTON, United Kingdom;
3Human Development & Health Academic Unit, University of
Southampton, SOUTHAMPTON, United Kingdom; 4School of
Medicine, University of Southampton, SOUTHAMPTON,
United Kingdom; 5Murdoch Children’s Research Institute,
MELBOURNE, Australia; 6University of British Columbia,
VANCOUVER, Canada; 7Menzies Institute for Medical
Research, University of Tasmania, HOBART, Australia

Background: DNA methylation is a key indicator of cell dif-
ferentiation, and DNAmethylation profiles differ strongly by cell
type. Methylation change can be intrinsic (cell count indepen-
dent) or extrinsic (cell count dependent). In previous work on
Infinium HumanMethylation450K arrays, methylation sites
within MSI2 and SLC25A10 were associated with concurrent
BMI, after Houseman correction. The current study evaluates
interplay of MSI2 and SLC25A10 methylation with adolescent
adiposity, early life environmental influences and cell counts.
Methods: Whole bloods from 842 individuals aged 17 years
were assayed for MSI2 and SLC25A10 methylation. MSI2
methylation was measured at 3 internal sites (CpGs), and
SLC25A10 at two internal CpGs, by pyrosequencing. Methy-
lation levels were investigated for their association with early-
life environmental influences, using adjusted linear regression
models with and without cell count. Cell counts (CD4, CD8,
NK, Granulocytes, B cells and monocytes) were estimated
using the Houseman method. Collinearity between CpGs and
cell counts was examined using variance inflation factors (VIFs)
as measures of collinearity within the terms of the regression.

Results: DNA methylation of MSI2 was associated with log
transformed BMI unadjusted for cell count adjustment
(β=0.007, p=4×10-6), and when adjusted for cell count
(β=0.007, p=2×10-4). Without cell count adjustment,
SLC25A10 methylation was not associated with BMI (β-0.001,
p=0.327).With cell count adjustment, it was positively associated
(β=0.004, p=0.004). Early life factors were associated with
unadjusted MSI2 methylation (pre-pregnancy BMI (β=0.11,
p=0.003) and duration of exclusive breast-feeding (β= -0.047,
p=0.045), but these associations were abolished with adjustment
for cell counts (β=0.040, p=0.218 and β= -0.01, p=0.644
respectively).Maternal pre-pregnancy BMI was associated with cell
count adjusted SLC25A10 DNA methylation (β=0.129,
p=0.005), but not when unadjusted for cell count (β=0.030,
p=0.552). VIFs for associations between methylation levels and
cell counts were very high (10-125), but reduced with removal of
the granulocyte term to all <2. Models were re-run removing
collinear covariates with marginal difference in coefficients.
Conclusions: MSI2 and SLC25A10 methylation were asso-
ciated with BMI after adjustment for cell counts, so the BMI-
associated-variance in methylation levels is intrinsic to the cell
types. In the case of MSI2, there is also some BMI-associated-
methylation-variance that is extrinsic of the cell types. How-
ever, a critical point of difference existed in the relationships
between methylation levels and early life factors. MSI2 asso-
ciations occurred without cell adjustment to early life factors, so
are likely to pertain to extrinsic variation. SLC25A10 associa-
tions to these factors, occurred with cell adjustment and so are
likely intrinsic of the cell types measured.
Discussion: This study adds evidence that methylation of specific
loci associate with adiposity. These two loci demonstrate starkly that
environment-associated DNA-methylation can be intrinsic (cell
count independent, e.g. SLC25A10) or extrinsic (cell count
dependent, e.g. MSI2), affecting how DNA methylation mediates
the association between early life factors and adiposity. Perhaps early
environments associated with extrinsic methylation levels affect cell
fate and cell mix in the adult; whereas early environments associated
with intrinsic methylation affect programming within a cellular
subtype. These interpretations can only be made after statistical
complexities such as collinearity are resolved.

PO1.03.07

DNA methylation of nos3 promoter in IUGR-guinea pig
fetuses does not predict endothelial function and DNA
methylation later in life

B.J. Krause1, E. Peñaloza1, C. Hernandez1, G. Soto-Carrasco1,
P. Casanello1, R. Uauy1, E.A. Herrera2

1Pontificia Universidad Catolica de Chile, SANTIAGO, Chile;
2Programa de Fisiopatología, ICBM, Facultad de Medicina,
Universidad de Chile, SANTIAGO, Chile

Background: Intrauterine growth restriction is associated with
endothelial dysfunction and cardiovascular diseases in adult
subjects. It has been proposed that changes in the DNA
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methylation pattern of key endothelial genes, such as the
endothelial nitric oxide synthase gene (nos3), which could take
place as early a fetal development, would precede the founding
of an altered endothelial function. To address this issue, we
studied the levels of eNOS expression, nos3 promoter DNA
methylation pattern and ex vivo endothelial function in fetal
and adult arteries from IUGR guinea pigs.
Methods: Pregnant guinea pigs were submitted at mid-gestation
to a surgery for implanting ameroid constrictors at both uterine
arteries (IUGR), or a sham intervention (Control). In half of the
sows, pregnancy was interrupted at term (~ 60 days) and fetuses
were extracted by C-section, dissected and weight, whilst the
other half was allowed to breed and the offspring were followed
up to adulthood (10 months). Fetal and adult femoral arteries
were isolated to assessed vascular function by wire-myography.
Primary cultures of endothelial cells were obtained from fetal and
adults aorta. In these cells levels of eNOSmRNA were quantified
by qPCR and the DNA methylation of 12 CpG sites in nos3
promoter was determined by pyrosequencing.
Results: In term fetuses, IUGR was associated with an increased
expression of eNOS mRNA as well as a decrease in the DNA
methylation status in CpG -170 (relative to the transcription start
site) compared to controls fetuses. In contrast, endothelial-
dependent relaxation in IUGR femoral arteries was comparable
to controls, but with a reduced sensitivity. Endothelial-
independent relaxation to NO was similarly reduced in sensitiv-
ity but not in the maximal effect in IUGR femoral arteries. In
adult guinea pigs from IUGR pregnancies, eNOS mRNA levels
were substantially decreased compared to control adults, and this
change was associated with an increased DNA methylation level
in CpG -170. Similarly, there was a reduced endothelial depen-
dent relaxation, as well as a reduced sensitivity to NO, in adult
IUGR femoral arteries compared to controls.
Conclusion: This data suggests that changes in nos3 promoter
DNA methylation observed in IUGR term fetuses would
represent the exposure to an adverse intrauterine environment,
however, this would not be associated with endothelial dys-
function and DNA methylation pattern on nos3 in the adult
life. Conversely, the adult cardiovascular dysfunction associated
to IUGR does not necessary is preceded by early changes in
DNA methylation in endothelial cells.

Nos3 DNA methylation pattern and endothelial function in
IUGR guinea pigs

PO1.03.08

Is the low birhtweight a determinant factor for epigenetics
changes and body composition?

M. Salgado, L.M.V. Lima-Rogel, F.J. Escalante-Padron,
F. Goldaracena-Orozco, B.A. Suarez-Llanas

Universidad Autonoma de San Luis Potosi, SAN LUIS POTOSI,
Mexico

Background: 22 millions out of 137 millions born with low
birthweight, now we known that is a backgorund for the
deverlopment origen of the adult disease.
Objetive: To know whether low birhtweight is a determinant
factor for epigenetic changes and body composition.
Methods: The study was approved by the Ethics Committee
and informed consent was obtained from parents. We enrolled
60 new borns from Hospital Central Dr Ignacio Morones
Prieto in San Luis Potosí, Mexico. Serum samples were taken at
the first 24 h after birth; we measured IL-6, IL-1b by ELISA
and microRNAs by qRT-PCR, biochemical parameters,
antrophometric mesurements and by bioelectrical impedance
fat mass, lean fat, nutritional index. For statistical analysis we
used t student for continuous and categoric by chi square test,
p values <0.05 were considered statistically significant. All
calculations were done in SPSS 22 and InStat 5.0.
Results: Gestational age for both groups median 37 weeks (IQ
31-40), weight (g) mean eutrophic (2648 ± 732), hipotrophic
(1994 ± 475) p= 0.001, lenght (cm) eutrophic median 49.5
(IQ 38-60) hipotrophic median 45.5 (IQ 34-49) p= 0.001,
head circunference eutrophic median 32 (IQ 26-38) hipo-
trophic median 29 (IQ 22-32) p= 0.002, abdominal
circunference eutrophic mean (29.7 ± 3.6) hipotrophic mean
(25.9 ± 2.8) p= 0.001. Resistance (Ω) by bioelectrial bioim-
pedance in eutrophic median 442 (IQ 343-922) hipotrophic
median 694 (IQ 392-1066) p= 0.001, reactance (Ω)
eutrophic median 71.2 (IQ 42-127) hipotrophic median
71.6 (IQ 44.6-129) p= 0.61. Cholesterol eutrophic mean
(65.4 ± 17.9) hipotrophic mean (70.1 ± 28.7) p= 0.47.
IL-6 expression was not different between groups p= 0.56,
and IL-1b was significant lower in hipotrophic group (p=
0.01). Both microRNA miR-132 and miR-146 was upregu-
lated in hipotrophic group, the p value was 0.04 and 0.007
respectively.
Conclusion: This is the firt report about the relation of low
birthweight with epigenetic biomarkers, biochemical and
antrophometric parameters, bioelectrical impedance. The
results directs us to a field of research in low weight neonates
toward the origin of adult disease.

PO1.03.09

Circulating microRNAs expression of newborn associated
with overweight and pregrestational obesity

N. Gaytán-Pacheco1, L.R.V. Lima-Rogel2, F. Escalante-
Padrón2, J.C. Toro-Ortiz2, M. Salgado-Bustamante1
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Mexico; 2Hospital Central Dr Ignacio Morones Prieto, SAN LUIS
POTOSI, Mexico

Background: Obesity and overweight have been considered as
an important health problem worldwide due to increased pre-
valence and incidence. Obesity is characterized by an increased
in body fat that is associated to metabolic alterations including
insulin and leptin resistance, and the inflammatory chronic
state have a role in the physiopathology. Overweight and obe-
sity are considering an important factor of risk for metabolic
syndrome, diabetes type 2 and cardiovascular diseases and other
pathologies as cancer. Consequences of short and long term
have a social and economic impact in life. It is known that the
environment has a role in the establishment of altered meta-
bolic and inflammatory responses, and could be modulated by
microRNAs. The objective of the study was to analyze the
expression profile of five circulating microRNAs in pairs:
mother and newborn subset normal, overweight and obesity
groups.
Methods: Pregnant women were included and grouped by
pregestational body mass index (35 with normal weight,
23 overweight, and 12 obese women). A peripheral blood
sample was obtained frommother and her respectably newborn
and used to determine circulating miRNAs expression.
Results: There are significant differences in the expression of
four microRNAs in mothers and newborns between of three
groups: pre-gestational normal weight, overweight and obese:
miR-146a (p= 0.035), miR-155 (p= 0.016 and 0.0092),
miR-221 (p= < 0.0001) and miR-378a (p= 0.003). An
association between maternal BMI and the newborns expres-
sion of miR-155 and miR-221 expression was also observed.
Conclusion: expression of miR-146, miR-155, and miR-221
and miR-378 are different in all three groups suggesting that
they may be participating in the programming of metabolic
diseases.

PO1.03.10

Epigenetic and transcriptomic changes in preterm or SGA
infants during perinatal period

K. Kashima1, T. Kawai2, R. Nishimura3, Y. Shiwa4,
H. Kamura2, K. Takeda2, S. Aoto2, K. Matsubara2,
K. Matsumoto2, A. Shimizu4, A. Oka3, M. Mizuguchi1,
K. Nakabayashi2, K. Hata2, N. Takahashi3

1The University of Tokyo, TOKYO, Japan; 2National Research
Institute for Child Health and Development, TOKYO, Japan;
3The University of Tokyo Hospital, TOKYO, Japan; 4Iwate
Tohoku Medical Megabank Organization, IWATE, Japan

Background: Preterm or small for gestational age (SGA)
infants are exposed to hypoxia and malnutrition in and ex utero
during perinatal period and often receive intensive care shortly
after birth, and they are to be at high risk of noncommunicable
diseases in adolescence. Epigenetics is one of the most

important mechanisms of developmental origin of health and
diseases (DOHaD), but the epigenetic data of preterm or SGA
babies are still limited. The objectives of our research are to
investigate epigenetic changes in cord blood and postnatal
peripheral blood of preterm or SGA infants using epigenome-
wide methylation analysis, and to search for environmental or
therapeutic factors that associate with epigenetic changes in
these premature babies.
Methods: We conducted Illumina 450K methylation micro-
array analysis using mononuclear cell fraction derived from 127
cord blood and 66 postnatal peripheral blood samples obtained
on or around the babies’ due date, whose gestational age ranged
from 23 to 41 weeks. For the statistical analysis, we utilized
linear regression multivariate analysis, that is, in this model we
set the beta methylation level as the dependent variable,
gestational age (GA) and birthweight z-score for GA in the
Japanese standard (SD-score) as the explanatory variables,
adjusted by blood cell fraction, sex, and so on. For adjustment
of multiple tests, we utilized corrected p-value using Benjamini-
Hochberg method. Moreover, we conducted Agilent expres-
sion microarray analysis using 65 cord blood and 48 postnatal
peripheral blood samples.
Results: [Result1] In the analysis of the cord blood samples, we
identified 48,979 differently methylated CpG sites (DMPs)
related to GA. On the other hand, there were 454 SD-score-
related DMPs. More than half of SD-score-related DMPs
overlapped with GA-related DMPs. [Result2] In the analysis of
the postnatal blood on or around the due date, there were
almost no DMPs associated to either GA or SD-score at birth.
[Result3] In the expression microarray analyses, there were the
same trends seen in the results of methylation microarray.
Conclusions:Drastic epigenetic changes were found in preterm
babies’ cord blood, but most epigenetic differences showed a
tendency to disappear in preterm infants by their due date.
Transcriptome had the same trends regarding gestational age.
We confirmed that gestational age is one of the most important
factors that affect babies’ epigenetics. We also found some
SGA-related epigenetic alterations, most of which similarly
disappeared by their due date.

PO1.03.11

Mother’s pre-pregnancy BMI and placental candidate
miRNAs: Findings from the ENVIRONAGE birth cohort

M. Tsamou1, D. Martens1, E. Winckelmans1, N. Madhloum1,
B. Cox1, W. Gyselaers2, T. Nawrot1, K. Vrijens1

1Hasselt University, DIEPENBEEK, Belgium; 2Department of
Obstetrics, East-Limburg Hospital, GENK, Belgium

Background: There is increasing evidence that the predis-
position for development of chronic diseases arises at the ear-
liest times of life. In this context, maternal pre-pregnancy
weight might modify fetal metabolism and the child’s predis-
position to develop disease later in life. The aim of this study is
to investigate the association between maternal pre-pregnancy
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body mass index (BMI) and miRNA alterations in placental
tissue at birth.
Methods: In 211 mother-newborn pairs from the ENVIRO-
NAGE birth cohort, we assessed placental expression of seven
miRNAs important in crucial cellular processes implicated in
adipogenesis and/or obesity. Multiple linear regression models
were used to address the associations between pre-pregnancy
BMI and placental candidate miRNA expression.
Results: Maternal pre-pregnancy BMI averaged (± SD) 23.9
( ±4.1) kg/m2. In newborn girls (not in boys) placental miR-
-20a, miR-34a and miR-222 expression was lower with higher
maternal BMI. In addition, the association between maternal
pre-pregnancy BMI and placental expression of these miRNAs
in girls was modified by gestational weight gain. The lower
expression of these miRNAs in placenta in association with pre-
pregnancy BMI, was only evident in mothers with low weight
gain (<14 kg).
Conclusions: The placental expression of miR-20a, miR-34a,
miR-146a, miR-210 and miR-222 may provide a sex-specific
basis for epigenetic effects of pre-pregnancy BMI.

PO1.03.12

Are preterm survivors aging prematurely?

J. Mathewson1, P.O. McGowan2, L.A. Schmidt1,
W. de Vega2, S. Saigal1, K. Morrison1, J. van Lieshout1

1McMaster University, HAMILTON, Canada; 2University of
Toronto, TORONTO, Canada

Background: Individuals born preterm are at increased risk for
the early onset of chronic conditions associated with aging,
including hypertension and insulin resistance. This raises the
question of whether these individuals may be aging at a faster
rate than same-age term-born controls.
DNAmethylation at 353 specific CpG sites (i.e., the epigenetic
clock; Horvath, 2013) is strongly associated with increased age
across individuals, and is reliable enough to predict individual
chronological ages. We hypothesized that men and women
born at extremely low birth weight (ELBW; birth weight ≤
1000g) would show more extensive DNA methylation at epi-
genetic clock sites than matched control participants born at
normal birth weight (NBW; birth weight ≥ 2500 g).
Methods:We examined DNA methylation in buccal epithelial
cells from 45 adults born at ELBW and 49 matched controls
born at NBW, aged 30 to 35, using the Illumina Infinium
HumanMethylationEPIC 850k Bead Chip array to probe over
835,000 CpG sites from across the genome. Methylation
results were normalized using the SWAN (subset-quantile
within array normalization) method (Maksimovic et al., 2012).
DNA methylation and chronological age were analyzed for
group and sex differences in separate univariate ANOVAs.
Pearson correlations between DNA methylation and chron-
ological age were compared by subgroup (Horvath, 2013).
Results: After normalization and controlling for common
genetic variation, we found that DNA methylation levels at

epigenetic clock CpG sites were greater in men born at ELBW
than men born at NBW, in a significant group by sex interac-
tion, p< .02, and in pairwise comparisons, p< .01. Greater
DNA methylation at these sites in ELBW men suggested that
they were epigenetically older than NBW men, t (36)= 2.75,
p< .01, by 4.56 years. There were no group differences for
women, ps > .45. Subgroups did not differ in chronological
age, ps > .40. DNA methylation was also positively correlated
with chronological age in men born at NBW, r(21)= . 45,
p< .05, but not men born at ELBW, p> .50, though this
group difference in correlation strengths was not corroborated
by the Fisher r to z test.
Conclusions: Differential DNA methylation patterns suggest
that by their mid-thirties, men born at ELBW may be epigen-
etically older than NBW men, by 4.56 years. In addition, dis-
cordance between DNA methylation and chronological age was
nominally greater among ELBW men, consistent with older
epigenetic age in this group (Jones et al., 2015). Consistent with
the developmental origins of health and disease (DOHaD)
hypothesis, these findings suggest that adaptation to severe
intrauterine and early postnatal environments may lead to accel-
erated aging, at least in men. More practically, if preterm survi-
vors are aging prematurely, it will be important to provide
anticipatory guidance to survivors, their families, healthcare pro-
viders, and policy-makers, and also to determine how to intervene
to best promote healthy aging in adults born extremely preterm.

PO1.03.13

Tracing human stem cell lineage during development using
DNA methylation

L.A. Salas1, J.K. Wiencke2, D.C. Koestler3, B.C. Christensen1,
K.T. Kelsey4

1Geisel School of Medicine at Dartmouth, LEBANON, United
States of America; 2University of California San Francisco, SAN
FRANCISCO, CA, United States of America; 3University of
Kansas Medical Center, KANSAS CITY, KS, United States of
America; 4Brown University, PROVIDENCE, RI, United States
of America

Background: Stem cell maturation is a fundamental, yet poorly
understood aspect of human development. Fetal hematopoiesis is
driven by embryonic stem cells (ESC) that give rise to adult
hematopoietic stem cells (A-HSC) after birth and during the first
years of life. Thus, postnatal development is marked by a dynamic
temporal transition affecting all blood cellular elements. This
developmental maturation of immune cells is accompanied by
epigenomic remodeling of immune cells, including alterations in
DNA methylation. Here we reasoned that DNA methylation
could be used to trace the developmental history of immune cells
during their maturation and reveal temporal and individual var-
iations in the shift from ESC to A-HSC dependent hematopoi-
esis.We devised a DNAmethylation signature deeply reminiscent
of embryonal stem cells to interrogate the evolving character of
multiple human tissues.
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Methods: Adult (n= 36) and newborn (n= 151) isolated
peripheral blood leukocyte subtypes (CD4, CD8, B-cell, NK,
monocyte, granulocyte) were harmonized and compared using
linear mixed effect models adjusting for age, sex and subject, as
a random effect. From the list of significant candidates (Q-
value< 0.05), we identified a subset of highly invariant sites.
Using a constrained projection/quadratic programming
approach we projected the proportion of ESC signature in the
samples. We replicated the results using 46 newborns and 200
adult isolated leukocyte samples. The results were further
extended to observe if this signature was present in other cells
using isolated embryonic an fetal hematopoietic cells (n= 74)
vs adult bone marrow cells (n= 49); fetal somatic (n= 247) vs
adult somatic tissues (n= 156), and cord blood (n= 60) and
peripheral blood samples (n= 993) at different ages (0 to 103
years).
Results: We identified a common set of differentially methy-
lated CpG sites that constitute a lineage invariant and devel-
opmentally sensitive methylation signature across the different
leukocyte subtypes. The cell fraction displaying the signature
was highly dependent upon developmental stage (fetal vs adult)
and in leukocytes, it described a dynamic transition during the
first 5 years of life. A dramatic loss of the ESC signature occurs
in blood following birth with a 50% reduction occurring at
approximately 1 year. After age 5 a low but detectable level of
ESC occurs in some individuals even into advanced ages. Sig-
nificant interindividual variation in ESC fraction at birth is
partly explained by gestational age. Significant individual var-
iation in the embryonic signature of leukocytes was evident at
birth, in childhood, and throughout adult life. The embryonic
origin of the newborn cells is supported by the highly con-
cordant methylation signatures they share with embryonic stem
cell lines, induced pluripotent cells and fetal liver CD34+
stem/progenitors. Furthermore, multiple non-hematopoietic
fetal tissues but not their adult counterparts display the sig-
nature, thus confirming it as a marker of embryonic lineage.
The ESC methylation signature provides insight into a funda-
mental developmental process of immune cell maturation. The
genes denoting the signature included transcription factors and
proteins intimately involved in embryonic development.
Conclusion: Our DNA methylation signature traces the devel-
opmental origin of cells and informs the study of stem cell hetero-
geneity in humans under homeostatic and pathologic conditions.

PO1.03.14

Caffeine consumption during pregnancies and DNA
methylation in the offspring

C.M. Page1, M. Bekkhus2, C.L. Parr1, S.E. Rees3,
M.C. Magnus1, S.J.L. London3, W. Nystad1

1Norwegian Institute of Public Health, OSLO, Norway;
2University of Oslo, OSLO, Norway; 3National Institute of
Environmental Health Sciences, DURHAM, United States of
America

Aim: To study the relationship between maternal caffeine
consumption during pregnancy and the epigenetic profile of
the offspring.
Background: Excessive maternal coffee consumption during
pregnancy has been linked to adverse helath effects in the off-
spring, particular ADHD and other neuro-developmental
traits. Could some of this risk be mediated through DNA
methylation?
Material &Methods:We investigated the association between
maternal caffeine consumption during pregnancy and the
DNAmethylation in umbilical cord blood from the Norwegian
Mother and Child Cohort (MoBa). This cohort is a large
nation-wide birth cohort, with DNAmethylation data for1009
pregnancies in for discovery cohort and 493 pregnancies in the
replication cohort.
Results: Some CpGs were genome wide significant after mul-
tiple testing at the false discovery level of 5%. We also repli-
cated several near-significant findings in the independent
replication cohort, adjusted for multiple testing. Some of the
replicated CpGs were likely to regulating genes involved in
anthropometry and in neuro-cognitive traits.
Conclusion: These findings could potentially explain some of
the reported associations between high caffeine intake
and ADHD.

PO1.03.15

Epigenetic gestational age: associations of family
characteristics and perinatal factors with gestational age
acceleration

N. Khouja, J. Simpkin, M. O’Keeffe, H. Wade, C. Houtepen,
L. Relton, J. Suderman, D. Howe

University of Bristol, BRISTOL, United Kingdom

Background:Gestational age (GA) is associated with a range of
medical and neuropsychological outcomes in childhood.
Recently, models which use DNA methylation (DNAm)
measured in cord blood to predict GA have been developed;
inevitably, these predictions differ somewhat from gestational
age determined by ultrasound and last menstrual period
(LMP). This difference between observed and predicted GA is
known as gestational age acceleration (GAA). In children and
adults, age acceleration (the difference between DNAm pre-
dictions of chronological age) is associated with poor clinical
outcomes, including mortality. The aim of this study was to
investigate the associations of GAA calculated from DNAm
with sex, socioeconomic status (SES), parental behaviours,
parental characteristics, and perinatal factors.
Methods: Participants (n= 863) from the ARIES sub-cohort
of Avon Longitudinal Study of Parents and Children
(ALSPAC) formed the sample. GAA was calculated using the
residuals of a regression of predicted GA (using cord blood
methylation at 96 CpG sites) on GA (determined by ultra-
sound and LMP). The method for predicting GA was based on
a model developed by Bohlin et al. (2016). A series of linear
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regressions were employed to determine associations of child
sex, parental SES (social class, parental education, housing
tenure and financial difficulties), parental behaviours (smoking,
alcohol use), parental characteristics (mental health, relation-
ship status, parity, body mass index [BMI] and age) and peri-
natal factors (delivery method, pregnancy complications,
birthweight, birth length, head circumference, and APGAR
scores at 5 minutes) with GAA. Analyses were completed on
100 multiply imputed data sets.
Results:Mothers who were overweight and obese (as indicated
by self-reported pre-pregnancy BMI) had children with later
than predicted GA (mean difference [MD]= 1.61 days, 95%
CI 0.64 to 2.55 days; MD = 2.80 days, 95% CI 1.22 to
4.35 days respectively, p< .001) compared to mothers who
were underweight or had a normal pre-pregnancy BMI. Higher
birthweight, birth length and head circumference of the child
were similarly positively associated with GAA (MD =
1.82 days per kg of birthweight, 95% CI 1.12 to 2.47 days,
p< .001; MD = 0.35 days per cm of birth length, 95% CI
0.19 to 0.50 days, p< .001; MD = 0.49 days per cm of head
circumference, 95%CI 0.22 to 0.71 days, p< .001). There was
weak evidence to support associations of sex, parental rela-
tionship and delivery method with GAA. Other variables were
not associated with GAA.
Conclusions: Parental factors and perinatal factors, specifically
maternal pre-pregnancy BMI, birthweight, birth length and
head circumference, are positively associated with GAA and
should be considered when predicting GA based on DNAm.
The association between maternal overweight/obesity and
higher GAA may imply that overweight and obesity is asso-
ciated with more rapid development of the fetus in utero,
however, these positive associations with factors linked to both
positive and negative health outcomes suggest that the health
implications of GAA are likely complex.

PO1.03.16

Maternal obesity predisposes adult male rat offspring to
increased adiposity via epigenetic modifications in a depot-
specific manner.

S.L. Lecoutre1, F.O. Oger2, C.P. Pourpe2, L.B. Butruille2,
L.M. Marousez2, A.D. Dickes-Coopman2, C.L. Laborie2,
C.G. Guinez2, J.L. Lesage2, D.V. Vieau2, C.J. Junien3,
D.E. Eberlé2, A.G. Gabory3, J.E. Eeckhoute4, C.B. Breton2

1University of Lille, VILLENEUVE D’ASCQ, France; 2EA4489,
Équipe Malnutrition Maternelle et Programmation des Maladies
Métabolique, LILLE, France; 3UMR BDR, INRA, ENVA,
Université Paris Saclay, JOUY-EN-JOSAS, France; 4Institut
Pasteur de Lille, U1011-EGID, LILLE, France

According to the Developmental Origin of Health and Disease
(DOHaD) concept, maternal obesity and accelerated growth in
neonates predispose offspring to white adipose tissue (WAT)
accumulation. The mechanisms underlying the phenomenon
known as developmental programming are poorly understood.

In order to unravel the underlying mechanisms, we have
developed a rat model of maternal obesity using a high-fat (HF)
diet prior and throughout gestation and lactation. We eval-
uated the potential programming effects of maternal obesity on
offspring’s WAT at two stages of lactation (postnatal days 12
(PND12) and 21 (PND21)) and in adulthood (9 months). At
birth, newborns from obese dams (called HF) were normo-
trophs. HF neonates exhibited a rapid weight gain during lac-
tation, a key period of adipose tissue development in rodents.
The expansion of WAT was correlated with increases in both
adipocyte size (hypertrophy) and number (hyperplasia) in
visceral perirenal (pWAT) and subcutaneous inguinal (iWAT)
deposits. 9-month-old HF offspring displayed persistent
increased adiposity. However, among iWAT and pWAT, only
the latter showed a persistent “expandable” phenotype (i.e.
higher fat mass, hypertrophy and hyperplasia). Maternal obe-
sity led to changes in adipogenic and lipogenic gene expression
in HF offspring’s WAT from neonatal period to adulthood. In
particular, HF offspring showed persistent increased leptin and
decreased PPARg mRNA contents in a depot-specific-manner,
consistent with persistent elevated plasma leptin levels as well as
modified cellularity. We hypothesized that long-term mod-
ifications of gene expression occur, at least in part, via epige-
netic malprogramming which may take place during the early
postnatal period. Epigenetic marks may serve as a memory of
exposure, in early life, to inappropriate environments. These
persistent marks may ultimately induce long-term changes in
gene expression. Here, we focused on epigenetic modifications
(i.e., DNA methylation, DNA hydroxymethylation and his-
tone modifications) of regulatory sequences involved in leptin
and PPARg gene expression in both deposits. PND12 is an
active period for epigenomic remodeling within regulatory
sequences of both genes in HF offspring, consistent with
modified hormonal status and enzymatic components of the
epigenetic machinery. Some of these epigenetic modifications
were still visible in weaned HF offspring. Retained marks were
observed in 9-month-old HF rats. The long-term epigenetic
malprogramming was correlated with long-lasting modified
gene expression and depot phenotype. Overall, we showed that
editing of epigenetic marks takes place early in life during
WAT’s development and might persist throughout life in a
depot-specific manner. Consistent with the DOHaD hypoth-
esis, persistent epigenetic remodeling occurs at regulatory
regions of key lipogenic genes that might account for increased
adiposity in adult HF offspring.

PO1.03.17

Infants born small-for-gestational age have different
placental expression of microRNAs

H.E. Östling, R. Kruse, G. Helenius, M. Lodefalk

Örebro University, ÖREBRO, Sweden

Background: Normal placental function is essential for opti-
mal fetal growth and development. The expression of
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microRNAs can be influenced by the environment. The
objective of this study was to investigate the placental micro-
RNA expression profile in infants born small-for-gestational
age (SGA) and exposed to low maternal gestational weight
gain (GWG).
Methods: 13 full-term newborn babies with birth weights < -
2 SD from the population mean exposed to maternal GWG
≤ 10 kg (group 1) were identified in a placental biobank.
9 children with birth weights < - 2 SD and GWG 11.5–16.0 kg
constituted group 2. 20 children with normal birth weights but
GWG ≤10 kg constituted group 3 and 26 children with both
normal birth weights and GWG constituted group 4. The infants
in groups 2–4 were matched with group 1 with respect to gender,
gestational age, maternal parity, and maternal age. Total RNA
were extracted from the placental biopsies. After microRNA pre-
paration, next generation sequencing using Illumina technology
was performed. Comparisons between the groups were done
with ANOVA for unequal variances and Benjamini-Hochberg’s
correction for multiple testing.
Results: The mean (SD) birth weight and maternal GWG in
group 1 were 2,834 (296) g and 9.2 (1.2) kg, respectively. The
corresponding numbers in group 2 were 2,636 (211) g and 13.6
(1.0) kg, respectively, in group 3 3,696 (355) g and 9.1 (1.0) kg,
respectively, and in group 4 3,747 (356) g and 15.0 (1.2) kg,
respectively. 48 of the 68 children were boys. The minimum
reads/sample were 9.2 millions. The expression of 16microRNAs
differed significantly between group 1 and group 2. The expres-
sion of 12microRNAs differed significantly between group 2 and
4. Ten of the differentially expressed microRNAs differed in both
comparisons (miR-3679-5p, miR-4532, miR-335-3p, miR-379-
3p, miR-380-3p, miR-369-5p, miR-330-5p, miR-519e-3p,
miR-105-5p, and miR-3065-5p).
Conclusions: The mechanism behind poor fetal growth may
involve differential expression of microRNAs in the placenta.
Low maternal weight gain during the pregnancy seems to
influence the placental microRNA expression in children born
SGA but not in children with normal birth weights.

PO1.04 – Gestational diabetes

PO1.04.01

Relationship between Glycated Hemoglobin in Early
Type2 Diabetic Pregnancy and Adverse Pregnancy
Outcomes

Y.L. Song

Peking university first hospital, BEIJING, China

Background: The prevalence of type2 diabetic pregnancy has
increased worldwide in the past decade along with the pre-
valence of type2 diabetes. Many studies including the HAPO
study had revealed the fact that hyperglycemia is associated
with many adverse pregnancy outcomes such as spontaneous
abortion, malformation, cesarean delivery, and many neonatal
complications. Some studies showed that among type 1

diabetic pregnancy and undiagnosed diabetes pregnancy
women, high level of HbA1c in the 1st trimester was related to
abortion, stillbirth and malformation in early pregnancy.
However, the relationship between early HbA1c level and
adverse outcomes other than congenital malformation in type2
diabetic pregnancy reminds unclear.
Method: 384 pregnant women with type2 diabetes from Jan
2005 to Jan 2017 were recruited. Adverse pregnancy outcomes
were preterm birth (< 37 weeks), cesarean delivery, compli-
cated with preeclampsia, SGA and LGA. Neonatal complica-
tions including neonatal hypoglycemia, NICU admission and
stillbirth. The results were analyzed by t-test and ROC curve.
Results: Patients with LGA and NICU admission had a higher
FPG level in the 1st trimester, and patients with preterm birth,
LGA, neonatal hypoglycemia and NICU admission had a
higher HbA1c level in the 1st trimester. Moreover, HbA1c in
the 1st trimester had a predictable value towards preterm birth,
LGA (P<0.01) and NICU admission (P< 0.05) with a cut-off
value of 6.45%, while the cut-off value to predict neonatal
hypoglycemia (P< 0.01) was 6.65%.
Conclusion: Elevated HbA1c and FPG level in the 1st trime-
ster was associated with several adverse pregnancy outcomes in
type 2 diabetic pregnancy. With an HbA1c level above 6.45%
in the 1st trimester suggested increased risk of preterm birth,
LGA, neonatal hypoglycemia and NICU admission.

ROC curve of HbA1c and adverse pregnancy outcomes

PO1.04.02

Association of TRIB1 expression in human umbilical vein
endothelial cells with gestational diabetes mellitus
treatment terms

P.V. Popova, L.B. Vasileva, A.S. Tkachuck, M.V. Puzanov,
Y.A. Bolotko, E.A. Pustozerov, A.S. Gerasimov, A.S. Golovkin,
I.E. Zazerskaya, R.I. Dmitrieva, E.N. Grineva

Federal Almazov North-West Medical Research Centre, SAINT-
PETERSBURG, Russia

Background: The intrauterine hyperglycemia in women with
gestational diabetes mellitus (GDM) is proposed to be an

S94 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


epigenetic factor that predisposes offspring to metabolic and
cardiovascular diseases. However, the mechanisms via which
maternal hyperglycemia affects the development of these dis-
eases in offspring has not been thoroughly studied yet. Mam-
malian tribbles homologue 1 (TRIB1) gene is associated with
coronary artery disease (CAD) and plasma lipid concentrations
in humans. According to animal studies TRIB1 deficiency
increases plasma cholesterol and triglyceride levels in mice. Our
aim was to study the effect of the degree and duration of
maternal hyperglycemia on the level of TRIB1 expression in
human umbilical vein endothelial cells (HUVECs) of new-
borns from women with gestational diabetes mellitus.
Materials and methods: The study included 41 women with
GDM treated for GDM starting before 30-th week of gestation
(GDM1), 9 women treated for GDM after 34-th week of
gestation (late treatment group or GDM2) and 17 women
without GDM (control group). The diagnosis of GDM was
based on International Association of Diabetes and Pregnancy
Study Groups criteria. HUVECs were isolated and expanded
in vitro up to passage 2 and tested for viability and replicative
senescence. Samples with viability > 85% and low level of
senescent cells (<10%) were used. Immunophenotype was
determined by Flow Cytometry analysis. The level of TRIB1
expression was determined by RT-PCR. Women with GDM
kept electronic nutrition and glycemic control diaries with the
help of a specially developed mobile application and sent data
to the doctor. According to the personal diaries automatic cal-
culations of the integral indicators characterizing the self-
control of glycemia (mean fasting and postprendial glycemia,
the frequency of exceeding the target levels of glycemia) and
food intake (amount of carbohydrates, proteins, fat and cal-
ories) were accomplished. Statistical analysis included Kruskal-
Wallis test, Mann-Whitney test and Spearman correlations.
Results: The level of TRIB1 expression in GDM2, GDM1 and
control groups amounted to 2.6 ± 0.9, 4.9 ± 2.9, 7.5 ± 5.4,
respectively (p= 0.003) (Figure 1). Notably, TRIB1 expression
was significantly lower in GDM2 compared to GDM1 group
(p= 0.006) and controls (p= 0.005). The difference in TRIB1
expression between GDM1 and control groups was not sig-
nificant (p= 0.060). Age and pregestational BMI did not differ
among the three groups. Some negative correlations have been
observed between the level of TRIB1 expression and following
parameters: gestational age when treatment for GDM started
(r= -0.303, p= 0.036); total amount of carbohydrates con-
sumed a day (r= -0.388, p= 0.041) and plasma glucose level
1 h and 2 h in OGTT (r = - 0.291, p= 0.027 and r = - 0.298,
p= 0.023 respectively).
Conclusion: TRIB1 expression appeared to be lower in
HUVECs of newborns from women with late start of treat-
ment for GDM compared to controls. The difference was
attenuated if treatment had been started before 30th week of
gestation. The data obtained confirm the potential influence of
intrauterine hyperglycemia on the TRIB1 expression that is
likely to epigenetically program predisposition to CAD in
offspring.

Relative expression of TRIB1 gene in human umbilical vein endo-
thelial cells of newborns fromwomenwithGDMand control group

PO1.04.03

Can we develop a successful risk score for gestational
diabetes?

H.E. Huvinen1, S.B. Koivusalo1, B. Stach-Lempinen2,
H. Kautiainen1, J.G. Eriksson1

1University of Helsinki and Helsinki University Hospital,
Helsinki, Finland; 2South-Karelia Central Hospital,
LAPPEENRANTA, Finland

Background: The global epidemic of type 2 diabetes and
gestational diabetes (GDM) requires methods for early detec-
tion of individuals at risk. Risk scores have been successfully
developed for type 2 diabetes, but the GDM scores are not
performing equally well. The aim of this study was to investi-
gate the risk profiles of GDM women, taking simultaneously
into account the marked heterogeneity of GDM.
Methods: This is a secondary analysis of the RADIEL (Finnish
Gestational Diabetes Prevention) study including 510 women at
high GDM risk (BMI ≥30kg/m2 and/or previous GDM)
recruited either in pre-pregnancy or in first trimester. We divided
the participants according to BMI, parity and GDM history: nul-
liparous obese (group A), multiparous obese (group B), non-obese
with prior GDM (group C), and obese with prior GDM (group
D). Age, weight, family history of diabetes and first trimester mar-
kers of inflammation, lipid and glucose metabolism served as
potential predictors for GDM. We also tested in all groups the
performance of a GDM risk score by van Leeuwen et al, where
probability of GDM = 1/ [1+ exp(-β)], in which β is calculated as
[-6.1+ (0.83 x non-Caucasian ethnicity)+ (0.57 x positive family
history of diabetes mellitus) - (0.67 x multipara without history of
GDM)+ (0.5 x multipara with history of GDM)+ (0.13 x BMI)].
Results: The cumulative GDM incidence was 37.4% (95% CI:
33.2 to 41.8) in the first trimester and 49.4% (95% CI: 45.0 to
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53.8) in the second trimester. Among the non-obese (BMI
<30kg/m2) women with a history of previous GDM (group C),
the cumulative incidence in the second trimester was 59% and
among obese women with previous GDM (group D) 74%. Obese
primiparous women (group A) showed an increased GDM risk
with higher fasting glucose values increasing GDM risk OR 3.76
(95% CI: 1.48 to 9.53) but in the other subgroups there were no
risk predictors. The estimated probability of GDM calculated by
Van Leeuwen risk score was lower than the true incidence of GDM
(Figure 1), especially among the non-obese women with previous
GDM (group C).
Conclusions: Our “risk model”, simply based on degree of
adiposity and history of previous GDM, performed as well as
more complicated/sophisticated models in identifying a high
GDM-risk group already in the first trimester. Due to the het-
erogeneity of GDM, it might be impossible to achieve a universal
risk score; instead, focus should be on universal OGTT screening.

Estimated probability of GDM, calculated by the Van Leeu-
wen risk score, and the true GDM incidence (dotted line).

PO1.04.04

Cardio-metabolic risk factors in offspring of diabetic
mothers (ODM) in India.

S.S. Wagle1, K. Kalyanaraman2, R. Ladkat1, D.S. Bhat1,
P.C. Yajnik1, C.S. Yajnik1

1King EdwardMemorialHospital and Research Centre, PUNE, India;
2University of Southampton, SOUTHAMPTON, United Kingdom

Background: Maternal diabetes is a risk factor for obesity and
glucose intolerance in the child. Only sparse data is available in
India. We followed children born to gestational diabetic and

non-diabetic mothers 2-26 years after delivery to assess their
body size and composition, and cardio-metabolic risk factors.
Methods: Of 916 women diagnosed and treated for diabetes in
pregnancy at the Diabetes Unit, KEM Hospital, Pune (1986–
2014), we traced 364 mothers and studied 200 children by Jan-
uary 2017 (ODM). We also studied 154 children whose mother
was not diagnosed diabetic during pregnancy (ONDM), mat-
ched for age, gender and socioeconomic status (usually a friend,
neighbour or classmate). We measured anthropometry, body
composition (DXA) and either capillary blood glucose (<10 years
age, 118 ODM and 72 ONDM) or a 1.75g/kg OGTT with
venous blood collection (>10 years age, 82 ODM and 82
ONDM). Overweight was diagnosed by IOTF (< = 18 years) or
WHO criteria (>18 years). Glucose tolerance was classified by
the ADA 2014 criteria (DM: fasting plasma glucose ≥126mg%
or 2 hour plasma glucose ≥200mg%, IGT: 2 hour plasma glu-
cose ≥140mg% and <200mg%, IFG: fasting plasma glucose
≥100mg% and <126mg%). We compared ODM with
ONDM by calculating age and gender specific SD scores (refer-
ence ONDM) for various measurements.
Results: Three (4%) ODMwere already diabetic at the time of
follow up (diagnosed at 16, 14 and 23 years of age, two on
OHA and one on insulin treatment) and one more was diag-
nosed on testing.ODM had higher prevalence of pre-diabetes
(37% vs. 22%, p= 0.031) and higher prevalence of overweight
+ obesity (24% vs. 15%, p= 0.041) compared to ONDM. SD
scores showed that the ODM had higher BMI, sum of skin-
folds and body fat percent, circulating glucose, fasting insulin,
cholesterol, LDL cholesterol and triglyceride concentrations.
They also had higher HOMA-IR and pulse rate but lower
disposition index and diastolic blood pressure (Figure 1).
Conclusions: We confirm elevated risk of obesity, adiposity, dia-
betes and other cardio-metabolic risk factorsin the young children of
Indian diabetic mothers. This could represent genetic and/or fetal
programming effects. Despite following the current standards of
practice for management of GDM, the offspring continue to have
high risk of diabesity. This suggests a need for reevaluation of cur-
rent standards of care which overlook the peri-conceptional period.

Cardio-metabolic risk factors in ODM( Vs ONDM).
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PO1.04.05

Predictors of neonatal adiposity at birth in Gestational
Diabetic and Normal Glucose Tolerant Mothers

C.S. Yajnik, A.V. Ganpule-Rao, M.K. Deshmukh,
A.A. Bhalerao, S.J. Bondarde, P.C. Yajnik

King Edward Memorial Hospital Research Centre, PUNE, India

Introduction: Maternal hyperglycemia during pregnancy is
known to be associated with fetal macrosomia and adiposity in
adult life; however, there are only a few studies exploring effect
on body composition at birth. We studied neonates of mothers
with gestational diabetes (GDM) and normal glucose tolerance
(NGT) for body composition measurements at birth and
explored association between maternal parameters during
pregnancy and neonatal adiposity at birth.
Methods: In a hospital based prospective study mothers were
tested for GDM with a 75gm OGTT and IADPSG criteria
(FPG ≥ 92mg%,1hPG≥ 180,2hPG≥ 153). Paternal and
maternal anthropometry and biochemical parameters (glucose,
lipids) were studied. Neonatal size (anthropometry) and com-
position (DXA) were measured by trained staff. We compared
maternal and neonatal birth size and body composition mea-
surements in GDM and NGT mothers. Fat and Lean Mass
Index were calculated as mass in kg divided by height in meter3.
Analysis of covariance was used to adjust for the effect parental
measurements.
Results: We analyzed 121 GDM and 175 NGT mother-child
pairs (53% boys in GDM, 45% in NGT). As compared to
NGT mothers, GDMmothers were older (27.8 Vs 25.2 y) and
heavier (pre-pregnancy weight 58.6 Vs 52.4 kg), weight gain
during pregnancy was similar. GDM mothers had higher
plasma glucose and triglycerides (fasting glucose 85.3 Vs
75.7mg/dl, 120min glucose 140.2 Vs 111.5mg/dl, triglycer-
ides 154.6 Vs 130.2mg/dl, p< 0.05, all) but lower HDL and
similar cholesterol as compared to NGT mothers. GDMs were
treated as per current standards of practice. Fifty percent of
mothers were delivered by caesarean section, 14% GDM and
10% NGT delivered preterm.
Neonates of GDM mothers were heavier (2.9 Vs 2.7 kg), taller
(length 49 Vs 48 cm) and more adipose (subscapular 4.8 Vs
4.2mm, fat mass 0.6 Vs 0.5 kg, fat % 19 Vs 16%, Fat mass
index 4.8 Vs 4.1 kg/m3 p< 0.05 All) compared to those of the
NGT. When we plotted Fat Mass Index against Lean Mass
Index, the relative fat mass deposition in relation to lean mass
was exaggerated in GDM neonates than NGT (Figure 1). Girls
were shorter, more adipose and had lower lean mass index.
Using INTERGROWTH standards 24% of GDM and 40%
of NGT neonates were SGA, and 3% of GDM but none of the
NGT neonates were LGA. After adjustment for the difference
in gestational age and gender, the difference between birth
weight and fat % in GDM and NGT babies was ascribable to
the effect of maternal age, weight, height and father’s weight.
Lipids and blood pressure were not associated. The difference
between neonatal fat % between the groups was ascribable to

maternal weight and plasma cholesterol and HDL
concentrations.
Conclusion:We confirm the excess adiposity of babies born to
GDM mothers, which show an exaggerated “thin-fat: pheno-
type. Unlike in the western population, 24% of babies of
Indian GDM mothers were still SGA and only 3% were LGA.
This necessitates a re-evaluation of the current standards of
diagnosis and treatment of GDM in LMIC.

Fat Mass and Lean Mass Index in GDM and NGT Neonates.

PO1.04.06

Sedentary behaviour and shorter duration of walking in
early pregnancy is associated with gestational diabetes
among obese women

N. Sukumar1, C. Bagias1, I.A.G. Goljan2, K. Shorthouse2,
J. Plester2, S. Selvamoni2, A. Gopinath2, G. Pounder2,
P. Saravanan1

1University of Warwick, COVENTRY, United Kingdom;
2George Eliot Hospital NHS Trust, NUNEATON, United
Kingdom

Background: Randomised controlled trials of lifestyle mod-
ification in obese pregnant women to reduce the incidence of
gestational diabetes mellitus (GDM) have not shown consistent
benefits, possibly because any interventions provided were not
able to achieve desired increase in physical activity and reduc-
tion in gestational weight gain. There is a scarcity of data
available about the actual physical activity and sedentary
behaviour of women during pregnancy and their impact on
maternal glycaemia.
Methods: A sub-study on physical activity (PA) was conducted
within the longitudinal PRiDE study which recruited women
at high risk of GDM. Physical activity was assessed by the
International Physical Activity Questionnaire (IPAQ) and
detailed medical history and anthropometric data collected. 2-
hour glucose tolerance tests were conducted in the early 3rd

trimester (mean gestation 26+ 6 weeks).
Results: PA data were available from 3494 women in the late
1st trimester (mean12+ 3 weeks), of whom 24.6%, 18.6% and
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56.8% were in the normal body mass index (BMI), overweight
and obese categories respectively. Women with a diagnosis of
GDMwere older, had a higher BMI, waist circumference and less
likely to smoke than those without GDM (p< 0.05 for all). The
following are the mean (± SD) of PA parameters per week in
pregnant women in the 1st trimester: vigorous PA 61 (±288)
minutes, moderate PA 177 (±546) minutes, walking 495 (±828)
minutes, metabolic equivalent of task (MET) 2800 (±4833)
minutes. They spent 341 (±205) minutes a day in sedentary
behaviour. 86.3%, 70.5% and 24.1% of women reported doing
no vigorous PA, moderate PA or walking per week. In obese
women, every hour of increased sedentary time per day in early
pregnancy was associated with a higher post-challenge glucose of
0.06mmol/l in the early 3rd trimester, after correcting for age,
ethnicity, smoking, BMI, waist circumference, gestational weight
gain, duration of walking and fasting glucose (standardised
β-coefficient 0.08, p= 0.027). However in the same model,
fasting glucose was only associated with maternal age, BMI and
ethnicity. There was no association between glucose measures
and any of the physical activity or sedentary time parameters in
women with a BMI <30kg/m2. Among obese women who
walked below the median of 180 minutes a week, 16.3% had a
diagnosis of later GDM compared to 12.2% who walked longer.
This lower duration of walking in the 1st trimester was associated
with a 1.56 higher risk of later GDM after adjusting for con-
founders (95% CI 1.07, 2.27, p= 0.021).
Conclusion: This large cohort study showed that around three
quarters of pregnant women do not undertake PA in early
pregnancy and spend over 5.5 hours per day in sedentary
behaviour. In obese women the latter was independently asso-
ciated with higher post-prandial glycaemia later on in preg-
nancy and shorter duration of walking was predictive of GDM.
Future trials should aim to reduce time spent in sedentary
behaviour and encourage longer duration of lower intensity PA
(eg. walking) to reduce the incidence of GDM.

PO1.04.07

Can adverse effects on kidney in GDM newborn be
prevented?

M.C. Aisa1, B. Cappuccini2, B. Barbati1, C. Grasselli1,
S. Troiani1, E. Torlone3, G.C. Di Renzo1

1Medical School, University of Perugia, PERUGIA, Italy;
2GeBiSa Research Foundation, PERUGIA, Italy; 3MISEM;
Perugia Hospital, PERUGIA, Italy

Background: Gestational Diabetes (GDM) has reached epi-
demic proportions worldwide and dysregulation of glucose
metabolism is found in up to 15% of pregnancies, according to
the International Association of Diabetes in Pregnancy Study
Group and the World Health Organization. Investigations
with animal models have demonstrated that exposure to
maternal hyperglycemia during in utero development can det-
rimentally affect nephrogenesis which, in turn, would represent
a risk factor for the onset of chronic renal disease and

hypertension in adulthood. Studies on renal physiology in
GDM neonates at the early stage of postnatal age are scarse and
no reports concerning the correlation between nephron
number-data and renal function in this group have been per-
formed yet. We here examined the effect of GDM on kidney
development and physiology at the postnatal age of 30-40 days
in 170 newborns (sub-classified in no- and well-managed
GDM) versus 65 matched healthys.
Methods: Biochemical parameters of glomerular and tubular
function or impairment/injury (i.e albumin, b-2 microglobulin
and the activity of N-acetyl-b-D-glucosaminidase, cathepsin B,
glucuronidase and legumain) were evaluated in the urine of the
two GDM groups and compared to results from the healthy
control neonate population. Data were then associated with
predominant susceptibility factors of renal damage related to
low nephron number, such as birth weight, total renal volume
and renal cortex volume. Renal volumes were estimated using
3D-ultrasounds (VOCAL II, GE Ultrasounds, USA).
Results: Compared to control, the well-managed GDM group
did not show significant differences in all biochemical and
anatomical parameters tested whereas the no-managed GDM
neonates exhibited significant higher levels of cathepsin B and
N-acetyl-b-D-glucosaminidase activity as well as significantly
reduced values of total renal volume and cortical volume.
Conclusions: Our data indicate that, at the early stage of
postnatal age, GDM correlates with impairment of both kid-
ney’s development and function. Conversely, an appropriate
management of this disease may counteract these effects. Data
also indicate that, at this postnatal age, GDM affects renal
tubule and cathepsin B and N-acetyl-b-glucosaminidase may
be suggested as early indicators of such condition. Our findings
support the efficacy of global actions about GDM.

PO1.04.08

Gestational diabetes-associated foetoplacental endothelial
dysfunction is still present in mothers treated with insulin
therapy

M. Subiabre1, R. Salsoso1, R. Villalobos-Labra1, L. Silva1,
B. Fuenzalida1, J. Araos1, M. López2, M. Mario2, F. Pardo1,
A. Leiva1, L. Sobrevia1

1Pontificia universidad católica de chile, SANTIAGO, Chile;
2Hospital San Juan de Dios, SANTIAGO, Chile
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Background: Gestational diabetes mellitus (GDM) occurs
with maternal hyperglycaemia and foetoplacental endothelial
dysfunction. Women with GDM subjected to diet (GDMd)
present with normal glycaemia at term; nevertheless, foetopla-
cental endothelial dysfunction is still present. Some of the
women with GDMd fail to control glycaemia and are subjected
to insulin therapy (GDMi).
Aim: To assess whether maternal insulin therapy reverses foe-
toplacental endothelial dysfunction in GDMd.
Methods: Primary cultures of human umbilical vein endothe-
lial cells (HUVECs) were isolated from normal, GDMd, or
GDMi pregnancies to assay L-arginine transport kinetics,
endothelial nitric oxide synthase (eNOS) and cationic amino
acids transporter isoform 1 (hCAT-1) expression and activity,
p44/42mapk and protein kinase B/Akt activation, and insulin
receptor isoforms A (IR-A) and B (IR-B) mRNA expression.
Experiments were performed in the presence or absence of
insulin (1 nmol/L, 8 h). Vascular reactivity assays were in
umbilical vein rings challenged with insulin (0.1-1000 nmol/L)
and calcitonin gene-related peptide (CGRP, 0.1-1000nmol/L).
Results: In the absence of insulin a higher maximal transport
capacity (Vmax/Km) for L-arginine, NOS-generated L-citrul-
line, and NO level was found in cells from GDMi and GDMd
compared with normal pregnancies. Insulin reversed the GDM
effects in both groups. Similar results were found for protein
abundance and mRNA expression for eNOS, hCAT-1,
p44/42mapk, IR-A mRNA, but not Akt activator phosphoryla-
tion or IR-B mRNA expression. Insulin and CGRP caused
concentration-dependent relaxation in umbilical vein rings
from normal pregnancies, an effect that is impaired in GDMd
and GDMi.
Conclusion: Insulin therapy is not enough to restore GDM-
associated human foetoplacental endothelial dysfunction.
Funding: FONDECYT 1150377/1150344/11150083,
CONICYT (MS, RS, RV-L, LS) and Faculty of Medicine,
PUC (RS, LS, BF) PhD fellowships (Chile), UMCG, U Gro-
ningen (LS) PhD fellowship (The Netherlands).

PO1.04.09

Gestational diabetes and body composition
of newborns

P.H.C. Rondó1, L.R. Silva2, N.P. Castro1, V.V. Euclydes2,
D.P. Bergamashi2, L.A. Liania2

1University of Sao Paulo, School of Public Health, SAO PAULO,
Brazil; 2University of Sao Paulo, School fo Public Health, SAO
PAULO, Brazil

Background and objective: The clinical and public health
relevance of gestational diabetes mellitus-GDM is widely
debated due to its increasing incidence. Obesity, a pandemic in
developing and developed countries contributes to the
higher risk of GDM. Fetal exposure to this altered metabolic
intrauterine environment probably leads to increases in fetal
adiposity, affecting growth pattern and development later in

life. The objective of this study was to investigate the rela-
tionship between GDM and fat mass percentage-FM% of the
newborns.
Methods: A cross-sectional study involving 72 mothers, pre-
viously diagnosed with GDM and 139 apparently healthy
mothers and respective newborns was conducted in a large
maternity in São Paulo, Brazil. Exclusion criteria were adoles-
cence, multiple pregnancies, hypertension, hormonal disorders,
infectious diseases, drug and/or alcohol consumption, preterm
(<37 weeks) and post-term (≥42 weeks) delivery, low birth-
weight (<2500g), apgar score < 3, and genetic disorders of the
newborn. Maternal height was measured by a stadiometer
(Tonelli 120A®, Brazil), and weight and body composition by
a bioelectrical impedance analyzer (InBody 370®, Biospace
Co., Korea). Newborn weight and body composition were
assessed by air-displacement plethysmography (PEA POD,
Cosmed, USA). Associations between the outcome (newborn
FM%) and the independent variables investigated
(GDM, maternal age, ethnicity, socioeconomic score, parity,
pre-pregnancy BMI, gestational weight gain and sex) were
assessed by multiple linear regression analysis, considering
p≤ 0.05.
Results: There were statistically significant associations
between gestational weight gain (p= 0.002), pre-pregnancy
BMI (p= 0.001) and sex (p= 0.001) with FM% of the
newborn.
Conclusion: Those findings did not show an association
between GDM and FM%, probably in view of the maternal
control of the GDM, but endorsed the interplay between pre-
pregnancy BMI and weight gain in pregnancy. As expected,
there was an association between female sex and FM%.

PO1.04.10

Increased risk of overweight during school age in children
born to mothers with GDM

M. van der Beek, L. Muhardi, S. Shafaeizadeh

Nutricia Research, UTRECHT, The Netherlands

Background and aims: Globally, gestational diabetes mellitus
(GDM) affects approximately one out of seven pregnancies
amounting to approximately 8 million live births yearly. Chil-
dren of GDM mothers (GDM-F1) are at increased risk of
becoming overweight and developing metabolic disease in later
life. We conducted a narrative review of the literature aiming to
understand the growth characteristics of children born from
GDM pregnancies with focus on growth after the adiposity
rebound period to provide insights relevant across childhood.
Methods: Medline was searched for articles published from
1995 to Feb 2016 with selected search terms related to growth
of GDM offspring. We identified 877 articles of which
12 studies were included for review using a priori chosen
inclusion and exclusion criteria for eligibility based on long-
itudinal assessment of growth as well as data reporting in chil-
dren older than 7 years of age.
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Results: Three studies were conducted among GDM-F1 only,
4 studies compared GDM-F1 with non-GDM offspring and
the remaining papers (n= 5) compared GDM-F1 with other
reference populations which included healthy, T1DM or
T2DM pregnancy offspring (Table 1). Studies among GDM-
F1 only (n= 3) showed an increase in BMI z-score at 7 years of
age compared to reference data. When compared between
GDM and non- GDM offspring, 2 out of 5 the studies
reported an increase in weight, height and BMI at 7 years of age
among GDM-F1, while the rest reported no significant dif-
ferences. Compared to other reference populations, only
GDM-F1 boys were reported to have larger waist cir-
cumference at 7 and 9.5 years of age and BMI was increased in
GDM-F1 at 18 years. Increased BMI and waist circumference
are considered as a proxy of increased risk of overweight/
obesity.
Conclusions: Although information on childhood growth
characteristics appeared to be limited, GDM-F1 appears to
have an increased risk of overweight, with higher BMI and
larger waist circumferences at 7 years of age, which could persist
into adulthood.

PO1.04.11

Exposure to metals during pregnancy and the association
with gestational diabetes mellitus: Results from EDEN
mother child cohort

M.H. Soomro1, N. Baiz1, G. Huel2, C. Yazbeck3,
J.M. Botton4, B. Heude5, C.G. Bornehag6, I. Annesi-Maesano2

1University of Pierre and Marie Curie (UPMC), Paris6, PARIS,
France; 2INSERM, University of Pierre and Marie Curie
(UPMC), PARIS, France; 3Bichat Claude Bernard Hospital,
Paris 7-Denis Diderot University, PARIS, France; 4INSERM,
PARIS, France; 5INSERM, Paris Descartes University, PARIS,
France; 6Department of Health Sciences, Karlstad University,
KARLSTAD, Sweden

Background: Metals remains a public health concern for
longtime because they persist in the environment and may be

able to induce toxicity even at low level of exposure. Epide-
miological studies has shown the association between heavy
metals and gestational diabetes mellitus (GDM), however they
are not enough to draw reliable conclusions. The objective of
the present study was to evaluate the association between
maternal exposure to metals during pregnancy and GDM in
mothers from the French EDEN (Etude des Déterminants pré
et post natals du développement de la santé de l’Enfant)
mother-child cohort study.
Methods: 2,002 women without pre-existing diabetes were
initially included. The GDM was assessed by a gynecologist
during consultations after blood analysis. Selenium (Se), lead
(Pb), cadmium (Cd) and manganese (Mn) were measured in
second-trimester plasma samples. Associations between metals
and GDM were examined using multiple logistic regression
analysis. Models were adjusted for potential confounders.
Results: 623 had GDM diagnosis available and bio-monitoring
data measured. 7.06% had a GDM diagnosis. Mean (median)
levels were 100.12 ± 26.18 μg/L (98.4 μg/L) for Se,
18.72 ± 10.44 μg/L (17 μg/L) for Pb, 0.91 ± 0.62 μg/L (0.8 μg/
L) for Cd and 10.56 ± 4.76 μg/L (10 μg/L) for Mn. Pb and Cd
were significantly (P-value <0.08) related to GDM: OR (odd-
ratio)= 1.99 (95% Confidence Interval: 0.91-3.99) and OR
1.92 (95% CI 1.03-3.60) respectively after adjusting for con-
founding factors. No statistical significant associations were
observed between GDM and Se or Mn.
Conclusions: Our findings add to the growing evidence sup-
porting the role of maternal exposure to heavy toxic metals as a
risk factor for GDM through their involvement in the disrup-
tion the glucose uptake and the alteration of the related mole-
cular mechanism in glucose regulation.

PO1.04.12

ANGPTL4 expression is altered in human umbilical vein
endothelial cells in patients with gestational diabetes
mellitus.

L.B. Vasileva, M.V. Puzanov, A.S. Tkachuk, Y.A. Bolotko,
A.S. Gerasimov, P.V. Popova, I.E. Zazerskaya, E.N. Grineva,
R.I. Dmitrieva

Federal Almazov North-West Medical Research Centre, SAINT-
PETERSBURG, Russia

Background: Angiopoietin-like protein 4 (ANGPTL4) is
multifunctional signal protein expressed in many tissues.
ANGPTL4 is involved in regulation of multiple physiological
processes, including plasma glucose level and tolerance regula-
tion, angiogenesis, fat storage, lipid metabolism, food intake
regulation, vascular permeability in experimental models of
acute myocardial infarction. It was demonstrated on rat models
that induction of ANGPTL4 during pregnancy and lactation
could be related to metabolic adaptations. It is known that type
2 diabetes patients have significantly lower plasma ANGPTL4
levels than healthy subjects, which indicate a role for
ANGPTL4 in diabetes. To date there is no data on the role of
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ANGPTL4 in gestational diabetes mellitus (GDM), and the
data on the role of ANGPTL4 in endothelium function are
limited. Here, we sought to investigate if ANGPTL4 expres-
sion in human umbilical vein endothelial cells (HUVECs)
could be associated with GDM.
Materials and methods: HUVECs were collected from 10
healthy women (Control), 22 women treated for GDM starting
before 30-th week of gestation (GDM1) and 6 women treated
for GDM after 34-th week of gestation (GDM2). The diag-
nosis of GDM was based on International Association of Dia-
betes and Pregnancy Study Groups criteria. Age and
pregestational body mass index did not differ between groups.
HUVECs were isolated end expanded in vitro up to passage 2
and tested for viability and replicative senescence. Samples with
viability > 85% and low level of senescent cells (<10%) were
used. Immunophenotype was determined by Flow Cytometry
analysis. The level of genes expression was determined by RT-
PCR. Statistical significance was assessed by Mann Whitney
test using the Graph Pad software (San Diego, CA, USA),
results were considered significant for a p-value< 0,05.
Results: HUVECs demonstrated characteristic endothelial
morphology and immunophenotype CD45-/CD144+ /
CD31+ /CD146+ /CD105+ in all groups. Furthermore,
samples derived from all groups did not differ in the level of
expression of endothelial markers VEGF (5,1 ± 1,4 vs 3,0 ± 0,2
vs 2,5 ± 0,13 / control vs GDM1 vs GDM2) and HIF1a
(5,9 ± 1,2 vs 3,4 ± 0,5 vs 2,2 ± 0,3 / control vs GDM1 vs
GDM2). However, the ANGPTL4 expression differed sig-
nificantly between control and GDM groups: 42,4 ± 11,6 vs
4,0 ± 1,0 (control vs GDM1; p< 0,03), and 42,4 ± 11,6 vs
6,9 ± 1,6 (control vs GDM2; p< 0,01) while no substantial
difference between GDM1 and GDM2 groups was observed.
Conclusions: ANGPTL4 expression in HUVECs from GDM
patients was found out to be lower compared to controls. That
may explain a potential mechanism of the intrauterine hyper-
glycemia influence on the development of predisposition to
metabolic and cardiovascular diseases in offspring. Further
investigations are required to prove a causal relationship and to
determine whether it is systemic or tissue-specific alteration in
GDM. The work was funded by Russian Science Foundation
(project n.15-14-30012)

PO1.04.13

Equilibrative nucleoside transporter 1 expression in human
umbilical vein endothelial cells from gestational diabetes
mellitus is restored by insulin therapy

L. Silva Lagos1, M. Subiabre2, R. Villalobos Labra2,
R. Salsoso2, F. Pardo2, M.A. López3, M. Paublo3, A. Leiva2,
L. Sobrevia2

1P.Universidad Católica de Chile,Chile/UMCG,Uni of
Groningen,The Netherlands, SANTIAGO, Chile; 2Pontificia
Universidad Católica de Chile, SANTIAGO, Chile; 3Hospital
San Juan de Dios, SANTIAGO, Chile

Background: Human umbilical vein endothelial cells
(HUVECs) from diet treated mothers with gestational diabetes
mellitus (GDMd) exhibit reduced C/EBP homologous protein
10 (hCHOP)-dependent human equilibrative nucleoside
transporter 1 (hENT1) expression triggered by nitric oxide
(NO). In mothers who do not meet an optimal glycaemic
control, insulin therapy (GDMi) is required to achieve this
goal. Exogenous insulin normalizes GDMd-reduced hENT1
expression in HUVECs. However, whether insulin therapy
restores GDMd-reduced hENT1 expression via hCHOP in
HUVECs is unknown. We hypothesize that insulin restores
hENT1 expression in HUVECs from GDMi or GDMd
involving hCHOP.
Objective: To determine the insulin effect on hENT1 and
hCHOP expression in HUVECs from GDMd and GDMi.
Methods: HUVECs were isolated from GDMi or GDMd
pregnancies from the Hospital Clínico UC-CHRISTUS and
Hospital San Juan de Dios (Santiago de Chile). hENT1 and
hCHOP expression was evaluated by Western blot in the
absence or presence of insulin (1 nmol/L, 8 h) and NG-nitro-L-
arginine methyl ester (L-NAME, 100 μmol/L, 8 h).
Results: HUVECs from GDMi exhibit a normal hENT1
protein abundance, whereas it was reduced (34 ± 6%) in cells
from GDMd compared with cells from normal pregnancies.
Incubation with exogenous insulin did not modify hENT1
expression in cells from normal, GDMi, or GDMd pregnan-
cies. NO synthase inhibition by L-NAME restored hENT1
protein abundance in cells from GDMd and incubation of cells
with insulin + L-NAME resulted in reduced hENT1 protein
abundance in cells from GDMi (40 ± 11%). hCHOP protein
abundance was similar in cells from normal, GDMi, or GDMd
pregnancies and remained unchanged in all groups after incu-
bation with exogenous insulin and L-NAME. However, cells
exposed to insulin + L-NAME show reduced hCHOP protein
abundance in GDMi (53 ± 10%) and GDMd (35 ± 12%).
hENT1 mRNA in HUVECs was decreased in GDMi
(94 ± 3%) and GDMd (93 ± 3%). On the other hand, hCHOP
mRNA was highly increased (60 ± 27 fold) in GDMd
HUVECs.
Conclusion: Maternal insulin therapy results in a normal-
ization of hENT1 protein expression, despite the maintenance
of mRNA level alterations, likely via a hCHOP-independent
mechanism in human umbilical vein endothelium.
Funding: FONDECYT (1150377/1150344/11150083),
CONICYT/VRI/Faculty of Medicine PUC (LSi, MS, RV-L, RS)
(Chile), RUG-UMCG-Graduate School of Medical Sciences.

PO1.04.14

The bangalore nutrition gestational diabetes lifestyle study

A.M. Mahendra1, V. Ghattu2, S. Kehoe1, K. Kalyanaraman1,
C. Fall1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2CSI Holdsworth Memorial Hospital, MYSORE, India
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Background: Indian women are at a higher risk for developing
Gestational Diabetes (GDM) than their western counterparts.
GDM puts both mothers and babies at increased risk of future
diabetes, setting up a vicious cycle. Diet and lifestyle are
important modifiable risk factors for GDM but, have been little
studied in India. Most studies have focussed on single nutrients
rather than overall dietary patterns. BANGLES began in June
2016 aiming to study diet, lifestyle and blood micronutrient
levels in early pregnancy as predictors of GDM risk in urban
Bangalore.
Methods: We have planned to recruit 1000 women (based
on a mean GDM prevalence of 20 percent) from antenatal
clinics of 2 hospitals serving lower, middle and upper income
groups in Bangalore (Bangalore Baptist Hospital and
Cloudnine Hospitals). In early pregnancy (<16 weeks gesta-
tion) data are collected in the domains of: Diet (quantified 230
item Food Frequency Questionnaire, a 24-hour recall and a
culture, attitudes and beliefs questionnaire), Physical activity
level (short International Physical Activity Questionnaire
[IPAQ]), General health, Socio Economic Status (Standard
of Living Index) and blood sample to assess vitamin D,
B12 and folate levels. GDM incidence is assessed using
a 75-gram Oral Glucose Tolerance Test, applying WHO
2013 criteria, carried out at 24 - 28 weeks’ gestation.
Newborn Anthropometry and delivery complications will be
recorded. We will examine associations of GDM with fre-
quency of intake of individual food groups, existing ‘healthy
eating’ indices, and (dietary patterns) principal components
derived from the FFQ.
Results: 505 women have been recruited so far and
GDM incidence is 18% among the 300 women who have
completed the OGTT. Difficulty with identifying and
recruiting early pregnancy patients was dealt with by engaging
with HIV counselling centres, clinic nurses, trainee doctors
and obstetricians to identify expected delivery date lists, and
with scan room staff for fetal scan appointment lists. To help
the obstetricians to track and refer participants, we stuck
enrolment stickers on antenatal cards after recruitment.
To engage participants, we provided snacks, drinks, water
bottles, gifts, blood tests, nutrition counselling, pamphlets and
recipe ideas. The development of a manual in regional lan-
guages has been useful for collecting consistent data. Inviting
posters, highlighting the importance of nutrition, were also
useful.
Conclusions: New experiences and challenges faced
during data collection could be useful check points for future
studies. The data collection is ongoing and recruitment will
continue for 7 months, to target 1000 pregnant women. The
knowledge from this project will be useful to understand the
dietary and lifestyle factors and their related risk to GDM in
India. This will be valuable to develop culture-appropriate
nutrition awareness and education programs and intervention
studies, in reproductive-aged women, who are exceptionally
motivated to healthful behaviours that might extend beyond
pregnancy.

PO1.04.15

Dysregulated hypothalamic-pituitary-adrenal axis (HPA)
activity is linked to glucose intolerance in pregnancy in
South Asians (SA)

H. Venkataraman1, I. Goljan1, B. Keevil2, R. Reynolds3,
P. Saravanan1

1University of warwick, COVETNRY, United Kingdom;
2University of Manchester, MANCHESTER, United Kingdom;
3University of Edinburgh, EDINBURGH, United Kingdom

Background: SA have a higher risk of gestational diabetes
(GDM), type-2 diabetes and metabolic syndrome than
White Caucasians (WC). Dysregulated HPA activity is a
plausible candidate mechanism. We hypothesised that HPA
axis activity would be increased in SA in pregnancy compared
to WC and would associate with hyperglycaemia in pregnancy.
We aimed to study whether there were ethnic differences in
HPA activity in early pregnancy women in a high-risk preg-
nancy cohort and test associations with glucose tolerance in
later pregnancy.
Methods: SA and WC women (n= 52 per group) were
recruited from the PRiDE study <16 weeks gestation. Saliva
was collected at waking, 30min after, 4pm and bedtime before
16 weeks of pregnancy along with 24 hour urine. Salivary
cortisol and cortisone was analysed using mass spectrometry
and urinary glucocorticoid (UGC) analysis using gas chroma-
tography. Analyses were adjusted for BMI, age, smoking and
gestation.
Results: In adjusted analyses, SA had higher cortisone awa-
kening response (β = 0.40, p= 0.034) than WC. Despite sig-
nificantly lower BMI, total UGC excretion in SA was similar to
WC. Total UGC excretion was independently related to
increased BMI only in WC (p= 0.02) but to waist cir-
cumference (p= 0.005) and skin fold thickness (p= 0.038) in
SA. UGC metabolites indicated increased 11bHSD2 activity
(β= 0.069, p= 0.045) and lower 5a-reductase activity (5AR)
(β = -0.154, p= 0.013) in SA. Both waking (β= 1.469,
p= 0.019) and peak cortisone (30min) (β 0.591, p= 0.035) at
12 weeks independently predicted fasting plasma glucose at 24-
28 weeks gestation.
Conclusion: Early pregnancy salivary cortisone is an indepen-
dent marker of glycaemia in pregnancy. SA have higher awa-
kening cortisone responses than WC with increased activation
of 11 βHSD and reduced 5AR. Altered diurnal variation and
clearance of cortisol could explain higher risk of GDM in SA.
Adiposity, not BMI is related to cortisol metabolism in SA.

PO1.04.16

Neonatal outcomes among offspring of obese women
diagnosed with gestational diabetes mellitus in early versus
late pregnancy

N.E. Grotenfelt1, K. Rönö2, J.G. Eriksson1, A. Valkama1, J.
Meinilä1, H. Kautiainen1, B. Stach-Lempinen3, S.B. Koivusalo2
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Introduction:Gestational diabetes mellitus (GDM) diagnosed
early in pregnancy (early GDM) may be regarded as a marker of
an increased metabolic burden possibly affecting the fetus for a
longer period compared with GDM diagnosed later in preg-
nancy (late GDM). The aim of this study was to characterize
obese women according to timing of GDM diagnosis, and to
assess the impact of the timing of GDM diagnosis in relation to
neonatal outcomes.
Material and methods: Women over 18 years of age with a
pre-pregnancy body mass index (BMI)≥ 30 kg/m2 were
grouped according to the results of a 75g two-hour oral glucose
tolerance test (OGTT) performed at 13.1 weeks of gestation
and repeated at 23.4 weeks if normal at first testing. Primary
outcomes were offspring birthweight and large for gestational
age (LGA). Secondary outcomes were Apgar scores, birth
injuries, neonatal hypoglycemia, and need for intensive
neonatal care.
Results: Out of a total of 361 high-risk women, 164 (45.4%)
were diagnosed with GDM. Of these, 133 (81.1%) were
diagnosed with early GDM and 31 (18.9%) with late GDM.
We detected no differences in offspring birthweight or risk for
LGA between early and late GDM. Instead, risk for LGA was
positively associated with gestational weight gain (GWG)
(p< 0.01).
Conclusions: No significant differences in neonatal outcomes
were observed between early and late GDM. The fetal exposure
associated with early GDM might be counteracted by early
treatment of hyperglycemia and confounded by maternal
adiposity and gestational weight gain.

Offspring birthweight and standardized birthweight according
to timing of GDM diagnosis.

PO1.04.17

Intrauterine hyperglycemia induced the inflammatory
signalling in the cardiac muscle of the infants of diabetic
mother rats

A. Nakamura1, R. Kawaharada2

1Gunma University Graduate School of Medicine,
MAEBASHI, Japan; 2Department of Health and Nutrition,
Takasaki University of Health and Welfare, TAKASAKI,
Japan

Background: Studies have demonstrated that intrauterine
foetal exposure to hyperglycaemia during pregnancy was asso-
ciated with cardiovascular complications, such as cardiomyo-
cyte hypertrophy, in infants of diabetic mothers (IDMs).
We recently developed an animal model of hyperglycaemia
during pregnancy to investigate the molecular mechanisms
underlying cardiac abnormalities observed in IDMs.
Furthermore, we explored the diet that should be consumed to
improve the abnormalities by a molecular nutritional study
and investigated the potential molecular pathway for this
effect in the animal model. Assessment of newborn rat hearts
revealed that impaired insulin signalling-induced insulin
resistance by inhibiting the Akt/ mTOR pathway, which
was improved in the offspring of rats that were fed a fish oil-rich
diet. Nevertheless, specific ingredients of fish oil that are
responsible for improving impaired insulin signalling remain
unclear. Fish oil is present in many types of seafood,
particularly fatty fish, and contains high docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) levels, both of which
are omega-3 polyunsaturated fatty acids. Consuming fish oil
lowers plasma triglyceride levels, resting heart rate and blood
pressure and reduces inflammation and improves vascular
function. Consuming EPA is also associated with improve-
ments in patients with cardiovascular diseases. Herein, we
investigated whether the EPA found in fish oil can be used to
attenuate diabetes associated impairments in cardiomyocyte
signalling.
Method: Pregnant diabetic rats were administered streptozo-
tocin before receiving EPA or water, and their infants were
designated IDM/EPA, IDM/W. We assessed the potential
molecular pathway for this effect in the primary cardiac cell
from newborn rat hearts by reactive oxygen species (ROS)
detection, western blotting, real-time PCR.
Results: Insulin resistance as determined by diminished Glut4
translocation following insulin stimulation, the levels of
Advanced Glycation End products (AGEs) and ROS were
elevated in the neonatal hearts of IDM/W compared with that
seen in the offspring born from non-diabetic control
animals. Similarly, the receptor of AGEs mRNA levels, ROS
and the amount of nuclear factor-κB, tumor necrosis factor-α,
and interleukin 6 mRNA were higher in the hearts from the
IDM/W group when compared to that observed in the
hearts of offspring born to non-diabetic animals. These dele-
terious effects of gestational diabetes were significantly
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decreased in the offspring of diabetic mothers receiving EPA
supplementation.
Conclusions: Therefore, our data suggest that the EPA in fish
oil may improve the impaired signalling and the excessive
protein glycation in the cardiac muscles of infants exposed to
intrauterine hyperglycemia.

EPA supplementation during pregnancy improved the
impaired signalling via intrauterine hyperglycemia in the heart
of IDMs.

PO1.05 – Respiratory and atopic disease

PO1.05.01

Genetic ancestry modifies risk of asthma following early-life
chest illness

S. Oh1, M.A. Seibold2, J. Rodriguez-Santana3, C. Eng1,
S. Sen4, R. Kumar5, P.C. Avila6, L.N. Borrell7, H.J. Farber8,
A. Davis9, D. Serebrisky10, E. Brigino-Buenaventura11,
F. Lurmann12, J.G. Ford13, K. Meade9, M.A. Lenoir14,
W. Rodriguez-Cintron15, S. Thyne16, E.G. Burchard1

1University of California, San Francisco, SAN FRANCISCO,
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United States of America; 14Bay Area Pediatrics, OAKLAND,
United States of America; 15Veterans Caribbean Health Care

System, SAN JUAN, Puerto Rico; 16University of California,
Los Angeles, Medical Center, LOS ANGELES, United States
of America

Rationale: Epidemiological studies have made clear the strong
relationship between asthma development and early-life viral
respiratory illnesses, including infection with respiratory syn-
cytial virus (RSV). Genetic predisposition and environmental
exposures may affect viral infection-driven asthma outcomes.
These observations suggest a complex interaction between host
genetics, viral species, and environmental exposures in deter-
mining asthma risk. The proportion of African genetic ancestry
varies between African Americans, Mexicans, and Puerto
Ricans and is known to increase asthma susceptibility. We
therefore examined whether African genetic ancestry modifies
the association between chest illness and asthma.
Methods: We used logistic regression to examine the associa-
tion between reported chest illness in the first two years of life
and physician-diagnosed asthma onset after 2 years of age
among participants from the GALA II (Genes-Environments
and Admixture in Latino Americans) and SAGE (Study of
African Americans, Asthma, Genes, & Environments) studies.
Covariates included sex, birth weight, maternal smoking dur-
ing pregnancy, breastfeeding status, presence of older siblings,
and indicators of socioeconomic status (maternal education,
family income, and insurance status). Analyses were stratified
by race/ethnicity and secondary analyses were also stratified by
high versus low African genetic ancestry (median split). African
genetic ancestry was determined using the program ADMIX-
TURE based on genome-wide genotyping data (Axiom LAT1
array).
Results: Our sample of 2,602 participants was 26% African
American, 30% Mexican, 32% Puerto Rican, and 13% other
Latino. Mean age was 13.3 years (SD 3.3) and 52% were
female. The proportion of children with asthma who reported
bronchiolitis/RSV was 4- to 9-fold higher among Puerto Ricans
(10.5%) than African Americans (2.6%) andMexicans (1.2%).
The odds for asthma were greatly increased for a variety of chest
illnesses and were consistently highest among Puerto Ricans
compared with Mexicans and African Americans (Figure). The
difference in risk estimates by race/ethnicity was greatest
among children who reported bronchiolitis or RSV-related ill-
ness. When stratified by genetic ancestry, asthma odds were
higher among Puerto Ricans with high African ancestry (OR
= 9.8, 95%CI: 3.4-35.6) compared with Puerto Ricans with
low African ancestry (OR = 4.8, 95%CI: 1.7-14.8). African
ancestry for African Americans and Mexicans did not appear to
modify risk estimates, suggesting that GxE interactions may be
population-specific.
Conclusions: Puerto Ricans are disproportionately affected by
early-life respiratory illnesses. The association between early-life
respiratory illnesses and asthma risk appears to be modified by
African genetic ancestry in Puerto Rican children. The
endemicity of RSV infection in Puerto Rico warrants further
investigation.
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Asthma odds following a variety of respiratory infections during
the first two years of life are highest for Puerto Ricans.

PO1.05.02

Preterm and early term births are associated with higher
risk of asthma (asthma medication entitlement): The
Finnish 1987-90 Birth Cohort

S.P.K. Näsänen-Gilmore, S. Alenius, M. Vääräsmäki, M.
Gissler, R.P. Hovi, E.O. Kajantie

National Institute for Health and Welfare of Finland,
HELSINKI, Finland

Background: Preterm birth is associated with a higher asthma
risk in adults. Whether this risk extends to the large group of
infants born late preterm: 34< 37 weeks (wks) or early-term:
37< 39wks, is unclear.
Objective:We examined the risk of asthma (based on Medical
reimbursement) within gestational age (GA) groups: <28wks,
28< 32wks, 32< 34wks, 34< 37wks, 37< 39wks, (ref)
39< 42wks, ≥42wks.
Methods:Data on all births in Finland (1/1/1987-30/9/1990),
from the Finnish Medical Birth Registry (n= 235624, GA:
98.7%) were linked with the Medical Reimbursement Register
(Birth-31/12/2013). In Finland, the entitlement for special
medication reimbursement is granted, based on physician’s
statement following the criteria: need for continuous treatment
(>6 months); reversible airflow obstruction (spirometry).
Association between GA and asthma were examined using
binary logistic regression (adjs. highest parental education,
maternal smoking during pregnancy, parity, birth-weight-z-
score (BWSD), maternal (biological/adoptive) asthma (ICD8,
ICD9 and ICD10).
Results: Preterm birth accounted for 5.2% of the cohort and
6.1% received asthma medication reimbursement (Table 1).
Linear dose-dependent relationship between preterm birth
(GA< 37wks) and asthma was identified: shorter gestation
indicated higher asthma risk. Early term born (37< 39wks)
had higher asthma risk. Male sex, lower parental education,
asthma history of biological mother as well as biological fathers
asthma history, young maternal age, nulliparity and lower
BWSD, predicted asthma. The relationship between preterm

and early-term birth, and asthma, remained unchanged, despite
adjusting for the covariates.
Conclusions: Preterm birth and early-term birth are associated
with asthma, as indicated by the receipt of asthma medical
reimbursement. Asthma histories of biologcal parents are
strong predictors of asthma in this population study. Our
results underscore the importance of careful respiratory follow-
up of children and adolescents born preterm and early term.

Table 1.

Binary logistic regression of special reimbursement for asthma
medication within gestational age groups n= 232327.

PO1.05.03

Associations of birth weight and prematurity with late
adolescent lung function in Hong Kong’s ‘Children of
1997’ Birth Cohort

B. He1, M. Kowk1, A.M. Li2, G.M. Leung1, C.M. Schooling1

1The University of Hong Kong, HONG KONG, Hongkong -
China; 2The Chinese University of Hong Kong, HONG KONG,
Hongkong - China

Background: Fetal growth may be associated with lung function
in later life via intrauterine lung development. Observationally
lower birth weight and prematurity are associated with poorer lung
function, but this relation may be confounded by social-economic
position. Here we assessed the relation of birthweight and gesta-
tional age with lung function at ~17 years in a developed setting
with the little social patterning of prematurity or birth weight.
Methods: The adjusted associations of sex- and gestational age-
specific birth weight z-score, gestational age, preterm birth
(<37 weeks) and small size for gestational age (birth weight
<10% gestational age- and sex-specific percentile) with Global
Lung Initiative reference age-, sex- and height-specific z-score
for forced vital capacity (FVC), forced expiratory volume in
1 second (FEV1) and forced expiratory flow at 25-75% of the
pulmonary volume (FEF25%-75%) was assessed in 3,033 ~ 17
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years old from a population-representative Chinese birth
cohort in Hong Kong “Children of 1997”.
Results:Higher birth weight z-score was associated with higher
FEV1 z-score (0.07, 95% confidence interval (CI) 0.03 to
0.11), FVC z-score (0.07, 95% CI 0.03 to 0.11), and FEF25%-

75% z-score (0.06, 95% CI: 0.01 to 0.11) adjusted for social-
economic position, birth order, parent’s birth place, maternal
age, maternal smoking and prenatal exposure to second-hand
smoking. Similarly adjusted, being small for gestational age was
associated with lower FEV1 z-score (-0.24, 95% CI -0.38 to
-0.11), and FVC z-score (-0.18, 95% CI -0.32 to -0.04) but
not FEF25%-75% z-score (-0.24, 95% CI -0.40 to 0.08).
Gestational age was not associated with FEV1 z-score (0.01,
95% CI -0.02 to 0.03), FVC z-score (-0.001, 95% CI -0.03 to
0.02) or FEF25%-75% z-score (0.02, -0.004 to 0.05). Preterm
birth was also unrelated to FEV1 z-score (-0.07, 95% CI -0.26
to 0.11), FVC z-score (0.07, 95% CI -0.11 to 0.26) and
FEF25%-75% z-score (0.06, 95% CI 0.01 to 0.11).
Conclusions:Our findings suggest that lower birth weight and
being small for gestational age are associated with poorer lung
function in late adolescence, but gestational age is not. Identi-
fication of factors driving this association between birth weight
and lung function might prevent adult disease.

PO1.05.04

Associations of agricultural pesticide exposure with asthma
prevalence in adolescence: the PIAMA birth cohort.

J.S. Bukalasa1, B. Brunekreef1, J. de Jongste2, J. Vonk3,
A. Wijga4, G. Koppelman3, U. Gehring1

1Utrecht University, UTRECHT, The Netherlands; 2Erasmus
MC Sophia Children’s Hospital, ROTTERDAM, The
Netherlands; 3University of Groningen, University Medical
Center Groningen, Groningen, GRONINGEN, The
Netherlands; 4National Institute for Public Health and the
Environment, Bilthoven, UTRECHT, The Netherlands

Background: Asthma is the most common chronic disease
among children. Children living close to agricultural fields have
been found in some studies to be at an increased risk for
developing asthma as well as other respiratory symptoms pos-
sibly due to increased pesticide concentrations in their homes as
a result of the transfer of pesticides from treated fields to
the homes.
Objectives: The aim of this study was to investigate the asso-
ciations of residential proximity to agricultural fields as well as
estimated amounts of pesticides applied in selected buffers
around the home with the prevalence of asthma and related
respiratory symptoms at the ages of 14 and 17 years within a
Dutch a birth cohort study.
Methods:We included participants of the PIAMA birth cohort
study with data on residential proximity to agricultural fields at
the time of the 14-year follow-up and information on asthma,
shortness of breath, and/or dry night cough in the past
12 months at the ages of 14 (N= 2,290) and 17 years

(N= 1,696) from parent completed questionnaires. We
focused on the 100m buffer to investigate associations with
exposure at short distances and the 500 and 1,000m buffers to
investigate associations with exposure at longer distances. For
the presence of specific crops within 500 and 1,000m of the
homes, we selected crops that were likely treated with pesticides
and that were present for at least 10% of the study participants
in the respective buffers in order to have sufficient numbers of
exposed children. In addition, we used estimated amounts of
specific pesticides with known irritant properties for the
respiratory system applied within distances of 500 and 1,000m
for at least 10% of the population under study. The associa-
tions were presented as odds ratios (ORs) with 95% confidence
intervals (CIs) adjusted for potential confounders.
Results: For participants living within 100, 500 and 1,000m
of fields with crops likely treated with pesticides, we did not
find a higher risk of asthma, shortness of breath or dry night
cough at ages 14 and 17 years. For instance, for participants
living within 100m of fields with any crops likely treated with
pesticides the adjusted odds ratios for prevalent asthma at age
14 and 17 years were 0.43 (95% CI 0.15-1.21) and 1.04 (95%
CI 0.42-2.59), respectively. Likewise, there was no higher risk
of asthma at age 14 and 17 years in participants living within
100m of agricultural fields treated with any pesticides with
known irritant properties for the respiratory system [odds ratios
0.52 (95% CI 0.18-1.47) and 0.77 (95% CI 0.26-2.26),
respectively]. There was no association between estimated
amounts of specific pesticides (chlormequat, chlorothalonil,
diquatdibromide, florasulam, iodosulfuron-methyl- sodium,
mancozeb, mecoprop-p, mesosulfuron-methyl, metsulfuron-
methyl, nicosulfuron, prosulfocarb, terbuthylazine, triadime-
nol and sulphur) within 500 and 1,000m of the homes and the
health outcomes studied.
Conclusions: There was no association between living near agri-
cultural fields likely treated with pesticides and asthma, shortness of
breath and dry night cough among our study participants.

PO1.05.05

Prenatal exposure to airborne pollutants and the
respiratory health through childhood - lessons from
Krakow birth cohort.

A. Pac1, R. Majewska1, E. Mroz1, A. Sowa1, R. Jacek1,
F. Perera2

1Epidemiology and Preventive Medicine, Jagiellonian University
Medical College, KRAKOW, Poland; 2Columbia Center for
Children’s Environmental Health, Columbia University, NEW
YORK, United States of America

Background: Cohort studies are extremely important in
assessing the relations between early factors affecting child’s
health, and to investigate its casual role in terms of life course
approach. The aim was to summarize previous results on the
impact of exposure to high levels of airborne pollutants (fine
particulate matter -PM2.5 and polycyclic aromatic
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hydrocarbons -PAHs) on children’s respiratory health during
childhood based on Krakow birth cohort study.
Methods: The enrollment included 505 women aged 18-35
recruited in the first and second trimesters of pregnancy in
2000-2003. Information on child’s respiratory health as well as
household characteristics and environmental conditions was
based on face-to-face interviews which were given to mothers
every 3 months in the first 2 years of the newborn’s life, every
6 months up to 6th year of life and annually up to 9th year of
life. Last wave was administered to 12-15 years old children and
their parents. Personal airborne measurement of PM2.5 and
PAHs were performed in the second trimester of pregnancy.
Spirometry tests were done annually for the age 4-9 years old.
Results: Prenatal exposure to both PM2.5 and PAHs were
related to the occurrence of respiratory symptoms during
infancy. Higher risks of cough, wheezing without cold, sore
throat, as well as longer duration over the first year of life were
observed for higher values of PAHs. (Jedrychowski et al. 2005),
prenatal exposure to PM2.5 was significantly associated with
higher incidence risk ratios of cough, difficult breathing,
runny/stuffy nose and pharyngitis/tonsillitis over the first two
years of life (Jedrychowski et al. 2009). The number of
wheezing days during the first 2 years of life was positively
associated with prenatal level of PAH as well as PM2.5 and this
was not observed in older children (Jedrychowski et al. 2010c).
Next, children who reported more episodes or days of wheezing
at any point over the first 4 years of follow-up or those
wheezing recurrently had lower spirometric values ( FVC,
FEV1) at the age of 4 compared to those who did not report
any wheezing. (Jedrychowski et al. 2010a). Spirometric func-
tion at the age of 5 showed was also associated with prenatal
exposure to PM2.5 (Jedrychowski et al. 2010b). Effect of pre-
natal PAHs on mean spirometric function values at the ages 5-9
was also negative (Jedrychowski et al. 2015). Not only occur-
rence of respiratory symptoms, but also incidence of broncho-
pulmonary infections was related to the higher level of prenatal
exposure to airborne pollutants, and dose-response relation was
confirmed for the exposure to PM2.5 over seven years of
follow-up. (Jedrychowski et al. 2013).
Conclusion: These results support the hypothesis that prenatal
exposure to immunotoxic PAHs and PM2.5 may impair the
immune function of the fetus and subsequently may be
responsible for an increased susceptibility of newborns and
children to respiratory infections and poorer values of ventila-
tory lung function, assessed by spirometry. Burden of respira-
tory symptoms in early childhood may be programmed already
in prenatal period, when the respiratory system is completing
its growth and maturation.

PO1.05.06

Faltering of growth in infants with atopic eczema prior to
the clinical onset of the condition.

S. El-Heis1, S.R. Crozier2, E. Healy3, S.M. Robinson2, N.C.
Harvey2, C. Cooper2, H.M. Inskip2, J. Baird2, K.M. Godfrey2

1MRC Lifecourse Epidemiology Unit, SOTHAMPTON, United
Kingdom; 2Medical Research Council Lifecourse Epidemiology
Unit, University of Southampton, SOTHAMPTON, United
Kingdom; 3Dermatopharmacology, Faculty of Medicine,
University of Southampton, SOTHAMPTON, United Kingdom

Background: Infants with atopic eczema have an increased risk
of impaired growth; this a clinical concern that has led to
incorporation of growth monitoring into clinical care. Pro-
posed origins for this growth impairment include effects of the
inflammatory process, corticosteroid treatment, poor nutrition
as a result of an inappropriately restrictive diet, and eczema-
associated sleep disturbance. To date, little attention has been
paid to the possibility of pre-morbid changes in growth tra-
jectory in infants with atopic eczema.
The aim of the current study was to examine whether the
increased risk of impaired postnatal growth in infants with
atopic eczema reflects a premorbid alteration in growth trajec-
tory, rather than being secondary to the postnatal inflammatory
process or its treatment.
Methods: Within a prospective mother-offspring study; the
UK Southampton Women’s Survey, 1759 mother and term-
born-offspring dyads had longitudinal fetal and infant anthro-
pometric measurements, along with known menstrual data and
assessments of atopic eczema at ages 6 and/or 12 months. Fetal
and infant linear, head and abdominal size and growth velocity
standard deviation scores were derived from anthropometric
measurements at 11, 19, and 34 weeks’ gestation, birth and
ages 6 and 12 months. Atopic eczema at ages 6 and 12 months
was ascertained using modified UK Working Party diagnostic
criteria for the definition of atopic eczema utilising ques-
tionnaire and examination data.
Results: The prevalence of atopic eczema was 9.5% at age
6 months and 10.0% at 12 months. Shorter femur length,
smaller abdominal circumference and higher head to abdom-
inal circumference ratio at 34 weeks’ gestation were associated
with increased risks of eczema at age 6 months (eczema odds
ratio per standard deviation (OR /SD) increase 0.81 (95%CI
0.69-0.96), p= 0.017; 0.78 (0.65-0.93), p= 0.006; 1.37,
(1.15-1.63), p= 0.001, respectively). Lower velocities of linear
growth from 11 weeks’ gestation to birth, and birth to age
6 months were associated with eczema age 6 months (eczema
OR /SD increase 0.80, 95% CI 0.65-0.98, p= 0.034; 0.81,
95%CI 0.66-1.00, p= 0.051, respectively) (Figure). Infants
with atopic eczema age 12 months had a larger head cir-
cumference in early gestation and faltering of abdominal
growth velocity from 19-34 weeks’ gestation (eczema OR /SD
increase 0.67 (0.51-0.88), p= 0.003).
Conclusions and Relevance: Infants with atopic eczema
demonstrate altered patterns of fetal growth, including faltering
of linear growth in utero, prior to the clinical onset of eczema.
The findings suggest that growth falters prior to the start of the
inflammatory process and its treatment, and provide additional
support for important prenatal influences on this common skin
condition.
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Linear growth velocities in relation to atopic eczema at ages
6 months.
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Background: Mental disorders during pregnancy, namely
depression and anxiety, have been associated with childhood
wheezing and asthma. To our knowledge, no previous studies
have evaluated maternal eating disorders in association with
infant respiratory outcomes. We aimed at evaluating whether
maternal bulimia nervosa and anorexia nervosa before and
during pregnancy are associated with the risk of infant wheez-
ing, as well as the associations of bulimia nervosa and anorexia
nervosa with several well-known wheezing determinants.
Methods: The study included 4984 singletons from the
NINFEA birth cohort. Maternal bulimia nervosa and anorexia
nervosa diagnoses, and purging behaviours were assessed from
the questionnaires completed during pregnancy and six months
after delivery and analysed as: lifetime diagnosis, disorder active
during pregnancy, and disorder present only before pregnancy.
The outcome was defined as at least one episode of wheezing
occurring between 6 and 18 months of age. The associations
were assessed in a model adjusted for pre-selected confounding
factors, and in a model further adjusted for maternal depression
and anxiety.
Results: Self-reported lifetime diagnosis of bulimia nervosa and
anorexia nervosa had both a prevalence of 1.2%, with less than
1% of mothers suffering from anorexia nervosa or bulimia
nervosa during pregnancy. There were 17.4% of children who
experienced at least one wheezing episode between 6 and

18 months of age. Children born to mothers with bulimia
nervosa were at an increased risk of developing wheezing irre-
spectively of exposure timing (lifetime diagnosis ORadj 2.39;
95% CI: 1.37-4.16). An increased risk of wheezing was
observed in children born to mothers with anorexia nervosa if
the disease was present during pregnancy (3.49; 1.21-10.07).
Similar results, though lower in magnitude, were observed also
for purging behaviours, as well as for purging behaviours
without previous bulimia nervosa and/or anorexia nervosa
diagnosis. These associations were not entirely explained by
concomitant maternal depression or anxiety diagnosis. Several
risk factors for wheezing (maternal BMI, smoking during and
after pregnancy, caesarean delivery, birth weight, breastfeeding,
and day-care attendance) were associated with maternal buli-
mia nervosa and anorexia nervosa during pregnancy.
Conclusions: Maternal eating disorders, namely bulimia ner-
vosa and anorexia nervosa are associated with childhood
wheezing independently of comorbid maternal psychopathol-
ogy. Maternal lifestyle, perinatal events and child-care practice
might be involved in these associations.
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3-year-old children: findings from a longitudinal
Canadian based pregnancy cohort

M.K. Mughal1, R. Giallo2, H. Kehler1, A. Wajid1,
K.B. Bright1, S. Tough1, S. McDonald3, D. Kingston1

1University of Calgary, CALGARY, Canada; 2Murdoch
Childrens Research Institute, VICTORIA, Australia; 3Alberta
Health Services, CALGARY, Canada

Background: Approximately 10% of Canadian children aged
2-7 years are diagnosed with asthma and is one of most com-
mon chronic disease among children. Asthma can have long
term effects on children’s health and has a huge economic
burden on the health care resource. There is a growing evidence
corroborating to links between early exposures of early life
stressors including maternal depression and childhood asthma.
However, evidence is limited to small, genetically high risk
samples. Existing literature on maternal depression has focused
depression on one time point either pre-natal or post-natal and
its association with childhood asthma. However, limited stu-
dies have investigated maternal depression over time and its
relationship with asthma in a large community based cohort.
Objective: The aim of this study is to examine the relationship
of maternal depressive symptoms across the early childhood
period and childhood asthma at age 3 years.
Methods: The All Our Families (AOF) study is an ongoing
prospective pregnancy cohort of approximately 3300 mothers
and children in Alberta, Canada. A total of 1983 participants
met all eligibility criteria and were included in the current
study. Study participants completed three questionnaires
spanning pregnancy to four months postpartum and partici-
pated in the follow up study, when their children turned one,
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two and three years’ old. Maternal depression was assessed
using self-reported Edinburgh Postnatal Depression Scale
(EPDS). Child asthma diagnoses was maternal reported at the
3-year follow up visit. Latent class analysis (LCA) was con-
ducted to identify trajectories of women’s depression across
four time points (two during pregnancy and one each at 4 and
12 months postpartum). A multivariate regression model was
used to explore the relationship between the maternal depres-
sion trajectories and asthma while adjusting for covariates.
Results: The majority of mothers were between 25-34 years
(73%), had some post-secondary education (92%), had family
incomes ≥ $80,000 (73%) and spoke English at home (90%).
Mothers who smoked and took anti-depressants during preg-
nancy were 9% and 3%. At the 3-year follow-up, 82 mothers
(4%) reported that their children have had a diagnosis of
asthma. LCA identified four distinct trajectories of maternal
depressive symptoms over time: minimal symptoms (n
= 1282, 64.7%); early-postpartum symptoms (n = 216,
10.9%); sub-clinical symptoms (n= 372, 18.8%); and persis-
tent high symptoms (n= 112, 5.6%). Logistic regression
revealed that mothers having persistent high depressive symp-
toms were associated with a 2 fold increased risk of childhood
asthma, after adjusting for covariates significantly associated
with asthma ta the bivariate level. In addition to persistent high
depressive symptoms, the strongest predictors of asthma were
maternal asthma and pre-term birth.
Conclusion: With more than 25% of women experiencing
poor mental health from conception to one year postpartum,
identifying those with persistent high symptoms may reduce
the burden of disease from childhood asthma.
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Background: Exposure to low levels of vitamin D in fetal life
might be a risk factor for childhood asthma and allergy. We will
examine whether 25-hydroxyvitamin D levels in mid-gestation
and at birth are associated with lung function, allergic sensiti-
zation, asthma and allergy in school-age children.
Methods: We will perform a population-based prospective
cohort study among approximately 5,500 mothers and their
children. Maternal blood samples in mid-gestation and umbi-
lical cord blood samples at birth were used to determine 25-
hydroxyvitamin D levels. At age 10 years, lung function was
measured by spirometry (forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), FEV1/FVC, forced
expiratory flow at 25-75% of FVC (FEF25-75) and forced
expiratory flow at 75% of FVC (FEF75)), inhalant allergic
sensitization by a skin prick test, and physician-diagnosed
asthma and inhalant allergy by a postal questionnaire. For

associations analyses, multivariate linear and logistic regression
models will be applied.
Results: We will present results of associations of continuous
and categorical (low, middle, high) maternal levels of 25-
hydroxyvitamin D in mid-gestation and child’s levels of 25-
hydroxyvitamin D at birth with lung function measures, aller-
gic sensitization, asthma and allergy. We will also take child’s
current 25-hydroxyvitamin D level into account.
Conclusion: Main conclusions and clinical relevance will be
provided during the congress.
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Background: To analyze the obesogenic pathways throughout
the life cycle and its association with asthma in adults.
Methods: Birth cohort study from 1978/79, Ribeirão Preto,
Brazil (n= 2063). This cohort was studied in three stages: birth
(baseline), school age (1st follow-up) and adult age (2nd follow-
up). A theoretical model was proposed to analyze the obesity
pathways and its association with asthma in adults, through
structural equation modeling. The following variables were
used: baseline: family socioeconomic status – SES at birth
(construct formed by maternal education, maternal occupation
and family income), type of delivery and adequacy of birth
weight for gestational age; 1st follow-up: BMI z-score
at 7-8 years; 2nd follow-up: current adult SES (construct
formed by adult education, adult occupation and monthly
family income), current BMI, history of parental obesity and
asthma in adults (construct formed by medical diagnostic of
asthma, wheezing in the last 12 months and bronchial
hyperresponsiveness).
Results: Higher SES at birth (CP= 0.155; p< 0.001) and
cesarean section (CP= 0.079; p= 0.039) were associated with
having been born large for gestational age. Higher SES at birth
(CP= 0.178; p< 0.001), parental obesity (CP= 0.171;
p= 0.001) and cesarean section (CP= 0.146; p= 0.002) were
associated with being overweight at 7-8 years. In adult life,
lower adulthood SES (CP= -0.212; p= 0.003), caesarean
delivery (CP= 0.126; p< 0.001), having been born large for
gestational age (CP= 0.092; p= 0.006), parental history of
obesity (CP= 0.229; p< 0.001) and being overweight at
school age (CP= 0.549; p< 0.001) were associated with higher
adult BMI. Parental obesity (CP= 0.104; p= 0.047) and to be
born small for gestational age (CP= -0.094; p= 0.039) were
the variables of the obesogenic pathway that were associated

10th World Congress S109

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


with asthma in adults; while the higher SES in adult life (CP= -
0.106; p= 0.009) was protective of adult asthma.
Conclusions: Obesogenic pathways starting from parental
obesity are associated with higher weight over the life cycle and
asthma.
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Fetal growth and childhood lung function in the STOPPA
twin study
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Background: Fetal growth restriction has been suggested to be
associated with lung development and potential subsequent
reduced lung function. Low birth weight and prematurity,
both related to fetal growth restriction, have independently
been associated with reduced lung function in childhood.
however it is unclear whether the associations are driven by
gestational age, fetal growth, or both. Associations between
fetal growth restriction and lung function impairment could
also be due to shared (familial) genetic and environmental
confounding factors.
We aimed to study the association between fetal growth and
childhood lung function before and after bronchodilator
treatment, while taking gestational age, familial factors, and
asthma into account, using objective measures of birth weight,
gestational age and lung function.
Methods: Based on the Swedish Twin Registry, we recruited
752 twins aged 9-14 years to the Swedish Twin study On
Prediction and Prevention of Asthma (STOPPA). Three
groups of monozygotic and dizygotic twin pairs of same gender
where one (asthma discordant), both (asthma concordant), or
none of the twins had a history of asthma (healthy concordant)
were identified. Maximal values of forced expiratory volume in
the first second (FEV1) and forced vital capacity (FVC) before
(pre) and after (post) bronchodilator treatment (Terbutaline
0.5mg), were used for the analyses. Information on twin’s birth
weight and gestational age was collected from theMedical Birth
Register (MBR). Potential confounders and other covariates of
interest were recognized based on prior literature and directed
acyclic graphs and identified from the MBR and a parental
questionnaire answered at the clinical examination. Firstly, full
cohort analyses of twins were performed to study the associa-
tion between birth weight, gestational age and fetal growth and
FEV1, FVC and FEV1/FVC in z-scores before (n= 520) and
after (n= 539) bronchodilator treatment. Secondly, to control
for gestational age and familial factors, within-twin pair ana-
lyses were performed.
Results: In the full cohort post-bronchodilator treatment,
FEV1 was significantly associated with a decrease in birth
weight (-0.16 z-score per 500 g, 95% CI -0.28 to -0.04) and
fetal growth (-0.15 z-score per 1 SD decrease, -0.26 to -0.04)

and similar and significant associations were also seen for FVC
with birth weight and fetal growth. Non-significant associa-
tions were found for FEV1 and FVC with gestational age. The
direction of effect was similar in pre-bronchodilator analyses,
although with somewhat less strong and non-significant effect
estimates for both FEV1 and FVC with fetal growth. No
associations were found between any of the exposure variables
and FEV1/FVC, pre- or post-bronchodilator. In the within-
twin pair analyses, the direction of effect appeared similar to the
whole cohort but the confidence intervals were wider.
Conclusions: Our results suggest that there is a significant
association between restricted fetal growth and post-
bronchodilator FEV1 and FVC, but not FEV1/FVC, in child-
hood that may be independent of gestational age and shared
familial factors.

The association between birth weight, gestational age and fetal
growth as continuous predictors for lung function in the full
cohort of twin
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Background: There are variety of factors associated with both
the environment and life style, present from prenatal period to
adulthood, that may affect or modulate lung function growth.
Recent cohort studies showed that spirometry values at 4-6
years of age affect the height of a plateau achieved at age 20-25
years, and hence the starting point for its decline. The aim of
this study was to investigate the individual growth trajectories
of children’s lung functions as they get older by prenatal and
postnatal levels of exposure to airborne pollutants, which were
both hypothesized to decline studied parameters, with stronger
effect of postnatal exposure.
Methods: Study group included non-asthmatic, children from
birth cohort in Krakow, who went regular spirometry testing at
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the ages 4 – 9 years. Personal airborne measurement of fine
particulate matter (PM2.5) and polycyclic aromatic hydro-
carbons (PAHs) were performed in the second trimester of
pregnancy and this was indicator of prenatal exposure. The
same pollutants were reassessed when children where 3 years
old with measurement done indoor and outdoor, and were
considered as postnatal exposures. Growth trajectories of chil-
dren’s lung functions were adjusted by polynomial multilevel
mixed models. All statistical analyses were carried out with
STATA 13.1.
Results: Significant lung function impairment (decrease in
both FVC and FEV1) was observed from 4 through 9 years
among subjects prenatally exposed to higher levels of prenatal
PM2.5 or PAH, however none differences were observed in the
rate of increase between lower and higher levels of studied air-
borne pollutants. Neither PM2.5 nor PAHs levels of postnatal
exposure differentiate lung function trajectories is the studied
period. Effect of prenatal airborne exposure to pollutants on
lung function trajectories remained significant after adjustment
to postnatal levels of exposure.
Conclusions: Prenatal levels of airborne pollutants might be
associated with impaired individual lung growth trajectories,
but the impact of postnatal exposure was not observed.
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Maternal butter intake during lactation is associated with
less food allergy at 1 year of age
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Background: Allergies have increased in countries with a
Western lifestyle during the past decades. There are yet no
cures and no effective means of prevention. We have previously
found that maternal intake of oily fish during pregnancy and
lactation was negatively associated with allergy development in
the offspring at 3 years of age, while the opposite was found for
margarine. We aim to investigate these associations further in
the NICE birth cohort (Nutritional impact on Immunological
maturation in Childhood in relation to the Environment).
The NICE study: The overall aim of the study is to evaluate
the influence of environmental factors, such as microbes and
diet, during pregnancy and the first years of life on infant
immune system maturation, immune mediated diseases and
neurological development. The recruitment started in January
2015 and takes place at maternity clinics in the Norrbotten
County, Sweden, and will end in December 2017. So far,
approximately 500 families have been recruited.
Methods: The mothers’ diet during the past month was
registered during pregnancy week 34 and at 1 and 4 months
postpartum. The web-based and interactive food frequency

questionnaire ‘Meal-Q’ was used, including 102-174 food
items depending on the number of follow-up questions. Allergy
diagnoses have been made at one year of age by one pediatri-
cian, using strict predefined protocols.
Preliminary results: To this date, 309, 264 and 215 food
questionnaires have been completed during pregnancy and
1 and 4 months postpartum, respectively. Of the children,
164 children have been diagnosed as either healthy (n= 129,
79%) or allergic (n= 35, 21%): 15 with food allergy and asthma,
respectively, 12 with pet allergy and 11 with eczema; of which 8
had more than one allergy. Our results indicate that maternal
consumption of butter and saturated fatty acids during lactation
may be associated with a decreased risk of food allergy develop-
ment in the offspring, also after adjustment of confounding, such
as maternal food allergy. However, we have not yet processed
breastfeeding data. Hence, length of breastfeeding has not been
evaluated as a potential confounder. Also, non-breastfeeding
mothers have not yet been excluded from the analyses of lactating
mother’s diet in relation to offspring allergy.

PO1.05.14

Eczema and allergies in childhood associate with
psychological and behavioral problems primarily in girls

C.I. Parent, I. Pokvishneva, H. Gaudreau, J. Diorio, P. Silveira,
J. Meaney

Douglas Mental Health University Institute, MONTREAL, Canada

Background: Atopic dermatitis (AD) otherwise known as
eczema and other allergies are common conditions in young
children. Eczema is the most prevalent chronic medical con-
dition in children ranging between 12 and 20% prevalence in
western populations and Asia. More recently, several European
studies have described that eczema is often co-morbid with
mental health disorders. These findings have been confirmed in
a large population based study in the United States. In parti-
cular, eczema is associated with an increased risk of ADHD,
conduct and behavioral problems. Allergic diseases besides
eczema are more commonly linked with internalizing disorders
including anxiety and depression. While this association
between eczema, allergies and mental health disorders has been
established, the role of gender in influencing this association
has not been fully addressed.
Methods: Mother-infant dyads from the Maternal Adversity
and Neurodevelopment (MAVAN) cohort involving subjects
from Montreal and Hamilton, Canada, were assessed in this
study. Mothers reported the presence of eczema and allergies in
their children from birth to 60 months of age on health ques-
tionnaires. Socioemotional development was assessed using the
mother-reported Child Behavior Checklist (CBCL)
(60 months) and the Strength and Difficulties Questionnaire
(SDQ) (60 months). T-tests were used to assess if the presence
of allergies or eczema associated with socioemotional outcomes
in children at 60 months of age. The data was also analyzed
separately by gender.
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Results: The presence of eczema from birth to 60 months
associated with some socioemotional outcomes at 60 months of
age. Children with eczema had more internalizing and pervasive
problems and greater emotional reactivity. Mothers of children
with eczema reported greater total difficulties, emotional and
conduct problems. Presence of allergies until 60 months of age
associated with no socioemotional outcomes at 60 months.
When the analysis was conducted in girls only, the presence of
eczema associated with many more socioemotional outcomes
including internal, external and total problems score on the
CBCL at 60 months. Girls with eczema also had greater scores on
anxiety, depression, pervasive problems, oppositional defiance,
emotional reactivity, somatic complaints, aggression, mother
reported total difficulties, emotional symptoms and conduct
problems. Meanwhile, the presence of eczema until 60 months
associated with no socioemotional outcomes in boys. Allergies
also associated with several outcomes in girls including the
internal and total CBCL score, depressive problems and somatic
complaints. In boys, presence of allergies only associated with
anxiety problems on the CBCL at 60 months.
Conclusions: We found the association between childhood
eczema/allergy presence and the risk for socioemotional problems
in children was influenced by the children’s gender. Girls with
eczema or allergies during early childhood appear at greater risk of
socioemotional problems than boys. Neuroimmune differences
between boys and girls with allergies or eczema could explain the
gender based differential risk for socioemotional problems.

PO1.05.15

Eczema phenotypes across childhood

C. Hu, N.J. Elbert, J.C. de Jongste, V.W.V. Jaddoe,
T.E.C. Nijsten, L. Duijts

Erasmus MC, ROTTERDAM, The Netherlands

Background: Childhood eczema is a major common chronic
health problem with a prevalence rate up to 25%. The age of
onset and the persistence of eczema during childhood vary
widely. To better predict or prevent eczema, it is urgently
needed to define more detailed eczema phenotypes and to
understand its specific underlying risk factors.
Objective: We will identify eczema phenotypes in childhood,
and examine whether exposure to specific environmental fac-
tors influence the development of these phenotypes.
Methods: This study among 5,828 children will be performed
in a population-based prospective cohort from fetal life
onwards. Information on socioeconomic, lifestyle and dietary
factors, and parental-reported physician-diagnosed eczema was
obtained by questionnaires from birth until the age of 10 years.
Latent class analysis will be used to identify eczema phenotypes
based on the variation of having eczema at different time
points, and weighted regression models for associations of
specific environmental factors with eczema phenotypes.
Results: We will present results of the minimum number and
characteristics of eczema phenotypes. We will also examine

which specific environmental factors are associated with each of
these phenotypes.
Conclusion: Main conclusions and clinical relevance will be
provided during the congress.

PO1.05.16

Correlation of maternal fatty acid status during pregnancy
with childhood inflammatory markers: the MEFAB cohort.

S.H.M.J. Rouschop1, A. Smolinska1, M. Gielen1, R.H.M. de
Groot2, M.P. Zeegers1, A. Opperhuizen3, F.J. van Schooten1,
R.W. Godschalk1

1Maastricht University, MAASTRICHT, The Netherlands;
2Open University, HEERLEN, The Netherlands; 3Netherlands
Food and Consumer Product Safety Authority (NVWA),
UTRECHT, The Netherlands

Background: The increasing prevalence of asthma in western
countries has been hypothesized to be caused by a shift in the fatty
acid (FA) composition of our diet, which would skew our immune
system towards a pro-inflammatory state. Therefore, we tested
whether the maternal FA status during pregnancy is associated
with various inflammatory markers in the offspring at age 7.
Methods: In theMEFAB cohort, plasma phospholipid FAs were
measured in pregnant women (n= 174) at 16, 22 and 32 weeks
of pregnancy and at the day of delivery. Total leukocyte, mono-
cyte, granulocyte and lymphocyte counts, tissue plasminogen
activator (tPA) level and activity and plasminogen activator
inhibitor-1 (PAI-1), leptin, C-reactive protein (CRP) and fibri-
nogen levels were measured in the children’s blood at age 7.
Canonical correlation analysis – a multivariate extension of the
Pearson correlation – was used to determine the relation between
the set of maternal FAs and the set of inflammatory markers.
Results: Preliminary results show a significant correlation
between maternal FAs at 16 weeks (r= 0.62, p< 0.001),
22 weeks (r= 0.64, p< 0.001) and 32 weeks (r= 0.63,
p< 0.001) of pregnancy and the offspring’s inflammatory
markers at age 7. Interestingly, no significant correlations were
found at the day of delivery. Various FAs were identified to
have large contributions to the significant correlations, but the
most consistent was mead acid (20:3ω9).
Conclusions: These preliminary results demonstrate that the
maternal FA intake andmetabolism during pregnancy could have
an impact on the children’s inflammatory markers later in life.

PO1.05.17

Influence of early growth on magnetic resonance imaging
and spirometry obtained lung function in childhood.

G.Saharan1, G.F. Parisi1,2, E.R. van Meel1, H.T. den Dekker1,
P. Ciet1, M.P. Kemner-van de Corput1, I.K. Reiss1, J.C. de
Jongste1, H.A.W.M. Tiddens1, V.W.V. Jaddoe1, L. Duijts1

1Erasmus MC, University Medical Center, ROTTERDAM, the
Netherlands; 2University of Catania, CATANIA, Italy.
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Background: Preterm birth or low birthweight might lead to
lung structure adaptations and lower function, which could
subsequently lead to asthma in childhood. We will examine the
associations of early growth characteristics with lung function
measured by magnetic resonance imaging (MRI) and spiro-
metry at school-age.
Methods: This study among 2,907 children was embedded in
the Generation R Study, a population-based prospective cohort
study. Gestational age and weight at birth were obtained from
midwifes and hospital registries. At the age of 10 years, end-
inspiratory spirometry controlled chest MRI was performed
using a 3.0T GE W750 MR scanner to measure automatically
segmented total lung volumes (TLC-MRI) (LunA software,
Polytechnic Milan). Forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), FEV1/FVC, forced
expiratory flow at 25-75% of FVC (FEF25-75) and forced
expiratory flow at 75% of FVC (FEF75) were measured
by spirometry. We assessed intra- and interobserver variability
of TLC-MRI scored by 2 observers by intra-class
correlation coefficient (ICC) and Bland-Altman plots, correla-
tions of TLC-MRI with spirometry measures using Pearson
correlation coefficients, and associations of gestational age at
birth and birth weight with TLC-MRI using linear regression
models.
Results: Intra- and interobserver variability for TLC-MRI mea-
surements was good (ICC: between 0.825 and 1.000, p-values
<0.05). TLC-MRI was positively correlated with FEV1, FVC,
FEF25-75 and FEF75 (Pearson r: 0.70, 0.79, 0.23 and 0.16,
respectively, p-values <0.01), and negatively correlated with
FEV1/FVC (Pearson r: -0.28, p-value <0.01). Gestational age at
birth was not associated with any lung function measure. A
greater gestational-age adjusted birth weight was associated with
increased TLC-MRI (β (95% CI): 39.2 (1.1, 77.3) ml per SDS
increase in gestational-age adjusted birth weight) and higher
FEV1, FEV1/FVC and FEF75 (β (95% CI): 0.03 (0.01, 0.05),
0.01 (0.00, 0.01) and 0.06 (0.03, 0.09), respectively, per 500
gram increase in birthweight).
Conclusions: We observed good intra- and interobserver varia-
bility for TLC-MRI, and good correlations of TLC-MRI with
spirometry measures. A greater gestational-age adjusted birth
weight was associated with a higher TLC-MRI and spirometric
lung function measures, which could predispose for better lung
development.

PO1.06 – Metabolomics and Circadian rhythm

PO1.06.01

Early life factors, obesity risk and the metabolome
of young adults

S. Rauschert1, T.A. Mori2, L.J. Beilin2, P. Jacoby3, O. Uhl1,
B. Koletzko1, W.H. Oddy4, C. Hellmuth1

1Ludwig Maximilians Universität München, MUNICH,
Germany; 2School of Medicine and Pharmacology, Royal Perth

Hospital Unit, University of Western Australia, PERTH,
Australia; 3Telethon Kids institute, The University of Western
Australia, PERTH, Australia; 4Menzies Institute for Medical
Research, University of Tasmania, HOBART, Australia

Background: Non-communicable diseases such as obesity
have become a serious global public health epidemic. Early life
factors, for example infant feeding, may have a programming
effect on metabolism and obesity in childhood. This study
aimed to examine whether there was an association between
breast-feeding duration with BMI and waist circumference in
offspring at 20 years. Additionally, we aimed to determine
potential early programming effects of breast-feeding on the
metabolome in young adults.
Methods: Data from the Western Australian Pregnancy
Cohort (Raine) Study was analysed using 1024 plasma samples
from the 20 year follow-up. A liquid chromatography, tandem
mass-spectrometry metabolomics approach was used to mea-
sure metabolites. Principal Components Analysis and multiple
linear regression models were performed and all models were
adjusted for relevant confounders before and around the time
of breast-feeding. Inverse probability weighting was used to
adjust the 20 year data for the difference in socioeconomic
variables between participants and non-participants since
commencement of the study.
Results: An inverse association between breast-feeding and
BMI or waist circumference at 20 years was lost after adjusting
for maternal and paternal pre-pregnancy BMI and maternal
smoking during pregnancy. In addition, there was no sig-
nificant effect of breast-feeding on metabolite concentrations at
20 years. A non-significant trend (uncorrected p-value <0.05)
of non-esterified fatty acids and acyl-carnitines associated with
shorter breast-feeding duration was also evident.
Conclusions: Although other studies have shown associations
between breast-feeding and obesity and metabolite concentra-
tions at younger ages, this was not evident in our study in
young adults. Metabolites associated with waist circumference
at 20 years were not associated with breast-feeding in early life.

PO1.06.02

Relation of clinical and metabolic characteristics to
neonatal adiposity among obese pregnant women.

N. Patel1, D. Pasupathy2, R. Bell3, A. Briley2, K.M. Godfrey4,
D.A. Lawlor5, S.M. Nelson6, E. Oteng-Ntim7, S.C. Robson8,
N. Sattar9, P.T. Seed2, C. Singh2, J. Wardle*10, L. Poston2

1King’s College London, LONDON, United Kingdom; 2Division
of Women’s Health, Women’s Health Academic Centre,
LONDON, United Kingdom; 3Institute of Health and Society,
Newcastle University, NEWCASTLE UPON TYNE, United
Kingdom; 4MRC Lifecourse Epidemiology Unit and NIHR
Biomedical Research Centre, SOUTHAMPTON, United
Kingdom; 5MRC Integrative Epidemiology Unit at the University
of Bristol, BRISTOL, United Kingdom; 6School of Medicine,
University of Glasgow, GLASGOW, United Kingdom; 7Guys and
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St Thomas’ NHS Foundation Trust, LONDON, United
Kingdom; 8Institute of Cellular Medicine Uterine Cell Signalling
Group, NEWCASTLE UNIVERSITY, NEWCASTLE, United
Kingdom; 9Institute of Cardiovascular and Medical Sciences,
University of Glasgow, GLASGOW, United Kingdom; 10Health
Behaviour Research Centre, Institute of Epidemiology and Health,
UCL, LONDON, United Kingdom

Background: Amongst overweight and obese women meta-
bolic dysfunction is evident in early pregnancy, and increased
fetal growth precedes the clinical diagnosis of gestational dia-
betes at 20 weeks’ gestation, followed by excessive fetal adipose
tissue accretion. However, in obese women it is currently
unknown which early pregnancy maternal exposures, including
dietary, metabolic and demographic factors, contribute to the
development of fetal adiposity. Our primary aim was to
examine the relationship of early (15-18 weeks’ gestation)
pregnancy maternal clinical and biochemical variables with
neonatal adiposity as assessed by skin fold thicknesses (SFT). As
a secondary aim, we assessed pathways between early pregnancy
maternal characteristics and neonatal adiposity, and explored
the potential mediating role of the maternal late second tri-
mester metabolic profile using casual mediation analysis.
Method:We used data from the UK Pregnancies Better Eating
and Activity Trial (UPBEAT), a randomised controlled trial of
1555 obese pregnant women (mean BMI 36.3 kg/m2) which
assessed an antenatal intervention promoting a low glycaemic
diet and increased physical activity. Maternal and neonatal
adiposity were assessed by skinfold thicknesses (SFT). Maternal
baseline socio-demographic, medical and family characteristics
were recorded at 15-18 weeks’ gestation. The mother’s bio-
chemical profile was evaluated at 15-18 and 24-29 weeks’
gestation by measurement of targeted candidate biomarkers
and metabolomics profile using nuclear mass spectrometry
(NMR). Detailed neonatal anthropometry was collected in a
subgroup. To examine associations with infant adiposity,
multivariable linear regression was undertaken with adjustment
for potential confounders. To assess potential pathways
between early and late 2nd trimester variables and neonatal
adiposity, mediation analysis using parametric regression was
undertaken.
Results: Neonatal (n= 502) SSFT (sum of triceps and sub-
scapular skin fold thicknesses) was greater in multiparous vs.
nulliparous mothers (β= 1.06mm, 95%CI 0.58 to 1.53), and
was linearly associated with higher maternal birthweight
(β= 0.55mm/kg; 0.001 to 0.01). Neonatal SSFT was also
positively associated with maternal 15-18 week triceps SFT
(β= 0.04mm/mm, 0.013 to 0.079), and inversely related to
maternal 15-18 week suprailiac SFT (β= -0.035mm/mm,
-0.057 to -0.013). Neonatal SSFT was not related to any bio-
chemical variables measured in early (15-18 weeks) pregnancy
but was associated with maternal fasting concentrations of
glucose, serum insulin, C-peptide and glycoprotein acetyls at
26-28 weeks’ gestation. Associations of parity (4.5%), early
pregnancy triceps (12.5%) and suprailiac SFT (13.9%) with

neonatal SSFT were partially mediated by fasting glucose at 26-
28 weeks’ gestation.
Conclusions: This extensive study has identified some novel
and potentially modifiable maternal characteristics in early
pregnancy that are associated with neonatal adiposity. The
mediating role of second trimester glycaemia emphasises the
need for optimal glucose control in obese women before con-
ventional 28 week screening for gestational diabetes.
Funding: This study was funded by NIHR RP-0407-104522
& BRC at GSTT&KCL; CSO Scotland, GSTT Charity
Tommy’s Charity and European Union’s Seventh Framework
Programme (FP7/2007-2013), project EarlyNutrition under
grant agreement number 289346.

PO1.06.03

Wireless communication devices and sleep problems in
adolescents

A. Cabré1, M. Torrent2, E. Cardis1, M. Guxens1

1ISGlobal, BARCELONA, Spain; 2Àrea de Salut de Menorca,
MENORCA, Spain

Background: Sleep is important for the body to conserve
energy, restore its normal processes, promote physical growth,
and support mental development, especially during childhood
and adolescence. Experimental studies have shown that elec-
troencephalographic (EEG) spectral power is enhanced during
and following pulsed-modulated radio frequency field exposure
and provided the first indications of a dose-dependent relation
between the field intensity and its effect on brain physiology.
Some epidemiological studies, in children, adolescents and
adults found a relationship between radiofrequency electro-
magnetic fields (RF-EMF) exposure levels or new wireless
communication devices usage and poor sleep affecting daytime
functioning. The objective of the study is to assess the asso-
ciation between wireless communication devices usage and
sleep problems in adolescents of 17 to 18 years of age.
Methods: We used data from Menorca, a region part of the
Spanish INMA –Environment and Childhood- Project, a
population-based birth cohort established in 1997 (n= 485).
Children were followed from birth to the assessment. Informa-
tion aboutmobile and cordless phone use (calls, SMS and others),
other devices usage (tablet, laptop and vide console), frequency
and type of usage (call, text, consult social networks, watch videos
online and play games online) the hour before going to bed was
collected with self-reported questionnaires and Mobile Phone
Problem Use Scale (MPPUS-10) was used to assess problematic
mobile phone use when adolescents were 17 to 18 years of age.
Pittsburgh Sleep Quality Index (PSQI) and its subscales (sub-
jective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleep medication and day-
time dysfunction due to sleepiness) were used to asses sleep pro-
blems. Logistic regression models adjusted by parental and
adolescent socioeconomic and lifestyle variables were used to
estimate the association between mobile and cordless phone
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usage, other devices usage, usage before going to bed and pro-
blematic mobile phone usage and PSQI score and each subscale.
Results: Adolescents with data on at least one exposure and
complete data on sleep were included in this study (n= 162).
Adolescents that make more than one mobile or cordless phone
call per week were more likely to have a poor subjective sleep
quality. However, this trend was not statistically significant
[OR= 2.56 (95%CI 0.89; 7.33) and OR= 2.06 (95% CI 0.98;
4.33), respectively]. Adolescents that reported a higher proble-
matic mobile phone use were more likely to have a poor sub-
jective sleep quality [OR= 1.02 (95% CI 1.00; 1.04)]. No
associations were found between the other exposure variables and
sleep problems subscales.
Conclusions: This study suggests that sleep quality is asso-
ciated with a problematic mobile phone use but not with
mobile or cordless phone usage for calls, which represents a
higher radiofrequency electromagnetic fields exposure to the
head. These results are of special interest mainly because
wireless communication devices usage is increasing among
adolescent population which could affect sleep and daytime
functioning if they are not used properly.

PO1.06.04

Relations between infant feeding practices and sleep quality
or duration at age 2 in the French EDENmother-child cohort

L. Murcia1, B. De Lauzon-Guillain2, A. Forhan1,
C. Davisse-Paturet1, B. Heude1, M.A. Charles1,
S. Plancoulaine1, On behalf Of the EDEN study group3

1INSERM, VILLEJUIF CEDEX, France; 2Paris Descartes
University, PARIS, France; 3EDEN mother-child cohort study
group, VILLEJUIF, France

Background: Short sleep duration and/or poor sleep quality in
childhood have been associated with later poorer health outcomes.
Breastfeeding has been associated with frequent night-waking and
inconsistently with short sleep durations up to 18 months. Besides
mothers may introduce complementary feeding before the
recommended age when children presented sleep troubles. We
aimed to study the relations between feeding practices up to
8 months and child’s sleep at age 2 in a French cohort.
Methods: Analyses were based on the children from the EDEN
French birth-cohort recruited between 2003 and 2006. Data
were collected prospectively through questionnaires and dietary
records at 4, 8 and 2 years old. Night-feeding, breastfeeding
duration, age at complementary feeding introduction, night-
sleep duration and frequent night-waking were assessed from
questionnaires. Frequent night-waking was defined as waking
each other night or more. Multivariate analyses were performed
using linear or logistic regressions when appropriate.
Results: A total of 856 children (47% girls) with complete data
were included in the analyses. The mothers were at birth
30 years old. Night-feeding was observed for 22% and 10% of
the children aged 4 and 8 months, respectively. At 2 years old,
the children median night-sleep duration was 11hrs and

frequent night-waking was observed for 20% of them.
Multivariate models showed that night-sleep duration at 2 years
old was negatively associated with night-feeding at 4 months
(β [95% CI]= -0.16 [-0.30;-0.02]), whereas frequent night
waking was related to night-feeding at 8 months (OR [95%
CI]= 2.44 [1.02;5.83] and sleep onset difficulties at 2 years old
were positively associated with gastrointestinal reflux between
birth and 8 months (OR [95% CI]= 1.75 [1.01;3.07]) and
negatively with predominant breastfeeding longer than
4 months (OR [95% CI]= 0.46 [0.22;0.93]).
Conclusions: Results showed that some night-feeding practices
during infancy were related to lower night-sleep quantity or
quality while breastfeeding duration and gastrointestinal reflux in
infancy were related to sleep onset difficulties at 2 years.

PO1.06.05

Maternal and fetal SCD-1 activity are associated with
elevated birth weight and adiposity and influenced by diet
in late gestation

L. Marchioro1, C. Hellmuth2, O. Uhl2, A.A. Geraghty3,
E.C. O’Brien3, F.F. Kirchberg2, B. Koletzko2, F. McAuliffe3

1Ludwig Maximilians Universität München, MUNICH,
Germany; 2Ludwig Maximilians Universität München, Dr. von
Hauner Children’s Hospital, MUNICH, Germany; 3National
Maternity Hospital, DUBLIN, Ireland

Background: Stearoyl-CoA desaturase (SCD-1) is an enzyme
involved in the metabolism of saturated and monounsaturated
fatty acids. Elevated levels of SCD-1 activity have been asso-
ciated with obesity and insulin resistance. Recently, ratios of
fatty acids depicting SCD-1 activity in cord blood have been
found to strongly correlate with birth weight. SCD-1 tran-
scription and activity are regulated by many factors, amongst
others, leptin, insulin, sugars and fat intake. In this analysis, we
investigated (1) the effect of SCD-1 activity on fetal and infant
anthropometry up to 2 years of age and (2) whether diet in
pregnancy has an impact on SCD-1 regulation.
Material and methods: The analysis was conducted on a sub-
population of the ROLO Study (Randomized cOntrolled trial of
LOw glycaemic index diet versus no dietary intervention to pre-
vent recurrence of fetal macrosomia, 2007-2011, National
Maternity Hospital, Dublin, Ireland). Plasma samples were taken
in early pregnancy (at first antenatal visit, approximately 14 weeks
gestation) late pregnancy (LP, 28 weeks) and birth (CB, cord
blood) and analysed using liquid-chromatography coupled to
tandem mass-spectrometry in a targeted metabolomics approach.
Dietary data were collected via 3-day food diaries in each trime-
ster of gestation; maternal and child anthropometric were mea-
sured from study entry up to 2 years after birth. Ratios of
monounsaturated to saturated non esterified fatty acids (NEFA)
and lysophosphatidylcholines (lysoPC) were computed as SCD-1
activity markers (‘desaturation indices’, DIs); the relationships
between DIs, fetal anthropometry, maternal diet, leptin and
insulin were investigated via linear regression models.
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Results:DIs in LP andCBwere positively associated with weight,
weight-to-length ratio, and other anthropometric measurements
at birth (most significant associations: LP and CB NEFA 18:1/
NEFA 18:0 with birth weight-to-length, uncorrected p<0.001
and p=0.0027, respectively). LP and CB NEFA 19:1/NEFA
19:0 indices were positively associated with 6m and 2y adiposity
independently from birth measurements. Micronutrients and
ratios of carbohydrate and sugars to fat intake (especially in the
third trimester) positively affected fetal SCD-1 activity. Limited
regulatory effect of leptin on SCD-1 activity was found.
Conclusion: Elevated maternal and fetal SCD-1 activity is
related to fetal and infant adiposity and might have a pro-
gramming effect on later obesity onset. Maternal diet in preg-
nancy might help to downregulate fetal SCD-1 activity.

PO1.06.07

Amino acid profile in early pregnancy in a heterogeneous
group of women at high risk of gestational diabetes

K. Rönö1, E. Huvinen1, S.B. Koivusalo1, N.E. Grotenfelt1, A.
Tiitinen1, B. Stach-Lempinen2, H. Kautiainen1, J. Eriksson1

1University of Helsinki and Helsinki University Hospital, HUS,
Finland; 2South Karelia Central Hospital, LAPPEENRANTA,
Finland

Background: Fasting plasma levels of branched chain (BCAA)
and aromatic amino acids (AAA) associate with insulin resis-
tance and further predict development of type 2 diabetes.
Insulin resistance is also involved in the pathophysiology of
gestational diabetes (GDM). Previous findings concerning
association of BCAAs and AAAs with development of GDM
are inconsistent. The association of amino acids with insulin
resistance is only observed in women with abdominal obesity.
The women who develop GDM are not, however, all obese.
Our aim was to assess amino acid profiles in early pregnancy in
a heterogeneous group of women at high risk for GDM.
Methods: This is an observational study of 215 women from
The Finnish gestational diabetes prevention trial (RADIEL).
The participants in this study were at high risk for GDM either
because of a prepregnancy BMI ≥30 kg/m2 and/or a history of
prior GDM, but showed normal glucose tolerance in early
pregnancy when assessed with a 2-hour 75 g oral glucose tol-
erance test (OGTT). The concentrations of BCAAs (iso-
leucine, leucine, and valine) and AAAs (phenylalanine and
tyrosine) were analyzed from fasting serum samples, drawn at
on average 13.1 weeks of gestation, by targeted NMR spec-
troscopy. A second OGTT was performed at on average
26.5 weeks of gestation. For the OGTT the following thresh-
olds were used: fasting plasma glucose≥ 5.3mmol/L, one hour
glucose ≥ 10.0mmol/L and two hour glucose ≥ 8.6mmol/L
(American Diabetes Association 2008). One or more patholo-
gical value resulted in the diagnosis of GDM. The participants
were divided into four groups according to their phenotype: 76
of the women were obese nulliparous (group A), 48 obese
multiparous without prior GDM (group B), 68 non-obese with

prior GDM (group C), and 23 obese with prior GDM (group
D). The incidence of GDM was 11.8% in group A, 12.5% in
group B, 36.8% in group C, and 34.8% in group D.
Results: In early pregnancy the concentrations of BCAAs and
AAAs, except for valine, differed between groups (p< 0.001).
The difference localized to group C in which the levels were all
lower. Per every 1-SD increase of phenylalanine concentration
the OR for subsequent GDM was 0.69 (95% CI 0.49 to 0.6;
p= 0.027) for the whole population, and within group C the
respective OR was 0.49 (0.25 to 0.95, p= 0.035) (Figure 1).
Conclusions: In early pregnancy non-obese women at high
risk for GDM have a different amino acid profile compared to
obese women. This may offer one possible explanation for
inconsistent findings concerning the associations of GDMwith
BCAAs and AAAs.

Odds ratios for subsequent gestational diabetes (GDM) per 1-
SD increase of concentrations of branched chain amino acids
and aromatic amino acids.

PO1.06.08

Melatonin prevents the development of hypertension
programmed by prenatal dexamethasone plus postnatal
high-fat diet in adult offspring of both sexes

Y. Tain1, C. Hsu1, L. Huang1, W.T. Lai2, S.W. Li2

1Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan; 2Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan
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Background: Pre- and post-natal environmental insults
can induce developmental programming, leading to hyperten-
sion. Renal programming is considered a key mechanism
for programmed hypertension. We recently observed that pre-
natal dexamethasone (DEX) exposure plus postnatal high-fat
(HF) consumption induced hypertension in adult male
offspring. Emerging evidence support early intervention
with melatonin could be a reprogramming strategy to prevent
programmed hypertension. Hence, we intended to examine
whether melatonin can reprogram two-hit induced pro-
grammed hypertension in both sexes of adult offspring. Also,
we sought to identify candidate proteins involved in renal
programming and programmed hypertension through a pro-
teomic approach.
Methods: Five groups (n= 8-10/group) of both male
and female offspring were studied: control, DEX, HF, DEX+
HF, and DEX+HF+M. Dexamethasone (0.1mg/kg
body weight) was intraperitoneally administered to pregnant
Sprague Dawley rats from gestational day 16–22. Offspring
received high-fat diet (D12331, Research Diets) from
weaning to 4 months of age. In the DEX+HF+M group,
mother rats received 0.01% melatonin in drinking water
during pregnancy and lactation. All rats were sacrificed at
16 weeks of age. Additionally, we identified protein
expression in offspring kidneys by proteomic profiling and
protein identification using tandem mass tag labeling and LC-
MS/MS.
Results: We found HF diet aggravated prenatal DEX-
induced programmed hypertension, which was prevented
by early melatonin therapy in both sexes of offspring.
The protective effects of melatonin therapy are related to
regulation of renin-angiotensin system (RAS), melatonin sig-
naling pathway, and proteomic profiling alterations. We
observed that expression of renal proteomic profiling was
sex differentially regulated by DEX+HF exposure. In male
offspring, DEX+HF upregulated renal parvalbumin
α (PVALB) protein level, which melatonin therapy prevented.
Additionally, dimethylaniline monooxygenase 2 (FMO2)
and hemoglobin subunit β-1 (HBB1) and -2 (HBB2)
were upregulated, whereas prothymosin α (PTMA) was
downregulated by DEX+HF exposure in female offspring
kidneys. These changes were prevented by maternal melatonin
therapy.
Conclusions: In conclusion, prenatal DEX and post-weaning
HF diet synergistically induced programmed hypertension,
which was related to alterations of RAS, melatonin pathway,
and proteomic profiling in offspring kidneys. DEX+HF
induced sex-specific alterations of protein expression in off-
spring kidneys: PVALB in males; while FMO2, HBB1, HBB2,
and PTMA in females. By providing potential applications of
reprogramming strategy targeting protein and pathway
involved in renal programming, our results can form a strong
scientific basis for developing therapeutic strategies to prevent
programmed hypertension in children exposed to antenatal
corticosteroids and postnatal HF intake.

PO1.06.09

Beyond the genome. How the metabolome can help
uncover gene function

A. Forrest-Hay

Metabolon, NEWBURYPORT, United States of America

Genetic factors modifying the blood metabolme have been inves-
tigated through GWAS of common genetic varients. Using Whole
genome sequencing we looked at low frequency and rare variants to
associate genetic variations with metabolite levels in blood plasma.
Analysis was focussed on 644 metabolites acros three data sets. It
was noted that genetic sequence variations at 101 loci were asso-
ciated with the levels of 246 metabolites. 13 of the 17 genes influ-
enced by heterozygous rare variants are associated with inborn errors
of metabolism and other pediatric conditions. This emphasizes the
importance of heterozygous rare variants in determining abnormal
metabolic phenotypes in the blood of adults. This approach con-
firms the importance of rare gene variants in effecting common
diseases and links them to metabolic changes that influence the
phenotype showing the value of broad metabolic profiling in
population studies

PO1.06.10

Atopic women have lower breast milk levels of acetate and
butyrate

A.L. Kozyrskyj1, M.C.L. Gay2, P.T. Koleva1, M. Eggesbo3,
C.C. Johnson4, E. du Toit5, N. Shimojo6, D. Munblit7,
D.T. Geddes8, D.E. Campbell9, S.L. Prescott8, On behalf Of
the LactoActive consortium10

1University of Alberta, EDMONTON, Canada; 2School of Molecular
Sciences, University of Western Australia, PERTH, Australia;
3Norwegian Institute of Public Health, OLSO, Norway; 4Henry Ford
Hospital, DETROIT, United States of America; 5University of Cape
Town, CAPE TOWN, South Africa; 6Chiba University, CHIBA,
Japan; 7First Moscow State Medical University, MOSCOW, Russia;
8University of Western Australia, PERTH, Australia; 9Children’s
Hospital at Westmead, SYDNEY, Australia; 10LactoActive inFLAME

Background: Worldwide, breast milk protects children against
respiratory conditions and obesity, an effect attributed to its many
bioactive compounds. These benefits are not consistently seen in
children of mothers with the allergic (atopic) phenotype. Still in its
infancy, studying the breast milk metabolome has proven valuable
in identifying variability by maternal phenotype, diet and disease.
In addition to sugars and amino acids, the breast milk metabolome
includes other low molecular weight, short-chain fatty acids
(SCFAs) such as butyrate, acetate and valerate, which are produced
by microbiota present in breast milk. With a focus on these less
well-studied metabolites, the LactoActive research group under-
took an international comparison of breast milk metabolomics.
Methods:This was a comparative study of 109 breastmilk samples
from 6 international cohort studies: Perth, Australia (n=29 from 2
cohorts); Chiba, Japan (n=12); Detroit, USA (n=18); Oslo,
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Norway (n=40); Cape Town, South Africa (n=10). With
representation across ethnicity, maternal atopic status and infant
sex, breast milk samples were collected 1 month after birth. Milk
metabolite levels were determined by NMR spectroscopy because
of its high reproducibility and coverage of a large range of meta-
bolites. All NMR spectra were processed and analyzed with the
Chenomx NMR Suite Professional software package version 8.1.
Results: Atopic women had significantly lower levels of the SCFAs,
acetate (p<0.02) and butyrate (p<0.001), in their breast milk
than non atopic women. Variations in milk metabolites were seen
between women of the same atopy status living in different coun-
tries and they were more evident for atopic women. Country-
specific variations among atopic women were more common for
acetate (p<0.001), butyrate (p<0.001) and the SCFA pathway
intermediate, succinate (p<0.001), followed by valerate
(p<0.003) and creatinine (p<0.006). Milk levels of acetate and
butyrate were lower in Australia/US women compared to those
living in Norway or Japan, but were higher for creatinine. Valerate
and succinate levels were the highest in the breast milk of Norwe-
gian women. These 5 metabolites did not differ between atopic
women in Australia and the US. Among non-atopic women, breast
milk concentrations of lactose (lactation performance biomarker)
were significantly higher in South African versus Norwegian
(p<0.02) or Australian (p<0.04) women. Levels of maltose
(dietary sugar) and creatine/creatinine was also significantly higher
in South African women versus women residing in other countries.
Conclusion: Our metabolomics study identified breast milk var-
iation by maternal phenotype and country of residence. Milk levels
of acetate and butyrate, SCFAs produced by breastmilkmicrobiota,
were significantly lower in atopic than non-atopic women. Atopic
women in Australia and theUS had the lowest levels of these SCFAs
compared to atopic women in other countries. These observed
variations in breast milk composition may account for regional
differences in prevalence rates of childhood atopic disease.

PO1.06.11

Influence of maternal and socioeconomic factors on human
breast milk metabolome among South Africa cohorts

A. Ojo, E. du Toit, M.P. Nicol

University of Cape Town, Cape Town, South Africa, CAPE
TOWN, South Africa

Background: Human breast milk (HBM) is a complex species-
specific biological fluid universally known as the optimal post-natal
source of nutrition for infants. It consists not only of essential
nutrients but also an array of commensal bacteria and a host of non-
nutritive bio-molecules including nucleotides, polyamines, oligo-
saccharides which are known to support innate immunity and shape
the development of adaptive immunity of the infant during the first
months of life. HBMmetabolomics has revealed diversemetabolites
including some whose abundances are highly conserved and they
have also been shown to be affected by several factors such as
gestation age, maternal well-being (HIV status, stress, obesity, and
diet), mode of delivery, chemotherapy and even the sex of the child.

We hypothesize that the HBMmetabolome varies according to
a number of maternal, infant and environmental factors. We
therefore aim to characterize the metabolite profiles among
South African mothers and to study the role of possible deter-
minants influencing the HBM metabolome (maternal stress
and BMI, antibiotic therapy, mode of delivery, smoking).
Methods: Breast milk samples were collected from 588 breast-
feeding mothers from two poor, rural communities in Drakenstein
sub-district, Western Cape, South Africa both with low socio-
economic status but are ethnically distinct. The women were
enrolled at their 20-28 week antenatal visits to the clinics and
samples collected within 7-10 weeks postpartum. Necessary infor-
mation were captured in a meta-data. Untargeted 1H-Nuclear
Magnetic Resonance Spectroscopy will be performed on the
supernatant of the HBM samples as previously described (Sunde-
kilde et al. 2016). Briefly, the samples will be skimmed by cen-
trifugation and filtered to remove residual lipids and protein. An
internal chemical shift reference will be added to the filtered sample.
The proton NMR spectra will be phase and baseline corrected and
signals will be identified based on one dimensional and two
dimensional data using pure compound spectral databases. The
protonNMR spectrumwill be reduced into separate variables in the
regions. Principal component analysis (PCA) and orthogonal partial
least squares discriminant analysis (OPLS-DA) will be performed in
order to identify differences in the metabolite profiles. The data will
be mean-centred and Pareto-scaled prior to analysis. Covariance will
be investigated by analysis of OPLS-DA regression coefficients
back-transformed to original data and colour coded by the loading
weights as described. The multivariate data analysis will be per-
formed using SIMCA-P+13 (Umetrics AB, Umea, Sweden).
Alignment by Icoshift, binning and analysis of OPLS-DA plots will
be performed in MATLAB 7.13. Univariate statistical significance
will be evaluated by Students t-test using the Statistics Toolbox in
MATLAB 7.13 (MathWorks Inc., Natick, MA, USA).
Result and Conclusion: Pilot study revealed Human breast
milk to contain diverse metabolites dominated by lactose and
oligosaccharides. A more robust approach with a larger cohorts
will reveal more metabolites and will be used to establish the
influence of several maternal, environmental factors influen-
cing the breast milk metabolome.

500MHz 1H-NMR spectrum of human breast milk.
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PO1.06.13

In vitro amino acid restriction programs pancreatic beta-
cell to damage when challenged by glucotoxicity without
changes in redox balance.

M.S. Figueiredo, L.M. Gonçalves, B.L. Alves, C.C. Zoppi,
G.G. Dorighello, E.M. Carneiro

State Universtiy of Campinas, CAMPINAS, Brazil

Background: Early-life malnutrition is a common outcome in
developing countries, a phenomenon that leads to obesity and
diabetes in adult life. Despite several other alterations, both
conditions were reported to alter intracellular redox balance by
increasing ROS production and/or antioxidant capacity
reduction, leading to glycemic control impairment. We aimed
to investigate the effects on redox balance and death of amino
acid restriction on INS-1E cells challenged by high glucose
exposure.
Methods: INS-1E were treated for 48 hours in RPMI 1640
medium supplied with 5% FCS and 11mmol/l glucose, with
100% (Control – C) or 25% (Malnutrition – M) of amino
acids solution (RPMI 1640 Amino Acid Solution 50x R7131 –
Sigma) at 37 celsius degrees in a humidified atmosphere of
95%O2 and 5% CO2. After 48 hours of amino acid restriction
(Malnutrition), we treated the cells with glucose (25mM) for
6 hours (Control High Glucose – C+HG or Malnutrition
High Glucose – M+HG). We evaluated insulin secretion
(Radioimmunoassay) in C and D groups. After glucose treat-
ment, we evaluated the redox balance by hydrogen peroxide
(Amplex Ultra Red), cytosol and mitochondrial superoxide
content (DHE and MitoSOX) essays and cleaved Caspase-3
protein content by Western Blot in all groups. The results were
expressed as mean ± SEM. Statistical significance was deter-
mined using Student t-test, p< 0.05 was considered
significant.
Results: Insulin secretion was reduced in M INS-1E cells
treated with M solution in presence of stimulatory glucose
concentration (C: 0.063 ± 0.006 ng/ug*ml-1 and M:
0.038 ± 0.006 ng/ug*ml-1 p< 0.05). We observed that, amino
acid restriction followed by high glucose exposure, increased
cleaved caspase-3 protein content in M+HG when compared
to C+HG (+3 fold increase, p< 0.05), despite no changes
were observed in hydrogen peroxide (C: 218106 ± 23714, M:
160458 ± 24190, C+HG: 156333 ± 21300, M+HG:
158317 ± 19014, Amplex Ultra Red fluorescence) as well as
cytosol superoxide release (C: 12.17 ± 1.189, M: 9.25 ± 0.94,
C+HG: 14.78 ± 2.97; M+HG: 11.68 ± 1.68, DHE fluores-
cence (RFU)/ mg*ml-1 protein). However, high glucose reduce
mitochondrial superoxide release in both groups (C+HG:
4.85 ± 9.86 and M+HG: 4.54 ± 5.84, Relative fluorescence/
mg*ml-1 protein, p< 0.05) when compared to C and M (C:
22.61 ± 12.17 and M: 24.78 ± 9.25, Relative fluorescence/
mg*ml-1 protein).
Conclusions: We concluded that amino acid restriction pro-
grams pancreatic beta cells, favoring cell death when exposed to

high glucose. However, in this model cell death seems not
to be mediate by changes on redox balance (hydrogen
peroxide and superoxide release). We suggest that amino acid
restriction can program pancreatic beta cell for death by other
mechanisms involved with cell viability, but not thought oxi-
dative damage.

PO1.07 – Neurodevelopment – Early life exposures

PO1.07.01

Environmental tobacco smoke exposure during pregnancy
and child neurodevelopment

K. Polanska1, W. Hanke1, A. Krol1, D. Merecz-Kot1,
D. Ligocka1, K. Mikolajewska1, F. Mirabella2, F. Chiarotti2,
G. Calamandrei2

1Nofer Institute of Occupational Medicine, LODZ, Poland;
2National Institute of Health, ROME, Italy

Background: The developing fetus is especially vulnerable to
environmental toxicants including tobacco constituents. The
aim of this study was to assess the impact of environmental
tobacco smoke (ETS) exposure during pregnancy on child
neurodevelopment within the first two years of life.
Methods: The study population consisted of 461 non-
smoking pregnant women (saliva cotinine level <10 ng/ml).
Maternal passive smoking was assessed based on the cotinine
level in saliva analyzed by the use of the high performance
liquid chromatography coupled with tandem mass spectro-
metry (HPLC-ESI + MS/MS) and by questionnaire data.
The cotinine cut-off value for passive smoking was established
at 1.5 ng/mL (sensitivity 63%, specificity 71%). Psychomotor
development was assessed in children at the age of 1 and
2 years using the Bayley Scales of Infant and Toddler
Development.
Results: About 30% of the women were exposed to ETS dur-
ing pregnancy. The multivariate linear regression model indi-
cated that ETS exposure in the 1st and the 2nd trimesters of
pregnancy was associated with decreasing child language
functions at the age of one (β= -3.0, p= 0.03 and β= -4.1,
p= 0.008, respectively) and two years (β= -3.8, p= 0.05 and
β= -6.3, p= 0.005, respectively). A negative association was
found for cotinine level ≥ 1.5 ng/ml in the 2nd trimester of
pregnancy and child cognition at the age of 2 (β= -4.6,
p= 0.05) as well as cotinine levels ≥1.5 ng/ml in all trimesters
of pregnancy and child motor abilities at two years of age (β= -
3.9, p= 0.06, β= -5.3, p= 0.02, and β= -4.2, p= 0.05, for
the 1st, the 2nd and the 3rd trimester of pregnancy, respectively;
for the 1st trimester the effect was of borderline statistical
significance).
Conclusions: This study confirmed that ETS exposure during
pregnancy can have a negative impact on child psychomotor
development within the first two years of life and underscore
the importance of public health interventions aiming at redu-
cing this exposure.
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PO1.07.02

Exposure to environmental chemicals in early life is
associated with ADHD and autism spectrum disorders in
Norwegian children

V. Lenters, N. Iszatt, H. Stigum, M. Eggesbø

Norwegian Institute of Public Health, OSLO,
Norway

Background: Environmental pollutants are ubiquitous
in daily life, and exposure begins in utero. Multiple environ-
mental chemicals are established or suspected neurotoxicants,
yet few studies have assessed associations with the risk of
attention-deficit hyperactivity disorder (ADHD) or autism
spectrum disorders (ASD), two common neurodevelopmental
disorders. We investigated measured perinatal and estimated
postnatal chemical exposure levels in relation to ADHD
and ASD.
Methods: A birth cohort of 2606 Norwegian mother-child
pairs was followed until children were a median age of
11 years (HUMIS-NoMIC cohort). ADHD (n= 40) and ASD
(n= 15) cases were ascertained using the national patient reg-
ister (ICD-10 classifications). In a sample of 1199 oversampled
by case status, concentrations of 45 environmental chemicals
[18 polychlorinated biphenyls (PCBs), 14 organochlorine
pesticides, 6 brominated flame retardants, 2 novel flame
retardants, 2 poly- and perfluoroalkyl substances (PFASs),
2 pyrethroid pesticides, and methylmercury] were quantified
in ≥50% of pooled maternal breast milk samples, reflecting
both pre- and postnatal exposures. Postnatal concentrations
in the first two years of the child’s life were modelled
for the lipophilic chemicals using a pharmacokinetic model. To
identify associations between exposures and neurodevelop-
mental outcomes, we used confounder-adjusted elastic net
penalized logistic regression models to account for confounding
by correlated co-exposures; unpenalized effect estimates for
selected exposures were obtained from multivariable regression
models.
Results: Eight chemicals were associated with ADHD.
Perfluorooctane sulfonate (PFOS), perfluorooctanoic acid
(PFOA) and β-hexachlorocyclohexane (β-HCH) were asso-
ciated with an increased risk (range, OR= 1.64-2.49);
the largest effect estimate was observed for β-HCH
(OR= 2.49; 95% CI: 1.22, 5.09 per 2-SD increase in ln-
transformed maternal breast milk levels). Several chemicals
showed inverse associations with ADHD. β-HCH was asso-
ciated with an increased risk of ASD (OR= 4.28, 95% CI
1.82, 10.08); associations were null for other chemicals. Asso-
ciations with postnatal exposures estimates were generally
attenuated.
Conclusions: In a multi-pollutant analysis of 7 classes of che-
micals, early-life exposure to several ubiquitous persistent
organic pollutants was associated with ADHD, and one with
ASD. Further chemical exposome-wide association studies are
warranted to replicate these findings.

PO1.07.03

Childhood exposure to tobacco smoke and midlife cognitive
performance: The Cardiovascular Risk in Young Finns Study

S.P. Rovio1, K. Pahkala2, M. Juonala3, J.S.A. Viikari3,
J.O. Rinne4, O.T. Raitakari2

1University of Turku, TURKU, Finland; 2CAPC, University of
Turku, TURKU, Finland; 3University of Turku and Turku
University Hospital, TURKU, Finland; 4PET Centre, University
of Turku and Turku University Hospital, TURKU, Finland

Background: Our previous study suggested a longitudinal
association between smoking in adolescence/young adulthood
and worse midlife learning and memory. Furthermore, pre-
vious studies have proposed cross-sectional and short-term
negative associations between childhood exposure to tobacco
smoke on cognitive performance, intelligence or academic
achievements. However, the longitudinal association between
childhood/adolescence exposure to tobacco smoke and midlife
cognitive performance is unknown.
Methods: From 1980, a population-based cohort of 3,596
children (baseline age 3-18 years) have been followed-up for 31
years in 3-9 year intervals. In 2011, cognitive testing was per-
formed in 2,026 subjects aged 34-49 years using computerized
test battery. The subjects were divided into two groups according
to their cognitive performance: 1) low cognitive performance
(lowest quartile of cognitive performance distribution) and 2)
high cognitive performance (three highest quartiles of cognitive
performance distribution). Regular and current smoking status
was queried separately from both parents at baseline and the first
follow-up study in 1983. Childhood fasting serum samples were
collected in 1980 and cotinine levels were analysed. Parental
smoking hygiene was determined using questionnaire data on
parental smoking and the child’s serum cotinine levels. The
subjects were divided into: 1) no parental smoking (children with
non-smoking parents and a serum cotinine level<3.0ng/mL); 2)
hygienic parental smoking (children with at least one smoking
parent and a serum cotinine level <3.0 ng/mL); 3) non-hygienic
parental smoking (children with at least one smoking parent and
a serum cotinine level ≥3.0 and <20 ng/mL).
Results: The subjects exposed to non-hygienic parental smoking
in childhood/adolescence had worse midlife memory and learn-
ing compared to subjects with non-smoking parents (β= -0.26
SD, SE= 0.12; p= 0.03, adjusted for age, sex, childhood family
socioeconomic status and adulthood smoking). The difference in
midlife memory and learning between the exposed and non-
exposed subjects corresponds to 5 years effect of aging. Child-
hood/adolescence exposure to non-hygienic parental smoking
associated with increased risk of lowmidlife memory and learning
(RR 1.64; 95% CI 1.04-2.57) and a borderline significant asso-
ciation was found for hygienic parental smoking (RR 1.30; 95%
CI 0.95-1.80) compared to subjects with non-smoking parents
even after taking into account several potential confounders.
Additionally, a significant association was found between hygie-
nic parental smoking and increased risk of low midlife short term
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and working memory (RR 1.48; 95% CI 1.08-2.03), while
the association for non-hygienic parental smoking was
borderline significant for that cognitive domain (RR 1.43; 95%
CI 0.89-2.29).
Conclusions: Exposure to tobacco smoke in childhood and
adolescence may associate with worse learning and memory as
well as poorer short term and working memory in midlife.
Avoidance of exposure to tobacco smoke is important since
childhood in order to promote adulthood cognitive performance.

PO1.07.04

Is there a relationship between maternal gestational weight
gain and offspring fundamental motor skills?

N.S. Wasenius1, K.P. Grattan2, A.L.J. Harvey2,
N. Barrowman3, G.S. Goldfield3, K.B. Adamo2

1Folkhälsan, HELSINKI, Finland; 2School of Human Kinetics,
University of Ottawa, OTTAWA, Canada; 3Children’s Hospital
of Eastern Ontario Research Institute, OTTAWA, Canada

Background: Children’s whose fundamental motor skills
(FMS) competence is low are at increased risk of physically
inactive lifestyle and thus obesity in later life. More research is
required to understand the various determinants of FMS and
identify early targets for intervention. There is a growing body
of literature illustrating that gestational weight gain (GWG), a
surrogate marker for the intrauterine environment, is associated
with many aspects of offspring’s health. However, it remains to
be determined whether early intrauterine exposure to maternal
weight-related factors contributes to development of FMS.
Therefore, the purpose of this study was to investigate the
association between GWG and locomotor and object control
skills among preschool-aged children, and to investigate whe-
ther these associations are sex dependent.
Methods: As a part of a larger study, we assessed 3 – 5 year old
boys (n= 65) and girls (n= 59) of singleton pregnancies. Chil-
dren’s FMS, both locomotor and object control skills scores, was
measured using the Test of Gross Motor Development–Second
Edition (TGMD-2), and reported as raw scores. A maternal
health questionnaire was used to collect information on pre-
pregnancy body mass index (BMI), GWG, and gestational age at
term. Linear mixed effect models were used to investigate the
association between the GWG and locomotor skills and objects
control skills scores. All models were adjusted for pre-pregnancy
BMI, gestational age, age, and socioeconomic status.
Results: The association between the GWG and score on the
locomotor skills was dependent on sex (interaction, p= 0.007).
When analyses were stratified with sex, GWG was indepen-
dently associated with poorer locomotor skills score in boys
(b= -0.3, 95% CI -0.5 to -0.1, p= 0.003) but not in girls
(b= 0.1, 95% CI -0.2 to 0.3, p= 0.545). No significant sex
and GWG interaction was found on object control skills
(interaction, p= 0.438). Furthermore, GWG was not sig-
nificantly associated with object control skills score either in
boys (p= 0.287) or girls (p= 0.754).

Conclusions: Maternal GWG is an independent predictor of
male, but not female, offspring’s locomotor skills. Our findings
suggest the sex-dependent developmental programming of
locomotor skills.

PO1.07.05

The effect of maternal perceived stress on child
development in the Chinese population

R. Huang

Shanghai Jiao Tong University, Xinhua Hospital, SHANG HAI,
China

Background: It is well known that mother’s anxiety and
depression adversely impact infant and child development.
However, it remains unclear whether maternal stress during
pregnancy negatively affects child development.
Methods: A total of 624 Chinese pregnant women were
recruited in a prospective study in 2012-2014 and completed
questionnaire surveys at 6, 12 and 24 months postpartum.
Perceived stress during pregnancy was classified as mild
(reference) and moderate/intensive. Child development pro-
blems at 24 months were assessed by Ages and Stages
Questionnaire (ASQ) with five subscales (communication,
gross motor, fine motor, problem solving, and personal social
activities). Generalized linear models was used to compute the
relative risk (RR) of maternal perceived stress in relation to
child development problems adjusting for maternal education
level, maternal smoking and second hand smoke, pre-pregnant
weight, marriage status, perceived pre-pregnant stress, and
concurrent diseases during pregnancy including hypertension
and diabetes.
Results: Compared with children with mothers reporting mild
stress during pregnancy, those with mothers reported moder-
ate/intensive stress had a much higher risk of having difficulties
in solving problems (adjusted RR 2.69, 95% CI 1.24-5.71),
fine motor problems (adjusted RR 2.04, 95% CI 1.30-3.20),
and personal social problems (adjusted RR 1.86, 95% CI 1.03-
3.36). However, maternal perceived stress was not significantly
associated with communication problems (1.31, 0.67-2.59) or
gross motor problems (0.46, 0.15-1.36).
Conclusions:Maternal perceived stress during pregnancy may
adversely affect child development, especially in the aspects of
problem solving, fine motor, and personal social activities.
Prospective studies with larger sample size are warranted to
further explore the causality between maternal stress during
pregnancy and child development problems.

PO1.07.06

Sleep patterns during pregnancy and child
neuropsychological and behavioral development:
Mother-child cohort (Rhea Study) in Crete, Greece

K. Koutra1, A.A. Margetaki1, M. Kampouri1, A. Kyriklaki1,
M. Vafeiadi2, P. Simos1, M. Kogevinas3, L. Chatzi4
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1University of Crete, HERAKLION, Greece; 2Department of
Social Medicine, Faculty of Medicine, University of Crete,
HERAKLION,CRETE, Greece; 3Barcelona Institute for Global
Health (ISGlobal), BARCELONA, Spain; 4Department of Social
Medicine, University of Crete, CRETE, Greece

Background: Sleep in women is affected by the hormonal
changes and physical discomforts associated with pregnancy.
Despite the large body of data investigating the association of
children’s sleep habits with behavioral difficulties, there are
only a few studies evaluating the impact of sleep habits during
pregnancy with child neurodevelopment. Maternal sleep dis-
turbances during pregnancy, including sleep disordered
breathing, poor sleep quality and short sleep duration, may
impact child neuropsychological and behavioral outcomes.
Sleep deprivation may result in increased stimulation of the
inflammation pathway conferred from the mother to the fetus,
while sleep disorder breathing has been associated with reduced
oxygen delivery to the fetus. The present study aims to explore
the association of maternal sleep habits during late pregnancy
on child neuropsychological and behavioral development in
preschool years.
Methods: The study included longitudinal data on 638
mother-child pairs participating at the 4 years of age follow-up
of the Rhea mother-child cohort in Crete, Greece. Information
on sleep patterns during pregnancy was collected through a
computer-assisted interview. Furthermore, a total quality of
sleep score was created based on the sum of 3 sleep-related
responses: a) sleep duration (>8 hrs= 0, 6-7 hrs= 1, ≤5 hrs=
2), b) snoring (non-snorers (never/rarely)= 0, occasional
snorers (sometimes/often)= 1, severe snorers (frequently/
always)= 2), and c) excessive daytime sleepiness (Epworth
Sleepiness Scale score:≤ 10= 0, 11-14= 1 and ≥15= 2). This
score ranges from 0-6 with higher values indicating worse sleep
quality. Children’s neuropsychological and behavioral devel-
opment was assessed using the McCarthy Scales of Children’s
Abilities (MSCA), the Attention Deficit Hyperactivity
Disorder Test (ADHDT) and the Strengths and Difficulties
Questionnaire (SDQ). Multivariable linear regression models
were used to investigate the associations between maternal sleep
patterns and children’s neurodevelopmental outcomes after
controlling for a wide range of confounders.
Results: Maternal sleep duration less than 8 hours was asso-
ciated with reduced scores in the general cognitive scale
(β= -2.28, 95% CI: -4.54, -0.02), while mild-severe daytime
sleepiness was associated with reduced scores in the memory
scale (β= -5.58, 95% CI: -11.1, -0.05) of MSCA. Snoring in
late pregnancy was related to higher child hyperactivity scores
in SDQ (β= 1.03, 95% CI: 0.14, 1.92). Further adjustment
for child sleep patterns (duration and sleep breathing difficul-
ties) did not meaningfully change the observed associations.
Worse quality of sleep was associated with reduced scores in the
memory scale (β per unit increase of the score= -1.87, 95%
CI: -3.29, -0.46), increased conduct problems in SDQ (β per
unit increase of the score= 0.17, 95% CI: 0.01, 0.33), and

increased behavioral difficulties (β per unit increase of the
score= 0.58, 95% CI: 0.12, 1.04).
Conclusions: Maternal sleep patterns during pregnancy may be
associated with impaired child neuropsychological and behavioral
development during the preschool years. Early detection and
intervention is necessary to reduce or eliminate poor sleep habits
in pregnancy and improve child neurodevelopment.

PO1.07.07

Maternal blood pressure trajectory during pregnancy and
offspring neurodevelopment at 1 year old: a prospective
cohort study in China

F.C. Chan1, N.C. Chen2, J.L. Lu2, J.H. He2, F.Z. Zhou2,
X.L. Liu2, L.Z Zhang2, X.X. Xia2, S.S Shen2, B.W.M. Mol3,
H.X. Xia2, X.Q. Qiu2

1Guangzhou Women and Children’s Medical Center,
GUANGZHOU, China; 2Division of Birth Cohort Study,
Guangzhou Women and Children’s Medical Center,
GUANGZHOU, China; 3The Robinson Research Institute,
School of Paediatrics and Reproductive Health, UNIVERSITY
OF ADELAIDE, ADELAIDE, SA, Australia

Background: Hypertensive disorders in pregnancy is nega-
tively associated with offspring adulthood neurodevelopmental
outcomes. However, the knowledge on the association at early
life remains little. In addition, the diagnosis of pregnancy-
associated hypertensive disorders does not take into account the
trajectory of maternal blood pressure trajectory during preg-
nancy. In this study, we aim to evaluate the association between
maternal blood pressure trajectory and offspring neurodeve-
lopment at 1 year old.
Methods: Between February 1st 2012 and April 30th 2015,
4,538 women with singleton delivery and neurodevelopment
assessment from the Born in Guangzhou Cohort Study
(BIGCS) were included into this study. Diagnosis of hyper-
tensive disorders in pregnancy was extracted from medical
records. Gesell instrument was used to assess the neurodeve-
lopment of the offspring at 1 year old. Group-based trajectory
(Proc Traj module in SAS) was used to differentiate different
trajectories of maternal blood pressure during pregnancy and
Analysis of Variance (ANOVA) to analyze the between-group
differences in terms of five dimensions (Adaptive, Gross motor,
Fine motor, Language and Social ability) of Gesell. Covariates
include maternal age, pre-pregnancy BMI, parity, maternal
income, maternal educational level and offspring birth weight
Z score.
Results: There were three different trajectories to systolic blood
pressure (SBP) measurements during pregnancy with 26.60%
of women being classified in the low SBP group, 48.70% in the
moderate SBP group and 24.70% in the high SBP group.
Participants with higher trajectory tend to deliver less neuro-
developed offspring than lower ones in terms of score differ-
ences from five dimensions of Gesell evaluation. With the
highest trajectory being the reference, for Adaptive, the score
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differences were 0.96(95%CI 0.32 ~ 1.60) and 0.89(95%CI
0.34 ~ 1.45) for lowest group and moderate group, respectively;
for Gross motor, 1.08(95%CI 0.27 ~ 1.90) and 0.90(95%CI
0.19 ~ 1.61); for Fine motor, 1.37(95%CI 0.66 ~ 2.08) and
1.00(95%CI 0.38 ~ 1.62); for Language, 0.64(95%CI
-0.20 ~ 1.48) and 0.62(95%CI -0.10 ~ 1.35); for Social, 1.05
(95%CI 0.24 ~ 1.87) and 0.43(95%CI -0.28 ~ 1.14). Exclud-
ing those participants with positive diagnosis of hypertensive
disorders in pregnancy did not substantially attenuate the
observed association. Findings with regard to diastolic blood
pressure (DBP) and mean arterial pressure (MAP) grouping
were comparable to those of SBP.
Conclusion: Higher blood pressure during pregnancy is
negatively associated with offspring neurodevelopment at 1
year old.

Trajectories for maternal systolic bloodpressure (SBP), diastolic
bloodpressure (DBP) and mean arterial pressure (MAP) during
pregnancy.

PO1.07.08

Associations between maternal gestacional weight gain and
child neurodevelopment during the first 6,5 years of life

A.M. Arias1, F.J. Torres-Espínola1, A. Nieto-Ruiz1, R. Rueda2,
M. Pérez-García3, C. Campoy1

1EURISTIKOS Excellence Centre for Paediatric Research,
University of Granada, Spa, GRANADA, Spain; 2R&D
Department, Abbott Nutrition, GRANADA, Spain; 3Department
of Personality, Evaluation and Neuropsychological Treatment.,
GRANADA, Spain

Background: It has been suggested that adverse intrauterine
environment may directly damage the developing fetal brain
causing offspring cognitive, behavioral and motor development
delays. Maternal gestational weight gain (GWG) is one of the
key markers of intrauterine nutritional environment and there
would be a potential impact on future development of their
offspring. We aimed to investigate the relationship between
maternal GWG and standardized measures of mental and
motor development in children participating in the PREOBE
Study up to 6 years of life.
Method: GWG were classified into 3 groups (low, adjusted,
upper) depending on the compliance to the international
recommendations of the American Institute of Medicine
(11.5–16.0 kg in normal weight women, 7.0–1.5 kg in over-
weight women, and 5.0–9.0 kg in obese women), and accord-
ing to pre-conceptional body mass index (BMI). Children were
assessed by Bayley III test at 6 and 18 months, Cumanin test
and K-abc test at 3.5 years and BENCI neurobattery at 6 years.

ANOVA, MANCOVA and Chi square tests were performed
using SPSS version 23.0, and adjusted for confounding factors.
All results were corrected by Bonferroni. P≤ 0.05 was con-
sidered as significance level.
Results: At 6 months no significant results were shown, but at
18 months, infants born to mothers who achieved the recom-
mended GWG according to their BMI during gestation, had a
better development in gross motor skills, respect to those born
to mothers who exceed the recommendations {p= 0.009,
adjusted by maternal age and gestational diabetes (GD)}. Fur-
thermore, at 3.5 years, children born to mothers who comply
with GWG recommendations have a higher score in articu-
latory language (Cumanin test) than children born to mothers
who did not comply with the recommendations (low)
(p= 0.05); furthermore, children born to mothers who did not
reach the recommendations, had a lower score in eye-hand
coordination (Visomotor Cumanin test) respect to those born
to mothers who exceeded the recommended weight gain
(p= 0.05); these results were adjusted by maternal age, BMI
and familiar situation). Finally, at 6 years, the results shown
that children born to mothers who fulfilled the recommended
GWG had higher score in verbal memory hits (third trial) than
those born to mothers who exceeded this recommendation
(p= 0.042, adjusted by maternal age).
Conclusion: GWG during pregnancy exert a significant long-
term effect on children neurodevelopment. So, an optimal
GWG should be encouraged to all pregnant women and
especially if they are obese or develop GD.

PO1.07.09

The association between low-to-moderate prenatal alcohol
exposure and offspring structural brain morphology: a
population-based MRI study

T.S. Sharp1, E. Walton1, T. Paus2, C. Relton1, L. Zuccolo1

1University of Bristol, BRISTOL, United Kingdom; 2Rotman
Research Institute, University of Toronto, TORONTO, Canada

Background: Numerous reports have demonstrated the ter-
atogenic effect of heavy prenatal alcohol exposure (PAE) on
offspring brain structure and function. Microcephaly, along-
side structural deformities of the basal ganglia, hippocampus
and corpus callosum, are frequently reported to be associated
with significant exposure of the foetus to alcohol. The impact
of low-to-moderate drinking in pregnancy on neurodevelop-
ment is less well understood, with a critical gap in the existing
literature regarding low-level exposure. This is of particular
interest given the conflicting results produced by observational
studies examining low-to-moderate PAE and offspring cogni-
tive outcomes. In this study we explored whether low-to-
moderate alcohol exposure was associated with a reduction in
total cortical surface area in late adolescence.
Methods: Participants included 451 mother-son pairs from the
Avon Longitudinal Study of Parents and Children. Detailed
questionnaire data regarding maternal alcohol consumption
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was collected prospectively throughout pregnancy. Alcohol
drinking in the first trimester was our primary exposure,
defined over three categories: abstainers, low alcohol con-
sumption (less than 1 alcoholic drink per week), and moderate
alcohol consumption (between 1 and 6 alcoholic drinks per
week). Structural magnetic resonance images (MRI) of the
brain were collected at a single time point when the offspring
were between 18 and 21 years of age (mean 19.55). Structural
MRIs were processed using the automated FreeSurfer pipeline
to derive total cortical surface area for each participant. A wide
range of covariates relating to the prenatal and postnatal
environment were examined as potential confounding vari-
ables. Of these, maternal smoking during pregnancy, antenatal
depression, maternal education, maternal socioeconomic status
and parity were selected to be included in our analyses.
Results: Linear regression models produced little evidence
against the null hypothesis, including after adjustment for
selected confounding variables. In unadjusted analyses, com-
pared to the offspring of abstainers, offspring of low-level
drinkers showed a larger (953.30mm2) total cortical surface
area (p= 0.18, 95% confidence interval (CI) -450.00,
2356.51mm2). A larger total cortical surface area
(815.71mm2) was also observed in the offspring of moderate
drinkers (p= 0.42, 95% CI -1172.57, 2804.00mm2). After
adjustment for confounding variables, a larger total cortical
surface area was also observed in both groups compared to the
offspring of abstainers; by 748.47mm2 in in the offspring of
low-level drinkers (p= 0.33, 95% CI -760.38, 2257.33mm2),
and 1366.86mm2 in the offspring of moderate drinkers
(p= 0.19, 95% CI -674.75, 3408.47mm2).
Conclusions: The current analysis did not find any evidence to
suggest that either low or moderate PAE are associated with a
difference in total cortical surface area in late adolescence. This
preliminary analysis will form part of a larger study which will
include subjects from other population cohorts, and the asso-
ciation of low and moderate PAE on regional variations in brain
structure will be examined.

PO1.07.10

Maternal High Estradiol Exposure Impair Cognition of
Offspring

C.L. Zhou1, Q. Yang1, M.X. Guo1, G.F. Xu2, H.H. Wang1,
M.X. Hou1, H.F. Huang1

1International Peace Maternity & Child Health Hospital,
SHANGHAI, China; 2Women hospital, School of medicine,
Zhejiang University, HANGZHOU, China

Background and aims: Accumulating researches suggest that
exposure to abnormal environment in the uterus causes chronic
diseases in future life. High intrauterine estradiol level is a
major characteristic of in vitro fertilization. Here, we explored
the potential nervous and mental harm of prenatal high
estradiol exposure.

Materials and Methods: Patients who received fresh embryo
transfer and of whom estradiol concertation on hCG admin-
istration day were >10,000 pmol/l were recruited in the
reproductive center, women’s hospital, Zhejiang University
fromDec 2006 to Dec 2007. Their children were brought back
at the age of 3-7 and their intellectual development was eval-
uated by the Chinese Version of theWechsler Intelligence Scale
for Children-Revised. Moreover, a high estradiol intrauterine
exposure mouse model was established. Behavior test was
conducted to evaluate learning, memory, sociability, anxiety
and depression of offspring, and gene expression profile of
hippocampus was detected by microarray.
Results: A total number of 209 women were recruited in this
study and 238 children completed the IQ tests. We performed
linear correlation analysis between maternal serum estradiol
level on hCG administration day and intellectual development
of offspring, and the result showed that logarithm of maternal
serum estradiol level on hCG administration day were nega-
tively correlated with Verbal IQ, Performance IQ, and Full IQ.
Intrauterine high E2 mouse model showed that intrauterine E2
exposure caused fetal weight decrease, learning and memory
ability impairment, but no influence on anxiety and depres-
sion. Microarray showed prenatal high estradiol exposure
altered the profile of hippocampus gene expression.
Conclusion: In conclusion, our data demonstrated that pre-
natal high estradiol exposure impair cognition function of
offspring.

PO1.07.11

White matter integrity showed an abnormal development
in child born to mothers with high BMI

J. Verdejo-Román1, F.J. Torres-Espínola2, M. Arias2,
M. García-Bermudez2, A. Catena3, C. Campoy2

1UGR, GRANADA, Spain; 2EURISTIKOS Excellence Centre for
Pediatric Research, University of Granada, GRANADA, Spain;
3Mind, Brain and Behavior International Centre (CIMCYC).
University of Granada, GRANADA, Spain

Backgroud: Recent researches have shown that maternal obe-
sity influences an abnormal development of the white matter of
the infant brain [1] but, as far as we know, no studies has
examine if those effects remains in the long-term. This study
aims to test whether maternal BMI is linked with the structural
connectivity in the offspring brain at to the age of 6 years.
Methods: 116 children (50.9% boys, age 6.02 ± 0.02) born to
mothers (age 31.4 ± 4.2, BMI range:18-40) involved in the
PREOBE study [2] underwent a diffusion tensor imaging
(DTI) session. DTI images were processed using the functional
MRI of the Brain’s software library (FMRIB, FSL) [3]. Frac-
tional anisotropy (FA) maps were computed using the dtifit
tool from the FMRIB’s Diffusion Toolbox and probabilistic
fiber tractography analyses were performed using the FSL plu-
gin “AutoPtx” [4]. Mean FA values from each tract were
extracted and used as dependent variable in the subsequent
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analyses. Linear regression analyses were performed in SPSS
using the Z score of the maternal BMI as the independent
variable. Those regression analyses also included the age and sex
of the child, the birth weight and the maternal age as covariates.
Results:Maternal BMI was negatively related with FA values in
the medial lemniscus tract (r= -0.265, R2= 0.154, p= 0.003).
We also found negative tendencies between maternal BMI and
FA values in the forceps major (r= -0.177, R2= 0.047,
p= 0.061), the uncinate fasciculus (r= -0.173, R2= 0.086,
p= 0.061), and the corticospinal (r= -0.160, R2= 0.036,
p= 0.091) tracts. These results suggest that higher maternal
BMI is related with lower integrity of the white matter micro-
structure of their offspring.
Conclusions: Maternal BMI is linked to long-term effects in
some white matter tracts of the offspring brain. The medial
lemniscus, the corticospinal and the forceps major tracts are
involved in the proprioception, motor and visual functions; three
main factors of the child development that showed an abnormal
process in those children born to mothers with higher BMI.
Damage of the microstructure of the uncinate tract has been
previously related with social anxiety and depression symptoms.
Funding: This study has been funded by the Andalusian
Government. Economy, Science and Innovation Ministry
(PREOBE Excellence Project Ref. P06-CTS-02341), the
Spanish Ministry of Economy & Competitiveness (BFU2012-
40254-C03-01) and by the EU Project DynaHEALTH
(HORIZON 2020 - GA No.633595).
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PO1.07.12

Transmission of maternal adverse childhood experiences to
infant developmental outcomes: Findings from the All Our
Families Cohort, Canada

M. Racine1, L. Madigan1, R. Plamondon2, W. McDonald1,
C. Tough1

1University of Calgary, CALGARY, Canada; 2Universte Laval,
QUEBEC, Canada

Background: Exposure to Adverse Childhood Experiences
(ACEs) including abuse, neglect, and household dysfunction, has
been associated with higher rates of depression in pregnancy, as
well fertility difficulties and increased risk of fetal death (Benedict
et al, 1999; Leeners et al., 2006; Roberts et al., 2013; Jacobs et al.,
2015). A history of childhood maltreatment in mothers is asso-
ciated with maladaptive infant socioemotional developments and
a small body of research has started to examine the mechanisms
by which this association is transmitted, including infant birth

weight (McDonnell & Valentino, 2016). The current study
examines mechanisms by which maternal adverse childhood
experiences (ACEs) predict the early development of their off-
spring, specifically via maternal antepartum health and psycho-
social risk in pregnancy.
Methods: Participants were 1,994 women (mean age = 30.87
yrs) and their infant who were recruited in pregnancy as part of
a prospective longitudinal cohort from 2008 to 2011. Pregnant
women completed self-report questionnaires in pregnancy related
to psychosocial risk (e.g. poverty, low education, immigrant sta-
tus, psychological difficulties) and a questionnaire about hostile
behaviour when their infant was 4-months of age. A health care
professional assessed the mother’s cumulative antepartum health
risk (e.g. high maternal weight, diabetes, heart disease, hyper-
tension, chronic renal disease, other medical disorders) in preg-
nancy and cumulative information about infant health risk at
birth was obtained (i.e. low birth weight, congenital anomaly, low
gestational age, neonatal intensive care unit admission). Mothers
completed child development questionnaires when their infants
was 12-months of age.
Results: Path analysis (see Figure 1) revealed that the associa-
tion between maternal ACEs and infant development out-
comes at 12 months operated through antepartum risk in
pregnancy and infant health risk at birth. Maternal psychoso-
cial risk in pregnancy also predicted infant development out-
comes at 12 months via maternal hostile behavior when the
infant was 4 months of age. These patterns were not explained
by maternal age, child age, child sex, or maternal psychosocial
risk in the postpartum period.
Conclusion: Both physical health and psychosocial risks in
pregnancy may contribute to the transmission of vulnerability
from maternal ACEs to child development outcomes in infancy.
Maternal behaviour also appears to confer risk from psychosocial
difficulties in pregnancy to child development outcomes and
infant health risk contributes to the association between maternal
physical health in pregnancy and child development outcomes.
Maternal health and psychosocial well-being in pregnancymay be
key targets for intervention to mitigate the transmission of risk
from maternal adversity to their offspring’s development.

Solid lines indicate sig. paths; dashed lines indicate non-significant
paths (*p< .05; **p< .01). APRS: antepartum health risk score.
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PO1.07.13

Maternal pregnancy disorders are associated with neonatal
regulatory behavior problems and child developmental
milestones: findings from the prospective PREDO Study

P.V. Girchenko1, M. Lahti1, J. Lahti1, A.K. Pesonen1,
H. Laivuori2, E. Kajantie3, P.M. Villa2, E. Hämäläinen2,
K. Räikkönen1

1University of Helsinki, HELSINKI, Finland; 2Helsinki
University Hospital, HELSINKI, Finland; 3National Institute for
Health and Welfare, HELSINKI, Finland

Introduction: Maternal obesity, diabetes and hypertensive dis-
orders have been linked with neurodevelopmental adversities in
the offspring. It still remains unknown if these disorders are
associated with early signs of offspring neurodevelopmental
adversity, namely regulatory behavior problems in infancy. It also
remains unknown if regulatory behavior problems mediate
between these disorders and child neurodevelopment. The cur-
rent study sought to determine associations between early preg-
nancy body mass index (BMI), gestational and chronic
hypertension, pre-eclampsia, pre-pregnancy and gestational dia-
betes, and regulatory behavior problems of the offspring in
infancy, and explored if neonatal regulatory behavior problems
mediated between these maternal pregnancy disorders and
developmental milestones of the offspring in early childhood.
Methods: The participants came from the Prediction and
Prevention of Preeclampsia and Intrauterine Growth Restric-
tion (PREDO) Study, which enrolled 4777 pregnant women
who gave birth to a singleton live child between 2006 and
2010. This study sample comprised 3136 mother-child dyads.
Data on early pregnancy BMI and diabetic and hypertensive
pregnancy disorders were extracted from the Finnish Medical
Birth Register (MBR). Neonatal regulatory behavior problems
were mother-rated using the Neonatal Perception Inventory at
the infant’s average age of 16.9 days, and developmental mile-
stones using the Ages and Stages Questionnaires at the child’s
average age of 42.2 months.
Results: Maternal overweight (BMI≥ 25kg/m2), obesity
(BMI> 30 kg/m2), pre-pregnancy and gestational hypertension,
pre-eclampsia, and pre-pregnancy and gestational diabetes, were
not associated with neonatal regulatory behavior problems. Yet,
they had an additive effect: neonates born to mothers having at
least one of these conditions as opposed to none had higher levels
of mother-rated regulatory behavior problems (β= 0.23 (0.04,
0.43), p= 0.02). Higher levels of regulatory behaviour problems
in the neonatal period were associated with lower total develop-
mental milestones score, measuring motor function, verbal
competence, problem solving and personal/social skills in child-
hood (β= -0.12 (-0.22, -0.01), p=0.04). While children of
women having any of the pregnancy disorders as opposed to none
had lower total developmental milestones scores in the childhood
period (β= -1.14 (-1.74, -0.53), p= 0.002), there was no med-
iation of these effects by neonatal regulatory behaviours on
developmental milestones.

Conclusions: We showed that maternal obesity, diabetes and
hypertensive disorders are associated with regulatory behavior pro-
blems of the offspring in infancy and lower developmental mile-
stones total score in the childhood period. Even though regulatory
behavior problems predicted the lower developmental milestones
total score in the childhood period, regulatory behavior problems
did notmediate the association ofmaternal pregnancy disorders and
developmental milestones. This suggests that these disorders may
affect neonatal regulatory behaviors problems and child develop-
mental milestones via different mechanisms. Future studies need to
unravel the mechanisms that underpin these effects.

PO1.07.14

Maternal thyroid dysfunction during pregnancy and
behavioural and psychiatric disorders of children: A
systematic review

D.M. Fetene, K.S. Betts, R. Alati

University of Queensland, BRISBANE, Australia

Background: Maternal thyroid dysfunction during pregnancy
may lead to persistent neurodevelopmental disorders in the
offspring appearing in later life. This study aimed to review the
available evidence concerning the relationship between mater-
nal thyroid status during pregnancy and offspring behavioural
and psychiatric disorders.
Methods: Systematic electronic database searches were conducted
using Pubmed, Embase, PsycNET, Scopus, Google Scholar and
Cochrane library. Studies including gestational thyroid dysfunc-
tion as the exposure and offspring behavioural and psychiatric
disorders as the outcome were included. The PRISMA guideline
was followed and, after thorough screening by two independent
reviewers, 12 articles remained eligible for inclusion in this study.
Results: Indicators of maternal thyroid dysfunction, including
low and high thyroid hormone level and autoimmune thyr-
oiditis, during early pregnancy, were found to be associated
with several offspring behavioural and psychiatric disorders
such as attention deficit hyperactivity disorder, autism, perva-
sive developmental problems, externalising behaviour, in
addition to epilepsy and seizure. The majority of associations
were found with low maternal thyroid hormone level.
Conclusion: Maternal thyroid function during pregnancy,
particularly hypothyroidism, is associated with behavioural and
psychiatric disorders in children. Further studies with a capa-
city to adjust for a fuller range of confounding factors and basic
research aimed at elucidating the underlying biological
mechanisms are needed.

PO1.07.15

Maternal pre-pregnancy obesity and childhood physical
and cognitive development of children: a systematic review

A. Adane, G. Mishra, L. Tooth

The University of Queensland, BRISBANE, Australia
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Background:Maternal obesity, usually associated with adverse
birth outcomes, has been a serious public health concern.
Studies examining its effect on the physical and cognitive
development of children have only recently emerged and the
findings are inconsistent. This review aimed to systematically
examine the role of maternal obesity on children’s physical and
cognitive development using the available evidence.
Methods: The CINAHL, EMBASE, PSYCINFO, PUBMED
and SCOPUS databases were searched. Studies addressing
children’s (≤12 years) physical and cognitive development as
outcome and maternal pre-pregnancy body mass index (BMI)
as an exposure were included. Data were extracted and eval-
uated for quality by two independent reviewers. Meta-analysis
was not undertaken because of the heterogeneous measures of
cognitive, language and physical development outcomes as well
as the use of diverse BMI classifications.
Results: A total of 17 articles were eligible for this systematic
review; 10 of them were birth cohorts from the USA. Nine of the
fourteen studies supported an adverse association between
maternal pre-pregnancy obesity and childhood cognitive devel-
opment. A few studies also demonstrated a negative association
between maternal obesity and gross motor function in children (5
of 10) but not with finemotor function (none out of five studies).
Whether the observed negative association between maternal
obesity and children’s cognitive and gross motor abilities is casual
or due to residual confounding effects is unclear. The current
evidence is based on a limited number of studies with hetero-
geneous measurement scales and obesity definition.
Conclusions: From the available evidence, it seems that exposure
to maternal pre-pregnancy obesity in the intrauterine environment
has a detrimental effect on children’s cognitive development.
However, evidence of the association between maternal obesity and
physical development of children is too scarce to offer a conclusion.
More research work is required to delineate the intrauterine effect of
maternal obesity from the residual confounding effects.

PO1.07.16

Structural and functional alteration of developing rat
cerebellum by administration of autism-inducing drugs

S. Yoshida1, Y. Fueta2, S. Ueno2, N. Hozumi1, Y. Sekino3,
Y. Kanda4

1Toyohashi University of Technology, TOYOHASHI, Japan;
2University of Occupational and Environmental Health,
KITAKYUSHU, Japan; 3University of Tokyo, TOKYO, Japan;
4National Institute of Health Sciences, TOKYO, Japan

Background: Medicines and environmental chemicals make
severe developmental neurotoxicity to embryo. Several chemi-
cals are known to play some roles in onset of autism. Autism, a
severe neurodevelopmental disorder, becomes increased in
young age, and in human patients, cerebral and cerebellar
developmental abnormalities are reported. Especially, reduc-
tion in size and number of Purkinje cells in cerebellum is

revealed in both the postmortem human studies and some
drug-administrated adult animals.
In this study, we investigated cerebellar cytological and behavior
changes in developmental rat with some drug administrations.
Methods: Valproate (VPA), an antiepileptic drug, and Chlor-
pyrifos (CPF), an organophosphorus agent, are known as the
candidates of inducer of autism. Because VPA is also known as a
HDAC inhibitor. the effects of other HDAC inhibitors, sub-
eroylanilide hydroxamic acid (SAHA), trichostatin A (TSA) and
MS-275, were also investigated. Each drug was administrated to
embryonic day 16 p.o. (VPA; 600mg/kg, MS-275; 4mg/kg, and
CPF; 4.3mg/kg of mother weight, respectively) or i.p. (sub-
eroylanilide hydroxamic acid, SAHA; 50mg/kg of mother weight).
Results: In normal cerebellar development, the soma of Pur-
kinje cells form a single layer and elongate their dendrites with
synapses during the first two weeks. In VPA-administrated rat,
we have observed the elongation of Purkinje cell dendrites
started earlier and reached all over the molecular layer even in
P12. It was observed also in SAHA, or CPF administrated rat,
while inMS-275 administrated rats, it was not. The behavior of
VPA- or CPF-administrated animals was observed as same as
control animals in the first week, however, VPA-administrated
became differentiated from others in the second week.
MS-275-administrated animals showed unique behavioral
development. After the facilitation of Purkinje cell develop-
ment in these drugs in the first week, excess folding in cerebellar
lobules, especially in lobele V to VII, was formed in the second
week. During the developmental progress, this excess folding
was maintained with elimination of some Purkinje cells.
Conclusions: Some autistim-inducing drugs changed devel-
oping cerebellar structures and functions. We suggest that
drug-induced autistic model rat would become useful to eval-
uate the developmental neurotoxicity of a drug.

The foldings of developing cerebellar vermis was changedwithVPA.

PO1.07.17

Association between breastfeeding and better
preserved cognitive ability in an elderly cohort of
Finnish men

V.J. Rantalainen1, J. Lahti1, M. Henriksson2, E. Kajantie3,
M. Mikkonen3, J.G. Eriksson4, K. Räikkönen1
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Health Care, HELSINKI, Finland; 3National Institute
for Health and Welfare, HELSINKI, Finland; 4University
of Helsinki and Helsinki University Hospital, HELSINKI,
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Background: Being breastfed in infancy has been shown to
benefit neurodevelopment. However, whether the benefits
persist to old age remains unclear.
Methods: We examined the associations between breast-
feeding and its duration on cognitive ability in young
adulthood and old age, and on aging-related cognitive change
over five decades. 931 men from the Helsinki Birth Cohort
Study born in 1934-1944 in Finland took the Finnish Defence
Forces Basic Intellectual Ability Test (total and verbal, arith-
metic and visuospatial subtest scores) twice, at ages 20.2 and
67.9 years, and had data on breastfeeding (yes vs. no) and its
duration (never breastfed, up to 3, 3 to 6 and 6 or more
months). We linked data from administrative and population
medical registries. Linear and mixed model regressions tested
the associations.
Results: At 20.2 years, breastfed men had higher cognitive
ability total score and visuospatial subtest score (mean differ-
ences[MD]> 3.41 Intelligence Quotient[IQ] points, 95%
Confidence Interval[CI]= 0.94, 5.88), and its longer duration
predicted higher cognitive ability total and arithmetic and
visuospatial subtest scores. At 67.9 years, breastfeeding
(MD> 2.56 IQ points, 95% CI= -0.02, 5.14) and its longer
duration were associated with higher cognitive ability total and
all subtest scores. Verbal subtest scores decreased over five
decades in men who were never breastfed or were breastfed for
three months or less, and increased in those breastfed for longer
than three months.
Conclusions: Neurodevelopmental advantages of breastfeed-
ing and its longer duration persist into old age, and longer
duration of breastfeeding may benefit aging-related change,
particularly in verbal reasoning ability.

Change in cognitive ability verbal subtest score between
20.2 and 67.9 years according to duration of breastfeeding.

PO1.07.18

Association between prenatal manganese exposure and
long-term neuropsychological development at 4 years old
in a population-based birth cohort

A. Andiarena1, N. Urbieta1, A. Lertxundi2, N. Lertxundi2,
L. Santa Marina2, A. Jiménez3, M. Basterrechea4,
M.C. Martin-Domingo1, F. Gil1, J. Ibarluzea3

1University of the Basque Contry (UPV/EHU), SAN
SEBASTIAN, Spain; 2Instituto de Investigación Sanitaria
BIODONOSTIA, SAN SEBASTIAN, Spain; 3Subdirección de
Salud Pública y Adicciones de Gipuzkoa. Departamento de Salud
de, SAN SEBASTIAN, Spain; 4CIBER Epidemiologia y Salud
Pública (CIBERESP), BARCELONA, Spain

Background: Manganese is an essential micronutrient that
plays a critical role in normal growth and development.
Nevertheless, overexposure to Mn can also be detrimental to
health and accumulation of Mn in the brain may result in
neurotoxic effects. Previous studies reveal the complexity of the
association given the differences in the child’s age or develop-
mental and nutritional status (1). While in various transversal
studies a negative association has been found with cognitive
development (2, 3, 4), in cohort studies a positive trend has
been observed with cognitive development and a lack of con-
sistency with motor development (5, 6). There is also limited
and inconsistent evidence of gender-specific neurological
effects; generally greater effects in girls (2, 7), but also found in
boys (8).
The goal of the study was to assess the association between Mn
levels in hair at birth, derived from prenatal exposure, and
longer-term neurodevelopment in a population based birth
cohort derived from the INMA Project (Environment and
Childhood).
Methods: Study subjects were 249 children, participants in the
INMA (Environment and Childhood) birth cohort study.
Pregnant women were recruited at the first trimester of preg-
nancy between 2006-2008 in Gipuzkoa, Spain (http://www.
proyectoinma.org). Sociodemographic variables were collected
through questionnaires in the 1st and 3rd trimesters of preg-
nancy. Atomic Absorption Spectrometry-furnace technique
was used for Mn determination. The cognitive and psycho-
motor development was assessed at 4 years of age by using a
standardized version of the McCarthy Scales of Children’s
Abilities (9). The MSCA comprises 18 subtests that yield
standardized test scores for six conventional domains (Verbal,
Quantitative, Perceptive, Memory, Motor and General Cog-
nitive). MSCA raw scores were centered to a mean of 100 and a
standard deviation (SD) of 15 to homogenize the scales. Mul-
tivariate linear regression models were built for each cognitive
and psychomotor scale. The sex specific association was also
analysed by interaction analysis.
Results: Complete information was available for 249 children
for whom we had data on both the Mn hair levels and neuro-
development. The new-born hair Mnmean levels were 0.41μg/
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g (SD= 0.34 μg/g). Overall results show no association
between Mn levels and longer-term neurodevelopment. Gen-
eral cognitive score increases 0.93 points [IC95%= -4.67 to
6.53] and motor scale decreases points [IC95%= -6.36 to
4.35] per each Mn 1 μg/g increase but the associations are not
statistically significant. A statistically significant interaction was
found between sex and manganese for the Quantitative scale.
While a positive association was found in boys (β= 6.84; 95%
IC= -1.95 to 15.63) a negative association was found in girls.
(β= -2.02; 95%IC= -10.06 to 6.02). This sex specific trend
was found for all the neuropsychological scales except for Fine
motor in boys and Gross motor in girls.
Conclusions: No statistically significant association has been
found between prenatal Mn levels and longer-term neu-
ropsychological development. There is a lack of consistency in
the association between Mn and the different neuropsycholo-
gical scales. Results suggest an opposite sex specific trend in the
association between Mn and neurodevelopment, positive for
boys and negative for girls.

PO1.08 – Nutrition – Metabolic health, socio-economic
and behavioural factors

PO1.08.01

Effect of infancy-onset dietary counselling on a
comprehensive metabolic profile from childhood to early
adulthood

K. Pahkala1, M. Lehtovirta2, H. Niinikoski3, A.J. Kangas4,
P. Soininen4, H. Lagström5, J.S.A. Viikari6, T. Rönnemaa6,
A. Jula7, M. Ala-Korpela4, P. Würtz4, O.T. Raitakari2

1University of Turku, TURKU, Finland; 2CAPC, University of
Turku, TURKU, Finland; 3Department of Pediatrics and
Adolescent Medicine, Turku University Hospital, TURKU,
Finland; 4Computational Medicine, University of Oulu &
Biocenter Oulu, OULU, Finland; 5Department of Public Health,
University of Turku, TURKU, Finland; 6Department of
Medicine, University of Turku, TURKU, Finland; 7National
Institute for Health and Welfare, TURKU, Finland

Background: Dietary choices may delay or prevent athero-
sclerosis. Effects of dietary saturated fat replacement on circu-
lating concentrations of metabolic biomarkers remain
unknown. We studied the effects of repeated, infancy-onset
dietary counselling on a detailed metabolic profile.
Methods: The Special Turku Coronary Risk Factor Interven-
tion Project (STRIP) study is a longitudinal, randomized
atherosclerosis prevention trial in which repeated dietary
counselling aimed at reducing the proportion of saturated fat
intake. Nuclear magnetic resonance metabolomics quantified
circulating metabolites from serum samples assessed at age 9
(n= 554), 11 (n= 553), 13 (n= 508), 15 (n= 517), 17
(n= 457) and 19 (n= 417).
Results: Intervention reduced dietary intake of saturated fat
(mean difference in daily percentage of total energy intake: -2.1

[95% confidence interval: -1.9, -2.3]) and increased intake of
polyunsaturated fat (0.6[0.5, 0.7]). The intervention led to
higher proportions of polyunsaturated fat (P< 0.001), with
higher proportions of omega-3 (P= 0.02) and omega-6
(P< 0.001) fatty acids. The proportion of saturated fatty
acids in serum was lowered for both sexes (P< 0.001). The
proportion of monounsaturated fat was lower for intervention
boys (P< 0.001). The intervention reduced intermediate-
density-lipoprotein and low-density-lipoprotein lipid con-
centrations (P< 0.01). Very-low-density lipoprotein lipid
concentrations and particle size were reduced for the interven-
tion boys. Effects on non-lipid biomarkers were minor.
Conclusions: Repeated dietary counselling from infancy to
early adulthood yielded favourable effects on multiple circu-
lating fatty acids and lipoprotein subclass lipids, particularly in
boys. These molecular effects substantiate the beneficial role of
saturated fat replacement on the metabolic risk profile.

PO1.08.02

No adverse metabolic programming of dietary fructose
versus glucose post-weaning by extensive basal and
challenged phenotyping in mice

E.M. van Schothorst1, L.M.S. Bouwman1, J.M.S. Fernández-
Calleja1, H.J.M. Swarts1, A. Oosting2, J. Keijer1

1Wageningen university, WAGENINGEN, The Netherlands;
2Nutricia Research, UTRECHT, The Netherlands

Background: Nutrition in early post-weaning life can have
long-lasting consequences by programming metabolic health
into adulthood. Diets of children contain a large amount of
simple sugars nowadays, and especially the monosaccharide
fructose is suspected to contribute disproportionally to obesity
and metabolic disorders. This study aimed to assess whether
fructose, in comparison to glucose, in the post-weaning diet
programs body weight, adiposity, glucose tolerance, and
metabolic flexibility at adult age.
Methods: Three-week-old male (n= 12) and female (n= 14)
C57BL/6JRccHsd mice from standardized nests were placed
on a control post-weaning low fat intervention diet with 32
energy percent (en%) glucose (GLU) or fructose (FRU) for
three weeks. Afterwards, all animals were switched to the same
45en% humanized high fat diet (HFD) for nine weeks. Body
weight, food intake, and body composition (lean and fat mass;
Echo-MRI) were determined (bi)weekly. Indirect calorimetry
(TSE) was used for basal and fasting-refeeding challenged
energy expenditure and substrate usage in weeks 5 and 14; after
fasting in light phase, mice were refed with GLU diet. A stan-
dard oral glucose tolerance test (2 g glucose/kg body weight by
gavage) was performed in week 11 with blood glucose levels
measured till 120minutes. At sacrifice, blood and tissues were
isolated, and livers were used to determine triglycerides levels
using standardized protocols.
Results: Body weights and fat mass did not differ between
GLU- and FRU-fed groups. Also after the switch to HFD,
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body weights and fat mass remained similar between the two
groups. Glucose tolerance, assessed in week 11, and metabolic
flexibility, studied with a fasting-refeeding challenge in week 5 for
direct nutritional effects and in week 14 for metabolically pro-
grammed effects, were not altered by the post-weaning interven-
tion diet. At the end of the study in week 15, serum insulin levels
and HOMA-insulin resistance index in FRU-fed females were
significantly lower than in GLU-fed females, with similar glucose
levels, yet in males no differences were observed. Liver triglycerides
levels were not affected by the post-weaning diet in either sex.
Conclusions: In conclusion, there was no adverse metabolic
programming of dietary fructose in the post-weaning diet in
comparison to glucose on body weight, adiposity, glucose tol-
erance, and metabolic flexibility in both females and males.
However, high fat diet-induced insulin resistance was decreased
by post-weaning FRU diet, but only in female mice.

PO1.08.03

Diet quality in early and mid-childhood in relation to
growth and body composition

A.N. Nguyen, V. Jen, V.W.V. Jaddoe, O.H. Franco,
T. Voortman

Erasmus MC, ROTTERDAM, The Netherlands

Background: A poor diet in childhood is associated with sev-
eral adverse health outcomes in children, such as poor growth
or obesity. Obesity in childhood may cause serious health
complications in childhood, and it may increase the risk of
obesity in adulthood and thereby the risk of chronic diseases.
Therefore, it is important to study the role of diet in childhood
in the prevention of obesity. Several previous studies that
examined these associations often focused on BMI as a measure
of obesity. However, BMI only is not a good measure of
adiposity, since it does not distinguish between fat mass and
lean mass. Therefore, we aimed to explore the associations of
overall diet quality of children aged 1 year and 8 years with their
growth and detailed measures of body composition up to the
age of 10 years. In addition, we aimed to examine the direction
of the association between diet quality and these outcomes.
Furthermore, we examined whether associations are indepen-
dent of diet quality at the other time point, and whether asso-
ciations differ between boys and girls.
Methods: We included 3,991 children participating in the
Generation R Study, a population-based, prospective cohort in
the Netherlands. At their ages of 1 year and 8 years, dietary intake
was assessed using validated food-frequency questionnaires, and
diet quality scores were calculated, measuring adherence to age-
specific dietary guidelines. Around the ages of 6 and 10 years,
height and weight were measured and body composition was
assessed using dual-energy X-ray absorptiometry. We calculated
body mass index (BMI), fat mass index (FMI), and fat-free mass
index (FFMI). All outcomes were expressed in sex- and age-
specific standard deviation scores (SDS). Multivariable linear
regression analyses were used to analyze associations of diet

quality with growth and body composition, and path models
were used to analyze bidirectional associations.
Results: After adjustment for lifestyle and sociodemographic
factors, children with a higher diet quality at the ages of 1 year
and 8 years, had a higher height, weight, and BMI at the age of
10 years. The association of diet quality at 8 years with a higher
BMI was fully driven by a higher FFMI (0.07 SDS, 95%CI:
0.05, 0.10), but not FMI. This association was independent of
diet quality in early life. In line with this, a higher BMI at age 6
years predicted a higher diet quality score at age 8 years (0.13,
95%: 0.08, 0.17). For diet at the age of 8 years, associations
were stronger in girls than in boys.
Conclusion: We observed that a higher diet quality in child-
hood was associated with a higher height, weight, and FFMI,
but not FMI around the age of 10 years. These associations
were independent of diet quality in early life. Our findings
suggest that a dietary intake according to dietary guidelines,
both in early and mid-childhood, may have a beneficial effect
on growth, and decreases the risk of obesity.

PO1.08.04

Rates of growth during nutritional rehabilitation, whole-
body fat oxidation and fatty liver disease in adult survivors
of severe acute malnutrition

D.S. Thompson1, M.S.A. Boyne2

1University of the West Indies, KINGSTON, Jamaica;
2Caribbean Institute for Health Research, The University of the
West Indies, KINGSTON, Jamaica

Background: Severe acute malnutrition (SAM) in infancy is
associated with later cardiometabolic risk. The clinical pheno-
type of marasmus is associated with lower birth weight (BW),
increased cardiometabolic risk and more liver fat as adults
compared to kwashiorkor. Additionally, birth weight is inver-
sely associated with liver fat and this may be mediated by
whole-body fat oxidation.
Nutritional rehabilitation in SAM promotes catch-up growth
(CUG), to attain 90-110% weight-for-height. Catch-up in
height usually follows weight repletion. However, a rapid increase
in size may worsen cardiometabolic risk factors. We hypothesized
that rapid CUG weight gain during hospitalization as well as
height gain post-discharge are correlated with more fatty liver in
adult survivors of marasmus (MS) and kwashiorkor (KS).We also
hypothesized that greater liver fat in MS is associated with lower
BW and reduced whole-body fat oxidation.
Methods: We recruited Jamaican adult survivors of SAM
(42MS, 40 KS) and 64 unexposed community controls mat-
ched by age, sex and BMI. From the hospital records of the
SAM survivors, we abstracted BW and weights and heights
measured during hospitalisation for SAM up to 2 years post
discharge. A 5-mm slice abdominal CT scan, taken at the T12/
L1 disc space, was used to estimate liver fat. Three regions of
interest were placed in the liver and one in the spleen. The liver
fat outcome variables (mean liver attenuation and liver spleen
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ratio) were treated as continuous variables. Indirect calorimetry
was conducted in 27MS, 30 KS and 64 controls to estimate
whole-body fat oxidation.
Results: The participants were 50% men, aged 28.8 ± 8.2
years; BMI was 23.5 ± 5.0 kg/m2 (mean ± SDs). BW was lower
in MS (2. 5 kg vs 3.0 kg; P= 0.01) and was not associated with
liver fat. KS gained weight at a faster rate during catch-up
growth (P= 0.05). In MS, but not KS, rate of catch-up weight
gain was inversely correlated to both mean liver attenuation
(r= -0.45, P= 0.004) and LS ratio (r= -0.48, P= 0.005) and
this association was not altered by BW. Gains in height were
not associated with liver fat after adjusting for admission
height-for-age. MS and KS had similar resting energy expen-
diture and whole-body fat oxidation. Adjusting for age, sex and
BMI, there was no correlation between birth weight and fat
oxidation and no correlation between fat oxidation and LS
ratio, or mean liver attenuation (P-values > 0.1).
Conclusion: In MS, faster catch-up weight gain from child-
hood SAM was associated with greater liver fat even though
they gained weight more slowly than KS. Marasmus, the more
wasted syndrome, might be more susceptible to risk associated
with rapid weight gain which may predispose to higher cardi-
ometabolic risk. Whole-body fat oxidation was not associated
with birth weight or liver fat in adult survivors of SAM.

Correlation between Mean Liver Attenuation and Rate of
Weight Gain during Rapid Catch-up Growth (age, sex and
BMI-adjusted) in adult survivors of SAM.

PO1.08.05

Advising consumption of green vegetables, beef and full-fat
dairy products has no adverse effects on the lipid profiles in
children

E.J. van der Gaag1, R. Wieffer2

1ZGT, HENGELO, The Netherlands; 2Isala klinieken,
ZWOLLE, The Netherlands

In children, little is known about lipid profiles and the influ-
ence of dietary habits. In the past, we developed a dietary advice

for optimizing the immune system, which comprised green
vegetables, beef, whole milk and full-fat butter. However, there
are concerns about a possible negative influence of the full-fat
dairy products of the diet on the lipid profile. We investigated the
effect of the developed dietary advice on the lipid profile and
BMI/BMI-z-score of children. In this retrospective cohort study,
we included children aged 1 to 16 years, of whom a lipid profile
was determined in the period between June 2011 and November
2013 in our hospital. Children who adhered to the dietary advice
were assigned to the exposed group and the remaining children
were assigned to the unexposed group. After following the dietary
advice for at least 3 months, there was a statistically significant
reduction in the cholesterol/HDL (High-Density Proteins) ratio
(p< 0.001) and non-HDL-cholesterol (p= 0.038) and a statis-
tically significant increase in the HDL-cholesterol (p= 0.006) in
the exposed group, while there was no difference in the BMI and
BMI-z-score. The dietary advice has no adverse effect on the lipid
profile, BMI and BMI-z-score in children but has a significant
beneficial effect on the cholesterol/HDL ratio, non-HDL-
cholesterol and the HDL-cholesterol.

PO1.08.06

Breastfeeding and infant body mass index: associations
differ according to method of milk feeding and type of
complementary nutrition

M.B. Azad1, L. Vehling1, A. Klopp1, N.C. Nickel2, J.
McGavock1, P. Subbarao3, A. Becker1, P.J. Mandhane4, S.E.
Turvey5, D. Lefebvre6, M.R. Sears6, CHILD Study
Investigators7

1Children’s Hospital Research Institute of Manitoba, University of
Manitoba, WINNIPEG, Canada; 2Manitoba Centre for Health
Policy, University of Manitoba, WINNIPEG, Canada; 3Hospital
for Sick Children, University of Toronto, TORONTO, Canada;
4University of Alberta, EDMONTON, Canada; 5Child and
Family Research Institute, University of British Columbia,
VANCOUVER, Canada; 6McMaster University, HAMILTON,
Canada; 7Canadian Healthy Institute Longitudinal Development
Study, HAMILTON, Canada

Background: The global obesity epidemic is a major public
health challenge, and its origins are rooted in early life.
Breastfeeding may protect against childhood obesity, although
existing evidence is inconsistent. Epidemiologic studies rarely
identify the method of breast milk feeding (direct breastfeeding
at the breast versus bottled breast milk) and often do not specify
the type of complementary nutrition provided to partially
breastfed infants (formula versus solid foods). We aimed to
document these nuances of infant feeding in a large national
birth cohort, and determine their association with body mass
index in the first year of life.
Methods: Infants were enrolled in the http://www.canadian-
childstudy.ca. The main exposure was infant feeding, reported
at 3, 6 and 12 months. Breastfeeding was classified as exclusive,
partial, or none. At 3 months, exclusive breastfeeding was sub-
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classified according to feeding method (direct breastfeeding only,
or including some bottled breast milk). At 6 months, partial
breastfeeding was sub-classified according to type of supple-
mentation (without formula: solid foods only, or with formula:
with or without solid foods). The main outcome was infant body
mass index z-score (BMIz) at 1 year, calculated according to the
World Health Organization reference standard from measure-
ments taken by study staff. Associations were determined by
linear regression with adjustment for maternal BMI, ethnicity,
education, smoking, infant sex and birth method.
Results: Among 2892 infants assessed at 1 year, the mean BMIz
was +0.18 ±1.06. At 3 months, 61% of infants were exclusively
breastfed (28% direct breastfeeding only; 33% with some bottled
breast milk), 26% were partially breastfed, and 14% were not
breastfed. At 6 months, 18% were exclusively breastfed, 59%
were partially breastfed (33% without formula; 26% with for-
mula), and 23% were not breastfed. Nearly half (45%) were
breastfed for at least 12 months. Compared with exclusive direct
breastfeeding, all other feeding styles at 3 months were associated
with significantly higher BMIz by 1 year: adjusted beta estimate
(95%CI) +0.14 (0.03, 0.24) for some bottled breast milk; +0.30
(0.03, 0.24) for partial breastfeeding with formula; +0.41 (0.28,
0.55) for no breastfeeding. Similarly at 6 months, partial breast-
feeding with formula (+0.28; 0.16, 0.40) and no breastfeeding
(+0.43; 0.30, 0.55) were associated with higher infant BMIz;
however, partial breastfeeding without formula was not sig-
nificantly associated with infant BMIz (+0.09; -0.03, 0.21). In a
sensitivity analysis, results were similar following adjustment for
breastfeeding duration.
Conclusions: Our results confirm that formula feeding is asso-
ciated with higher infant BMIz in the first year of life, and
demonstrate two novel features of this association. First, provid-
ing bottled breast milk is not equivalent to direct breastfeeding in
this context. Second, providing solid foods (without formula) to
breastfed infants before 6 months is not significantly associated
with BMIz at 1 year. These nuances could help explain the
inconsistencies observed across previous studies where infant
feeding methods are not precisely captured. Ongoing research in
the CHILD Study will address causal mechanisms (eg. appetite
regulation, psychosocial effects, breastmilk bioactives) and eval-
uate associations with obesity later in childhood.

Infant feeding and BMI z-score in the first year of life in the
CHILD cohort.

PO1.08.07

Anthropometry and body composition in infants of
malnourished Bangladeshi women supplemented or not
supplemented during pregnancy

K. Talukder1, F. Sharmin1, J.K. Wells2, I. Jerin3,
J.E. Williams2, M.K. Shirley2, S. Eaton2, M.Q.K. Talukder1

1Centre for Woman and Child Health, DHAKA, Bangladesh;
2Childhood Nutrition Research Centre, UCL GOS Institute of
Child Health, LONDON, United Kingdom; 3Micronutrient
Initiative, DHAKA, Bangladesh

Background: In 2005, 32% of mothers of under-5 children in
Bangladesh were underweight (BMI< 18.5 kg/m2), whilst
36% of newborns in the country were Low Birth Weight
(LBW) in 2003. Between 1995 and 2010, the National
Nutrition Programme supplemented pregnant women with
BMI< 17 kg/m2 (low BMI) in increasing numbers, covering at
its peak one quarter of the country. The objectives of the NNP
were to increase mean pregnancy weight gain to ≥9 kg in 50%
of these mothers and to reduce LBW incidence to 20%
by 2010.
In an initial assessment of the NNP, it was found that four
months of maternal supplementation were associated with an
118g increase in birth weight. Our study investigated whether
supplementation primarily affected infant lean or fat tissue.
Methods: Between April 2010 and September 2011, a total of
90 pregnant women were recruited early in the 2nd trimester in
three groups: 31 low BMI women from intervention areas; 29
low BMI women from control areas; 30 normal BMI (18.5-
22.9 kg/m2) women, in equal proportions from control and
interventions areas. The daily supervised supplement for low
BMI women in intervention areas comprised a mixture of
roasted lentils, roasted rice, molasses and soya bean oil, pro-
viding 600 kcal/day from the 1st trimester to the end of preg-
nancy. Socioeconomic status, anthropometry and health
related information was collected at recruitment. After delivery,
anthropometry was done on both mother and offspring (birth
and 14-27 days), along with assessment of body composition
by bio-impedance analysis (BIA) in mothers and stable isotope
(18O-labelled water) in the infants at 14-27 days.
Results: The intervention promoted subcutaneous adiposity in
low BMI mothers, but not lean mass estimated by BIA. Con-
trary to expectations, the main effect of the intervention on the
neonate was a significant deficit in length (Δ = -1.6 cm, 95%
CI -2.5, -0.7) but no difference in weight or BMI compared to
the unsupplemented group. Offspring of supplemented
mothers did however grow faster in length between birth and
14-27 days of age. At this follow-up time, infants of supple-
mented mothers still had shorter length (Δ = -0.89 cm, 95%
CI -1.8, 0.02), slightly lower lean mass (Δ = -0.17 kg, 95%CI
-0.47, 0.12), and higher skinfolds (triceps: Δ= 2.5mm, 95%
CI 1.7, 3.2; subscapular: Δ= 0.8mm, 95%CI 0.2, 1.5) com-
pared to those of unsupplemented mothers. The offspring of
supplemented malnourished mothers were also shorter than
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those of normal BMI mothers (neonate: -1.2 cm, 95%CI -2.2,
-0.3; infant: -1.0 cm, 95%CI -1.2, 0.1), whereas those of
unsupplemented malnourished mothers were similar to those
of normal BMI mothers (neonate: 0.3 cm, 95%CI -0.7, 1.3;
infant: -0.1 cm, 95%CI -1.1, 1.0)
Conclusions: The only potential benefit of the intervention
was that infants of supplemented malnourished mothers had
faster gain in length after birth. They therefore made good
some, but not all, of their birth length deficit, and such catch-
up might continue subsequently. Overall, the increased energy
from supplementation primarily benefitted mothers rather than
their offspring, while their offspring were also fatter.

PO1.08.08

Maternal protein intake during pregnancy impacts child
growth up to five years of age: Findings from the ROLO
Study

A.A. Geraghty1, G. Alberdi2, E.C. O’Brien2, F.M. McAuliffe2

1University College Dublin, DUBLIN, Ireland; 2UCD Perinatal
Research Centre, School of Medicine, University College Dublin,
DUBLIN, Ireland

Background: Protein intake in infancy has been shown to
increase child growth however research on maternal protein
intake in pregnancy is limited. Insulin-like growth factors
(IGFs) are thought to play a vital role in early fetal development
with low IGF-1 levels being associated with low birth weight. It
is hypothesised that maternal protein intake can influence child
weight by influencing IGF-1 levels.
Aim: Investigate the association of maternal protein intake
during pregnancy and IGF-1 on child body composition up to
5 years of age.
Methodology: Analysis was carried out on 570 mother-child
dyads from the ROLO study (Randomised cOntrol trial of
LOw glycaemic index diet). Protein intake (g/day) was recor-
ded using 3-day food diaries in each trimester of pregnancy and
protein intake per kg of maternal body weight (g/day/kg) was
calculated. IGF-1 was measured in cord blood. Infant height,
weight and anthropometry were recorded at birth, 6 months, 2
years and 5 years of age. Mixed modelling, linear regression and
mediation analysis was carried out.
Results: IGF-1 was not associated with dietary protein intake
during pregnancy. Trimester 2 absolute protein (g) was posi-
tively associated with birth weight and weight centile (P
<0.001). Child weight at 5 years was negatively associated with
first trimester protein g/day/kg intake, above that seen for the
influence of protein on birth weight (P <0.01). Weight centile
was negatively associated with first trimester protein g/day/kg
intake at birth however this relationship reversed with a nega-
tive association being identified at 2 and 5 years of age
(P< 0.5). Child length was also negatively associated with tri-
mester 1 protein intake (g/day/kg) up to 2 years of age (P
<0.001). Less than 1% of these associations were mediated by
IGF-1.

Conclusion: Maternal protein influenced child weight and
length up to 5 years of age. Interestingly, maternal protein
intake in early pregnancy appears to exert an in-utero influence
on infant body composition with a higher weight initially at
birth but slower growth as the child ages. These associations
were not mediated by IGF-1. Further research is needed to
elucidate the exact mechanisms by which dietary protein
modulates fetal growth.

PO1.08.09

Maternal early-pregnancy determinants of childhood
eating behaviour and dietary patterns at aged 6 years:
Children of SCOPE

S. Begum

King’s College London, LONDON, United Kingdom

Background: Observational studies suggest a robust associa-
tion between maternal BMI (body mass index) and offspring
adiposity. Mechanistically, this could reflect persistence of in
utero influences of maternal BMI on childhood pathways of
energy balance and appetitive behaviours, as suggested in ani-
mal models. It is recognised that eating behaviours acquired
during childhood may persist into adulthood. However, there
is limited information on the effect of maternal BMI on off-
spring dietary patterns and eating behaviours; a better under-
standing is required. We examined relationships between
maternal BMI, childhood eating behaviour and dietary patterns
in the Auckland Children of SCOPE study, a prospective
cohort of 1,208 children born to nulliparous mothers in the
International SCOPE cohort.
Methods: Maternal BMI was measured at 14-16 weeks’
gestation. A Food Frequency Questionnaire (FFQ) and the
Child Eating Behaviour Questionnaire (CEBQ) were admi-
nistered when the offspring were aged 6 years; factor analysis
was used to characterise dietary patterns. The relationship
between maternal BMI and CEBQ assessments of eating
behaviours and dietary patterns were examined using linear
regression, adjusting for potential socioeconomic confounders.
Effects are expressed as standardised beta coefficients. Pearson
correlation was used to examine the association between CEBQ
assessments and dietary patterns.
Results: Among 1,173(97.1%) mother-child dyads respon-
ders, mean (standard deviation) maternal early-pregnancy BMI
was 24.7(4.16)kg/m2. 118(10.1%) were obese women (BMI
≥ 30). After adjustment, there were associations between
higher maternal BMI and higher child’s satiety responsiveness
(β= 0.02 (95%CI 0.01 to 0.03), p= 0.02) and desire to drink
(β= 0.02 (0.01 to 0.03), p= 0.03). There was a correlation
between desire to drink and consumption of sugar sweetened
beverages (r= 0.09, p< 0.01). Factor analysis identified two
distinct dietary patterns at age six (N= 1,108); ‘Healthy-
Balanced’ (HB) and ‘Processed & Snacks’ (P&S). HB was
characterised by high loadings (>0.25) on foods such as fruit,
vegetables, fish and legumes. P&S was characterised by foods
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such as processed meats and sugar sweetened beverages. After
adjustment, there was an association between higher maternal
BMI and lower childhood HB (β= -0.02 (95%CI -0.04 to
-0.01), p= < 0.01). Compared to mothers with a normal
BMI, maternal obesity was associated with lower child’s HB
diet (β= -0.24 (95%CI -0.44 to -0.04), p= < 0.02). The
mean z-score for the child’s P&S dietary pattern was similar
across maternal normal, overweight and obese BMI groups.
Desire to drink was associated with lower HB (r= -0.07,
p= 0.03) and higher P&S dietary pattern scores (r= 0.15,
p< 0.01). Likewise, higher satiety responsiveness was asso-
ciated with lower HB (r= -0.18, p< 0.01) and higher P&S
scores (r= 0.06, p= 0.05).
Conclusion: Although weak associations were observed, our
data suggests that among women with a heterogeneous BMI,
higher maternal BMI is unlikely to play a major role in deter-
mination of offspring adiposity through the mechanism of
eating behaviours and habits. Although effects were small, sig-
nificant findings warrant further investigation of maternal diet
to assess the overall impact of maternal influences on food
behaviour and dietary patterns during childhood.
Funding: The Children of SCOPE Study was funded by
Health Research Council of New Zealand, Cure Kids and
Gravida. LP and PTS are supported by Tommy’s Charity

PO1.08.10

High fat and very low carbohydrate intake during
pregnancy does not influence the folate nutritional status in
mother and foetuses

M. Sano, M. Suzuki, M. Funato

The University of Shiga Prefecture, HIKONE, Japan

Background: Gluconeogenesis commonly occurs during
gestation in humans because of hyperemesis gravidarum or
gestational diabetes. According to a recent study, a mother’s
nutritional status during gestation may affect methylation
modifications on the pup’s DNA before and/or after birth.
However, the effects of maternal gluconeogenesis enhancement
during gestation in terms of their pups’ vitamin B12 (VB12) and
folic acid status are not fully understood.
Methods: On day 1 of gestation, rats were separated into two
groups and fed either a control or ketogenic diet (KD), i.e. a
diet particularly high in fat and low in carbohydrate content,
until day 20 of gestation (G20). We then analysed ketone body
and glucose levels in maternal and foetal blood, as well as two
water-soluble vitamins, VB12 and folic acid, in maternal and
foetal blood and amniotic fluid.
Results:Maternal body weight, foetal weight and litter size did
not differ between the two groups at G20. Maternal and foetal
ketone body levels in blood increased in the KD group, while
VB12 and folic acid levels did not change in all samples from the
two groups.
Conclusions: Maternal gluconeogenesis enhancement by KD
feeding does not affect maternal and foetal folic acid and VB12

nutritional requirements at G20. The effects of KD on
methylation modifications of DNA and pup development after
birth require further clarification.

PO1.08.11

Study protocol: Why pregnant women eat what they eat.
Socio-ecological determinants of antenatal diet and
development of an intervention tool

Y.H. Beulen, A. Geelen, M.A. Koelen, E.J.M. Feskens,
A. Wagemakers

Wageningen UR, WAGENINGEN, The Netherlands

Background: Although the importance of maternal nutrition is
evident, pregnant women - especially in lower socioeconomic
status (SES) populations - do not meet nutrition guidelines
sufficiently. Healthy nutrition promotion in midwifery practice
is promising as antenatal diet affects both maternal and child
health, pregnant women are open to dietary changes during this
critical transition and midwives are their first and most
important source of information.
Unfortunately, nutrition communication by Dutch midwives
is currently limited and focuses primarily on risks and
problems. To provide nutrition advice, insight into the
multiple personal, cultural and environmental factors that
influence dietary intake (i.e. contextual dietary intake) is
needed. Moreover, midwives need knowledge, skills and fea-
sible tools to assess contextual dietary intake and optimize
antenatal nutritional status in collaboration with dietitians.
This research will contribute to the (further) development of a
tool that can be used by midwives and/or dietitians to assess
and optimize contextual dietary intake of pregnant women and
their families. The overall goal of this project is improvement of
nutritional status of low SES pregnant women in the
Netherlands.
Methods: To map socio-ecological determinants of dietary
intake during pregnancy, literature studies will be performed as
well as interviews and focus groups with pregnant women and
their partners. Midwives will be interviewed to gain insight in
their current knowledge, needs and practice. Recruitment will
be directed at pregnant women with low SES, through mid-
wives working in low SES areas. Data on dietary intake will be
obtained by trained research dietitians using the dietary history
method and used to develop a dietary tool. About 100 extra
individual consultations and 20 extra Centering Pregnancy
group meetings will be organised, video-recorded and qualita-
tively evaluated to investigate barriers and facilitating factors for
using the newly developed tool/method. A realist evaluation
perspective will be used to identify key combinations of con-
textual factors and mechanisms that trigger outcomes of inter-
est. Dietary histories will be transcribed into food codes using
the Dutch food composition database and amounts using
information on standard Dutch food portion sizes. Total
energy and nutrient intakes will be calculated in Compleat™
by multiplying intakes by nutrient composition using the same
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food composition database. Additionally, biomarker data on
folate and vitamin D status will be obtained.
Discussion: This study is scientifically and socially relevant as
low SES pregnant women’s contextual dietary intake is
studied in depth from an ecological perspective on health and
subsequently piloted in real-life practice. Innovatively,
midwives, dietitians and pregnant women are engaged in
research activities, resulting in context-sensitive usable knowl-
edge that will increase implementation chances. The obtained
results will lead to recommendations for multidisciplinary
strategies to promote healthy antenatal nutrition in low SES
populations.

PO1.08.12

Methionine supply and tissue glutathione in the pregnant
rat.

H. Dasgin, S.M. Hay, W.D. Rees

University of Aberdeen, ABERDEEN, United Kingdom

Background: Glutathione (GSH) is the principal intracellular
mediator of antioxidant defence during intrauterine life. The
supply of cysteine is rate limiting for GSH synthesis. In addi-
tion to dietary sources, cysteine is also a by-product of the
methionine cycle, reactions which involve folic acid and cho-
line. As a result methyl metabolism influences the supply of
methionine and the production of GSH. It has been suggested
that diets deficient in folic acid increase homocysteine and the
resulting oxidative stress may affect the developing brain (1).
The aim of this study was to examine the effects of diets defi-
cient in methyl donors (folic acid, choline and methionine) on
tissue glutathione concentrations.
Methods: Five groups of Hooded-Lister strain female rats were
fed control diet, folate deficient diet (-F), folate deficient
low methionine diet (-F LM), folate deficient low choline diet
(-F LC) and folate deficient low methionine low choline diet
(-F LM LC) described previously (2). After an acclimatisation
period, animals were mated and maintained on experimental
diets until necroscopy on day 21 of gestation. Total glutathione
(GSH) content of the dams liver, together with the brain and
liver of the fetuses was measured by the enzyme recycling
method (3).
Results: The growth of the animals has been described pre-
viously (2). Weight gain in animals fed the -F LM LC diet was
approximately 15% less than in the control group. Fetuses of
dams fed the -F diet were approximately 18% heavier
(4.84 ± 0.07g) than the controls (4.10 ± 0.03g), while those
from dams fed the LM diets were approximately 10% smaller
(3.71 ± 0.07g).
Conclusions: When compared to the control, diets restricted
in methionine reduce hepatic GSH concentrations in the
maternal liver. This decrease was greater when the diet was
additionally deficient in folic acid and choline, conditions
which reduce the flow through the methionine cycle (4). The
increase in GSH concentrations the folate deficient group

is unexplained but may relate to the increased growth
of these animals. In contrast to the changes in maternal
tissues, GSH concentrations are not changed in the fetal liver
where methionine synthesis is maintained (4). GSH the fetal
brain of animals fed the LM diets tends to be reduced only
slightly.
References: Mattson MP, Shea TB. Trends in Neurosciences.
2003;26(3):137-46. Maloney CA, et al. BrJ Nutr. 2007;
97:1090-8. Tipple TE, Rogers LK. Developmental
Toxicology: Methods and Protocols. 2012:315-24. Wilson FA,
et al. Am J Physiol Endocrinol Metab. 2012;302(12):
E1531-E40.

PO1.08.13

Fetal and maternal corticosterone concentrations in
pregnant rats fed a diet reflecting that of the poorest
socioeconomic group in Scotland

W.D. Rees, A. Wilbers, H. Dasgin, S.M. Hay, W.D. Rees

University of Aberdeen, ABERDEEN, United Kingdom

Background: Human diets are complex and deficiency or
excess of a single nutrient is rarely encountered. For example,
pregnant women in deprived populations in Scotland have a
poor micronutrient status in addition to a very high intake of
saturated fat, refined carbohydrates and salt (1). To investigate
the cumulative effects of over provision of energy substrates,
combined with multiple micronutrient deficiencies we have
developed a rodent diet which models the pattern of nutrient
intake of women in the most deprived group of the Scottish
population. One consequence of this diet with high levels of
both fat, sugar and salt may be an increase in glucocorticoids in
the maternal circulation.
Methods: A rodent diet (SIMD) was formulated with a mac-
ronutrient composition based on the median intakes of preg-
nant women in tenth decile of the Scottish index of multiple
deprivation (1). The micronutrient composition of this diet,
based on the same data, was adjusted using the principle of
energy balance. A second diet formula incorporated the
recommendations of the Scientific Advisory Committee on
Nutrition, i.e. low in saturated fat and sugar with reduced salt
and with the micronutrients adjusted to meet the recom-
mended intakes (SACN). Three groups of Hooded-Lister
strain female rats were fed either the SIMD, SACN or AIN-
-93G diet (reference). Animals were fed the experimental diets
for an adaptation period of 3 weeks. Body composition was
determined by MRI. After being mated with normal males, the
females continued to be fed the experimental diets until they
were killed on d21 of gestation. Plasma metabolites were
measured by standard methods. Plasma glucocorticoids were
measured by ELISA (Bio-Techne)
Results: Food intake during the adaptation period was 10%
lower in the animals fed the SIMD diet (P= 0.005) and body
fat was increased by 23% (P= 0.006) in animals fed the SACN
diet. This pattern of food intake continued during gestation.
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Maternal body fat at d21 was increased in both experimental
diet groups compared to the AIN-93G however there were no
significant differences in litter size and fetal weight. In d21
blood samples circulating triglyceride was 33-82% (P= 0.049)
higher in maternal plasma from SIMD and SACN animals.
Corticosterone concentrations in fetal plasma were higher than
in maternal but there were no differences between the diet
groups.
Conclusions: Humanised rodent diets high in fat, sugar and
salt and low in micronutrients produce marked changes in lipid
metabolism and deposition. However the plasma corticoster-
one levels were not increased at d21 in the maternal or fetal
circulation, suggesting that altered glucocorticoid status is not a
causative factor in this model.
This study was supported by The Scottish Government Stra-
tegic Research Programme. HD is the recipient of a grant from
The Scientific and Technological Research Council of Turkey
(TUBITAK)
References:Haggarty P, Campbell DM, Duthie S, Andrews K,
Hoad G, Piyathilake C, et al. Diet and deprivation in preg-
nancy. Br J Nutr. 2009;102(10):1487-97.

PO1.08.14

Role of slow-digesting carbohydrates during pregnancy for
reducing the risk of developing NAFLD phenotype in obese
rats’ offspring (NIGOhealth study)

M. Manzano1, M.J. Martín1, P. Bueno-Vargas1, R. Rueda1,
D. Girón2, D. Vílchez2, R. Salto2, A. Cano3, A. Castro3, J.M.
López-Pedrosa1

1Abbott Nutrition, GRANADA, Spain; 2University of Granada,
GRANADA, Spain; 3OWL Genomics, BIZKAIA, Spain

Background: Maternal obesity and obesogenic dietary intake
prior to and through pregnancy program offspring to a broad
spectrum of metabolic and physiological alterations later in life
such as non-alcoholic fatty liver disease (NAFLD). We exam-
ined the effects of two mixtures of carbohydrates (CHO) con-
sumed by pregnant rats, exposed to high fat diet, in order to
determine whether the CHO of maternal diet is able to
attenuate the offspring’s susceptibility to develop obesity-
induced liver disease (NAFLD)
Methods: Virgin rats were assigned to one of three experi-
mental groups: control (C) dams fed a standard rodent diet
before mating and throughout pregnancy; dams fed an obeso-
genic diet 6 weeks before mating and then fed a HF diet
containing either CHO with high (HF/HC) or low (HF/LC)
digestion rate throughout pregnancy. At delivery all the animals
were fed with the standard rodent diet for the remainder of the
study (13 weeks). Plasma biochemical analysis was performed
by using Pentra autoanalyzer. Plasma hormone analysis was
performed by using a Multiplex System. Lysates from hepatic
tissue were used to analyze molecular mechanism related to
NAFLD by western blot. Lipid species were analysed reverse
ultra-performance liquid chromatography coupled to mass

spectrometry (UPLC-MS) after extraction with chloroform/
methanol.
Results: Offspring from obese dams that consumed the HF/
HC diet presented features consistent with the development of
NAFLD. Plasmatic ALT, cholesterol, and triglyceride levels
(total, saturated and PUFA) were higher compared with the
dams that consumed the HF/LC diet. In the liver, gluconeo-
genesis and lipogenesis were more activated in the HF/HC
group compared to the HF/LC group. Phosphorylation of key
metabolites in these routes, such as AKT and AMPK, were
lower in the HF/HC group respect to the HF/LC group.
Regarding that, the amount of glucose transporter (GLUT2)
and acetyl-CoA carboxilase (ACC) were also higher in the HF/
HC group than in the HF/LC group. Hepatic metabolome
analysis showed that amino acids and saturated triglycerides
levels were reduced by the slow digesting CHO in the maternal
diet. Membrane lipids, i.e. total phospholipids and phosphati-
dylcholine and phosphatidyletanolamine species exhibited
normal values in this group when compared to the group
showing a higher risk of NAFLD (HF/HC group).
Conclusions: Nutritional intervention in obese mothers, dur-
ing gestation period, using a diet with slow digesting CHO is
able to reduce the risk of developing a NAFLD phenotype in
the offspring. The mechanism of actions responsible for the
beneficial effects induced by NIGOHealth CHO system
involve the regulation of key enzymes/proteins related to
hepatic gluconeogenesis and lipogenesis as well as membrane
integrity.

PO1.08.15

Maternal protein restriction in young rats alters long chain
fatty acid sensing by duodenal entero-endocrine cells,
leading to increased-intestinal permeability

M. Ndjim1, P. Aubert2, P. De Coppet3, C. Bonnet3,
G. Poupeau3, M. Neunlist2, G. Le Drean3

1INRA, NANTES CEDEX 1, France; 2INSERM UMR 1235,
NANTES, France; 3INRA UMR 1280, NANTES, France

Intrauterine growth retardation due to maternal protein
restriction predisposes to gastrointestinal and metabolic dis-
orders in adulthood. We recently showed that maternal protein
restriction alters the short term regulation of food intake.
Gastrointestinal peptides and particularly cholecystokinin
(CCK) play a major role in short-term regulation of FI. Entero-
endocrine cells (EEC) in response to duodenal nutrients such as
long chain fatty acids (LCFA) secrete peptides such as CCK
which relay nutrients actions upon gut and brain functions. In
particular, EEC derived peptides can regulate gastrointestinal
functions via their paracrine action upon the enteric nervous
system (ENS). We therefore hypothesize that in adults, MPR
alters GI response to nutrients via pathways involving EEC and
the ENS. Low protein rats were obtained by protein restriction
of their dams during gestation and lactation [8% (restricted
dams, LP) vs 20% (control, C)]. We analyzed, in 2 months-old
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rats the impact of LCFA gavage [palmitoleate (210mg/kg) and
palmitate (500mg/kg)] on CCK-secretion measured by ELISA
in vivo and intestinal permeability to fluorescein sulfonic acid
(FSA) both in vivo and ex vivo. We also characterized ex vivo the
direct impact of CCK upon paracellular permeability. The
mRNA expression of tight junction protein and LCFA receptor
was measured by qRT-PCR. Palmitoleate increased intestinal
permeability to FSA in vivo and ex vivo in the duodenum in LP
rats but not in C rats. Interestingly, duodenal claudin-2 mRNA
expression, a tight junction protein which favors permeability,
was increased in response to palmitoleate in LP rats as compared
to C rats. The palmitoleate-induced increase in permeability in
LP rats was concomitant with an increased concentration of
plasma CCK and duodenal expression of the LCFA receptor
GPR120. In contrast, in LP rats, palmitate increased intestinal
permeability to FSA only in vivo but neither the mRNA expres-
sion of claudin-2 andGPR120 nor CCK plasmatic concentration
appeared to be altered by maternal protein restriction. Finally,
CCK induced an increase in duodenal permeability to FSA
ex vivo at a concentration of 200 but not 20ng/ml. Our data
show that in LP rats monounsaturated LCFA (palmitoleate)
increases duodenal paracellular permeability and CCK secretion
as compared to control. Our study further suggests that CCK
could mediate LCFA effects upon permeability, in part, via ENS
activation pathways which remain to be identified. These mod-
ifications could contribute to the deregulated food intake and the
alterations of the gut brain axis observed in LP rats.
This work was supported to grant Region Pays de la Loire
and LCL

PO1.08.16

Education and income level and their relationship with
breastfeeding duration: 8949 mother-infant pairs in the
Born In Guangzhou Cohort Study (BIGCS)

F.I. Brown1, S Tu2, JH Lu2, JR He2, C Opondo3, H Hu2,
M Lu2, KBH Lam3, X Qiu2

1Guangzhou Women and Children’s Medical Center, Guangzhou
Medical University, GUANGZHOU, China; 2Division of Birth
Cohort Study, Guangzhou Women and Children’s Medical
Center, GUANGZHOU, China; 3Nuffield Department of
Population Health, University of Oxford, OXFORD, United
Kingdom

Background: Guangzhou is one of the most rapidly developing
urban centres in the world. Economic development and social
progress have undoubtedly influenced health behaviours, like
breastfeeding, across the socioeconomic gradient for the region.
Recently provincial regulations on maternity-leave have changed,
extending the former 98day provision to 178 days. It is likely that
the new policy will improve regional breastfeeding rates; however,
the currently available data on breastfeeding populations in
Guangzhou is poor.More robust studies are needed to evaluate in
future how continued economic progress effect breastfeeding

rates across different socioeconomic groups, and if the new policy
changes have had the beneficial impact expected.
Objective: This study aims to assess sociodemographic dis-
parities, measured by education and average monthly income
level, on the risk of breastfeeding cessation before 1-year post-
partum in a large prospective cohort study in Guangzhou.
Methods: Data on the education and income level of mothers
and fathers in the Born In Guangzhou Cohort Study were
extracted for infants born between February 2012-September
2015. Multivariable Cox regression analysis was used to assess
the association between the education and income level of both
the mother and the father, and the risk of breastfeeding cessa-
tion before 1-year.
Results: 8949 mother-infant pairs were analysed. The median
breastfeeding duration was 7.0 months (interquartile range:
6.0). At 6-months postpartum 73.0% (95%CI 72.1-73.9) of
mothers were still breastfeeding, and by 12-months 19.4%
(95%CI 18.6-20.3) remained. After multivariable adjustment,
there was a significant inverse linear association between edu-
cation and the risk of early breastfeeding cessation. With each
additional level of maternal education above high school, the
risk of early breastfeeding cessation dropped by 10% (HR:
0.90, 95%CI 0.86-0.93). A similar trend was observed for the
association with the father’s education level as well. There was
no association between the income level of either parent and
the risk of breastfeeding cessation before 1 year.
Conclusions: The socioeconomic breastfeeding patterns
observed here more closely resemble patterns observed in devel-
oped populations than other regions in China. Thus, these
findings may indicate that as the socioeconomic distribution in
Guangzhou moves towards what is seen in other more developed
societies, so do breastfeeding patterns. Given the long-term health
benefits of breastfeeding and the consequences of not, both for
the mother and infant, public health intervention is needed to
prevent breastfeeding rates in Guangzhou from falling to levels
seen previously in high-income countries.

PO1.08.17

Co-creation of knowledge: Involving end-users and
stakeholders in creating a website to promote healthy eating
habits, The food4toddlers study

M. Røed, F.V.N. Vik, E.R. Hillesund, N.C. Øverby

University of Agder, KRISTIANSAND, Norway

Background: With rapidly developing e-health technology,
new possibilities in research and public health initiatives
emerge. Many behaviour change apps and websites have been
designed, however with limited involvement of end-users and
other stakeholders. Parents often search for information about
toddler’s diet on the internet. The website has been developed
to promote healthy dietary habits in toddlers through targeting
parental awareness of child food and eating environment. Here
we describe how we have involved end-users and stakeholders
in the development of the website.
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Methods: Users were involved in several steps in the develop-
ment of food4toddlers. The first step in the development was to
contact three public health nurses to get an overview over the
field, and three interviews were performed. We further con-
ducted a focus group interview with health care nurses at their
workplace and an individual telephone interview to further
elaborate on what they perceived as the most customary ques-
tions asked by parents regarding diet. One of the nurses worked
in a disadvantaged community with low socioeconomic status
(SES) and many non-native inhabitants. Our next step was to
invite parents with toddlers to attend focus groups to share and
discuss what information they lack and would find useful to
improve diet and food environment for their children. One
focus group interview for end- users were delivered at the uni-
versity, one in a home setting, and three in settings were parents
meet for other reasons (e.g. baby singing class). Two telephone
interviews with mothers were done separately. In the interview
that was conducted at a home, both parents attended. The
other participants were mothers. Approximately 40% of the
participants were non-native. Except from the first three
interviews, the rest have been taped and seven out of the nine
interviews have been transcribed. The content of food4toddlers
has been developed based on these interviews, recommenda-
tions from health authorities, and updated research in the field.
Results: Effort was made to invite parents to come to the
university for interviews, but hardly anyone attended (two).
Especially fathers were hard to involve. Parents with low SES
attended focus groups interviews outside the university. In this
study, the best strategy to include users seemed to be when
telephone interview was offered, and when the researcher could
meet with parents at other activities. The input from end-users
and public health nurses was valuable in identifying elements
that should be highlighted more than others.
Conclusions: The involvement of end-users and other stake-
holders contributed valuable information in the development of
the intervention, and has the potential to make the eHealth
intervention more useful and feasible to the target group. It was
easier to encounter mothers in a natural setting outside the uni-
versity, and based on the experience from this study, individual
phone interviews may have the potential to engage fathers.

PO1.09 – Nutrition - Micronutrients

PO1.09.01

The role of vitamin D on circulating memory T cells in
children: the Generation R Study.

K.I.M. Looman1, M.A.E. Jansen1, T. Voortman1, D. van den
Heuvel2, V.W.V. Jaddoe1, O.H. Franco1, M.C. van Zelm3,
H.A. Moll1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Leiden
University Medical Center, LEIDEN, The Netherlands;
3Central Clinical School, Monash University and Alfred Hospital,
MELBOURNE, Australia

Background: Previous studies have demonstrated that vitamin
D affects T cell function and maturation via the vitamin D
receptor. However, no studies in children have been performed
on this topic. Because most of the T cell memory is formed in
the first five years of life, we aimed to determine the association
between serum 25-hydroxyvitamin D (25(OH)D) levels and
numbers of circulatory naive, central memory (Tcm) and
effector memory (Tem) T lymphocytes in a large population of
healthy children.
Methods: This study was performed among 3,189 children
participating in a population-based prospective cohort. We
measured 25(OH)D levels and performed detailed immune-
phenotyping of naive and memory T lymphocytes at a median
age of 6.0 years (95% range 5.7 to 7.9). Multivariable linear
regression analyses were performed to determine the association
between 25(OH)D and the maturation of T lymphocytes in
children adjusted for herpes seropositivity, sociodemographic
and lifestyle confounders. Furthermore, multivariable logistic
regression analyses were performed to determine associations
between 25(OH)D and childhood infections. Data on
upper respiratory tract infections (URTIs) were based on
questionnaires.
Results: Higher 25(OH)D levels were associated with higher
numbers of Tem lymphocytes. Every 10 nmol/L higher 25
(OH)D was associated with 2.19% (95% CI 0.53-3.88;
p= 0.009) higher CD4TemRA, 1.50% (95% CI 0.38-2.63;
p= 0.008) higher CD4TemRO and 1.82% (95% CI 0.11-
3.56; p= 0.037) higher CD8TemRA cell numbers. Generally,
stronger observations were observed among boys. 25(OH)D
levels were not significantly associated with naive, Tcm cell
numbers, herpes seropositivity or URTIs.
Conclusion: Our results suggest that vitamin D enhances cel-
lular immunity in young children. Further studies are necessary
to examine this association and to relate our findings to the
onset and morbidity of infectious and inflammatory diseases.

PO1.09.02

Are children with celiac disease autoimmunity at risk for
vitamin D deficiency? - The Generation R Study

S.A. Beth1, J.C. Kiefte-de Jong1, T. Voortman1,
V.W.V. Jaddoe1, M.C. van Zelm2, H.A. Moll1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Central
Clinical School, Monash University and Alfred Hospital,
MELBOURNE, Australia

Background: Suboptimal vitamin D status is common in
young children. Children with celiac disease, an autoimmune
enteropathy with intolerance to gluten, are reported to be more
frequent vitamin D deficient than their healthy peers. How-
ever, since vitamin D is mainly derived from exposure to sun-
light instead of dietary intake, it is unclear to what extent the
association between vitamin D and celiac disease might be due
to malabsorption. Furthermore, most studies have been con-
ducted in selected patient populations where vitamin D
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deficiency may also be due to other disease factors and limited
exposure to sunlight. The aim of our study was to assess whe-
ther celiac disease autoimmunity in the general childhood
population is associated with vitamin D status, and if so, to
what extent the association between vitamin D and celiac dis-
ease autoimmunity can be explained by other factors than
malabsorption.
Methods: This population-based prospective cohort study was
embedded in the Generation R Study. We measured serum anti-
tissue transglutaminase (TG2A) levels and serum 25-
hydroxyvitamin D (25(OH)D) levels of 3994 children with a
median age of 6 years. Children with CDAwere defined based on
positive TG2A levels (≥7 U/ml). Information on demographics,
ethnicity and lifestyle characteristics were assessed by ques-
tionnaires. To examine associations between TG2A levels and 25
(OH)D status, we performed multivariable linear regression
models. Models were adjusted for season of blood draw, birth
weight, gender, ethnicity, vitaminD supplementation, bodymass
index, playing outside and maternal educational level.
Results: Vitamin D deficiency (serum 25(OH)D <50 nmol/L)
was found in 17 out of 54 children with positive TG2A levels
(31.5%), as compared with 1182 out of 3940 children in the
TG2A negative group (30.0%). Celiac disease autoimmunity
was not significantly associated with 25-hydroxyvitamin D
levels (β -2.20; 95% CI -9.72-5.33 for positive vs. negative
TG2A levels). After adjustment for confounders, similar results
were found (β -2.36; 95% CI -8.63-3.91).
Conclusions: These results do not support the hypothesis that
children with celiac disease autoimmunity in the general
population more often have insufficient or deficient vitamin D
levels than their healthy peers.

PO1.09.03

Vitamin B12 deficiency in early pregnancy associates with
maternal obesity: Findings from two UK cohorts

A. Antonysunil1, C. Wood2, T.H. Mina3, C. Webster4,
I. Goljan2, R.M. Reynolds3, P. Saravanan1

1University of Warwick, WARWICK, United Kingdom; 2George
Eliot Hospital, NUNEATON, United Kingdom; 3University / BHF
Centre for Cardiovascular Sciences, EDINBURGH, United
Kingdom; 4Heartlands Hospital, BIRMINGHAM,United Kingdom

Background: Vitamin B12 (B12), the dietary methyl-
micronutrient is essential for methionine metabolism which is
vital for most metabolic processes. B12 deficiency during pregnancy
is associated with obesity, insulin resistance and gestational diabetes
in Indian women. Recent evidence shows that B12 deficiency is
widely prevalent among pregnant women across many populations.
We hypothesise that maternal B12 deficiency in early pregnancy in
UK is associated with obesity and cardio-metabolic risk factors.
Methods: Study population were pregnant women from two
early pregnancy (16-18weeks) cohorts: (1) Cohort 1 –

(Nuneaton; n= 244) and (2) Cohort 2 – (Edinburgh; n= 60).
Serum B12, folate, anthropometry and 1-carbon metabolites

(SAM, SAH, methionine, homocysteine and MMA) were
measured. Lipid profiles were available in cohort 2.
Results: The prevalence of B12 deficiency in early pregnancy was
18% in cohort 1 and 23% in cohort 2. In cohort 1, maternal B12
was associated with BMI (r= -0.225; p= 0.001) and 1-C meta-
bolites such as SAM/SAH (r= 0.173; p=0.009), homocysteine
(r= -0.238; p< 0.0001) and MMA (r= -0.333; p< 0.0001)
(Fig 1A). In cohort 2, B12 was associated with BMI (r= -0.557;
p< 0.0001) and 1-C metabolites - SAM/SAH (r= 0.268;
p= 0.042), homocysteine (r= -0.428; p= 0.001), MMA (r= -
0.358; p=0.005), triglycerides (r= -0.377; p=0.010) andHDL
cholesterol (r=0.534; p< 0.0001) (Fig 1B). In regression ana-
lysis, after adjusting for likely confounders (age, smoking, alcohol,
parity, folate, homocysteine, MMA, SAH) in cohort 1, maternal
B12 independently associated with BMI (β= -0.297, 95% CI
(-0.446,-0.148), p< 0.0001). In cohort 2, B12 associated with
BMI (β= -0.439, 95% CI (-0.703,-0.175), p= 0.002) and
HDL-cholesterol (β= 0.437, 95%CI (0.027,0.847), p= 0.037),
whereas 1-C metabolites – methionine (β= -0.660, 95% CI
(-0.897,-0.422), p< 0.0001), SAH (β= 0.377, 95% CI
(0.087,0.668), p= 0.013) contributed to triglycerides.
Conclusions: Low B12 status is common in UK women in early
pregnancy and is independently associated with maternal obesity
and cardio-metabolic risk factors. Thus, B12 supplementation
may offer potential to reduce the metabolic risk in pregnant
women. As B12, along with folate, are key micronutrients
essential for DNA methylation, this may also help the offspring’s
future metabolic risk. Studies designed to answer these questions
as well as on the effect of low B12 in early pregnancy on incident
gestational diabetes are urgently warranted.

Correlation between maternal B12 and cardio-metabolic risk
factors in early pregnancy.

PO1.09.04

An inadequate maternal vitamin D status is associated with
congenital heart defects in the offspring

L. van Duijn1, M.P.H. Koster1, Y.H.M. Krul-Poel2, J.S. Laven1,
W.A. Helbing1, S. Simsek2, R.P.M. Steegers-Theunissen1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Alkmaar
Medisch Centrum, ALKMAAR, The Netherlands

Background: The birth prevalence rate of congenital heart
defects (CHD) is 9.1 per 1,000 live births worldwide and
accounts for almost one- third of congenital malformation-
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related infant deaths. Interactions between genetic and envir-
onmental factors, including maternal nutrition and lifestyle,
play a significant role in the pathogenesis of most CHD. For
example, a deranged maternal lipid profile, a high dietary intake
of saturated fats, vitamin A or vitamin E are all associated with
CHD in offspring. Although the active form of vitamin D and
its receptor have been shown to be involved in cardiogenesis in
animal studies, maternal vitamin D levels have not been studied
in relation to CHD. Therefore, the aim of this study was to
investigate associations between periconceptional maternal
vitamin D status and CHD in offspring.
Methods: A case-control study was performed in 345 mothers
of a child with CHD and 432 mothers of a child without CHD
from four tertiary hospitals in the Netherlands between 2003-
2005. Approximately 15 months after pregnancy, i.e., 2 years
after conception, mothers filled out questionnaires regarding
general characteristics and periconceptional nutrition and life-
style factors. Maternal blood was obtained to determine serum
25-hydroxyvitamin D and lipid concentrations. The 25-
hydroxyvitamin D concentration was stratified into a defi-
cient <50 nmol/l, moderate 50-75 nmol/l or adequate
>75 nmol/l status. Multivariable logistic regression analysis was
performed to study associations between maternal vitamin D
status and CHD in offspring, adjusted for maternal age, body
mass index, ethnicity, smoking and serum total cholesterol
concentration. Furthermore, sensitivity analyses regarding the
use of multivitamin supplements and seasons were carried out.
Results: Case mothers less often had an adequate maternal vita-
min D status compared with controls (27% vs. 38%; p=0.002).
The use of multivitamin supplements, ethnicity, season and body
mass index (BMI) were all significantly associated with serum
vitamin D concentrations. Both a deficient (odds ratio 2.15, 95%
CI 1.44-3.19) as well as a moderate (odds ratio 1.58, 95%CI
1.08-2.32) vitamin D status were associated with CHD in off-
spring (Table). Sensitivity analyses in mothers with the same sea-
son and similar use of multivitamins during the periconception
period and at the study moment showed comparable associations.
Conclusion: A compromised maternal vitamin D status is
associated with an approximately two-fold increased risk of
CHD in offspring. Adequate maternal vitamin D levels are
crucial for optimal transcription during cardiogenesis, a process
which has often already started prior to pregnancy recognition.
Therefore, improvement of the periconceptional maternal
vitamin D status is strongly recommended, particularly for
women at high risk for vitamin D deficiency. Future studies
should focus on the benefits and safety of strong adherence to a
vitamin D rich diet or the use of a vitamin D supplement.

Associations between maternal vitamin D status and congenital
heart defects in the offspring.

PO1.09.05

Low vitamin B12 induces de novo lipogenesis in human
hepatocytes

J. Boachie, A. Adaikalakoteswari, J. Samavat, V. Zammit,
Z. Irshad, P. Saravanan

University of Warwick, COVENTRY, United Kingdom

Background: There is increasing evidence that lipid metabo-
lism in humans may be regulated by environmental factors
including nutrients such as vitamin B12 (B12). B12 deficiency
results in disturbance of 1-carbon metabolites [methylmalonyl
coenzyme A (MMA), homocysteine and S-adenosyl homo-
cysteine (SAH), S-adenosyl methionine (SAM) and methio-
nine] that collectively favours lipogenesis leading to risk of
cardiovascular diseases. In clinical studies, B12 deficiency is
associated with higher BMI and dyslipidaemia (high triglycer-
ides and low HDL). In vitro experiments in human adipocytes
showed that low B12 results in hypomethylation of SREBF1, a
master regulator of cholesterol biosynthesis. If similar effects
happen in hepatocytes, this may explain the observation of
dyslipidaemia in humans. In addition, the role of B12 in
hepatic metabolism of lipids in humans is unexplored. There-
fore, we investigated whether B12 deficiency affect hepatic de
novo lipogenesis.
Methods: Human HepG2 cell line was cultured using custom
made B12 deficient Eagle’s Minimal Essential Medium
(EMEM) and seeded in four different concentrations of B12
media such as 500nM (control), 1000pM, 100pM and 25pM
(low) B12. Oil Red O (ORO) staining, gene expression assay
using RT-qPCR, total intracellular triglyceride (TG) assay with
commercial kit and de novo TG biosynthesis using radioactive
flux assay were employed to examine the effect of B12 on
lipogenesis.
Results: HepG2 cells in low B12 (25pM) (Fig 1D) had more
lipid droplets that were intensely stained with ORO compared
with less stained few oil droplets in control B12 (500nM)
(Fig1A) condition. Total intracellular TG levels were higher in
low B12 hepatocytes. The gene expressions of nuclear tran-
scription factors sterol regulatory element binding protein
(SREBF1) and low density lipoprotein receptor (LDLR) were
higher in low B12 conditions compared with control. Similarly,
the gene expressions of the enzymes involved in de novo fatty
acid synthesis [ATP citrate lyase (ACLY), Acetyl CoA carbox-
ylase (ACC) (Fig 1E), fatty acid synthase (FASN) (Fig 1F) and
elongation-of very-long-chain fatty acid (ELOVL6)], choles-
terol biosynthesis [3-hydroxy-3-methylglutaryl-CoA reductase
(HMGCR) (Fig 1I), 3-hydroxy-3-methylglutaryl-CoA syn-
thase 1 (HMCS1) (Fig 1J), Isopentenyl-Diphosphate delta
Isomerase 1 (IDL1)] and TG biosynthesis [stearoyl CoA desa-
turase (SCD) (Fig 1G), glycerol-3-phosphate acyltransferase
(GPAT), acylglycerol-3-phosphate acyltransferase (AGPAT),
phosphatidic acid phosphatase-1 (Lipin1) and diacylglycerol
acyl transferase 2 (DGAT2) (Fig 1H)] in low B12 conditions.
Lastly, cellular uptake of radio-labelled fatty acid (14C-oleate)
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for de novo TG biosynthesis assessed by scintillation was about
80% higher in HepG2 cells cultured in low B12 condition.
Conclusion: Our data provide novel evidence that B12 defi-
ciency dysregulates lipid metabolism in hepatocytes. Further
studies are required to quantify the effect of this on circulating
levels of lipid fractions as well as its epigenetic role on hepato-
cyte function.

PO1.09.07

Effect of vitamin B12 deficiency on the lipid lowering effect
of metformin in the liver

J. Boachie, A. Adaikalakoteswari, J. Samavat, P. Saravanan

University of Warwick, COVENTRY, United Kingdom

Background: Metformin is currently the first drug of choice
for treatment of type 2 diabetes (T2D). In addition to
improving insulin sensitivity and hyperglycaemia, metformin is
also known to reduce lipid levels through activation of AMP
activated protein kinase-alpha (AMPKα). It is known that
metformin administration induces deficiency of vitamin B12
(B12) in patients with T2D. Observational studies in humans
also show that low B12 is associated with dyslipidemia (higher
triglycerides and low HDL). Therefore, we investigated whe-
ther B12 deficiency may impair metformin action from
achieving the desired lipid lowering effect in the liver.
Methods: Hep G2 cell line was cultured using custom made
B12 deficient Eagle’s Minimal Essential Medium (EMEM)
and seeded in four different concentrations of B12 media such
as 500nM (control), 1000pM, 100pM and 25pM (low) B12
until 100% confluence was achieved. The cells were exposed to
24hour treatment with 1mM and 2mM metformin before
harvest. Gene expression assays and protein expression were
characterized using real time PCR (qRT-PCR) and western
blotting, respectively.
Results: Low B12 (25pM) in HepG2 cell line decreased levels
of AMPKα (fig 1A) and its downstream target pACC (fig 1B),
compared to control. Administration of increasing concentra-
tions of metformin (1mM and 2mM) to low B12 hepatocytes
significantly impaired the upregulation of pAMPKα (fig 1C)
and pACC (fig 1D). In addition, we found that down-
regulation of nuclear transcriptional factor sterol regulatory

element binding protein (SREBF1) and the genes involved in
hepatic de novo fatty acid synthesis pathway, [fatty acid synthase
(FASN), acetyl coenzyme A carboxylase (ACC) and elongation-
of very-long-chain fatty acid (ELOVL6)] and TG biosynthesis
[glycerol-3-phosphate acyltransferase (GPAT) and diacylgly-
cerol acyl transferase 2 (DGAT2)] were significantly impaired
in low B12 cells treated with metformin.
Conclusion: Our study provides novel evidence that Vitamin
B12 deficiency (1) lowers levels of pAMPKα and pACC, and
(2) metformin administration in low B12 hepatocytes failed to
restore the levels of pAMPKα and pACC, and the genes
involved in lipid metabolism. This supports that the lipid
lowering effect of metformin in vitamin B12 deficiency is
compromised. The mechanisms involving regulation via
AMPK requires further studies.

PO1.09.08

Prevalence and determinants of vitamin D deficiency in
pregnant women and their neonates: a multicentric study in
Switzerland

C. Quack Loetscher1, J.P. Keller2, S. Cabaset2, A. Richard2,
B.M. Lipp-von Wattenwyl3, T. Schroeder4, L. Ganeo-
Christoffel4, C. Canonica3, S. Rohrmann2

1University Hospital Zurich, ZURICH, Switzerland; 2Epidemiology,
Biostatistics and Prevention Institute, University of Zurich,
ZURICH, Switzerland; 3Gynecology and Obstetrics, Regional
Hospital of Bellinzona, BELLINZONA, Switzerland; 4Gynecology
and Obstetrics, Oberengadin Hospital, SAMEDAN, Switzerland

Background: Vitamin D deficiency during pregnancy is asso-
ciated with negative health consequences for the mothers and
their neonates like gestational diabetes and preeclampsia. From
a public health perspective, evaluating the vitamin D status of
pregnant women is therefore crucial, but the data was lacking in
Switzerland. Our study aimed to measure the prevalence and to
identify the determinants of vitamin D deficiency in a sample
of 3rd-trimester pregnant women in Switzerland. In addition,
we evaluated serum 25-hydroxy-vitaminD (25(OH)D) levels
in the cord blood of neonates.
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Methods: A three-centre cohort study was conducted between
August 2014 and June 2016 in the birth clinics of Zurich
(latitude 47.4°, altitude 408m a.s.l.), Bellinzona (latitude
46.2°, altitude 238m a.s.l.) and Samedan (latitude 46.5°,
altitude 1,721m a.s.l.). We measured serum 25(OH)D in
305 women in their 3rd trimester of pregnancy and in the cord
blood of 278 of their offspring at birth. We used demographic
and questionnaire data to explore the determinants of vitamin
D deficiency (serum 25(OH)D< 20 ng/mL).
Results: Median concentration of serum 25(OH)D in the 3rd
trimester of pregnancy was 18.43 ng/mL (Q1-Q3: 12.2-27.4),
which translated into a 53.4% prevalence of vitamin D defi-
ciency. Multivariable logistic regression analysis showed that sig-
nificant determinants of vitamin D deficiency were the center of
study (lower risk in Bellinzona), the country of origin (lower risk
for Swiss citizens), the season of delivery (lower risk in the sum-
mer and fall) and the intake of vitamin D supplements. In the
cord blood of the neonates, median serum 25(OH)D level was
20.0ng/mL (Q1-Q3: 12.4-30.7). A strong correlation was
observed between serum 25(OH)D of the mothers and their
neonates (Spearman’s correlation rho= 0.79, p< 0.0001).
Conclusions:Our study indicates that low vitamin D levels are
common in pregnant women living in Switzerland and their
neonates. As correlation between maternal and umbilical cord
blood is high, vitamin D supplementation during pregnancy
should receive more attention in clinical practice.

PO1.09.09

Micronutrients in infants in Cali, Colombia

J.C. Reina1, J.A. Ordoñez2, E. Cantor3, D.L. Dufour4

1Universidad del Valle, Centro Medico Imbanaco, Hospital Carlos
Carmona, CALI, Colombia; 2Hospital Carlos Carmona, CALI,
Colombia; 3Centro Médico Imbanaco, CALI, Colombia;
4University of Colorado, USA, United States of America

Background: Micronutrients are essential in infant health and
nutrition. Iron, Zinc, and Vitamin D micronutrient deficiency
are prevalent in children in communities of medium and low
income countries. This observational Project aims to study the
incidence of micronutrient deficiency in infants 6 to 11 months
old in a low socio-economic stratum in Cali, Colombia.
Methods: The study done in 2016, included 176 healthy infants
6 to 11 months old living in a community with poor socio-
economic, health and sanitary conditions. Sociodemographic,
anthropometric and laboratory data were collected after parents
gave written informed consent. A blood sample was obtained to
determine the concentration of Hemoglobin, C. Reactive Protein
(CRP), Ferritin, Vitamin D and Zinc. Variables cut-off lower
values: Hemoglobin:< 11 g/dl. Ferritin: <12 ng/ml. Vitamin D:
<20 ng/ml. Zinc: <65mcg/dl. CRP:≤ 5mg/l.
Results: Mean mother age 24.8 years, single 25%. 47.9%
reported taking iron for 4-6 months during the pregnancy. All
infants were fullterm. Mean birthweight was 3179 g, and the
incidence of low birthweight (≤2500g) was 2.8%.

Drepanocyte tests were all negative. Hemoglobin < 11:
42.6%, Ferritin < 12: 17.2%. Vitamin D < 20: 6.2%. Zinc:
<65: 29.7%. CRP ≤ 5: 85%.
Conclusions: Low socio-economic and sanitary conditions,
poor diet and low iron intake during pregnancy might be the
main reasons to explain the high incidence of anemia in this
group of infants. Careful dietary and iron intake counseling
during pregnancy need to be reinforced.

PO1.09.10

Early-life stress reduces availability of essential
micronutrients; a nutritional intervention strategy to
prevent its lasting consequences on cognitive function

E.F.G. Naninck1, K. Reemst1, J. Dumay1, J.B. van
Goudoever2, L. Schipper3, E.M. van der Beek3, T. Plosch4,
P.J. Lucassen1, A. Korosi1

1University of Amsterdam, AMSTERDAM, The Netherlands;
2Department of Mother & Child, Emma Children’s Hospital,
Academic Medical Center, AMSTERDAM, The Netherlands;
3Nutricia Research, UTRECHT, The Netherlands; 4Department
of Obstetrics & Gynecology, University Medical Center
Groningen, GRONINGEN, The Netherlands

Stressful experiences in the early postnatal period can have long-
lasting effects on cognition and the risk to develop psychopathology
later in life. Stress during this critical period often affects both the
lactating mother and her child. Because prevention of such stress
exposure is generally difficult, adequate intervention or support
strategies are needed to protect against the permanent detrimental
effects of early-life stress (ES) on the offspring. Elucidating the
underlying mechanisms will enable the development of targeted
strategies for intervention. So far, the role of early nutrition in brain
programming has been largely ignored. Since the diet provides the
building blocks for brain development and is required for many
biochemical processes, we investigated the possible role of nutrition
in programming later cognition in the context of ES. We focused
on essential one-carbon metabolism associated micronutrients (1-
CMAM; i.e. methionine and B-vitamins), important for develop-
ment and epigenetic modifications. We investigated if ES alters
micronutrient availability in milk, plasma and brain and studied the
epigenetic, structural and behavioral consequences of ES in an
established ES mouse model. Subsequently we tested if early 1-
CMAM-supplementation can protect against the ES-induced
changes in the offspring. ES was induced in C57Bl/6 mice from
postnatal day (P) 2-9, while dams received either control or 1-
CMAM supplemented diet. Nutrient content was measured at P9
in offspring’s stomach milk, plasma and brain. Next, we studied
effects of 1-CMAM supplementation on ES-induced alterations in
maternal behavior and the offspring’s HPA-axis activity, neuro-
genesis, DNA methylation levels (global and Nr3C1 specific) and
DNA methyltransferase expression in the hippocampus. All read-
outs were measured in male offspring, both at P9 as well as in
adulthood. We found that ES reduced methionine levels in off-
spring’s plasma and brain at P9. Importantly, 1-CMAM
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supplementation restored methionine levels in the offspring and
ameliorated the ES-induced cognitive impairments in adulthood,
abolishing ES induced deficits in object recognition and acquisi-
tion in the Morris water maze. The beneficial effects of the 1-
CMAM supplementation do not involve changes in maternal
care, hippocampal neurogenesis or DNAmethylation, but appear
to be mediated by preventing the ES-induced HPA-axis hyper-
activity. In conclusion, we show that a short nutritional inter-
vention with essential micronutrients in early life can prevent ES-
induced lasting effects on hippocampal function. To take these
findings from bench to bedside we are currently setting up a
human cohort to assess if and how stress affects the nutritional
composition of breastmilk, and how this relates to history of
stress, stress hormones and food intake of the mother. These
findings might open new avenues for early nutritional interven-
tion in humans to support infant development in vulnerable
individuals, which is non-invasive and easily applicable.

PO1.09.11

Expressions of Transcobalamin receptor CD32O and
transporter TCN2 in low vitaminB12 treated human
adipocytes.

J. Samavat1, A. Adaikalakoteswari1, J. Boachie1, I. Goljan2,
P. Saravanan1

1University of Warwick, COVENTRY, United Kingdom;
2George Eliot Hosp, NUNEATON, United Kingdom

Background: Vitamin B12 (cobalamin) is an essential micro-
nutrient in humans. Cellular uptake of B12 is facilitated by a
complex process involving transcobalamin, a plasma protein and
a cell surface receptor that specifically binds transcobalamin
saturated with cobalamin. Earlier clinical studies and animal
models showed that low maternal B12 deficiency is associated
with maternal obesity, development of insulin resistance and
metabolic syndrome,suggesting the crucial roleof B12 inadipose
tissue function. Although several studies exploredthe expression
of cellular B12 receptor (CD320)and transporters (TCN2) that
may regulate cellular uptake and storage of cobalamin in several
tissues like placenta, liver and brain,no study have been con-
ducted on adipocytes so far.Therefore the aim of this study is to
investigatethe expression of cobalamin receptor and transporter
and intracellular B12 levels in human adipocytes.
Methods: Human pre-adipocyte cell line (Chubs S7), and
human primary pre-adipocytes were grown to confluence
(day 0), differentiated in differentiation media for one week and
maintained in nutrition media for a further7 days (day 14). In
order to analyse B12 deficiency effects, customized media with-
different concentrations of B12 (0pM, 25pM, 100pM, 1nM,
10nM, 100nM,500nM) wereusedat all stages.On day 14, con-
dition media were collected,cells were harvested for RNA analysis
and stored at − 80°C until use. Intracellular B12 concentration
and their corresponding conditioned media were determined by
electrochemiluminescent immunoassay using a Roche Cobas

immunoassay analyzer (Roche Diagnostics UK, Burgess Hill,
UK). Gene expression was performed by RT-PCR.
Results:Intracellular levels of B12 in adipocytes cultured in low
B12 (25pM and 100pM) showed 300-500% higher concentra-
tions of B12 compared to the condition media. However,
increasing concentrations of B12 in the condition media to 1nM,
10nM, 100nM and 500nM resulted in progressive reduction
incellular uptake of B12 to9.1%, 3.9%, 1.6% and 1.3%, respec-
tively. However, the intracellular levels are still higher than the
normal physiological levels seen in humans.We also observed there
was a significant increase in the gene expression of B12 transporter
transcobalamin II (TCN2) and transcobalamin receptor (TCblR)
(CD320) in adipocytes under each B12 condition.
Conclusion: Our study thus provides novel evidence that when
extracellular B12 levels are low (0-100pM), the intracellular B12
levels and the gene expression of receptor and transporter are
higher, whereas opposite effects are seen at higher extracellular
B12 levels (1-500 nM). This suggests active transport of B12 in
adipocytes at low concentrations. In addition, there might be a
threshold for the B12 entry at the membrane levelinhigher con-
centrations of B12. Our findings support that optimal physiolo-
gical levels of B12 is required. Further studies are required to
assess whether the effects of non-physiological concentrations of
B12 (low or high) result in adipocyte dysfunction.

PO1.09.12

Intra cellular uptake and levels of vitamin B12 in hepatocytes

J. Boachie1, A. Adaikalakoteswari1, J. Samavat1, I.Z. Goljan2,
P. Saravanan1

1University of Warwick, COVENTRY, United Kingdom;
2Diabetes Centre, George Eliot Hospital NHS Trust College
Street, Nuneaton, Warwi, COVENTRY, United Kingdom

Background: Vitamin B12 is a key enzyme involved in methy-
lation of DNA and plays a key role for many intracellular reac-
tions. The liver is the principal storage organ for cobalamin
containing about 10μg cobalamin per gram protein or 1μg/g wet
weight and able to hold 50% (1-1.5mg) of B12 in the body.
Hepatocytes make up the bulk of the liver mass expressing spe-
cific receptors for B12-bound transporters in circulation that may
regulate cellular uptake and storage of B12 in the liver. However,
relationship between circulating and intracellular B12 levels as
well as regulation of hepatic uptake of B12 is unexplored. B12 is
water soluble and is thought to be either stored in liver or excreted
in the urine when consumed in excess, without any adverse
consequences. To investigate the regulation of intracellular levels
of B12 in hepatocytes, we studied the handling of B12 by
hepatocytes with varying concentrations of B12.
Methods: HepG2 cell line was cultured using custom made
B12 deficient Eagles’ Minimal Essential Medium (EMEM)
and seeded in ten (10) different concentrations of B12 media
such as 500nM, 400nM, 200nM, 100nM, 50nM, 20nM,
10nM, 1nM, 100pM and 25pM B12. Intracellular con-
centrations of B12 in Hep G2 cells and in their corresponding
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conditioned media was determined by electro-
chemiluminescent immunoassay using a Roche Cobas immu-
noassay analyzer (Roche Diagnostics UK, Burgess Hill, UK).
Gene expression (real-time PCR) of B12 transporter transco-
balamin II (TCN2) and transcobalamin receptor (TCblR)
(CD320) were done by RT-PCR.
Results: At lower than normal physiological concentrations of
B12 (25pM and 100pM), there was 210-280% higher intra-
cellular levels of B12 compared to the condition media (akin to
circulating levels in vivo). At 1000pM (1nM) of B12, the
intracellular levels was 42.7% of the conditioned media. Fur-
ther increasing the concentrations of B12 to 10nM, 20nM,
50nM, 100nM, 200nM, 400nM and 500nM resulted in pro-
gressively lower intracellular uptake, with levels of B12 4.7%,
4.3%, 3.1%, 1.6%, 2.3%, 1.3% and 1.8% respectively, com-
pared to the conditioned media. There were no significant
differences in the expression of B12 transporter transcobalamin
II (TCN2) and transcobalamin receptor (TCblR) (CD320) in
hepatocytes under different B12 conditions.
Conclusion: Our study highlights the tissue specific effect of
intracellular B12 when exposed to at varying concentrations. At
lower levels (0-100pM), there seem to be active transport of B12
resulting in 2-3fold higher intracellular levels. However, at higher
extracellular B12 levels (1-500nM), the intracellular levels are 2-
70 fold lower, highlighting a potential threshold for B12 entry in
hepatocytes. In addition, although the fraction that enters hepa-
tocytes is low at higher concentrations, they still result in very
high intracellular concentrations. This may hinder the normal
physiological functions of hepatocytes. Further studies to assess
the tissue-specific effect of B12 on hepatic metabolism.

PO1.09.13

Prenatal iron-deficiency causes sex-dependent
mitochondrial dysfunction in the fetal liver and kidney

G. Woodman, R. Noble, H. Lemieux, S.L. Bourque

University of Alberta, EDMONTON, Canada

Background: Iron deficiency (ID) is the most prevalent
nutritional deficiency worldwide, and affects populations across
the socioeconomic spectrum. The incidence of ID anemia in
pregnant women is of chief concern, with rates estimated to be
50-80% in developing countries, and 30% in Western coun-
tries. Our group and others have shown that maternal iron
restriction throughout pregnancy causes fetal ID, anemia and
hypoxia in fetal liver and kidneys, which may be linked to
susceptibility for cardiovascular and metabolic dysfunction
later in life. Given the critical role iron and oxygen play in
mitochondrial function, we sought to determine whether pre-
natal ID causes alterations fetal liver and kidney mitochondrial
function and reactive oxygen species generation.
Methods: Six-week old female rats were fed either a low iron
(3mg/kg diet) or iron-replete (35mg/kg diet) for two weeks
prior to pregnancy. For the duration of pregnancy, the low iron
diet group was further divided into moderate-ID (M-ID,

10mg/kg diet) and severe-ID (S-ID, 3mg/kg diet) groups.
Pregnant dams and fetuses were euthanized on gestational day
21 and tissues were collected. Dihydroethidium fluorescence
staining was used to assess superoxide generation in OCT-
embedded cryosections. TUNEL staining was used to assess
apoptosis. High-resolution respirometry was used to assess
integrated mitochondrial function in tissue homogenates, with
respiration expressed as oxygen flux per milligram of tissue
homogenate per second. Mitochondrial content was deter-
mined with a spectrophotometric citrate synthase activity assay.
Results: Maternal iron restriction resulted in 31% and 54%
reductions in maternal hemoglobin (Hb) in the moderate (M-
ID) and severe (S-ID) groups on GD21, respectively (both
P< 0.001). M- and S-ID both resulted in a 55% decrease in fetal
Hb (both P< 0.001) as well as 20% and 35% reductions in body
weight (both P< 0.001), respectively. In the liver, ID increased
reactive oxygen species generation in male (P=0.01) but not in
female fetuses (P= 0.24). ID also reduced cytochrome c oxidase
(complex IV) activity, which correlated with reduced fetal Hb
levels in male, but not female fetal liver (Fig. 1a & 1b). In the
kidneys, reduced fetal Hb correlated with impaired complex I
(P< 0.05), complex II (P< 0.05), and cytochrome c oxidase
activity in males, but not in female fetuses (Fig. 1c & 1d).
Reductions in kidney mitochondrial content was also found to
correlate with lower Hb levels in males (P= 0.02), but not female
fetuses (P= 0.21). Moreover, ID caused apoptosis in male
(P= 0.01), but not female kidneys (P= 0.86).
Conclusions: These data implicate reduced mitochondrial
function and content as a potential mechanism by which pre-
natal iron deficiency causes sex-dependent programming of
long-term cardiovascular and metabolic function.
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Complex IV oxygen flux correlated with fetal hemoglobin (Hb)
in (a) male liver, (b) female liver, (c) male kidney, and (d)
female kidney.

PO1.09.14

Perinatal iron deficiency alters brown fat quantity and
thermogenic capacity in adult rats.

J. Cherak, J. Yoo, A.G. Woodman, S. Panahi, F.S. Gragasin,
S.L. Bourque

University of Alberta, EDMONTON, Canada

Background: Fetal exposure to an adverse intrauterine envir-
onment can lead to altered growth and developmental trajec-
tories, thereby increasing susceptibility to chronic disease in
later life. Iron deficiency (ID) is the most common nutritional
disorder in the world, and pregnant women are the most sus-
ceptible subgroup. We have shown that prenatal ID programs
offspring metabolic function, characterized by an increased
propensity for fat accumulation in later life; however, the
mechanisms underlying this metabolic dysfunction are
unknown. Brown adipose tissue (BAT) is highly active meta-
bolic tissue which has the capacity generate large quantities of
heat. The capacity of BAT to burn calories as heat makes it an
attractive therapeutic target for obesity. We sought to deter-
mine whether prenatal ID predisposes offspring to obesity by
chronically altering the thermogenic capacity of BAT, and thus
whole body metabolism.
Methods: Female Sprague Dawley rats were fed either an iron-
restricted (3-10mg/kg iron) or control diet (35mg/kg iron)
prior to and throughout gestation. At birth, dams were fed a
normal rat chow, and pups were subsequently fed a high-fat/
high-sucrose diet at weaning (postnatal day 21). At 4wk of age,
one male and female offspring from each litter were subjected
to a chronic cold exposure protocol (4˚C, 12h/day, 5wk) to
stimulate brown fat, and one male and female littermate were
maintained at room temperature (22˚C). Metabolic parameters
were analyzed in vivo via open-circuit indirect calorimetry.
Maximal thermogenic capacity from BAT was assessed fol-
lowing pharmacological stimulation with the β3 agonist
CL316,243.
Results: Maternal iron restriction throughout pregnancy
caused anemia and growth restriction in male and female off-
spring at birth (P< 0.001 for all parameters). All offspring
subsequently recovered in the neonatal period, such that Hb
levels and body weights were no longer different between
groups at postnatal day 21. Cold exposure increased BATmass,
uncoupling protein-1 expression, and thermogenic capacity in
all offspring (P< 0.001), albeit these effects were mitigated in
the PID offspring. Whereas cold exposure had minimal effects
on control offspring body weight and body composition, cold
exposure prevented body weight and fat mass gain in male PID
offspring (P< 0.001), but not in female PID offspring.
Conclusions: Prenatal ID causes lasting effects on BAT
quantity and thermogenic capacity in the offspring, albeit these

differences are qualitatively different between male and females.
However, changes in BAT physiology did not impair cold-
induced fat loss in the offspring, suggesting alternative
mechanisms may be implicated in chronic cold-stimulated
weight loss.
Funding: This work was supported by the Women and Chil-
dren’s Health Research Institute and the Canadian Institutes of
Health Research.

PO1.09.15

Impact of mandatory iodine fortification on young adults
in the Top End of Australia

E. Mackerras1, B. Davison2, R. Singh2

1Food Standards Australia New Zealand, BLACKALL, Australia;
2Menzies School of Health Research, DARWIN, Australia

Background: Iodine deficiency is an important cause of mental
retardation in the developing foetus. Iodine deficiency existed
in the south-east of Australia until about the 1970 s but in
recent decades Australia was considered to be iodine replete.
Documentation of the re-emergence of iodine deficiency in the
most populated parts of Australia in the early 2000’s led to the
nation-wide mandatory fortification with iodine of salt used in
bread making in 2009 by Food Standards Australia New
Zealand. No information was available about the status of
people living in the central-northern part of the continent. This
study measured urinary iodine concentrations in young adults,
both Indigenous and non-Indigenous, living in the most
northerly part (the “Top End”) of the Northern Territory
before and after fortification.
Methods: Spot urine samples were collected from participants
of two cohort studies, the Aboriginal Birth Cohort (urban and
remote Indigenous) and the Top End Cohort (urban non-
Indigenous) as part of planned longitudinal follow-up. This
occurred before and after fortification. Median urinary iodine
concentration (MUIC) >100mcg/L (WHO/UNICEF/
ICCIDD criteria) in spot urine samples indicates that the
population is replete for iodine.
Results: There were 590 urine samples before and 510 after
fortification. MUIC (mcg /L) improved for all groups: in men
from 47, 78 and 93 to 98, 128 and 132 in remote Indigenous,
urban Indigenous and urban non-Indigenous participants,
respectively. Similarly, in women, MUIC increased from 55,
58 and 63 to 89, 127 and 94, respectively. MUIC in urban
men, both Indigenous and non- Indigenous, and urban Indi-
genous women improved to the iodine sufficient range. How-
ever, MUIC for remote living Indigenous people and urban
non-Indigenous women remained below 100mcg/L.
Conclusions: Although there was improvement across all the
groups after fortification, some groups remain in the mild
deficiency range. This is most concerning in this cohort of
women of childbearing age as iodine requirements increase in
pregnancy and lactation. Our results are generally lower than
those reported in this age group in the 2012 national survey.
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These results illustrate the usefulness of cohort studies in sup-
porting national surveillance efforts, particularly for small
population sub-groups.

PO1.09.16

Vitamin D concentrations in pregnant women and their
newborns: relation with gestational birth weight

C.F. Cafeo, F.I. Suano-Souza

Faculdade de Medicina do ABC, SANTO ANDRE, Brazil

Background: Vitamin D (VITD) is prohormone involved in
various systems of the body, including immune, respiratory,
endocrine, cardiovascular and bone metabolism. Study evalu-
ating vitamin D concentrations in umbilical cord showed direct
relationship between maternal and newborns levels at birth.
Premature newborns (PTNB) are more likely to show VITD
deficiency than those born at term. This deficiency may be
associated with increased risk for sepsis, lung and bone disease.
The purpose of the study is to describe, at the time of delivery,
maternal and umbilical VITD concentrations in PTNB, com-
paring them with the term newborn (TNB) and to correlate the
cord and maternal VITD concentrations.
Method: It was a cross-sectional and controlled study that com-
pared PTNB group (n=37) and TNB (n=37). At the time of
delivery, 10mL of maternal and umbilical cord blood samples were
collected to determine the concentrations of 25 (OH) D, para-
thyroid hormone, calcium, phosphorus, and alkaline phosphatase.
Results: PTNB 25(OH)D concentrations were lower than
TNB (23,59 ± 2,42 ng/mL vs 30,49 ± 2,19 ng/mL; p= 0,039);
on the other hand, there was no difference in relation to the
maternal concentrations. The levels of the other markers of
vitamin D metabolism presented a significant difference
between the groups, both maternal and newborn, however,
without association with 25 (OH) D levels.
Conclusions: PTNB have lower VITD concentration in
comparison TNB. None of the risk factors studied were asso-
ciated with lower concentrations of VITD in both of groups.

PO1.10 – Population health

PO1.10.01

Generation Victoria: A unique opportunity for better
lifelong health and learning

M. Wake1, R. Saffery1, W.A. Siero1, S. Goldfeld2, K.J. Allen1,
A.L. Ponsonby1, F. Oberklaid2, D. Burgner1, K. Williams3,
N. Curtis4, J.B. Carlin1, H. Hiscock2, A.J. Davidson1,
K.N. North1

1Murdoch Children’s Research Institute, PARKVILLE, Australia;
2Centre for Community Child Health, Murdoch Children’s
Research Institute, MELBOURNE, Australia; 3Royal Children’s
Hospital, MELBOURNE, Australia; 4Department of Paediatrics,
University of Melbourne, MELBOURNE, Australia

Background: Addressing the childhood origins of poor health
outcomes and low academic attainment will lessen the burdens
associated with disease and ageing, increase population pro-
ductivity and address inequities. Traditional project-driven
recruitment, data collection and follow-up do not readily scale
up to the numbers and flexibility needed to solve key issues that
negatively impact population health and learning. At the same
time, existing regional and national routine data are generally
under-utilised despite their potential for innovative solutions.
Methods: The Gen V project aims to fundamentally shift data
collection and utilisation throughout the state of Victoria
(population 6 million), Australia, to create an innovative
research hub that can drive evidence-based policies. It will: (a)
embed an efficient whole-of-state research capability into
health, social and education services, augmenting existing data
and integrating biospecimens; (b) commence in pregnancy,
ensuring DOHaD research derives from total populations; and
(c) facilitate researcher-practitioner-policy-community rela-
tionships to rapidly address important questions and test fea-
sible solutions.
Results:Now in advanced planning, Gen V will comprise three
major inter-related components:
Gen V 2020,a birth cohort and associated biobank of over
100,000 children, driving enhanced state-wide data linkage. It
will bring together and augment the data and biosamples
already collected within Victoria’s service system (such as the
Maternal and Child Health Service) at key ages. All children
born in 2020-21 in the State of Victoria, Australia, and their
parents will be invited to take part. A permanent repository of
consented information will grow with the children; an anon-
ymised core dataset will be made readily available via licence,
with more complex and/or sensitive data also accessible on
application. Gen V Big Data, the advanced processing and
analytics capability needed to realise the value of new and
existing data structures. Gen V will work with diverse centres of
computational excellence to stimulate these capabilities.
Working with government, services and data custodians to
enhance linkage of state-wide data will also make total popu-
lation data, including from those not participating in Gen V,
more readily available. Gen V Solution Hubs, responsive ave-
nues of research underpinned by (1) and (2) to address
hypotheses and test new interventions, policies and practices
for the major domains of child health and development. We
foresee eight Solution Hubs: (1) Discovery research; (2)
Population health & learning; (3) Place-based research; (4)
Population trials; (5) Health services; (6) Clinical & registry
trials; (7) Condition databanks and biobanks; (8) Disaster
impacts. The agenda for each will be planned each year by
policy-service-consumer-research partnerships. The Hubs will
generate their own funding and investment.
Conclusion:Now in its preliminary phases, Gen V represents a
whole-of-state DOHaD research system that goes beyond a
conventional cohort. Gen V is geared to speed up the discovery
of practical, testable and translatable solutions to the modern
epidemics of childhood and the problems of later life. It will
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provide researchers, clinicians, service developers and policy
makers with data and a ready testing ground for new prevention
and early intervention strategies.

PO1.10.02

The ORIGINS Project - a healthy start for a better future

L.J. Colvin1, E. Hagemann1, S. Prescott2, D. Silva1,
L. Gibson1, D. Palmer3, S. Miller3, L. Ham1, R. Srinivas Jois3

1Telethon Kids Institute, SUBIACO, Australia; 2International
Inflammation (in-FLAME) Network, World Universities Network
(WUN), PERTH, Australia; 3School of Paediatrics and Child
Health, The University of Western Australia, PERTH, Australia

Background: The inextricable link between the early envir-
onment and subsequent NCDs led the WHO to prioritise
‘early-life preventive strategies’ in 2009. Globally, health
councils (e.g. NIH, MRC and NHMRC) now have ‘AHealthy
Start to Life‘ as national priorities. ORIGINS directly addres-
ses: the call for integrated interdisciplinary studies to examine
these complex interactions; and, the DOHaD mandate to
specifically target preventive strategies in early life.
Methods: ORIGINS is a multidisciplinary collaboration
between a large hospital campus (JHC) and a children’s
research institute (TKI) to establish a new Western Australian
birth cohort. A key strength and novelty is that it is fully inte-
grated with clinical and diagnostic services at JHC. A central
objective of ORIGINS is to develop a comprehensive research
platform consisting of an extensive Databank and Biobank.
This will enable investigations into how, when and why NCDs
develop through the study of early environments, maternal and
paternal physical health and genetics. Recruitment of pregnant
women and their partners commenced in November 2016.
Over 5 years we aim to recruit 10,000 women and their part-
ners early in pregnancy and collect biological samples, routine
data and web-based questionnaires on their physical and
mental health, diet, physical activity patterns and a range of
factors in their environment, creating a large biobank and
databank. Participants also consent to linkage to national gov-
ernment datasets. Initially we will intensively follow up these
families until the children are 5 years of age. We will then assess
how these early life exposures have influenced their child’s
growth, development, and health. Nested within the main
observational cohort will be a series of intervention studies and
RCTs to improve modifiable aspects of the early life environ-
ment (e.g. nutrition, physical activity, microbial diversity,
weight gain, language development).
Results: During 2016, preliminary data was collected from all
pregnant women attending their first visit at the antenatal
clinics (N= 2,000+ ) to better understand the demographics
of the community. Four subprojects have commenced: pre-
biotic supplementation and the effect on allergy risk; strategies
for prevention of excessive early weight gain; language devel-
opment in relation to testosterone levels; and, cardiovascular
health of fathers.

Conclusion: The ORIGINS Biobank and Databank will
generate many opportunities to explore underlying mechan-
isms of environmental influences and how these vary with
genetic predisposition. It will build substantial future capacity
to address critical questions (including genetic, epigenetic,
metagenomic and metabolomic studies) in relation to the
development of NCDs. The families will be part of a new and
exciting research project. They will have the support of a team
of healthcare providers who will monitor the development of
their child closely. They will have ready access to specialist
services such as obstetricians and neurodevelopmental screen-
ing, and families will be able to request the results of these
assessments, and be given appropriate referral if required. We
will also provide more general information about the study
progress to the participants through the ORIGINS website,
social media, online newsletters and community newspapers.
This is anticipated to maintain engagement in the study and
retain participants.

PO1.10.03

What do pregnant women know about DOHaD: Exploring
knowledge translation in the Mothers to Babies (M2B) Study

L.J. McKerracher1, S. Rao1, C.S. Moffat1, M.E. Barker2,
S. Atkinson1, On behalf Of the M2B consortium3,
D.M. Sloboda1

1McMaster University, HAMILTON, Canada; 2Southampton
University, SOUTHAMPTON, United Kingdom; 3Mothers to
Babies (M2B) Research Consortium, X, Canada

Research Question: The Developmental Origins of Health
and Disease (DOHaD) hypothesis holds that environmental
factors during early development affect long-term and even
multi-generational health outcomes. Consistent with this
hypothesis, overwhelming evidence indicates that a mother’s
metabolic state and nutrition during pregnancy affect her
children’s risks for later-life development of obesity-related,
non-communicable diseases (NCDs) such as diabetes and heart
disease. The uptake of this evidence is growing rapidly among
researchers and policymakers. However, it is unclear whether
DOHaD messaging is yet reaching the public and, if so, which
demographic segments of the public are being reached and
whether this messaging influences nutritional knowledge and/
or behaviour among pregnant women.
Methods: To begin to investigate these questions, we per-
formed a pilot survey of DOHaD understanding in a socio-
demographically diverse sample of 70 pregnant women from
Hamilton, Canada. Three components of DOHaD knowledge
translation were evaluated using participants’ responses to a
169-item questionnaire. First, we assessed current state of
familiarity with core DOHaD-related concepts (hereafter,
DOHaD Knowledge or DOHaDK) relative to familiarity with
Canada’s general pregnancy health recommendations (here-
after, Pregnancy health Knowledge or PREGK). Second, we
assessed whether variation in DOHaDK and/or PREGK were
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associated with variation in socio-demographic factors known
to affect NCD risk (age, socioeconomic status, parity, and
neighbourhood of residency). Third, we investigated whether
variation in self-reported diet quality was associated with
DOHaDK and/or PREGK. Two scales were developed to
measure DOHADK and PREGK (5= low familiarity with
current evidence, 25= perfect understanding of current evi-
dence) and then the means and coefficients of variation
(COVs) were compared between the scales. We then developed
multivariate linear mixed effects models in which we regressed
each scale on socio-demographic characteristics; random effect
terms for participants’ neighbourhoods were included to
account for geographic clustering in the data. Lastly, a food
frequency-based measure of recalled diet quality was regressed
on DOHaDK, PREGK, and socio-demographic factors, again
clustering the data by neighbourhood.
Results:DOHADK scores were lower (mean= 13.6 out of 25)
and more variable (COV= 0.37) than PREGK scores
(mean= 20.3, COV= 0.08; p= 0.000). While PREGK scores
were not associated with participants’ socio-demographic
characteristics, DOHADK scores were positively associated
with socioeconomic status and negatively with parity. Diet
quality scores were positively associated with DOHaDK but
not PREGK, independent of socio-demographic factors.
Conclusions: The first two analyses suggest that most partici-
pants are receiving and understanding general recommenda-
tions about PREGK, but that relatively complex DOHaDK is
not yet being well-communicated/understood. DOHaDK is
only beginning to reach some segments of the pregnant
population (nulliparous women of higher socio-economic sta-
tus). The positive association between diet quality and
DOHaDK may suggest that understanding the longer-term
child health implications of nutritional status during pregnancy
could improve maternal nutrition in pregnancy. Future
research should investigate the relationships between
DOHaDK, PREGK, socio-demographic factors, and preg-
nancy diet quality in a larger sample and in other contexts. If
further work supports our findings, policy and interventions
targeting early life NCD risks should aim to improve accessi-
bility of DOHaDK, especially in segments of the population
whose access to this knowledge base is limited.

PO1.10.04

The Welcome Baby Project: follow-up of the first virtual
cohort in Brazil

A.M.U. Escobar1, J.V.A. Ribeiro2, K. Barros3, M. Wadt4,
A.C. Covic4

1University of São Paulo Medical School, SÃO PAULO, Brazil;
2UNA Educação e Saúde, SÃO PAULO, Brazil; 3Danone, SAO
PAULO, Brazil; 4University of Campinas, CAMPINAS, Brazil

Background: Brazil is a continent-sized country. It has socially
underserved areas and its public health system is complex and

unable to meet all demands in an effective and consistent
manner. According to official estimates, 60% of pregnant
women in Brazil attend less than 7 prenatal doctors’ visits. At
the same time, it is estimated that over 120 million Brazilians
access the internet; 103 millions access social networks and
65% of them are Facebook users.
Methods: Based on these data, the Welcome Baby Project took
shape and began in October 2014. We selected 642 pregnant
women that were in the first trimester of pregnancy. Partici-
pation was on a voluntary basis. All pregnant women who were
interested, accepted the terms and conditions, and filled out an
online form. We followed them in a closed group within
Facebook, the social network used, until the children were 2
years old. To operationalize the research 5 questionnaires were
answered during pregnancy, and 5 during the first two years of
life, with all the data we needed. We provided behavior-
changing health information everyday, enabling the future
mothers to go through a healthier and more stress-free preg-
nancy, encouraging them to properly perform prenatal and,
after the children were born, we encouraged them to breastfeed
as well as to correctly introduce supplementary feeding after
6 months. We also oriented parents to encourage the devel-
opment of their children in the first two years.
Results: We reached women in 21 of Brazil’s 26 states. All
educational extracts and family income levels were covered: 7%
of the participants had the first grade, 31% completed high
school; 41% went to university and 21% had post graduation.
Regarding the family income, we had 23% of families that
earned less than 2 minimum wages per capita, 64% between 2
and 10 minimum wages and 13% with more than 10 mini-
mum wages. We wrote 535 posts and 123 surveys to promote
interactivity. We had 7582 comments and 40385 likes. Our
group had a significant improvement (Pearson p< 0,05) in the
number of prenatal consultations, compared to Brazilian
population. The exclusive breastfeeding rate up to 6 months of
age in our group was 44,5%, also well above the Brazilian
average, which is 9,3%. The group dropout rate over the full
period of pregnancy was 6,16%. Now, at the end of the study,
we have 566 women following us.
Conclusions: In the twenty-first century digital communica-
tion is one of the most important forms to bring together
people from different countries and cultures; particularly for
people in the most remote places on the planet. We have to
imagine and find new ways to disseminate knowledge using
various tools at our disposal.
Social networks are clearly one of them, and can be used as a tool
to promote health to people of all educational and social levels.

PO1.10.05

Study design and future perspective of a birth and three
generation cohort study in Japan: The TMM BirThree
Cohort Study

H.M. Metoki1, M.I. Ishikuro2, T.O. Obara2, M.K. Kikuya2,
Y.S. Sato2, M.M. Miyashita2, C.Y. Yamanaka2, S.M. Mizuno2,
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M.N. Nagai2, H.M. Matsubara2, A.H. Hozawa2, I.T. Tsuji2,
F.N. Nagami2, S.K. Kure2, N.Y. Yaegashi2, S.K. Kuriyama2

1Tohoku Medical and Pharmaceutical University, SENDAI,
Japan; 2Tohoku University, SENDAI, Japan

Background: The Tohoku Medical Megabank Organization
(ToMMo) was established by Tohoku University after the
Great East Japan Earthquake to reconstruct the disaster area
with introducing an advanced medical system. The mission of
ToMMo is to identify health problems in the aftermath of the
disaster and to facilitate the solution with developing persona-
lized health care and medicine. One of the projects to achieve
its mission is “The Tohoku Medical Megabank Project Birth
and Three-Generation Cohort Study (the TMM BirThree
Cohort Study)”. The TMM BirThree Cohort Study is a
unique, large population based birth cohort study with genome
analysis that recruits pregnant women and their fetuses as well
as their family members, including relatives. The purpose of
this cohort study is to identify health status of people in the
aftermath of the disaster and transfer them to the medical
facilities for receiving essential medical service, and to analyze
the origin or causes of disease based on their genomic infor-
mation to establish personalized healthcare and medicine in the
disaster area.
Methods: Recruitment of the TMM BirThree Cohort Study
was started in July, 2013 and finished at the end of March,
2017. The study collects blood or saliva, urine, questionnaires
and medical or health records from all participants. Mothers
additionally provide questionnaire twice, blood and urine
samples during pregnancy. Breast milk from mothers and cord
blood from their babies are also collected. Physiological mea-
surements such as eye examination, body composition, blood
pressure, and so on are also obtained for participants who are
interested in. Brain and femur magnetic resonance imaging
(MRI) is also performed on adults. Desirable number of the
participants is 70,000. All participants will be followed up at
least every one year by questionnaires and medical or health
records. Furthermore, the study plans to collect a set of exam-
ination after five years. In addition to the set of baseline
examination, we will measure electrocardiography for both
adults and children. We will also analyze serum lipid and
thyroid-stimulating hormone for children over 10 years old.
Results: By the end ofMarch, 22,504mothers and 27,871 family
members participated in the TMM BirThree Cohort Study. A
total of 22,406 babies were born so far. From the perspective of
pedigrees, 5,533 trios with newborns and 3,055 quadros with
siblings, and 197 hepta families with whole three generations are
included in the study. There are 512 big families consists of more
than 7 participants including relatives. Those varieties of pedigrees
enable us to elucidate the origin or causes of disease and contribute
to build more quality-oriented care. We received a questionnaire
at 12 months from 6,585 mothers of babies.
Conclusions: The TMM BirThree Cohort Study could
achieve to recruit enough number of study participants over the
three generations. We needed a strategic plan to keep a

sufficient follow-up rate. We will continue to monitor the
follow-up rate and consider other plans to collect enough data
for the study.

PO1.10.06

Gender specific DOHaD and implications for women’s
health

I. Koupil

Stockholm University/Karolinska Institutet, STOCKHOLM,
Sweden

Background: Studies examining the associations of early life
characteristics with women’s health are rare and the hypothe-
sised combined effect of reproductive history and social mobi-
lity on health in late life has not been adequately addressed.
Our overarching research goal is to explore how the socio-
economic environment in early life and throughout the life
course interacts with gender, health, reproductive behaviour
and family formation to affect health and social outcomes of
men and women across the life course and across generations.
Methods: The UBCoS Multigen is a representative and well-
defined cohort of 14,192 males and females born in Uppsala
University Hospital from 1915-1929 that has been combined
with social and health data on all their descendants, obtained
from Swedish routine registers. The multigenerational study
comprises over 150,000 individuals, including cohort mem-
bers, parents, descendants and partners. 98% of the original
cohort members were traced to archive and/or register data and
the original cohort members appear to be nationally repre-
sentative in terms of key variables such as infant mortality and
lifetime fertility, indicating the potential to generalize to indi-
viduals born in Sweden as a whole. In our epidemiological
analyses, we aim to integrate research on social determinants of
health with the life course model of pregnancy and childbirth as
a sensitive period in the life courses of parents and offspring,
and we put a strong focus on gender differences in the inves-
tigated associations.
Results: (i) In studies of developmental origins of health and
disease among the first generation UBCoS, gender- specific
associations have been documented for maternal pelvic size and
incidence of different types of stroke as well as for umbilical
cord length and risk of chronic rheumatic heart disease in later
life. (ii) Studies on the relative importance of cumulative pro-
cesses and sensitive periods in the development of common
chronic disease and survival also indicate some potentially
important gender differences. While accumulation models
appear to provide the best fit for the effect of socioeconomic
position across the life course on circulatory disease mortality in
UBCoS men, results for UBCoS women indicate a greater
importance of sensitive periods in later life. (iii) Most recently,
our material has also provided evidence for associations of early
life characteristics with specific disease outcomes concerning
women’s reproductive health and ageing in the second gen-
eration of UBCoS.
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Conclusions: Based on the previous findings and identified
knowledge gaps, we perceive a need to focus more on the
interrelations between reproductive histories and social mobi-
lity, and their combined effect on men’s and women’s health in
later life in our future research. We wish to explicitly address
potential gender-specific mechanisms by giving a central place
in our causal modelling to the determinants and effects of
reproductive behaviour and family building. Furthermore, we
include specific women’s reproductive health and ageing out-
comes in studies of developmental origins of health and disease
and we hope to stimulate more empirical research into life
course determinants of women’s health.

PO1.10.07

The Human Early Life Exposome (HELIX) project:
molecular mechanisms

M. Bustamante1, C. Hernandez-Ferrer1, M. Vives-Usano2,
L. Maitre1, C. Thomsen3, M. Nieuwenhuijsen1, R. Slama4,
L. Chatzi5, R. Grazuleviciene6, G.M. Aasvang7, J. Wright8,
J. Sunyer1, E. Borrás2, H.C. Keun9, A. Carracedo10,
X. Estivill2, J.R. Gonzalez1, M. Coen11, M. Vrijheid1

1ISGlobal, Centre for Research in Environmental Epidemiology
(CREAL), BARCELONA, Spain; 2Centre for Genomic Regulation
(CRG), The Barcelona Institute of Science and Tech, BARCELONA,
Spain; 3Department of Exposure and Risk Assessment, Norwegian
Institute of Public Health, OSLO, Norway; 4Institut National de la
Santé et de la Recherche Médicale (INSERM), Institut Alb,
GRENOBLE, France; 5Department of Social Medicine, Faculty of
Medicine, University of Crete, HERAKLION, Greece; 6Department
of Environmental Sciences, Vytauto Didžiojo Universitetas,
KAUNAS, Lithuania; 7Department of air pollution and noise,
Department of Molecular Biology, Norwegia, OSLO, Norway;
8Bradford Institute for Health Research, BRADFORD, United
Kingdom; 9Division of Cancer, Department of Surgery and Cancer,
Imperial College London, I, LODON, United Kingdom; 10Grupo de
Medicina Xenómica - Universidad de Santiago de Compostela,
SANTIAGO DE COMPOSTELA, Spain; 11Biomolecular
Medicine, Division of Computational and Systems Medicine,
Department, LONDON, Spain

The exposome is defined as all the exposures from conception to
death. Prenatal and early life exposome is thought to exhibit more
damaging effects on health than postnatal insults. This is because
foetuses have an immature detoxification metabolism and because
the prenatal period is characterized by critical epigenetics changes.
The aims of the Human Early Life Exposome (HELIX) project
are: i) to characterize the early life exposome, ii) to associate it with
child health outcomes, and iii) to relate it to omics imprints and to
understand the action molecular mechanisms. The present
abstract focuses on the third objective of the project. The HELIX
study consists of 1,300 children from 6 European cohorts (BIB in
UK, EDEN in France, KANC in Lithuania, INMA in Spain,
MOBA in Norway, and RHEA in Greece) which were followed
using the same harmonized protocols. The prenatal and postnatal

exposome (>200 exposures) including the outdoor exposome (air
pollution, build environment, noise), the individual exposome
(cotinine, metals, POPs, PFAS, phthalates, phenols, and organo-
phosphates) as well as life style factors (diet or physical activity)
were measured. Three main health outcomes were assessed: i)
growth and cardio-metabolic phenotype, ii) lung function, asthma
and allergy, iii) neurodevelopment and behaviour. In addition,
molecular signatures at the age of 6-10 years were obtained: blood
DNA methylation (450K, Illumina), gene (HTA v2.0, Affyme-
trix) and miRNA (SurePrint Human miRNA rel 21, Agilent)
transcription, serum metabolites (AbsoluteIDQ p180 kit, Bio-
crates), urine metabolites (1H NMR) and plasma proteins
(Luminex). The global effect of the exposome on the omics pro-
files will be analyzed using the O2PLS (orthogonal two partial
least squares) regression. This will give us a measure of the varia-
bility of the omics profiles that could be explained by the expo-
some, which will be compared with the proportion explained by
the genome. Linear regressions adjusted for main confounders
(cohort, age, sex, and surrogate variables in the case of blood
molecular phenotypes) will be applied to identify molecular bio-
markers associated with each exposure. Summarized results will be
publicly available. Three environmental exposures with high
concern in public health will be analyzed in more detail. They are:
tobacco smoking, air pollution and persistent organic pollutants
(POPs). Exposure to prenatal and postnatal tobacco smoking is a
known risk factor for health outcomes in children. It has been
reported that prenatal maternal smoking alters cord blood DNA
methylation, with some changes being persistent until adoles-
cence. However, the functional consequences of these changes in
terms of gene expression remain unknown. In HELIX, we have
confirmed the association between prenatal maternal smoking and
methylation changes in particular CpGs at the age of 6-10y. Next,
we will study the final consequences of these altered methylation
patterns on gene expression. Moreover, the effect of prenatal
maternal smoking as well as postnatal environmental passive
smoking on the urinary and plasma metabolome will be
investigated.

HELIX-omics design.
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Refusal to partake in an electronic health promotion app

G. Caruth1, C. Littrean2, A.C. Doolan1, J. Miletin1, M.J.
Turner1, R. Biesma2

1Coombe Women and Infants University Hospital, DUBLIN, Ireland;
2The Royal College of Surgeons in Ireland, DUBLIN, Ireland

Background: The World Health Organisation predicts that
Ireland will be the most obese country in Europe by 2030.
Maternal weight retention has been linked to obesity in their
offspring. Postpartum weight gain can be a predictor of sustained
weight gain in later life. Pregnancy can be an important window
where health promotion can affect the development of obesity in
at least two generations. However, there is limited evidence sup-
porting the effectiveness of many obesity prevention or reduction
interventions among this population. This study proposes that by
encouraging weight loss in postpartumwomen through the use of
a health information smartphone application, the cycle of obesity
in women and children can be broken.
Methods: Women were recruited from the postnatal wards of
the Coombe Women and Infants University Hospital, Dublin
over a 24 month period. They were all approached in the
immediate postpartum period and invited to participate in a
randomised control trial. Participants were randomised into two
groups. The intervention group received a customised health
intervention smartphone application while the control group
only received the current methods of information delivery in use
at the hospital. To participate in the study, women were required
to complete questionnaires examining their health literacy, diet
and physical activity. Repeat visits at 4 and 9months post partum
were offered. At all time points, body composition of mothers
and infants were measured using the Tanita and PeaPod devices.
Results:Of 200 eligible mothers approached, 40% declined to
participate without stating a reason. The most popular given
reason for refusal at 37% was the time commitment required
for followup visits. Other reasons for refusal included the use of
another similar app (10%) or an expectation to lose weight
without further intervention (4%).
Conclusion: Most reasons for recruitment failure occurred at
initial approach of mothers. The short postnatal stay, coupled
with the inherent busy nature of a postnatal ward may have
made mothers feel overwhelmed. Mothers also had to leave the
ward in order to have their body composition assessed, taking
them away from their infant often for the first time. Our
findings can be used to help identify effective methods of
improving recruitment of participants in this setting.

PO1.10.09

The Canadian DOHaD cohort registry: a far-ReACHing
Maelstrom Research initiative toward facilitating
collaborative research

R. Massicotte1, I. Fortier1, V. Ferretti2, A. Bocking3,
W. Fraser4, S. Atkinson5

1Maelstrom Research, MONTREAL, Canada; 2Ontario Institute
for Cancer Research (OICR), TORONTO, Canada; 3University
of Toronto (UofT), TORONTO, Canada; 4Université de
Sherbrooke (UdeS), SHERBROOKE, Canada; 5McMaster
University, HAMILTON, Canada

Background: Major financial and time investments in
population-based studies worldwide have supported innovative
research that has produced advanced understanding of the
relation between various environmental and lifestyle exposures
and health and disease outcomes. To optimize the value of such
scientifically rich databases there is a need to establish cross-
study collaborations and develop tools to support data dis-
covery and co-analysis.
Maelstrom Research aims to address some of the challenges of
cross-study collaborations by providing the international
research community with resources to leverage and support
data documentation, integration, harmonization, and co-
analysis. Maelstrom Research develops methods and software,
conducts methodological research, generates comprehensive
catalogues of study metadata, and creates infrastructures sup-
porting data management, harmonization, and co-analysis.
Methods: In 2016, Maelstrom Research launched the Research
Advancement through Cohort Cataloguing and Harmoniza-
tion (ReACH), a CIHR funded Developmental Origins of
Health and Disease (DOHaD) research network. The objective
of ReACH is to implement a comprehensive web-based cata-
logue and data harmonization platform to facilitate the use and
co-analysis of data and biological samples collected by Cana-
dian pregnancy and birth cohorts. ReACH is built on the close
collaboration with 26 longitudinal studies that directly address
the DOHaD theme representing 53,300 mother-child dyads
and 17,800 fathers totaling 125,000 participants. The ReACH
mandate is also to provide support and training to the users of
its resources and when foreseen, assist investigators in the rea-
lization of their research projects involving integration, har-
monization, and co-analysis of data from multiple studies.
Results: The ReACH catalogue offers a web-based access to
comprehensive descriptions of study as well as a complete list of
variables collected. The metadata documented in the catalogue
is freely available at www.maelstrom-research.org/mica/net-
work/reach. The catalogue is under continual development as
the metadata from more studies is added on a regular basis. The
catalogue already covers detailed descriptions for almost all the
participating studies and the complete information of the data
and biological samples collected for several of them. The
number of participants recruited by individual studies range
from 200 to up to 16,000, the duration of follow-up range
between 2 and 22 years with 18 of the studies still ongoing. The
studies either followed their participants from pregnancy or
have collected pregnancy-related information retrospectively.
Once completed, hundreds of thousand variables will be
documented in the ReACH catalogue. In addition, a search
interface allows investigators to easily identify studies of interest
and data items available to answer specific research questions.
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Conclusions: Ultimately, ReACH aims to enhance the
potential for collaborative and cross-disciplinary research (out-
puts generated faster and at a lower cost), expand research
perspectives (leverage national and international collabora-
tions), improve quality of research practices, and foster the
development of innovative evidence-based research on
DOHaD. We encourage new studies and networks of studies
to join Maelstrom Research efforts and invite investigators to
make use of the ReACH resources for their research projects.

PO1.10.10

We learnt and now we are teaching our family: Adolescent
DOHaD knowledge translation supporting health
development in the Cook Islands

J.L. Bay1, D. Yaqona2, C. Barrett-Watson3, K. Tairea4,
U. Herrmann5, M.H. Vickers1

1University of Auckland, AUCKLAND, New Zealand;
2Nukutere College, RAROTONGA, Cook Islands; 3Tereora
College, RAROTONGA, Cook Islands; 4Cook Islands Ministry of
Health, AVARUA, Cook Islands; 5Ministry of Education,
AVARUA, Cook Islands

Background: Adolescent education can contribute to NCD
risk reduction in current and future generations. The Com-
mission on Ending Childhood Obesity report states that
school-based interventions must link to the core mission of
schools and integrate into mainstream curricula. The Liggins
Institute’s DOHaD school-partnership programmes do this,
focussing on capability development associated with scientific
and health literacies. Programmes support adolescents to
examine factors that promote poor environmental exposures,
and develop evidence-based actions in response to learning.
The Cook Islands a Small Island Developing State with 91%/
72% adult overweight/obesity collaborated with the Institute
to develop contextually adaptable adolescent DOHaD
knowledge-translation programmes.
Aim: To assess the potential of school-based DOHaD knowl-
edge translation in Years 9 & 11 to contribute to development
relating to education and primary NCD risk reduction in the
Cook Islands.
Methods: Community-based participatory partnership
involves translational action-research, examining an issue with
those affected by the issue, for the purpose of education and
action to effect change. An individually matched repeated time-
series design across two years supported quantitative and qua-
litative data collection, recognizing the importance of indivi-
dual change analysis within community-based interventions.
Evaluation of concepts beyond the programme supported
assessment of internal validity. Analysis to 12-months post-
intervention occurred for 66% of the cohort (n= 246).
Results: Professional development and learning resources
enabled teachers to use DOHaD/NCDs as a context for
learning, and public health professionals to learn about
DOHaD and support school-based programmes. Experienced

teachers with deep community and pedagogical knowledge
thrived, whereas early-career teachers found the programme
challenging. The context promoted positive adolescent
engagement leading to understanding of concepts associated
with the NCD crisis, lifecourse NCD risk, and contributors to
nutritional environmental exposures. Understanding was
retained at 12-months post-intervention. Application of critical
thinking associated with understanding of the intergenerational
nature of NCD risk was stronger in 15-year old females
(p’= .002) than in males or 13-year old females. We observed
no change in understanding of lifecourse evidence not exam-
ined within the programme. Baseline nutritional behaviour
matched existing national adolescent data. At least 50% of
students reporting obesity-promoting nutritional behaviours at
baseline recorded positive changes in relation to obesity-
promoting foods (e.g. doughnuts, a staple snack, + veΔ= 73%,
p< .001). However, 2-fruit/3-vegetable consumption
remained similar to adults at < 15%. Focus-group evidence
confirmed that: behaviour change was in response to learning;
15-year olds became strongly aware of socioecological chal-
lenges associated with fruit/vegetable access; many students
engaged peers and family in discussion of lifecourse NCD
evidence and nutrition. Teachers elected to retain and develop
the programmes, requesting the addition of adolescent health-
profiles to support learning and increase evaluative evidence.
Community consultation resulted in a decision to seek funding
to expand the programme to the remote outer-islands.
Conclusions: Teachers became health promoters through
DOHaD/NCD learning programmes integrated into main-
stream curricula. Participation positively influenced
nutritional attitudes, knowledge of scientific evidence and
nudged long-term small, and therefore sustainable, behaviour-
changes associated with obesity-promoting foods. Develop-
ment is required within the national NCD strategy to address
fruit/vegetable access. That education elected to continue and
develop the programme indicates potential for long-term
sustainability.

PO1.10.11

Awareness and understanding of DOHaD-related
terms and concepts in students during undergraduate
heath professional programmes in Japan and
New Zealand

O. Masahito1, A. Lim2, R. Dixon2, C. Wall2, J. Bay2

1Fuji Women’s University, ISHIKARISHI, Japan; 2University of
Auckland, AUCKLAND, New Zealand

Background: The accumulation of evidence in support of the
Developmental Origins of Health and Disease (DOHaD)
hypothesis has reached the stage where it should be applied in
interventions supporting primary noncommunicable disease
(NCD) risk reduction. Because such interventions should
engage individuals during the periconceptional period, preg-
nancy, lactation, childhood, and adolescence, they are
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dependent on interactions between individuals, communities,
and the health workforce. This workforce includes dieticians,
nurses, midwives, doctors, and teachers in areas such as early-
childhood, and in secondary schooling nutrition, science, and
health. Therefore, these workforces must have the opportunity
to develop a deep understanding of DOHaD concepts and
their potential application within community settings. The
purpose of this study was to assess the development of aware-
ness and understandings of DOHaD-related terms and con-
cepts during undergraduate health professional training
programmes in Japan and New Zealand.
Methods: A standardised questionnaire assessing awareness
of NCD risk factors and associations between early-life
nutritional exposures and health during fetal development,
infancy, childhood and later life was developed. This was
administered to 357 undergraduate Japanese nutrition students
in Years 1 to 4 and 252 New Zealand nursing students in
Years 1 to 3. A total of 450 students, 309 (87%) Japanese and
151 (60%) New Zealand completed the paper-based
questionnaire in April 2015. For the nutrition students in
Japan, DOHaD concepts were first introduced in Year 1 via a
90-minute lecture which followed completion of the ques-
tionnaire. Throughout the rest of the programme, DOHaD
concepts were integrated into lectures covering core concepts of
‘Nutrition in the Life Cycle’. For the nursing students in New
Zealand, DOHaD concepts were integrated in the curriculum
throughout the programme rather than being treated as a
specific topic.
Results: Japanese and New Zealand Year 1 undergraduate
students showed low levels of awareness of DOHaD-related
terms, and understanding of DOHaD concepts. Awareness and
understanding increased as students progressed through
undergraduate programmes. Although exposure to DOHaD
concepts in undergraduate education was associated with a
higher level of awareness of the terms DOHaD or First
1000 days, understanding of DOHaD concepts remained
relatively low in both countries at completion of the under-
graduate courses. Furthermore, the importance of nutrition
during pregnancy in relation to offspring health throughout the
life cycle was less recognized than was the impact of maternal
nutrition during pregnancy on offspring health in the first two
years of life and childhood.
Conclusion: The study demonstrated that undergraduate
nutrition and nursing programmes in Japan and New Zealand
that integrated DOHaD-related content into teaching con-
tributed to increased awareness of DOHaD, but did not
develop adequate understanding of DOHaD concepts by
course completion. This indicates the need to review under-
graduate teaching programmes and develop learning resources
that more effectively address the need for students in health-
related courses to understand DOHaD concepts, and their
potential application in community health settings. Arising
from these findings is further research investigating this issue.
This will be presented alongside the data described above in the
congress.

PO1.10.12

Baseline profile of a birth and three generation cohort study
in Japan: The TMM BirThree Cohort Study

M.I. Ishikuro1, H.M. Metoki2, T.O. Obara1, M.K. Kikuya1,
Y.S. Sato1, M.M. Miyashita1, C.Y. Yamanaka1, S.M. Mizuno1,
M.N. Nagai1, H.M. Matsubara1, A.H. Hozawa1, I.T. Tsuji1,
F.N. Nagami1, S.K. Kure1, N.Y. Yaegashi1, S.K. Kuriyama1

1Tohoku University, SENDAI, Japan; 2Tohoku Medical and
Pharmaceutical University, SENDAI, Japan

Background: After the Great East Japan Earthquake in March
2011, the Tohoku Medical Megabank Project was launched in
the northeast of Japan to make efforts for reconstructing health
system and improving people’s health by introducing a better
medical system. To identify health problems in the aftermath
of the disaster and to facilitate the solution with developing
personalized health care and medicine, “the Tohoku Medical
Megabank Project Birth and Three-Generation Cohort Study
(the TMM BirThree Cohort Study)” was started in July
2013 as a part of the Tohoku Medical Megabank Project. The
TMMBirThree Cohort Study is a unique and large population
based birth study, which recruited pregnant women (mothers)
and their fetuses as well as fetuses’ fathers, siblings, grand-
parents and relatives. The project finished recruitment of par-
ticipants inMarch 2017.We introduce the cohort profile at the
baseline period.
Methods: The TMM BirThree Cohort Study recruited
mothers at maternal clinics or hospitals in Miyagi Prefecture in
Japan. Mothers who visited our own facilities called Commu-
nity Support Centers were also recruited. Other family mem-
bers were also invited through mothers and obtained informed
consent at maternal clinics or hospitals as well as Community
Support Centers. During pregnancy, mothers were asked to fill
out a questionnaire twice and provide blood and urine samples.
At childbirth, umbilical cord blood was taken, and another
questionnaire, blood, urine and breast milk samples were col-
lected one month after childbirth. Other family members were
also asked to fill out a questionnaire and provide blood or
urine. Physiological examination was performed on volunteer
participants.
Results: By the end of March, 22,504 mothers participated in
the TMM BirThree Cohort Study. Of their family members,
8,822 fathers, 9,469 siblings, 8,053 grandparents and 1,527
relatives participated in the study. A total of 22,406 babies were
born so far. Based on the current available data, mean ages of
mothers and fathers are 31.1 (±5.0), 33.2 (±5.9), respectively.
Mean ages of maternal grandmothers and grandfathers, and
paternal grandmothers and grandfathers are 58.5 (±6.3) and
62.8 (±6.0), and 60.6 (±6.3) and 63.9 (±6.2), respectively.
Means age of infants’ siblings is 4.0 (±2.9). Of 18,851 mothers
whose first questionnaire was available, about 2.6% and 19.3%
of mothers continued to smoke and drink alcohol even after
becoming pregnant, respectively. Of 5,262 fathers whose
baseline questionnaire was available, 37.3% of them smoked

10th World Congress S153

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


when mothers were pregnant. Based on the available data of
8,775 babies, mean gestational age, birthweight of newborns
and percentage of infants whose birthweight were less than
2500g were 38.6 weeks, 2998.3g and 10.0%, respectively.
Conclusions: We will complete to collect baseline data and
update the profile of the participants. We will investigate the
cause of diseases which are especially concerned about the
increase of prevalence or severity after the earthquake, such as
allergy, infection, developmental disorders as well as chronic
diseases from the aspect of both genetic and environmental
factors.

PO1.10.13

Early-life stressors and LifeCycle health

S.J.P. van den Assum1, V.W.V. Jaddoe1, On behalf Of the
LifeCycle Consortium2

1Erasmus MC, ROTTERDAM, The Netherlands; 2LifeCycle
Consortium

Early life is an important window of opportunity to improve
health across the full lifecycle. European pregnancy and
child cohort studies together offer a unique opportunity to
identify a wide range of early-life stressors linked with indivi-
dual biological, developmental and health trajectory variations,
and with the onset and evolution of non-communicable
diseases. The LifeCycle project will establish the EU Child
Cohort Network, which brings together existing, successful
pregnancy and child cohorts and biobanks, by developing a
governance structure taking account of national and
European ethical, legal and societal implications, a shared data
management platform and data harmonization strategies.
LifeCycle will enrich this EU Child Cohort Network by gen-
erating new integrated data on early-life stressors related to
socio-economic, migration, urban environment and lifestyle
determinants, and will capitalize on these data by performing
hypothesis-driven research on early-life stressors influencing
cardio-metabolic, respiratory and mental health trajectories
during the full lifecycle, and the underlying epigenetic
mechanisms. LifeCycle will translate these results into recom-
mendations for targeted strategies and personalized prediction
models to improve health trajectories for current and future
Europeans generations by optimizing their earliest phase of life.
To strengthen this long-term collaboration, LifeCycle will
organize yearly international meetings open to pregnancy and
child cohort researchers, introduce a Fellowship Training Pro-
gramme for the exchange of junior researchers between Eur-
opean pregnancy or child cohorts, and develop e-learning
modules for researchers performing life-course health studies.
Ultimately, LifeCycle will lead to a unique sustainable EU
Child Cohort Network, and provide recommendations for
targeted prevention strategies by identification of novel markers
of early life stressors related to health trajectories throughout
the lifecycle.

This project received funding from the European Union’s
Horizon 2020 Research and Innovation programme under
grant agreement No 733206 (LifeCycle).

PO1.10.14

Sharing Longitudinal, Non-Biological Birth Cohort Data:
A Cross-Sectional Analysis of Parent Consent Preferences

K.P. Manhas, S. Tough

University of Calgary, CALGARY, Canada

Background: Many funders, institutions and journals now
mandate publicly-funded research data sharing for reuse, while
data repositories and biobanks proliferate to facilitate reuse.
Longitudinal birth cohorts (LBCs) are rich data sources, with
their prospective design, large samples, longer-term follow-up,
and diverse datasets. The benefits of data sharing are myriad,
including further analyses, increased complexity of research
opportunities, more collaborations, maximized public con-
tributions, and decreased respondent burdens.
LBC data sharing faces significant ethico-legal challenges
including privacy, consent, governance, communication, and
child vulnerability. These challenges have been studied for
sharing biological data, but such standards may not apply to
epidemiological data. Consensus is lacking on how best to
garner consent, withdraw, communicate, and, respect chil-
dren’s burgeoning autonomy. Stakeholder engagement is cri-
tical for appropriately generating consensus.
Methods: Using a cross-sectional, online survey, this study
aimed to understand the consent preferences of LBC parent
participants on reusing their, and their child’s, de-identified,
non-biological LBC data. The study population included par-
ent participants from two provincial LBCs. Survey design
involved literature reviews, a qualitative study, and cognitive
interviewing (n= 9). The survey contained background infor-
mation on repository governance best practices, and questions
on consent models, communication frequency and methods,
and child involvement in decision-making. Using STATA, data
analysis included descriptive frequency distributions, and tests
for associations using Chi-squared and Fisher’s exact tests.
Results: Of the 569 parents invited, 346 completed the survey
(60.8%). Participants preferred less-active models of consent
(no consent asked; opt-out consent) over more-active models
(project-specific consent; tiered consent; broad or periodic
consent) when asked to share data. Only 55.8% of respondents
felt that consent should be sought. Of those requiring permis-
sion, the models most frequently preferred were opt-out
(47.2%) and project-specific (21.9%). Communication and
consent preferences were associated: more-active consent was
linked with greater repository update requests, in content
(p< 0.03) and frequency (p< 0.01).
Child involvement in data-sharing decision-making involves 3
phases: telling child (1-way), talking to child (2-way), and let-
ting child decide. Parents generally agreed (82.0%) that at some
point, they would tell their child of their involvement in data

S154 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


sharing. There was substantial variability on the age to begin
each phase. For decisions on data sharing, 12 years old was the
age that parents would tell (21.5%) and talk (22.9%) to their
child; but, 18 years (25.6%) was preferred for letting the child
decide. The majority of parents (63.8%) wanted to continue to
be informed of the child’s decision to share data after yielded
decision-making authority.
Conclusions: For non-biological LBC data, LBC parent par-
ticipants seem to prefer less-active models of consent. LBC
parents may be quite supportive of data sharing, and may not
view non-biological and biological data similarly, despite many
guidelines and policy instruments currently not distinguishing
them. Because rigourous governance was discussed within the
survey, it may be that parents prioritized governance over
consent to protect their and their child’s interests during data
sharing. Future research is required to test such associations.
Further research is also required to understand how best to
mobilize parental agreement that children should be involved.

PO1.10.15

Recruitment of women in early pregnancy in South Africa:
the early access conundrum

E.A. Symington1, C.M. Smuts2, J. Baumgartner2, L. Malan2

1UNISA, North-West University, JOHANNESBURG,
South Africa; 2North-West University, POTCHEFSTROOM,
South Africa

Background: South Africa has a high maternal mortality rate at
138 per 100 000 live births in 2015. The infant mortality rate
is similarly high at 33 per 1000 live births. Nutrition has been
shown to influence birth outcomes and long-term health.
Undernourishment in utero can stress the foetus in ways that
permanently affect physiological development. Foetal growth
retardation and small size at birth due to maternal malnutrition
may result in an increased risk of obesity, coronary heart dis-
ease, hypertension, stroke, type 2 diabetes, osteoporosis as well
as impairments in thymic and spleen size and ultimately
immune function in the adult offspring. Therefore under-
standing the nutritional status of women in South Africa may
provide a basis for nutritional interventions which can improve
birth outcomes and long-term health. With this intent, the
Nutrition during Pregnancy and Early Development (NuPED)
study, which aims to assess dietary intake and nutritional status
of urban pregnant women in South Africa and to determine
associations with birth outcomes, maternal and offspring
health, started recruitment of pregnant women in March 2016
and is ongoing. South African statistics show that only 51.7%
of women attend antenatal care before 20 weeks’ gestation.
Methods: The study has an observational, longitudinal design.
Pregnant women are being recruited from primary healthcare
clinics in Johannesburg. Women are informed in the waiting
area of the antenatal clinic about the project and those who
possibly fit the inclusion criteria are screened individually and
invited to take part in the study. Inclusion criteria are less than

18 weeks gestation; aged 18 – 39 years; non-smoking; generally
healthy; singleton pregnancy; born in South Africa or neigh-
bouring countries and planning or willing to deliver the baby at
the provincial hospital (referral hospital). The intended number
of study participants is 250.
Results: A total of 931 women have been screened for inclu-
sion by April 2017. However, only 418 (44.9%) could be
invited to take part in the study based on inclusion criteria. Of
those invited, only 203 (48.6%) arrived at the study site. After
obtaining written informed consent, accessing maternal medi-
cal files and performing ultrasound sonography, another 46
participants were excluded on the basis of being >18 weeks’
gestation (n= 28; 61%); missed miscarriage or empty uterus
(n= 8; 17%); hypertension (n= 4; 9%); on treatment for
hypercholesterolaemia (n= 1; 2%); on treatment for tubercu-
losis (n= 1; 2%); twin pregnancy (n= 1; 2%); being older than
39 years (n= 1; 2%) relocation (n= 1; 2%) and smoking
(n= 1; 2%). Therefore, a total of 157 participants were inclu-
ded after 13 months of recruitment at four primary healthcare
facilities in Johannesburg.
Conclusion: Conducting research investigating early preg-
nancy health status in South Africa poses a challenge mainly
due to the women seeking antenatal care late in their preg-
nancies. Furthermore, late antenatal care access impacts the
ability of the South African healthcare system to positively
influence maternal and foetal health, with specific reference to
mother-to-child-transmission; nutritional supplementation
and preventable conditions such as anaemia and hypertension.

PO1.10.16

How could we recruit Grandparents in Genome Birth
Cohort Study? Lessons Learnt from the TMM BirThree
Cohort Study

T. Obara1, M. Ishikuro2, T. Osanai2, C. Yamanaka2, Y. Sato2,
S. Mizuno2, M. Miyashita2, M. Kikuya3, K. Sakurai3,
A. Hozawa3, H. Tomita4, Y. Taki5, F. Nagami2, H. Metoki2,
S. Kuriyama4

1Tohoku University, SENDAI, Japan; 2Tohoku University
Tohoku Medical Megabank Organization, SENDAI,
Japan; 3Tohoku University Graduate School of Medicine,
SENDAI, Japan; 4International Research Institute of Disaster
Science, Tohoku University, SENDAI, Japan; 5Institute of
Development, Aging and Cancer, Tohoku University,
SENDAI, Japan

Background: Involving family members especially grand-
parents in prospective birth cohort studies might be helpful to
investigate both genetic and environmental factors for common
diseases. We launched a world-leading large birth and three-
generation cohort study in 2013. We describe strategies which
we used to recruit family members for our prospective birth
cohort study, focusing on grandparents in particular.
Methods: Our main strategies are; 1) We standardized
informed consent process with reference materials to help

10th World Congress S155

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


people understand the consent form, based on the interview to
some local residents, 2) We created an invitation letter to
contact family members, and asked mothers to give the
letter to her family members, 3) We recruited family members
in clinical settings or our own facilities, and also visited their
home or near their home. We implemented many other
strategies, too.
Results: As of the end of October 2016, the number of invi-
tation letters distributed to family members was 22,995,
18,066 of which were distributed to grandparents. Of these
18,066 letters, 2,827 (15.6%) were returned. As of the end of
October 2016, 7,041 grandparents were participating in the
study. Maternal grandparents participated in the study more
than paternal grandparents. In general, grandparents joined the
study anytime during mother’s maternal check-ups or delivery
(206.4 ± 172.8 days). The setting in which most grandparents
were recruited our own facilities. Both paternal and maternal
grandparents significantly participated in the study if the father
also participated.
Conclusions: We recruited not only pregnant women and
fetuses but also fathers and grandparents with many strategies.

PO1.10.17

The impact of the UK 2008-2010 recession onmaternal and
infant health in the Born in Bradford cohort

E.P.M.M. Uphoff1, J.P. Wright2

1University of York, YORK, United Kingdom; 2Bradford Institute
for Health Research, BRADFORD, United Kingdom

Background: The purpose of this study was to assess associa-
tions between exposure to the 2008-2010 UK recession,
financial stress and maternal and infant health.
Methods: Cross-sectional data from the Born in Bradford
(BiB) cohort study, which recruited pregnant women from
2007-2010 in a deprived and ethnically diverse city in the
North of England, is used to study low birth weight in term
babies, preterm birth, smoking during pregnancy and maternal
psychological distress in relation to exposure to recession as
indicated by a date of recruitment since the first of August
2008.
Results: 10 035 mother-infant pairs were analysed. Pregnant
women exposed to recession reported higher levels of psycho-
logical distress (adjusted β 0.05, 95% CI -0.00 to 0.10).
Exposure to recession was not associated with low birth weight
or preterm birth, but reporting a worse financial situation was
associated with preterm birth (OR 1.32, 95% CI 1.06; 1.66).
Exposed women were more likely to smoke during pregnancy
(adjusted OR 1.22, 95% CI 1.03;1.43).
Conclusions: Exposure to the 2008-2010 UK recession is
associated with financial stress, continuing smoking during
pregnancy and potentially with maternal psychological
distress. A direct impact on birth outcomes could not be
demonstrated.

Percentage JSA claimants as a proportion of the resident
population aged 16 to 64 in Bradford District (blue=
Bradford, red=Yorkshire, green=England).

PO1.10.18

Lifelines: a unique biobank providing data to study the
development of diseases

de Jong T.R., Dotinga A.

LifeLines Cohort Study and Biobank, Groningen, The Netherlands

Since its start in 2006, the Lifelines Cohort Study and Biobank
follows more than 167,000 inhabitants of the northern parts of
the Netherlands (including children and elderlies) over a 30-
year period. Every five years, participants visit their local Life-
lines site to provide blood, urine, hair, and stool samples,
undergo various physical measurements (ECG, blood pressure,
etc.), and to fill in extensive questionnaires about their physical
and mental health, food intake, exercise habits, quality of life,
socio-economic status, physical environment and much more.
The whole genome is known for a subset of 13.000 partici-
pants, with many more in process. Lifelines currently collects
an extensive set of samples and data from pregnant participants
and, at several moments after birth, their babies (Lifelines-
NEXT). Our participants represent a normally aging popula-
tion. Most participants are healthy, but an ever increasing
number develops one or more (chronic) illnesses – as can be
expected in an aging cohort. Our dynamic and rapidly
expanding dataset provides a unique opportunity for scientists
to perform cross-sectional, longitudinal, or retrospective
research into (epi-)genetic, physiological or environmental
factors involved in – or even predicting - the development of
various diseases and disorders. Interested scientists can apply
for access to our data and samples with a suitable research
proposal. Moreover, researchers can request the additional
collection of more specific biological samples, physical mea-
surements or questionnaire data from our participants, making
use of our flexible and efficient infrastructure and extensive
background information. Information on all research-related
topics can be found on www.lifelines.nl/researcher,
and questions/comments can be discussed directly with the
Lifelines representative at DOHaD2017 or addressed to
research@lifelines.nl
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Tuesday October 17th Abstracts oral presentations

PL2.01 - Nutrition, growth and adiposity in the first
1000 days

PL2.01.01

Potential for postnatal nutrition interventions

B. Koletzko1, H. Demmelmair2, V. Grote3, P. Rzehak4,
M. Weber5

1LMU Ludwig-Maximilians-Universität München,
MÜNCHEN, Germany; 2Ludwig-Maximilians-Universität
Munich, MUNICH, Germany; 3Ludwigs-Maximilians-
Universität, Division of Metabolic and Nutritional Medicine,
MUNICH, Germany; 4Ludwig-Maximilians Universität
München (LMU), MUNICH, Germany; 5Ludwig-Maximilians
Universität München (LMU) /Dr. von Hauner Children’s
Hospital, MUNICH, Germany

More than a quarter of a century ago, the term “fetal
programming of adult disease” was coined reflecting the con-
cept that nutritional and environmental cues modulate long
term health and disease risks particularly during the period of
fetal growth and development. However, ample evidence from
experimental and epidemiological studies, and first human
intervention studies have documented the occurrence of
developmental programming note only in the fetal but also in
the embryonic and early childhood periods. Consequently, the
term “fetal programming” has been replaced by the concept of
early developmental plasticity ranging from pre-conception
through pregnancy to infancy and the toddler age. Numerous
observational studies and meta-analyses point to possible pro-
gramming effects of early life nutrition. For example, associated
with a moderate but consistent risk reduction for overweight
and obesity in later childhood and adulthood. We followed the
hypothesis that the protective effects of breastfeeding is medi-
ated at least in part by the lower protein content than provided
with conventional bottle milks, resulting in more moderate
infant weight gain and body fat deposition (“Early Protein
Hypothesis”). We tested this hypothesis in a large double blind
randomised clinical trial funded by the European Commission
and enrolled 1678 term born infants in five EU countries
(Belgium, Germany, Italy, Poland, Spain). Infants were ran-
domized to receive for the first year of life conventional bottle
milk, or isoenergetic intervention formulae with reduced pro-
tein content more similar to contents in human breast milk.
The reduced protein supply did not affect length growth but
normalised body weight and Body-Mass-Index (BMI) at the
age of 2 years, as compared to a reference group of breastfed
children and the child growth standards of the World Health
Organisation. The effect on BMI lasted until early school age.
At age 6 years the adjusted relative obesity risk of children
previously fed conventional high protein formula was 2.60fold
higher (95%Confidence Interval: 1.33-5.10) than with a
reduced protein formula in infancy. Exploration of potential

underlying mechanisms showed lower protein supply to reduced
secretion of IGF-1 and insulin. Plasma concentration of IGF-1 at
age 6 months is positively associated with weight gain up to the
age of 2 years. Dietary effects on the IGF-1 axis outweighed by far
the effects of genetics and gender. There was also a significant
effect on kidney growth that appeared to be mediated by IGF-1.
Results of metabolomic and amino acid analyses suggest that not
only the quantity of protein supply, but also the quality of protein
provided in infancy is important for modulating infant growth,
which provides further opportunities for effective early life pre-
vention of later obesity and for health lasting health promotion by
optimized feeding in early childhood.
Acknowledgements: Financially supported in part by the
European Commission, Projects Early Nutrition (FP7-289346),
DYNAHEALTH (H2020-633595) and LIFECYCLE (H2020-
SC1-2016-RTD), and the European Research Council Advanced
Grant META-GROWTH (ERC-2012-AdG 322605). Addi-
tional support has been received from the German Ministry of
Education and Research, Berlin (Grant Nr. 01 GI 0825), the
German Research Council (Ko912/12-1) and the University of
Munich Innovation Initiative.

PL2.01.02

Nutrition and the first thousand days: maternal and
prenatal interventions

Z.A. Bhutta

The Hospital for Sick Children, TORONTO, Canada

Despite considerable reductions since 1990, 156 million or
23.2% of children under five were still affected by linear growth
stunting in 2015, and 43% of children worldwide are at risk of
not reaching their developmental potential due to poverty and
stunting. This developmental deficit is estimated to result in
about a 25% annual reduction in income-earning potential in
adulthood, illustrating the consequences of poor development
on human capital. Asia and Africa bear the greatest burden of
malnutrition; in 2015, 56% and 37% of stunted children lived
in Asia and Africa, respectively. Stunting also dis-
proportionately affects children living in the poorest population
quintiles and those in rural and remote communities. The
urgent need to address malnutrition is reflected in the second
Sustainable Development Goal, which sets global targets for
eliminating hunger, improving nutritional status, and sup-
porting food security. There is a close link between maternal
and infant nutrition as expectant mothers and children under
five years are especially vulnerable to malnutrition and micro-
nutrient deficits given their increased nutritional needs.
Maternal undernutrition increases the risk of fetal growth
restriction and preterm birth, and thereby perpetuates an
intergenerational cycle of malnutrition and poverty, especially
among adolescents and child brides. Pregnancy and the first
1000 days of life, from conception to age two years, is con-
sidered a sensitive window of opportunity for nutritional
interventions to promote optimal growth and development –
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the benefits of which extend into adulthood. A range of
nutrition interventions can benefit growth in infancy of which
improving maternal and fetal nutrition through balanced
energy protein intake and preconception nutrition improve-
ment are important. Micronutrient deficiencies are prevalent in
both underweight and obese populations and are linked to
adverse pregnancy outcomes. Iron supplementation can protect
against low birth weight (RR 0.83, 95% CI 0.73-0.94 - malaria
endemic areas); however, approximately 40% of women
between 15 and 49 years still have anemia worldwide. Recent
evidence also suggests a possible benefit in at-risk populations
in replacing iron-folate supplementation with multiple micro-
nutrient supplementation in pregnancy, further reducing the
risk of small for gestational age birth (RR 0.91, 95% CI 0.84-
0.97). While postnatal micronutrient supplementation and
fortification studies in childhood have not shown consistent
effects on growth (other than zinc on height [SMD 0.09, 95%
CI 0.06-0.13], zinc deficiency [RR 0.49, 95% CI 0.45-0.53]),
recent data on multiple micronutrient supplementation via
micronutrient powders (reduced risk of iron deficiency anemia:
RR 0.43, 95% CI 0.35-0.52) and small-quantity lipid-based
nutrient supplements is promising, particularly for the pre-
vention of stunting at one year of age and possibly wasting.
Several strategies are in use globally to address micronutrient
deficiencies in children with a focus on survival, but relatively
few have addressed growth. These include supplementation as
well as food fortification. This presentation will also summarize
the available global evidence of best practices and strategies and
discuss next steps in relation to the Sustainable Development
Goals.

PL2.01.04

Maternal nutrition and metabolic outcomes in the
offspring

Y.S. Chong1

1Singapore Institute for Clinical Sciences, A*STAR; Yong Loo Lin
School of Medicine, National University of Singapore

The Growing Up in Singapore Towards healthy Outcomes
(GUSTO) study recruited pregnant women aged 18 years and
above, attending their first trimester antenatal dating ultra-
sound scan clinic at Singapore’s two major public maternity
units, namely National University Hospital (NUH) and KK
Women’s and Children’s Hospital (KKH) between June 2009
and September 2010. The participants approached were Sin-
gapore citizens or permanent residents who were of Chinese,
Malay or Indian ethnicity with homogeneous parental ethnic
background. Of the 1247 women (response rate 61.3%)
recruited, 1162 conceived naturally and 85 conceived through
in vitro fertilisation (IVF). At baseline, 55.9% were Chinese,
26.1% Malay and 18.0% Indian. Mean maternal age at
recruitment was 30.6 years (range: 18–46 years). A total of
1176 babies were born. The first baby was born on 30
November 2009 and the last baby was born on 1 May 2011.

During infancy, the babies were examined at home at 3 weeks,
3 months and 3-monthly thereafter until 15 months of age.
The children were then seen at the study clinic at 18 months
onwards at 6-monthly intervals. The oldest child will be 8 years
old in November 2017. The current attrition rate is about
15%, with most participants having withdrawn before or soon
after delivery. The purpose of the GUSTO study is to define
the developmental pathways and mechanisms of the origins of
metabolic disease, and neurodevelopmental disorders that have
major public health and economic importance in Asia and
globally. With in-depth and frequent phenotyping during
pregnancy and childhood, we captured data on demography,
socio-economic status, lifestyle, medical history, dietary pat-
terns, cardio-metabolic and neuropsychiatric status. Multiple
biospecimens including umbilical cord, cord blood and
placenta at delivery, serial buccal swabs, breastmilk, hair, fecal
samples, urine and blood were collected from the mother and
child. This talk will report some of our findings around
maternal nutrition during pregnancy and the metabolic
outcomes in the offspring as reflected by weight and adiposity
at birth and the subsequent growth patterns and adiposity of
the children.

CS2.01- DOHaD Annual General Meeting

CS2.01.01

DOHaD Annual General Meeting

M. Hanson, D. Sloboda

The International DOHaD Society will hold an Annual Gen-
eral Meeting on Tuesday October 17th at 10.15 am. All Society
members are recommended to attend the AGM, where matters
of Society business will be presented and discussed. It is here
that important decisions regarding the Society business activ-
ities are discussed and voted on.

PA2.01.01 – Placental programming

Placental adaptation and offspring outcomes

R. Lewis

Faculty of Medicine, University of Southampton, UK

The diversity of placental structures across species demonstrates
that placental adaptation promotes offspring survival across
generations. Within individual pregnancies, placental adapta-
tion may also occur to optimise fetal survival in response to
sensing of the maternal environment. These adaptations in
placental function may have consequences for health across the
life-course. Of particular interest is how the placenta responds
to maternal over nutrition, something that is now common but
which is unlikely to have been a primary driver of placental
evolution. This talk will address how adaptation in placental
structure, transport metabolism and signaling can improve
offspring survival and how this may influence postnatal health.
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PA2.01.03

Placental nutrient transfer adaptations

G. Desoye

Dept Obstetrics and Gynaecology, Medical University of Graz,
Graz, Austria.

The placenta is interposed between the maternal and fetal
circulations and, thus, the essential organ to supply maternal
nutrients to the growing fetus. In order to allow the fetus to
develop in a rather stable environment, one might expect
adaptations of placental nutrient transfer to situations of
maternal under- (fetal growth restriction) and oversupply
(maternal obesity, diabetes mellitus) of nutrients. In obesity
and diabetes the placenta can store some excess glucose and
fatty acids as glycogen and lipid droplets, respectively.
However, the capacity of these stores is too small to constitute
a relevant buffer, and their breakdown into constituents
does not (glucose) or is unlikely (fatty acids) to contribute to
fetal supply. Changes in the levels and activity of transporters
for glucose and fatty acids might be another means of
mounting adaptive responses. In fact these changes have been
found. However, they do not seem to have a consequence for
maternal-fetal transfer of glucose and fatty acids, for which
the maternal-fetal concentration gradient may be the most
important determinant. In addition, in absence of a glucose
transfer change in fetal growth restriction per unit tissue
mass, total placental mass is a further determinant, but it
does not adapt to fetal nutrient needs. The only example
established so far for an adaptive placental response relevant for
‘nutrient’ transfer is hypervascularization. This occurs
when fetal demand for oxygen is high, because of metabolic
reasons (fetal hyperinsulinemia in overnutrition). Collectively,
and with the limitation that it may be different in animal
pregnancies, the placenta does not appear to adapt its capacity
and activity for the transfer of the key nutrients glucose and
fatty acids to fetal needs, at least not at the end of human
pregnancy.

PA2.01.05

Maternal 2-hour glucose levels are associated with placenta
DNA methylation of genes with potential functional
expression adaptations

A. Cardenas1, V. Gagné-Ouellet2, C. Allard2, P. Perron2,
L. Bouchard2, M.F. Hivert1

1Harvard Medical School, BOSTON, United States of America;
2Université de Sherbrooke, QUÉBEC, Canada

Background: Maternal hyperglycemia during pregnancy is
associated with fetal growth and adverse perinatal and
developmental outcomes. Placental adaptation to maternal
hyperglycemia has been hypothesized to be part of the

pathophysiology explaining these associations. Although exact
molecular mechanisms remain unknown, DNA methylation
may be involved.
Methods:We conducted an epigenome-wide association study
of prenatal maternal glucose response and DNAmethylation of
the placenta at birth among 448 mother-infant pairs in a pro-
spective birth cohort. Women without pre-existing diabetes
were recruited during the 1st trimester of pregnancy and fol-
lowed until delivery. All women performed a standard 2-hour
75-gram oral glucose tolerance test at 24-28 weeks of gestation.
At delivery, we collected placenta samples and measured DNA
methylation at >850,000 CpG sites using the Illumina Infi-
nium MethylationEPIC BeadChip. We employed standard
quality control procedures, array normalization methods and
adjusted for technical batch effects as well as potential con-
founders, including adjustment for cell type heterogeneity. We
analyzed 791,131 autosomal CpGs after excluding low quality,
cross-reactive and SNP associated probes and performed CpG-
by-CpG analyses using robust linear regression models con-
trolling for the false discovery rate at 5%. Additionally, among
genes significantly associated with 2-hour glucose levels we
quantified gene expression in placenta samples using real-time
quantitative PCR from a random sample of 104 mother-
infant pairs.
Results: Maternal 2-hour glucose levels were strongly
associated with lower DNA methylation of 4 CpGs
(P< 1× 10-6) within the transcription start site and body
of the Phosphodiesterase 4B gene (PDE4B), (Figure).
The %-difference in methylation ranged from 1.2% to 0.6%
per one mMol/L increase in 2-hour glucose. Furthermore,
we observed that DNA methylation at all four loci was sig-
nificantly associated with greater PDE4B expression (rspear-
man: 0.26 to 0.35, P< 0.01). Additionally, three other CpG
sites were differentially methylated relative to maternal 2-hour
glucose levels found in the body of the Low Density Lipopro-
tein Receptor gene (LDLR), in a CpG island of the TNF
Receptor Superfamily Member 1B gene (TNFRSF1B) and in
the body of the Bloom Syndrome RecQ Like Helicase gene
(BLM). LDLR methylation at the CpG site was associated with
greater LDLR expression (rspearman: 0.22, P= 0.03) while
CpG methylation at the TNFRSF1B site was associated with
lower TNFRSF1B expression (rspearman: -0.25, P= 0.01).
There was no association between BLM methylation and gene
expression at the site.
Conclusions: Maternal post-load glucose levels are
associated with placental DNA methylation at birth of some
genomic loci, particularly within the PDE4B gene. PDE4B
hydrolyzes the second messenger cAMP, a key regulator of
many physiological processes including inflammatory path-
ways. PDE4B is also suggested to participate in placental
pathophysiology of preterm birth in animal models. Our study
provides evidence that maternal glucose response during preg-
nancy is associated with DNA methylation of genes within the
placenta which are partially under epigenetic control for gene
expression.
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Regional Manhattan plot for the association of maternal 2-hour
glucose levels post-load and DNA methylation of the placenta
for the PDE4B gene region.

PA2.01.06

Placental gene expression, obstetrical history and polygenic
risk for schizophrenia

G. Ursini1, G. Punzi1, Q. Chen1, S. Marenco2, J.F. Robinson3,
A. Porcelli4, E.G. Hamilton3, M. Mitjans5, G. Maddalena4,
A.E. Jaffe1, K.F. Berman2, M.F. Egan6, R.E. Straub1,
C. Colantuoni1, G. Blasi4, R. Hashimoto7, D. Rujescu8, H.
Ehrenreich5, A. Bertolino4, D.R. Weinberger1

1Lieber Institute for Brain Development, BALTIMORE (MD),
United States of America; 2National Institute of Mental Health,
BETHESDA (MD), United States of America; 3UCSF, SAN
FRANCISCO (CA), United States of America; 4University of
Bari ‘Aldo Moro’, BARI, Italy; 5Max Planck Institute of
Experimental Medicine, GÖTTINGEN, Germany; 6Merck
Research Laboratories, WHITEHOUSE STATION (NJ), United
States of America; 7Osaka University, OSAKA, Japan; 8University
of Halle, HALLE, Germany

Background: Early life events influence later susceptibility to
many adult diseases and may contribute to define the envir-
onmental context in which genes enhance risk for complex
disorder like schizophrenia. Here we analyze the role of
intrauterine and perinatal environment in modulating the
association of schizophrenia with genomic risk.
Methods: We evaluated whether genomic risk for schizophrenia
interacts with intrauterine and perinatal complications (Early Life
Complications, ELCs) on case-control status, in three indepen-
dent samples of healthy subjects and patients with schizophrenia
from USA (n= 501), Italy (n= 273) and Germany (n= 919).
We further analyzed the relationship between genomic risk and
ELCs in two samples of only patients with schizophrenia from
Germany (n= 1019) and Japan (n= 172). Genomic risk was
measured with polygenic risk profile scores based on GWAS-

significant alleles (PRS), while ELCs history was assessed with the
McNeil-Sjöström Scale.We tested whether genes overlapping the
schizophrenia loci interacting with ELCs are enriched in placenta
and differentially expressed in placental samples from compli-
cated pregnancies, in 8 independent placental datasets. Finally,
we evaluated whether GWAS SNPs marking loci containing
genes highly expressed and dynamically modulated in placenta
(PlacPRS genes) drive the interaction between PRS and ELCs,
and performed pathway analyses on PlacPRS genes.
Results: PRS interacts with ELCs on case-control status, in the
three independent samples from USA (p=0.004), Italy
(p=0.018) andGermany (p=0.018); in each sample the variance
of schizophrenia explained by PRS is multiplicatively higher in the
presence of a history of ELCs compared with the absence of such
events. The relationship between genomic risk and ELCs is further
replicated in the two independent samples of only cases from
Germany (p=0.047) and Japan (p=0.044). The gene-set based
on PRS loci interacting with ELCs is highly expressed in multiple
placental tissues (p<0.001) and dynamically regulated in pla-
cental samples from complicated, in comparison with normal,
pregnancies (p<0.05). These differences are significantly greater
in placentae frommale compared with female offspring (p<10-8).
The interaction between PRS and ELCs is largely driven by
PlacPRS genes (p=0.002); PRS constructed from the remaining
loci do not interact with ELCs (NonPlacPRS, p=0.60). Pathways
and biological functions associated with NonPlacPRS genes are
reminiscent of previous analyses about schizophrenia risk-genes,
while PlacPRS genes implicate an orthogonal biology, with roots in
the fetal/placental response to hypoxic stress.
Conclusions: Our data suggest that the most significant schi-
zophrenia GWAS variants contribute to risk at least partly by
converging on a developmental trajectory sensitive to ELCs and
altered placental gene expression. The sex-associated effects on
placental transcription suggest that the male preponderance of
schizophrenia may arise from gene-environment interactions
that influence placental biology. These results highlight pla-
cental health as a new public health frontier for primary pre-
vention, particularly in high-risk males.

PA2.01.07

Sildenafil enhances nitric oxide (NO)-dependent
vasodilation in the human placenta

M.A. de Raaf, A.E. Hitzerd, R. de Vries, K.M.M. Mirabito
Colafella, S. Schoenmakers, E.A.P. Steegers, S.H.P. Simons,
I.K.M. Reiss, A.H.J. Danser

Erasmus MC, ROTTERDAM, The Netherlands

Introduction: Preeclampsia (PE) is accompanied by sub-
optimal development of the placenta and vascular pathology.
This increases vascular resistance and hampers placental per-
fusion. A promising drug to counteract this phenomenon is the
phosphodiesterase (PDE) inhibitor sildenafil.
Sildenafil enhances vasodilation mediated by the NO-cGMP
pathway. In PE animal models, sildenafil improved fetal
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outcome (increased birth weight, litter size and fetal survival)
and additionally diminished maternal symptoms. Preliminary
clinical studies in PE patients tend to confirm these findings. In
the present study, applying dual perfusion of a single placental
lobule (cotyledon) obtained from placentae of gestational age-
matched healthy and PE pregnant women, we addressed the
question whether sildenafil enhances placental perfusion in
humans.
Methods:Healthy and PE placentae (n= 5/group, 31.5± 2.1 vs.
33.8± 4.8 years, 39.3± 0.5 vs. 39.3± 1.0 gestational weeks) were
perfused, pre-constricted with 3nM to 1μM serotonin, and
exposed to the NO donor sodium nitroprusside (SNP, 3nM to
1μM ) in the absence or presence of 500ng/mL sildenafil.
Results: Our preliminary data show that, compared to healthy
placentae, serotonin induced comparable pre-constriction in
PE placentae, while SNP responsiveness was lower, as evi-
denced by a “4-fold reduction in potency. Sildenafil partially
restored the reduced SNP responsiveness in PE placentae, but
also enhanced SNP responsiveness in healthy placentae.
Conclusion: Our preliminary data confirm that NO-mediated
vasodilation is deteriorated in the fetoplacental circulation during
PE. Enhancement of NO vasodilation by sildenafil can reverse
this phenomenon, thus supporting the use of this drug in PE.

PA2.01.08

Igf2 deletion from the murine placental endocrine layer
alters maternal sensitivity to glucose and insulin, and
reduces fetal growth

E.J. Yong, J. Lopez-Tello, I. Sandovici, M. Constancia,
A.N. Sferruzzi-Perri

University of Cambridge, CAMBRIDGE, United Kingdom

Background: Abnormal intrauterine growth and its associated
programming effects are major financial burdens on health care
systems worldwide. Infants born of compromised pregnancies
are at increased risk of developing adult-onset metabolic dis-
eases, including diabetes and obesity, which are associated with
poor health and premature death. Despite this, our under-
standing of the regulation of fetal growth is incomplete. The
placenta, the site of maternal-fetal exchange, is a key endocrine
organ and regulator of fetal growth. Past studies demonstrated
that placental-derived hormones have metabolic effects and
may thereby impact the maternal nutrient availability for fetal
growth. However, the precise role of placental endocrine
function in modulating maternal metabolism to support fetal
growth and its importance for the future health outcomes of the
offspring is unknown. Insulin-like growth factor 2 (Igf2), is a
paternally expressed imprinted gene, which drives placental
endocrine cell formation. Therefore, the aim of this study was
to determine the effect of selective Igf2 deletion from the
endocrine layer of the placenta on maternal metabolism and
fetal growth in mice.
Methods: TpbpaCre females were crossed with Igf2-floxed
males to produce whole litters with specific Igf2 deletion in the

placental endocrine layer (leaving the placental transport zone,
fetus and mother un-manipulated). On day 16 of pregnancy
(term ~ 20 days), dams were subjected to glucose or insulin
tolerance tests before being sacrificed for tissue collection.
Fetuses and placentae were then weighed and analysed by litter
means for greater stringency. Dams from the reverse cross (ie
Igf2-floxed females crossed with TpbpaCre males) and non-
pregnant mice were used as controls. Procedures were per-
formed according to the UK Home Office Animals (Scientific
Procedures) Act 1986.
Results: Compared with non-pregnant mice, control reverse
cross dams were significantly glucose intolerant and insulin
resistant on day 16 of pregnancy, as reflected by a slower
clearance of glucose from the maternal circulation or a smaller
fall in maternal circulating glucose following a glucose or
insulin challenge respectively (Figure A & B). In contrast,
dams with placental endocrine Igf2 deletion failed to adapt and
remained sensitive to glucose and insulin, similar to that seen in
non-pregnant mice. Importantly, this failure to metabolically
adapt was associated with significantly smaller litter sizes
(Figure C), a 12% reduction in fetal weight (Figure D),
lower placental efficiency as indicated by fetal-placental
weight ratios (Figure E), and no change in placental weight
(Figure F). Including litter size as a covariate did not change the
effect of genotype on parameters significantly affected by
litter size.
Conclusions: Therefore, Igf2 expression in the placental
endocrine layer is critical in adapting maternal sensitivity to
glucose and insulin during pregnancy, with consequences for
litter size, fetal growth and placental efficiency. Experiments are
currently ongoing to examine whether changes in maternal
metabolism relate to altered placental endocrine function and
fetal nutrient supply, and to determine the long-term impact of
compromised placental endocrine function on offspring meta-
bolic health.
Acknowledgements: This work was supported by funding
from the Agency for Science, Technology and Research and the
Royal Society.
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PA2.02 – Early environment

PA2.02.01

Biodiversity and microbes: Ecological solutions to the human
health crisis
S. Prescott1,2,3

1The ORIGINS Project, Telethon Kids Institute, Joondalup
Health Campus; 2The inFLAME Global Network; 3University of
Western Australia

The balance and composition of human microbes are a product of
our societal ecosystems and how we live – including both our
stressors and our positive emotions and experiences alike. There are
clear links between environmental change, “dysbiosis” of the
humanmicrobiome, and the pandemic of modern lifestyle diseases.
Most of these inflammatory conditions (ranging from allergy,
obesity, diabetes heart disease and even mental ill health) are
mediated by effects on the immune system, which is altered by
dysbiosis. The factors driving personal dysbiosis are ultimately the
same factors that are driving planetary dysbiosis (which literally
means “life in distress”) on every level, from the first moments of
life. Galloping consumerism, excessive consumption of ultra-
process food, and an indoor device culture are driving us away
progressively from nature and each other - all adding to stress,
anxiety, sleep disturbance, alcohol and drug dependence, isolation
and depression. All these factors interact with our microbiome and
our immune health, promoting dysbiosis and inflammation. Para-
doxically in a culture “where there is never enough” we are losing
much of what is important for health and happiness. Environ-
mental erosion and “nature deficit” are progressively eroding posi-
tive emotions such as empathy, compassion and optimism, which
in turn undermine immune resilience. In essence, a spiral of self-
destructive interactions manifest at the individual level in our health
and across societies in broken systems, environmental degradation
and social inequality. The solutions depend on understanding these
interconnections - seeing ourselves as part of these ecosystems, and
taking lessons from the natural world. Microbial solutions already
reveal the value of restoring ecosystems for both human health and
for breaking down man-made waste, plastics, and pollutants.
However, any such solutions will only be meaningful and sustain-
able if societal values promote ecosystems that thrive on mutually
advantageous relationships, rather than mutually destructive ones.
As well as the immediate benefits - for personal health, food choices,
nature relatedness, microbiomes, optimism, immune health, sense
of purpose and connection to community – a sense of symbiotic
mutualism has flow-on benefits to the whole of society. Ultimately,
a normative shift towards more mutualistic values is the only way
we will to overcome the erosion of our social fabric, the natural
environment and our health.

PA2.02.03

The Role of Human Milk in Early Nutrition Programming

P.P. Meier
Rush University Medical Center, CHICAGO, Illinois

Human milk (HM) from the infant’s own mother (excludes
donor human milk) has been linked in multiple cohort studies
to a reduction in the risk of childhood- and adult- onset mor-
bidities including infections and noncommunicable chronic
diseases such as asthma, obesity, hypertension and diabetes.
Furthermore, recent studies reveal a dose-response relationship
between amount of HM received by the infant and improved
neurodevelopmental outcome into childhood. In infants born
preterm, relatively short durations of HM feedings during the
neonatal intensive care unit (NICU) hospitalization predict a
reduction in post-NICU discharge infections and rehospitali-
zations through to 20 months corrected age and in a reduction
of neurodevelopmental problems through to age 7. The results
from these observational cohort studies, which are typically the
default research design in HM research due to the inability to
randomly assign feeding type, have been supported by recent
mechanistic findings. In particular, technologies such as non-
culture methodologies for characterizing the HM- and infant
gut- microbiomes and the use of magnetic resonance imaging
of the brain have provided a window into mechanisms as to
how HM feedings may explain these observed cohort findings.
This presentation will focus on HM stem cells, the highly
personalized HM microbiome, the concept of HM as neuro-
protective in premature infants and other nutritional and
bioactive HM components that potentially affect and program
long-term health. Many of these nutritional and bioactive
components are highly concentrated in HM during the first
postpartum month and in higher concentrations in prema-
turely delivered mothers. This early concentration of HM
growth factors, cytokines, metabolically active adipokines and
select components such as myoinositol, suggest a role for
nutritional programming with HM that is not replicable with
formulas or donor HM. Finally, the profiles of HM-borne
inflammatory cytokines and dysbiotic bacteria in lactating
overweight and obese women will be summarized to exemplify
the potential of HM to influence transgenerational health in
offspring.

PA2.02.05

Tobacco control policies and perinatal and child health: a
systematic review and meta-analysis

T. Faber1, A. Kumar2, J.P. Mackenbach3, C.Millett4, S. Basu5,
A. Sheikh2, J.V. Been1

1Erasmus MC Sophia Children’s Hospital, ROTTERDAM, The
Netherlands; 2Usher Inst. of Pop. Health Sciences and Informatics,
The University of Edinburgh, EDINBURGH, United Kingdom;
3Erasmus MC, ROTTERDAM, The Netherlands; 4School of
Public Health, Imperial College London, LONDON, United
Kingdom; 5Prevention Research Center, Stanford University,
STANFORD, United States of America

Tobacco smoke exposure during pregnancy and childhood is
responsible for considerable morbidity and mortality among
newborns and children. We aimed to determine whether
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implementation of World Health Organization (WHO)-
recommended tobacco control policies benefits perinatal and
child health. We extensively searched MEDLINE, EMBASE,
the Cochrane Central Register of Controlled Trials (CEN-
TRAL) and 17 other online databases through October 2016
for randomised and clinical controlled trials, controlled before-
after studies, and interrupted time series (ITS) studies that
studied the impact of WHO-recommended tobacco control
policies on health outcomes among children aged 0-12 years.
Primary outcomes were: perinatal mortality, preterm birth, and
hospital attendance for asthma exacerbations and respiratory
tract infections (RTIs). We assessed risk of bias using Cochrane
Effective Practice and Organisation of Care (EPOC) criteria.
Where possible and appropriate, we combined data from stu-
dies in random-effects meta-analysis. We identified 36 eligible
ITS studies that assessed (combinations of) the following
tobacco control policies: smoke-free legislation (n= 29),
tobacco price/taxation (n= 10), and smoking cessation services
(n= 3). Following implementation of smoke-free legislation,
rates of preterm birth decreased by -3.4% [95%CI -6.8 to -0.1]
(8 studies, 22,209,054 individuals) and rates of hospital
attendance due to asthma exacerbation and lower RTIs
decreased by -9.5% [95%CI -15.4 to -3.7] (5 studies, 356,091
events) and -18.5% [95%CI -32.8 to -4.2] (3 studies, 887,414
events), respectively. Effect estimates were largest for the most
comprehensive smoke-free laws. No significant impact on
perinatal mortality was seen (1 study, -6.0% [95%CI -12.9 to
2.0]). Although a number of studies also suggested benefit of
increasing tobacco taxation and expanding smoking cessation
services, meta-analysis of these data was not possible. Smoke-
free legislation is associated with substantial child health ben-
efits, particularly if comprehensively applied. Few studies have
assessed the impact of other tobacco control policies, some with
positive findings. It is important to increase the uptake of
comprehensive tobacco control policies worldwide to protect
the health of both children and adults, and to simultaneously
evaluate the effectiveness of these policy initiatives.
Longfonds. Erasmus Medical Centre. Chief Scientist Office’s
of the Scottish Government.

PA2.02.06

Socioeconomic position in childhood and adulthood and
ideal cardiovascular health: A 32-year longitudinal study

K. Savelieva1, L. Pulkki-Råback1, M. Jokela1, M. Elovainio1,
O. Raitakari2, L. Keltikangas-Järvinen1

1University of Helsinki, HELSINKI, Finland; 2University of
Turku, TURKU, Finland

Background: Recently, there has been a growing interest in
factors that promote health and protect from adverse cardiac
health outcomes. A socioeconomic gradient has been widely
recognized in the cardiovascular diseases, but little is known
about the role of early childhood socioeconomic position (SEP)
for positive cardiovascular health later in life. Even less is

known about the pathways linking early SEP with positive
health outcomes in adulthood and whether the effects of early
disadvantaged SEP on later health can be mitigated by achiev-
ing better SEP in adulthood compared to childhood SEP (i.e.,
upward mobility). We are examining the associations between
childhood SEP, adulthood SEP, and ideal cardiovascular health
in adulthood using longitudinal data spanning over 32 years.
Methods: The participants were 697 Finnish children and
adolescents from longitudinal prospective The Young Finns
Study, which is following people from childhood into middle
age. Childhood SEP was reported by the parents of the parti-
cipants at the baseline of the study (participant’s mean age 10 in
1980). Adulthood SEP was examined from the participants
after 27 years (participant’s mean age 37 in 2007). Both
childhood and adulthood SEP was based on four components:
education, income, occupational status, and occupational sta-
bility. The cumulative SEP score was a sum score of these
components defined according to the favorable levels: aca-
demic/college degree = 1 point, income in the highest quartile
= 1 point, upper white collar occupation = 1 point, and high
occupational stability = 1 point, ranging from 0 (lowest SEP)
to 4 (highest SEP). Social mobility was examined as a difference
between childhood and adulthood SEP (stable SEP, downward
mobility, and upward mobility). Ideal cardiovascular health
was measured after 32 years (participant’s mean age 42 in
2012) according to the American Heart Association’s guide-
lines. All analyses were adjusted for age, sex, childhood cardi-
ovascular risk factors, and chronic health conditions in
childhood and adulthood.
Results: Higher childhood SEP was related to higher ideal
cardiovascular health index in adulthood (β= 0.13, p< .001)
independently of all potential confounders or mediators.
Mediation analysis showed that adult SEP explained 33% of
the association between childhood SEP and ideal cardiovascular
health index. Upwardly mobile participants scored higher on
ideal cardiovascular health in adulthood compared with parti-
cipants staying in lower SEP (M= 4.05 vs. 3.56, p< .001), but
childhood SEP remained a significant predictor of cardiovas-
cular health in the model (β= .22, p< .001).
Conclusions: This study shows that childhood SEP is a pre-
dictor of cardiovascular health, which partly operates through
adulthood SEP. Although upward social mobility mitigates
some of the effects of early SEP disadvantage on later cardio-
vascular health, childhood SEP remains an important predictor
of future health. Encouraging offspring from deprived families
to obtain better SEP is recommendable, but early socio-
economic environment seems to leave a permanent mark on
health, pointing to a need for early life prevention.

PA2.02.07

Hygiene and health: Results from Pune Maternal
Nutrition Study

S.R. Shukla1, P. Yajnik2, S. Chougule2, A. Bhalerao2,
T. Deokar2, V. Solat2, C.H.D. Fall3, C.S. Yajnik2
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1KEM Hospital Research Center and, Symbiosis
Institute of Health Sciences, SIU, PUNE, India; 2Diabetes Unit,
King Edward Memorial Hospital, PUNE, India; 3MRC
Environmental Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: Poor hygiene remains one of the urgent issues in
the low and middle income countries (LMICs). Lack of safe
water and poor sanitation increase childhood mortality and
morbidity, and impair physical and neurocognitive growth and
development. Most public health programs have incorporated
improved hygiene as an important goal. In support of the
Government of India’s flagship sanitation initiative Swachh
Bharat Abhiyan, RB (Rose Bengal) in partnership with the U.S.
Agency for International Development (USAID) and EY
(Eosin-Y and ) launched the Hygiene Index program. The
importance of hygiene in reducing morbidity and mortality of
infectious disease is well known, but its effect on NCDs
remains relatively uninvestigated.
In Pune Maternal Nutrition Study (PMNS), we have
serially documented socio-economic indicators over last 20
years (1993–2014). We now report on change in hygiene
parameters and their association with common risk factors
for NCDs.
Methods: PMNS is a pre-conceptional birth cohort in
6 villages near Pune, India. We collected serial socio-economic
and biomedical data over last 20 years starting 1993. Mothers
were studied before and during pregnancy, and families
have been followed up every 6 years after birth of the child
(1993-96, 2001, 2007, and 2014. We used a socio-economic
tool developed in the National Family Health Survey, called
theStandard of Living Index (SLI) which included following
hygiene parameters: safe water source, toilet facility,
separate kitchen, crowding index and use of refrigerator. Each
facility was recorded as yes or no and given a score of 1 or 0.
The score was added to calculate a ‘hygiene index’, higher
index suggests better hygiene.We used median of the index at
baseline as a reference. We followed ~ 700 families in
this study.
Results: The SLI and the hygiene index progressively increased
over last 20 years. The proportion of families categorised as
‘better hygiene’ (above the median at baseline) increased: 36%
in 2001 to 53% in 2007 and 92% in 2014. This was attribu-
table to establishment of tap water supply from the newly
constructed dam, establishment of toilets, and reduction in the
crowding index. The increased hygiene score was associated
with larger body size (weight, height, BMI, WHR, sum of
skinfolds and to higher adiposity and lower lean mass (DXA) in
the children. It was related to lower total leucocyte count and
C-reactive protein concentrations but higher levels of cardio-
metabolic risk factors (leptin, total cholesterol, triglycerides,
and insulin concentrations), adjusting for age, gender, and total
SLI score.
Conclusions: We have developed an index to investigate
hygiene status. Progressive improvement in hygiene in the rural

Indian population was associated with larger body size, lower
levels of inflammatory markers, but higher adiposity, and
higher levels of NCD risk factors. These results need to be
validated. Our findings raise a concern about the unknown
risks of apparently healthy aspects of lifestyle in relation to the
risk of NCDs.

PA2.02.08

Effects of low-level prenatal lead exposure on child IQ at 4
and 8 years in a UK birth cohort study

C.M. Taylor1, K. Kordas2, J. Golding1, A. Emond1

1University of Bristol, BRISTOL, United Kingdom;
2University at Buffalo, BUFFALO, NY, United States
of America

Background: The association between childhood exposure
to lead (Pb) and deficits in cognitive function is well estab-
lished, even at low levels of exposure. The association with
prenatal exposure, however, is not well understood, even
though the potential adverse effects are equally important. The
aim of the study was to evaluate the association between low
prenatal exposure to lead and IQ in children, to determine
whether there were sex differences in the associations, and to
evaluate the moderation effect of prenatal Pb exposure on
child IQ.
Methods: Pregnant women were enrolled in the Avon Long-
itudinal Study of Parents and Children (ALSPAC). Maternal
whole blood samples collected in the first trimester were ana-
lysed for Pb (n= 4285) by ICP-MS; whole blood samples from
offspring at age 30 months were analysed by AAS (n= 235). IQ
was measured in 404 children at age 4 years by WPPSI and in
2217 children at age 8 years by WISC-III. Associations
between prenatal blood lead concentrations (B-Pb) and child
IQ were examined in covariate-adjusted linear and logistic
regression model in complete cases. Moderation effects analysis
was used to test the priming effect of prenatal lead exposure on
lead toxicity later in childhood.
Results: There was no evidence for an association of prenatal
lead exposure with child IQ at either 4 or 8 years old in adjusted
regression models. Similarly there was no evidence that prenatal
blood Pb moderated the association between child blood Pb
and IQ. There was evidence of a positive association for IQ at
age 8 years in girls, as shown by a sex × prenatal blood lead
interaction and by a positive association in adjusted regression
models stratified by sex: these models predicted an increase in
verbal IQ of 0.71 points (p= 0.021), performance IQ 0.57
points (p= 0.099) and total IQ 0.73 points (p= 0.017). In
boys, the coefficients tended to be negative (–0.15, –0.42 and –
0.29 points per 1 μg/dl increase in prenatal blood lead,
respectively, but all p> 0.200).
Conclusion: Prenatal lead exposure was not associated with
adverse effects on child IQ at age 4 or 8 years in this study.
There was, however, some evidence to suggest that boys are
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more susceptible than girls to prenatal exposure to lead. Further
investigation in other cohorts is required.

PA2.02.09

Prenatal air pollution exposure predicts newborn telomere
length at birth

D.S. Martens1, B. Cox1, B.G. Janssen1, B.P. Clemente1,
A. Gasparrini2, C. Vanpoucke3, W. Lefebvre4, H.A. Roels1,
M. Plusquin1, T.S. Nawrot1

1Hasselt University, DIEPENBEEK, Belgium; 2London
School of Hygiene & Tropical Medicine (LSHTM), LONDON,
United Kingdom; 3Belgian Interregional Environment Agency,
BRUSSELS, Belgium; 4Flemish Institute for Technological
Research (VITO), MOL, Belgium

Background: Telomere length may provide a cellular memory
of exposures to oxidative stress and inflammation, and telomere
length at birth has been related to life expectancy. Exposure to
particulate matter (PM) air pollution has been implicated in
age-related diseases and life expectancy. In utero life is a
critical window in programming of developing diseases later in
life. A connection between prenatal air pollution exposure and
telomere length at birth will gain new insights in the environ-
mental influence on molecular longevity. In this study we
assessed the association of prenatal exposure to PM with new-
born telomere length as reflected by cord blood and placental
telomere length.
Methods: In the prospective birth cohort study ENVIRO-
NAGE (ENVIRonmental influence ON AGEing in early life)
in Belgium, 730 mother-newborn pairs were recruited between
February 2010 and December 2014, all with a singleton full-
term birth (≥37 weeks of gestation). Relative telomere length
was measured in cord blood (n= 698) and placental tissue
(n= 660) at birth using a real-time PCR method. Maternal
residential PM2.5 (particles with an aerodynamic diameter
≤2.5 μm) exposure during pregnancy was estimated using a
high resolution spatial temporal interpolation method. With
distributed lag models (DLMs) we associated both cord blood
and placental telomere length with average weekly exposures to
PM2.5 over the entire pregnancy, to identify critical sensitive
periods over pregnancy.
Results: Average (5-95th percentile) weekly mean PM2.5

exposure was 13.4 μg/m3 (4.3-32.7 μg/m3). A 5 μg/m3 incre-
ment in PM2.5 exposure during the entire pregnancy was
associated with 7.2% shorter (95% CI: -12.3 to -1.8%) cord
blood leukocyte telomeres and 13.3% shorter (95% CI: -19.3
to -6.9%) placental telomere length. The prenatal exposure
between weeks 13 and 26 was most strongly associated with
newborn telomere length at birth. These associations were
controlled for date of delivery, gestational age, maternal pre-
pregnancy BMI, maternal age, newborn sex, newborn ethni-
city, season of delivery, parity, maternal smoking status,
maternal education and ambient temperature.

Conclusions: Mothers who were exposed to higher levels of
PM2.5 during pregnancy gave birth to newborns with shorter
telomere length. The observed telomere loss in newborns by
prenatal air pollution exposure indicates less buffer for post-
natal influences of factors decreasing telomere length and this
may increase the risk for chronic diseases in adulthood.
Improvements in air quality may promote molecular longevity
from birth onwards.

PA2.03 - Mental health outcomes

PA2.03.03

Perinatal Pathways to Psychopathology

J. Meaney

McGill University, MONTREAL (VERDUN), Canada

Maternal mental health over the peripartum period profoundly
influences the risk for later psychopathology in the offspring.
Recent findings underscore the importance of the prenatal
maternal emotional well-being for offspring mental health.
This presentation will summarize findings from longitudinal,
birth cohort studies using largely using neuroimaging approa-
ches to document the impact of maternal emotional health for
the development of the offspring. Of particular relevance are
studies in which the imaging or epigenetic measures were
obtained at (or near) birth, thus clarifying the influence of
prenatal maternal mood. The results of the neuroimaging stu-
dies suggest that the structure and connectivity corticolimbic
regions implicated in mood disorders is strongly associated with
the quality of prenatal maternal mood, and that such effects are
observed across the continuum of maternal symptoms of both
depression and anxiety. Finally, the presentation will discuss
genotypic moderation of the effects of maternal mood on off-
spring neurodevelopment.

PA2.03.05

Early life stress, neurodevelopment and glucocorticoid
receptor genes: domestic violence increases risk
for learning problems in homozygous FKBP5 haplotype
carriers.

C. Blair1, T. Halldorsdottir2, E. Binder2, L. Kopp3, T.
O’Connor4, M. Willoughby5

1New York University, NEW YORK, United States of America;
2Max Plank Institute for Psychiatry, MUNICH, Germany; 3Penn
State University, UNIVERSITY PARK, United States of
America; 4University of Rochester, ROCHESTER, United States
of America; 5RTI International, RESEARCH TRIANGLE,
United States of America

Background: Associations among early life stress (ELS), self-
regulation difficulties and risk for developing psychopathology
are well established. Prospective longitudinal studies have
clearly linked ELS with emotion and behavior regulation
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problems leading to psychopathology in adulthood.1,2 Simi-
larly, the association between the regulation of the stress
response and cognitive control abilities associated with pre-
frontal cortex (PFC) is also well established. At moderate levels,
stress-related neurochemicals, including glucocorticoids and
catecholamines, potentiate neural activity in PFC and enhance
executive functions (EF). As stress-related neurochemicals rise
beyond a moderate level, however, neural activity in PFC is
depressed and EF abilities are impaired.3 Here we ask whether
genes associated with the activity of the glucocorticoid receptor
and thereby regulation of the HPA axis play a role in associa-
tions between ELS and cognitive development outcomes.
Specifically, we examined the FK506-binding protein 5 gene
(FKBP5) to determine whether children with the haplotype
associated with demethylation of a glucocorticoid response
element leading to transcriptional disinhibition of the gene4

and who experienced domestic violence in the infant and tod-
dler period were more likely to experience comparatively lower
EF at school entry and increased learning problems by grade 2,
as indicated by reading ability.
Method: Participants (N= 914) were drawn from a pro-
spective longitudinal population-based sample of children and
families followed from birth in low-income, nonurban com-
munities in the USA. Data were collected in participants’
homes at annual intervals beginning at child age 7mos. At
36mos, saliva for DNA extraction was collected using Oragene
kits. At age 60mos, children were administered an EF task
battery and in Grade 2 were administered a standardized
measure of reading achievement. ELS was operationalized as
intimate partner violence (verbal, physical) as reported by the
child’s primary caregiver on the Conflict Tactics Scale at child
ages 7, 15, and 24mos (mean composite). Child age, race,
gender, cumulative demographic risk (7-24mos), and house-
hold chaos (7-24mos) were included as covariates. Four SNPs
of the FKBP locus (rs9296158, rs3800373, rs1360780,
rs9470080) in linkage disequilibrium were targeted to create a
CATT haplotype (carriers versus non-carriers). Principal com-
ponents (PCAs) of 48 SNPs providing information on family
relatedness and ancestry were included in analyses to account
for population stratification.
Results: OLS regression predicting EF at school entry and
reading ability in grade 2 in separate equations from FKBP5
haplotype, ELS, and the haplotype by ELS interaction, plus
covariates, indicated that EF at school entry in carriers of the
haplotype in homes characterized by higher levels of domestic
violence was reduced by approximately ES= .33 relative to
non-carriers. Reading ability was reduced by approximately
ES= .48 in carriers relative to non-carriers of the haplotype in
homes characterized by ELS. (Figure)
Conclusions: Results indicate that FKBP5, a gene highly rele-
vant to the regulation of the HPA axis, interacts with ELS to
predict cognitive development in childhood. Given previously
reported associations of this interaction with anxiety and depres-
sion in adulthood5, results suggest that an early manifestation of
this riskmay be seen inmeasures of cognitive ability in childhood.

Grade 2 reading as a function of FKBP5 haplotype and
domestic violence

PA2.03.06

Relationships between depression and anxiety symptoms
scores and blood pressure in young adults

T.A. Mori1, S.K. Bhat1, M. Robinson2, S. Burrows1,
L.J. Beilin1

1University of Western Australia, PERTH, Australia;
2Telethon Kids Institute, University of Western Australia,
PERTH, Australia

Background: Depression and anxiety have been associated
with an increased risk of cardiovascular disease, but their rela-
tionship to blood pressure (BP) is less clear. Age related
comorbidity and lifestyle factors may confound these relation-
ships. We previously reported an inverse association between
anxiety and depression scores and systolic BP in 14 year old
boys in the Western Australian Pregnancy Cohort (Raine)
Study. The cohort is one of the longest running prospective
studies on child health and development. The present study
aimed to examine the association between depression and
anxiety symptoms and BP in Raine study participants at 20
years, an age when they have established adult behaviours, but
with little or no co-morbidity.
Methods: Data on 1014 participants aged 20 years from the
Raine Study were analyzed for cross-sectional associations
between clinic BP and Depression, Anxiety, Stress Scale
(DASS) questionnaire scores or a reported history of depres-
sion, accounting for relevant confounders.
Results: Males had a significantly higher systolic BP and a
greater percentage were pre- hypertensive or hypertensive
compared with females. BMI was not different between the
genders, but males were more likely to be overweight.
Depression, anxiety and stress scores were lower in males, and
the proportion with self-reported depression was significantly
higher among females compared to males (19.9 vs. 11.4%).
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Approximately 16% of all participants reported having at some
time had a diagnosis of depression. In these individuals, the
DASS-Depression score was 8.34 units (P< 0.001) higher than
in those without a history of depression.
Multivariable adjusted analyses showed DASS-depression and
DASS-anxiety scores were inversely associated with offspring
systolic BP (coefficient= -0.10; P= 0.012 and coefficient= -
0.13; P= 0.018, respectively), independent of gender, BMI,
female hormonal contraceptive use, alcohol consumption,
birth weight and maternal hypertension in pregnancy. Systolic
BP was 1.6mmHg lower for 2SD (16 units) increase in
depression score.
There was an inverse association between self-reported history
of depression and systolic BP (coefficient= -1.91; P= 0.023),
with an interaction between self-reported depression and BMI
(coefficient= - 0.43; P= 0.002). The interaction indicated that
the higher the BMI, the more inverse the relationship between
the self-reported depression and SBP. The association between
self-reported depression and systolic BP was independent of a
range of lifestyle confounders. None of the participants used
antidepressants at age 20.
Conclusion: Our findings show that systolic BP in young
adults is inversely associated with depression and anxiety scores,
independent of a range of lifestyle confounders. Despite a
positive association between BMI and BP, adiposity enhanced
the inverse association between self-reported history of
depression and systolic BP. Although we have no ready expla-
nation for a causal relationship between depressive or anxiety
tendencies and lower BP, the results are consistent with our
previous findings in this cohort during childhood. Our findings
contrast with the predisposition of depressed individuals to
cardiovascular disease in later life when decades of unhealthy
lifestyle changes may dominate. It will be of particular interest
to follow the evolution of these effects as the Raine Study
cohort ages.

PA2.03.07

Influence of environment on child growth: the non-organic
failure to thrive in the context of an affective deficiency
syndrome

A. Checa-Ros1, A. Muñoz-Hoyos2, A. Molina-Carballo2,
M.C. Augustín-Morales3, J. Uberos-Fernández2, C. Campoy1

1Faculty of Medicine. University of Granada, GRANADA, Spain;
2Department of Paediatrics. San Cecilio University Hospital,
GRANADA, Spain; 3Paediatric Primary Health Care. Granada
Metropolitan Health District, GRANADA, Spain

Background: The mechanisms that lead to a growth delay in
children living in a context of deficient parent affectivity, but
receiving an adequate nutrition intake, remain to be clarified.
This is the reason why the affective deficiency syndrome
(ADS) and its maximum expression, the non-organic failure to
thrive (NOFT), represent complex situations that are beyond

common nutritional problems. Early affectivity deprivation
seems to alter the regulation of the hypothalamic-pituitary-
adrenocortical axis, potentially increasing susceptibility to
stressors throughout the life.
The aim of this study was to analyse the involvement of specific
neuroendocrine markers in the pathophysiology of patients
suffering from ADS/NOFT.
Methods: 72 children (4-14 years) were recruited from the
specialised health-care department at San Cecilio University
Hospital (Granada, Spain). The problem group consisted
of 36 children who were cared for in the same boarding
institution for a history of significant neglect (parents addicted
to drugs, alcoholic parents, parents in prison, parent psychiatric
illness, lack of financial resources), without a known history
of psychological or physical abuse. None of these participants
had ever been diagnosed with neurologic, endocrine or
immunologic disorders. None of them had a known history
of perinatal pathology, intrauterine growth retardation or
suspicion of foetal alcohol syndrome. The problem group
was divided into two subgroups: 1) the ADS group, formed
by 15 children who lived in a childcare institution and pre-
sented normal somatometry; and 2) the NOFT group, com-
posed of 21 children presenting the fundamental characteristic
of first-order somatometry (weight and height) lower than the
third percentile for Spanish population, with no justifiable
organic explanation. The age- and sex-matched control
group (CG) consisted of 36 participants. In every case, serum
levels of melatonin (aMT), serotonin (5-HT), β-endorphins
and adrenocorticotropic hormone (ACTH) were measured.
The affective deficiency was scored by State-Trait Anxiety
Inventory for Children (STAIC) and Child Depression Scale
(CDS). Following the Helsinki criteria, written informed
consent was obtained from the adolescent children and/or from
tutors of the institution. Statistical analysis included the one-
way analysis of variance (ANOVA) with Bonferroni and
Dunnett’s T3 post-hoc comparisons for normal variables
(ACTH and aMT). Non-parametric methods such as Kruskal
Wallis one-way ANOVA were used to compare 5-HT and β-
endorphin levels.
Results: The production of ACTH was significantly
higher in the CG (p< 0.001) compared with both NOFT and
ADS groups. The same occurred in the case of aMT.
β-endorphin levels were significantly lower in the NOFT group
(p< 0.001) with respect to CG and ADS, while no differences
were found between CG and ADS groups. 5-HT concentra-
tions were significantly higher in the CG in relation to ADS
and NOFT. Significant differences in 5-HT concentrations
were found as well between ADS and NOFT (p< 0.001)
(Figure).
Conclusions: Our results suggest that adverse family circum-
stances in the life of a child may trigger a psychological and
affective process with long-term consequences on growth and
development. This process overtakes the influence of nutri-
tional factors and seems to be mediated by neuroendocrine
markers.
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Comparative analysis of serum levels of the different
neuroendocrine markers (*** = p<0.001, NS = non-
significant).

PA2.03.08

Antidepressant use during pregnancy and child
development

A. Ghassabian1, M. Smarr2, R. Sundaram2, S. Gilman2,
G.M. Buck Louis2, E. Yeung2

1NYU School of Medicine, NEW YORK, United States of America;
2Eunice Kennedy Shriver National Institute of Child Health and
Human Development, BETHESDA, United States of America

Background: Associations between prenatal selective serotonin
reuptake inhibitor (SSRI) exposure and autism have been
reported. Yet, developmental outcomes in young children
prenatally exposed to these anti-depressants are less under-
stood. Here, we examined whether maternal antidepressant use
during pregnancy is associated with children’s development
accounting for indication for treatment.
Methods: In the Upstate KIDS Study, a population-based
birth cohort in Upstate New York (2008-2010), women
reported any prescribed medication use during pregnancy at
12 months postpartum (n= 2524 singleton pregnancies and
611 twin pairs). We used the Slone Drug Dictionary to code
the free text and define the prescription of antidepressants
according to the Pharmacologic–Therapeutic Classification
codes for drug classes. Women reported on their lifetime
diagnosis of mood disorders including depression at four
months postpartum. Additionally, depression requiring in/
outpatient hospital care during pregnancy was derived from
New York State claim data using the International Code for
Diseases. Mothers completed the Ages & Stages Ques-
tionnaire© (ASQ) for their children at ages 4-6, 8, 12, 18, 24,
30, and 36 months. ASQ is a validated parental-rating instru-
ment which provides an assessment of child development in
five domains of fine motor, gross motor, communication,
personal-social, and problem solving skills. Exposure was cate-
gorized in three groups: a) having no depressive symptoms and
no antidepressant use (reference group), b) a history of
depression –prior to or during pregnancy–, but no anti-
depressant use c) antidepressant use during pregnancy.
Generalized linear mixed models with random effects were used
to test the association of exposure to maternal depression and
antidepressant use and a child’s failing on any of the ASQ
domains and domain specific failure. Models were adjusted for

maternal age, education, race, smoking in pregnancy, infertility
treatment, and body mass index, and child sex, plurality, and
parity.
Results: In total, 136 (3.9%) women reported antidepressant
use during pregnancy including SSRIs (n= 121), serotonin-
norepinephrine reuptake inhibitors (n= 8) and nor-
epinephrine–dopamine reuptake inhibitors (n= 15). 342
(11%) women reported having a life time history of depression
and 54 (1.7%) had a diagnosis of depression requiring in/out-
patient hospital care during pregnancy. Prenatal exposure to
maternal self-report depression without medication use was not
related to child development (adjusted Odds Ratio (aOR) for
failing any ASQ domain: 1.24, 95%CI: 0.91-1.69). Compared
to the unexposed group, children who were prenatally exposed
to antidepressants had higher odds of failing any ASQ domain
(aOR= 1.61, 95%CI: 1.00-2.61). When we reran the analyses
adjusting for depression requiring hospital care during preg-
nancy, we had similar results. Children with prenatal anti-
depressant exposure had higher odds of failing any ASQ
compared to children of women with depression/no pregnancy
medication (OR= 1.62, 95%CI: 0.93-2.81). Post-hoc analyses
on failing specific domains revealed that this association was
mainly present in domains of gross motor, communication,
and personal-social skills. No interactions with child sex or
plurality were observed.
Conclusion: Our findings suggest that early development in
children might be affected by prenatal exposure to certain
antidepressants. Further work is needed to determine the rela-
tive benefits and harms to offspring of discontinuing anti-
depressant treatment during pregnancy.

PA2.03.09

Perceptions of indigenous fathers during pregnancy:
findings from the ENRICH study

R.T. Oster1, C. Bruno1, M. Montour2, M. Roasting3,
L. Roasting3, R. Lightning4, B. Graham5, M.J. Mayan1,
E.L. Toth1, R.C. Bell1

1University of Alberta, EDMONTON, Canada; 2Samson Cree
Nation, MASKWACIS, Canada; 3Louis Bull Cree Nation,
MASKWACIS, Canada; 4Ermineskin Cree Nation,
MASKWACIS, Canada; 5Maskwacis Health Services,
MASKWACIS, Canada

Background: Well known gaps in perinatal health between
Indigenous and non-Indigenous populations exist in North
America and beyond. Despite being crucial to the support
system of their partners and offspring health, very little is
known of Indigenous men’s experience during pregnancy. Our
objective was to understand how Indigenous fathers’ support
their partners during pregnancy.
Methods: As part of a community-based participatory research
collaboration with a large Indigenous community in Alberta,
Canada we carried out a qualitative study informed by both
ethnography and photovoice. Focusing on the strengths and
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positive aspects of the community, rather than deficits, we
sought out adult Indigenous fathers who were considered role
models and involved fathers. We conducted in-depth semi-
structured interviews with six fathers that were recorded and
transcribed. Four of the fathers also participated in photovoice
and a second round of interviews. All data were analyzed using
qualitative content analysis.
Results: The fathers felt they had to support their partners in
any way possible and surmount challenges resulting from
colonial impacts by reclaiming their roles as men and
acknowledging the pregnancy as a positive change in their life.
Providing this support was achievable through their own
dedicated support system stemming from family, faith, and
culture, and a stable upbringing with a positive male role
model. The participants called for more programs and services
to involve and include fathers during pregnancy to a greater
extent than is currently done. The fathers also hoped for peri-
natal programming that incorporates traditional culture and
Elder support, is responsive and flexible to family needs in their
approach, promotes cultural understanding among healthcare
providers and staff, and adopts a philosophy that acknowledges
this as part of a far-reaching plan supporting reconciliation.
Conclusion: Efforts to improve perinatal care for Indigenous
women, and ultimately the health and development of off-
spring, need to allow for more inclusion of and support for
Indigenous fathers.

PA2.05 - Early life adversity and late life interventions

PA2.05.01

Later-life interventions to reverse/compensate for effects of
early life adversity

T. Seeman1, K.M. Godfrey2, C. Power3, B. McEwen4,
L. Nielsen5, D. Reiss6, S. Suomi7, N. Tottenham8, A. Danese9

1David Geffen School of Medicine at UCLA, LA, United States of
America; 2MRC Lifecourse Epidemiology Unit, University of
Southampton, SOUTHAMPTON, United Kingdom;
3University College London and Great Ormond Street Institute of
Child Health, LONDON, United Kingdom; 4The Rockefeller
University, NEW YORK, United States of America; 5National
Institute on Aging/National Institutes of Health, BETHESDA,
United States of America; 6Yale School of Medicine, YALE,
United States of America; 7Eunice Kennedy Shriver National
Institute of Child Health & Human Development, BETHESDA,
United States of America; 8Department of Psychology, Columbia
University, NEW YORK, United States of America; 9Institute of
Psychiatry, King’s College London, LONDON, United Kingdom

Symposium - Network on Reversibility of Early Life
Adversity Effects on Later Life Health
The Reversibility Network, is a research network on later-life
interventions to reverse effects of early life adversity (ELA),
focusing on identifying opportunities for later-life reversibility/
remediation of phenotypes associated with ELA. Established

with funding from the US National Institute on Aging and the
UK Economic and Social Research Council/Biotechnology and
Biological Sciences Research Council, the network brings
together senior and junior scientists to foster and facilitate the
interdisciplinary research needed to stimulate rapid advances
in this field. Overall goals are to (a) promote needed increases in
scientific knowledge regarding the array of processes and
pathways through which different ELAs (e.g., low socio-
economic status [SES]; stressful experiences, including social
isolation, poor parent-child relationships [e.g. child neglect/
abuse] or other violence; poor maternal diet, body composition
and lifestyle) may similarly or differentially impact later life
health and well-being, and (b) leverage evidence from this body
of research to promote development and evaluation of novel
later-life interventions to reverse/reduce risk processes related
to ELAs.
Objectives of the symposium:
The symposium will include invited talks from established
scholars together with open discussion with delegates to:
- disseminate thinking about the topic and its importance to
the broad DOHaD audience from core team/others involved in
sub-group themes.
- work towards a publication(s) that distils network thinking
and evidence to date
- grow the field of interest in ‘reversibility’ by attracting/iden-
tifying relevant work that can be tied-in or initiated.

PA2.06 - Environment and DOHaD

PA2.06.01

Expression of micronuclei-related genes in cord blood in
association with in utero particulate matter exposure:
P53 as a central hub

B.G. Janssen1, K. Vrijens1, E. Winckelmans1, D. Martens1,
M. Peusens1, M. Tsamou1, H.A. Roels1, C. Vanpoucke2,
W. Lefebvre3, W. Gyselaers4, A. Cuypers1, T.S. Nawrot1

1Hasselt University, DIEPENBEEK, Belgium; 2Belgian
Interregional Environment Agency, BRUSSELS, Belgium;
3Flemish Department for Technological Research (VITO), MOL,
Belgium; 4Department of Obstetrics, East-Limburg Hospital,
GENK, Belgium

Background: Increased micronuclei (MN) frequency, a valid
biomarker for genotoxicity, has been associated with particulate
matter (PM) exposure-related DNA damage in cord blood.
The P53 gene encodes the tumour suppressor protein P53 and
has an important role in many stress responses, including MN
formation. We hypothesized that expression of genes involved
in the MN formation network and P53 protein levels are
altered in association with gestational PM2.5 exposure in
newborns.
Methods:Gene expression of P53,DNMT1, PCNA, BAX, and
P21 was measured by quantitative real-time polymerase chain
reaction and P53 protein expression by ELISA in cord blood
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retrieved from 170 newborns enrolled in the Belgian birth
cohort ENVIRONAGE.
Results: We observed a negative association between expres-
sion levels of the MN formation-related genes and PM2.5

exposure during pregnancy (relative decrease of -52.0%, 95%
CI: -68.7% to -26.2%, p= 0.0009 for each 5 μg/m3 increment
in PM2.5 exposure). The association with PM2.5 exposure was
most pronounced with expression of P53, BAX, and PCNA.
On the other hand, P53 protein levels were positively asso-
ciated with entire pregnancy PM2.5 exposure (relative increase
of 56.0%, 95% CI: 23.5% to 97.1%, p= 0.0003 for a 5 μg/m3

increment in PM2.5), as with mothers who reported to have
smoked during pregnancy (+46.8%, 95% CI: 7.4% to
100.7%, p= 0.02 compared to non-smokers).
Conclusions: Based on our transcriptomic analysis, our results
are indicative of alterations in expression of MN-related genes
in response to PM2.5 exposure during pregnancy. Our findings
lend support to the development of a reliable reporter gene
assay to screen chemically exposed human populations.

PA2.06.02

Perinatal exposure to dioxins and body mass index at seven
years: A pooled analysis of three European cohorts

N. Iszatt1, H. Stigum1, E. Govarts2, L. PalkovicovaMurinova3,
G. Schoeters2, T. Trnovec3, J. Legler4, C. Thomsen1,
G. Koppen2, M. Eggesbø1

1Norwegian Institute of Public Health, OSLO, Norway; 2VITO,
Unit of Environmental Risk and Health, MOL, Belgium; 3Slovak
Medical University, BRATISLAVA, Slovak Republic; 4Brunel
University London, UXBRIDGE, United Kingdom

Background: Dioxins and dioxin-like compounds are endo-
crine disrupting chemicals (EDCs). Experimental studies sug-
gest perinatal exposure to EDCs results in later obesity.
However, the few epidemiological investigations on dioxins are
inconclusive. We investigated perinatal exposure to dioxins and
dioxin-like compounds, infant growth and body mass index
(BMI) in childhood.
Methods: We pooled data from 3 European birth cohorts
(Belgian, Norwegian, Slovak) with exposure assessment in cord
blood or breast milk. Two cohorts had dioxin-like toxicity
assessed using dioxin-responsive chemical-activated luciferase
expression (DR-CALUX) bioassay and one cohort had mea-
sured concentrations of dioxins, furans and dioxin-like poly-
chlorinated biphenols with CALUX relative potency values
applied. Growth was cohort- and sex-specific change in weight-
for-age z-score between birth and 24 months (N= 367). BMI
was calculated at around 7 years (median 7.17, interquartile
range [IQR] 7.00-7.37 years, N= 251), and overweight
defined according to international standards for children
equivalent to adult BMI> 25 kg/m2 (Cole and Lobstein 2012).
We fitted multivariate models using generalized estimating
equations, and tested effect modification by sex, breastfeeding

and cohort. Results per 10 pg CALUX TEQ/g lipid increase in
exposure.
Results:Dioxin exposure was highest in the Belgian and lowest
in the Norwegian cohort; median (IQR) of the pooled sample
13 (12.0) pg CALUX TEQ/g lipid. Perinatal exposure to
dioxins and dioxin-like compounds appeared associated with
increased growth between 0-24 months (adjusted estimate for
change in z-score: β= 0.07, 95% CI: -0.01, 0.14). At 7 years,
dioxins exposure was associated with a statistically significant
increase in BMI in girls (adjusted estimate for BMI units
β= 0.49, 95% CI: 0.07, 0.91) but not in boys (β= -0.03, 95%
CI: -0.55, 0.49) (p-interaction= 0.044). Furthermore, girls
had a 54% (-6%, 151%) increased risk of overweight at 7 years
(p-interaction= 0.023).
Conclusion: Perinatal exposure to dioxin and dioxin-like
compounds was associated with increased early infant growth,
and increased BMI in school age girls. Studies in larger sample
sizes are required to confirm these sex-specific effects.

PA2.06.03

Exposure to diesel exhaust particles during the course of
gestation increases risk of neurocognitive impairment of
male offspring

S. Yokota1, S. Oshio1, K. Takeda2

1Ohu University, KORIYAMA, Japan; 2Tokyo University of
Science, SANYO ONODA YAMAGUCHI, Japan

Background: Diesel exhaust (DE) is a complex mixture of
diesel exhaust particles (DEPs) and gaseous-phase compounds.
The soluble organic fraction of particulate materials in DE
contains more than 1000 compounds including a variety of
polycyclic aromatic hydrocarbons and heavy metals. We pre-
viously showed that maternal exposure to DE could affect
monoaminergic systems in various brain regions of male off-
spring in mice. Prenatal exposure to DE also affected the
morphology of perivascular macrophages and the surrounding
tissue in the hippocampus, where accumulation of ultrafine
DEPs was observed. This finding suggests that DEPs accu-
mulation may directly affect the hippocampus in murine adult
male offspring. However, there was no clear evidence that these
effects were caused by DEPs, gaseous compounds, or both.
Here, we explored the effects of in utero exposure to DEPs on
learning and memory in male offspring.
Methods:DEP solutions were administered subcutaneously to
pregnant ICR mice at a dose of 0 or 200 μg/kg body weight on
gestation days 6, 9, 12, 15, and 18. We examined learning and
memory in adult male offspring using the Morris water maze
test (MWM) and passive avoidance test (PA). Immediately
after the behavioral tests, hippocampi were isolated. Hippo-
campal N-methyl-D-aspartate receptor (NR) expression was
measured by quantitative RT-PCR analysis. In addition, the
fixed tissue was also provided into immunohistochemistry to
quantify NR expression levels.
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Results and conclusions: DEP exposure had no significant
effects on litter size. The body weight of male offspring was also
not affected by maternal DEP exposure during the adolescent
to adult period (postnatal day 1: Control, 2.2 ± 0.3 g; DEP,
2.3 ± 0.3 g. 10 weeks: Control, 40.4 ± 1.0 g; DEP,
40.7 ± 0.7 g). No deaths or malformations were observed in
both control and DEP-exposed mice. To examine
hippocampus-dependent spatial learning and memory, we
performed the MWM. In the hidden platform test, from day 1
to 9, all mice showed a gradual reduction in the time taken to
find the escape platform as training proceeded. The improve-
ment in the escape latency of each group following training was
reflected in a main effect of day [F (8, 269)= 19.20,
p< 0.001]. However, the control mice found the platform
faster than the DEP-exposed mice [F (1, 269)= 5.06,
p< 0.05]. A post hoc analysis showed significant differences
between control and DEP-exposed mice. In the probe test,
DEP-exposed mice showed significant deficits in reference
memory compared to control mice. In contrast, performance of
the DEP-exposed mice was not significantly different from that
of control mice in the PA. In addition, DEP-exposed mice
exhibited decreased hippocampal NR2A expression. The pre-
sent results indicate that maternal DEP exposure disrupts
learning and memory in male offspring, which is associated
with reduced hippocampal NR2A expression.

The distribution of NR2A expressions.

PA2.06.04

Environmental programming of respiratory allergy: utility
of a child’s spit epigenome.

A.S. Langie1, M. Moisse2, K. Szarc Vel Szic3, E. Van der Plas1,
G. Koppen1, S. Remy1, G. Van Camp4, D. Lambrechts2,
G. Schoeters1, W. Vanden Berghe3, P. de Boever1

1Flemish Institute of Technological Research, MOL, Belgium;
2VIB Vesalius Research Center, KU Leuven, LEUVEN, Belgium;
3Department of Biomedical Sciences, University of Antwerp,

WILRIJK, Belgium; 4Center for Medical Genetics, University of
Antwerp, EDEGEM, Belgium

Epigenetic DNA methylation changes can be part of the
underlying molecular mechanisms leading to complex diseases.
Early life exposures like parental lifestyle and exposure to che-
micals can alter DNA methylation patterns, and thereby pre-
dispose the child to develop respiratory allergy (RA) later in life.
Longitudinal birth cohorts are instrumental to study disease
development, but DNA biomarker research is hampered
because blood sampling is kept to a minimum for practical and
ethical reasons. Saliva is a non-invasive and convenient source
of DNA that can be used for biomarker research. In this study,
we aimed at discovery and confirmation of differential methy-
lation regions (DMR) in saliva of children with RA when
comparing to controls. Saliva samples collected in the two
independent longitudinal birth cohorts (Flanders Environment
and Health Surveys FLEHS1 & FLEHS2) were analysed using
Illumina Methylation 450K BeadChips. A statistical analysis
pipeline was developed in R to identify genome-wide differ-
ential methylation. We identified 27 DMRs in saliva from 11y
old allergic children (self-reported/doctor’s diagnosed RA,
Phadiatop IgE ≥ 0.35 kU/L; N= 26) vs. controls (no self-
reported/diagnosed RA, Phadiatop IgE< 0.35 kU/L; N= 20)
in the FLEHS1 cohort. A set of 8 DMRs was selected for
further validation by iPLEX MassArray analysis. First,
iPLEX analysis was performed in the same 46 FLEHS1 samples
that were previously analysed on the 450K methylation arrays,
to allow technical validation. iPLEX results correlated sig-
nificantly with the 450K methylation array data (P< 0.0001),
though iPLEX analysis confirmed 5 of the 8 identified DMRs
in the FLEHS1 study. Aiming for biological confirmation, we
studied these DMRs in an independent birth cohort FLEHS2.
Due to a lack of blood samples to measure IgE levels in the
FLEHS2 cohort, cases and controls were identified as: 1) cases
= doctor’s diagnosed/self-reported RA symptoms ever
(N= 19); and 2) controls = no self-reported/diagnosed
RA (N= 20). When studying the 8 DMRs by means of
iPLEX analysis in the FLEHS2 cohort, only a DMR in the
GLI2 gene showed a statistically significant difference in
methylation between RA cases and controls. GLI2 has a reg-
ulating role in IL4 signalling and can modulate T-helper dif-
ferentiation and allergic disease, and might thus be an
interesting DNA methylation marker to study for further bio-
marker development. Interestingly, the RA-related hyper-
methylation in GLI2 correlated significantly with life time
exposures towards air pollution markers PM10, NO2 and
O3. Using the statistical framework developed by Valeri and
VanderWeele (Psychol Methods, 2013),GLI2 hypermethylation
was observed to partially mediate the effects of PM10, NO2 and
O3 on RA. This project is providing novel insights in the
molecular mechanisms that may predispose children to RA
development. We are among the first to show the utility of
saliva to identify DNA methylation marks in children that are
relevant for RA.
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PA2.06.05

Maternal alcohol consumption during pregnancy and
offspring epigenome-wide DNA methylation: Findings
from the Pregnancy and Childhood Epigenetics (PACE)
Consortium

G. Sharp1, R. Arathimos2, On behalf Of the PACE
Consortium3, J.F. Felix4, C.L. Relton2, L. Zuccolo2

1University of Bristol, BRISTOL, United Kingdom; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom; 3Pregnancy and Childhood Epigenetics
Consortium; 4Erasmus MC, ROTTERDAM, The Netherlands

Background: There is evidence to suggest that moderate
alcohol consumption during pregnancy is associated with
adverse outcomes in the offspring, but the precise biological
mechanisms underlying such associations are currently
unknown. Epigenetic modifications have been suggested to
play a mediating role.
Methods: To investigate genome-wide DNA methylation in
the cord blood of newborns differentially exposed to alcohol in
utero, we meta-analysed epigenome wide association study
(EWAS) summary statistics from six population-based cohort
studies (n mother-child pairs = 3,075) within the Pregnancy
and Childhood Epigenetics (PACE) Consortium. We were
primarily interested in the effects of sustained consumption
throughout pregnancy, which represents a prolonged prenatal
exposure to alcohol, but we also explored binge-drinking and
timing-specific exposures.
Results: No single CpG-sites were associated with any of our
alcohol exposure measures after correction for multiple testing.
In a region-based analysis, we identified 19 regions differen-
tially methylated in the offspring of mothers who drank
throughout pregnancy compared to the offspring of mothers
who gave up drinking at the start of pregnancy. However, we
did not validate this result using another regional analysis
method.
Conclusion: In this multi-cohort study we found no evidence
that (mostly light-to-moderate) maternal alcohol consumption
during pregnancy is associated with offspring cord blood DNA
methylation. However, it is possible that a combination of a
larger sample size, higher doses, different timings of exposure
and a more global assessment of genomic DNA methylation
might show evidence of effect.

PA2.06.06

Amplification of risk of intrauterine fetal growth restriction
due to maternal smoking by illicit drugs and alcohol abuse.

C.M.E. Reynolds1, B.E. Egan2, N. Daly1, E. O’Malley1,
S.R. Sheehan1, M.J. Turner1

1University College Dublin, DUBLIN, Ireland; 2School of Health
and Human Performance, Dublin City University, DUBLIN,
Ireland

Background:Maternal smoking is associated with intrauterine
fetal growth restriction. However, there is a dearth of infor-
mation on the effect of smoking in combination with other
modifiable risk factors in programming growth.
Methods: Clinical and sociodemographic data were collected at
the first antenatal appointment for all women attending a large
maternity hospital between 2011 and 2015. Birth outcome data
were collected following delivery from the hospital’s compu-
terised system and used to analyse the effect of a number of self-
reported adverse health behaviours during pregnancy on infant
birthweight. Birthweight was subcategorised, for secondary mul-
tivariate analysis, to term birthweight <10th centile for the study
population. Multiple pregnancies, preterm births and infants
weighing <500g at birth were excluded from analysis.
Results: Of 40, 658 women, the mean age was 31.3 ± 5.5
years, BMI 25.5 ± 5.1 kg/m2 and 39.2% were nulliparas.
Birthweight averaged 3502.8 ± 465.9 g. Women who smoked
>11 cigarettes per day, independent of alcohol consumption or
drug use, had birthweights on average 328 g (95% CI -365.8 to
-290.5, P< 0.001) lower than women who did not smoke,
consume alcohol or use drugs in early pregnancy. Weekly
alcohol consumption, alcohol binges and drug use when ana-
lysed independent of other adverse behaviours had no effect on
mean birthweight (all >0.05). However, when smoking >11
cigarettes daily was combined with weekly alcohol, illicit drugs
use and alcohol binges in pregnancy, birthweight was lower by
528 g (95% CI (-649.2 to -406.1, P< 0.001), 527 g (95% CI
-680.5 to -374.0, P< 0.001) and 755 g (95% CI -941.6 to
-567.7, P< 0.001) respectively compared to women who did
not engage in any of these adverse health behaviours. Multi-
variate logistic regression analysis found that women who
smoked and had at least one alcohol binge in pregnancy were
the most likely to have a baby less than the 10th centile (OR
8.9, 5.5-14.9, P< 0.001) (Figure 1).
Conclusions: Our findings confirm previous studies showing
that maternal smoking restricts fetal growth but it also shows
that the risk of restriction is further amplified by alcohol bin-
ging and illicit drug abuse. Drinking alcohol or abusing illicit
drugs in pregnancy did not restrict fetal growth in non-
smokers. If the programming of fetal growth is to be optimised
by smoking cessation, it may also be necessary to address illicit
drug and alcohol addiction.
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PA2.06.07

The use of carbon monoxide screening in identifying
potential maternal smoking.

C.M.E. Reynolds1, B.E. Egan2, N. Daly1, E. O’Malley1,
S.R. Sheehan1, M.J. Turner1

1University College Dublin, DUBLIN, Ireland; 2School of Health
and Human Performance, Dublin City University, DUBLIN,
Ireland

Background: Maternal smoking is a modifiable risk factor in
programming restricted intrauterine fetal growth. Identifica-
tion and quantification is usually based on self-reporting which
may not be accurately disclosed by women when they present
for antenatal care. In this prospective observational study, we
examine the use of carbon monoxide (CO) screening in women
presenting for antenatal care in a large maternity hospital.
Methods: Pregnant women were recruited at their convenience
during their first antenatal visit after they completed a stan-
dardised questionnaire which was computerised by a trained
midwife. The questionnaire included details on lifestyle beha-
viour, socio demographic and clinical details. Women <18
years or women unable to understand English were excluded.
Eligible women were offered to take part in the study and
informed of the studies procedures including a breath test
which would measure their recent exposure to CO from all
sources. Written consent was attained
Analysis of expired air CO levels was undertaken using a
handheld Bedfont piCO+ Smokerlyzer® (Bedfont Scientific,
Kent, United Kingdom) by a single researcher and their result
was explained. The CO was recorded in parts per million
(ppm) and a cut-off level of ≥4 ppm was used to identify
women who smoked (as per previous research). Following the
CO breath test women completed a questionnaire regarding
different sources of CO including smoking status and passive
smoking.
Results: Of the 150 women, the mean age was 30.4 (SD 5.2)
years, 36.0% were nulliparas and 18.7% (n= 28) reported that
they continued to smoke during pregnancy. Number of cigar-
ettes reported in the questionnaire had a strong, positive cor-
relation to the expired air CO (ppm) (rho= 0.62, n= 150,
P< 0.001) (Figure 1). There was also a negative correlation
between the time since last cigarette was smoked and expired
air CO breath (ppm) (rho= -0.41, n= 150, P< 0.05). Passive
smoking did not correlate expired air CO (ppm) (rho= 0.25,
n= 150, P= 0.08).
Based on an expired air CO of ≥4 ppm, 36 women were
identified as potential smokers. Six women who were self-
reported smokers were not picked up by the CO monitor. Half
(n= 3) these had not had a cigarette in at least 6 hours and two
others reported smoking just 2 cigarettes per day. Compared to
the smoking status disclosed to midwives an additional four-
teen (11.5%) women were identified as potential smokers from
the expired air CO. Following the breath test 4 of these women
disclosed current smoking in the questionnaire however

10 remained potential non-disclosures. These results indicate
that the true level of smoking could be as high as 28% (n= 42/
150) when the numbers of women with CO ≥4 ppm (n= 14)
were combined with self-reported smokers (n= 28).
Conclusions: These findings demonstrate that CO screening
may identify women who did not disclose their smoking habits
when they presented for antenatal care and, therefore, the
opportunity to advise them and offer smoking cessation sup-
port would have been otherwise missed. This is important
clinically because smoking cessation in the first half of preg-
nancy can prevent fetal growth restriction and its associated
adverse clinical consequences.

PA2.06.08

Placental TRPC6 expression and gestational trimester-
specific fine particle air pollution exposure in the
ENVIRONAGE birth cohort

L.J. Luyten1, K. Vrijens1, N.D. Saenen1, H.A. Roels1,
F. Debacq-Chainiaux2, T.S. Nawrot1

1UHasselt, DIEPENBEEK, Belgium; 2UNamur, NAMUR,
Belgium

Background: Ion channels are indispensable for embryonic
development. Transient receptor potential (TRP) channels
encompass a family of Ca2+ transporter channels of which
canonical channel TRPC6 is expressed in placenta and
important for foetal neurodevelopment. We studied the asso-
ciation between gestational exposure to fine particle air pollu-
tion and placental TRPC6 expression.
Methods: In 213 mother-newborn pairs of the ENVIRO-
NAGE birth cohort, the expression of TRPC6 was measured
using quantitative real-time polymerase chain reaction. We
estimated trimester-specific exposures to fine particle air pol-
lution with a diameter equal to or less than 2.5 μm (PM2.5) for
each mother’s home address using a high resolution
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spatiotemporal model. Trimester-specific exposures and
placental TRPC6 expression were regressed while accounting
for maternal age, newborn’s sex, maternal BMI, ethnicity,
month of birth, maternal smoking and maternal diploma as an
indicator for socio-economic status.
Results: A 5 μg/m3 increment in PM2.5 during the last trime-
ster of pregnancy was associated with a 11.1% increase [95%
confidence interval (CI): 2.3, 20.0%; p= 0.014] in placental
TRPC6 expression at birth. The corresponding estimate for the
whole pregnancy exposure window was 16.8% [95% CI: 1.4,
32.3%; p= 0.033], while PM2.5 exposures during the first and
second trimester had no significant effect.
Conclusions: Recent findings in mice showed that the placenta
has important functions in the development of the foetal brain.
The observed placental change in TRPC6 expression opens new
avenues for this birth cohort study. Future investigations on the
TRPC6 protein level aim to confirm this finding. The asso-
ciation between neurocognitive development in 4-year old
children of our birth cohort and current results will also be
examined.

PA2.06.09

The association of birth weight and infant growth with
changes in renal dysfunction in newborns

C.N. Hsu, Y.L. Tain

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: There is evidence that low birth weight (LBW) is
associated with low nephron number and susceptible to
developing renal dysfunction. Yet, the effects of infant growth
on subsequent developmental renal outcomes in later life
remain unclear at population level. The aim of this study was to
study the effect growth during the early lifecoursect of weight
gain in the first year of life on the changes in estimated glo-
merular filtration rate (eGFR) among newborns.
Methods: This study is based on electronic medical records
between 2001 and 2015 from the largest medical organization
in Taiwan. Body weight growth in the first year of life was
retrieved by a 3-month interval for newborns with LBW
(n= 816) (<2500 gm) and normal birth weight (NBW)
(n= 6,617) were examined (n= 7,743). Changes in eGFR
using Schwartz formula were assessed over 11 years follow-up.
Linear mixed model was employed to examine the effect of
birth weight and infant weight growth on changes in eGFR
over time.
Results: The mean baseline eGFR in LBW newborns was
114.3ml/min per 1.73m2 (±29.83) and declined 0.04ml/min
per 1.73m2 (±1.03) per year on average. Among children with
NBW, baseline eGFR was 116.9 (±31.45) , and increased 1.61
(±0.49) yearly during childhood. A higher proportion of LBW
children (2.7%) had eGFR reduction over 30% than NBW
(1.95%) children. Infant weight with 1 gm gain was associated
with increased eGFR 0.005 (±1.44) per ml/min/1.73m2 and

any congenital disease worsen renal function (-2.02 ± 1.75 per
ml/min/1.73m2).
Conclusions: LBW have lower baseline renal function, which
is considered a risk factor for CKD development. Body weight
growth during the first year of life was significantly associated
with improved eGRF. Further study is needed to identify
optimal growth pathway during the early life course in order to
design and implement effective intervention to prevent CKD
progression.

PA2.07 - LifeCycle and ECHO Networks

PA2.07.01

Environmental influences on child health outcomes
(ECHO) – NIH project

M.W. Gillman

National Institutes of Health

One year ago the US National Institutes of Health launched
the Environmental influences on Child Health Outcomes
(ECHO) program. This 7-year nationwide research program
supports observational and intervention studies to address
crucial questions about effects of a broad range of early envir-
onmental exposures on child health and development. ECHO
prioritizes five pediatric health outcome areas. The first four
represent common disorders: pre, peri, and early postnatal
outcomes, upper and lower airway conditions, obesity and its
cardiometabolic consequences, and the several domains of
neurodevelopment. Recognizing the importance of under-
standing early determinants of well-being in childhood, ECHO
also incorporates an innovative fifth outcome, positive health.
ECHO is a multi-dimensional program. It comprises 62 grant
awards; 110 principal investigators and over 1200 investigators
in total; academic and related institutions in 44 states, DC and
Puerto Rico; different structures across its components; and
multiple stakeholders including diverse sets of children and
families across the United States. ECHO offers unparalleled
opportunities for innovation in how to conduct—and evaluate
—trans-disciplinary team science in the 21st century.3 Toge-
ther, the 84 ECHO observational cohorts, with an anticipated
combined sample size exceeding 50,000 children from diverse
populations across the United States, will leverage rich existing
and new data from primary and secondary sources and bio-
samples. Using these data, ECHO investigators will examine
how myriad aspects of one’s environment—including societal,
medical, psychosocial, behavioral, and biological—from con-
ception to age 5 years may affect health outcomes throughout
childhood and adolescence.
On equal footing to the ECHO Cohorts is the IDeA States
Pediatric Clinical Trials Network, a component of ECHO that
aims to enhance access to clinical trials among rural and
medically underserved children. The network comprises clin-
ical sites in 17 states with historically low rates of NIH funding.
Within its first year, the Network is realizing two
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complementary goals: 1.) building capacity across the sites
through professional development and infrastructure support,
and 2.) developing protocols for one or more intervention trials
that address prevention or treatment of at least one ECHO
priority pediatric health outcome area. Scientific challenges
attend to both observation and intervention. In these twin
components of ECHO, an essential objective is to maintain
focus on “solution-oriented” research questions, that is, ques-
tions that drive programs, policies, and practices.
ECHO’s guiding principles are teamwork, impact, responsi-
bility, and value. The program operates under the premise that
building mutual trust over time through continuous engage-
ment of investigators and other stakeholders will yield a whole
that is greater than the sum of its parts. The long-term success
of ECHO depends on addressing crucial observational and
intervention research questions that smaller-scale cohorts or
clinical trials cannot, and whose answers inform strategies to
improve health outcomes of youth. In so doing, ECHO is
poised to enhance the health of children for generations
to come.

PA2.07.05

Newborn DNA-methylation, childhood lung function, and
the risks of asthma and COPD across the life course

H.T. den Dekker1, K. Burrows2, J.F. Felix1, C.L. Relton2,
V.W.V. Jaddoe1, L. Duijts1, On behalf Of the PACE
Consortium3

1Erasmus MC, ROTTERDAM, The Netherlands; 2University of
Bristol, BRISTOL, United Kingdom; 3Pregnancy and Childhood
Epigenetics

Background: Asthma and chronic obstructive pulmonary dis-
ease (COPD) are major global health problems. Childhood
lung function predicts the risks of asthma and COPD in later
life. An accumulating body of evidence suggests that asthma
and COPD have at least part of their origins in fetal life. Pre-
vious studies reported associations of adverse fetal exposures,
such as maternal smoking and suboptimal diet, with increased
risks of respiratory diseases throughout the lifecourse. These
associations may be explained by epigenetic changes, including
DNA-methylation. Fetal development is characterized by high
rates of DNA-methylation changes and rapid organ develop-
ment. We hypothesized that fetal differential DNA-
methylation reflected in cord blood DNA of newborns affect
gene expression and subsequent respiratory tract development,
and predispose individuals for obstructive airway diseases in
later life. Therefore, we aimed to identify if differentially
methylated regions (DMRs) in neonatal cord blood DNA are
associated with childhood lung function and the risks of asthma
and chronic obstructive pulmonary disease (COPD) across the
life course.
Methods and Findings: We meta-analyzed epigenome-wide
data of 1,688 children from five cohorts to identify cord blood
DMRs (Illumina HumanMethyl450 Beadchip) and their

annotated genes, in relation to Forced Expiratory Volume in
1 second (FEV1), FEV1/Forced Vital Capacity (FVC), and
Forced Expiratory Flow at 75% of FVC (FEF75) at ages 7 to 13
years. Identified top DMRs were subsequently explored for
their associations with childhood asthma, lung function in
adolescence and adulthood, and COPD in adulthood, and
explored for association with gene expression and involvement
in biological processes. We identified 22, 15 and 22 DMRs
associated with FEV1, FEV1/FVC and FEF75, respectively.
Eighteen (31%) of all identified DMRs were also associated
with childhood asthma, 11 (19%) and 9 (15%) with adolescent
and adult lung function, respectively, and 9 (15%) with
COPD. Differential gene expression was observed for 32
(54%) DMRs in childhood and 18 (31%) DMRs in adult-
hood, and genes related to 28 DMRs were expressed in adult
lung tissue. Multiple genes related to the identified DMRs have
previously been associated with respiratory development and
morbidity, and many identified DMRs were located within
known regulatory elements for gene expression. A limitation of
the study is that blood DNA-methylation does not necessarily
reflect lung epithelial DNA-methylation. However, asthma
and COPD have systemic manifestations, characterized by
increased inflammatory blood markers. Also, although the
analyses were adjusted for estimated cell counts, we cannot rule
out residual confounding due to alterations in cell type
distribution.
Conclusion: We identified 59 DMRs in newborn cord blood
that were associated with childhood lung function. Multiple of
these DMRs were additionally related with childhood asthma,
adolescent and adult lung function, adult COPD, and differ-
ential gene expression. These findings suggest that the epige-
netic changes at birth might affect respiratory health and
disease across the full life course.

PA2.07.06

Gestational weight gain charts for different body mass
index groups for women in Europe, North America and
Oceania

S. Santos1, On behalf Of the MOCO Collaboration2

1Erasmus MC, ROTTERDAM, The Netherlands; 2Maternal
Obesity and Childhood Outcomes

Background: Gestational weight gain differs according to pre-
pregnancy body mass index and is related to the risks of adverse
maternal and child health outcomes. Currently, appropriate
gestational weight gain reference charts for women in different
body mass index groups are not available. We aimed to con-
struct gestational weight gain reference charts for underweight,
normal weight, overweight, and grade 1, 2 and 3 obese women.
Methods: We used individual participant data from 219,158
pregnant women (9,124 (4.2%), 149,628 (68.3%), 42,559
(19.4%), 13,137 (6.0%), 3,609 (1.6%), and 1,101 (0.5%)
underweight, normal weight, overweight, and grade 1, 2 and 3
obese women, respectively) from 34 contemporary European,
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American and Oceania pregnancy cohort studies. Gestational
weight gain charts for underweight, normal weight, overweight,
and grade 1, 2 and 3 obese women were derived by the Box-
Cox tmethod using the generalized additive model for location,
scale and shape.
Results: Gestational weight gain strongly differed per maternal
pre-pregnancy body mass index group. The median (inter-
quartile range) gestational weight gain at 40 weeks was 13.8 kg
(11.2-16.8) for underweight women, 13.8 kg (11.1-16.9) for
normal weight women, 12.9 kg (9.5-16.7) for overweight
women, and 10.6 kg (6.8-14.6), 8.9 kg (4.7-13.4) and 5.7 kg
(1.3-10.1) for grade 1, 2 and 3 obese women, respectively. The
slope of weight gain flattened as pre-pregnancy body mass
index increased. The rate of weight gain was lower in the first
half than in the second half of pregnancy. No differences in the
patterns of weight gain were observed between cohorts or
countries.
Conclusions: Gestational weight gain patterns are strongly
related to pre-pregnancy body mass index. The derived charts
can be used to improve pregnancy care practices in Western
countries and for etiological research.

PA2.07.07

Maternal smoking during pregnancy and birth weight in
European cohorts: The HEALS project

S. Sanyal1, S. Baldacci2, H. Barros3, M. Horvat4, W. Hanke5,
S. Maio2, D. Mazej4, K. Polanska5, O. Petrovic6, I. Prpic6,
E. Ramos3, Z. Spiric6, J.S. Tratnik4, G. Viegi7, I. Annesi-
Maesano8

1University Pierre and Marie Curie, PARIS, France; 2CNR
Institute of Clinical Physiology, PISA, Italy; 3University of Porto
Medical School, PORTO, Portugal; 4Jozef Stefan Institute and
Jozef Stefan International Postgraduate School, LJUBLJANA,
Slovenia; 5Nofer Institute of Occupational Medicine, LODZ,
Poland; 6University of Rijeka, ZAGREB, Croatia; 7Institute of
Biomedicine and Molecular Immunology (IBIM), CNR,
PALERMO, Italy; 8INSERM and Université Pierre et Marie
Curie, PARIS, France

Background: Several studies have indicated that tobacco
smoking changes the intrauterine environment that largely
affects fetal growth. Low birth weight due to maternal smoking
has been found to increase with maternal diseases like diabetes,
maternal weight gain and other associated complications.
Additional plausible confounders such as, socio-economic sta-
tus, ethnic groups, sex of the child, alcohol consumption etc.
are also found to have a synergistic effect on birth-weight. The
aim of this study was to assess the potential impact of maternal
smoking during pregnancy on birth-weight, taking into
account clinical information and other related factors.
Methods: The study included 17383 individuals from differ-
ent pre-existing cohorts ( EPITeen, Generation 21, REPRO-
PL, CCM, PHIME and EDEN) across multi-centers of six
European countries, namely Portugal, Poland, Italy, Croatia,

Slovenia and France respectively. A stratified logistic regression
analysis was performed to determine the association between
birth-weight and maternal smoking habits. In addition to
maternal diseases during pregnancy, the effect of maternal
smoking on birth weight was simultaneously controlled for sex
of child, maternal weight at the end of pregnancy, maternal
drinking habits, ethnic group, work position and educational
level of mother, and socio-economic crowding index. Due to
the presence of missing values, maximum-likelihood method
has been used for multiple imputation in the data.
Results: 15.79% of the pregnant mothers were regular smo-
kers, 8.15% of newborns weighed less than 2.5 kg at birth.
7.05% of infants were born with low birth-weight (LBW) in
case of non-smoking mothers, whereas 12.44% of LBW infants
were documented for mothers who smoked during pregnancy.
The number of infants with LBW was found to rise with the
increasing number of cigarettes smoked by the mothers during
pregnancy. 8.02%, 8.92% and 9.25% of LBW was observed
when mothers smoked upto 5, 11 and greater than 11 cigarettes
per day respectively. Maternal weight was also found to affect
birth weight prominently (OR= 1.06; 95% CI= 1.02, 1.11),
along with other factors like infectious diseases during preg-
nancy. After adjusting for confounders, maternal smoking
during pregnancy had a significant association with LBW
(OR= 1.95; 95% CI= 1.58, 2.22). Similar findings were
observed when sub-samples of the data were considered on the
basis of geographic origins.
Conclusions: Using large data from pre-existing cohorts of
different European countries, our study confirms a prominent
birth weight reduction with maternal smoking. This finding
supports the biological explanation of placental deformation
due to smoking that leads to reduced birth weight and other
neonatal complications.

PA2.07.08

Air pollution exposure during fetal life, brain morphology,
and cognitive function in school-age children

M. Guxens1, M.J. Lubczynska1, R. Muetzel2, A. Dalmau-
Bueno1, V.W.V. Jaddoe2, A. van der Lugt2, G. Hoek3,
F.C. Verhulst2, T. White2, B. Brunekreef3, H. Tiemeier2,
H. El Marroun2

1Barcelona Institute for Global Health, BARCELONA, Spain;
2Erasmus MC, ROTTERDAM, The Netherlands; 3Utrecht
University, UTRECHT, The Netherlands

Background: Air pollution exposure during fetal life has been
related to impaired child neurodevelopment but it is unclear if
brain structural alterations underlie this association. Therefore,
we aimed to assess whether air pollution exposure during fetal
life alter brain morphology and whether these alterations
mediate the association between air pollution exposure during
fetal life and cognitive function in school-age children.
Methods: A prospective population-based birth cohort was set
up in Rotterdam, The Netherlands (2002-2006). From the
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8,879 mother-child pairs enrolled during pregnancy, 1,070
children aged 6-10 years participated in the MRI sub-study
(77% of those invited). Levels of air pollution during the entire
fetal period at home addresses were calculated using land-use
regression models. Structural neuroimaging including cortical
thickness and brain volumes, and cognitive function assess-
ments at 6-10 years were performed. Models were adjusted for
several child and parental socioeconomic and life-style
characteristics.
Results: A total of 783 children were included in the analysis
where multiple imputation and inverted probability weighting
were applied to deal with attrition and missing data. Children
exposed to higher particulate matter levels during fetal life had
thinner cortex in several brain regions of both hemispheres (e.g.
cerebral cortex of the precuneus region in the right hemisphere
was 0.048mm thinner (95% Confidence Interval 0.038 to
0.061) for each 5μg/m3 increase in fine particles during fetal
life). The reduced cerebral cortex in precuneus and rostral
middle frontal regions partially mediated the association
between exposure to fine particles during fetal life and impaired
inhibitory control. No associations were found between air
pollution exposure and global brain volume measures.
Conclusions: Exposure to fine particles during fetal life was
related to child brain structural alterations of the cerebral cortex
and these alterations partially mediated the association between
exposure to fine particles during fetal life and impaired child
inhibitory control. Such cognitive impairment at early ages
could have significant long-term consequences in particular due
to the ubiquity of the exposure.

LM2.01 - Trainee lunch workshop

LM2.01.01

How to make sure your research has great impact

M. Hanson

University of Southampton, United Kingdom

Maximizing research impact is an important focus of
researchers and funders alike. How can you make sure your
research has a strong societal impact? How can you optimize
this impact and how can you best communicate this? In this
workshop, Professor Mark Hanson will discuss his views on
this, based on his extensive experience. Professor Hanson is
Professor of Cardiovascular Science at the University of
Southampton, UK and President of the DOHaD Society. He is
the founding director of LifeLab, a collaborative initiative
between the University of Southampton, University Hospital
Southampton NHS Trust and local schools, which aims to
promote health and science literacy in school students. LifeLab
was shortlisted for the BBSRC Innovators Award in 2012 and a
Times Higher Education Award in 2015. In addition, Pro-
fessor Hanson has a leading role in many public health and
policy initiatives, including co-chairing the Science and Evi-
dence Working Group for the WHO Director-General’s

Commission on Ending Childhood Obesity and being a con-
sultant to WHO. He is also involved in the wider public
understanding of science through public lectures and popular
science books.

LM2.02 - Slam session: Fetal and childhood outcomes

LM2.02.01

Dietary acrylamide intake during pregnancy and postnatal
growth and obesity: results from the Norwegian mother and
child cohort study (MoBa)

M. Kadawathagedara1, J. Botton1, B. de Lauzon-Guillain1,
H.M. Meltzer2, A.L. Brantsaeter2, M.H. Haugen2,
E. Papadopoulou2

1INSERM, VILLEJUIF, France; 2NIPH, OSLO, Norway

Background: Acrylamide exposure during pregnancy has been
negatively associated with foetal growth in previous epidemio-
logical studies; long-term associations with the child’s postnatal
growth are unknown. Our aim was to study the association
between dietary acrylamide exposure during pregnancy and
child’s postnatal growth up to 8 years in a large cohort study in
Norway.
Methods: In MoBa, acrylamide intake during pregnancy was
assessed by combining maternal food intake with concentration
of acrylamide in food. Mothers reported their child’s weight
and length/height 11 times between 6 weeks and 8 years.
Weight and height growth were modelled separately using the
Jenss-Bayley’s growth model and then BMI. Overweight and
obese children were identified using the International Obesity
Task Force cut-offs. Logistic regression models were used to
analyse the relationship between acrylamide intake in quartiles
and being overweight/obese at 3, 5 and 8 years. Linear mixed-
effect models were used to explore the association with long-
itudinal weight data from 1 month to 8 years. All the models
were adjusted for maternal age, parity, education, pre-
pregnancy BMI, gestational weight gain, gestational age,
maternal smoking during pregnancy, maternal alcohol con-
sumption during pregnancy, second hand smoking and birth
weight.
Results: In 51,952 mother-child pairs, median of maternal
acrylamide intake was 24.7μg/day (interquartile range: 18.4,
33.2). Prenatal acrylamide exposure was associated at each age
considered with an increased risk of being overweight/obese in
a dose response manner. At 3 years, the adjusted odds ratio
(aOR) of being overweight/obese for the 2nd, 3rd and 4th
quartile of acrylamide intake were 1.10 (95%Confidence
Interval (CI): 1.02–1.20), 1.12 (95%CI: 1.04–1.22) and 1.21
(95%CI: 1.11–1.31). These results were similar at 5 years. At 8
years, the results remained within the same magnitude, while
non-significant. Maternal acrylamide at the highest level of
intake was associated with increased risk for obesity at 3 years
1.35 (95%CI= 1.06–1.73), but not at the other ages. In
addition, acrylamide intake during pregnancy was significantly
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associated with higher weight growth in childhood. Children
exposed to the 4th quartile of acrylamide exposure had 16.5g
(95%CI:2.5–30.5), 22.2g (95%CI:7.7–36.8), 33.7g (95%
CI:16.8–50.6), 56.6g (95%CI:32.2–81.0), 125.3g (95%
CI:72.7–178.5), 194.1g (95%CI:110.3–277.8) and 453g
(95%CI:297,610) higher weight at 3, 6 and 12 months, 2, 5
and 8 years, respectively, compared to their the 1st quartile of
acrylamide exposure.
Conclusions: Dietary acrylamide intake during pregnancy was
associated with an increased risk of being overweight/obese and
having a higher weight gain during early childhood and pre-
school age. Our study need to be replicated as it is the first one
to link acrylamide exposure and postnatal growth.

LM2.02.02

Targeted metabolite profiling in cord blood from offspring
of obese mothers reveals alterations in phospholipid and
amino acid metabolism

S. Perschbacher1, P. Giesbertz2, K. Gedrich2, D. Gomes1,
R. von Kries1, H. Daniel2, R. Ensenauer3

1Ludwig-Maximilians-Universität München, MUNICH,
Germany; 2Technical University of Munich, FREISING-
WEIHENSTEPHAN, Germany; 3Heinrich Heine University
Düsseldorf, DÜSSELDORF, Germany

Background: Maternal obesity alters the metabolic milieu in
utero, which may permanently impact regulation and function
of the offspring’s metabolism and affect health outcomes.
However, epigenetic mechanisms underlying potential dysre-
gulations in fetal development remain to be elucidated. The
aim was to investigate whether pregnancy risks including
maternal obesity and gestational diabetes (GDM) are reflected
by a dysregulation of metabolic pathways in offspring that may
play a role in supporting methylation reactions. Therefore, we
analyzed profiles of phospholipids and amino acids in cord
blood of obese mothers with and without GDM.
Methods: The Programming of Enhanced Adiposity Risk in
CHildhood-Early Screening (PEACHES) study consists of
1,683 dyads of obese and normal-weight mothers and their
offspring to investigate the long-term effect of pre-pregnancy
maternal obesity on the development of overweight and asso-
ciated metabolic diseases in offspring. GDM was diagnosed
according to the International Association of Diabetes and
Pregnancy Study Groups criteria. At delivery, cord blood was
collected, centrifuged, and stored at -80°C. Based on complete
information on pre-/perinatal data such as gestational age,
gender, perinatal infections and availability of sample volume, a
sub-cohort of 400 mothers was used for analysis including 144
obese GDM-positive mothers and 144 obese GDM-negative
mothers versus 112 normal-weight GDM-negative mothers
(controls). 49 amino acids and 109 phospholipids were quan-
tified in cord blood serum samples by liquid chromatography
tandem mass spectrometry. Statistical analyses were performed
in software R using Wilcox’ robust one-way ANOVA for

median and related post hoc tests based on bootstrapping with
trimmed data. Subsequently, we performed pair-wise compar-
ison of these metabolites in obese GDM-positive and GDM-
negative mothers relative to controls, with adjustment for
multiple testing and potential confounders (gestational weight
gain and smoking, offspring gender) to study the impact of
maternal obesity and GDM on metabolites in multiple linear
regression models.
Results: Alterations in cord blood metabolites were detected after
intrauterine exposure of the offspring to maternal obesity with or
without GDM. Quantification of metabolites in offspring from
obese GDM-negative mothers resulted in decreased cord blood
concentrations of various amino acids including glycine, serine,
and methionine along with a decrease in concentrations of 39
saturated and unsaturated long-chain phosphatidylcholines (PC)
and sphingomyelins with residue lengths of 14 to 44 carbon
atoms when compared to controls. Additionally, increases in two
unsaturated long-chain lysophosphatidylcholines were detected,
potentially pointing to an alteration of the reaction by phospho-
lipase A2, an enzyme linked to inflammation in obesity. Exposure
to obese pregnancies complicated by GDM resulted in similar
metabolite alterations as in GDM-negative obesity but generally
enhanced effects on the decrease in phospholipid concentrations
in offspring at birth. Compared to controls, adjusted regression
models showed strongest reductions (p< 0.0001) in concentra-
tions of glycine, PCaeC40:6, and PCaaC42:0 in offspring of
obese GDM-positive versus GDM-negative mothers.
Conclusion: Exposure of offspring to an adipogenic intrau-
terine milieu led to alterations in cord blood concentrations of
phospholipids and amino acids relevant to the methionine
cycle. Whether a decrease in pathways that support the supply
of methyl groups might potentially disturb methylation reac-
tions in offspring, needs further investigations.

LM2.02.03

Body composition during infancy and childhood and
cardiometabolic health throughout the lifespan: a
systematic review

V. Jen1, W.M. Bramer1, O.H. Franco1, T. Voortman2

1Erasmus MC, ROTTERDAM, The Netherlands; 2rasmus MC,
ROTTERDAM, The Netherlands

Background: Worldwide, childhood obesity has increased
rapidly over the past decades. Excess body fat has been linked to
increased risk of cardiovascular diseases, but associations
between adiposity in childhood and cardiometabolic health
remain unclear. Body mass index (BMI) is often used to study
adiposity and parameters for cardiovascular diseases, however,
BMI is a suboptimal marker for adiposity status and is a poor
predictor for cardiometabolic status in childhood. Emerging
evidence suggest that more detailed measures of body compo-
sition better predict associations between adiposity status and
cardiometabolic health. Therefore, we aimed to systematically
review evidence on the associations between measures of body
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composition during the first 12 years of life and cardiometabolic
health throughout the lifespan. Additionally, we aimed to study
whether these associations differ by sex and ethnicity, since
measures of body composition may vary in these subgroups.
Methods: We searched Medline, OvidSP, Embase, Web-of-
science, Cochrane, PubMed Publisher and Google Scholar for
interventional and observational studies in healthy children up
to the age of 12 years. Studies were included when they
reported associations between measures of body composition
(e.g. fat mass index, fat-free mass index, visceral fat or sub-
cutaneous fat) and one or more cardiometabolic factors (e.g.
blood pressure, measures of insulin sensitivity or cholesterol
levels) or cardiometabolic diseases (Type II Diabetes Mellitus,
coronary heart disease or stroke). Reference screening, data
extraction, and quality scoring were performed by two inde-
pendently working researchers.
Results: The quality varied across the available studies and was
in general low. In our search, most studies were cross-sectional
and did not control for many potential confounders. A few
studies suggested that a higher fat mass percentage and
abdominal fat mass were positively associated with blood
pressure, total- and LDL-cholesterol and insulin levels, but
negatively with HDL-cholesterol levels. Not only measures of
body fat, but lean mass has also been suggested to be associated
with systolic blood pressure even after adjusting for fat mass.
Evidence suggests that the associations between body compo-
sition outcomes and cardiometabolic health factors are mod-
ified by sex but not by ethnicity.
Conclusions: Our findings suggest that general and abdominal
fat measures are associated with cardiovascular risk factors in
childhood and adolescence. These findings highlight the impor-
tance of identifying modifiable lifestyle risk factors including
physical activity and nutrition that may lead to adverse body
composition outcomes in children. Long-term implications of
adverse body composition outcomes in childhood remain unclear
due to the paucity of long follow-up studies with detailed mea-
sures of body composition. Future research should address this,
preferably with longitudinal examinations of changes in body
composition in representative samples of infants and children
while taking into account differences in sexes and ethnicity.

LM2.02.04

Diet quality in early life in relation to allergic sensitization
and atopic diseases in childhood

A.N. Nguyen, N.J. Elbert, N.W. de Jong, V.W.V. Jaddoe,
E.A. Steegers, H.A. Moll, S.G. Pasmans, J.C. de Jongste,
L. Duijts, O.H. Franco, J.C. Kiefte - de Jong, T. Voortman

Erasmus MC, ROTTERDAM, The Netherlands

Background: The prevalence of childhood atopic diseases,
including allergies, has increased in the past decades, which
substantially affects the quality of life of those affected. Genetic
background and environmental risk factors, including geographic
area and lifestyle factors are associated with the development of

allergies. Early-life nutrition is an important modifiable lifestyle
factor that influences the development of the child’s immune sys-
tem, and may therefore influence the risk of atopic diseases in
children. There has been great interest in early-life dietary exposure,
with studies focusing on breastfeeding, timing of solid food intro-
duction, food allergen avoidance, or intake of specific nutrients,
both during pregnancy or in infancy. However, these nutrients may
interact as individuals do not consume one specific nutrient at a
time, but a variety of nutrients combined in foods and meals.
Studying overall dietary patterns takes these interactions into
account. Therefore, we aimed to examine the associations between
predefined dietary patterns during pregnancy and in infancy with
allergic sensitization, allergy, eczema, and asthma inmid-childhood.
Methods: We included 4,683 mother-child pairs from the
Generation R Study, an ongoing population-based prospective
cohort from fetal life onward in Rotterdam, the Netherlands.
Dietary intake was assessed during pregnancy and in infancy
around the age of 1 year using validated food-frequency ques-
tionnaires. For both time points, diet quality scores were cal-
culated, reflecting overall adherence to dietary guidelines.
Allergic sensitization measurements in childhood were con-
ducted at our research center around the age of 10 years. Sen-
sitization to inhalant allergens (i.e., house dust mite, grass,
birch, cat, and dog) and food allergens (i.e., peanut, cashew
nut, hazelnut, and peach) were measured with skin prick tests
using the scanned area method. In addition, questionnaires
were used to obtain information on physician diagnosed inha-
lant and food allergies, eczema, and asthma.
Results: No associations were observed between diet quality at
the age of 1 year and allergic sensitization (OR = 1.00, 95%CI:
0.93, 1.07), allergies (OR = 0.94, 95%CI: 0.86, 1.03), eczema
(OR = 1.00, 95%CI: 0.93, 1.07), or asthma (OR = 0.97, 95%
CI: 0.87, 1.07) in childhood. Similarly, we observed no associa-
tions between diet quality during pregnancy and these atopic
outcomes in children aged 10 years (ORs ranging between 0.95
and 1.03). Findings did not differ between boys and girls.
Conclusions: Our findings suggest that overall diet quality in
early life is not associated with the risk of allergic sensitization
or atopic diseases in later childhood. Specific nutrients rather
than overall dietary patterns may be more relevant for atopic
outcomes in children.

LM2.02.05

Associations of maternal physical activity and sedentary
behavior with offspring growth in infancy

S. Badon1, A.J. Littman1, K.C.G. Chan1, M.A. Williams2,
D.A. Enquobahrie1

1University of Washington, SEATTLE, United States of America;
2Harvard T.H. Chan School of Public Health, BOSTON, United
States of America

Background: Previous studies have reported sex-specific asso-
ciations of maternal leisure time physical activity during
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pregnancy with offspring birth size. Maternal leisure time
physical activity and leisure time sedentary behavior during
pregnancy may influence offspring programming of postnatal
growth. However, associations of maternal leisure time physical
activity and sedentary behavior during pregnancy with off-
spring postnatal growth have not been studied. Further, the
role of offspring sex in these associations is not known.
Methods: This study was conducted among participants of the
Danish National Birth Cohort. Study participants (N= 29,593)
reported moderate/vigorous leisure time physical activity (hours/
week) and time spent watching television or videos (hours/day)
during a study interview in early pregnancy (16 weeks gestation,
on average). Offspring weight and length at 12 months of age,
measured during routine early childhood care, was reported by
participants during a postpartum interview at 18 months, on
average. Exposures were early pregnancy leisure time physical
activity or sedentary behavior. Linear regression models adjusted
for offspring length, demographic characteristics, and pregnancy
characteristics were used to estimate mean differences and 95%
confidence intervals (CI). Regression models were also run stra-
tified by offspring sex. Multiplicative interaction terms were used
to assess interaction by offspring sex.
Results: During early pregnancy, 37% of participants reported
any leisure time physical activity, and 17% reported ≥3 hours
of leisure time sedentary behavior per day. Leisure time physical
activity was not associated with offspring weight at 12 months
overall (mean difference= -0.005kg; 95% CI: -0.01, 0.002);
however associations differed by offspring sex (P for interac-
tion= 0.06). Among male offspring, each additional hour of
early pregnancy leisure time physical activity was associated
with -0.01kg lower weight at 12 months (95% CI: -0.02,
-0.002). Physical activity was not associated with weight at
12 months in female offspring (mean difference= 0.002kg;
95% CI: -0.008, 0.01). Leisure time sedentary behavior was
associated with lower offspring weight at 12 months overall (P
for trend= 0.003). Early pregnancy sedentary behavior
≥5 hours per day was associated with 0.08kg lower weight at
12 months (95%CI: -0.16, 0.002). Associations of leisure time
sedentary behavior with weight at 12 months were similar in
male and female offspring (P for interaction= 0.56).
Conclusions: Maternal early pregnancy leisure time physical
activity may be associated with lower weight at 12 months in male,
but not female offspring. Maternal early pregnancy leisure time
sedentary behavior may be associated with lower weight at
12 months in male and female offspring. Our results provide sup-
port for potential programming of infant growth by maternal early
pregnancy leisure time physical activity and sedentary behavior.

LM2.02.06

History of hypertensive disorders of pregnancy as a risk
factor for type 2 diabetes and cardiometabolic deterioration
in middle age

S. Timpka1, A. Markowitz2, T. Schyman3, I. Mogren4,
A. Fraser5, P.W. Franks1, J.W. Rich-Edwards6

1Lund University, MALMÖ, Sweden; 2Harvard T.H. Chan
School of Public Health, BOSTON, United States of America;
3Skåne University Hospital, LUND, Sweden; 4Umeå University,
UMEÅ, Sweden; 5University of Bristol, BRISTOL, United
Kingdom; 6Brigham andWomen’s Hospital and Harvard Medical
School, BOSTON, United States of America

Background: Women with a history of hypertensive disorders
of pregnancy (HDP) have twice the risk of developing type 2
diabetes mellitus (T2DM) and cardiovascular disease post-
pregnancy and also develop hypertension at a younger age.
Though women with gestational diabetes mellitus (GDM)
currently are recommended to be regularly screened for
T2DM, the need for similar recommendations in women with
a history of HDP is unknown. Therefore, we aimed to inves-
tigate the association between history of HDP and incident
type 2 diabetes mellitus and cardiometabolic deterioration in
middle aged women, taking their baseline cardiometabolic
health into account.
Methods: We included parous women born 1940-1952 who
attended population-based structured clinical visits in primary
care (The Västerbotten Intervention Program) at ages 50 and
again at age 60 years in Sweden. Data on reproductive history,
including HDP, were collected from regional and national
registries on deliveries. Utilizing binomial (for hypertension) or
logistic [for T2DM, obesity (body mass index≥ 30kg/m2),
hypercholesterolemia (total serum cholesterol ≥7.5mmol/l), or
high weight gain (>90th percentile in sample)] regression we
investigated the risk of developing each outcome between visits.
We adjusted for family history of CVD and T2DM andmeasures
of cardiometabolic health at baseline clinically relevant for each
outcome, including the result of a 2 hour 75g oral glucose toler-
ance test (OGTT), mean arterial blood pressure, and smoking.
Women with the outcome at age 50 years and those who had
missing outcome data at age 60 (<1%) were excluded from each
analysis, resulting in analytical samples of n= 5,163 to n= 6,762.
Results: In total, 399 (6%) participants developed T2DM
between age 50 and 60 years. History of HDP was associated
with increased risk of the diagnosis (odds ratio (OR) 2.60, 95%
confidence interval 1.82-3.70) even after adjusting for men-
surers of cardiometabolic health at age 50 years (OR 2.11, 95%
confidence interval (CI) 1.40-3.18). Between age 50 and 60
years, 1,478 (28.6%) participants also developed hypertension.
History of HDP was associated with increased risk of hyper-
tension (relative risk (RR) 1.58, 95% CI 1.32-1.91) but this
risk was attenuated when adjusted for baseline measures (RR
1.13, 95% CI 0.98-1.30). When adjusting for baseline cardi-
ometabolic health, history of HDP was also not associated with
development of hypercholesterolemia (OR 0.83, 95% CI 0.48-
1.43), high weight gain (OR 1.02, 95% CI 0.68-1.55), or
obesity (OR 0.77, 95% CI 0.48-1.24).
Conclusions: Women with a history of HDP have increased
risk of developing T2DM in middle age, suggesting that
women who experience HDP may benefit from more intense
primary prevention efforts and screening for T2DM in midlife.
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LM2.02.07

Sex-specific Transgenerational Effects of Bisphenol
A on Metabolic Health

A.B. Bansal1, F. Xin2, C. Li3, A. Duemler4, W. Li1, C. Rashid5,
M. Bartolomei2, R. Simmons5

1University of Pennsylvania, PHILADELPHIA, United States of
America; 2Department of Cell and Developmental Biology,
University of Pennsylvania, PHILADELPHIA, United States of
America; 3The Children’s Hospital of Philadelphia,
PHILADELPHIA, United States of America; 4Pennsylvania State
University, UNIVERSITY PARK, United States of America;
5Perelman School of Medicine, University of Pennsylvania,
PHILADELPHIA, United States of America

Background: Exposure to an endocrine disruptor, Bisphenol A
(BPA), is ubiquitous, and associated with health abnormalities in
immediate as well as subsequent generations. However, transge-
nerational effects of endocrine disruptors onmetabolic health that
would have major public health ramifications are not widely
studied. We recently demonstrated using C57BL/6 mice that
maternal (F0) BPA exposure via maternal transmission has mul-
tigenerational sex- and dose-specific effects on pancreatic islets.
The first (F1) and second generation (F2) female offspring were
unaffected. In affected male offspring, lower dose exposure
(10μg/kg/day; LowerB) was associated with reduced ß-cell mass,
whereas higher dose (10mg/kg/day; UpperB) was associated with
impaired mitochondrial function relative to controls (7% corn oil
diet; Control) across two generations. Both doses were associated
with impaired ß-cell function and increased pancreatic inflam-
mation across two generations. We extended our analysis to the
third generation (F3) to determine the transgenerational effects of
BPA on pancreatic islets in our model.
Methods: Physiological parameters including weekly body
weights, glucose tolerance, and body composition by DEXA scans
were assessed in F3 male and female offspring (n=10-12 litters/
group). Islets were isolated from 5 months old F3 male offspring
(n=4-8 litters/group) to determine glucose stimulated and mito-
chondrial driven insulin secretion in response to α-ketoisocaproate
using perifusion ramps. Pancreatic sections from 5 months old F3
male offspring (n=6 litters/group) were immunostained for insu-
lin, glucagon and somatostatin to determine ß-cell, α-cell and δ-cell
mass, respectively, as well as for CD3 and F4/80 to identify the
presence of T-lymphocytes and macrophages, respectively. Cell
death was determined in islet lysates of postnatal day 14 F3 male
offspring (n=5-6 litters/group) using a caspase 3 activity fluoro-
metric assay. Each BPA group was compared with Control by
student’s t test, and p<0.05 was considered significant.
Results: Similar to F1 and F2 generations, we saw no differ-
ences in body weight in F3 LowerB and UpperB female off-
spring from birth to adulthood, and F3 female offspring had
similar glucose tolerance as Controls in adulthood. In contrast,
as with F1 and F2 males, F3 LowerB and UpperB male off-
spring had increased body weight, but only moderately
increased fat mass relative to Controls in adulthood.

Interestingly, both F3 LowerB and UpperB male offspring had
comparable glucose tolerance and mitochondrial driven insulin
secretion as Controls. However, F3 LowerB, but not UpperB,
males had increased glucose stimulated insulin secretion, which
is perhaps compensatory to reduced ß-cell mass observed in
LowerB group. Reduction in ß-cell mass was associated with a
trend towards increased caspase activity in F3 LowerB males.
Finally, like F1 and F2 males, both F3 LowerB and UpperB
had increased CD3 and F4/80 staining, suggesting increased
pancreatic inflammation, relative to Controls.
Conclusion: Maternal BPA exposure has sex- and dose-spe-
cific, but relatively mild, effect on metabolic health of the third
generation offspring. While some effects we observed in first
and second-generation offspring persist in third generation,
other effects disappear. Interestingly, the third generation off-
spring appear to be developing compensatory mechanisms to
BPA exposure effects. We are currently investigating the
mechanisms underlying these novel observations.

LM2.02.08

Exposure to antibiotics during the first year of life and
childhood growth, obesity and cardiometabolic traits.

L. Chatzi1, A.A. Margetaki1, T. Roumeliotaki1,
M.K. Karachaliou1, V. Leventakou1, K. Sarri1, M. Vassilaki1,
G. Chalkiadaki1, M. Vafeiadi1, M. Kogevinas2

1University of Crete, HERAKLION, Greece; 2Barcelona Institute
for Global Health (ISGlobal), BARCELONA, Spain

Background: The intestinal microbiota in infants is particu-
larly vulnerable to perturbation. Few human studies have sug-
gested that early life exposure to antibiotic exposure influences
microbial diversity and composition and may increase the risk
of obesity, but the existing evidence is weak. We aimed to
evaluate the impact of antibiotic exposure during the first
12 months of age on weight and height growth trajectories, the
risk of overweight and obesity and cardiometabolic risk factors
over the first 7 years of life.
Methods: We used prospective data on 705 children partici-
pating at the four and seven years’ follow-up in the Rhea birth
cohort in Crete, Greece. Antibiotic exposure was assessed using
patient-reported medications recorded at the first year follow
up. The duration of exposure was determined as all days from
the prescribed start to end date or as a single day for prescrip-
tions without a specific ending date. Based on current recom-
mendations, penicillin and amoxicillin were classified as narrow
spectrum, while all systemic antibacterial medications were
classified as broad spectrum. Children were classified as exposed
to antibiotics during infancy if they had received at least one
course of antibiotics. Outcomes included repeated weight and
height measurements from birth through childhood, and waist
circumference, skinfold thicknesses, blood pressure, serum
levels of lipids, leptin, and C-reactive protein at 4 and 7 years of
age. We assessed associations in adjusted regression and mixed
models after adjusting for several confounders.
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Results: In total, 224 (31.8%) children received at least one
course of antibiotics during the first year of their life, 40 (5.7%)
received multiple courses and 139 (19.8%) were exposed to
antibiotics during the first 6 months. Any exposure to anti-
biotics during the first year of life was associated with increased
weight SD score [beta (95%CI): 0.19 (0.03 to 0.36)] and body
mass index (BMI) SD score [beta (95%CI): 0.22 (0.04 to 0.41)]
from 1 to 7 years of life. The effect of antibiotics on BMI tra-
jectory was stronger from infancy up to 4 years of life [beta (95%
CI): 0.19 (0.01 to 0.37)] and then it was attenuated [beta (95%
CI): 0.02 (-0.19 to 0.24)]. Exposure to amoxicillin during the
first year of life was associated with 73% higher risk of being
overweight or obese at the age of 4 [RR (95% CI): 1.73 (1.17 to
2.59)] and increased waist circumference (cm) at 7 years of age
[beta (95% CI): 2.45 (0.21 to 4.69)]. Exposure to antibiotics in
the first 6 months of life was associated with lower HDL levels
[beta (95% CI): -2.67 (-5.32 to -0.03)] and higher CRP levels at
age 4 [%change (95% CI): 49% (8% to 105%)] suggesting an
association with low grade systemic inflammation.
Conclusions: Infancy antibiotic exposure was associated with
higher childhood weight gain and increased risk of obesity.

LM2.02.09

Prenatal air pollution exposure and attentional function
and working memory at 7 years of age

A. Cabré1, M. Cirach1, F. Ballester2, S. Llop2, N.L. Lertxundi3,
A.L. Lertxundi3, J.I. Ibarluzea3, A. Tardón4, A. Fernández-
Somoano4, M. Nieuwenhuijsen1, M. Vrijheid1, J. Sunyer1,
M. Guxens1

1ISGlobal, BARCELONA, Spain; 2Epidemiology and
Environmental Health Joint Research Unit, FISABIO-
Universitat J, VALENCIA, Spain; 3Biodonostia Health Research
Institute, SAN SEBASTIAN, Spain; 4IUOPA University of
Oviedo, OVIEDO, Spain

Background: Pregnancy is a vulnerable period in which envir-
onmental exposures can interfere with normal development and
may play a crucial role in brain architecture development after
birth. Development brain processes in utero that may be influ-
enced by air pollution are neurulation, proliferation, migration,
differentiation, synaptogenesis, apoptosis and myelination. Con-
sequently, affectation of these processes can impact on brain
structures such as prefrontal cortex involved in executive func-
tions like attentional function and working memory.
Methods:We used data from Asturias, Guipuzkoa, Sabadell and
Valencia, regions of the Spanish INMA—Environment and
Childhood — Project, a population-based birth cohort estab-
lished between 2003 and 2008. Children were followed from
birth to the cognitive assessment. Prenatal NO2 levels at parti-
cipant residential addresses were estimated using land use
regression (LUR) models. Cognitive development at 7 years of
age was assessed with the Attentional Network Task (ANT) and
the N-back test, in particular, inattentiveness (hit reaction time
standard error (HRT(SE)), omission and commission errors),

impulsivity (hit reaction time and commission errors), alerting,
orienting and conflict attentional networks, working memory
(two-back detectability), and superior working memory (three-
back detectability). Linear and negative binomial regression
models adjusted by child sex and age at the assessment, paternal
socioeconomic, and lifestyle variables during pregnancy were used
to assess the associations between NO2 and attentional function
and working memory outcomes. We used a two-stage approach:
i) associations were analysed separately for region and ii) region-
specific effect estimates from regression models were combined
using random-effects meta-analysis.
Results: Individuals with data on prenatal NO2 exposure and
attentional function or working memory were included in this
study (n= 1,617). Higher prenatal NO2 levels were associated
with an increase of HRT (SE) and higher omission and com-
mission errors [β= 6.12 (95% CI 1.30; 10.93), IRR= 1.08
(95% CI 0.90; 1.27), IRR= 1.97 (95% CI 0.84; 1.29) per
each 10 μg/m3 increase in prenatal NO2, respectively].
Individuals with higher prenatal NO2 exposure showed a not
statistically significant lower superior working memory capacity
[β= -0.04 (95% CI -0.08; 0.01) per each 10μg/m3 increase in
prenatal NO2]. Prenatal NO2 was not associated with other
attentional function or working memory outcomes.
Conclusions: Our study suggests that higher exposures to NO2
during pregnancy are associated with inattentiveness but not with
impulsivity, working memory or superior working memory in
children at 7 years of age. These results are relevant because they
highlight the importance of air pollution effects on attentional
function which can, among others, affect school performance in
those kids whose mother were more exposed during pregnancy.

LM2.02.10

Breaking the myths: Bidirectional associations between
parent perception of child overweight and children’s BMI
from ages 2-3 to 14-15 years

M. Wake1, W. Jansen2, K. Kerr3

1The University of Auckland, AUCKLAND, New Zealand;
2Erasmus MC & Erasmus University, ROTTERDAM, The
Netherlands; 3Centre for Community Child Health, Murdoch
Childrens Research Institute, VICTORIA, Australia

Background: Many parents do not consider their overweight/
obese children to be overweight/obese, and changing this per-
ception is often considered an essential first step to reducing
child BMI. Surprisingly, Robinson and Sutin recently showed
that correct parent perception of child overweight actually
preceded higher weight gain, but did not consider the potential
for a bi-directional relationship. Here, we extend Robinson’s
analyses within the Longitudinal Study of Australian Children
(LSAC) to examine wave-on-wave (1) lagged relationships of
parents’ perception of child overweight to child BMI, and (2)
lagged relationships of child BMI to parents’ perception.
Methods: LSAC has followed two nationally-representative
cohorts with biennial home visits since 2004, when the Baby (B)
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cohort (n= 5107, 64% response) were aged 0-1 years and the
Kindergarten (K) cohort (n= 4983, 59% response) 4-5 years.
Measured BMI z-score and parent perception of child overweight
were available for the K cohort at 6 waves (ages 4-5, 6-7, 8-9, 10-
11, 12-13, 14-15 years; n= 4632) and the B cohort at 4 waves
(ages 2-3, 4-5, 8-9, 10-11 years; n= 4445). We applied a cross-
lagged modeling approach using Mplus to examine the two aims
(linear regressions to BMI, logistic regressions to parent percep-
tion of child overweight), accounting for continuity across waves
in BMI, and in parent perception with linear and logistic
regression respectively. Models were estimated using maximum
likelihood estimation with robust standard errors (MLR), and
survey weights applied to account for differential non-response at
Wave 1. Unadjusted model results are presented, as adjustment
for sex, socio-economic position and having a medical condition
did not change the effect estimates.
Results: 4632 and 4445 children were included in the cross-
lagged models in the K and B cohorts, respectively. The Figure
shows that the bidirectional wave-on-wave predictions were
strong and consistent between waves and between cohorts. As
expected, there were strong associations between BMI z-scores at
every wave, and between perceptions of overweight at every wave.
All lagged associations were highly significant (p< 0.001). Thus,
for every unit increase in BMI z-score, the odds of parents per-
ceiving children as overweight in the next wave ranged from 2.85
(B cohort 2-3 year olds) to 10.4 (K cohort 6-7 year olds), whereas
perception of child overweight predicted a BMI z-score that was
around 0.2-0.5 higher in the next wave. The obvious bidirec-
tional lagged effects between two subsequent waves were much
stronger from BMI z-score than from perception of overweight,
as confirmed by Wald tests (all p-values< 0.001). Results were
similar for children who were normal weight and overweight at
baseline examined separately (not shown).
Conclusions: Strikingly large predictive associations from child
BMI z-score to parent perception of child overweight far out-
weigh the reverse associations from parent perception of over-
weight to higher later BMI. We conclude that: (1) Parents’
perception of overweight seems appropriate to children’s BMI
trajectories; (2) Making parents aware of true BMI status seems
unlikely to be helpful; and (3) Reducing childhood obesity may
require approaches that are not based on changing parent per-
ceptions of overweight.

Bidirectional wave-on-wave associations between BMI z-score
and parent perception of child overweight in the K and B
cohorts; OR, odds ratio; B, beta

LM2.02.11

Breastfeeding and cardiometabolic markers at age 12:
a population-based birth cohort study

L.P.M. Pluymen1, A.H. Wijga2, H.A. Smit3, U. Gehring4,
G.H. Koppelman5, L. van Rossem3

1UMC Utrecht, UTRECHT, The Netherlands; 2National
Institute for Public Health and the Environment, BILTHOVEN,
The Netherlands; 3Julius Center for Health Sciences and Primary
Care, UMC Utrecht, UTRECHT, The Netherlands; 4Institute
for Risk Assessment Sciences, Utrecht University, UTRECHT, The
Netherlands; 5University of Groningen, University Medical
Center Groningen, GRONINGEN, The Netherlands

Background: It is uncertain whether breastfeeding is associated
with cardiometabolic markers in childhood. We investigated
whether breastfed children had more favorable levels of cardiome-
tabolic markers at 12 years of age than non-breastfed children and
whether the duration of breastfeeding influences these associations.
Methods: In 1509 participants of a population-based birth
cohort study, cardiometabolic markers were measured by trained
research staff at 12 years of age. Duration of breastfeeding in
weeks was assessed through parental questionnaires at 3 months
and 1 year of age.Multivariable linear regression analysis was used
to investigate associations of breastfeeding (any vs. no and dura-
tion in categories <3 months, 3 - <6 months and > = 6 months
vs. no) with body mass index (BMI, in Z-scores adjusted for age
and sex), systolic- and diastolic blood pressure (SBP and DBP, in
Z-scores adjusted for age, sex and height) and glycated hemo-
globin (HbA1c in mmol/mol), as well as ratios of waist-to-hip
circumference (WHpR) and total-to-high-density lipoprotein
cholesterol level (TC/HDLC).
Results: Breastfed children (n= 1288, 85.3% of the total study
population) had a 0.22 SD (95%CI -0.38, -0.06) lower SBP
Z-score and a 0.10 SD (95%CI -0.20, 0.00) lower DBP Z-score
than non-breastfed children. No associations were observed
between the duration of breastfeeding and SBP- or DBP Z-score.
Other cardiometabolic markers were not statistically significantly
different between breastfed (any breastfeeding or categories of
breastfeeding duration) and non-breastfed children.
Conclusions: Breastfed children on average had lower blood
pressure at age 12 years independent of the duration of
breastfeeding. Breastfeeding was not associated with BMI,
WHpR, TC/HDLC and HbA1c.

LM2.02.12

Sex-specific risks on adverse body composition and
metabolic outcomes in term born children with extreme
birth weights: a narrative review

M. van der Beek1, C. Tanner2, L. Hanna2, L. Muhardi1

1Nutricia Research, UTRECHT, The Netherlands; 2School of
Exercise and Nutrition Sciences, Queensland University of
Technology, QUEENSLAND, Australia
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Background: The influence of sex on later risk of adverse
metabolic and other health outcomes is quite established, and
may be related to early life growth and body composition
development. It is not well understood, however, whether these
outcomes are differently affected by sex in children born with
extreme birth weights (term small for gestational age (tSGA),
term low birth weight (tLBW); large for gestational age (LGA)
and high birth weight (HBW)). This narrative review aims to
evaluate sex differences in development of body composition
and metabolic outcomes in infants with extreme birth weights.
Methods: Two search strategies were conducted for the groups
from 4 electronic databases and publication dates between
2010 and April 2016.
Results: Sixteen studies were included based on a priori
inclusion and exclusion criteria. Only 4 reported the influence
of sex (tSGA and tLBW n= 3; LGA and HBW subjects n= 1).
Among those infants born tSGA and tLBW, males had a higher
fat free mass at 4 and 6 months, and had lower odds of obesity
at 4-5 years of age and fat mass at 6-7 years. No differences in
metabolic markers between sexes such as impaired glucose,
insulin and HbA1C were reported in early infancy. Among
neonates born macrosomic, no sex differences were reported in
the odds of overweight at 4 years of age. Other studies were sex-
stratified, thus no sex-specific information could be inferred.
Conclusion: These results suggest that reported sex-specific
risks on anthropometric, body composition, risk of overweight
and obesity and metabolic outcomes were not altered by
extreme birth weights in term born infants. More research is
needed to confirm these outcomes. Future data analysis should
focus on sex differences rather than performing sex-stratified
analysis.

LM2.06 - Slam session: Studies from developing countries

LM2.06.01

Exposure to tobacco smoke in prenatal and early postnatal
life alters infant gut microbiota and increases risk of
childhood overweight

H.M. Tun1, S.L. Bridgman1, T. Konya2, D.S. Guttman2,
R. Chari1, C.J. Field1, A. Becker3, P.J. Mandhane1,
S.E. Turvey4, P. Subbarao2, M.R. Sears5, J.A. Scott2,
A.L. Kozyrskyj1, On behalf Of The CHILD6

1University of Alberta, EDMONTON, Canada; 2University of
Toronto, TORONTO, Canada; 3University of Manitoba,
WINNIPEG, Canada; 4University of British Columbia,
VANCOUVER, Canada; 5McMaster University, HAMILTON,
Canada; 6Then CHILD - McMaster University, HAMILTON,
Canada

Background: Globally, the prevalence of overweight in chil-
dren has increased over the past three decades. The association
between smoking during pregnancy and overweight in off-
spring has been reported in a number of studies and confirmed
by recent meta-analyses. However, most studies focus only on

maternal smoking and fail to adjust for smoking of other
household members. Long term exposure to cigarette smoke
induces changes in microbial composition and inflammation in
the gut of both adult human and mice. In this study, we
investigate the effect of household tobacco smoke exposure in
prenatal and early postnatal periods on the infant gut micro-
biota composition and overweight risk at ages 1 and 3.
Methodology: The study population comprised a large sub-
sample of 999 infants enrolled at the Edmonton, Vancouver
and Winnipeg sites of the Canadian Healthy Infant Long-
itudinal Development (CHILD) population-based birth
cohort. Smoking exposure status (both maternal and other
household members) was collected in both prenatal and post-
natal questionnaires and categorized into four groups: no
exposure (n= 791, 78.2%); exposure only during pregnancy
(n= 15, 1.5%); exposure only postnatally (n= 107, 10.7%); and
exposure during pregnancy and postnatally (n= 46, 4.6%). At 1
and 3 years old, weight and height of infants were measured, and
age and sex adjusted weight-for-length and BMI (body mass
index) z scores were generated according to the WHO criteria.
Children with a weight-for-length or BMI z score > 97th centile
were classified as overweight/obese. Gut microbial diversity and
composition of infants at 3-4 months after birth was assessed
using high-throughput 16S rRNA sequencing. Maternal over-
weight/obesity (classified as BMI >25.0) was considered as a
main covariate for childhood obesity. Other covariates, including
ethnicity, mode of delivery, infant sex, breastfeeding, antibiotics
exposure and presence of siblings were retrieved from standar-
dized questionnaires completed bymothers. Themediation effect
of microbiota measurements was evaluated. Statistical analyses
were performed in SAS V9.4.
Results: Exposure to tobacco smoke postnatally only, or during
both the pregnancy and postnatal periods, was significantly
associated with overweight/obesity at age 1 year (OR: 2.10,
95%CI: 1.13-3.91, and OR: 3.32, 95%CI: 1.42-7.75,
respectively) and 3 years (OR: 2.79, 95%CI: 1.46-5.32, and
OR: 3.61, 95%CI: 1.36-9.60, respectively). However, the
association for household smoke exposure during pregnancy
and postnatally was attenuated when adjusted for maternal
prenatal smoking. Species richness of Firmicutes and abun-
dance of Ruminococcaceae at 3 months of age was significantly
increased in infants exposed to tobacco smoke postnatally or
both pre and postnatally (P< 0.05). Independent to tested
covariates, the highest tertile of Firmicutes richness provided a
two-fold higher risk of overweight/obesity at age 1 and 3 (aOR:
2.28, 95%CI: 1.29-4.01, and aOR: 1.91, 95%CI: 1.01-3.60,
respectively). A mediation analysis revealed potential mediation
by gut microbiota, especially Firmicutes richness, in the asso-
ciation between postnatal smoking exposure and the risk of
childhood overweight at age 1 and 3 (Bootstrap 95%CI: 0.01-
0.13, and 95%CI: 0.01-0.09, respectively).
Conclusion: Our study highlights that exposure to household
tobacco smoking in early life can alter infant gut microbiota at
3-4 months and may increases risk of childhood overweight
and obesity.
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Microbiota mediation model for the association between
postnatal smoking exposure and childhood overweight

LM2.06.02

Pregnancy glycemic status reflects lifecourse glycemic status
of the mother

N.S. Memane1, D. Bhat1, D. Raut1, S. Bondarde1, R. Ladkat1,
P. Yajnik1, C. Fall2, C. Yajnik1

1K.E.M. Hospital Research Centre, PUNE, India; 2Southampton
University, Lifecourse Epidemiology Unit, SOUTHAMPTON,
United Kingdom

Background: Current practice of diagnosis and treatment of
Gestational Diabetes Mellitus (GDM) is largely restricted to late
pregnancy.It is tacitly assumed that mother’s glucose metabolism
was normal before pregnancy. However there is a large body of
evidence to show that most of the risk factors of GDM are present
from before pregnancy and will influence peri-conceptional pro-
gramming of diabetes and other Non-Communicable Diseases
(NCDs). There is little information on glycemic status of GDM
women from before pregnancy.
Pune Maternal Nutrition Study (PMNS) has prospective data
in the parents (F0 generation) and in children (F1) from birth
to early adulthood. Many F1 girls are married and delivered
(F2). This offers a unique opportunity to investigate the asso-
ciation between gestational glycaemia and pre-pregnancy life-
course glycaemia.
Methods: We studied 797 pregnant mothers (F0) between
1993-96. Maternal glucose measurements were available during
pregnancy. Children (F1 generation) were measured at birth, 6yr,
12yr and 18yrs of age for glycemic and anthropometric mea-
surements. Parents were also studied. Girls (F1) who became
pregnant underwent a 75 gm OGTT at 28wks gestation. Babies
(F2) were measured at birth. We studied the association between
28wks gestational fasting plasma glucose (FPG) in the F1
mothers with their childhood and adolescent FPG and also with
parental FPG using simple linear regression analysis.
Results: Up to March 2017, 163 F1 girls were married, 132
became pregnant and 94 had an OGTT at 28 wks and have
delivered. Ten (10.6%) were diagnosed GDM (IADPSG cri-
teria, FPG≥ 92mg%, 1hr PG≥ 180mg%, 2hr PG≥ 153mg
%). GDM were 20 yrs old, and had comparable birth weight

(2.6 vs 2.5 kg), pre-pregnancy BMI and body fat% to those in
NGT women. However, GDM were more insulin resistant
(HOMA IR 1.5 vs 0.8) and had lower disposition index (83 vs
133, p< 0.001,both).They gave birth to heavier babies (3.1 vs
2.7 kg,p< 0.01).
In lifecourse analysis, FPG tracked from 6yrs of age to preg-
nancy through 12 and 18 yrs. Maternal FPG at 28 wks was
directly associated with FPG at 18yrs, 12 yrs and 6yrs of age
(β= ~ 0.3, p< 0.001), and it was inversely associated with
disposition index at 18 yrs and 12 yrs (p< 0.05).
Conclusions: The world’s first description of lifecourse evolu-
tion of pregnancy glycaemia suggests that it tracks from early
childhood and is associated with impaired beta cell function
rather than adiposity and insulin resistance. The analysis provides
an important clue that GDM women have higher pre and peri-
conceptional glycaemia which is a risk factor for programming of
diabetes and cardiovascular risk in the offspring. This could be a
potential explanation of the failure of current practice of GDM
diagnosis and treatment to reduce long term risks in the offspring.

LM2.06.03

Maternal plasma vitamin D concentrations during
pregnancy and cardio-metabolic risk factors in the
offspring

A.V. Ganpule-Rao1, D.S. Bhat1, S.S. Rao2, C.H.D. Fall3,
C.S. Yajnik1

1King Edward Memorial Hospital Research Centre, PUNE,
India; 2Agharkar Research Institute, PUNE, India; 3MRC
Environmental Epidemiology Unit, University of Southampton,
Southampton Gen, SOUTHAMPTON, United Kingdom

Background:Maternal vitamin D status during pregnancy has
been shown to influence fetal body composition and metabolic
risk. Evidence extending into adult life is lacking. Pune
Maternal Nutrition Study, a rural pre-conceptional birth
cohort has followed children till young adult age and therefore
provides opportunity to explore these associations.
Methods: We studied association of maternal anthropometry,
nutrition (FFQ) and circulating vitamin D at 28 weeks of preg-
nancy with neonatal size, body composition (DXA) and meta-
bolic parameters at 6, 12, 18y (n= 662, 356 boys, 306 girls).
Results: At pre-pregnancy mothers were ~ 21 years old,
weighed 42 kg and were 1.5m tall, 1/3 had a body mass index
< = 17 kg/m2, indicating severe chronic energy deficiency
(World Health Organization 1995). Their plasma vitamin D
concentration at 28 weeks of pregnancy was 67.0 ± 23.7 nMol/
l (2% deficient <27.5 nMol/l, 20% insufficient <50 nMol/l,
78% sufficient >50 nMol/l). In comparison with sufficient,
deficient mothers had significantly larger hip circumference
(Avg. 89.7 Vs 86.3 cm) and higher sum of skinfolds
(55.5 Vs 42.5mm, p< 0.05 all) at all trimesters of pregnancy.
Their body weight and height were not different. They had
higher plasma cholesterol concentration at 28 weeks; their
glycemia and insulin resistance were not different. Deficient
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mothers had lower calorie intake (1482 Vs 1703 Kcal/day),
lower consumption of milk and non-vegetarian foods but
higher intake of dietary calcium (682 Vs 521mg/day). They
had lower physical activity and spent lesser time in activities
involving sunlight exposure such as farming.
Offspring of vitamin D deficient mothers had higher weight
and head circumference at birth (2.9 Vs 2.6 kg, 34.0 Vs
32.7 cm) and at 6y, 12y than of sufficient mothers; skinfolds at
birth were not different. They had higher fat mass (DXA) at 6y
(3.5 Vs 3.1 kg) and 12y (6.9 Vs 5.1 kg), higher fat% at 12 y
(20.4 Vs 16.8%, p< 0.05 All), their lean and bone measure-
ments were not different. They had higher triglycerides at 18y
(74 Vs 61mg%), higher cholesterol at 12y and 18y (Avg 134.9
Vs 130.5mg/dl , p< 0.05 All) but glycemia and insulin resis-
tance were not different.
On regression analysis lower maternal vitaminD predicted higher
birth weight (R2 change 2.1%) and length (R2 change 0.7%);
higher triglycerides at 12y, 18y (R2 change 1.5% both), higher
cholesterol and body fat% at 18y (R2 change 1.2% both). These
associations were independent of maternal calorie intake, physical
activity, and dietary calcium intake, skinfolds during pregnancy,
parity and gestation at delivery, gender of the child.
Conclusion: In this rural farming Indian community, maternal
vitamin D deficiency was rare. Surprisingly it predicted larger
birth size though expectedly was associated with higher cardio-
metabolic risk in early adulthood. It will be important to define
the underlying mechanisms and perform intervention studies.

LM2.06.05

Assessment of abdominal aorta intima media thickness in
late preterm appropriate for gestational age and growth
restricted fetuses: a comparative cross-sectional study

Z.A. Akhter, R.N. Nuruddin, I.A. Azam, A.M. Malik,
N.M. Mohammed

Aga Khan University, KARACHI, Pakistan

Background: Cardiovascular diseases share the topmost bur-
den of mortality worldwide. According to fetal origin of adult
atherosclerotic disease hypothesis, cardiovascular derangement
appears to originate in-utero in undernourished fetuses sec-
ondary to the cardio-metabolic stress they experience. This
study investigates the abdominal aorta intima media thickness
(aIMT) and aortic diameter (AD) in growth restricted fetuses
(GRF) and appropriate for gestational age (AGA) fetuses as a
non-invasive marker of future cardiovascular disease risk.
Methods: We conducted a cross-sectional study from February
to August 2017 on 29 GRF and 85 AGA singleton fetuses
enrolled in the late-preterm at the Aga Khan University, Karachi.
The study was approved by the University Ethics Committee.
Fetuses with structural and chromosomal abnormalities were
excluded. GRF was defined as those whose estimated fetal weight
and birth weight were below the 10th centile for that particular
gestational age. Abdominal aIMT and AD were obtained in a
coronal view between the renal and the iliac arteries using high-

end resolution Medison Accuvix 20 ultrasound machine with a
3.5 to 5-MHz linear array transducer.Measurement of aIMTwas
performed offline using digital software by manual placement of
calipers on the intima-media surface by two observers separately.
aIMT was measured as the distance between the leading edge of
the blood intima interface and the leading edge of the media
adventitia interface on the far wall of the vessel. AD was measured
at the same level of aIMT, between blood intima interfaces at
both ends of the vessel. All images were taken at end-diastole of
the cardiac cycle. The reading was obtained three times and the
mean measurement was analyzed. Inter-rater agreement was cal-
culated by Bland-Altman technique.
Results: Mean maternal age (years) of AGA (30.8± 4.3) and
GRF (31.2± 5.5) did not differ significantly (p value 0.65).
Gestational age at ultrasound (weeks) did not differ for AGA and
GFR (35.9 ±2.3 vs 34.7 ±4.1; p value 0.97). Similarly no dif-
ference was observed in gestational age at delivery between the
two groups (37.25 ±1.6 vs 36.3± 1.7; p value 0.09). GRF
weighed significantly less at birth in comparison to AGA fetuses
[2863.5 (±447.6) grams vs 2007.7 (±415.4) grams; p value
<0.001]. Mean abdominal aIMT on far wall examination was
found to be significantly greater among GRF compared to AGA
fetuses [0.44mm (± 0.06) vs. 0.39mm (± 0.07);
p-value<0.003]. Inter-rater agreement constituted maximum
observations within 95% confidence intervals as excellent mea-
sure of agreement (mean difference = 0.004mm; 95% CI
-0.121, 0.130). Multivariable model revealed significant increase
of aIMT among GRF (β= 0.040, 95% CI 0.007, 0.073) after
adjusting early gestational age at delivery, decreased aortic dia-
meter and increased uterine artery pulsatility index.
Conclusions: GRF demonstrate thicker abdominal aortic
intima media as compared to AGA fetuses. This appears to
depict vascular remodeling and could predispose them to
ischemic vascular disease later in life. Long-term longitudinal
studies are required to understand the underlying mechanism
of in-utero initiation of vascular changes and its association with
cardiovascular disease in adulthood.

Comparison of aIMT between Appropriate for Gestational Age
and Growth Restricted Fetuses
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LM2.06.06

The Welcome Baby Project, the first virtual cohort in Brazil:
prenatal consultation and exclusive breastfeeding rates.

A.M.U. Escobar1, J.V.A. Ribeiro2, K. Barros3, M. Wadt4,
A.C. Covic4

1University of São Paulo Medical School, SÃO PAULO, Brazil;
2UNA Educação e Saúde, SÃO PAULO, Brazil; 3Danone, SAO
PAULO, Brazil; 4University of Campinas, CAMPINAS, Brazil

Background: Brazil is a very big country and the national
health system is unable to provide good care and health infor-
mation for everyone. Attendance to prenatal care is essential for
healthy monitoring of pregnancy, as it can prevent medical
complications that contribute to low birth weight babies and all
the consequences that this fact can determine to future life.
According to official estimates, 60% of pregnant women in
Brazil attend less than 7 prenatal doctors’ visits. Encourage
breastfeeding should be a practice constantly renewed in all
regions of the world, especially in developing countries. Pre-
natal and breastfeeding are essential and important conditions
for the future of all children. On the other hand, it is estimated
that, as of now, over 120 million Brazilians access the internet
and 103 millions access social networks, with 65%
Facebook users.
Methods: Based on these data, the Welcome Baby Project took
shape and began in October 2014. We selected 642 pregnant
women that were in the first trimester of pregnancy. Partici-
pation was on a voluntary basis. All pregnant women who were
interested, accepted the terms and conditions, and filled out an
online form. We followed them in a closed group within
Facebook, which was the social network used, until their chil-
dren were 2 years old. Everyday we provided behavior-
changing health information encouraging them to go to pre-
natal visits. After the children were born, we also encouraged
them to breastfeed as well as to correctly introduce supple-
mentary feeding after 6 months.
Results: According to brazilian official data, only 57.1% of
women achieved more than 7 prenatal consultations; 32%
attended between 4 to 6 consultations and 9.5% from 0 to 3
consultations. Our results found that 89% of pregnant women
attended more than 7 prenatal consultations, 9% attended 6
consultations and 2% attended 4 or 5 consultations. There was
no correlation between the number of prenatal consultations
with educational level (p= 0.691) or income (p= 0.400). The
exclusive breastfeeding rate up to 4 months of age in our group
was 70%, well above the brazilian average, which is 23,3%.
The exclusive breastfeeding rate up to 6 months of age in our
group was 44,5%, also well above the brazilian average, which
is 9,3%. There was no statistically significant difference related
to educational level or socioeconomic status.
Conclusions: This is the first virtual cohort in Brazil, an
innovative project in its form and content, using a social net-
work to promote health, clarify important issues and encourage
the need of prenatal consultation and exclusive breastfeeding in

the first 6 months of life. Social networks can be used as a
health promotion tool to encourage the need of prenatal con-
sultation and breastfeeding in all educational and social groups.

LM2.06.07

Effect of linear growth rate and change in adiposity in
childhood and adolescence on blood pressure in Afro-
Caribbean youth

T.S. Ferguson1, T.Y. Royal-Thomas2, L. Chin-Harty3,
M.M. Thame4, T.E. Forrester5, M.S.A. Boyne2, R.J. Wilks2

1The University of the West Indies, KINGSTON, Jamaica;
2Caribbean Institute for Health Research, The University of the
West Indies, KINGSTON, Jamaica; 3Department of Medicine,
The University of the West Indies, KINGSON, Jamaica;
4Department of Child and Adolescent Health, The University of
the West Indies, KINGSTON, Jamaica; 5UWI Solutions for
Developing Countries, KINGSTON, Jamaica

Background: Faster growth velocity during childhood and
adolescence may increase blood pressure in adults, although
there is a dearth of data among African-origin populations. We
evaluated the effect of postnatal linear growth and change in
body mass index (BMI) from birth to adolescence on systolic
and diastolic blood pressure (SBP and DBP) in Afro-
Caribbean youth.
Methods: We used data from a birth cohort in Jamaica (Vul-
nerable Windows Cohort Study). Children were followed from
birth, with anthropometric measurements at six weeks, every
three months to age 1-year, and then six monthly. Blood
pressure (BP) measurements started at age 1-year and every six
months thereafter. Analyses used BP measurements (mm Hg)
after age 15 years and up to age 21 years. Growth and adiposity
measurements were calculated for the periods: early infancy (0-
6 months), late infancy (6 months - 2 years), early childhood
(2-8 years), and later childhood (8-15 years). Conditional
analyses were used to compute growth rates by calculating how
much body size at the end of a growth period differed from that
predicted by the body size attained at the beginning of the
period using linear regression models. Calculated growth rates
were standardized by converting them to z-scores. Linear mixed
models were used to estimate the effect of growth rates on BP.
Models accounted for repeated measures within individuals
with random intercepts and random slopes. Multiple imputa-
tion was used to fill in missing values.
Results: Analyses included 366 individuals (162 males, 204
females) with mean age 16.7 years (range 15.0, 21.2 years). At
age 15 years, mean height was 172 cm for males and 163 cm for
females. Mean BMI was 21.0 kg/m2 among males and 22.2 kg/
m2 among females. In total, 1910 SBP and 1908 DBP mea-
surements were available for analyses (average 5.2 measure-
ments per individual). In bivariate analyses, faster linear growth
for the 0-6 months (β= 2.06, p< 0.001) and the 8-15 years
(β= 1.54, p< 0.001) periods were associated with higher SBP.
Greater increase in BMI for the 0-6 months (β= 1.11,
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p= 0.010), 6-month to 2-years (β= 1.38, p= 0.004) and the 2-
8 years (β= 1.26, p= 0.001) periods were associated with higher
SBP. In multivariable models, after adjustment for age, sex, birth
length, gestational age and BMI at age 15, faster linear growth for
the 0-6 months (β=1.00, p= 0.024) remained statistically sig-
nificant. For change in BMI, after adjustment for age, sex,
gestational age, birth length and height at age 15, significant
associations of higher SBP remained for increases in BMI from 6-
months to 2-years (β= 1.40, p= 0.001), and for 2-8 years
(β= 1.07, p= 0.009). For DBPmodels with similar adjustments,
faster linear growth for the 2-8 years period was associated with
higher DBP, while greater increase in BMI for the 6-months to 2-
years, 2-8 years, and 8-15 years growth periods were significantly
associated with higher DBP.
Conclusion: Both faster linear growth and greater rate of
increase in BMI were associated with higher SBP and DBP in
Afro-Caribbean youth. The association was most consistent in
late infancy and the early childhood growth periods.

LM2.06.08

Exposure to Outdoor Air Pollution and Birth Outcomes -
Evidence from Sao Paulo’s Western Region Project

A. Brentani1, H. Brentani1, S. Grisi1, A.N. Ferrer1, A.M.
Escobar1, S. O’Sullivan1, P.H. Saldiva1, G.K. Fink2

1Faculdade de medicina USP, SAO PAULO, Brazil; 2Harvard
School of Public Health, BOSTIN, United States of America

Background: While a growing literature has highlighted the
negative associations between maternal exposure to NOx and
PM pollution and birth weight, evidence on the effect of
ambient air pollution on prematurity remains limited. We use
new data on street level air pollution to estimate the associa-
tions between NOx and birth outcomes in Sao Paulo, Brazil.
Methods: 5,542 birth records from children born at the Uni-
versity Hospital of Sao Paulo between April 2012 and March
2014 were linked to street level NOx and PM2.5 emissions
using residential addresses. Primary outcomes analyzed were
prematurity (gestational age < 37 weeks), low birth weight
(< 2500 grams) and being small for gestational age (SGA).
Adjusted and unadjusted linear models were used to assess the
associations between prematurity, gestation-adjusted weight
and child development overall, as well as by gender.
Results: In fully adjusted regression models, we find that each
unit increase in the natural logarithm of NOx emissions is
associated with a 60 percent increase in the odds of low birth
weight (95% CIs [1.163, 2.204]), and a 39 percent increase in
the odds of prematurity (95% CI [1.016, 1.905]). We do not
find any associations between NOx exposure and SGA.
Conclusions/Interpretation: The results presented in this
study suggest that residential exposure to NOx emissions (a
proxy estimate of traffic-derived pollution) may constitute a
major risk factor for both low birth weight and prematurity in
Sao Paulo and similarly large urban areas. The potential health
benefits of lowering local emission levels seem sizeable.

LM2.06.09

Socio-economic transition in rural India and its impact on
health indicators: Pune Maternal Nutrition Study 1993-
2013

S.R. Shukla1, K.K.U.M.A Kalyanaraman Kumaran2, A.
Radkar3, A. Bhalerao2, V. Solat2, S. Chougule2, T. Deokar2,
P. Yajnik2, C.H.D. Fall4, C.S. Yajnik2

1KEM Hospital Research Center and, Symbiosis Institute of
Health Sciences, SIU, PUNE, India; 2Diabetes Unit, King
Edward Memorial Hospital, PUNE, India; 3Gokhale Institute of
Politics and Economics, SHIVAJINAGAR, PUNE, India; 4MRC
Environmental Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom

Background:Developing (LMICs) countries are facing a rapid
change in socio-economic conditions. This has led to the
emergence of an epidemic of non-communicable diseases
(NCDs, including type 2 diabetes, hypertension, cardiovas-
cular disease, cancer and other)on the background of the
unfinished burden of undernutrition and communicable dis-
eases, described as the double burden of disease. Countries like
India are particularly affected, and reputedly India is one of the
world’s capital of both diabetes and cardiovascular disease.
Thrifty phenotype and DOHaD theories highlight the adverse
health effects of transition within a lifetime from early life
adverse exposures and subsequent relative affluence.
The change in socio-economic status (SES) and its indicators
may be used to understand and partly quantify the transition
but up-to-date, precise, and reliable statistics are few in India.
The prospective data collection in the PuneMaternal Nutrition
Study (PMNS)birth cohort in rural Pune in the state of
Maharashtra, India provided an opportunity to examine the
changes in socio-economic status(SES) incomparisonwith the
state and the national data and its association with body size
and cardio-metabolic risk factors.
Method: PMNS was set up between 1993-96. SES and bio-
medical data was collected in the index pregnancy and serially
every six years ( ~2001, ~ 2007, ~ 2013) after the delivery of
the child,using standardised questionnaires. Comparisons with
rural Maharashtra and India were made using data from the
National Family Health Survey 1999 and 2006 (NFHS II and
III). We followed up 700 families (child and parents) for bio-
medical information (body size and composition, haematolo-
gical, biochemical and metabolic-endocrine measurements.
Results: The PMNS community was a farming community
and participants were relatively undernourished (parents’ BMI
~ 20 kg/m2, birthweight of the child 2.7 kg). The proportion of
families with ‘high’ Standard of Living Index (SLI, NFHS)
progressively increasedfrom 64% to 77% and to 90% between
2001 and 2013, contributed by increasing availability of piped
water, toilets, LPG for cooking, and affluent material posses-
sions (two and four wheelers, refrigerators, TVs, mobile phones
etc). The increase in SES in PMNS was faster and greater
compared to that in the state of Maharashtra and the national
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data. Higher SLI was associated with higher weight, height,
BMI and a number of cardiovascular risk factors
(glucose, blood pressure, lipids etc). Half of the children were
still underweight (BMI < 18.5 kg/m2) at 18 years, ~ 5%
overweight and obese, and 28% had prediabetes (ADA
criteria). Two thirds of the children have vitamin B12 defi-
ciency and ~ 80% have hyperhomocysteinemia.
Conclusion: Our data suggest a rapid socio-economic transition
over last 20 years in rural Pune which is faster than the state and
the national data. This is associated with higher cardiovascular
risk factors including prediabetes and hyperhomocysteinemia.
Metabolic, endocrine and molecular studies are under way to
define mechanisms contributing to increased NCD risk.

LM2.06.10

Intricacies of glucose metabolism and fetal outcomes in
undernourished pregnant Indian women

C.S. Yajnik1, H. Damle2, R. Dhope3, P. Katre3, S. Manmode3,
D. Raut3, S.J. Bondarde1, M.K. Deshmukh1

1King Edward Memorial Hospital Research Centre, PUNE,
India; 2S.K.Navale Medical College and General Hospital,
PUNE, India; 3Diabetes Unit, King Edward Memorial Hospital
and Research Centre, PUNE, India

Background: HAPO study showed an overriding importance
of fasting hyperglycemia in influencing fetal growth. Most of
the recent reports of prevalence of Gestational Diabetes Mel-
litus (GDM) in India have used a non-fasting Oral Glucose
Tolerance Test (OGTT) which has clouded the opinion on the
importance of fasting plasma glucose in diagnosis of GDM.We
studied serial fasting 75gm OGTTs in pregnant Indian women
to assess, 1) the contribution of fasting (FPG) and post glucose
glycemia (1hPG, 2hPG) to GDM by the IADPSG criteria, 2)
importance of early glucose screening in diagnosis of GDM.
Methods: Hundred eligible women were enrolled (~12 week’s
gestation). OGTT (75 gm glucose) was performed after an
overnight fast at baseline, 24 and 32 weeks of gestation. At each
stage, women diagnosed with GDM were treated and did not
have subsequent OGTT. Demographic information (age,
education, socio economic status) and anthropometry was
recorded using standardized questionnaire and methods.
Babies were measured within 72 hours after birth.
Results: Mothers were on average 25 years old, 153 cm tall and
had BMI of 21.5 kg/m2 at ~ 12 weeks gestation.Majority were
from lower socio-economic class. Hundred, 72 and 57 OGTTs
were performed at 12, 24 and 32 weeks of gestation, respectively.
Four women aborted after first visit, 6 withdrew consent, and 20
were lost to follow up. Seventy five women were followed at all
the three visits, and 70 delivered in the study hospital.
A total of 21 women were diagnosed with GDM: 18 at
12 weeks (16 by FPG, 2 by 1-hPG), 2 at 24 weeks (1 by FPG, 1
by 1-hPG) and 1 at 32 weeks (1-hPG). GDM women were
older, taller and more educated than the NGT women. Babies
of GDM mothers were heavier (3.0 Vs 2.7 kg) and fatter (sum
of skin folds: 8.8 Vs 7.2mm) than those born to NGT. Baby’s
birth weight was significantly predicted by mother’s FPG at the
OGTT but not by the 1h-and 2h-PG. Three babies were
diagnosed to have congenital anomalies, all of them had GDM
mothers; one was aborted early, two were delivered live, of
these one died on 8th day.
Twenty mothers (5 GDM) delivered at outside hospitals. They
were younger, thinner and had lower glucose. Telephonic
interviews revealed: none was diagnosed with diabetes subse-
quently, and neonatal maturity, weight (2.8 Vs 2.7 kg) and
Cesarean delivery rate was no different.
Conclusion: There was a high prevalence of GDM in this
relatively undernourished population which was diagnosed in
early pregnancy and by FPG criteria. Babies of GDM mothers
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had high anomaly rate, were heavier and more adipose. Our
findings suggest a significant contribution of pre-gestational
dysglycemia to ‘GDM’, and a stronger contribution of fasting
than post-glucose metabolism to fetal outcomes. There is a
need for large scale studies in India to study relative merits of
pregestational Vs gestational screening and a fasting and
non-fasting OGTT to diagnose GDM.

LM2.06.11

Prevalence of depressive disorder among members of the
New Delhi Birth Cohort - ? role of early life influences

P. Prabhakaran1, A. Dutta1, H. Tiwari2, A. Singh2, S. Sinha3,
B. Singh2, D. Gupta2, S. Sachdev3, R. Sagar4, N. Tandon4,
H.D. Fall5, K. Bhargava2

1Public Health Foundation of India, GURGAON, India;
2Sunderlal Jain Hospital, NEWDELHI, India; 3Sitaram Bhartia
Institute of Research and Science, NEWDELHI, India; 4All India
Institute of Medical Sciences, NEW DELHI, India; 5MRC
Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: Globally, depression is a major cause of dis-
ability, with chronic or recurrent depressive patterns leading to
impairment of daily activity or even leading to suicide. Almost
1 million suicide deaths occur yearly and for every person
completing suicide, 20 or more are at suicide risk (WHO,
2012). Socio-economic and lifestyle factors, demographic
conditions and environmental pollution can all cause depres-
sion. Among major depressive episodes, 70-80% patients are
curable. The main obstacles towards providing care for
depression are social stigma, lack of resources and poor avail-
ability of depression related data.
Methods: The NDBC is a longitudinal follow-up of 8181
children born between 1969-1972 to mothers in a defined area
of South Delhi, India. The cohort (F1, N= 2221) has been
followed from birth, through infancy and childhood, with
studies so far on their parents (F0), spouses and children(F2)
largely covering cardiometabolic diseases.To assess the mental
health status, 271 adult members (F1) of the New Delhi Birth
Cohort (NDBC) were screened by trained staff using Patient
Health Questionnaire 9 (PHQ9). Patient health questionnaire-
9 (PHQ9) is a 9-item depression module of Primary Care
Evaluation of Mental Disorders (PRIME-MD) diagnostic
instrument. Each of the nine items asks about DSM IV
(Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition) criteria for depression diagnosis. Each question con-
tained four scores with respective categories from 0 (not at all)
to 3 (nearly every day) and refers to occurrence of the items
within last two weeks. The total score, indicates categories of
depression- zero score (0), none (1-4), mild (5-9), moderate
(10-14), moderately severe (15-19) and severe (20-27).
Depression is detected when the score is ≥ 10. Major depres-
sion is detected following the criteria recommended by

Kroenke and Spitzer. Additional data on environment, demo-
graphic conditions, and socio-economic & lifestyle factors were
collected using questionnaires.
Results: Among 271 subjects, data from 249 (male- 163,
female- 86) were complete and were used for preliminary ana-
lysis. The results indicate 20.88% (52) are suffering from
depression (Score ≥ 10) and 15.26% (38) are suffering from
Major Depression. Among the sample population, 71.08%
(177) have at least one item affected (Score ≥ 1). Depression is
3.2 times higher among female subjects compared to male
subjects. Among females, 27.9% (24) and among males
8.6% (14) of the male population are suffering from Major
Depression. Total mean score for the population is 5.45;
among females, it is very high at 8.65. Also, a higher percentage
of females have reported higher degree of severity of the
problem.
Conclusions: The prevalence of depression is high among this
urban sample population. The burden of depression is several
times higher among the female subjects. Major depression cases
are also high, especially among females. Socio-economic, life-
style, demographic and environmental factors can impact
people’s mental health in addition to early life adverse influ-
ences.The current findings will be assessed in relation to these
factors to provide crucial insights for appropriate interventions.

LM2.06.12

Compromised expression of placental ABC transporters in
a new murine model of malaria induced-preterm labor

K.N. Fontes1, E. Bloise2

1Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil;
2Universidade Federal de Minas Gerais, BELO HORIZONTE,
Brazil

Background: Gestational malaria (GM) is a worldwide life-
threatening disease that kills approximately 100,000 pregnant
women and newborns every year. In the Brazilian Amazon this
mosquito-borne infectious disease leads to intrauterine growth
restriction (IUGR) and elevates the risk of preterm labor (PTL)
in about 25% of cases. The ATP-binding cassette (ABC)
transporters, actively efflux substrates involved in immunolo-
gical responses and drug biodisposition at the placental barrier.
We hypothesized that maternal exposure to Plasmodium Ber-
ghei ANKA, which mimics human malaria in a murine model,
impairs placental transport efficiency through changes in the
expression of specific placental ABC transporters.
Methods: On gestational day E13.5, C57BL/6 mice (8-
10 weeks) were injected intraperitoneally with Plasmodium
Berghei ANKA (5× 105 infected-erythrocytes, n= 16) or
injected with PBS (n= 12) and sacrificed on E18.5. Maternal
blood was collected to evaluate levels of parasitemia, whereas
placental disks and fetal units were collected, weighed and
snap-frozen for qPCR assessment of selected ABC transporters:
the lipid Abca1 transporter, and the multidrug resistance
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transporter genes: Abcb1a/Abcb1b, Abcc2, Abcc5 and Abcg2.
Differences were considered significant at p< 0.05.
Results: Pregnant mice infected with Plasmodium Berghei
ANKA exhibited increased maternal spleen weight consistent
with an average parasitemia of 16% infected-erythrocytes.
Plasmodium Berghei ANKA induced PTL in 20% of all infected
pregnancies and reduced fetal weight (P< 0.01) and fetal/pla-
cental weight ratio; mimicking higher rates of PTL and IUGR
found in human gestational malaria. Furthermore, placental
expression of Abca1 (P< 0.001) and Abcb1b (P< 0.05) was
reduced in Plasmodium Berghei ANKA infected pregnancies.
Conclusions: In the present study, we established a new model
of malaria induced-PTL, associated with reduced fetal weight,
probably as a result of impaired placental efficiency and com-
promised placental expression of selected ABC transporters
involved in lipid and drug transport at the maternal-fetal
interface. Since GM is associated with increased risk of adverse
long-term neurodevelopment, these changes may lead to yet
unexplored consequences in programming of fetal and post-
natal metabolism and neurodevelopment.
Financial Support: CAPES, CNPq, FAPERJ, Ministério da
Saúde and Bill & Melinda Gates Foundation

LM2.07 - Slam session: Social inequalities

LM2.07.01

What risk factors are associated with child developmental
inequalities at the start of formal education? Evidence from
Born in Bradford

E. Andrews1, S. Barber1, R. McEachan1, L. Tracey2,
M. Mon-Williams3, B. Kelly1, J. Wright1

1Bradford Teaching Hospitals NHS Foundation Trust,
BRADFORD, United Kingdom; 2Department of Education,
University of York, YORK, United Kingdom; 3School of
Psychology, University of Leeds, LEEDS, United Kingdom

Background: Large inequalities in children’s development
exist at the beginning of their formal education (at 4-5 years).
Evidence exists for the deleterious effect of early life risk factors,
such as deprivation, ethnicity, parental education and
employment on child developmental outcomes. Born in
Bradford (BiB), a longitudinal birth cohort study in Bradford,
England provides a rich data set to explore these inequalities.
This study aimed to assess the association between early life risk
factors and three domains of child development: physical;
cognitive; and socio-emotional abilities.
Method: The study analysed a subset of the BiB sample (3,450
children) who took part in school-based assessments at age 4-5
years. Children undertook assessments of fine motor skills
(Tracking, Aiming and Tracing; CKAT battery), vocabulary
development (British Picture Vocabulary Scale (BPVS), and
Letter Identification (LetterID: Woodcock Reading Mastery
battery). Teachers completed a survey of socio-emotional health
(Strengths and Difficulties Questionnaire (SDQ)). Early life risk

factors were assessed using a baseline questionnaire completed by
the childrens’ Mothers during pregnancy. These included Index
of Multiple Deprivation (IMD), ethnicity, Mother’s primary
language, Mother’s education, parental employment, receipt of
benefits, being up to date with household bills, and number of
individuals in household. Data were analysed using Stata 13.
Multivariable regression analyses were conducted with the vari-
ables from Mothers baseline questionnaire as predictors. Depen-
dent measures included motor (CKAT), vocabulary, letter
identification and socio-emotional (SDQ) variables.
Results: Analyses of motor variables suggested Mother’s pri-
mary language (beta= .09, t= 3.34, p= .001) and Father’s
employment status (beta= .06, t= 2.95, p< .01) were strong
predictors of Tracking abilities; a weaker relationship was noted
for number of persons in the household, beta= -.06, t= -2.52,
p< .05. Mother’s employment (beta= -.07, t= -2.39, p< .05)
and particularly Father’s employment (beta= -.07, t= -3.07,
p< .01) were important predictors of Tracking skills. All vari-
ables in the model were non-significant predictors of Aiming
performance. Results indicated that neither ethnicity nor IMD
scores were reliable predictors of any child outcomes with the
exception of BPVS, ethnicity: beta= -.06, t= -2.79, p< .01,
and IMD: beta= 0.11, t= 5.17, p< 001. Other predictor
variables associated with BPVS include Mother’s primary lan-
guage (beta= -.06, t= -2.54, p< .05), education (beta= .07,
t= 3.10, p< .01) and employment (beta= -.13, t= -5.03,
p< .001), and number of persons living in household (beta= -
.05, t= -2.29, p< .05). Mother’s education (beta= .09,
t= 3.85, p< .001), and Father’s employment (beta= -.06,
t= -2.93, p< .01) were important predictors of LetterID.
Mother’s primary language (beta= .06, t= 2.21, p< .05) and
education (beta= -.06, t= -2.10, p< .05) were significant, but
weaker predictors of socio-emotional difficulties.
Conclusions: Inequalities in child developmental outcomes are
evident when children begin formal education. Mothers’ eth-
nicity and family deprivation level predicted vocabulary devel-
opment and this measure seemed particularly sensitive to the
effects of early life risk factors. Parents whose primary language
is not English may need support to help develop this skill in
their children prior to starting school given its importance for
learning and future educational attainment, whereas letter
identification while important for reading and writing is a key
skill which may be learnt on starting formal education and
inequalities addressed more readily.

LM2.07.02

Establishing a biobank to examine the developmental
origins of non-communicable diseases - The ORIGINS
Project

L.J. Colvin1, E. Hagemann1, S. Prescott2, D. Silva1,
L. Gibson1, D. Palmer3, S. Miller3, R. Srinivas Jois3

1Telethon Kids Institute, SUBIACO, Australia; 2International
Inflammation (in-FLAME) Network, World Universities
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Network (WUN), PERTH, Australia; 3School of Paediatrics and
Child Health, The University of Western Australia, PERTH,
Australia

Background: The ORIGINS Project is a collaborative initia-
tive between Joondalup Health Campus and Telethon Kids
Institute to establish a new Western Australian birth cohort. A
central objective of ORIGINS is to develop a comprehensive
research platform consisting of an extensive Databank and
Biobank. This will enable investigations into how, when and
why non-communicable diseases develop, through the study of
early environments, maternal and paternal physical health and
genetics.
Methods: The ORIGINS Biobank will include biological
samples (blood, breast milk, urine, saliva, stool, cord blood, for
example) collected from ORIGINS Project participants
(mothers, fathers and children) from the first antenatal clinic
visit until the child is 5 years of age. To ensure the ORIGINS
Biobank is word class, we have harmonised with several local,
national, and international cohorts. We have collaborated with
Western Diagnostic Pathology to develop the procedures to
collect the biological samples, process them in required time
frames and store them appropriately. Further collaborations
have secured additional storage at Harry Perkins Institute of
Medical Research South and Edith Cowan University. An
ORIGINS Project Biobank Ethics and Governance Frame-
work has been developed. It sets out guidelines and a frame-
work for which biological samples are collected, stored,
managed and accessed for research purposes. It also provides
guidelines for translation of findings and knowledge that are a
result of research utilising the Biobank. A Biobank Governance
Committee has been established to independently monitor,
review and report on the establishment, management and
operation of the Biobank and activities pertaining to ORIGINS
Bio resources.
Results and Conclusion: The ORIGINS Biobank will gen-
erate many opportunities to explore underlying mechanisms of
environmental influences and how these vary with genetic
predisposition. It will build substantial future capacity to
address critical questions (including genetic, epigenetic, meta-
genomic and metabolomic studies) in relation to the develop-
ment of non-communicable diseases.

LM2.07.03

Ethnic variations in relationships between availability, use,
and satisfaction with green-space on pre-schooler’s mental
wellbeing: Results from Born in Bradford

R.C. McEachan1, T. Yang2, G.R. Smith3, H. Roberts4, C.
Gidlow3, J. Wright1, M. Nieuwenhuijsen5

1Bradford Teaching Hospitals NHS Foundation Trust,
BRADFORD, United Kingdom; 2University of York, YORK,
United Kingdom; 3Staffordshire University, STOKE ON
TRENT, United Kingdom; 4University of Leeds, LEEDS,

United Kingdom; 5Barcelona Institute for Global Health,
BARCELONA, Spain

Background: Green space is linked to health benefits for adults
and children, however, some studies have found positive effects
vary across different ethnic or socio-economic groups. This may
be due to the way in these groups perceive or use green space. The
aim of the current study was to explore the relationship between
availability of, satisfaction with, and use of green space on mental
wellbeing amongst 4 year old children. A secondary aim was to
explore whether ethnicity or socio-economic status moderated
any impact of green space on health.
Methods: 2594 women participating in the Born in Bradford
cohort study completed strengths and difficulties ques-
tionnaires assessing the mental wellbeing of their child. Inter-
nalising (comprising peer problems and emotional subscales)
and externalising (behavioural difficulties and hyperactivity)
scales were calculated (higher score = more difficulties). A sub-
sample (N= 832) also completed measures of satisfaction with,
and use of local green spaces. The residential ‘greenness’ of local
neighbourhoods was calculated using the normalised difference
vegetation index (NDVI) across 100m, 300m and 500m buf-
fers of participants’ home addresses (range: -1 least green to + 1
most green). Multiple regressions controlling for socio-
demographic factors examined relationships between green
space and difficulties. Interaction terms explored whether
relationships differed by ethnicity or socio-economic status.
Results: Amongst the total sample, residential green space was
associated with internalising and externalising difficulties in
unadjusted models, however, significant effects disappeared
after controlling for socio-demographics, ethnicity, maternal
smoking, and maternal mental health. Interaction terms indi-
cated relationships were moderated by ethnicity, but not socio-
economic status. After adjustment for confounders we found a
significant effect of green space on internalising difficulties
amongst South Asian children across all buffer zones (100m:
B= -2.35 95%CI -4.20, -.05; 300m: B= -3.15, 95%CI:
-5.18, -1.13; 500m: B= -2.85 95%CI: -4.91, -0.80,
N= 1504). We found a similar pattern of results in the sub-
sample, however, the effects of residential green on children’s
internalising difficulties were rendered non-significant when
controlling for satisfaction with, and use of, green space. In this
final model, satisfaction with local green spaces was related to
lower internalising difficulties across both 100m (B= -.028,
95%CI:-056, -.003) and 300m (B= -.028, 95%CI: -.056,
-.002) buffer zones (both N= 344).
Conclusions: The positive effects of green space on children’s
mental wellbeing varies by ethnicity. We found satisfaction
with green space to be more predictive of behavioural difficul-
ties than availability of green space as assessed by measures such
as NDVI. More research is required to understand what fea-
tures influence satisfaction with local green spaces in order to
promote use amongst ethnic minority groups. Urban planners
need to focus on quality (in addition to quantity) of urban
green spaces in order to promote population health.
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LM2.07.04

Prenatal and preconception subjective distress from the
2016 Fort McMurray wildfire in Canada: Comparison to
other disasters

S. King1, A. Hyde2, D.P. Laplante3, E. Elgbeili3, D.M. Olson2

1McGill University, VERDUN, Canada; 2University of Alberta,
EDMONTON, Canada; 3Douglas Hospital Research Centre,
MONTREAL, Canada

Background: In May 2016, the wildfires around Fort
McMurray (FMM), Alberta, Canada forced the evacuation of
88,000 people, including ~ 1,250 pregnant women and 600
more within a few months of conception. Our other natural
disaster studies (1998 Quebec Ice Storm, 2008 Iowa Flood,
2011 Queensland Flood) document that prenatal or pre-
conception maternal exposure to natural disasters can result in
high levels of maternal objective hardship, subjective distress,
and negative cognitive appraisals of the disaster; these can have
negative effects on pregnancy outcomes and predict adverse
developmental trajectories for the newborn, especially neuro-
developmental and metabolic. The 2016 FMM wildfire pre-
sents a new opportunity to replicate previous disaster studies,
and to test a brief, online intervention.
Our overall study goals are threefold: (i) determine whether an
expressive writing intervention supports maternal resilience,
and test its ability to buffer women and their babies from the
effects of disaster-related stress; (ii) develop a new allostatic load
index of modifiable maternal stress ‘omics markers for pre-
dicting risk and responsiveness to the intervention; and (iii)
integrate knowledge engagement so that the processes and
outcomes of research are beneficial to community and
stakeholders.
For this abstract, our goal was to compare the level of subjective
distress experienced by the FMM cohort with those observed in
other disaster cohorts.
Methods: Subjects are women who were pregnant during the
fire, or who conceived since the fire. Recruitment commenced
in November 2016 and is on-going, with approximately 200
women recruited by May 2017. Quantitative and qualitative
data are collected via a secure online platform. Maternal sub-
jective distress is measured at recruitment using the Impact of
Event Scale – Revised to assess post-traumatic stress disorder
(PTSD) symptoms, the Peritraumatic Distress Inventory, and
the Peritraumatic Dissociative Experiences Questionnaire .
Results: Preliminary results find significantly higher maternal
subjective stress relative to our other natural disaster cohorts.
Nearly 40% of FMM women reported clinically significant
levels of peritraumatic distress, with 42% reporting significant
dissociative experiences, at the time of the crisis; these levels are
6.9 and 3.3 times higher, respectively, than those observed in
our Queensland Flood cohort, and 10.7 and 5.6 times higher
than in our Iowa Flood cohort. PTSD symptoms were also
significantly higher in our FMM cohort with 26.4% of women
screening positive for PTSD, a rate that is 3 times higher than

observed in our Project Ice Storm and 7.5 times higher than
observed in the flood cohorts. PTSD rates in FMM were 3.9
percentage points lower than those published following Hur-
ricane Katrina (30.3%), and 10.4 points lower than following
the 2010 Haitian earthquake (36.8%). We will report final
cohort results at the meeting.
Conclusions: Given the extreme stress, this research will
improve understanding of the impact of prenatal stress on
maternal and fetal outcomes. Preliminary results suggest that
this is the ideal cohort on which to determine the effectiveness
of a simple intervention in supporting maternal and fetal resi-
lience. The findings of this study have the potential to inform
decision-making and support use of a simple intervention fol-
lowing disasters.

Comparison between PTSD symptoms in FMM cohort and
3 other prenatal disaster cohorts of prenatal maternal stress.

LM2.07.05

Childhood socioeconomic status and arterial stiffness in
adulthood: the Cardiovascular Risk in Young Finns Study.

E.P. Puolakka1, K.P. Pahkala2, T.T. Laitinen2,
C.G. Magnussen2, N. Hutri-Kähönen3, M. Kähönen4,
T. Lehtimäki5, P. Tossavainen6, E. Jokinen7, M.A. Sabin8,
T. Laitinen9, M. Elovainio10, L. Pulkki-Råback10, J.S.A.
Viikari11, O.T. Raitakari2, M. Juonala2

1University of Turku, TURKU, Finland; 2CAPC, University of
Turku, TURKU, Finland; 3Department of Pediatrics, University
of Tampere and Tampere University Hospital, TAMPERE,
Finland; 4Dept. of Clinical Physiology, Faculty of Medicine and
Life Sciences,Univ. Tampere, TAMPERE, Finland; 5Dept. of
Clinical Chemistry, Fimlab Lab. and F. of Med. and Life Sci,
Univ. Tre, TAMPERE, Finland; 6Dept. of Pediatrics, PEDEGO,
Oulu University Hospital and Univ. of Oulu, OULU, Finland;
7Dept. Of Pediatric Cardiology, Hosp. for Children and
Adolescents, Univ. of Hki, HELSINKI, Finland; 8Murdoch

10th World Congress S193

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Childrens Research Institute, Royal Children’s Hospital,
MELBOURNE, Australia; 9Dept. of Clinical Physiology and
Nuclear Medicine, Univ. of Kuopio, KUOPIO, Finland;
10Department of Psychology and Logopedics, University of
Helsinki, HELSINKI, Finland; 11Department of Medicine,
Univ. of Turku and Division of Medicine, Turku Uni Hosp,
TURKU, Finland

Background: Increasing evidence supports the importance of
socioeconomic factors in the development of atherosclerotic
cardiovascular disease. However, the association of childhood
socioeconomic status (SES) with arterial stiffness in adulthood
has not been reported. Our aim was to determine whether
higher childhood family-level SES is associated with lower
arterial stiffness in adulthood.
Methods: Data from 2566 participants in the longitudinal
Cardiovascular Risk in Young Finns Study was used. Partici-
pants had data on family-level SES in 1980 when aged 3 to 18
years who had arterial pulse wave velocity (PWV) and carotid
artery distensibility (Cdist) measured 21 or 27 years later in
adulthood.
Results: Higher family SES in childhood was associated with
lower arterial stiffness in adulthood; Cdist being higher (b-
valueSE 0.029 ± 0.0089%/10mmHg, p= 0.001) and PWV
lower (b-valueSE -0.062 ± 0.022m/s, p= 0.006) among those
with higher family SES in a multivariable analysis adjusted with
age, sex and conventional childhood cardiometabolic risk fac-
tors. The association remained significant after further adjust-
ment for participant’s SES in adulthood (b-valueSE
0.026 ± 0.010%/10mmHg, p= 0.01 for Cdist and b-valueSE
-0.048 ± 0.023m/s, p= 0.04 for PWV), but attenuated after
adjustment for adulthood cardiometabolic risk factors (β-
valueSE= 0.015 ± 0.008%/10mmHg, p= 0.08 for Cdist and
b-valueSE -0.019 ± 0.02m/s, p= 0.38 for PWV).
Conclusions: We observed an association between higher
family SES in childhood and lower arterial stiffness in adult-
hood which can be partly mediated by conventional cardio-
vascular risk factors in adulthood.

LM2.07.06

Socioeconomic position, obesity and measures of vascular
function in mid-childhood: the Longitudinal Study of
Australian Children

S. Liu1, P. Burgner1, M. Wake2, M. Juonala3

1Murdoch Children’s Research Institute, PARKVILLE, Australia;
2Liggins Institute, AUCKLAND, New Zealand; 3Department of
Medicine, University of Turku, TURKU, Finland

Introduction: Low socioeconomic position (SEP) in child-
hood predicts adult cardiovascular disease mortality, and earlier
in life, predicts risk factor burden and poorer vascular function.
Associations between low SEP and functional measures during
childhood remain poorly understood; this knowledge may
facilitate the effective targeting of public health interventions.

We therefore sought to examine the association between SEP
and measures of vascular function in mid-childhood.
Methods: Data from 1874 children, 11-12 years of age, par-
ticipating in the Child Health CheckPoint, nested within the
Longitudinal Study of Australian Children, were used to esti-
mate brachial blood pressure, pulse wave velocity, and carotid
artery elasticity across a composite measure of family SEP,
summarizing parental education, occupation, and household
income. Associations were examined using linear regression
models. Covariates in regression models included age, sex,
pubertal status, BMI, and birthweight.
Results: Socioeconomic position was cross-sectionally asso-
ciated with age- and sex-specific systolic blood pressure per-
centiles (1.4 percentile units lower per SD of SEP, 95%CI: 0.2,
2.5, P= 0.02). In age and sex adjusted analyses, SEP was also
associated with carotid-femoral pulse wave velocity (0.03m/s
lower per SD of SEP, 95%CI: 0.00, 0.05, P= 0.05) but not
carotid arterial elasticity (P= 0.96). Inclusion of pubertal status
and body mass index separately attenuated these associations
(P> 0.05), suggesting possible mediating effects on the asso-
ciation. Inclusion of birthweight z-score did not alter the
results. In a multivariable model including all covariates, BMI
z-score remained a significant predictor (P< 0.001) for all
vascular function measures.
Conclusion: Socioeconomic position may partly predict vas-
cular function in this cohort of Australian children, and this is
potentially mediated through childhood obesity and puberty
timing. Future studies should examine the age at which BMI
may predict intermediate vascular phenotypes to inform the
timing of interventions.

LM2.07.07

Factors affecting placental weight in multi-ethnic women
who are at higher risk of developing Gestational Diabetes in
the United Kingdom.

I.A.G. Goljan1, C. Bagias2, G. Pounder1, H. Venkataraman2,
P. Saravanan2

1George Eliot Hospital NHS Trust, NUNEATON, United
Kingdom; 2University of Warwick, COVENTRY, United
Kingdom

Research question: Placental weight is a measure which
reflects many aspects of placental growth. In normal pregnancy,
placental weight is related to many aspects of placental func-
tion. Little is known on the predictors of placental weight and
its relationship between maternal and fetal characteristics in a
multi-ethnic cohort who are at higher risk of developing
Gestational Diabetes (GDM)
Methods: The PRiDE:Placenta study is a sub-study of the
PRiDE study (Micronutrients in Pregnancy as a Risk factor for
gestational Diabetes and Effects on mother and baby). Parti-
cipants of women are at high-risk of developing GDM recrui-
ted in early pregnancy (mean gestational age at recruitment: xx
weeks) and delivered between Jan 2013 – Apr 2017. Maternal
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and offspring characteristics were recorded, including detailed
anthropometry and placental weight. Placenta weight was
obtained within 24-hours of delivery.
Results: Of the 1192 deliveries during this period, 617 had
complete data including placental weight. Participants of PRiDE:
Placenta study were recruited at the mean gestational age of xx
weeks. Their mean(± sd) characteristics were: age – 31.2±5.44
years, BMI – 29.8±11.3Kg/cm2, height – 1.52± 0.43cm and
waist circumference (WC) – 98.3±29.6cm. 13.1% were current
smokers. Mean birth weight was 3285± 886g. Mean fasting and
2-hour post-load glucose at the time of Oral Glucose Tolerance
test (OGTT; mean duration: xx weeks) were 4.2±1.2 and 5.4±
2.0mmol/l, respectively. Mean placenta weight was 644.5±
148.6g.
Placental weight, gestational age, fasting and 2-hour post-load
glucose were independent predictors of birth weight after
adjustment for height, BMI and smoking status (all p< 0.001).
Birthweight (p< 0.001) and 2-hour post-load glucose-
(p= 0.016) independently predicted of placental weight after
adjustment for all above factors and explained 40% variation in
placental weight. Maternal adiposity (BMI, WC and height),
smoking status or gender did not impact on placental weight.
Maternal adiposity (BMI, waist cicumference or skin folds),
smoking status or glucose did not predict placental weight.
Conclusion: Placental weight, along with gestational age and
glucose were independent predictors of offspring weight, after
adjusting for all maternal characteristics. Placental weight in
turn is preserved across different maternal characteristics except
2hr post-load glucose. Whilst majority of the factors affecting
placental weight are not known, our findings highlight the
importance of studying placental characteristics to accurately
predict offspring weight. Further work is needed to study the
associations between antenatal placental volume measured by
ultrasound and its impact on placental and offspring weight.

LM2.07.08

Child resiliency at 2 years given exposure to poor maternal
mental health: results from the All Our Families pregnancy
cohort

C. Tough

University of Calgary, CALGARY, Canada

Background: Children who are experience care from a mother
with poor mental health are at greater risk for developmental
delays in early childhood. Despite the adverse outcomes asso-
ciated with this exposure, some children do not have develop-
mental problems and exhibit resilience, suggesting there are
factors that can play a protective role. Identifying the factors
that protect children against early developmental delay among
those exposed to mothers with poor mental health can inform
prevention and early intervention strategies. This study iden-
tifies factors that protect children against development delay at
age 2 in the presence of poor maternal mental health.

Methods: We analyzed data from a community sample of
1596 women who participated in the All Our Families preg-
nancy cohort. Participants completed comprehensive ques-
tionnaire data during mid-pregnancy, late pregnancy, four
months postpartum, 1 year postpartum and 2 years postpartum
and provided access to obstetrical and birth record data. Pro-
tective factors for child development at age 2 in the midst of
poor maternal mental health were identified using multivariate
logistic regression modeling.
Results: At age 2, 18% of children were classified as devel-
opmentally delayed, 15% with behavioral problems and 13%
with delayed social-emotional competencies. Among children
whose mothers were experiencing poor mental health, factors
that were protective against delayed development at age 2
included having a mother with higher social support during
pregnancy, more relationship happiness with their partner, and
higher parenting self-efficacy. Protective factors for social-
emotional development included having a mother with higher
relationship happiness, higher parenting self-efficacy and being
able to fall asleep in less than 30minutes. Protective factors for
behavioral problems included having a mother who reported
higher optimism during pregnancy, less difficulty balancing
family, work and other responsibilities, being able to fall asleep
in less than 30minutes and sleeping through the night by age 2.
Conclusions: To positively impact early child development
among families where the mother has ongoing mental health
problems, public health, early intervention and parenting pro-
grams could focus on strategies that support interpersonal
relationships, parenting confidence and sense of competence.
Parents could be supported with strategies that establish good
sleep habits.

LM2.07.09

Socioeconomic and family predictors of cardiovascular
health in adulthood in the Australian Aboriginal Birth
Cohort

P.L. Sjöholm1, B. Davison2, K. Pahkala1, M. Juonala1,
G.R. Singh2

1University of Turku, TURKU, Finland; 2Northern Territory
Medical Program; Menzies School of Health Research, DARWIN,
Australia

Background: In 2010, The American Heart Association
(AHA) set seven impact goals for ideal cardiovascular health:
ideal blood pressure, glucose, cholesterol levels and body mass
index (BMI), physical activity on recommended levels, non-
smoking and a healthy diet. Meeting these health metrics has
been shown to be associated with a lower risk of cardiovascular
disease. Low birthweight and low socioeconomic status have
been linked to increased rates of cardiovascular disease.
Our aim was to determine the prevalence of ideal cardiovas-
cular health metrics and explore the relationship of socio-
economic factors including birthweight with cardiovascular
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health in adulthood in a longstanding Aboriginal Birth Cohort
in Australia.
Methods: The sample comprised a total of 686 Aboriginal
babies born at the Royal Darwin Hospital between 1987 and
1990. At birth, birthweight was measured and data was gath-
ered about the families and their living conditions. A follow-up
was conducted in adulthood with a mean age of 25.4 years. At
follow-up, prevalence of cardiovascular health metrics was
assessed and each participant received an AHA score between 0
and 7. The role of socioeconomic factors at birth and areal
socioeconomic disadvantage in adulthood was analysed.
Results: The mean total AHA scores in the cohort were 3.9 for
males and 3.5 for females (P= 0.04). Female gender was
directly associated with ideal cholesterol levels (OR 2.7,
P= 0.0008) and ideal blood pressure (OR 6.5, P< 0.0001)
and inversely associated with ideal levels of physical activity
(OR 0.22, P< 0.0001). Living in an area of low socioeconomic
disadvantage level at follow-up was inversely associated with
ideal cholesterol levels (OR 0.32, P= 0.01) and ideal blood
pressure levels (OR 0.13, P= 0.0007). Being born to a family
with more than six children was directly associated with ideal
BMI levels (OR 3.67, P= 0.03). Maternal obesity (BMI > 30)
was directly associated with ideal levels of physical activity (OR
5.2, P= 0.02) and inversely associated with ideal cholesterol
levels (OR 0.16, P= 0.006) and ideal blood pressure levels (OR
0.11, P= 0.002). Low maternal BMI (<18.5) was directly
associated with ideal BMI (OR 1.87, P= 0.01) and ideal cho-
lesterol levels (OR 1.47, P= 0.03). In multivariable analyses,
no significant association was found between birthweight and
the seven cardiovascular health markers.
Conclusions: Significant differences were found between
males and females regarding physical activity, cholesterol and
blood pressure levels. Family size, maternal nutritional status
and area level disadvantage independently predict cardiovas-
cular health in adulthood. These factors could be of significance
when assessing cardiovascular health in the Aboriginal popu-
lation and important in reducing the gap in cardiovascular
disease mortality and morbidity between the Aboriginal and
the non-Aboriginal populations.

LM2.07.10

Socioeconomic disadvantage, gestational immune activity,
and neurodevelopment in early childhood

S.E. Gilman1, M. Hornig2, A. Ghassabian3, J. Hahn4,
S. Cherkerzian5, P.S. Albert6, S.L. Buka7, J.M. Goldstein5

1National Institutes of Health, BETHESDA, United States of
America; 2Columbia University, NEW YORK, United States of
America; 3New York University, NEW YORK, United States of
America; 4Harvard T.H. Chan School of Public Health,
BOSTON, United States of America; 5Brigham and Women’s
Hospital, BOSTON, United States of America; 6National Cancer
Institute, ROCKVILLE, United States of America; 7Brown
University, PROVIDENCE, United States of America

Background: Children raised in economically disadvantaged
households face increased risks of poor health in adulthood,
suggesting that inequalities in health have early origins. How-
ever, the mechanisms involved are unclear. From the child’s
perspective, exposure to economic hardship may begin as early
as conception, in part via maternal neuroendocrine-immune
responses to prenatal stressors, which adversely impact
neurodevelopment.
Methods:We investigate whether socioeconomic disadvantage
is associated with gestational immune activity—which plays a
key role in fetal brain development—and whether such activity
is associated with offspring neurodevelopment. We analyzed
concentrations of five immune markers in 3rd-trimester
maternal serum (interleukin (IL)-1β, IL-6, IL-8, IL-10, and
tumor necrosis factor (TNF)-α) from 1,494 participants in the
New England Family Study in relation to the level of maternal
socioeconomic disadvantage and their involvement in offspring
neurologic abnormalities at 4 months and 1 year.
Results: Median concentrations of IL-8 were lower in the most
disadvantaged pregnancies (-1.53 log(pg/mL); 95% confidence
interval (CI): -1.81, -1.25). Offspring of these pregnancies had
significantly higher risk of neurologic abnormalities at 4 months
(odds ratio (OR)= 4.61; CI= 2.84, 7.48) and 1 year (OR=
2.05; CI= 1.08, 3.90). This was, in part, accounted for by fetal
exposure to lower maternal IL-8, which predicted higher risks of
neurologic abnormalities at 4 months (OR= 7.67; CI= 4.05,
14.49) and 1 year (OR= 2.92; CI= 1.46, 5.87).
Conclusions: Findings support the role of maternal immune
activity in fetal neurodevelopment, exacerbated in part by
prenatal exposure to socioeconomic disadvantage. This finding
reveals a potential pathophysiologic pathway involved in the
intergenerational transmission of socioeconomic inequalities in
health.

LM2.07.11

Pregnant women of South Asian origin have higher
prevalence of symptoms suggestive of anxiety and
depression in early pregnancy.

J. Selvamoni1, C. Bagias2, M.A.L. Miah1, J. Plester1,
P. Saravanan2

1George Eliot Hospital NHS Trust, NUNEATON, United
Kingdom; 2Warwick Medical School, University of Warwick,
COVENTRY, United Kingdom

Research Question: Maternal anxiety and depression are
known to adversely affect maternal outcome and offspring’s
health. However, little is known on the prevalence of these in
women from Black and Minority Ethnic (BME) communities
in the UK. We studied the ethnic specific prevalence and fac-
tors contributing to anxiety and depression.
Method: A sub-study of the ongoing prospective multi-ethnic
cohort in the UK, ‘Micronutrients in Pregnancy as a Risk factor
for gestational Diabetes and Effects on mother and baby
(PRiDE) study’ was utilised to explore this. We analysed the
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data from the first 3571 women who participated in this
PRiDE-Wellbeing sub-study. PRiDE is an early pregnancy
cohort of women of high metabolic risk in the UK. Self-
reported anxiety (Generalised Anxiety Disorder Assessment,
GAD7), depression (Patient Health Questionnaire, PhQ9) and
wellbeing (Warwick-Edinburgh Mental Well-being scale,
WEMWBS) questionnaires were collected at first trimester
(mean gestational age: 12 weeks) and at the time of oral glucose
tolerance test (OGTT) (mean gestational age: 27 weeks).
Results: The study population comprised: 16.3% South Asians
(SA), 73.6%White Caucasians (WC) and 11.7% others. Their
mean age: 31.6 (± 5.5) years and BMI: 29.1 ( ± 9.9) kg/m2

were at the time of recruitment.
Both anxiety [mean ± SD: 4.0 ±4.70 vs. 3.5 ± 4.6; p= 0.03]
and depression [mean ± SD: 5.3 ± 4.5 vs. 4.6 ± 4.1; p= 0.006]
scores were higher in SA in comparison with WC in early
pregnancy. Age, South Asian ethnicity, marital status,
employment and lower household income were the indepen-
dent predictors of anxiety. Similarly, for depression, age,
employment and lower income were independent predictors.
However, at the time of OGTT (24-28 weeks) there are no
differences in the anxiety [mean ± SD: 3.5 ± 4.2 vs. 3.5 ± 4.5;
p= 0.910] or depression [mean ± SD: 4.3 ± 3.8 vs 4.4 ± 4.1;
p= 0.75] scores between SA andWC.Wellbeing was similar in
SA and WC in early [mean ± sd: 49 ± 16.5 vs. 49 ±13.8; p=
0.41], as well as at the time of OGTT [mean ± SD: 50 ± 15.2
vs. 50 ± 13.6; p= 0.97].
Conclusion: SA ethnicity, Age and lower household income
are associated with higher levels of anxiety in high-risk pregnant
women in the early stages of pregnancy. Ethnicity plays a lesser
role in depression than anxiety. In both ethnic groups, the
scores improved in later pregnancy. Interestingly, wellbeing
scores were similar between the ethnic groups. Questions in the
self-reported WEMWBS scale are positively worded and hence
more suitable for general population such as the participants of
this cohort. This may explain the differences seen between
PHQ9, GAD7 and WEMWBS. Further studies are needed to
evaluate the impact of these scales in early pregnancy and the
relative changes of these scores on post-natal depression and
offspring’s health.

PA2.09 - Bone health and osteoporosis

PA2.09.01

Early origins of osteoporosis

C. Cooper

University of Southampton, SOUTHAMPTON, United
Kingdom

Osteoporosis is a skeletal disease characterised by low bone
mass and susceptibility to fracture. Preventive strategies against
osteoporotic fracture can be targeted throughout the life course.
Although there is evidence to suggest that peak bone mass is
inherited, current genetic markers are able to explain only a

small proportion of the variation in individual bone mass or
fracture risk. Evidence has begun to accrue that fracture risk
might be modified by environmental influences during
intrauterine or early postnatal life: (1) Epidemiological studies
which confirm that subjects who are born light and whose
growth falters in the first year of postnatal life, have significantly
lower bone size and mineral content, at age 60 to 75 years; (2)
Cohort studies demonstrating that subsequent lower trajec-
tories of childhood growth are associated with an increased risk
of hip fracture among such men and women; (3) Detailed
physiological studies of candidate endocrine systems which
might be programmed have shown that birthweight and
growth in infancy alter the functional settings of the GH/
IGF-1, and vitamin D/PTH axes; (4) Studies characterising the
nutrition, body build and lifestyle of pregnant women which
relate these to the bone mass of their newborn offspring, have
identified a number of important determinants of reduced fetal
mineral accrual: these include maternal smoking, excessive
weight bearing physical activity in late pregnancy, and low
maternal fat stores. More recently, maternal vitamin D insuf-
ficiency during mid and late gestation has been associated with
bone mineral content and areal BMD in the offspring at age 9
years. As a consequence, large randomised controlled trials of
vitamin D supplementation in pregnancy have been instituted
and the results of these will inform public health interventions
aiming to reduce the frequency of maternal vitamin D
deficiency.

PA2.09.03

Mendelian Randomisation shows circulating maternal
vitamin D and calcium may be causally associated with
birth weight

W.D. Thompson1, J. Tyrell1, M.C. Borges2, R.N. Beaumont1,
B.A. Knight1, S.M. Ring2, A.T. Hattersley1, D.A. Lawlor2,
R. Freathy1

1University of Exeter, EXETER, United Kingdom; 2University of
Bristol, BRISTOL, United Kingdom

Background: Observational studies have shown positive asso-
ciations between maternal vitamin D or calcium levels and
birth weight, though these may be explained by confounding.
We therefore decided to investigate whether these traits in the
mother were associated with birth weight of the child.
Methods: We used UKBiobank (48,632 participants),
ALSPAC (7,853 participants) and EFSOCH (746 participants)
data to perform Mendelian Randomisation using trait-specific
SNPs. We constructed three weighted allele scores (WAS), one
for vitamin D synthesis (2 SNPs), vitamin D metabolism (2
SNPs) and for Calcium (7 SNPs), using genome-wide sig-
nificance SNPs previously reported by published GWAS.
Weights from those GWAS were used in our independent data
sets. Causative estimate associations were calculated using the
ratio estimator, which is equivalent to the inverse-variance
weighted method. We used MR-Egger in sensitivity analyses to
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check for pleiotropy, I-squared to assess heterogeneity between
SNP effects and “leave-one-out” analysis to check for strong
influences of individual SNPs. We also used ALSPAC and
EFSOCH data to adjust for fetal genotype, and compared
WAS-own birth weight (i.e. fetal) with maternal WAS-first
child birth weight associations in UKBiobank.
Results: Using the ratio estimator, we calculated that a 10%
higher maternal 25[OH]D level (synthesis score) was causally
associated with a 15g (95% CI: 5g to 26g) higher birth weight,
and a 1SD higher calcium level was causally associated with a
45g (95% CI: -5g to 96g) higher birth weight. The equivalent
result for 25[OH]D level metabolism was 1g (95%CI: -7g to
9g). Vitamin D results were similar with the inverse-variance
weighted and MR-Egger methods. For calcium, there was evi-
dence of pleiotropy, and single SNP influences. There was no
evidence (either from conditional analyses or from comparisons
of maternal vs fetal WAS-birth weight associations) that the
results were driven by association with fetal genotype.
Conclusion: Our results suggest that higher maternal vitamin
D synthesis causes higher birth weight. Further research is
required to explore the extent to which supplements of vitamin
D and/or calcium might be useful for attaining optimal birth
weight.

PA2.09.04

A genome-wide association meta-analysis implicates
adrenal steroidogenesis in the process of skeletal
maturation

O. Grgic1, C. Medina-Gomez1, S. McCormack2,
D.L. Cousminer2, J. Mitchell2, H. Kalkwarf3, J. Lappe4,
V. Gilsanz5, S.E. Oberfield6, J.A. Shepherd7, A. Kelly2,
S. Mahboubi2, K. Trajanoska1, V.W.V. Jaddoe1,
A.G. Uitterlinden1, E.B. Wolvius1, A. Chesi2, B.S. Zemel2,
S.F.A. Grant2, F.R. Rivadeneira1

1Erasmus MC, ROTTERDAM, The Netherlands; 2The
Children’s Hospital of Philadelphia, PHILADELPHIA, United
States of America; 3Cincinnati Children’s Hospital Medical
Center Ohio, OHIO, United States of America; 4Creighton
University School of Medicine, NEBRASKA, United States of
America; 5University of Southern California, LOS ANGELES,
United States of America; 6Columbia University Medical Center,
NEW YORK, United States of America; 7University of
California, SAN FRANCISCO, United States of America

Background: Advanced or delayed physiological age can
influence significantly health and disease processes. Physiolo-
gical age can be assessed through several parameters, typically
with skeletal age (SA) determined on carpal bones. We per-
formed the first genome-wide association study (GWAS) meta-
analysis to identify genetic determinants of skeletal maturation
in children of school age.
Methods: Two cohorts were included in this study, the Gen-
eration R Study (GENR), a multiethnic birth cohort in Rot-
terdam, The Netherlands, (N= 3510 children; mean

age= 9.79 ± 0.33), and The Bone Mineral Density in Child-
hood Study (BMDCS; N= 1048; mean age= 11.34 ± 1.79,
range: 8 to 13y). Bone age was assessed on hand images using
the Greulich and Pyle method by a pediatric radiologist or
endocrinologist (BMDCS) and one trained observer (GENR).
Standardized residuals of SA were calculated separately for boys
and girls in both cohorts and used as outcomes in all further
association analyses. Participants were genotyped with Illumina
BeadChip technology using HumanHap 610K (GENR) and
Human OmniExpressExome (BMDCS) arrays. Both studies
were imputed to the 1000GP reference panel. Association
between genotypes and SA was tested using linear regression in
GENR, and linear mixed models in BMDCS. All models were
corrected for age, BMI (and 10 genomic PCs in GENR). The
fixed-effects inverse variance method implemented in METAL
was used for the meta-analysis. Genome-wide significance
(GWS) was set at P< 5× 10-8.
Results: In GENR, a GWS signal was identified mapping to
CYP11B1 on 8q24.3 (synonymous variant; rs6410; beta=
0.15; P= 2.8× 10-10), and three suggestive signals mapped to
9q21.32 (intergenic; rs1246290; β= 0.125; P= 8.5× 10-7),
7p12.3 (intergenic; rs189058183; β= -0.85; P= 3.6× 10-7)
and 21q21.1 (intergenic; rs380807; β= -0.85; P= 6.7× 10-7).
Significant evidence of replication was observed in BMDCS for
the first two signals (CYP11B1; P= 0.008; 9q21.32; P= 0.05).
After meta-analysis only the CYP11B1 signal achieved GWS
(P= 1.1× 10-11).
Conclusion:We identified one novel locus robustly associated
with SA containing CYP11B1. Mutations in CYP11B1 cause
congenital adrenal hyperplasia, a disorder presenting with pre-
cocious puberty and short stature among other clinical mani-
festations. These findings potentially implicate a role for
adrenal steroidogenesis in the process of pediatric skeletal
maturation, opening new avenues to investigate normal skeletal
maturation and bone health in general.

PA2.09.05

Structural geometry of bones is prominently associated
with risk of fracture in children.

C. Medina-Gomez1, O. Grgic1, D.H.M. Heppe1,
K. Trajanoska1, A.G. Uitterlinden1, V.W.V. Jaddoe1,
T. Beck2, F. Rivadeneira1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Beck
Innovations, BALTIMORE, United States of America

Background: Low total body BMD (TB-BMD) is an estab-
lished risk factor for fractures in healthy children. However,
bone strength depends not only on bone mass and density, but
also on the structural geometry of bones. Hip structural analysis
(HSA) is a technique applied on hip DXA scans to calculate
several bone geometry parameters. The aim of our study was to
evaluate other bone geometrical parameters that can constitute
determinants of fracture risk. Specifically, we examined the
association between femoral structural parameters including
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the geometry-derived femoral stress index (FSI) and risk of
fracture in children.
Methods: We studied 1,851 children from the Generation R
study, with whole body and hip scans measured using the same
densitometer (GE-Lunar iDXA) at a mean age of 6.2 years. Hip
DXA scans underwent HSA with derivation of FSI. This stress
index considers both, bending and axial forces acting on the
femoral neck and is adjusted for lean mass fraction. Fractures at
any skeletal site were assessed using questionnaire reports
obtained before a mean age of 9.8 years. Risk (odds) of fracture
was estimated from logistic regression models adjusted for sex,
age, weight and ethnicity.
Results: Fractures was observed in 251 children (13.7%). A
significant increase in the odds of fracture was observed for
every standard deviation (SD) decrease in TBLH-BMD (OR:
1.28 95%, CI 1.05-1.56; P= 0.01). Similarly, an increase in
the odds of fracture was observed for every reduction in one SD
of femoral neck BMD (OR= 1.23 95% CI 1.06-1.43;
P= 0.005) and narrow neck BMD (OR= 1.26 95% CI 1.08-
1.46; P= 0.005). The FSI showed the strongest association
with fracture, where every increment of one SD in the FSI
resulted in 28% increased odds of fracture (OR:1.28 95%CI
1.13-1.45; P= 0.0001). After inclusion of both the FSI and
each of the BMD variables in the multiple regression model,
only the stress variable remained significantly associated with
risk of fracture.
Conclusions: Femoral and total body BMD parameters are
associated with fracture in children. The stress index which
considers in addition to quantity, the distribution of bone in
the region, constitutes a biomechanical assessment which cap-
tures fracture propensity of children. These results are tanta-
lizing enough to warrant future investigations designed to
evaluate the role of this stress index as an early determinant of
fracture later in life.

PA2.09.06

Life-course Genome-Wide Association Study Meta-analysis
of TB-BMD Yields Thirty-Six Novel Loci and Identifies
Age-specific Effects

C. Medina-Gomez1, J.P. Kemp2, F.P. Hartwig3, A. Chesi4,
T.S. Ahluwalia5, M. Atalay6, Z. Zhu7, M. Nethander8,
D.O. Mook-Kanamori9, L. Jian’an10, I. Nedeljkovic1,
S. Grant4, M.A. Ikram1, T. Lakka6, K. Bønnelykke5,
C. Ackert-Bicknell11, J. Felix1, V.W.V. Jaddoe1, D.M. Evans2,
F. Rivadeneira1

1Erasmus MC, ROTTERDAM, The Netherlands; 2The
University of Queensland Diamantina Institute, BRISBANE,
Australia; 3Federal University of Pelotas, PELOTAS, Brazil;
4Children’s Hospital of Philadelphia, PHILADELPHIA, United
States of America; 5COPSAC; Copenhagen Prospective Studies on
Asthma in Childhood, COPENHAGEN, Denmark; 6University
of Eastern Finland, KUOPIO, Finland; 7University of Western
Australia, CRAWLEY, Australia; 8University of Gothenburg,

GOTHENBURG, Sweden; 9Leiden University Medical Centre,
LEIDEN, The Netherlands; 10University of Cambridge,
CAMBRIDGE, United Kingdom; 11University of Rochester,
ROCHESTER, United States of America

Bone mineral density (BMD) assessed by DXA is used for the
evaluation of bone health in children across the total body (TB)
and to diagnose osteoporosis in the elderly population mea-
sured at the lumbar spine (LS) and femoral neck (FN). To date,
more than sixty BMD loci have been identified. To investigate
the genetic determinants of TB-BMD variation along the life
course and test for age-specific effects we performed a meta-
analysis of 30 genome-wide association studies (GWAS) of TB-
BMD including 66,628 individuals overall and divided across 5
age-strata of 15 years span. We identified genome-wide sig-
nificant variants in 80 loci (of which 36 are novel). Overall,
approximately 10% of variance in TB-BMD was captured by
genome-wide significant variants. Meta-analysis stratified across
age bins indicated clear age modulation of the effect of markers in
ESR1 and RANKL loci on TB-BMD. Pathway and enrichment
analysis of the association signals resulted in clustering within
gene-sets implicated in the regulation of cell growth and SMAD
proteins; overexpressed in the musculoskeletal system; and enri-
ched in enhancer and promotor regions. These findings reveal
TB-BMD as a relevant trait for genetic studies of osteoporosis,
capable of identifying (novel) variants influencing different bone
compartments and contributing to our knowledge of BMD
genetic determination across the life course.

PA2.09.07

25-hydroxyvitamin D achieved in response to antenatal
cholecalciferol supplementation is associated with common
vitamin D related genetic variants

J. Moon1, N.C. Harvey1, C. Cooper1, S. d’Angelo1,
E.M. Curtis1, S.R. Crozier1, S.J. Barton1, S.M. Robinson1,
K.M. Godfrey1, N.J. Graham2, J.W. Holloway2, N.J. Bishop3,
S. Kennedy4, A.T. Papageorghiou4, I. Schoenmakers5,
R.B. Fraser6, S.V. Gandhi6, A. Prentice5, H.M. Inskip1,
M.K. Javaid7

1MRC Lifecourse Epidemiology Unit, SOUTHAMPTON,
United Kingdom; 2Human Development and Health, University
of Southampton, SOUTHAMPTON, United Kingdom;
3University of Sheffield, SHEFFIELD, United Kingdom;
4Nuffield Department of Obstetrics and Gynaecology, John
Radcliffe Hospital, OXFORD, United Kingdom; 5MRC Human
Nutrition Research, CAMBRIDGE, United Kingdom; 6Sheffiled
Hospitals NHS Trust, SHEFFIELD, United Kingdom; 7NIHR
Musculoskeletal Biomedical Research Unit, OXFORD, United
Kingdom

Objectives:Maternal 25-hydroxyvitamin D [25(OH)D] status
in pregnancy has been associated with offspring musculoske-
letal health, suggesting optimization of maternal vitamin D
status during pregnancy might be beneficial to long-term health.
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However, the response to antenatal vitaminD supplementation is
highly variable. Single nucleotide polymorphisms (SNP) in genes
related to vitamin D metabolism have been associated with 25
(OH)D status in non-pregnant adults, but the relationship with
the response to gestational vitamin D supplementation has not
previously been examined. We assessed whether SNPs in
DHCR7 (7-dehydrocholesterol reductase in the skin), CYP2R1
(25-hydroxylase), CYP24A1 (24-hydroxylase) and GC (Vitamin
D binding protein) were associated with the response to chole-
calciferol supplementation in pregnancy.
Methods: MAVIDOS is a randomised double-blind placebo-
controlled trial of 1000 IU/day cholecalciferol from 14 weeks
gestation until delivery in women with a baseline 25(OH)D of
25-100nmol/l. Anthropometry and serum 25(OH)D (Dia-
sorin Liaison) were assessed at 14 and 34 weeks gestation.
Genotyping of rs12785878 (DHCR7), rs10741657
(CYP2R1), rs6013897 (CYP24A1) and rs2282679 (GC) was
undertaken using KASP™ competitive allele-specific PCR
(LGC Genomics, Hoddeston, UK). Multiple linear regression
was performed using an additive model with the homozygous
minor allele as the reference group (beta represents the change
in outcome per additional major allele), adjusting for a number
of previously identified determinants of 25(OH)D.
Results: 712 women (345 cholecalciferol, 367 placebo) were
included (95.8%White ethnicity). Only rs12785878 (DHCR7)
was associated with baseline 25(OH)D [β= 4.1nmol/l (95% CI
2.2, 6.1), p<0.001]. Conversely, rs10741657 (CYP2R1) [β= -
4.1nmol/l (95%CI -7.1, -1.2), p= 0.006] and rs2282679 (GC)
[β= 4.4nmol/l (95%CI 1.2, 7.6), p= 0.007] were associated
with achieved 25(OH)D after supplementation, but rs12785878
and rs6013897 were not.
Conclusion: Genetic variation in DHCR7, which encodes 7-
dehyrocholesterol reductase in the cholesterol/vitamin D bio-
synthesis pathway in the skin appears to modify baseline 25
(OH)D in early pregnancy. Conversely, the response to
antenatal cholecalciferol supplementation was associated with
SNPs in CYP2R1 and GC, which may alter 25-hydroxylase
activity and vitamin D binding protein synthesis or affinity.
Women with more risk alleles may require higher supplement
doses to achieve vitamin D repletion in pregnancy.

PA2.10 - Early growth and adiposity

PA2.10.03

Dynamic prediction of high blood pressure in childhood
with Generation R data: a model development study

M. Hamoen1, Y. Vergouwe1, M.W. Heymans2,
V.W.V. Jaddoe1, J.W.R. Twisk2, H. Raat1, M.L.A. de Kroon1

1Erasmus MC, ROTTERDAM, The Netherlands; 2VU
University Medical Center, The EMGO Institute for Health and
Care Research, AMSTERDAM, The Netherlands

Background:High blood pressure in childhood strongly tracks
into adulthood, which makes it an important risk factor for the

development of cardiovascular disease. Identifying children at
high risk of developing high blood pressure may enable targeted
primary prevention. Therefore, this study aimed to develop and
internally validate a dynamic prediction model for high blood
pressure at the age of 10 years that could be applied from birth
onwards.
Methods: Data were used from 5,359 children in the
Generation R Study, a Dutch population-based prospective
birth cohort study. High blood pressure was defined as systolic
and/or diastolic blood pressure ≥ 95th percentile adjusted for
age, gender and height.(#_ENREF_1) Multivariable pooled
logistic regression was used to assess the association between
potential predictors from birth to the age of 6 years and high
blood pressure at the age of 10 years, using longitudinal
information on the predictor body mass index (BMI) of the
child. The prediction model was internally validated with
bootstrapping.
Results: 227 children (4.2%) had high blood pressure mea-
sured at a median age of 9.7 years. The strongest predictors
were maternal hypertensive disease during pregnancy, maternal
educational level, maternal pre-pregnancy BMI, child ethni-
city, birth weight standard deviation score (SDS) and the most
recently measured BMI SDS. When the model was applied at
different ages to predict high blood pressure at the age of 10
years, the area under the ROC-curve ranged from 0.65 (pre-
diction at 3 years) to 0.73 (prediction at 5-6 years).
Conclusions: A dynamic model including easily obtainable
child and maternal characteristics can predict high blood pres-
sure at the age of 10. This prediction model can be applied at
different ages between 6 months and 6 years and could guide
targeting primary prevention efforts.
References
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PA2.10.04

Increased obesity parameters are associated with shorter
telomeres in 8 year old children

D. Clemente Batalha Pardal1, L. Chatzi2, A. Danileviciute3,
S. Fossati1, L. Maitre1, R.R.C. McEachan4, H. Meltzer5,
I. Petraviciene3, R. Slama6, C. Thomsen5, M. Vafeiadi2,
J. Wright4, T.S. Nawrot7, M. Vrijheid8

1ISGlobal, BARCELONA, Spain; 2University of Crete, CRETE,
Greece; 3Vytauto Didziojo Universitetas, KAUNAS, Lithuania;
4Bradford Institute for Health Research, BRADFORD, United
Kingdom; 5Norwegian Institute of Public Health, OSLO,
Norway; 6Inserm and University Grenoble-Alpes, GRENOBLE,
France; 7Hasselt University, DIEPENBEEK, Belgium; 8ISGlobal
(CREAL), BARCELONA, Spain

Introduction: Telomere length is considered a biomarker of
biological aging. Shorter telomeres and obesity have both been
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associated with age-related diseases such as cardiovascular dis-
ease and type 2 diabetes. Moreover, in recent years, obesity has
been associated with shorter telomeres in adults. In children
this association is not well established. In this study we eval-
uated the association of telomere length with various indices of
obesity.
Methods: In this analysis we used children of the HELIX sub-
cohort (n= 1305). Obesity was assessed in 4 different ways:
body mass index (BMI z-score), fat mass (z-scores) determined
from bioimpedence measurements, waist circumference (z-
scores), and skinfold thickness (z-scores) determined as the sum
of subscapular and triceps skinfold thickness. Relative telomere
length was measured by using real time polymerase chain
reaction (qPCR). Effect estimates were calculated using mul-
tiple linear models adjusted for relevant covariates (i.e.; age, sex,
birth weight, ethnicity, and cohort).
Results: Preliminary analyses show that there is an inverse
association between telomere length and BMI, fat mass, waist
circumference, and skinfold thickness in 8 year old children
(ranging from 5.5-12 years). A one-unit increase in BMI
z-score, and skinfold thickness z-score was significantly asso-
ciated with a decrease in telomere length of -1.3% (95%
Confidence interval (CI): -2.3, -0.4) and -0.13% (95% CI:
-0.26, -0.01), respectively. Furthermore, each unit increase in
waist circumference z-score was associated with borderline
significant telomere shortening of -1.1% (95% CI: -2.3, 0.02).
Finally, a one-unit increase in fat mass z-score was not sig-
nificantly associated with telomere length (-0.7%; 95% CI:
-1.9, 0.5).
Conclusion: Children with higher obesity scores have
shorter telomeres. These findings suggest that obesity may
accelerate telomere shortening in children and thus may
accelerate aging.

PA2.10.05

Epigenetic marks of in utero exposure to gestational
diabetes (GDM) and childhood adiposity outcomes: The
EPOCH Study

I.V.Y. Yang1, W. Zhang1, E.J. Davidson1, T.E. FIngerlin2,
Kechris1, D. Dabelea1

1University of Colorado Denver, AURORA, United States of
America; 2National Jewish Health, DENVER, United States of
America

Background: We have previously shown that the maternal
gestational diabetes mellitus (GDM) is associated with the
metabolic abnormalities that are precursors of type 2 diabetes
(T2D) in pre-pubertal youth in the Exploring Perinatal Out-
comes in CHildren (EPOCH) Study. We now aim to identify
GDM-exposure-associated DNA methylation changes and
assess whether such changes are also associated with adiposity-
related outcomes.
Methods: We measured genome-wide DNA methylation in
peripheral blood collected from 81 GDM exposed and 81

unexposed EPOCH offspring (mean age 10.5 years) using the
Illumina’s Infinium Human Methylation 450k BeadChip on
bisulfite-treated samples. In all analyses of epigenetic data, we
adjusted for child age, sex and race/ethnicity. We also estimated
and adjusted for cell counts in whole blood. Differentially
methylated positions (DMPs) were prioritized using a combi-
nation of our own data and published DNA methylation
changes associated with GDM exposure at birth. Differentially
methylated regions (DMRs) were prioritized using pathway
enrichment analysis. Prioritization was followed by pyr-
osequencing analysis for technical validation of GDM-
associated epigenetic marks and testing for association with
adiposity-related outcomes. To maximize power for detecting
associations with adiposity outcomes, pyrosequencing was
performed on the same 81 GDM exposed offspring used for the
genome-wide methylation assessment and 204 unexposed off-
spring, consisting of 81 used in the genome-wide assessment
and an additional 123 unexposed participants.
Results: We identified 105 differentially methylated
positions (DMPs) associated with GDM exposure at false dis-
covery rate (FDR)< 10% in peripheral blood with 55 loci
remaining significant after adjustment for cell proportions.
Furthermore, analysis adjusted for cell proportions identified
additional significant 43 DMPs (FDR< 10%) that were not
significant in the unadjusted analysis. The median absolute
percent methylation change between exposed and unexposed
children was 1.1% (range 0.33-5.0%) with almost equal
number of hypo- and hyper-methylayed loci (53% hypo-
methylated). Protein-protein interaction (PPI) analysis, using
Network Analyst, of genes nearest to the 98 GDM exposure-
associated DMPs after adjustment for cell proportions
identified several of the differentially methylated genes as
hubs in a significant PPI; this includes transcription factors
CEBPG, CALCOCO2 (NDP52), and E2F6; protein kinases
MAP3K11, NTRK1, PRKCE, and RYK; and methyl-
transferases EHMT1 and SHMT1 (Figure). We also identified
2195 differentially methylation regions (DMRs) at FDR< 5%
after adjustment for cell proportions. We prioritized loci for
pyrosequencing validation and association analysis with
adiposity-related outcomes based on strengths of association
and effect size, network and pathway analysis, analysis
of cord blood, and previous publications. Methylation in 6 of
the 9 (67%) GDM-associated genes was validated and we
also showed that methylation of SH3PXD2A is significantly
(P< 0.05) associated with multiple adiposity-related
outcomes.
Conclusions: GDM exposure-associated DNA methylation
changes were in genes that are related to each other by multiple
network and pathway analyses, suggesting that our study
identified modules of differential methylation. Our findings
suggest that epigenetic marks may provide an important link
between in utero exposure to GDM and obesity in childhood,
and add to the growing body of evidence that DNA methyla-
tion is an important cellular mechanism affected by GDM
exposure.
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Proteinamide exposure during p-protein interactome analysis
of genes nearest 98 GDM exposure-associated DMPs after
adjustment for cell proportions.

PA2.10.06

Maternal infection and antibiotic use in pregnancy in
relation to childhood obesity: A longitudinal birth-cohort
study with long-term follow-up

D.K. Li, H. Chen, J.R. Ferber, R. Odouli

Kaiser Permanente, OAKLAND, United States of America

Background:Maternal use of antibiotics during pregnancy has
been reported to be associated with risk of obesity in offspring
in the emerging literature. However, it is not clear whether the
observed effect was due to the impact of underlying maternal
infection, antibiotic use, or both.
Methods: To distinguish the effect of maternal infection from
that of maternal antibiotic use during pregnancy, we conducted
a birth cohort study examining the associations among 203,999
mother-child dyads with up to 12 years of follow-up (2003 to
2015). We used electronic medical records (EMRs) to ascertain
information on maternal infection diagnosis, results of screen-
ing for group B streptococcus (GBS), and antibiotic use during
pregnancy. EMRs were also used to ascertain anthropometric
measurements of offspring. Childhood obesity was defined as
BMI ≥ 95th percentile based on age- and gender-specific cri-
teria set by the Centers for Disease Control and Prevention.
Mixed effects logistic regression for repeated measurements was
used to analyze multiple BMI measurements per child during
the follow-up period.
Results: After controlling for multiple confounders, maternal
infection alone without antibiotic use during pregnancy was
associated with an increased risk of childhood obesity com-
pared to controls without infection. Offspring of mothers who
screened GBS positive during pregnancy had a 17% higher risk

of developing obesity: odds ratio (OR)= 1.17 (95% confidence
interval (CI): 1.10-1.25), compared to offspring whose
mothers did not have an infection diagnosis or antibiotic use
during pregnancy (unexposed controls). There was also a dose-
response relationship with increased number of infection epi-
sodes during pregnancy being associated with further increased
risk of childhood obesity in offspring: OR= 1.16 for one epi-
sode and OR= 1.26 for two or more episodes, respectively.
Offspring whose mothers had infections other than GBS (i.e.,
GBS screening was negative) overall did not have an increased
risk of obesity: OR= 1.01 (95% CI: 0.96-1.06). However,
those whose mothers had 3 or more infections during preg-
nancy appeared to have an increased risk of obesity: OR= 1.25
(95% CI: 1.00-1.57). We examined the impact of maternal
antibiotic use during pregnancy on childhood obesity sepa-
rately for antibiotic use with or without concurrent diagnosss
for an underlying infection. For antibiotic use with an under-
lying infection, we used the group of women who had similar
infections, but did not use antibiotics, as the reference group to
remove the effect of underlying infection so that the effect of
antibiotics could be better isolated. Maternal antibiotic use
during pregnancy was associated with an increased risk of
childhood obesity even after the impact of underlying infection
was controlled for: OR= 1.11 (95% CI: 1.06-1.16) for anti-
biotic use among those with an infection, and OR= 1.12 (95%
CI: 1.07-1.17) for antibiotic use among those without an
infection. Maternal C-section, BMI, smoking during preg-
nancy, and other factors were controlled for in the above
analyses.
Conclusions: In this large longitudinal birth cohort study,
both maternal infection and antibiotic use during pregnancy
were independently associated with increased risk of childhood
obesity. These findings suggest a long-term impact of in-utero
exposures to infections and antibiotics on childhood develop-
ment and growth.

PA2.10.07

Influence of fetal blood flow redistribution on fetal and
childhood growth and fat distribution: the Generation R
Study

M.N. Kooijman, R. Gaillard, I.K.M. Reiss, A. Hofman,
E.A.P. Steegers, V.W.V. Jaddoe

Erasmus MC, ROTTERDAM, The Netherlands

Background: A suboptimal intrauterine environment leads to
fetal blood flow redistribution and fetal growth restriction. Not
much is known about childhood growth consequences. Among
1195 pregnant women and their children we examined the
associations of fetal blood flow redistribution with birth out-
comes, and repeatedly measured fetal and childhood growth
and fat mass measures.
Methods: The current study was embedded in the Generation
R Study, a population-based prospective cohort study from
fetal life onwards in Rotterdam, the Netherlands. We measured
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umbilical and cerebral artery blood flow at a gestational age of
30.3 weeks (95% range, 28.5-32.6 weeks). A higher umbilical/
cerebral (U/C) pulsatility index ratio is an indicator of pre-
ferential blood flow to the brain cerebral circulation at the
expense of the lower body parts. Fetal and childhood growth
were repeatedly measured from the third trimester until child-
hood. We measured the total body fat mass, lean fat mass and
android/gynoid fat mass ratio by dual-energy X-ray absorptio-
metry and preperitoneal fat by ultrasound at 6 years.
Results: A higher fetal U/C ratio was associated with increased
risks of preterm birth and small size for gestational age at birth
[odds ratios, 1.41 (95% confidence interval, 1.08–1.85) and
1.63 (95% confidence interval, 1.21–2.19), respectively, per
SDS increase in U/C ratio]. Longitudinal growth analyses
showed that a higher fetal U/C ratio was associated with per-
sistently lower head circumference, length and weight from
third trimester fetal life until childhood (all P< 0.05). The fetal
U/C ratio was not associated with total body and abdominal fat
measures at 6 years.
Conclusions: Our results suggest that fetal blood flow redis-
tribution affects fetal development and has persistent con-
sequences for childhood growth.

Associations of third trimester fetal flow redistribution with
growth characteristics

PA2.12 - Reproduction outcomes

PA2.12.01

The effect of culture on embryo’s DNA methylation and
post natal phenotype

M.A. andre Sirard

Université Laval, QUÉBEC, Canada

Medically assisted reproductive technologies (ARTs), such as
in vitro embryo production, are increasingly being used to
palliate infertility. Eggs are produced following a hormonal
regimen that stimulates the ovaries to produce a large number

of oocytes. Collected oocytes are then fertilized in vitro and
allowed to develop in vitro until they are either frozen or
transferred to mothers. There are controversial reports on the
adverse impacts of these technologies on early embryos and
their potential long-term effects. Using newly developed tech-
nological platforms that enable global gene expression and
global DNA methylation profiling, we evaluated gene pertur-
bations caused by such artificial procedures. We know that cells
in the early embryo produce all cells in the body and are able to
respond to their in vitro environment. However, it is not
known whether gene perturbations are part of a normal
response to the environment or are due to distress and will have
long-term impacts. While the mouse is an established genetic
model used for quality control of culture media in clinics, the
bovine is a large mono-ovulating mammal with similar
embryonic kinetics as humans during the studied develop-
mental window. The analysis of transcriptomic and epigenetic
data indicate significant impact of the culture environment on
the early embryos which may not necessarily results in a post
natal phenotype. These model systems are critical to under-
stand the effects of assisted reproduction without the con-
founding impact of infertility and without the limitations
imposed by the scarcity of donated human samples and ethical
issues. The presentation will focus on the comparative biology
related to culture of oocytes and embryos on the outcome and a
summary of the phenotypes and concerns in relation to the use
of ART in humans.

PA2.12.03

Influence of maternal diabetes on the DNA methylation
and first embryonic lineages in the rabbit preimplantation
embryos

K.J.G. Grybel1, E. Canon2, J. Knelangen3, D. Kradolfer2,
M. Pendzialek4, M Schindler1, J. Gürke1, T. Blachère5,
M. Godet5, R. Obeid6, S. Ulbrich7, B. Fischer1,
V. Duranthon2, A. Navarrete Santos1

1Martin Luther University Halle-Wittenberg, HALLE (SAALE),
Germany; 2INRA, Jouy-en Josas, France; 3Martin Luther
University, Halle, Germany; 4Martin Luter University Halle-
Wittenberg, HALLE (SAALE), Germany; 5University of Lyon/
Stem-cell and Brain Research Institute, Lyon, France; 6University
Hospital of the Saarland, Homburg, Germany; 7Institute of
Agricultural Services, Zürich, Switzerland

In early pregnancy maternal diabetes leads to delay in embryo
development and changes in nutritional and hormonal signals
of the uterine environment. The current study focuses on
consequences of maternal diabetes on embryonic tissue for-
mation and its DNA methylation.We investigated the expres-
sion and promoter methylation of epiblast lineage specifier
Oct4 in 6 day old rabbit blastocysts at early gastrulation stage.
The expression of Oct4 was higher in epiblast of diabetic
blastocysts, accompanied by upregulation of Nanog and Sox2,
suggesting that epiblasts were less differentiated. Moreover the
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hypoblast differentiation factors Cer1 and Dkk1 were down-
regulated, what is a mark of underdevelopment.Specific
methylation of the POU5F1 (Oct4) promoter region was
investigated by bisulfite sequencing. The Oct4 promoter was
hypomethylated in hypoblasts and trophoblasts of diabetic
rabbits, implying also a mark of delay in differentiation.The
global DNA methylation of male and female blastocysts from
diabetic and healthy rabbits was examined, employing embry-
oblast and trophoblast tissue separately, using LUminometric
Methylation Assay (LUMA). No significant changes in global
DNA methylation were observed between embryonic tissues
from healthy and diabetic embryos.Furthermore we verified
that the methyl group donor S-adenosyl methionine (SAM)
and the product of the methylation reactions S-adenosylho-
mocysteine (SAH) were changed in diabetic pregnancy.
Concentrations of SAM and SAH were measured by use of a
modified liquid chromatography–tandemmass spectrometry in
rabbit blood plasma collected at the day 6 post coitum.Oct4
methylation was not caused by global methylation changes.
Our data showed that maternal diabetes mellitus affects the
Oct4 promoter methylation in a specific way with
consequences for Oct4 gene transcription and embryo devel-
opment. A possible reason for this could be delay in differ-
entiation of the hypoblast tissue what has a consequence on
signaling between the hypoblast and epiblast.

PA2.12.04

IVF/ICSI treatment enhances first trimester growth
trajectories of human embryonic brain structures

S.C. Husen, I.V. Koning, A.T.J.I. Go,
R.P.M. Steegers-Theunissen

Erasmus MC, ROTTERDAM, The Netherlands

Background: Early development of the human embryonic
brain has been studied extensively over the last decades. Three-
dimensional ultrasound facilitates studying the human
embryonic brain in vivo, in particular the diencephalon
(DTD), mesencephalon (MTD) and left and right tele-
ncephalon (TTL/TTR). Recent studies suggest that the rapid
and expansive growth of the embryonic brain during early
gestation elicits susceptibility to developmental disruptions. In
the current study we aimed to investigate whether peri-
conceptional maternal health conditions, including IVF/ICSI
treatment, impact the development of embryonic brain
structures.
Methods: The study population of pregnant patients was
selected from the Rotterdam periconception cohort conducted
at the Erasmus MC. Three-dimensional ultrasound (3D-US)
examinations were performed at 9 and 11 weeks gestational age
(GA). DTD, MTD and TTL/TTR were measured offline in
standardized planes using specialized 3D software (4D-view).
Verified self-reported questionnaires provided information on
periconception maternal health conditions. To investigate
associations between periconceptional maternal exposures and

measurements of embryonic brain structures linear regression
models at 9 and 11 weeks GA with adjustment for GA,
maternal age, BMI, folic acid supplement use, smoking and
mode of conception were used.
Results: 168 patients provided 279 3D-US scans for embryo-
nic brain measurements. Success rates of the measurements of
DTD and MTD were all above 67%. Success rates of the tel-
encephalon measurements were above 53%. We found a sig-
nificant positive association at 11 weeks GA between IVF/ICSI
treatment and DTD (ß= 0.34, 95%CI= 0.12;0.56, p= 0.00),
MTD (ß= 0.32, 95%CI= 0.16;0.49, p= 0.00), TTL
(ß= 0.09, 95%CI= 0.01;0.16, p= 0.03) and TTR (ß= 0.10,
95%CI= 0.03;0.17, p= 0.01).
Conclusions: For the first time associations between IVF/ICSI
treatment and slightly increased sizes of early human embryo-
nic brain structures are shown. The clinical implications of
these small differences of the embryonic brain need further
investigation.

PA2.12.05

Neonatal outcomes of transferring of Frozen-thawed
Cleavage Embryos with Blastomere Loss

Y. Wu, L.I. Cheng, H. He-Feng

International Peace Maternity and Child Health Hospital,
SHANGHAI, China

Background: Despite limited information on neonatal safety,
the transfer of frozen-thawed cleavage embryos with blastomere
loss is common in women undergoing in vitro fertilization.
This study aims to evaluate the pregnancy outcomes and the
safety of neonates born following frozen-thawed cleavage
embryos with blastomere loss.
Methods: Multicenter prospective study including all frozen-
thawed cleavage embryo transfer (FET) cycles was conducted
in China. A total of 9,846 transfer cycles with only intact
embryos and 2,259 transfer cycles with only blastomere-lost
embryos were included. The outcomes of neonates born fol-
lowing the transfer of blastomere-lost embryos were compared
to those born following the transfer of intact embryos. FET
pregnancy outcomes including implantation rate, clinical
pregnancy rate, pregnancy loss rate, pregnancy termination due
to fetal defects, stillbirth and live birth rate were assessed. The
risk of small/large for gestational age (SGA/LGA) at birth, any
congenital anomaly, neonatal respiratory disorder, and neona-
tal mortality were determined using multilevel logistic
regression.
Results: A total of 12,105 FET cycles were included in analysis
(2,259 cycles in blastomere loss group and 9,846 cycles in
intact embryo group). Compared with FET cycles of intact
embryo, embryo with blastomere loss transfers showed sig-
nificantly poorer outcomes with respect to implantation rate,
pregnancy rate and live birth rate. However, following embryo
implantation, the two groups were similar with respect to live
birth rate per clinical pregnancy. Among the 4229 neonates,

S204 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


multiples neonates born from embryos with blastomere loss
were at an increased risk of SGA (aOR= 1.50, 95%CI, 1.00-
2.25). Similar results were observed among singletons (aOR=
1.84, 95%CI, 0.99-3.37), however, the confidence interval
did not exclude the null effect. No association were found
between blastomere loss and subsequent occurrence of con-
genital anomalies or neonatal mortality. However, neonates
born from blastomere-lost embryos showed an increased risk of
transient tachypnea of the newborn (TTN, aOR= 5.21, 95%
CI, 2.42-11.22).
Conclusions: Among infertile women resorted to IVF-ET,
transfer of embryos with blastomere loss was associated with a
lower rate of implantation, chemical pregnancy and clinical
pregnancy. However, once embryos with blastomere loss are
implanted, pregnancies appear to have the same probability of
progressing to live birth, with no risk of major adverse neonatal
outcomes.

Flow chat of the study

PA2.12.06

The effect of supplementation with folic acid in
non-pregnant and pregnant mice on the ovarian
morphology and embryo development

R.S. Penailillo-Escarate, J.J. Eckert, G.C. Burdge,
T.P. Fleming, K.A. Lillycrop

University of Southampton, SOUTHAMPTON, United
Kingdom

Background:Women of reproductive age are recommended to
take folic acid (FA) to prevent neural tube defects during
pregnancy. There is some evidence that indicates that FA could
improve fertility. However, further research is needed to iden-
tify the effect of FA supplementation on the ovary and embryo

development. The aim of this study is to determine the impact
of FA supplementation on ovarian morphology and the
potential consequences for the embryo.
Methods: Adult (10w old) female C57BL/6 mice were fed for
4w standard (1mg/Kg) or high (5mg/Kg) amounts of FA. The
animals were then either culled at diestrus or mated and then
culled 3.5 days post coitum (dpc). Embryos were collected and
frozen at -80C. One ovary per female was used for qRT-PCR
and the other was fixed for histological analysis.
Results: In non-pregnant mice FA supplementation decreased
ovarian FSH receptor (24%, P= 0.02), Brca1 (36%,
P= 0.004) and BMI1 expression (28%, P= 0.04). However,
there were no significant differences in the number of follicles
between dietary groups. Pregnant mice showed a 35% lower
number of embryos at 3.5 dpc after supplementation with FA
(P= 0.004).
Conclusions: These outcomes help to understand how high
levels of FA could be detrimental for follicle and embryo
development. Periconceptional supplementation of FA mod-
ified the expression of genes related to proliferation and the
number of embryos available before implantation.

PA2.12.07

Gestational exercise prevents cognitive impairment in rat
offspring exposed to maternal high-fat diet

S.G. Khambadkone, Z.A. Cordner, M.D. Johnson, R.S. Lee,
T.H. Moran, K.L. Tamashiro

Johns Hopkins University School of Medicine, BALTIMORE,
United States of America

Background: Metabolic dysregulation, including obesity and
diabetes, has been associated with a range of cognitive deficits,
from mild cognitive impairment to dementia. Even prodromal
metabolic dysregulation is associated with and predictive of
cognitive decline, with impairment arising as early as adoles-
cence. Exposure to a high-fat (HF) diet has also been suggested
to directly impair cognition in the absence of apparent per-
ipheral metabolic disturbance. Given the current acceleration
of maternal obesity and overnutrition rates and parallel globa-
lization of the HF “Western” diet, understanding the con-
sequences of HF diet exposure early in development and the
potential for cognition-protecting interventions is crucial.
We previously found that offspring of rats dams that consumed
a HF diet (60% kcal from fat) during pregnancy and lactation
show hallmark signs of metabolic dysregulation, including
increased adiposity, impaired glucose tolerance, and leptin
resistance, despite being weaned onto a standard low-fat chow
diet (CH). HF offspring also have cognitive deficits, exhibiting
compromised performance as adults in tasks of learning and
memory.
Exercise has been shown to be a promising intervention in
targeting both metabolic and cognitive deficit. However, few
studies have assessed the effects of gestational exercise exposure
on offspring development, especially against the setting of

10th World Congress S205

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


maternal HF diet. We used the maternal HF diet rat model and
provided half of the dams with voluntary running wheel exer-
cise during gestation only to study the impact of gestational
exercise on offspring cognitive performance. We also measured
hippocampal gene expression of the leptin receptor (Lepr), as
hippocampal leptin signaling has been associated with synaptic
plasticity and cognition.
Methods: Pregnant Sprague-Dawley rats were divided into 4
diet-exercise groups: CH-Sedentary (CH-SED, n= 12), CH-
Running Wheel (CH-RW, n= 12), HF-SED (n= 11), and
HF-RW (n= 10). Chow or HF diet was provided ad libitum
throughout pregnancy and lactation. The RW groups had
voluntary access to a running wheel in their home cage during
pregnancy only. On postnatal day (P)21, all offspring were
weaned onto the CH diet. On P22, 1 male and female offspring
per litter were killed, blood plasma samples collected for per-
ipheral metabolic hormones, and brain tissue dissected for
analysis of hippocampal gene expression. On P80, 1 male and
female offspring per litter were tested for cognitive performance
in the Novel Object Recognition Test and Barnes Maze.
Results: Body weight and plasma leptin levels were elevated at
P22 in both HF-SED and HF-RW animals compared to CH
control groups. Both male and female HF-SED offspring dis-
played impaired recognition and spatial memory compared to
CH controls. These cognitive deficits were not observed in HF-
RW offspring, with both male and female HF-RW offspring
performing comparably to CH controls. Male HF-SED off-
spring had decreased Lepr expression in the hippocampus at
P22, whereas Lepr expression in HF-RW offspring was not
different compared to CH-SED.
Conclusion: Together, our results suggest that gestational
exercise prevents cognitive impairment in offspring exposed to
maternal HF diet and may do so, in part, by normalizing Lepr
expression in hippocampus.

PA2.13 - How to turn your cohort into an intervention
study

PA2.13.01

How to turn your cohort into an intervention study

E. Barker1, C. Bell2, C. Vogel1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2University of Alberta, EDMONTON, Canada

DOHaD hypotheses are increasingly being tested in
population-based intervention studies. This symposium will
suggest that existing cohorts formed to study DOHaD phe-
nomena are an excellent basis for these intervention studies. We
will present three diverse examples which will be used to illus-
trate the process of developing interventions from cohort
studies.
ENRICH: from cohort study to interventions to improve
maternal perinatal health Presenter: R Bell

A cohort study of ~ 2200 pregnant women in Alberta found
that ~ 50% of all women and ~ 70% of overweight/obese
women gained in excess of gestational weight gain (GWG)
guidelines. Women with excess GWG were 3.5 times more
likely to retain excess weight postpartum. We need effective
strategies promoting appropriate and safe weight management
among diverse groups of pregnant and postpartum women.
ENRICH is a multi-disciplinary, multi-sectoral collaboration
working to address this issue, which aims to increasing aware-
ness of appropriate pregnancy and postpartum weights. We
formed partnerships with: Alberta Health Services, who pro-
vide universally-available services/resources to women and
healthcare providers; two community-based programs servicing
vulnerable women; an Aboriginal community; and an inter-
national network of research advisors. Each gathered informa-
tion from women, care providers, and key stakeholders (e.g.
men, Elders), and developed, implemented and evaluated
intervention strategies in every setting. Building meaningful
DOHaD interventions requires: 1) time to establish and
maintain partnerships; 2) rigorous research that is adaptable
and responsive to a setting; 3) integrated knowledge translation
across settings and locations to advance maternal and child
health.
WRAPPED: supporting disadvantaged women to adopt
healthier diets Presenter: C Vogel
In a cohort of 832 women of childbearing age in Hampshire,
UK, shopping at discount supermarkets which had poorer
availability and placement of healthy foods was associated with
poorer dietary quality among those who left school aged 16
years, but not amongst those who had completed a degree. As a
result of these findings, we have established a partnership with
discount supermarket chain, Iceland with over 850 stores UK-
wide and used frequently by disadvantaged populations. The
WRAPPED (Women’s Responses to Adjusted Product Place-
ment) study is quantifying the impact of a healthier store lay-
out, namely enhancing the availability and placement of fresh
and frozen fruit and vegetables, and removing confectionery
from checkouts, on the dietary behaviours of women aged 18-
45years.
EACh-B: Engaging Adolescents in Changing Behaviour
Presenter: M Barker
LifeLab, a science programme delivered in school to 13-14year
olds, has demonstrated that adolescents can be engaged in
thinking about their health and the health of the next genera-
tion. We are now working with this cohort to develop and test a
complex intervention designed to motivate and support ado-
lescents aged 13-14years to improve their diets and physical
activity levels. After LifeLab, adolescents will receive support to
improve their diets and lifestyles from teachers trained in
behaviour change skills, and a specially-designed, interactive
smartphone app that involves friends and has game features.
The effectiveness and cost-effectiveness of this intervention will
be assessed in a cluster-randomised controlled trial in 50 UK
schools. If successful, integration of the intervention into the
UK school curriculum is planned.
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PA2.14 - Pregnancy and Childhood Epigenetics
consortium

PA2.14.01

Epigenome-wide association studies in the pregnancy and
childhood epigenetics consortium

J.F. Felix

Erasmus MC, ROTTERDAM, The Netherlands

Background Early life may be a critical period for changes in
DNA-methylation associated with specific exposures and later-
life health outcomes. Many pregnancy, birth and childhood stu-
dies have recently started research on the role of DNA-
methylation modifications as a potential mechanism underlying
the Developmental Origins of Health and Disease, using arrays
that measure hundreds of thousands of DNA-methylation mar-
kers across the genome (“epigenome-wide DNA-methylation”).
Individual studies are usually too small to adequately address this
issue. Large sample sizes are required to achieve optimal power in
analyses of such large numbers of DNA-methylation sites. To
achieve this, collaboration between studies and combined meta-
analysis of the available data is needed.
Description of the consortium The Pregnancy And Child-
hood Epigenetics (PACE) Consortium is an open consortium
that brings together studies with epigenome-wide DNA-
methylation data in pregnant women, newborns or children.
The primary aim of the consortium is to identify, using joint
meta-analysis, differences in DNA-methylation in relation to a
wide range of early-life exposures and health outcomes across
the life course. Secondary aims are to perform further func-
tional analyses, to study causality of DNA-methylation differ-
ences on health outcomes, to contribute to methodologic
development in the field, and to exchange knowledge and skills.
The consortium currently includes 39 studies with a total of
over 29,000 samples with epigenome-wide DNA-methylation
data. Studies participate on a project-by-project basis. Recently
finished and ongoing projects include meta-analyses of expo-
sures during pregnancy, such as maternal alcohol use, body
mass index, gestational weight gain, stress, diet, air pollution,
maternal diseases, and smoking. DNA-methylation is also
studied in relation to childhood and later-life health outcomes,
including childhood anthropometric, cardio-metabolic, neuro-
developmental, respiratory, and allergic phenotypes. This pre-
sentation will discuss the set-up of the PACE Consortium and
will highlight some recently completed and ongoing projects.

PA2.14.02

Maternal smoking in pregnancy and offspring methylation

S.J. London

NIEHS, RTP, United States of America

Smoking has marked effects on methylation across the genome.
This is true both for personal smoking in adults and for

newborn babies born to mothers who smoked during preg-
nancy. Notably, many of the same specific signals are seen for
these two exposures. This talk will cover effects of maternal
smoking during pregnancy on methylation in newborns and
children, the utility of newborn methylation as a biomarker of
maternal smoking during pregnancy, and how methylation
functioning as a biomarker of this exposure complicates efforts
to examine whether epigenetic effects mediate exposure related
health effects.

PA2.14.03

Pre-pregnancy maternal BMI and offspring epigenome-
wide DNA methylation: Findings from the Pregnancy and
Childhood Epigenetics (PACE) Consortium

C. Sharp1, L.A. Salas2, C. Monnereau3, C. Allard4, P. Yousefi1,
T.M. Everson5, On behalf Of the PACE Consortium6,
S.J. London7, J Felix3, C.L. Relton8

1University of Bristol, BRISTOL, United Kingdom; 2ISGlobal,
Centre for Research in Environmental Epidemiology (CREAL),
BARCELONA, Spain; 3Erasmus MC, ROTTERDAM, The
Netherlands; 4Universite de Sherbrooke, SHERBROOKE,
Canada; 5Emory University, ATLANTA, United States of
America; 6Pregnancy and Childhood Epigenetics Consortium;
7National Institute of Environmental Health Sciences, NORTH
CAROLINA, United States of America; 8MRC Integrative
Epidemiology Unit, University of Bristol, BRISTOL, United
Kingdom

Background: Pre-pregnancy maternal obesity is associated
with adverse offspring outcomes at birth and later in life. Epi-
genetic modifications such as DNA methylation could con-
tribute, but data are limited.
Methods: Within the Pregnancy and Childhood Epigenetics
(PACE) Consortium, we meta-analysed the association
between pre-pregnancy maternal BMI and methylation at over
450,000 sites in newborn blood DNA, across 19 cohorts
(9,340 mother-newborn pairs). We attempted to infer causality
by comparing effects of maternal versus paternal BMI and
incorporating genetic variation. In four additional cohorts
(1,817 mother-child pairs), we meta-analysed the association
between maternal BMI at the start of pregnancy and blood
methylation in adolescents.
Results: In newborns, maternal BMI was associated with
modest (<0.2% per 1kg/m2, P< 1.06*10-7) methylation
variation at 9,044 sites throughout the genome. Adjustment for
estimated cell proportions attenuated the number of significant
CpGs to 104, including 86 sites common to the unadjusted
model. These 86 sites map to several genes reported to be
associated with adiposity-related and/or neuropsychiatric traits.
At 72/86 sites, the direction of association was the same in
newborns and adolescents. However, we found evidence for a
causal intrauterine effect of maternal BMI on newborn
methylation at just 8/86 sites.
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Conclusion: Maternal adiposity may cause modest variations
in newborn blood DNA methylation, but the potential biolo-
gical consequences of these variations are currently unclear.

PA2.14.04

A genome-wide meta-analysis of cord blood DNA
methylation and birth weight in 8365 newborns reveals
over 1000 differentially methylated sites

L.K. Küpers1, C. Monnereau2, G.C. Sharp3, P. Yousefi1,
L.A. Salas4, A. Ghantous5, J. Heimovaara6, On behalf Of the
PACE Consortium7

1MRC IEU, School of Social and Community Medicine,
University of Bristol, BRISTOL, United Kingdom; 2The
Generation R Study Group, Erasmus MC, University Medical
Center Rotterdam, ROTTERDAM, The Netherlands; 3MRC
IEU, School of Oral and Dental Health, University of Bristol,
BRISTOL, United Kingdom; 4Department of Epidemiology,
Geisel School of Medicine at Dartmouth, Lebanon, NH,
LEBANON, United States of America; 5Epigenetics Group,
International Agency for Research on Cancer, Lyon, France,
LYON, France; 6University of Groningen, UMCG,
GRONINGEN, The Netherlands; 7Pregnancy and Childhood
Epigenetics Consortium

Background: The observational associations of birthweight
with later health outcomes are assumed to reflect intrauterine
exposures for which birthweight is a proxy. These exposures
may exert their effects on birthweight and later health outcomes
by intrauterine epigenetic programming, including DNA
methylation. Our aims were to explore associations between
cord blood DNA methylation and birthweight.
Methods:Using a fixed effects inverse variance-weighted meta-
analysis, we studied the associations between DNA methyla-
tion in umbilical cord blood (measured using the Illumina
Infinium 450K BeadChip) and birth weight in 8,406 new-
borns from 28 birth cohorts participating in the Pregnancy and
Childhood Epigenetics (PACE) Consortium. All analyses were
adjusted for newborn gender, gestational age at birth, maternal
parity, socio-economic status, smoking during pregnancy, age
at birth, pre-pregnancy body mass index, as well as batch effects
and estimated blood cell counts. Additionally, we assessed
whether methylation levels of the Bonferroni corrected statis-
tically significant sites observed at birth persisted during
childhood (n= 1,604 from 6 cohorts), adolescence (n= 2,573
from 7 cohorts) and adulthood (n= 930 from 2 cohorts).
Results: Differential methylation of 1,071 sites, located in or
near 833 genes, was associated with birthweight (P< 1.03*10-
7, Bonferroni-adjusted cut-off, Figure). For these sites, we
observed both positive (45%) and negative associations (55%)
between methylation levels and birthweight. The top hit was
cg20076442 in the Musculin (MSC) gene (mean difference in
birth weight for 10% difference in methylation level = -91.3 g
[95% confidence interval = -105.7 ; -76.9]). We found dif-
ferential methylation (P< 0.05) for 63 (5.9%), 49 (4.6%) and

41 (3.8%) of these 1,071 sites in childhood, adolescence and
adulthood, respectively. These sites had the same direction as in
the initial meta-analysis of association with birthweight, sug-
gesting that these differences at birth persisted across childhood
and into adulthood.
Conclusions: In this first meta-analysis of epigenome-wide
association studies including 8,365 newborns from 28 birth
cohorts, we have shown robust evidence for a large number of
novel associations between cord blood DNA methylation and
birth weight. A small proportion of these associations (4-6%)
appear to persist into childhood, adolescence or adulthood,
potentially due to lower statistical power compared to the
newborn discovery meta-analysis. These results provide the
foundations for exploring whether the exposures for which
birthweight might act as a proxy (e.g. maternal nutrition, pla-
cental function) are causally related to these differentially
methylated sites, and whether differential methylation at these
sites causally affects future health outcomes, using Mendelian
randomization.

Manhattan plot for the meta-analysis results for associations
between cord blood DNA methylation and birth weight.

PA2.14.05

Gestational age and DNA methylation profiles of newborns
and children; a PACE meta-analysis

S.K. Merid1, E.M. Melén1, On behalf Of the PACE
Consortium2

1Karolinska Institutet, STOCKHOLM, Sweden; 2Pregnancy And
Childhood Epigenetics Consortium

Background: Preterm birth is strongly associated with
increased risk of neonatal morbidity as well as long-term health
outcomes in adulthood. Prenatal and perinatal factors have
been associated with epigenetic modifications in children.
Thus, our aim was to investigate the association between
gestational age (GA) at birth and blood DNA methylation
patterns in newborns and older children.
Methods: DNA methylation was measured using the Illumina
450K platform in cord blood from 3,935 newborns (GA 186-
294 days corresponding to 27-42 weeks) from 17 cohorts and
in whole blood from 453 pre-school children at 4-5 ages (4
cohorts), 899 school-age children at 7-9 ages (4 cohorts) and
1032 adolescents at 16-18 ages (4 cohorts) who were born at
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GA between 196-294 days corresponding to 28-42 weeks. All
cohorts are involved in the Pregnancy And Childhood Epige-
netics (PACE) Consortium. After exclusion of maternal and
perinatal complications, epigenome-wide robust linear regres-
sion analyses were performed in each individual cohort to assess
associations between GA and CpG-specific methylation
adjusting for potential confounders including cell-type com-
position, followed by meta-analyses of all cohorts.
Results: In the meta-analyses, 5,825 CpG sites annotated to
3,596 unique genes were associated with GA at FDR < 0.05 in
cord blood. After restricting findings to at least 3 significant
adjacent CpGs, we observed that 677 CpG sites mapped to 188
unique genes were significantly associated with GA (FDR
< 0.05). In older children 1,067 and 90 CpGs were nominally
significant (p< 0.05) in at least one and two age groups,
respectively. Pathway analyses indicated that the 3,596 genes
were enriched for several categories such as biological processes,
system development, different signaling pathways, animal
organ development, and cell communication processes.
Conclusions: We identified 5,825 differentially methylated
CpGs associated with GA at birth, but rather few of these CpGs
showed a significant association during childhood and adoles-
cence. Among identified genes, we observed enrichment in
pathways and processes critical to development.

PA2.14.06

DNA methylation and childhood body-mass index

F.O.L. Vehmeijer1, L.K. Küpers2, G.C. Sharp2,
A.A. Baccarelli3, C.L. Relton2, H. Snieder4, V.W.V. Jaddoe5,
J.F. Felix5, On behalf Of the PACE Consortium6

1Erasmus MC, ROTTERDAM, The Netherlands; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom; 3Department of Environmental Health
Sciences, Columbia University Mailman School, COLUMBIA,
United States of America; 4Department of Epidemiology,
University Medical Center Groningen, GRONINGEN, The
Netherlands; 5The Generation R Study Group, Erasmus
MC - University Medical Center, ROTTERDAM, The
Netherlands; 6Pregancy And Childhood Epigenetics (PACE)
consortium, X, United States of America

Background: Childhood overweight and obesity are major
health problems and are associated with adverse short- and long-
term consequences. The etiology of overweight and obesity is
multifactorial and may partly originate in early life. An accumu-
lating body of evidence suggests that intrauterine epigenetic pro-
gramming, through changes in DNA methylation, might be
involved. Differences in DNA methylation have been associated
with adiposity in adulthood. We aimed to identify cord blood
DNAmethylation loci associated with childhood bodymass index
(BMI) in two age groups during childhood by using a large multi-
study epigenome-wide association study (EWAs) approach.
Methods:We used data from 14 cohorts in the Pregnancy And
Childhood Epigenetics (PACE) Consortium, to assess the

associations of cord blood DNA methylation with childhood
BMI in two age groups: 2-5 years (n= 3,358) and 5-10 years
(n= 4,283). DNA methylation was measured using the Illu-
mina Infinium 450K BeadChip. We analysed both separate
cytosine-phosphate-guanine sites (CpGs) and differentially
methylated regions (DMRs) using Comb-P using inverse-
variance weighted meta-analysis. Analyses were adjusted for
maternal age, parity, educational level, smoking status and
BMI, and gestational age at birth, as well as batch effects and
estimated cell proportions.
Results: No single CpGs were significantly differentially
methylated in cord blood in relation to BMI at age 2-5 years.
We observed that methylation at one CpG site was significantly
associated with BMI at the age of 5-10 years, using a
Bonferroni-corrected genome-wide significance threshold of P
<1.03*10-7. This CpG was annotated to the SFRP5 gene
(mean difference in childhood BMI for 10% increase in
methylation = 0.96 kg/m2 (standard error 0.17)). We identi-
fied 26 and 47 DMRs in cord blood that were significantly
associated (False Discovery Rate P-value < 0.05) with child-
hood BMI in the younger and older age group, respectively. 2
DMRs were overlapping between the two age groups.
Conclusion: We identified one individual CpG and up to 47
DMRs in cord blood that were associated with childhood BMI.
As next steps, we will assess the cross-sectional associations of
DNA methylation and BMI in childhood, as well as functional
annotation of the identified regions.

PA2.14.07

DNA methylation signature of smoking in adult lung tissue
is enriched for in utero smoke exposure signature

K.M. Bakulski, N. Lin, A. Teodorescu, J.A. Colacino

University of Michigan, ANN ARBOR, United States of America

Background: Developmental exposures to toxicants can cause
altered health and disease in children and adults, driven in part by
epigenetic alterations. Emerging evidence shows that cancer is
also disease of dysregulated epigenetic reprogramming. As part of
the Pregnancy And Childhood Epigenetics (PACE) consortium,
we have identified a highly reproducible and specific DNA
methylation signature in the cord blood of infants exposed to
cigarette smoke. We tested whether this early life tobacco smoke
exposure DNA methylation signature is identifiable in lung
cancers from smokers compared to non-smokers.
Methods: We characterized the smoking-related DNA
methylation signature in lung tissue (lung squamous cell car-
cinoma biopsy) from 68 never smokers, 99 current smokers,
and 278 former smokers in The Cancer Genome Atlas
(TCGA) using Illumina 450k BeadArray data. We pre-
processed the data and performed parallel multiple linear
regressions at each probe to test the adjusted association
between smoking and DNA methylation. The study sample
was 54.4% female and was mean 65.1 years old at diagnosis
(interquartile range of age: 59-72). We used Pearson
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correlation of effect estimates to compare the new genome-
wide smoking results in lung tissue to the previously published
cord blood results. Focusing on the top hits, we tested the lung
smoking sites for enrichment in the cord blood smoking sites
using Fisher’s exact test. We used multiple significance cutoffs
for each tissue to assess the robustness of our findings.
Results: There were 434,820 probes that overlapped between
the cord blood and lung analyses. Across all sites, the lung and
cord results were minimally correlated (Pearson’s r= 0.01). At
the significance level P< 10-4, in cord blood there were 3,035
probes associated with smoking and in lung tissue there were
577 probes associated with smoking, including 33 overlapping
probes. At this cutoff combination, the adult lung signature was
enriched for the infant cord blood signature at P= 1.x10-19.
We will further explore the lung association with recent adult
blood smoking meta-analysis results.
Conclusions: This study observed that the effects of smoking
on cord blood and adult lung cancer tissue were not correlated
genome-wide. Among the subsets of sites that were highly
associated with smoking in either tissue, there was significant
overlap, indicating that epigenetic alterations associated with to
smoke exposure are genomic site specific and common across
tissues. This analysis supports the use of blood-based bio-
markers for exposure assessment at target tissues and their
relevance to lung cancer, with potential implications for the
developmental origins of health and disease.

Adult lung smoking DNAmethylation signature is enriched for
in utero smoke exposure signature

PA2.15 - Environmental chemicals

PA2.15.01

Synthetic chemical exposures in early life as obesogens and
metabolic risks

L. Trasande

NYU School of Medicine, NEW YORK, United States of America

Substantial effort has been devoted to explaining secular trends
in childhood obesity and metabolic risks to unhealthy diet and
physical activity. Yet accumulated knowledge to date suggests
that increased caloric intake and decreased exercise levels may
have a partial role in the pathogenesis of obesity and metabolic
risks. Since it is unlikely that the human genome has changed
significantly in a single generation to have generated an
increased susceptibility to excess weight gain in early life, we are
left with the reality that factors in addition to diet and exercise
represent important risks for obesity and metabolic disorders.
In contrast to diet and physical activity, which can require
intensive attention, effort and costs to modify through beha-
vioral and other interventions, government action can funda-
mentally transform the environmental influences to prevent
disease and disability. The costs of regulations to limit envir-
onmental obesogens can also be much lower than the benefits
to society. The notion that synthetic chemicals in the envir-
onment can disrupt metabolism was first and most definitively
described with tributyltin, a fungicide used to prevent fouling
of the hulls of ships which selectively activates peroxisome
proliferator activated receptors (PPARs) and their hetero-
dimeric partners, the 9-cis retinoic acid receptors. Over the past
two decades, rapidly accumulating scientific evidence has
expanded this mechanistic framework to recognize that multi-
ple pathways can be influenced by an even broader array of
synthetic chemicals, with characteristic metabolic disruption
across multiple endocrine organs and tissues. Sex steroid
pathways have also been proven to produce sex-specific effects
on body mass. This presentation will focus on three categories
of chemicals for which the evidence in laboratory, animal and
human studies is the most convincing: phthalates, bisphenols
and persistent organic pollutants. For each, we describe path-
ways of exposure and methods to limit exposure. We then close
with a discussion of the disease burden and costs that can be
traced to chemicals that contribute metabolic risks, and
opportunities for policy action to reduce exposures to the most
hazardous chemicals that may contribute.

PA2.15.05

Environmental chemicals and early childhood growth in
the Upstate KIDS Study

E.H. Yeung1, E. Bell2, R. Sundaram1, A. Ghassabian3,
K. Kannan4, G.M. Buck Louis1

1NICHD, BETHESDA, United States of America; 2University at
Albany School of Public Health, ALBANY, United States of
America; 3NYU School of Medicine, NEW YORK CITY, United
States of America; 4New York State Department of Health,
ALBANY, United States of America

Background: Evidence suggests that prenatal exposure to
endocrine disrupting chemicals may influence birth size and
have longer term “obesogenic” effects by promoting adipo-
genesis early in development. Although the mechanisms are not
well established, they may include hormonal disruption

S210 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


through interference with the estrogen receptor or other path-
ways. Despite convincing toxicological studies of their influ-
ence, epidemiologic evidence has been equivocal partly due to
difficulties in obtaining large population based samples.
Methods: The Upstate KIDS Study measured newborn dried
blood spot (DBS) concentrations of bisphenol A (BPA), per-
fluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid
(PFOA) among 1,953 singletons born between 2008 and 2010
whose mothers also provided information on their longitudinal
growth. Mothers reported weight and height as measured
during pediatric visits from birth through 3 years of age, aided
by a child health journal. Chemical concentrations in DBS was
measured using liquid chromatography tandem mass spectro-
metry in previously validated methods accounting for potential
contamination from storage and handling. Chemical con-
centrations were log-transformed. Mean differences per log
standard deviation (SD) increase in chemical concentrations
(and 95% confidence intervals, CI) for each growth parameter
were determined using generalized linear mixed effect models
with random effects adjusting for maternal age, pre-pregnancy
body mass index (BMI), education, race, insurance status, and
infant gender. Addition of other covariates such as neonatal
intensive care unit stay, breastfeeding at discharge, gestational
diabetes, maternal smoking, and infertility treatment did not
alter results and were not retained.
Results: Geometric mean levels (95% CI) of the three chemi-
cals in newborn DBS were 29.1 (11.0-77.1), 2.76 (1.36-5.59),
and 2.12 (1.11-4.08) ng/ml for BPA, PFOS and PFOA,
respectively. Per 1 SD increase in BPA, increases in trajectory of
BMI (0.047 kg/m2; 95%CI: 0.010, 0.085) and weight-for-
length (0.05 z-score; 95%CI: 0.012, 0.089) through 3 years of
age were observed. These associations appeared to be driven by
increased weight (45 grams; 95%CI: 13, 77) and not height.
Conversely, PFOS and PFOA were associated with lower BMI
(-0.078 kg/m2; 95%CI: -0.12,-0.038 and -0.076 kg/m2; 95%
CI: -0.17,-0.051). Similar findings were observed using weight-
for-length z-scores. These associations were driven by increased
height (PFOA: 0.13 cm; 95%CI: 0.016, 0.25) with no differ-
ences seen in weight. Interactions with gender did not reach
statistical significance suggesting no sex-specific effects
although some associations were stronger in one group versus
the other (e.g., BPA for boys associated with BMI at 0.08 kg/
m2; 95%CI: 0.03, 0.13 versus for girls 0.01; -0.04, 0.06).
Conclusions: In this first prospective population-based study
known to use DBS, we found some evidence that longitudinal
weight and height of children from birth through 3 years of age
minimally differed by the concentrations of BPA, PFOS and
PFOA measured at birth. Neonatal BPA concentration was
associated with greater weight while PFOS and PFOA con-
centrations were associated with thinness. Although findings
are limited by one-time assessment of chemical exposures in
newborn DBS and magnitudes of associations may not be
clinically meaningful, few data have measured the newborn
directly rather than relying on maternal plasma or cord blood
concentrations.

PA2.15.07

Non-A bisphenol exposures widely prevalent in pregnant
women in a population-based cohort in the Netherlands,
2004-5

E.M. Philips1, V.W.V. Jaddoe1, A.G. Asimakopoulos2,
K. Kannan2, E.A.P. Steegers1, S.M. Moreira Da Silva Santos1,
L. Trasande3

1Erasmus MC, ROTTERDAM, The Netherlands; 2Wadsworth
Center, New York State Department of Health, ALBANY, United
States of America; 3New York University School of Medicine,
NEW YORK CITY, United States of America

Background: Bisphenols and phthalates are omnipresent in
our environment. Exposure to pregnant women is of particular
interest since bisphenol and phthalates may lead to adverse
health effects in women themselves and their offspring.
Objective: To describe first trimester bisphenol and phthalate
urine concentrations and determine nutritional, socio-
demographic and lifestyle related determinants.
Methods: In a population-based prospective cohort of 1,396
mothers, we measured first trimester bisphenol and phthalate
urine concentrations (samples collected in 2004-2005, median
gestational age 12.9 weeks [IQR 12.1-14.4]). We examined
associations of potential determinants with log-transformed
bisphenol and phthalate concentrations, grouped according to
their origin. Outcomes were back-transformed.
Results: Bisphenol A (median 9.24 ng/mL [IQR 3.54-20.25]),
bisphenol S (1.66 [0.72-3.56]), and bisphenol F (0.36 [0.17-
1.08]) have been detected in 79.2, 67.8 and 40.2% of the popu-
lation, respectively. Mono-n-butylphthalate (median 16.21 ng/
mL [IQR 7.01-31.22]), mono-(2-ethyl-5-hydroxyhexyl)phthalate
(12.02 [5.83-23.21]) and monobenzylphthalate (6.59 [3.07-
12.91]) have been detected in >90% of the population. Nutri-
tional intake was not associated with bisphenol and phthalate
concentrations. Obesity was associated with higher high-
molecular-weight phthalate concentrations and the lack of folic
acid supplement use with higher mono(3-carboxypropyl)phtha-
late concentrations (respective mean differences were 40.74 nmol/
l [95% CI 11.69-85.54] and 0.25 ng/ml [0.07-0.52]).
Conclusion: Non-A bisphenol exposure was highly prevalent
in pregnant women in the Netherlands as early as 2004-5.
Adverse lifestyle factors including obesity and the lack of folic
acid supplement use seem to be associated with higher phtha-
late concentrations in pregnant women. Further studies are
needed to assess pregnancy outcome effects of bisphenol and
phthalate urine concentrations in pregnant women.

PA2.15.06

Prenatal exposure to perfluoroalkyl substances, immune-
related outcomes, and lung function in children from a
Spanish birth cohort study

C.B. Manzano-Salgado1, B. Granum2, M.J. Lopez-Espinosa3,
F. Ballester3, M. Gascon1, D. Martinez1, M. Guxens1,
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M. Basterretxea4, C. Zabaleta5, C. Iniguez3, T. Schettgen6, J.
Sunyer1, M. Vrijheid1, M. Casas1

1ISGlobal, BARCELONA, Spain; 2Norwegian Institue of Public
Health, OSLO, Norway; 3Epidemiology and Environmental
Health Joint Research Unit, FISABIO-Universitat, VALENCIA,
Spain; 4Public Health Department of Gipuzkoa, SAN
SEBASTIAN, Spain; 5Department of Pediatrics, Hospital de
Zumárraga, SAN SEBASTIAN, Spain; 6Institute for
Occupational Medicine, RWTH Aachen University, AACHEN,
Germany

Background: Prenatal exposure to perfluoroalkyl substances
(PFAS) may be associated with immunosuppression and
respiratory health during childhood. However, evidence from
epidemiological studies is scarce and inconsistent. We studied
the association between prenatal PFAS exposure and immune-
related outcomes and lung function up to age 7 in the Spanish
INMA birth cohort study.
Methods: We assessed perfluorohexane sulfonate (PFHxS),
perfluorononanoate perfluorooctane sulfonate (PFOS),
perfluorooctanoate (PFOA), and perfluorononanoate (PFNA)
in maternal plasma samples collected during the 1st-trimester of
pregnancy (years: 2003-2008). Mothers completed interview-
led questionnaires assessing the occurrence (yes/no) of wheez-
ing, chest infections, bronchitis, asthma, and eczema in the
previous 12 months at 1.5 (n= 1188), 4 (n= 1193) and 7
(n= 736) years of the child. At ages 4 (n= 502)
and 7 (n= 737), lung function was assessed using spirometry
by trained personnel. We used multivariate logistic and
linear regressions to assess the association between PFAS and
immune-related outcomes, and lung function during
childhood. Regression models were adjusted for the age
and sex of the child, and for maternal characteristics during
pregnancy (age, parity, previous breastfeeding, body mass
index, region of residence, country of birth, and fish
consumption).
Results: PFOS (mean: 5.80 ng/mL) and PFOA (mean:
2.31 ng/mL) were the most abundant PFAS. The prevalence of
childhood immune-related outcomes ranged from 3% for
asthma-ever up to 41% for wheezing-ever during the
study period. At 4 years, PFOS [OR (95 CI %): 0.77 (0.61,
0.96)] and PFNA [0.79 (0.65, 0.95)] were inversely
associated with eczema, also PFNA was inversely associated
with chest infections [0.74 (0.56, 0.97)] and asthma
[0.62 (0.43, 0.90)]. At 7 years, PFHxS [0.79 (0.64, 0.97)]
and PFOS [0.77 (0.60, 0.99)] were inversely associated
with eczema, and PFOS [0.70 (0.49, 1.00)] and PFNA [0.65
(0.48, 0.87)] were inversely associated with wheezing. No
association was observed between PFAS exposure and lung
function at any age. There was no evidence of interaction
by sex.
Conclusion: In this Spanish birth cohort, higher prenatal
PFAS concentrations were associated with lower odds of ever
reporting wheezing, chest infections, eczema, and asthma
during childhood.

PL2.02 - Global population impact

PL2.02.01

The vicious cycle of pregnancy induced complications and
NCDs; it all starts in utero - FIGO GLOBAL VISION

C.N. Purandare1

1International Federation of Gynecology and Obstetrics

It has been proposed that the vicious cycle of non-communicable
diseases (NCDs) starts in utero. Specifically, intra-uterine stressors,
such as maternal undernutrition or placental dysfunction, can
initiate abnormal patterns of development and histone mod-
ification. Additional postnatal environmental factors, including
accelerated postnatal growth, obesity, inactivity, and aging can
further contribute to DM risk, potentially via further histone
modifications and DNAmethylation in critical tissues. Both fetal
programming and genetics might play a role in the risk of NCDs.
This intra-uterine period, together with the first two years of life,
offer an opportunity to address prevention of NCDs in the next
generations. This leaves an important role for OBGYNs through
FIGO. Primary, secondary and tertiary prevention could lead to
lower risks of NCDs, and specifically pregnancy induced com-
plications and cardiovascular disease. This presentations will focus
on the global vision of FIGO in relation to these issues.

PL2.02.02

DOHAD - addressing the science-policy nexus

P.D. Gluckman

Office of the Prime Ministers Science Advisor, AUCKLAND, New
Zealand

Both at the international level (first at 2011 at the UN, and most
recently at the 2017World Health Assembly) and in a number of
national jurisdictions, DOHAD related policy discourse has been
elevated into policy consciousness in the last 5 years. Despite this
actual policy initiatives are generally lacking. Science and policy
are two very different cultures and I will explore the interface at
both global and national levels. The science of DOHAD can be
looked at in a narrow or broader framing. Traditionally DOHAD
researchers have tended to focus on one biological system - most
dominantly the cardio-metabolic axis. The arguments for public
policy intervention have largely been made from a normative
perspective with there being very little (if any) empirical evidence
in human populations to support large-scale policy interventions.
The reasons for policy skepticism are many reflecting the diverse
inputs and the messy nature of the policy process. Adding to this
is ongoing confusion in public health nutrition and the relative
failure of the adult obesity community to embrace the develop-
mental perspective. But when looked at through the broader
perspective of the life course and shorter-term behavioral and
emotional outcomes in childhood the arguments shift and the
evidence base gets stronger. DOHAD science will remain a
challenge for the policy community if it remains with a narrow
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framing. This will not change without compelling empirical evi-
dence for shorter-term benefit (eg addressing GDM or maternal
perinatal depression or childhood cognitive, health and behavior).
But placed within a life course approach addressing some of the
issues that all countries are facing, progress is possible.
It is also important to recognize the very different contexts of
different populations. The agenda for low and middle-income
countries is very different and DOHAD science must be
embedded within the broader developmental agenda in part
encapsulated in the “ every women, every child” agenda and which
then spreads into a number of the sustainable development goals
(SDGS). While the SDGs also apply to developed countries, the
motivation for policy intervention differs and the opportunities
link better to other policy priorities. Big data applied to social
sector research will become themainstay of policy making for such
countries and DOHAD researchers will need to link to that
community of academic and policy researchers.
Traditional DOHAD research is disadvantaged because of its
lack of evidence as to effective interventions with short-term
benefits and normative arguments abound. However the life-
course dimension does impact on the policy community.
DOHAD research will need to expand its boundaries to have
policy impact.

PL2.02.03

Interaction between infection and obesity and gestational
diabetes during pregnancy

S.A. Norris1

1MRC Developmental Pathways for Health Research Unit,
Department of Paediatrics, University of the Witwatersrand,
Johannesburg, South Africa

Sub-Saharan Africa has over 25 million people living with HIV,
most of whom are women of reproductive age. This region
accounts for a large proportion of new HIV infections globally.
In addition, Sub-Saharan Africa faces increases in the pre-
valence of obesity and type-2 diabetes mellitus (T2D) and has
the greatest proportion of people who have died from T2D
before age 60 years. These non-communicable disease burdens
not only add to the already substantial morbidity of HIV
infection, but the expected increase in T2D and related gesta-
tional diabetes mellitus (GDM) and their impact on the next
generation, could overwhelm an already strained health system.
This constellation of health burdens is particularly exacerbated
in South Africa. The aim is to review evidence on the interac-
tion between maternal infection and obesity and GDM during
pregnancy and its impact on the newborn.

PA2.17 – DOHaD Trainees Meeting

PA2.17.01

DOHaD Trainees Meeting

A. Bansal, S. Feuer

DOHaD trainees are comprised of undergraduate students,
graduate students, postdoctoral fellows, clinical fellows, and
other early-career professionals pursuing research in fetal and
developmental origins of health and disease. The DOHaD
Trainees Meeting is an open meeting at which all Trainees are
welcome. Come meet your representatives on the DOHaD
Council, Amita Bansal and Sky Feuer, network with other
trainees, and learn more about the benefits of trainee mem-
bership. During this hour, we will discuss the multiple oppor-
tunities offered to DOHaD trainees -including an opportunity
for postdocs to become reviewers for JDOHaD- and listen to
your feedback and ideas about future opportunities, including
novel ways to engage outside of the World Congresses.

Tuesday October 17th Abstracts poster presentations

PO2.01 – Adiposity – life course

PO2.01.01

Sex differences in the association between adverse
childhood experiences (ACEs) and adiposity measures in
adolescents

A.L.G.S. Goncalves Soares1, A.M. Matijasevich2,
A.M.B.M. Menezes3, M.C.A. Assunção3, F.C.W.
Wehrmeister3, L.D.W. Howe1, H.G. Gonçalves3

1School of Social & Community Medicine, University of Bristol,
BRISTOL, United Kingdom; 2University of São Paulo, SÃO
PAULO, Brazil; 3Federal University of Pelotas, PELOTAS,
Brazil

Background: Many studies have shown a robust positive
association between adverse childhood experiences (ACEs) and
overweight/obesity in adults, however the results are incon-
clusive in adolescents. Sex differences in this association are
found not only in adults, but also in adolescents. However,
most of the evidence on the relationship between ACEs and
adiposity comes from high-income countries, and more studies
are needed in low- and middle-income countries, since the
prevalence and the socioeconomic distribution of both ACEs
and adiposity differs between settings. Thus, in order to explore
potential residual socioeconomic confounding, this study
aimed to assess the association between ACEs and adiposity
measures in adolescents (15 and 18 years) from two cohorts in
different socioeconomic contexts (The United Kingdom and
Brazil), and to explore whether this association differs accord-
ing to sex.
Methods: This cross-cohort study used data from the Avon
Longitudinal Study of Parents and Children (ALSPAC, UK)
and the 1993 Pelotas Cohort (Brazil), and the analysis com-
prised 4,444 adolescents in ALSPAC and 3,924 in Pelotas. Six
ACEs were assessed up to age 15 in both cohorts: physical
abuse, sexual abuse, domestic violence, parental separation,
separation from parents, and maternal mental health problems.
At 15 years, body mass index (BMI) and waist circumference
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(WC) were measured, and at 18 years, BMI, fat mass index
(FMI) and android fat percentage were assessed. The associa-
tion between ACEs and adiposity was evaluated using linear
regression, stratified by sex, using each ACE separately and then
summed into a score.
Results: Few associations were found between ACEs and
adiposity measures, and they were not consistent across
cohorts. After adjustment for possible confounders, in
ALSPAC males physical abuse was associated with higher WC
at 15 years (β 3.46, 95%CI: 1.37, 5.55), and domestic violence
and the ACE score were associated with both higher BMI and
higher WC at 15 years. In ALSPAC females, the only associa-
tion observed was between parental separation and higher
android fat percentage at 18 years (β 0.13, 95% CI: 0.01,
0.26). In Pelotas, an association was observed between separa-
tion from parents and lower BMI at both 15 years (β -0.66,
95% CI: -1.32, -0.01) and 18 years (β -0.74, 95% CI: -1.46,
-0.03) in males. In females, no association of ACEs or the ACE
score with adiposity measures was observed in Pelotas.
Conclusions: Even though little evidence was observed for the
association between ACEs and adiposity in adolescence (found
mainly in ALSPAC at 15 years), there was some evidence for a
stronger association in males. The associations observed
between ACEs and adiposity were positive in ALSPAC, whilst
in Pelotas the only association observed was negative. Residual
confounding or context-specific relationships could explain the
different pattern of associations found across the cohorts. Other
studies, including in low- and middle-income countries, should
investigate other factors that can moderate this association,
such as time of occurrence of ACEs, sociocultural factors,
biological mechanisms and resilience.

PO2.01.02

Changes in trajectories of adult body mass index in China
1991-2011: evidence from the China Health and Nutrition
Survey

L. Li1, N. Zhang2

1University College London, LONDON, United Kingdom; 2The
University of Manchester, MANCHESTER, United Kingdom

Background: Different body mass index (BMI) trajectories
have implications for morbidity and mortality in later life. But
evidence on secular trends in BMI trajectories for is limited,
especially in countries which are experiencing marked socio-
economic and nutritional transitions. We examined how tra-
jectories of adult BMI have changed across different genera-
tions in China.
Methods: We used (mixed) longitudinal data from the China
Health and Nutrition Survey, which have been conducted in 9
provinces varying substantially in economic and health indi-
cators, and have so far had ten waves 1989-2011 (N ~ 19,000).
We derived five cohorts of adults (age≥20 y) born in three-year
intervals (1950-53, 1954-57, 1958-61, 1962-65, and 1966-
69). Height and weight were measured at each survey.

We fitted cubic growth models with random effects to adult
BMI, separately for men and women.
Findings: Later born cohorts had higher mean BMI levels than
older cohorts across all ages. All cohorts entered overweight
range for a cut-off of ≥24kg/m2, but at increasing younger ages
across cohorts: for men at ~ 60 y (cohorts born 1950-57) to
~ 40 y (born in 1962-69), for women at aged ~ 55y (born in
1950-57) to ~ 45y (born in 1958-69). The slope for BMI tra-
jectory became steeper across cohorts in men and did not
change in women. The trajectories differed between urban and
rural areas and the patterns differed by sex. Men in urban areas
had a lower mean BMI in early adulthood than men from rural
areas, but gained BMI at a faster rate and had higher BMI from
30y. Women in urban areas had a higher mean BMI in early
adulthood, until mid-adulthood (45-50y) when they were
overtaken by women from rural areas.
Conclusions: While Chinese adults had a lower mean BMI
compared to Western populations, their BMI trajectories have
changed over 20 years, with a secular trend of increasing BMI at
increasing younger ages in more recent generations. Changes of
rural/urban differences in BMI trajectories suggest further
research in changing patterns of socio-economic differences in
disease risk in the Chinese populations.

PO2.01.03

ROLO Kids Step Test; A simple method of estimating
cardiovascular fitness and adiposity in 5 year old children

A.A. Geraghty1, E.C. O’Brien2, M.K. Horan2,
F.M. McAuliffe2

1University College Dublin, DUBLIN, Ireland; 2UCD Perinatal
Research Centre, School of Medicine, University College Dublin,
DUBLIN, Ireland

Background: Children’s cardiovascular fitness has declined
worldwide, with children now being 15% less fit than their
parents according to the American Heart Association. Cardio-
vascular fitness is closely related to health and body composi-
tion with a strong link being identified between child fitness
and metabolic risk factors. There is currently no simple vali-
dated measure of fitness in 5 year old children and having a way
to reliably estimate this is vital for tracking children’s health.
Methods: A cohort of 110 children completed a step test which
is based on maximal energy expenditure. Using a 25cm step,
the children stepped up and down as many times as possible for
3minutes. A pedometer was worn to record number of steps.
Baseline heart rate was measured before starting stepping,
immediately after the 3minutes then every 30 seconds until it
returned to baseline and the length of recovery time was noted.
Child anthropometry including height, weight, circumferences
and skinfold thickness were collected along with perceived
exertion by the child’s mother and perceived effort by two
researchers. Statistical analysis involved simple and multiple
regression models.
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Results: Males had a lower heart rate after the step test than
females and a faster recovery time (112.6 seconds vs
140.6 seconds). Heart rate recovery time was positively asso-
ciated with all skinfold measures of triceps, biceps, subscap and
thigh (P< 0.01). After adjusting for confounders (including
child sex and baseline heart rate), each 1-SD (9.1mm) incre-
ment in sum of skinfold thickness corresponded to 4.7 seconds
of an increase in heart rate recovery time (95% CI: 0.02, 1.02;
P= 0.04).
Conclusion: Child adiposity was positively associated with
heart rate recovery time after the step test. With heart rate
recovery being a proxy for cardiovascular fitness this provides
evidence that a stepping test could be used as a valid fitness tool
in 5 year old children.

PO2.01.04

Air pollution, noise, green space and overweight in children
aged 12 years: the PIAMA birth cohort study

L.D. Bloemsma1, U. Gehring2, J.O. Klompmaker1,
H.A. Smit3, J.C. de Jongste4, J.M. Vonk5, G. Hoek2,
N.A.H. Janssen1, B. Brunekreef2, E. Lebret1, A.H. Wijga1

1National Institute for Public Health and the Environment
(RIVM), BILTHOVEN, The Netherlands; 2Utrecht University,
UTRECHT, The Netherlands; 3University Medical Center
Utrecht, UTRECHT, The Netherlands; 4Erasmus MC,
ROTTERDAM, The Netherlands; 5University of Groningen,
GRONINGEN, The Netherlands

Background: Increasing childhood overweight and obesity are
a major public health problem. Environmental factors may
contribute to obesity development in children. There is evi-
dence that exposure to air pollution and noise is associated with
a higher body mass index (BMI), whereas exposure to green
space may have a beneficial effect on children’s BMI. However,
no studies have examined the combined effects of these three
spatially correlated environmental exposures on markers of
adiposity in children. We therefore investigated the individual
and combined associations of air pollution, road traffic noise
and green space with overweight in children aged 12 years.
Methods:Weight and height were measured at age 12 years in
1508 participants of the Dutch PIAMA birth cohort study.
BMI (weight (kg)/height (m)2) was calculated from the weight
and height measurements. We defined overweight according to
the International Obesity Task Force cut-offs. Annual average
air pollution levels (nitrogen dioxide (NO2), particulate matter
with an aerodynamic diameter of less than 2.5μm (PM2.5), less
than 10μm (PM10), 2.5-10μm (PMcoarse), and PM2.5 absor-
bance) at the children’s home addresses at the time of the
weight and height measurements were estimated by land-use
regression models. Road traffic noise exposure was assessed by
linking children’s home addresses to modelled road traffic noise
levels, based on detailed noise maps for the year 2011. We used
different indicators to assess exposure to green space: 1) the
average Normalized Difference Vegetation Index (NDVI) in

buffers of 300m and 3000m around the children’s homes, and
2) the percentages of urban, agricultural and natural green
space in buffers of 300 and 3000m around the home addresses,
and 3) the distance from the home addresses to the nearest
park. The associations between the exposures and overweight
were analysed by logistic regression, adjusted for sex, maternal
level of education, maternal smoking during pregnancy, and
parental smoking in the child’s home. We defined both single-
and multi-exposure models. Effects are presented for an inter-
quartile range increase in exposure.
Results: Twelve percent of the participants were overweight.
Neither in single- nor in multi-exposure models we found
significant associations of air pollution, road traffic noise, and
green space with overweight. For example, we found an OR of
1.12 [95% CI 0.90-1.39] for NO2, OR 1.03 [95% CI 0.84-
1.26] for PM2.5 absorbance, OR 1.15 [95% CI 0.94-1.40] for
road traffic noise and OR 0.85 [95% CI 0.68-1.05] and OR
0.87 [95% CI 0.71-1.06] for the average NDVI in the 300m
and 3000m buffer, respectively, in single-exposure models. The
associations changed only slightly when the other environ-
mental exposures were added in multi-exposure models.
Conclusions: Our results do not provide support for adverse
effects of air pollution and road traffic noise or beneficial effects
of green space exposure on overweight in children aged
12 years.

PO2.01.05

Infant subcutaneous fat and abdominal, pericardial and
liver fat assessed by Magnetic Resonance Imaging at the age
of 10 years

B.A. Patro Golab, E. Voerman, S. Santos, V.W.V. Jaddoe

Erasmus MC, ROTTERDAM, The Netherlands

Background: Fat mass development in infancy contributes to
later adiposity, but its relation to ectopic fat depots is not
known. Specific ectopic fat depots may have greater adverse
health effects than body mass index (BMI). We examined the
associations of subcutaneous fat mass during infancy with
general and organ specific fat measures in school-age children.
Methods: Among 593 Dutch children from a population-
based prospective cohort study, we obtained total subcutaneous
fat mass (as sum of biceps, triceps, suprailiacal, and subscapular
skinfolds thickness), central-to-total subcutaneous fat ratio
(sum of suprailiacal and subscapular skinfold thickness/total
subcutaneous fat) at the ages of 1.5, 6 and 24 months. At the
age of 10 years, we assessed BMI, and abdominal subcutaneous
and visceral fat mass, pericardial fat mass, and liver fat fraction
by Magnetic Resonance Imaging (MRI). For all exposure and
outcome measures, we created standard deviation scores (SD).
To assess the associations of infant subcutaneous fat with
childhood general and organ specific fat we used multiple linear
regression analyses adjusted for child’s sex and age at MRI
measurement, maternal, birth and childhood characteristics.
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Results: A 1-SDS higher total subcutaneous fat at 6 and
24 months, and higher central-to-total subcutaneous fat ratio at
1.5 months only, were associated with higher BMI and higher
subcutaneous fat mass at 10 years. The strongest effect was
observed for the associations of total subcutaneous fat at
24 months with childhood BMI (difference 0.15 (95%
Confidence Interval (CI) 0.08, 0.23) SDS) and childhood
subcutaneous fat mass (difference 0.16 (95% CI 0.09, 0.23).
Infant subcutaneous fat measures at any time point were not
associated with visceral and pericardial fat mass, and liver fat
fraction at 10 years.
Conclusions: Our results suggest that infant subcutaneous fat
is associated with later childhood BMI and subcutaneous fat,
but not with other organ specific fat depots.

PO2.01.06

Growth in early life and the risk of obesity among children
in Aruba: a retrospective population-wide cohort study

A.J. Oudshoorn1, D.E. Bakker2, J. van Heyningen3,
J.H. van der Lee4, R.M. van Elburg5

1Dr. Horacio E. Oduber Hospital, ORANJESTAD, Aruba; 2VU
University Medical Center, AMSTERDAM, The Netherlands;
3Jeugd Gezondheidszorg Aruba, ORANJESTAD, Aruba;
4Paediatric clinical Research Office, Woman-Child center, AMC,
AMSTERDAM, The Netherlands; 5Emma Children’s Hospital
AMC, AMSTERDAM, The Netherlands

Background: Childhood obesity is an increasing health pro-
blem worldwide, causing a higher incidence of metabolic syn-
drome in early life. In Aruba, in 2010, the prevalence of
overweight and obesity in boys at age 6 was 17.8% and 8.4%
respectively, increasing to 32.4% and 14.9% respectively at age
11. The prevalence of overweight and obesity in girls was
27.6% and 11.7% respectively at age 6 increasing to 33% and
16.4% at age 11. The aim of this study was to identify if obesity
was already present in the first 1000 days of life. In addition,
early risk factors predicting obesity at the age of 6 and 11 years:
rapid weight gain in the first 6 months of life, prematurity,
being small (SGA) or large (LGA) for gestational age at birth,
were investigated.
Methods: A retrospective population-wide cohort study of
children, born in Aruba between 1 January 2001 and 31March
2005, was conducted. Growth data obtained from White Yel-
low Cross and the Department of Health, section Youth
Health Care, were converted to BMI-for-age z-scores (BAZs),
based on the WHO growth standards, to determine the pre-
valence of childhood obesity, defined as BAZ ≥2. Logistic
regression analyses were performed to evaluate the associations
between early risk factors and later obesity.
Results: In total, 41,943 measurements of 5,576 children were
analyzed. In the first year of life, 34.4% of the boys and 32.4%
of the girls were overweight, of which, respectively 9.3% and
7.5% were obese. The mean BAZ at birth [95% CI] was
-0.13 [-0.15-0.04] and -0.07 [-0.15-0.40] for boys and girls,

respectively. The mean BAZ [95% CI] for boys and girls,
respectively, changed to 0.55 [0.51-0.60] and 0.47 [0.43-0.51]
at the age of 2-4 months, 0.41 [0.34-0.47] and 0.32 [0.27-
0.39] at the age of 5-7 years and increased to +1.03 [0.94-1.13]
and +0.79 [0.71-0.88] at the age of 11 years (See figure). The
adjusted OR [95%CI] per unit increase in BAZ during the first
6 months of life for obesity at age 6 years was 1.20 [1.10-1.30].
The adjusted OR [95% CI] of being LGA at birth for obesity at
age 6 and 11 years was 3.45 [2.02-5.90] and 2.78 [1.33-5.80],
respectively. The associations of prematurity and being SGA
with obesity at age 6 and 11 were not statistically significant.
Conclusion: The present study shows that children born in
Aruba are heavier compared to WHO standards. Children
whose BMI grows faster in the first 6 months are at increased
risk of childhood obesity, but being large for gestational age at
birth, which can be associated with maternal obesity and
gestational diabetes, does give a more profound risk of child-
hood obesity. Prevention of obesity in Aruba should start in the
first 1000 days of life, as is promoted by the WHO. Future
research should focus on maternal life style and diet during
pregnancy to prevent LGA born infants and early life nutrition
to reduce rapid weight gain in the first 6 months of life as risk
factors for childhood obesity.

PO2.01.07

Neonatal chronic pain, analgesia and obesity in adulthood :
experimental study in rat

I. Dutriez-Casteloot, V. Bot-Robin, F. Mathon, S. Aurientis,
V. Emmanuelli, A. Tavernier, B. Pusniak, C. Besengez,
L. Storme, V. Houfflin-Debarge

University of Lille, LILLE, France

Previous data reported that exposure to a noxious environment
in early life increases vulnerabilty to developing metabolic dis-
orders in adulthood such as metabolic syndrome and obesity.
Over recent decades the advances in medicine considerably
raised the number of newborns exposed to chronic pain
increasing opioids use to induce analgesia. However long-term
effects of chronic perinatal pain and analgesia are not yet fully
understood. In this study we examined whether a chronic pain
in early life can affect body weight, feeding behavior and
metabolism in 24-month-old-male-rats. At the same time we
investigated the consequences of opioid analgesia. Finally we
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evaluated the effects of a neonatal chronic pain treated by
opioids. Implementation of the survey focused on four groups
of newborn male rats formed on post-natal day (P) 2 : control,
pain, analgesia and pain + analgesia. Neonatal pain was
induced by injecting complete Freund’s adjuvant into the hind
paw of rat pups on P3. Analgesia was performed alone by
patching fentanyl (P2 to P20) or in combination with pain.
Neonatal chronic pain results in an overweight and increased
dietary intake during the diurnal phase in 24-month-old-male-
rats. The body weight and feed intake of rats treated by fentanyl
only or in combinaison with pain are comparable to those of
controls. We also observed changes in inguinal adipose tissue in
24-month-old rats exposed to chronic pain neonatally that were
not found in rats treated with fentanyl alone and disapeared
treating chronic neonatal pain by fentanyl. Together our data
suggest that early neonatal chronic pain induce dysregulations
leading to the development of obesity and metabolic disorders
related to feeding behavior dysregulation in adulthood. These
alterations seemed to be partly corrected using fentanyl
analgesia. The present protocol was examined and approbated
by the “Nord-Pas-de-Calais Ethical Committee for Animal
Experimentation”, agreement CEEA 06/2009.

PO2.01.08

Early weight gain, childhood adiposity and risk factors for
type 2 diabetes in children aged 10-12 years: the QUALITY
cohort

A. van Hulst1, G. Paradis2, A. Benedetti2, M. Henderson3

1CHU Sainte-Justine Research Center and McGill University,
MONTREAL, Canada; 2McGill University, MONTREAL,
Canada; 3CHU Sainte-Justine and University of Montréal,
MONTREAL, Canada

Background: Studies have shown that weight gain early in life
is a risk factor for type 2 diabetes in adults, independent of
current weight status. In contrast, few studies have examined
the pathways that link birth weight, postnatal weight gain and
childhood adiposity with subsequent risk factors for type 2
diabetes in early adolescence. The aim of this study is to
determine whether birth weight and weight gain during infancy
are associated with insulin sensitivity in early adolescence, and
to assess potential mediation of associations by childhood
adiposity.
Methods: Data from a longitudinal cohort of 630 Quebec
(Canada) Caucasian children with a parental history of obesity
(QUALITY) were used. In a sub-sample of children born at
term, weight and length from 0-2 years of age were obtained
and transformed to sex specific weight-for-length z-scores
(n= 395). At age 8-10 years, percentage of body fat was mea-
sured by dual-energy x-ray absorptiometry, mean daily minutes
of moderate-to-vigorous physical activity by accelerometry, and
daily hours of screen time was self-reported. Insulin sensitivity
was measured by the homeostatic model assessment of insulin
resistance (HOMA-IR) and an oral glucose tolerance test-based

index (Matsuda insulin sensitivity index (ISI)) at age 10-12
years. Path analysis were used to examine the link between early
weight gain, childhood adiposity and later insulin sensitivity
while adjusting for potential confounders (sex, gestational age,
in-utero exposure to gestational diabetes, hypertension and
tobacco, breastfeeding, parental education, lifestyle habits at 8-
10 years, and current age).
Results: Higher birth weight was associated with improved
insulin sensitivity: 1 z-score increase in weight-for-length at
birth was associated with a 7.6% increase in Matsuda-ISI (95%
CI: 3.2; 12.1) and 4.9% decrease in HOMA-IR (95%CI: -9.5;
-0.3). These associations were independent of postnatal weight
gain, childhood adiposity and other covariates. Postnatal
weight gain was not directly associated with insulin dynamics,
however faster postnatal weight gain was positively associated
with adiposity at 8-10 years which in turn predicted decreased
Matsuda-ISI and increased HOMA-IR 2 years later. Similarly,
higher birth weight, only when not followed by a slow down in
postnatal weight gain, was associated with childhood adiposity
and subsequent lower insulin sensitivity.
Conclusions: Our results add to the growing body of
evidence regarding the importance of prenatal and postnatal
weight gain for later type 2 diabetes risk factors in youth.
Intervening on determinants of birth weight may be beneficial
in terms of later type 2 diabetes risk factors, however
adiposity during childhood as a result of higher birth weight or
of faster postnatal weight gain may increase the risk for type 2
diabetes.

PO2.01.09

Individual rearing of mice impairs adolescent growth and
increases adult obesity risk.

L. Schipper1, S. van Heijningen2, A. Baars1, E.M. van der
Beek1, G. van Dijk2

1Nutricia Research, UTRECHT, The Netherlands; 2GELIFES,
University of Groningen, GRONINGEN, The Netherlands

Background: Mice are widely used to study the neurobiology
of energy balance, metabolic homeostasis and how environ-
mental challenges at different life-stages can influence this
regulation. For these purposes and to assess individual caloric
intake and energy expenditure, many studies apply solitary
housing conditions. The downside is that social isolation can
produce chronic psychological stress in mice, and affect ther-
moregulatory processes. This causes changes in neuroendocrine
functioning, baseline anxiety and food intake regulation.
Abovementioned processes may be highly relevant during
adolescent life, when fast body growth, affective development
and maturation of metabolic organs are established. We
therefore hypothesized that individual rearing from weaning
onwards alters metabolic development and contributes to later
in life vulnerability to obesity and metabolic disease.
Methods: Directly after weaning at postnatal (P) day 21, male
C57BL/6J mice were housed in either individual or social
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(n= 2 siblings/cage) housing conditions at 21°C and kept on
semi-synthetic (AIN93G based) rodent chow. At P43, one
third of the mice from the individually and socially housed
groups were sacrificed and the remaining groups were split and
either exposed to a moderate western-style diet (WSD, 40En%
as fat) or kept on control diet (AIN-93-M, 20En% as fat) until
P126. Bodyweight was monitored and energy intake and
expenditure were determined using indirect calorimetry during
adolescence (P40-42) and adulthood (P105-107). In addition,
mice were subjected to a sucrose preference test to assess food
reward mechanisms during adulthood (P74-79) and to an ele-
vated plus maze test (EPM) to assess baseline levels of anxiety
during adolescence (P39) and adulthood (P92). After dissec-
tion at P43 or P126 plasma adipokines, corticosterone and
Insulin-like Growth Factor-1 (IGF-1) were measured and body
composition was determined by carcass analysis.
Results: Compared to socially housed mice, individually
housed animals showed reduced body weight gain during
adolescence, while energy intake and energy expenditure were
increased. At P43 these mice had reduced lean body mass
(LBM), but significantly higher white adipose tissue mass
(WAT) compared to socially housed mice. In adulthood, the
bodyweight gain of individually housed animals exceeded that
of socially housed mice, with elevations in both energy intake
and expenditure. At P126 the individually housed mice showed
higher adiposity, accompanied by a reduced plasma adipo-
nectin/leptin ratio. Adult exposure to WSD amplified these
changes and reduced plasma levels of corticosterone and IGF1.
Individually housed mice that were exposed to WSD showed
the lowest sucrose preference index, suggesting that food
reward mechanisms were blunted in this group. Baseline anxi-
ety levels in EPM were reduced by individual housing and by
adult exposure to WSD.
Conclusion: Individual housing from weaning onwards
results in impaired adolescent lean mass development and
increased adult adiposity. The latter effects are exacerbated by
adult exposure to an obesogenic diet. These effects are asso-
ciated with mild alterations in reward sensitivity and reduced
baseline levels of anxiety, indicating modest consequences for
affective functioning. These results suggest that individual
rearing of mice can be proposed as a model for programmed
adult obesity.

PO2.01.10

Lifecourse developmental trajectories of body mass index -
A 46 years follow-up of the NFBC1966

R. Nedelec1, E. Lowry2, I. Uusitalo1, V. Karhunen1,
M. Männikkö1, J. Miettunen1, S. Sebert1, M.R. Järvelin1

1Centre for Life-Course Health Research, UNIVERSITY OF
OULU, Finland; 2Biocenter Oulu, UNIVERSITY OF OULU,
OULU, Finland

Background: Propensity to become obese in adulthood varies
during the life-course depending on social, biological or

lifestyle changes. Recent statistical techniques have allowed
exploration of BMI variation over time by identifying hetero-
geneous groups in populations. Such studies from birth to
midlife are scarce. A refined knowledge about the age at onset
of obesity as well as duration and intensity of episodes of
overweight or obesity is extremely important to understanding
the variability in the development of obesity.
Objective: To identify BMI developmental trajectories from
birth to 46 years in a general population to study groups at risk
of early onset obesity.
Methods: The study is based on longitudinal data obtained
from the Northern Finland Birth Cohort 1966 (NFBC1966).
Throughout infancy and childhood, repeated measures of
height and weight were collected by the child health and wel-
fare clinic nurses and later by school nurses. From the original
paper records, the data has been computerized and integrated
into our databases. At 31 and 46 years of age, the cohort
members were invited to a clinical examination where their
weight and height were measured by trained nurses.
Weight for length z-scores were calculated from birth to two
years old and after two years, BMI z-scores were used. Twelve
time frames, ranking from birth to 46 years (0, 0.25-1, 1-2, 2-
4, 4-7, 7-11, 11-13, 13-17,17-30, 31 and 46), were defined
and the corresponding weight for length/BMI z-scores were
based on the means over each specific time window. We
excluded pre-terms, multiple births (N= 1,406) and data with
less than 3 measurements of BMI, giving a final sample size of
8,185 (51% male). A group-based trajectory modeling proce-
dure, using Proc Traj in SAS statistical software, was applied to
identify developmental trajectories of BMI z-scores from birth
to 46 years old. This method assumes that there are latent
underlying groups in the population, following the same
behavior over time and each having its own prevalence, inter-
cept and slope. We used a censored normal model, suitable for
continuous variables and modeled the trajectories for males and
females separately and together. We tested models with 2 to 7
groups, starting with a quartic shape (4th order polynomial). To
choose the optimal number of groups, we considered the lowest
Bayesian Information Criterion between 2 consecutives models
(adding one group at a time). The average posterior prob-
abilities had to be above 0.7 and odds of correct classification
above 5. We also took into account a membership probability
of 5%minimum if possible, tight 95% confidence intervals and
parsimony.
Results and conclusion: We observed similar BMI z-score
developmental trajectory patterns and proportions in both
males and females. The present model includes both genders
and identified 5 latent groups (figure) tentatively named as “low
stable” (32.3%), “low decreasing“ (38.1%), “adolescent obesity
maintaining” (14.6%), “childhood obesity decreasing”
(11.6%) and “chronic obesity” (3.4%). Identifying BMI tra-
jectories over the life-course is a critical step in understanding
the interplay between onset, intensity and duration of obesity
and will help apprehending its biological, social and behavioral
correlates.
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Trajectories of BMI z-scores from birth to 46 years of age in
NFBC1966.

PO2.01.11

Infancy growth and BMI at 21 years: the role of home
environment in infancy

E.D. Delker1, E.B. Blanco1, B.L. Lozoff2, M.C. Cayazzo3,
S.G. Gahagan1

1University of California, San Diego, SAN DIEGO, United
States of America; 2University of Michigan, ANN ARBOR,
United States of America; 3University of Chile - INTA,
SANTIAGO, Chile

Background: Faster infant growth has been related to later
obesity in many studies from both developed and developing
countries. However, little is known about the possible moder-
ating effects of socio-contextual factors. In a cohort from
Santiago, Chile, we evaluated how weight gain, timing of peak
growth and growth velocity in the first year of life related to
BMI at 21 y and whether the relation varied by stimulation in
the home and maternal depression.
Methods: Infants participated in a randomized controlled trial
of iron supplementation and were followed at 21y (N= 1000).
Infants were singleton, born at term via routine vaginal deliv-
ery, had birth weight ≥ 3.0 kg, and did not have iron defi-
ciency anemia at 6 months. Anthropometry (weight and
length) was measured monthly between 6 and 12 months; prior
measurements were obtained from chart abstraction. We fit a
Super Imposition by Translation and Rotation (SITAR)
growth curve model, which generates three infant-specific
random effects: (1) size (mean weight relative to overall sample
weight, grams), (2) tempo (timing of peak growth velocity,
months) and (3) velocity (peak growth velocity, grams/month).
We used multivariable linear regression to assess the effect of
these growth parameters on 21y BMI. Models adjusted for sex,
breastfeeding (age at first bottle), socioeconomic status, gesta-
tional age, and iron supplementation. We also tested whether
the relation between the growth parameters and 21y BMI
varied by home environment for developmental nurturing
(HOME) and maternal depression risk (CESD).
Results: At 21y, participants were 47.3% male. BMI averaged
26.3 (5.3), with 22.5% obese and 31.2% overweight. Adjust-
ing for covariates, later timing of peak growth in the first year
related to higher 21y BMI. Higher relative weight gain also
related to 21 y BMI but varied by HOME environment.
Weight gain positively related to 21y BMI only among infants

from more, versus less, nurturing homes. Peak growth velocity
was not directly related to 21y BMI. However, we found a
statistically significant interaction between growth velocity and
HOME score. Among infants from more nurturing homes,
faster growth velocity related to lower 21y BMI; with less
nurturing homes, faster growth velocity related to higher 21y
BMI. There were no statistically significant interactions
between growth parameters and maternal CESD score.
Conclusions: Weight gain, timing of peak growth and growth
velocity in the first year of life related to 21 y BMI. The asso-
ciations between 21y BMI, relative weight gain and peak
growth velocity varied by HOME environment, suggesting
multiple determinants of infant growth. These interesting
findings require replication to better understand mechanisms.
Evaluating the home environment for developmental nurturing
may be an intervention point for prevention of excess weight
gain in infancy.

PO2.01.12

Low insulin levels during lactation in rats can protects
against obesity in adult life

C.C.I. Matiusso, I.P. Martins, A.M.P.M. Moraes,
A. Pavanello, L.P. Tófollo, L. Lima, K.G.B. Machado,
L. Saavedra, R.V. Venci, C. Previate, S. Piovan, M.N.C. Peres,
A. Malta, P.C.F. Mathias

Universidade Estadual de Maringá, MARINGÁ, Brazil

Background: Hyperinsulinemia in early life are related to the
development of obesity and metabolic syndrome later in life,
whereas hypoinsulinemia is implicated with lean phenotype. In
this line, the M3 muscarinic acetylcholine (ACh) receptor (M3

mAChR) in pancreatic b-cells is essential for maintaining
proper insulin release and glucose homeostasis. Here, we eval-
uated the effects of treatment with a cholinergic antagonist
scopolamine butylbromide, during lactation on metabolism of
rats submitted to a high fat fat diet (HF) in adulthood.
Methods: After birth, male Wistar rats received intraperitoneal
injection of scopolamine butylbromide, 0.5mg/Kg body
weight (bw)/day during the first 12 days of lactation (Treated
Group; T) or saline (Control Group; C). At 60-days-old, the
offspring from both group were consumed standard diet
(normo fat diet; NF) or high fat diet (HF; 35% of fat) by thirty
days. At 90-days-old body weight, food intake, fat tissue
accumulation, glucose tolerance were evaluated.
Results: The lean phenotype was observed in rats treated with
scopolamine butylbromide during lactation. T group presented
lower body weight than C group until 60-days-old (8%, p<
0,01) associated to a lower food intake (14%, p< 0,05). At 90-
days-old, T-HF group showed to decrease the body weight
(11%, p< 0,001) compared to C-HF, however, no difference
was observed in food intake in all groups. The T groups pre-
sented lower fat tissue accretion (T-NF 30%; T-HF 14%;
approximately, p< 0, 05) compared to C and C-HF respec-
tively. During intraperitoneal glucose tolerant test, the T-HL

10th World Congress S219

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


animals presented lower glucose levels than C-HL animals
(13%, p< 0, 01).
Conclusions: Treatment with scopolamine butylbromide
during lactation attenuated the development of obesity induced
by a HFD diet in adult life.
Financial support: CNPq/CAPES

PO2.01.13

Exploring the relationship between early and later life
exposures and obesity in middle-age: Findings from the
Newcastle Thousand Families study

N. Robinson, H. Brown, M.S. Pearce, V.J. Albani, J.A. McKay

Newcastle University, NEWCASTLE UPON TYNE, United
Kingdom

Background: Obesity prevalence continues to rise partially
attributed to various lifestyle factors, however growing evidence
emphasises the importance of early life factors in obesity
development later in life. Socio-economic status (SES) also
plays an important role, with more deprived populations
tending to have higher obesity prevalence.
Using life-course longitudinal epidemiological data from a UK
post-war cohort (Newcastle Thousand Families study 1947),
this project investigates the hypothesis that exposures in early
life could predispose an individual to obesity in later life with a
focus on the influence of SES.
Methods: Detailed data were collected longitudinally
throughout childhood, via self-completion questionnaires and
clinical assessment at age 49-51 (n= 412). To explore how
early life and adult factors impact on body mass index (BMI) in
middle-age (49-51), multivariable linear and non-linear
regression methods and path analyses were used. We investi-
gated associations between the early life variables; birthweight,
gender, maternal age, breastfeeding, infections and rapid
growth in the first year, and adverse events up until the 3rd year,
in addition to socioeconomic variables at birth; father’s occu-
pational social class and quality of housing conditions, with
both obesity (BMI> 30kg/m2) and BMI in middle age.
Results: After adjustment, the only early life factors associated
with BMI at 50 were older maternal age and infection, whilst
no significant associations were identified for birthweight, rapid
growth, adversity or housing conditions. Infection in the first
year of life was associated with both increased BMI and with
increased likelihood of being obese in fully adjusted models.
Later life factors of increased physical activity, smoking and
higher occupational social class were all significantly associated
with both a lower BMI and lower odds of obesity. Path analyses
showed that later life lifestyle and socioeconomic factors were
influenced by early life SES.
Conclusions: This work demonstrates that maternal age and
infection during the first year of life directly explain a higher
BMI in middle age, whereas there is an indirect effect of early
life socioeconomic status. This highlights the complexity of the
factors influencing BMI through the life course.

PO2.01.14

A systematic review of the life course determinants of
metabolically healthy obesity

E.M. Robson1, S. Costa2, M. Hamer1, W. Johnson1

1Loughborough University, LOUGHBOROUGH, United
Kingdom; 2University of Cambridge School of Clinical Medicine,
CAMBRIDGE, United Kingdom

Background: Obesity is a major public health concern, with
the global age standardised obesity prevalence estimated to be
25.7%. However, obese individuals are not one homogenous
group, some obese individuals have healthier metabolic profiles
and decreased health risks compared to others. The concept of
metabolically healthy obesity (MHO) and metabolically
unhealthy obesity (MUO) has thus been proposed. Metaboli-
cally healthy obesity reflects obese individuals who have healthy
metabolic profiles (e.g., healthy blood pressure, blood sugar,
and lipid profiles), and therefore display cardiometabolic resi-
lience to obesity. On the other hand, MUO reflects obese
individuals who have unhealthy metabolic profiles (e.g.,
hypertension, hyperglycaemia, and dyslipidaemia), and have
been shown to have increased cardiometabolic disease risks
compared to those defined as MHO. However, the factors
explaining this heterogeneity between obese individuals’ dif-
ferent health status and prospects are not well established. To
date, most research focuses on the prognosis, prevalence, and
transitioning rates of MUO and MHO. Research which has
looked into the factors that account for the differences between
MHO and MUO is largely cross-sectional. In comparison,
there is a lack of longitudinal studies investigating the associa-
tions between certain exposure factors and MHO. It has been
highlighted that longitudinal analysis is required to provide
greater insight into the life course factors that contribute to the
development of MHO or MUO. This study aims to system-
atically review longitudinal studies investigating the association
between life course exposures and cardiometabolic resilience to
obesity.
Methods: Electronic databases will be searched using a trialled
search strategy. Studies will be included following a double
screening process according to strict inclusion criteria. Studies
eligible for inclusion will be prospectively measured long-
itudinal studies, which investigate the association between ≥1
life course exposure and ≥1 outcome that reflects a measure of
cardiometabolic resilience to obesity. Life course exposures will
include body size, body size trajectories, pubertal timing, and
lifestyle/behavioural factors or trajectories (e.g., smoking, phy-
sical activity, sedentary behaviour, diet, alcohol intake, stress
indices, and infant feeding practises). The primary measure of
cardiometabolic resilience to obesity will be MHO as an out-
come, but studies investigating cardiometabolic disease as an
outcome (e.g., cardiovascular disease) in an obese group will
also be accepted. Included studies will have data collected on
the exposure factor before collection of the outcome measure,
be published in English and in a peer reviewed journal since
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1956, and based on human participants. This systematic review
has been registered with PROSPERO (Registration number:
CRD42017057992).
Results: Key results of included studies will be tabulated, and a
narrative synthesis will be conducted. Further, quality of
included studies will be assessed using an adapted version of the
Newcastle Ottawa scale, and results reported.
Conclusions: This review will be the first to summarise the
literature on the life course determinants of cardiometabolic
resilience to obesity. This information will be important in
understanding what we currently know on this subject, and
identifying gaps for future research. Importantly, it may high-
light which modifiable lifestyle factors could be targeted to
delay the onset of cardiometabolic complications among
the obese.

PO2.01.15

Faster infancy growth and waist circumference and blood
pressure at 21 years

E. Blanco1, E. Delker1, B. Lozoff2, M. Cayazzo3, S. Gahagan1

1UC San Diego, LA JOLLA, United States of America; 2Center
for Human Growth and Development, University of Michigan,
ANN ARBOR, United States of America; 3INTA, University of
Chile, SANTIAGO, Chile

Background: Rapid infant growth is associated with obesity.
However, less is known about how infant growth relates to later
waist circumference and blood pressure. In fact, few studies
have reported relations between infant growth and obesity-
related comorbidities past childhood. In a cohort from San-
tiago, Chile, we evaluated how infant growth, timing of peak
growth and growth velocity in the first year of life related to
waist circumference, systolic (SBP) and diastolic (DBP) blood
pressure at 21 y.
Methods: Participants were from an infant iron supplementa-
tion trial aimed to prevent iron deficiency anemia. Original
inclusion criteria were birth weight ≥ 3.0 kg, term, vaginal
delivery, and no pregnancy complications or health problems.
Between 6 and 12 months, anthropometry (weight and length)
was measured monthly by research staff; prior measurements
were obtained from chart abstraction. At 21y, 1000 partici-
pants were reassessed.Waist circumference, SBP and DBP were
measured by a research-trained nurse. We fit a Super Imposi-
tion by Translation and Rotation (SITAR) growth curve
model, which generates three infant-specific random effects: (1)
size (mean weight relative to overall sample weight, grams), (2)
tempo (timing of peak growth velocity, months) and (3) velo-
city (peak growth velocity, grams/month). We used multi-
variable linear regression to assess the effect of each growth
parameter on waist circumference, SBP, and DBP. Models
adjusted for breastfeeding (age at first bottle), socioeconomic
status, gestational age, and iron supplementation.
Results: At 21y, the sample was 47.3% male. Waist cir-
cumference averaged 79.5 (11.2) in females and 88.0 (11.2) cm

in males. Mean SBP and DBP were within the normal range:
112 (11) and 69 (9), respectively. The associations examined
did not vary by sex, so estimates for the whole sample are
presented. Adjusting for covariates, greater mean relative
weight gain (size) related to higher SBP (r= 0.09, p= < 0.01)
but not DBP (r= 0.02, p= 0.64). In contrast, later timing of
peak growth velocity related to higher DBP (r= 0.08, p= 0.02)
but not SBP (r= 0.002, p= 0.95). We did not observe a sig-
nificant relation between peak growth velocity and SBP (r= -
0.06, p= 0.08) or DBP (r= 0.04, p= 0.20).
Conclusions: Weight gain and timing of peak growth in the
first year of life related to 21 y outcomes. Few other studies have
evaluated these associations in young adults.

PO2.01.16

Differential associations of subcutaneous adiposity size and
shape with all-cause mortality among NHANES III adult
population

H. Kim1, E. Petherick1, M.I.O. Varela-Silva1

1Centre for Global Health and Human Development, School of
Sports, Exercise and Health Sciences, Loughborough University,
Loughborough, United Kingdom

Background: Previous studies which investigated on the rela-
tionship between fatness and all-cause mortality commonly
used Body Mass Index (BMI) as the primary estimator of body
fat, which is a crude measure that does not differentiate fat and
fat-free mass nor indicate the pattern of regional fat distribu-
tion. Increasingly researchers recommend that a more direct
fatness measure such as subcutaneous adiposity (SA) (i.e.,
skinfolds) may provide further information on the associations
of fatness with call-cause mortality.
Methods: To assess the Hazard Ratio (HR) of all-cause mor-
tality by SA (i.e., skinfold measurements), the third National
Health and Nutrition Examination Survey (NHANES III)
dataset was used, which conducted data collection from 1988
to 1994, and followed for mortality through 2011. Inclusion
criteria were: 1) aged between 25 and 75, and 2) includes all
four skinfold measurements (i.e., triceps, subscapular, supras-
pinale, and thigh) as well as BMI. The total number of parti-
cipants selected were 10,789 individuals (5,282 males). These
four skinfold measurements were used to estimate the SA size
(overall fat) and shape (regional fat distribution) using Healy
and Tanner’s method (HTM) (1981), which statistically
divides multiple anthropometric measurements into uncorre-
lated size and shape values. Therefore, the statistical analysis in
the current study was composed of two steps. Step one is
HTM, which, again, consists of 4 steps: 1) transform all skin-
folds into natural logs, 2) average all the log-transformed data,
which is referred as size, 3) calculate differences between the
size and each log-transformed skinfold, 4) perform principal
component analysis (PCA), which the results then referred as
shape. Next step is running Cox proportional hazard model
using those calculated size and shape values as covariates with
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other potential covariates (e.g., mortality status, age, race/eth-
nicity, education, and smoking).
Results: The PCA generated two components for each gender.
For male, the first shape components strongly correlated with
triceps (positive) and supraspinale (negative), and the second
shape components strongly correlated with subscapular (posi-
tive) and thigh (negative). For female, the first shape compo-
nents strongly correlated with triceps (positive) and
supraspinale (negative), and the second shape components
strongly correlated with thigh only. Those SA size and shape
values were categorized based on the age-specific z-scores into
quintile groups. For male, all covariates significantly modified
the relationship between all-cause mortality and SA size and
shape variables, SA size had a U-shaped relationship (HR
minimum at the second biggest size quintile), shape1 had a
monotonous pattern (HR minimum at the triceps dominant
quintile), shape2 had no significant relationship, and BMI had
a U-shaped relationship (HRminimum at the middle quintile).
For female, all SA size and shape as well as BMI did not show
any significant association with HR patterns, although covari-
ates were still significant.
Conclusions: The associations of both SA size and shape with
all-cause mortality is supported in male but not female. The
results from this study demonstrate for the first time that the
HTM used to statistically explain the association between SA
and all-cause mortality with the notion of SA size and shape.
Reference: (Healy & Tanner, 1981)
Healy, M.J.R. & Tanner, J.M. (1981). Size and shape in rela-
tion in growth and from. Symp. Zool. Soc. Lond. 46,19-35

Hazard ratio difference between quintile groups based on SA
size, shape, and BMI among male and female adult population
aged between 25 and 75 years (NHANES III)

PO2.02 – Cardiometabolic health - Nutrition

PO2.02.01

Resistance exercise combined with regular insulin
supplementation alter hepatic glucose and lactate
metabolism in healthy swiss mice

V. Roncaglia, S. Piovan, M.M.D. Pedrosa, V.A. Godoi

State University Of Maringá, MARINGÁ, Brazil

Insulin is an important modulator of liver metabolism by
decreasing gluconeogenesis and promoting glycogen synthesis,
and thus influencing whole-body glucose homeostasis and

energy expenditure. Although exogenous insulin has been
employed to treat type 1 diabetic patients, which are insulin-
deficient, it has been used for many healthy people to promote
muscle hypertrophy or prescribed by health professionals in
order to lose body weight. As potentially harmful effects of
insulin supplementation to non-diabetics are not known, this
study studied the effects of resistance exercise combined with
regular insulin supplementation on gluconeogenesis in per-
fused livers of healthy Swiss mice. Thirty-eight animals were
have randomly distributed in four groups: Vehicle (VE, n= 8)
and Insulin (IN, n= 12 Vehicle trained (VT, n= 10) and
Insulin trained (IT, n= 8). The VE and VT groups were trea-
ted with saline and the IN and IT group were treated with
regular insulin (0.3 U/Kg, ip.) for eight weeks, five days/week.
The resistance exercise (VT and IT groups) was has done using
a vertical climb with added weight of 90% maximal load. After
that, the livers of a part of animals were perfused in situ after six-
hour fasting with alanine and glutamine (ala/gln, 4mM each)
to measure glucose, lactate, ammonia and urea and another part
of animals were perfused, in the same protocol, with glycerol
and lactate to measure glucose production . After 30minutes of
stabilization, the perfusion fluid was collected at the time 0, 4 8
and 10minutes without substrate perfused and after the livers
were perfused by 45minutes with substrate perfused (alanine
and glutamine or glycerol and lactate) and the perfused liquid
collected each 5minutes. The areas under the curve (AUC, in
μmol/g liver) for glucose, lactate, ammonia and urea produc-
tion of the groups were compared by one-way ANOVA test
and the basal lactate was compared by two-way ANOVA test
both at the significance level of 5%. When perfused with ala-
nine and glutamine we did not find significant difference in the
glucose, ammonia and urea AUC production, however, we
found difference in the lactate AUC production between the
groups VE (2,338 ± 0,109) vs VT (1,229 ± 0,148); VE vs IT
(1,152 ± 0,072); IN (2,204 ± 0,228) vs VT; and IN vs IT. We
also measure the basal lactate production of the in situ perfused
livers and we found significant difference in its production such
as showed on the graphic bellow. Therefore, resistance exercise
combined with regular insulin supplementation could alter
hepatic glucose and lactate metabolism in healthy swiss mice.
Although further experiments are required to elucidate the
mechanisms by which these alterations could be lead.
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PO2.02.02

Vitamin B12 deficiency triggers adipocyte dysfunction by
enhancing triglyceride biosynthesis and pro-inflammatory
cytokine production: a new agonist in metabolic disease?

J. Samavat, A. Adaikalakoteswari, J. Boachie, V. Zammit,
P. Saravanan

University of Warwick, COVENTRY, United Kingdom

Background: Vitamin B12 (B12) is an essential micronutrient
required for optimal hematopoietic, neurologic and other sev-
eral metabolic reactions.Longitudinal studies and animal
models showed that low maternal vitaminB12 deficiency is
associated with the maternal obesity, development of insulin
resistance and metabolic syndrome phenotype.Although the
mechanisms underpinning metabolic disorders remain poorly
defined, it has become increasingly clear that dysregulation of
lipids and metabolic inflammation is associated with obesity
and its comorbidities. Therefore, the aim of this study is to
investigate the role of B12 in lipid regulation and inflammation
in human adipocytes.
Methods: Human pre-adipocyte scell line (Chub-S7) and
human primary pre-adipocytes were grown to confluence (day
0), differentiated in differentiation media for one week and
maintained in nutrition media for next7 days (day 14). In order
to analyse B12 deficiency effects, customized media with dif-
ferent concentrations ofB12 (25pM, 100pM, 1nM, 500nM)
were used. On day 14, the condition media were collected and
the cells were harvested for RNA and protein analysis, and
stored at −80 °C until use. Gene expression was performed by
q-RTPCR and cytokine secretion was determined by ELISA.
Cellular triglycerides (TG) synthesis was quantified using
radioactive tracing technique by incorporation of 14C-oleate.
Results: Adipocytes cultured in low vitaminB12 conditions
showed significantly increased expression of genes involved in
triglyceride synthesis such as Elongation Of Very Long Chain
Fatty Acids Protein 6 (ELOLV6), Stearoyl-CoA Desaturase
(SCD), Glycerol-3-phosphate acyltransferases (GPAT), acyl-
glycerolphosphate acyltransferase (AGPAT), phosphatidate
phosphatase (LIPIN1), Diacylglycerol O-Acyltransferase 2
(DGAT2) and in lipid trafficking Fatty acid binding protein
(FABP4). Cellular uptake of radio-labelled fatty acid (14C-ole-
ate) for de novo TG biosynthesis assessed by scintillation was
significantly higher in low B12 condition. In addition, we also
observed that the gene expression of pro-inflammatory cyto-
kines such as interleukin-6 (IL-6) (figure 1d), interleukin-8
(IL-8) (figure 1a), interleukin-18 (IL-18) (figure 1c), trans-
forming growth factor beta (TGF-β) (figure 1e), monocyte
chemoattractant protein-1 (MCP-1/CCL2) (figure 1b) and
IL1-beta (figure 1f) secretion were significantly increased in low
B12 conditions.
Conclusion: Our data highlights that low B12induces excess
triglycerides biosynthesis and higher gene expression and
secretion of pro-inflammatory cytokines, which might lead to
adipocyte dysfunction. This link between vitamin B12

deficiency and metabolic inflammation opens new insights into
the pathogenesis of maternal obesity and the relevance of
micronutrient supplementation for pregnant mothers.

PO2.02.03

Insulin resistance and liver fat assessed by Magnetic
Resonance Imaging in children.

M.L. Geurtsen1, S. Santos2, L. Duijts2, J. Felix2,
V.W.V. Jaddoe1

1Erasmus MC, ROTTERDAM, The Netherlands; 2The
Generation R Study Group, Erasmus MC, ROTTERDAM, The
Netherlands

Background: The worldwide prevalence of pediatric non-
alcoholic fatty liver disease (NAFLD) is estimated to be 7.6%.
It is associated with metabolic disorders such as obesity, insulin
resistance and type 2 diabetes. Although the gold standard for
diagnosing NAFLD is a liver biopsy, Magnetic Resonance
Imaging (MRI) has been described as an accurate and repro-
ducible technique. We aim to examine the association between
insulin resistance and liver fat fraction measured by MRI in
children at the age of 10 years. We also aim to explore whether
the associations of insulin resistance and liver fat fraction are
influenced by maternal and childhood socio-demographic,
lifestyle and anthropometric factors.
Methods: In a population-based birth cohort study, we col-
lected blood samples at age 10 years, we assessed glucose and
insulin levels and we calculated insulin resistance using the
homeostasis model assessment (HOMA). Liver fat fraction was
obtained from MRI scans at the same age. Spearman’s rank
correlation coefficients will be used to estimate the correlations
between insulin resistance and liver fat fraction. We will also
assess the role of maternal and childhood factors in the asso-
ciations of insulin resistance and liver fat fraction using linear
regression models.
Results: Out of 5706 singleton children that attended the
study visit at 10 years, liver fat fraction measured by MRI was
available in 3170 children. The median liver fat fraction was
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2.0% (95% range: 1.2-5.3%). The blood samples are currently
being processed for glucose and insulin concentrations.
Conclusion: We hypothesize that insulin resistance is asso-
ciated with higher liver fat fraction and therefore with a higher
risk of developing NAFLD. The results will be available soon to
reject or confirm this hypothesis.

PO2.02.04

Associations of maternal pregnancy, social and lifestyle
characteristics and blood pressure at age 4/5 in White
British and Pakistani children

J. West1, G. Santorelli1, P. Collings1, J.P. Wright1,
D.A. Lawlor2

1Bradford Institute for Health Research, BRADFORD, United
Kingdom; 2MRC Integrative Epidemiology Unit, University of
Bristol, BRISTOL, United Kingdom

Background: South Asian individuals have substantially higher
rates of coronary heart disease (CHD) than White Europeans.
High blood pressure (BP) is one of the most important risk
factors for CHD and higher diastolic BP has previously been
reported in both South Asian adults and children (age 9/10)
compared to White European populations. Our research
question was whether pregnancy, social and lifestyle maternal
exposures are associated with offspring BP at age 4/5 and
whether any association differs between White British and
Pakistani origin children.
Methods: Born in Bradford is a bi-ethnic prospective cohort
study developed to provide evidence about the causes of disease
and health outcomes by following the lives of 13818 children
born to 12453 mothers in Bradford, UK between 2007 and
2010. For the analyses presented here, data from 1824
Pakistani and 1644 White British mother-offspring pairs were
used. All mothers completed an oral glucose tolerance test in
pregnancy. We examined associations of maternal early preg-
nancy BMI, gestational diabetes (GD), fasting and post-load
glucose, maternal hypertension (HDP), smoking in pregnancy
and maternal education, with BP in offspring at age 4/5.
Results: Pakistani children had lower systolic, but higher dia-
stolic BP (difference in mean -0.17mmHg; 95% CI -0.88,
0.54 and 1.33mmHg; 95% CI 0.59, 2.06, respectively) com-
pared to White British children. Maternal BMI and HDP were
positively associated with systolic and diastolic BP in Pakistani
children, but there was little evidence for an association in
White British children (e.g. difference in mean SBP per 1 kg/
m2 0.123mmHg; 95% CI 0.025, 0.219 and 0.054mmHg;
95% CI -0.033, 0.140 in Pakistani and White British,
respectively and p-value for ethnic differences= 0.274). Asso-
ciations of maternal glucose, smoking and education with BP
were consistent with the null hypothesis in both groups.
Conclusions: Our results suggest that ethnic differences in BP
are apparent from at least as young as 4/5 years. The associa-
tions of maternal BMI and HDP appear more marked in
Pakistani children than White British, and other maternal

characteristics do not appear to be notable determinants of BP
in either group.

PO2.02.05

Paternal cholestasis alters offspring metabolic phenotype
and predisposes to hypertension

V.F. Pataia1, G. Papacleovoulou1, A.M. Samulesson1,
E. Jansen2, P.D. Taylor1, L. Poston1, C. Williamson1

1King’s College London, LONDON, United Kingdom; 2National
Institute for Public Health and the Environment, BILTHOVEN,
The Netherlands

Background: Accumulating evidence has shown that not only
maternal health during pregnancy, but also the paternal meta-
bolic status at the time of conception may have an impact on the
subsequent health of the offspring. Cholestatic liver diseases are
metabolic conditions characterised by increased circulating serum
bile acid and lipid levels. Ursodeoxycholic acid (UDCA) is the
most commonly used treatment for cholestatic diseases. Previous
studies have shown that male cholestasis leads to apoptosis in the
testis and loss of the blood-testes barrier. In this study we hypo-
thesised that paternal cholestasis affects the testicular homeostasis
resulting in altered disease susceptibility in the offspring.
Methods: Fertile male mice were fed a normal chow (NC) diet
or 0.5% cholic acid supplemented diet (CA diet) for 10 weeks.
At completion of feeding, males were mated to NC-fed females.
Females were allowed to give birth and offspring were kept on a
NC diet until 12 weeks old, at which point offspring were
either kept on a NC diet or challenged with an obesogenic
Western Diet (WD) for 6 weeks. Energy balance, morpho-
metric parameters and glucose and lipid homeostasis were
assessed in the male offspring. In a subsequent cohort, used the
same breeding setup was used and an additional group of
paternal feeding with a 0.5% cholic acid + 0.5% UDCA
supplemented diet (CA+UDCA diet) was included as a
treatment group. Offspring were weaned onto NC and then fed
a WD from 12 weeks to 25-29 weeks of age. Systolic and
diastolic blood pressure was recorded over a 24 h period using
radiotelemetry.
Results: Male offspring of cholestatic fathers challenged with a
calorie-rich Western Diet (WD) showed increased energy
expenditure (EE) and respiratory exchange rate (RER) during
the night (EE: 13.1 vs 11.8 kcal/h/kg; RER: 0.77 vs 0.74;
P≤ 0.01) and day cycle (EE: 11.6 vs 10.5 kcal/h/kg; RER: 0.76
vs 0.73; P≤ 0.01) compared to matched controls. Increased
liver weight (3.0 vs 2.3 g; P≤ 0.05), fasting insulin levels (3.9 vs
2.5 μg/L; P≤ 0.05) and serum cholesterol levels (2.9 vs
1.9mmol/L; P≤ 0.01) were also observed in these offspring.
Male offspring of cholestatic fathers challenged with a WD
were profoundly hypertensive at 25-29 weeks old compared to
controls during the night (196/159mmHg vs 145/
112mmHg; P≤ 0.01) and day cycle (169/137mmHg vs 136/
109mmHg; P≤ 0.01). However, paternal CA + UDCA diet
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resulted in blood pressure values comparable to controls during
the night (135/97mmHg) and day cycle (119/86mmHg).
Conclusions: Our findings suggest that paternal cholestasis
alters disease susceptibility in the offspring which is unmasked
when challenged with a WD, resulting in a shifted energy
balance, metabolic derangements and profound hypertension.
Paternal UDCA treatment of cholestasis prevented the devel-
opment of a hypertensive phenotype in the offspring.

PO2.02.06

In Utero Caffeine Exposure Induces Transgenerational
Effects on the Adult Heart.

C. Wendler, R. Poulsen

University of Florida, GAINESVILLE, United States of America

It is recognized that the disruption of the intrauterine environ-
ment by nutritional or chemical factors may influence the
developing fetus resulting in long-term adverse effects in adult-
hood and subsequent generations. We tested the hypothesis that
in utero exposure to caffeine induces transgenerational effects on
the heart. We treated pregnant CD-1 dams with caffeine, using
doses equivalent to 2-4 cups of coffee, from embryonic day (E)
6.5-9.5 or E10.5-13.5. We observed that embryos exposed to
caffeine from E6.5-9.5 (F1 generation) developed a dilated car-
diomyopathy phenotype by 1 year of age, which consisted of
increased ventricular volume, reduced left ventricular posterior
wall (LVPW) thickness, decreased % fractional shortening (%
FS), and impaired response to b-adrenergic stimulation. Caffeine
altered cardiac gene expression in F1 generation mice, including a
4-fold increase inMyh7 expression. Embryos exposed to caffeine
later (E10.5-13.5) were not affected. However, the F2 generation
of mice exposed from E10.5-13.5 developed a cardiac phenotype
similar to hypertrophic cardiomyopathy, which included
increased LVPW thickness, decreased LV volume, and increased
% FS. F2 generation mice exhibited changes in gene expression,
including a 2.2-fold decrease in Myh7 expression. The F3 gen-
eration of mice exposed from E10.5-13.5 exhibited morpholo-
gical changes in adult hearts, including increased mass. This
report shows that in utero caffeine exposure has long-term effects
into adulthood and transgenerational effects on gene expression,
cardiac function, and morphology. Considering that millions of
women consume caffeine during pregnancy, the notion that early
embryonic exposure is associated with long-term cardiac
abnormalities make these studies of considerable importance.

PO2.02.07

Metformin treatment in obese pregnant mice modulates
hepatic fat accumulation and mitochondrial electron
transport chain activity in adult offspring livers

A. Mahesh, H.N.B. Thomas, K. Lovell, C.D. Byrne,
F.R. Cagampang

University of Southampton, SOUTHAMPTON, United Kingdom

Background: Obesity during pregnancy increases offspring
risk to metabolic diseases, such as non-alcoholic fatty liver
disease (NAFLD). We have previously shown that maternal
obesity caused by feeding a high fat (HF) diet increases off-
spring risk to NAFLD by decreasing mitochondrial electron
transport chain (ETC) complex activity (Bruce et al. Hepatol-
ogy 2009). The anti-diabetic drug metformin is prescribed in
gestational diabetes, which is strongly associated with maternal
obesity during pregnancy. We investigated the consequence of
maternal metformin treatment in obese pregnant mice on
NAFLD severity and hepatic mitochondrial ETC complex
activity in male and female adult offspring.
Methods: Female C57/BL6J mice were fed control (C, 7% kcal
fat) or high fat (HF, 45% kcal fat) diet 6 weeks before conception,
and through pregnancy and lactation. Half the dams were given
metformin (met, 250mg/kg BW/day) in drinking water
throughout pregnancy and lactation. Male and female offspring
were weaned onto a C or HF diet, generating offspring groups
(n= 3-5 per group/sex) from untreated dams (C/C, C/HF, HF/
C, HF/HF) and metformin-treated dams (Cmet/C, Cmet/HF,
HFmet/C, HFmet/HF). Offspring were killed at 30 weeks old
and livers taken. NAFLD severity was assessed histologically by
NAFLD activity score (NAS) and offspring liver mitochondrial
ETC Complex I, II, IV activity was determined using ELISA.
Data was analysed by two-way ANOVA.
Results: Offspring from HF-fed obese dams have increased
NAFLD severity (as defined by NAS) compared with offspring
from C-fed lean dams (p< 0.05). There was a corresponding
reduction in mitochondrial ETC complex activity levels in
their livers, particularly Complex II (p< 0.01) in HF/HF
females. Treating the obese pregnant dams with metformin
partly restored the activity levels of the three ETC complexes in
the HF/HF female offspring livers but not in the males.
NAFLD severity was reduced in female but not in male off-
spring from metformin-treated HF-fed obese dams. Con-
versely, giving metformin to C-fed lean dams increased
NAFLD severity and failed to rescue ETC Complex I, II and
IV activities in both male and female offspring livers.
Conclusions: There is a sexually dimorphic effect of maternal
metformin treatment in obese pregnancy on the severity of
diet-induced NAFLD in adult offspring - metformin in obese
dam reduced female offspring NAS and partially restored ETC
complex activity, but had no effect on male offspring. How-
ever, metformin in lean pregnancy increases offspring risk of
NAFLD in adulthood for both sexes.
Funding: This work is supported by Diabetes UK

PO2.02.08

Perinatal maternal high-fat diet affects the metabolic
response to fructose intake during adolescence period of male
offspring

C.C. Pazos-Moura1, L. Soares Oliveira1, B.G. Caetano1,
A.F.P. Souza1, R.A. Miranda1, J. Woyames1, A. Cordeiro1,
I.H. Trevenzoli1, L.L. Souza1
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1Federal Universtity of Rio de Janeiro, RIO DE JANEIRO,
Brazil

Background: Maternal high-fat diet (HFD) during perinatal
period is associated with long-term changes in metabolic
responses of the offspring, increasing its susceptibility to
obesity and metabolic diseases along life. This might
contribute to the increased prevalence of obesity among
adolescents, in addition to their own nutritional habits. Fruc-
tose intake has increased specially in adolescents, and it has
been associated with early development of insulin resistance,
dyslipidemia, obesity and hepatic steatosis. The latter
results from the impact of fructose in the hepatic lipid meta-
bolism, leading to lipid accumulation and oxidative damage.
However, it is unknown whether maternal HFD would change
the predisposition to develop hepatic steatosis in response to
high fructose consumption during adolescence. Here, eval-
uated the impact of perinatal maternal HFD on metabolic
response of the offspring to fructose intake during adolescence
period.
Methods: Female Wistar rats received standard (STD - 9% fat)
or high fat diet (HF 29% fat) prior mating, throughout
pregnancy and lactation. After weaning, offspring received
standard chow and, from 25th to 45th day (adolescence
period), received water (control) or fructose-drinking water
(15%). At 46 days-old, animals were sacrificed, serum and
white adipose tissues depots were collected to biochemical
analysis and adiposity evaluation, respectively, and liver to
evaluation of redox status by enzymatic assays and investigation
of autophagy markers by western blotting. Two-way ANOVA
was used as statistical analysis, followed by Tukey’s post-test.
Statistical significance considered as p< 0.05.
Results: HFD offspring showed higher body weight and
adiposity compared to STD offspring. Fructose intake
did not change the body weight, but increased the adiposity of
STD (1.3-fold) and HFD (1.2-fold) offspring. Maternal HFD
promoted hyperleptinemia in offspring, and fructose also
increased serum leptin in STD (1.4-fold) and HFD (1.3-fold)
groups. Fructose intake increased serum triglycerides in STD
(2.4-fold) and HFD (2.0-fold) offspring, but decreased serum
cholesterol levels only in the HFD offspring. Higher liver
weight was observed in HFD offspring, but fructose intake
increased it in both STD and HFD offspring. The HFD
disrupted the hepatic redox status by increasing the protein
bound carbonyl (3-fold) and thiol content (1.1-fold), regardless
of fructose intake. However, the activities of antioxidant
enzymes superoxide dismutase and glutathione peroxidase
were decreased (20%) by fructose intake only in HFD
offspring, highlighting its susceptibility to oxidative stress in
response to fructose intake. Some markers of the autophagy
process (nucleation and elongation) were analyzed. Autophagy
was changed by maternal obesity and fructose intake.
The hepatic protein expression of Beclin-1 (nucleation) and
ATG12 (elongation) were not significantly different among
experimental groups. However, fructose intake increased

ATG3 (elongation) expression (2.1-fold) only in STD off-
spring and reduced ATG12-ATG5 (elongation) (38%) only
in HFD offspring. These data suggests impairment of
hepatic autophagy process in HFD offspring that received
fructose.
Conclusion: The metabolic responses to fructose intake were
changed by perinatal maternal diet, promoting differences in
hepatic redox status and autophagy process. These observations
suggest that perinatal maternal HFD and fructose intake during
adolescence period turn the offspring more susceptible to
develop metabolic hepatic changes.

PO2.02.09

Maximizing Precision using Quantitative Certification
Programs

S. P. M. Alkek, S.D. Flamm

Precision Image Analysis, KIRKLAND, United States
of America

Background: Precision Image Analysis (PIA) has developed a
robust spectrum of quality control measures, including estab-
lishing certification programs to ensure the consistency of
analysts performing CT and MR post-processing for both
clinical and research use. For every type of post-processing
analysis, there is a certification program that must be passed
before analyses can be performed. Although each program
varies in length and complexity, the end goal of all certification
programs is to ensure that analysts meet specific qualitative and
quantitative standards. Quantitative certification ensures that
all measurements performed are standardized and unbiased and
meet the established internal consistency thresholds of the lab.
This is achieved via a set of “gold standard” exams, the post-
processing of which was already completed and overseen by
PIA’s medical director. Following standardized training, pro-
spective analysts postprocess exams from the gold standard set
independently, the results of which are compared against the
gold standard results.
Passing criteria are rigorous. For example, for cardiac MRI
(CMR), the prospective analyst must achieve less than 7%
variance on all five core metrics (left and right ventricular end-
diastolic and end-systolic volumes, and left ventricular mass)
for five certification studies in a row. The 7% variance thresh-
old being established based on a compendium of published
standards from expert sites.
Methods: To establish the effectiveness of the PIA certification
program, two CMR-certified analysts independently post-
processed the same set of 30 randomly selected adult CMR
exams. Three weeks later they blindly re-processed the exams
again to establish inter- and intra-observer variability metrics
for these analysts.
All CMR parameters were calculated in standard fashion using
the summation of discs method on ECG-gated short axis CINE
acquisitions. The right and left ventricular endocardial and
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epicardial borders were delineated manually at end-diastole and
end-systole, and the five parameters calculated.
Results: Figures 1 and 2 show PIA’s results. Limits of agree-
ment and coefficients of variability were calculated for right and
left ventricular end-diastolic and end-systolic volumes using the
Bland-Altman method. The coefficients of variability were
significantly less than the 7% variability threshold used for
PIA’s CMR certification, reflecting a success in the training and
certification system.
Conclusions: PIA’s variability results are comparable to mul-
tiple published results using manual contour delineation by
well-trained observers at expert CMR centers, e.g. Luijnenburg
et al’s Intra-observer and interobserver variability of biven-
tricular function, volumes and mass in patients with congenital
heart disease measured by CMR imaging.
This precision is crucial for accurate diagnostic interpretations,
and in particular for longitudinal studies where small follow-up
changes, which may be only marginally larger than the
standard deviation for each metric, need to be quantified
accurately and consistently. Minimizing observer bias and
variability is equally important as optimizing imaging proto-
cols. PIA’s certification program has been demonstrated to
reduce such biases to levels comparable to other well-
established expert CMR centers.

PIA Inter- and Intra-observer Variability

PO2.02.10

Effect of maternal high fructose and offspring high fat
intake on programmed hypertension in young adult rats

Y.M. Chao, C.N. Weng, C.C. Yang, J.Y.H. Chan

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG
CITY, Taiwan

Background: There is now substantial epidemiological evi-
dence suggesting the origin of susceptibility for metabolic
syndromes (MetS) and associated cardiovascular dysfunctions
in adulthood can be traced back to the early life. We have
previously demonstrated that maternal high fructose diet
(HFD) induces programmed hypertension in adult offspring;
however, the cellular and molecular signaling contributing to
the developmental programming of adult hypertension is not

fully understood. There are a number of nutrient sensing
pathways, including silent information regulator transcript
(SIRT), AMP-activated protein kinase (AMPK), phosphatidy-
linositol 3-kinase/Akt/mammalian target of rapamycin (PI3K/
Akt/mTOR), and peroxisome proliferator-associated receptor
(PPAR), located in the central nervous system and are respon-
sible for the detection of sugars, amino acids, lipids and the
surrogate metabolite level for the maintenance of metabolic
homeostasis. Perturbation of these signaling pathways could
lead to MetS and the associated cardiovascular complications.
This study was designed to investigate the role of these nutrient
sensing pathways in the brain on developmental programming
of hypertension in offspring to maternal HFD, and the influ-
ence of high fat diet (HFatD) in offspring to these nutrient
sensing pathways.
Method: Female Sprague-Dawley rats were fed with 60%
HFD or normal diet (ND) during gestation and lactation
periods. After weaning both HFD and ND offspring were
subjected to HFatD or ND from the age of 3 to 12 weeks.
Blood pressure was monitored under conscious condition via
tail-cuff or radiotelemetry method from week 6 to 12.
Expression of nutrient sensing signals in the forebrain hypo-
thalamus was examined by Western blot analysis or in situ
immunohistochemistry. Tissue oxidative stress was quantified
by electron spin resonance spectroscopy. Drugs were adminis-
tered daily by oral intake from week 9 to 12.
Results: Maternal HFD induced programmed MetS and
hypertension that became significant at age of 9 weeks and
maintained in young adult at age of 12 weeks. Changes in both
metabolic and blood pressure phenotypes were appreciably
enhanced in HFD offspring with additional HFatD intake after
weaning. Protein expressions of SIRT3, phosphorylated
AMPK (p-AMPK), p-Akt and p-PPAR in the hypothalamus
were downregulated in the HFD offspring, which were further
suppressed in offspring fed with HFatD. These molecular
changes were associated with tissue oxidative stress and pro-
duction of proinflammatory cytokines in the hypothalamus.
Oral intake with metformin or resveratrol to HFD+HFatD
offspring notably abrogated the suppression of SIRT3,
p-AMPK, P-Akt and p-PPAR expressions in the hypothalamus,
and alleviated tissue oxidative stress and cytokine production.
The same treatments also prevented the programmed hyper-
tension detected in the HFD+HFatD offspring at the age of
12 weeks.
Conclusion: These results suggest that by further down-
regulating the nutrient sensing signaling in the hypothalamus
HFatD intake during young adult may exacerbate the pro-
grammed MetS and hypertension to maternal HFD. This may
associated with the induction of tissue oxidative stress and
production of proinflammatory cytokines in the brain. Acti-
vation of the nutrient sensing pathways in young adult off-
spring by metformin or resveratrol could protect against brain
oxidative stress and neuroinflammation, leading to depro-
gramming of hypertension in HFatD offspring to
maternal HFD.
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PO2.02.11

Brain oxidative stress in the programming of hypertension
in young offspring to maternal high fructose diet

J.Y.H.Chan, K.L.H.Wu, Y.M.Chao, Y.L. Tain, S. Leu,W.C. Lee

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Metabolic syndrome and associated cardiovas-
cular complications remain to be a major health burden
worldwide. Accumulated evidence from both human and ani-
mal studies suggests a suboptimal environment during fetal and
neonatal development can significantly impact the evolution of
adult-onset disease. Our previous results indicate that female
rat fed with high fructose diet (HFD) during gestation and
lactation induces programmed hypertension in young adult
offspring. Underlying mechanism underpin the programmed
hypertension to maternal HFD is not well defined. Oxidative
stress at the rostral ventrolateral medulla (RVLM), where
sympathetic premotor neurons reside, is known to play a
pivotal role in sympathoexcitation and hypertension, two traits
that are exhibited in the HFD offspring. This study aimed to
identify the role of oxidative stress at RVLM in the pro-
grammed hypertension in adult offspring to maternal HFD.
Method: Pregnant Sprague-Dawley female rats were fed with
60%HFD or normal diet (ND) during pregnancy and lactation.
Blood pressure of offspring was measured at the age of 3, 6, 9, or
12 weeks under conscious condition by tail-cuff or radiotelemetry
method. Expression of enzymes for generation or degradation of
the reactive oxygen species (ROS) were evaluated byWestern blot
or immunohistochemistry, which was visualized by confocal
microscopy. ROS level was quantified by electron spin resonance
spectroscopy. Drugs were chronically infused into the cisterna
magna by the use of osmotic minipump.
Results: Maternal HFD fed during gestation and lactation
programmed hypertension development in young, male off-
spring which became notable at the age of 9 and maintained at
the age of 12 weeks, alongside the increase in sympathetic
vasomotor activity, suggesting the high blood pressure could
have its origin from the brain. In the RVLM of HFD offspring,
expressions of gp91phox subunit of the NADPH oxidase and
angiotensin type 1 (AT1R) receptors were upregulated, while
antioxidant superoxide dismutase 2 (SOD2) was down-
regulated and ROS level was increased. Theses molecular and
cellular events preceded the increases in sympathetic vasomotor
activity and blood pressure. Intracisternal infusion of simvas-
tatin reversed the gp91phox and AT1R upregulations, SOD2
downregulation and ROS accumulation in RVLM of HFD
offspring. The same treatment, applied to HFD offspring at age
of 6-9 weeks, also significantly diminished the programmed
hypertension in the adult offspring at the age of 12 weeks.
Conclusion:We concluded that oxidative stress at RVLMmay
contribute to the programming of hypertension in young adult
HFD offspring via upregulation of gp91phox and AT1R, as well
as downregulation of SOD2. Early life treatment with

simvastatin may protect RVLM against oxidative stress and
deprogram the development of hypertension in young adult
offspring to maternal HFD.

PO2.02.12

Mechanisms involved in the increase of insulin secretion
stimulated by a fraction rich in sterebins extracted of Stevia
rebaudiana

S. Piovan, A. Pavanello, I. Peixoto Martins,
A.M. Praxedes de Moraes, C.C. Matiusso, A. Malta,
G.M. Ledesma Peixoto, Y.C. Carvalho Lima, V. Roncaglia,
P. Milani Gimenez, S.C. Da Costa, P.C. de Freitas Mathias,
C.E. Mareze da Costa

State University of Maringa, PAIÇANDU, Brazil

Recent studies have shown that the Stevia rebaudiana (SR) plant,
besides being a source of non-caloric sweeteners, is also an
important source of bioactive compounds with functionalities
that may be beneficial in the control of diabetes mellitus. Among
themolecules with possible effect on glycemic homeostasis are the
estereins, terpenoids present in large amounts in fractions
obtained from SR extracts. These substances contribute nega-
tively to the composition of the sensory profile of stevia sweet-
eners, even present at 0.05% level, so they are usually discarded
by industry. This is the first work to evaluate the effects of a stevia
fraction rich in sterebins (SSF) on glucose-stimulated insulin
secretion (GSIS). In the present study, we tried to evaluate also
the mechanisms that lead to the increase of the release of insulin
triggered by SSF at different glucose concentrations.We used SSF
extracted from SR leaf from the Center for Studies on Natural
Products - UEM. The experimental procedures were approved by
the Committee of Ethics in Animal Experimentation (CEUA -
8796250415) of the State University of Maringá. To study the
acute effects of FTS on insulin production and secretion, islets of
Langerhans from Wistar rats were isolated and incubated at dif-
ferent glucose concentrations (5.6, 8.3 and 16.7mM) in the
presence or not of 0.3 μg / mL SSF. Next, was evaluated the
ability of SSF to stimulate GSIS in the presence or absence of
Forskolin (10μM), an activator of the enzyme adenylyl-cyclase or
IBMX (1mM), a phosphodiesterase inhibitor. The supernatants
from the incubations were collected and stored for further mea-
surements of insulin using a radioimmunoassay method. SSF
provoked the increase of GSIS only in the islets incubated with
8.3 and 16.7mM of glucose. There was an increase in the
secretagogue effect of Forskolin when incubated in the presence
of SSF (34%), but no significant difference was observed when
incubated with IBMX. Therefore, SSF stimulates insulin secre-
tion only in the presence of high glucose concentrations by
mechanisms not fully understood, but which seem to involve the
activation of the adenylyl-cyclase or the signaling pathway capable
of activating it. This effect can be triggered by compounds present
in SR leaves without sweetening properties, such as steroids,
which have important functionalities for the treatment of diabetes
mellitus.
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PO2.02.13

High fat diet during adolescence induces increased blood
pressure in adult rats

S.S. Silveira1, V. Alves1, L. Tófolo1, T.A. Ribeiro1,
L. Saavedra1, K. Machado1, A.M. Moraes1, M.N. Peres1,
C. Matiusso1, I. Martins1, J. Armitage2, P. Mathias1,
K. Palma-Rigo1

1Universidade Estadual de Maringá, MARINGÁ, Brazil;
2Deakin University, VITORIA, Australia

Background/Aims: High fat diet exposition during gestation
and lactation periods lead to hypertension later in life. It have
been suggested that adolescence is, as well, a susceptible phase

for programming to metabolic syndrome. In this context we
hypothesised that high fat diet during adolescence may lead to
hypertension.
Methods: Adolescent Wistar rats (30 to 60 day-old) were
exposed to a high fat diet (HFD, 35% of lard). Control animals
had access to normal commercial chow (NFD). Blood pressure,
heart rate and pulse pressure were recorded in 120-day-old rats.
Student t-test was used to compare groups.
Results: HFD animals showed greater systolic blood pressure
levels compared with control animals (127 ± 2.1 vs.
119 ± 1.5mmHg, respectively, p< 0.05); while diastolic blood
pressure was unchanged (HFD: 74 ± 2.0 and NFD:
71 ± 2.1mmHg, p= 0.27). Pulse pressure tended to be greater
in HFD animals compared with control animals (51.7 ± 0.8 vs.
48 ± 1.9mmHg, respectively, p= 0.05). Heart Rate was similar
between groups (HFD: 342 ± 13 and NFD: 361 ± 17 bpm,
p= 0.4).
Conclusion: High fat diet exposition during adolescence pro-
grams to higher systolic blood pressure later in life, which is an
important predictor for risk of cardiovascular and renal disease.

PO2.02.14

Maternal fructose exposure further increases myocardial
remodeling and impaired cardiac function in rat offspring
with doxorubicin-induced cardiomyopathy

S.L. Leu, K.L.H. Wu, Y.L. Tain, W.C. Lee, J.Y.H. Chan

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Maternal fructose exposure has been found to participate in the
developmental programming of cardiovascular system and
increased the risk of cardiovascular diseases in offspring. Dox-
orubicin, an anticancer drug with adverse effect in cardiotoxi-
city, is frequently used as a chemotherapeutic agent for various
malignancies. In this study, we used the Sprague Dawley rat
model to examine the impact of maternal fructose intake dur-
ing pregnancy and lactation on cardiac responses to
doxorubicin-induced cardiomyopathy in adult offspring. Six-
weeks after doxorubicin injection, echocardiographic, histo-
pathological, and biochemical examinations were performed to
evaluate the cardiac function and remodeling. Gross and
echocardiographic examinations showed that the heart weight
and cardiac ejection function were reduced by doxorubicin
treatment in offspring, while maternal fructose exposure fur-
ther increased left ventricular internal diameter end systole
(LVID;s) and reduced left ventricular ejection fraction (LVEF).
Histopathological examination also indicated that maternal
fructose exposure increased the myocardial fibrosis, oxidative
stress, and collagen deposition in offspring with doxorubicin
treatment. RT-PCR results showed a synergistic effect on
increasing myocardial transcription levels of ANP, BNP, and
β-MHC by maternal fructose exposure and doxorubicin treat-
ment. Western blotting results also demonstrated that maternal
fructose exposure and doxorubicin treatment modulated
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expression levels of apoptosis and oxidative stress-associated
proteins. Moreover, the activation of cardiac stress response
signalings, including Akt, p38-MAPK, ERK, and mTOR, were
found to be regulated by maternal fructose exposure and dox-
orubicin treatment. In conclusion, results from this study
indicated that maternal fructose intake during pregnancy and
lactation further increased myocardial remodeling and
impaired cardiac function in rat offspring with doxorubicin-
induced cardiomyopathy.

PO2.02.15

Maternal Mediterranean diet during pregnancy and
offspring longitudinal growth trajectories and
cardiometabolic risk in early childhood

S. Fernández-Barrés1, M. Vrijheid1, C.B. Manzano-Salgado1,
D. Valvi2, D. Martínez1, P. Amiano3, C. Iñiguez4,
E.M. Navarrete Muñoz5, I. Riaño-Galán6, L. Santa Marina7,
A. Tardón8, V. Arija9, J. Sunyer1, D. Romaguera10

1ISGlobal, BARCELONA, Spain; 2Harvard T.H. Chan School of
Public Health, BOSTON, United States of America;
3Departamento de Salud del Gobierno Vasco, SAN SEBASTIÁN,
Spain; 4FISABIO, VALENCIA, Spain; 5Universidad Miguel
Hernández, ELCHE, Spain; 6Servicio de Pediatría. Hospital San
Agustín, AVILÉS, Spain; 7Biodonostia Institute, SAN
SEBASTIÁN, Spain; 8Universidad de Oviedo, OVIEDO, Spain;
9Universitat Rovira i Virgili, TARRAGONA, Spain; 10Instituto
de Investigación Sanitaria Illes Balears (IdISBa), PALMA DE
MALLORCA, Spain

Background: Higher adherence to the Mediterranean diet
during pregnancy is associated with lower risk of abdominal
adiposity in childhood. However, evidence about the influence
of maternal Mediterranean diet on offspring growth and car-
diometabolic risk is scare.
Objective: To evaluate the association between adherence to
the Mediterranean diet during pregnancy and offspring long-
itudinal growth trajectories and cardiometabolic risk in early-
childhood.
Design: We included 2244 mother-child pairs from the long-
itudinal cohort study INMA project in Spain. We measured
dietary intake during pregnancy using a food frequency ques-
tionnaire and we calculated the relative Mediterranean diet
score (rMED). We estimated offspring’s body mass index
z-score trajectories from birth to 4 years of age using latent class
growth analyses. We measured blood pressure, waist cir-
cumference and cardiometabolic biomarkers to construct a
cardiometabolic risk score at 4 years. We used multivariable
adjusted linear and multinomial models.
Results: Higher maternal rMED in pregnancy was associated
with a lower risk in the offspring to follow a BMI trajectory that
departs from a higher birth size followed by accelerated BMI
gain (reference trajectory: children with average birth size and a
slower BMI gain) (RR 0.68 95%CI (0.47, 0.99); p for trend
0.059). rMED during pregnancy was not associated with the

cardiometabolic risk score, its components or related bio-
markers, except for waist circumference at 4 years.
Conclusions: Higher adherence to the Mediterranean Diet in
pregnancy was associated with lower risk of having an offspring
with an accelerated growth pattern. However, this dietary
pattern was not associated with offspring cardiometabolic risk
at 4 years.

PO2.03 – Epigenetics – Environmental exposures and
neurodevelopment

PO2.03.01

Epigenetic differences in cord blood of newborns exposed
to antidepressant medication during pregnancy. A study in
the Aarhus Birth Cohort

A.C. Viuff1, G. Sharp2, L.H. Pedersen1, N.H. Staunstrup3,
K.J. Kyng1, D. Raj4, C.L. Relton2, T.B. Henriksen1

1Aarhus University, AARHUS N, Denmark; 2MRC IEU, School
of Social and Community Medicine, Bristol University,
BRISTOL, United Kingdom; 3The Lundbeck Foundation
Initiative for Integrative Psychiatric Research, iPSYCH,
AARHUS, Denmark; 4School of Social and Community
Medicine, Bristol University, BRISTOL, United Kingdom

Introduction: Depression is common during pregnancy and
increasing numbers of women are being prescribed anti-
depressant medications during pregnancy - especially selective
serotonin reuptake inhibitors (SSRIs). There is emerging evi-
dence suggesting that maternal use of SSRIs may be associated
with an increased risk of congenital defects and adverse neu-
rodevelopmental outcomes. One suggestion is that prenatal
exposure to maternal depression or SSRIs might influence off-
spring health through a mechanism involving DNA methyla-
tion. The aim of this study was to investigate the association
between SSRI exposure during pregnancy and methylation
changes in the cord blood of the newborn.
Material and methods: We measured DNA methylation at
over 850,000 CpG sites in cord blood from 176 newborns in
the Aarhus Birth Cohort, selected according to maternal
depression or SSRI use status. We carried out epigenome-wide
association studies to compare DNA methylation between
three groups: (1) SSRI use in pregnancy (n= 88); (2) non-
medicated depression in pregnancy (n= 44); (3) unexposed =
no depression or SSRI use in pregnancy (n= 44). We per-
formed a single-site regression analysis and a regional analysis
adjusting the results for the following covariates: Maternal
smoking, parity, maternal age at delivery, the use of other types
of medication and socio-economic status (SES), batch effects,
and estimated cell composition.
Results:We found 99 unique differentially methylated regions
(DMRs) when comparing the three exposure groups. 18
DMRs were specific to the SSRI exposed compared to the
unexposed, and 53 DMRs were specific to the depressed, non-
medicated group vs. the unexposed. 27 DMRs were specific to
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the SSRI exposed compared to the non-medicated, depressed
group. 1 DMR was found in both the SSRI exposed group and
the depressed, non-medicated group.
Conclusion: Prenatal exposure to untreated depression was
associated with more differences in newborn DNAmethylation
than prenatal exposure to SSRIs. Further research is warranted
to confirm these findings and investigate causality.

PO2.03.02

Identification of genes susceptible to epigenetic change in
response to maternal folate supply and in childhood acute
lymphoblastic leukaemia

J.A. McKay1, C.L. Relton2, J.C. Mathers1, D. Ford3,
M. Adriaens4, C.T. Evelo4, A.V. Moorman1, G. Strathdee1

1Newcastle University, NEWCASTLE UPON TYNE, United
Kingdom; 2University of Bristol, BRISTOL, United Kingdom;
3Northumbria University, NEWCASTLE UPON TYNE,
United Kingdom; 4Maastricht University, MAASTRICHT, The
Netherlands

Background: Altered folate metabolism and inadequate
maternal folate intake may be associated with increased child-
hood acute lymphoblastic leukaemia (ALL) risk. Folate pro-
vides methyl groups for DNA methylation, the patterns of
which are dramatically disrupted in ALL. Differences in
maternal folate intake during pregnancy and/or altered folate
metabolism may therefore affect DNA methylation, conse-
quently influencing ALL risk.
Methods and Results: We investigated the potential aetiolo-
gical role of maternal folate intake during pregnancy on ALL
risk by identifying genes in which methylation changes occur
both in response to folate levels and in ALL. We used pre-
viously generated DNA methylation array data from a mouse
model of in utero folate depletion to identify genes in which
methylation is altered in response to inadequate maternal
folate intake: in total 591 genes showed altered DNA
methylation. From the literature, we identified 2615 differen-
tially methylated genes in ALL. We selected target genes to
investigate DNA methylation from the overlap of these two
gene lists (n= 60 genes). For 20 ALL patient samples, we
quantified DNA methylation by pyrosequencing for
5 selected target genes (ASCL2, HTRA1, KCNA1, SH3GL3,
SRD5A2), all of which were highly methylated in ALL samples.
Methylation was then assessed for these 5 genes in a nested cohort
of 148 cord blood samples from theNorth Cumbria Community
Genetics Project and analysed in relation to maternal and infant
red blood cell folate and vitamin B12 concentrations. Linear
regression analysis suggests infant cord blood SH3GL3 promoter
methylation is inversely related to maternal RBC folate status
(p= 0.008), and ASCL2 promoter methylation is inversely rela-
ted to infant vitamin B12 status (p=0.016).
Conclusions: These findings demonstrate that folate respon-
sive changes in DNA methylation identified in animal studies
can be used to determine relevant gene targets in human studies

of diseases for which folate intake is an associated risk factor,
and that DNA methylation may be one mechanism by which
maternal folate intake (and related pathways) may influence
ALL risk.
Funding: The Newcastle upon Tyne Hospitals Special
Trustees NHS Foundation Trust, North of England Children’s
Cancer Research Fund, Biotechnology and Biological Research
Council (BBSRC) and European Nutrigenomics Organisation
(NuGO).

PO2.03.03

Duration of breastfeeding is associated with leptin DNA
methylation in 6 months old children

S. Pauwels1, E. Vanautgaerden1, M. Ghosh1, R.C. Duca1,
B. Bekaert1, I.H. Huybrechts2, S.A.S. Langie3, G. Koppen3,
R. Devlieger1, L. Godderis1

1KU Leuven, LEUVEN, Belgium; 2IARC, LYON, France;
3VITO, MOL, Belgium

Background: Infant nutrition in the early postnatal period (lac-
tation) has been associated with metabolic programming of chil-
dren and consequent disease risk in later life, for example obesity.
One of the underlying mechanisms responsible for metabolic
programming are epigenetic modifications, such as DNA methy-
lation. Changes in leptin (LEP) DNA methylation at a young age
could influence appetite regulation and fat metabolism.
Methods: The MAternal Nutrition and Offspring’s Epigen-
ome (MANOE) study was set up to assess the effect of maternal
nutrition during pregnancy and infant nutrition (breastfeeding
vs. formula feeding) on infant DNA methylation in genes
related to the onset of obesity. We investigated the effect of the
duration of breastfeeding (1= < 1 month; 2= 1-3 months;
3= 3-6 months; 4= 6-9 months; 5= > 9 months) on infant
LEP DNAmethylation in mouth epithelial cells. We measured
LEP buccal DNAmethylation in 6 and 12 months old children
(n= 98) via pyrosequencing. To assess differences in buccal
DNA methylation depending on the duration of breastfeeding
we used a one-Way ANOVA.
Results: We found statistically significant differences in LEP
CpG1 bucc al methylation at 6 months by duration of breast-
feeding (p= 0.038). A post hoc test revealed that the LEP
CpG1 methylation level was significantly higher when the
mother breastfed 6 - 9 months (12.4 ± 5.7%) as opposed to
breastfeeding less than 1 month (p= 0.01, 8.2 ± 2.9% ), 1 -
3 months (p= 0.021, 9 ± 4.9% ) and 3 – 6 months (p= 0.05,
9.8 ± 4.7% ). In addition, higher LEP CpG4 and mean
methylation levels were observed when mothers breastfed 6 -
9 months as compared to breastfeeding less than 1 month
(CpG4, p= 0.041, 16.2 ± 7.6% vs. 12.1 ± 3.6%; Mean,
p= 0.027, 9.8 ± 4.6% vs. 7.2 ± 2.1%). No significant differ-
ences between the breastfeeding groups were found for LEP
buccal methylation at 12 months.
Conclusion: Infant nutrition in the early postnatal period was
associated with epigenetic variations in LEP from buccal cells at
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6 months. However, at the age of one, the associations between
the duration of breastfeeding and LEP methylation was no
longer observed.

PO2.03.04

Sex differences in neonatal DNA methylation of imprinted
genes and executive functioning in early childhood

S. Hill1, Y. Sheng2, S. Murphy3, S.K. Kollins3, C. Hoyo4,
B. Fuemmeler2

1University of North Carolina at Chapel Hill, CHAPEL HILL,
United States of America; 2Virginia Commonwealth University,
RICHMOND, United States of America; 3Duke University,
DURHAM, United States of America; 4North Carolina State
University, RALEIGH, United States of America

Background: There are inconclusive findings regarding the
association of DNA methylation in umbilical cord blood and
later neurocognitive outcomes in early childhood. Sex-specific
methylation patterns are expected given known gender differ-
ences in early cognitive development.
Methods: Using umbilical cord blood samples from the
Newborn Epigenetic Study, a southeastern US population-
based cohort, we assessed differentially methylated regions of
imprinted genes and cognitive outcomes at age 5. Mean levels
of DNA methylation for the gene and specific CpG sites of
Hes1, Meg3, and MMP9 were tested for significant associa-
tions with executive functioning (attention and inhibitory
control, cognitive flexibility, and working memory), language
development- IQ proxy, and cognitive composite scores.
Measures came from the NIH Toolbox Cognition Battery:
Flanker Inhibitory Control and Attention, Dimensional
Change Card Sort, Picture Sequence Memory, and Picture
Vocabulary. Adjusted robust regression models controlled for
maternal (age, race, education, smoking) and child (age,
gestational weeks, and birthweight) factors. Interactions by sex
were tested.
Results: There were significant negative associations (p< .05) for
specific CpG sites of Hes1 and attention/inhibitory control; Meg3
andworkingmemory; andMMP9with attention/inhibitory control
and IQ. Significant sex differences were observed for males only.
Findings are promising given the established functional roles ofHes1
in cognition, Meg3 in brain development, and MMP9 in ADHD.
Conclusion: Pilot study suggests that DNA methylation in
umbilical cord blood is associated with later neurocognitive out-
comes of executive functioning and language development, espe-
cially amongmales. Results need to be confirmed in a larger sample.

PO2.03.05

Like father, like son: Investigating the molecular
underpinnings by which environmental contaminants
change sperm miRNA expression intergenerationally.

P.M. Herst1, M. Lessard1, P.L. Charest1, M. Vallée2,
A. Droit2, M. Dalvai1, J.L. Bailey1

1Laval University, QUEBEC CITY, Canada; 2Laval University,
Computational Biology Laboratory Research Centre, QUEBEC
CITY, Canada

Numerous reports indicate that the prenatal environment can
affect the parental germline and influence future generations.
Our laboratory has used persistent organic pollutants (POPs) to
show that toxicant-induced disorders are transmitted from
father to offspring over multiple generations coincident with
alternations in sperm DNAmethylation, suggesting paternally-
mediated epigenetic inheritance. The role of other epigenetic
marks is currently unknown. Micro RNAs (miRNAs) interplay
with DNA methylation and are of interest due to their reg-
ulatory functions, notably in development and differentiation.
Here, we hypothesize that prenatal paternal exposure to POPs
alters miRNA expression in sperm and the sperm of his off-
spring. We further hypothesize that POPs-induced dysregula-
tion of miRNA expression is reduced or prevented by
nutritional folic acid (FA) supplementation. To test our
hypotheses, four treatment groups of Sprague-Dawley F0
founder females (n= 6) were gavaged with either an
environmentally-relevant POPs mixture (500 μg/kg) or corn oil
(control); in addition, the F0 females received diets containing
1X or 3X FA representing the intake from fortified foods ±
additional FA supplementation, respectively. Treatments were
administered 5 weeks before reproduction and until parturi-
tion. F1 males were bred with untreated females to obtain F2
offspring. Sperm were collected from F1 and F2 males (n= 12)
at 150 days of age. For each treatment group, sperm from 4
individuals were pooled in triplicate and total miRNA was
extracted using the mirVana™ miRNA Isolation Kit. Sperm
miRNA pools were subjected to sequencing with the Illumia
MiSeq system with ~ 25 million reads. Prenatal POPs exposure
tends to reduce overall miRNA expression in F1 sperm because
compared to control, 202 miRNAs were down-regulated and
31 were up-regulated. This pattern shifts in the F2 sperm,
where POPs treatment caused only 36 miRNAs to be down-
regulated and 54 up-regulated compared to F2 controls (Figure
1). David 6.8 GO term analysis revealed that the majority of
genes targeted by the affected miRNAs are enriched in a wide
range of biological processes including signal transduction,
programmed cell death regulation, and reproductive system
development in both generations. We also investigated altered
cellular pathways. PI3K-Akt and multiple cancer-associated
pathways repeatedly received the highest gene match score in
both generations. We found that 47 differentially-expressed
miRNAs, due to POPs exposure, were conserved in F1 and F2
sperm, suggesting perturbation of these miRNA networks in an
intergenerational fashion. According to GO term analysis,
these conserved miRNAs are indirectly involved in the cGMP-
PKG signaling pathway, renin secretion, oocyte meiosis and
oxytocin signaling. Combining POPs+ FA led to fewer dif-
ferentially regulated miRNAs: 143 down-regulated and 10 up-
regulated, compared to POPs in F1. In F2, 33 miRNAs were
down-regulated and 29 up-regulated. We also observed that
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POPs+ FA treatment brought the miRNA expression more
towards control levels in F1 and F2. Together, our results
indicate that miRNAs are sensitive to early exposure to envir-
onmental contaminants and FA across two generations.

PO2.03.06

DNA methylation mediates the association of prenatal
adversity with risk factors for metabolic disease

E.W. Tobi1, R.C. Slieker2, R. Luijk2, K.F. Dekkers2,
A.D. Stein3, K.M. Xu2, BIOS consortium2, P.E. Slagboom2,
E.W. van Zwet2, L.H. Lumey4, B.T. Heijmans2

1Wageningen University and Research, WAGENINGEN, The
Netherlands; 2Leiden University Medical Center, LEIDEN, The
Netherlands; 3Emory University, ATLANTA, United States of
America; 4Columbia University Medical Center, NEW YORK,
United States of America

Human and animal studies show intriguing associations
between adverse intra-uterine conditions and adult health
which may be mediated by changes in epigenetics marks, such
as DNA methylation (DNAm). A systematic epigenome-wide
study investigating whether epigenetic changes also mediate the
association of such adverse conditions with metabolic pheno-
types later in life is still missing. Exposure in the womb to the
Dutch Hunger Winter of 1944–45, a severe 6-month famine,
is associated with both DNAm differences and an increase in
BMI, serum cholesterol and serum glucose levels in later-life
and therefore provides an unique opportunity to investigate the
possible mediating role of DNAm. We evaluated whether
DNAm measured in whole blood at 342,596 CpG dinucleo-
tides (CpGs) across the genome mediated the association
between prenatal famine exposure and metabolic health in 422
individuals exposed to the Dutch Famine in utero and 463
controls from the Dutch Hunger Winter Families Study. To
test for mediation, we implemented a 2-step analysis that
consists of an epigenome-wide exploration for potential med-
iators followed by formal mediation analysis. DNAm mediated
that association of prenatal famine exposure with adult BMI
and serum triglyceride levels (TG), but not serum glucose and

other serum lipids. DNAm at PIM3 (cg09349128), which
influences cell growth and mitochondrial function, mediates
13.5% of the association between prenatal famine exposure and
BMI. DNAm at six CpGs, including TXNIP (cg19693031)
and ABCG1 (cg07397296), together mediate 80% of the
association between famine exposure and TG. Additional evi-
dence for mediation by DNAm for exposure during early
gestation and TG was found at PFKFB3 and METTL8, which
are genes linked to glycolysis and adipogenesis respectively.
External data showed that DNAm at the identified CpGs is
associated with the expression in blood of genes involved in cell
differentiation and metabolism and correlated with DNAm in
multiple fat depots. The identified CpGs are also associated
with metabolic health in other epigenome-wide association
studies. In summary, we provide evidence that DNAm may
indeed mediate the association between prenatal adversity and
later-life metabolic health in humans. The exact causal
mechanism linking DNAm and the metabolic end-points
associated with prenatal famine exposure still awaits
elucidation.

PO2.03.07

Paternal diet may leave imprinting marks in sperm that
persist in offspring: Results from the TIEGER study

R.Z. Zoffoli1, G.M. Molenberghs2, T.P. Price3,
S.K.M. Murphy4, C.H. Hoyo5, A.S. Soubry1

1KU Leuven - Epidemiology Research Unit, Dep. of Public Health
and Primary Care, LEUVEN, Belgium; 2KU Leuven - 2
I-Biostat, Department of Public Health and Primary Care,
LEUVEN, Belgium; 3Duke University - Dep. of Obstetrics and
Gynecology, Endocrinology and Fertility, DURHAM, United
States of America; 4Duke Cancer Institute, Dep. Obstetrics &
Gynecologic Oncology, Duke University, DURHAM, United
States of America; 5NC State University, Center for Human
Health and the Environment, RALEIGH, United States of
America

Background: Epigenetic inheritance from environmental
exposures has been widely studied in animal models and in
humans. In most cases, maternal exposures have been con-
sidered as a potential cause of epigenetic changes in offspring.
We recently demonstrated paternal contribution to epigenetic
inheritance in gametes and epigenetically induced risks for
chronic disease in offspring. We here explore potential influ-
ences from dietary habits on clinical and epigenetic sperm
characteristics.
Methods: We collected food frequency data and semen from
69 Caucasian men in NC, USA, aged 18-35. This study is part
of The Influence of the Environment on Gametic Epigenetic
Reprogramming (TIEGER) study. Dietary exposures included
weekly intake of fruits/nuts, vegetables/soups, whole grain
bread, meat, seafood/fish, burgers/hot-dogs, pizza, and fries.
We explored their potential effects on clinical sperm parameters
and DNA methylation levels at 12 differentially methylated
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regions (DMRs) of the following imprinted genes: GRB10,
IGF2, H19, MEG3, NDN, NNAT, PEG1/MEST, PEG3,
PLAGL1, SNRPN, and SGCE/PEG10; quantified using bisul-
fite pyrosequencing. Multiple regression models were used to
study the association between dietary patterns and sperm
characteristics; we took into account multiple testing.
Results: After adjusting for age, obesity and patient status we
found significant positive associations between clinical sperm
parameters, such as Total Motile Count (TMC), and con-
sumption of healthy food items, including fruits or nuts
(β= + 0.05; P= 0.007) and vegetables (β= + 0.04;
P= 0.013). Consumption of fries was associated with lower
TMC (β= -0.14; P= 0.023). Eating seafood/fish was related to
increased DNA methylation at PEG1/MEST DMR (β=
+ 0.05; P= 0.018). Consumption of pizza and/or fries was
associated with increased DNA methylation at IGF2
(β= + 0.03; P= 0.036, for pizza; β= + 0.05; P= 0.033, for
fries) and MEG3-IG DMRs (β= + 0.02; P= 0.048, for fries).
Conclusions: Our data suggest that dietary habits are asso-
ciated with differential DNA methylation percentages at
imprint regulatory regions in sperm. Notably, at theMEG3-IG
DMR we earlier reported a similar magnitude of differential
methylation in offspring of obese fathers. Our findings are
consistent with the hypothesis that unhealthy life style of a
future father affects epigenetic characteristics of his sperm, and
consequently influence health in his future offspring. Larger
studies are required to confirm our findings.

PO2.03.08

The effect of peri-conceptional maternal folate on DNA
methylation at the ZFP57 locus in Gambian offspring

A.R. Carter

MRC Integrative Epidemiology Unit, BRISTOL, United Kingdom

Background: Season of birth is associated with mortality in a
rural Gambian population. After 16 years of age, those born in the
rainy season are up to ten times more likely to die prematurely
than those born in the dry season. In rural Gambia the rainy and
the dry seasons have a direct impact on nutrition and occupational
behaviours as well as disease status. The influence of nutritional
factors on DNA methylation during foetal development has been
suggested as a potential contributing factor to these stark mortality
differences.ZFP57 plays a role in establishing genomic imprints in
the early embryo and methylation at this gene has been linked to
maternal folate concentrations during gestation.
Methods: Linear regression was carried out to assess the asso-
ciation between log-transformed maternal folate concentration
at conception and DNA methylation (n= 121 for both),
measured by Z scores of logit-transformed CpG values at the
ZFP57 gene locus. ZFP57 methylation was considered at both
individual CpG sites and by taking the mean across CpGs at
the locus. Covariates available for assessing confounding were
limited to maternal age, maternal body mass index and off-
spring sex. None of these variables satisfied the conditions of

being a confounder, and so none were included in any final
models. Season of conception (SoC) was then introduced in the
regression model, both as an individual parameter and fitted as
an interaction with maternal folate concentration, to determine
whether this could explain any observed associations.
Results: Linear regression models provided no evidence against
the null hypothesis of no association between maternal folate
concentration at conception and DNA methylation in the
ZFP57 gene locus in offspring (p> 0.6 for all CpGs), including
after adjustment for SoC (p> 0.4 for all CpGs). When asses-
sing for interaction between maternal folate and season of
conception, a significant interaction was observed (p= 0.02).
For those conceived in the dry season there was an inverse
relationship between maternal folate and DNA methylation
(Coefficient = -0.80, 95%CI: -1.62, 0.03, p= 0.06), however
for those conceived in the rainy season there was a positive
association between maternal folate and DNA methylation
(Coefficient = 0.36, 95% CI: -0.20, 0.92, p= 0.2).
Conclusion: Although the overall association between mater-
nal folate and DNA methylation after adjusting for season of
conception did not achieve statistical significance, all the coef-
ficients suggested an inverse relationship between folate and
methylation. However, we had limited potential to assess the
effects of confounding in this analysis. Whilst interesting
results have emerged for analyses fitted with an interaction of
SoC, we have to be careful in the interpretation of these results
given the limited power in this data set.

The association between maternal folate and DNAmethylation
stratified by season of conception at the ZFP57 gene locus in
offspring

PO2.03.09

The response of the DNA methylome to maternal
overnutrition in the brain of rat offspring in early life and
adulthood

W.C. de Vega, S. Abuaish, P.O. McGowan

University of Toronto, TORONTO, Canada

Background: The consumption of a diet high in saturated fat
and obesity during pregnancy are known to increase the risk for
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offspring to develop a number of adverse health outcomes. In
animal models, maternal exposure to high fat diet is associated
with dysregulation of the immune system, specifically increas-
ing systemic and neural inflammation. We previously reported
gene expression differences in glucocorticoid and immune genes
in the brains of adolescent (postnatal day 35) and adult (postnatal
day 90) Long-Evans rat offspring from mother rats exposed to a
high saturated fat diet 4 weeks prior to conception and
throughout gestation and lactation. The offspring of mothers
exposed to overnutrition also showed heightened stress respon-
siveness and increased anxiety, endocrine and behavioural
responses linked to the function of limbic brain regions such as
the amygdala. These differences could not be attributed to cur-
rent diet, as all offspring were provided with control diet upon
weaning at postnatal day 21. The results highlight the impact of
maternal overnutrition on offspring health and brain function.
However, biological mechanisms associated with these long-term
phenotypic differences remain unknown. Epigenetic modifica-
tions, which can modify the transcriptional potential of genes in
the absence of variations in gene sequence, have been proposed as
mechanisms that may biologically program aspects of phenotype
in response to environmental exposures.
Methods: We investigated epigenetic modifications associated
with maternal overnutrition in the brains of neonatal and adult
rats. Dams were fed with HFD during pregnancy and lactation,
and were subsequently placed on control diet after weaning. Off-
spring were sacrificed at postnatal days 7 and 90 and brain regions
were sliced out according to taxonomic co-ordinates. Reduced
representation bisulfite sequencing (RRBS) was performed to
profile DNA methylation modifications, particularly in gene reg-
ulatory elements, in the rat amygdala at postnatal days 7 and 90.
Results: While there were methylation differences specific to
each period, we found over 1,000 sites that showed significant
differential methylation patterns over time (FDR < 0.05).
Genes that were associated with these sites were primarily
involved in immune response and enzyme regulation according
to the Molecular Signatures Database v6.0 (FDR < 0.05).
Conclusions: The results of our study provide further evidence
of the impact of maternal overnutrition on offspring immune
responses. In particular, we detail the DNA methylation dif-
ferences associated with maternal overnutrition, which may
serve to prime offspring for potential immune stressors.

PO2.03.10

Epigenetic markers of the intergenerational transmission of
stress

M.S. Tollenaar1, K.J. O’Donnell2, R Beijers3, C De Weerth3

1Leiden University, LEIDEN, The Netherlands; 2Douglas Mental
Health University Institute, MONTREAL, Canada; 3Radboud
University, NIJMEGEN, The Netherlands

Background: Childhood maltreatment has many long-term
effects that extend into adulthood, both psychologically as well
as physically. In addition, childhood maltreatment may impact

following generations, a recognized effect known as the inter-
generational transmission of stress. This transmission is
thought to occur via changes in child-rearing practices by
maltreated parents or by changes in attachment between mal-
treated parents and their children. Recently, studies have
shown that biological mechanisms may play a role as well, with
a specific role for stress hormones like cortisol that may influ-
ence the epigenetic regulation of both physical and psycholo-
gical characteristics. An often-studied epigenetic marker is
methylation, and both hyper- and hypo-methylation in adult-
hood have been associated with perinatal stress and childhood
trauma. However, when and how these biological mechanisms
impact the development of children whose parents have been
exposed to childhood trauma remains to be elucidated.
Methods: In a longitudinal study of 173 mother-infant pairs,
followed since week 37 of pregnancy, we will examine whether
retrospective reports of childhood trauma in the mothers are
associated with stress-related measures in their children at age 6,
and whether any such associations are mediated by changes in
prenatal stress, postnatal stress or parenting styles of the mothers.
Furthermore, the methylation status of stress-related genes will be
examined in the children, to unravel possible underlying biolo-
gical mechanisms of the intergenerational transmission of stress.
Results: Preliminary data will be presented.
Conclusions: This study will provide insight in underlying
biological and psychological mechanisms in the intergenera-
tional transmission of stress.

PO2.03.11

Epigenetic signatures associated with prenatal socio-
economic status

M.Z.L. Kee1, P.F. Tan1, N. Provençal2, M.L. Ong1,
Y. Awaloff2, H. Chen3, Y.S. Chong1, P.D. Gluckman1,
K.J. O’Donnell4, E.B. Binder2, M.S. Kobor5, N. Karnani1,
M.J. Meaney1

1Singapore Institute for Clincal Sciences, A*STAR,
SINGAPORE, Singapore; 2Dept of Translational Research in
Psychiatry, Max Planck Institute of Psychiatry, MUNICH,
Germany; 3Department of Maternal Fetal Medicine, KK
Hospital, SINGAPORE, Singapore; 4Douglas Mental Health
University Institute, McGill University, MONTREAL, Canada;
5Dept of Medical Genetics, University of British Columbia,
VANCOUVER, Canada

Background: The existing literature on childhood socio-
economic status (SES) has focused almost exclusively on post-
natal influences. However, SES also associates with birth out-
comes, suggesting prenatal influences. SES is also associated
with antenatal maternal mental health, which strongly predicts
the risk of later psychopathology in the offspring. In this study,
we use a genome-wide analysis of DNA methylation data from
umbilical cord tissue samples to report evidence of an effect of
prenatal SES on neonatal epigenome.
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Methods: In the Growing up towards Healthy Outcomes
(GUSTO) mother-child cohort (N= 977), we interrogated the
effects of maternal SES during pregnancy, birth outcomes-
related and antenatal maternal mental health-related variables
on umbilical cord DNA methylation. Gene pathway analyses
were also performed.
Results: Maternal SES was significantly associated with inter-
individual variation in DNAmethylation. About half of the SES-
related VMRs were also associated with birth outcomes or
maternal mental health variables. A gene pathway analysis
revealed that genes mapped from SES-related VMRs were sig-
nificantly enriched for pro-opiomelanocortin (POMC) proces-
sing pathway in females, but not in males. The POMC pathway
mediates behavioral and endocrine responses to stress and is
tightly regulated by glucocorticoids. Indeed, we also found that
genes mapped to SES-related VMRs in females were enriched for
glucocorticoid receptor transcription factor binding sites.
Conclusions: This study provides evidence that maternal SES
associates with variation in neonatal inter-individual DNA
methylation patterns, suggesting that the development of the
fetal epigenome is affected by the socio-economic context of
the mother during pregnancy.

PO2.03.12

Comparison of Agilent SureSelectXT Human Methyl and
Illumina HumanMethylation Infinium arrays

P. Titcombe1, J.D. Holbrook2, R. Murray2, S.J. Barton3,
N.T. Kitaba2, H.M. Inskip3, K.A. Lillycrop4, K.M. Godfrey5,
M. Hanson6

1MRC LEU / University of Southampton, SOUTHAMPTON,
United Kingdom; 2HumanDevelopment and Health Academic Unit,
University of Southampton, SOUTHAMPTON, United Kingdom;
3Medical Research Council Lifecourse Epidemiology Unit, University
of Southampton, SOUTHAMPTON, United Kingdom; 4Centre for
Biological Sciences, University of Southampton, SOUTHAMPTON,
United Kingdom; 5NIHR Southampton Biomedical Research Centre,
University of Southampton, SOUTHAMPTON, United Kingdom;
6Institute of Developmental Sciences, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: The Illumina HumanMethylation Infinium
(INF) platform is a well-established method of assessing the
methylome and covers ~ 1.6-3% of CpGs sites in the genome.
In comparison, capture and bisulphite sequence methods can
offer increased coverage. The default library for Agilent Sur-
eSelectXT Human Methyl (SS) array covers over 9% of the
CpGs in the methylome, as well as methylation in a non-CpG
context. Researchers undertaking EWAS across a large number
of tissue samples have to consider coverage but also sensitivity,
margin of error, ease of processing and cost.
We aimed to assess the quality of SS data in comparison with
INF data.
Methods: Twelve samples were interrogated by SS analysis: four
muscle tissue samples were assayed in duplicate (1 A/B, 2 A/B, 3

A/B, 4 A/B), and one cord blood sample assayed in quadruplicate.
Different quantities of DNA were used to assess the impact on
data quality, ranging from 663ng to 3μg. High-quality, trimmed
paired-end reads were aligned using ERNEbs2 (https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4896272/) and methylation
percentage estimated using the erne.meth algorithm. INF plat-
form is represented by 450k data.
Results: On average 84% of the 99 million SS reads obtained per
sample aligned uniquely to the genome. Over 99.9% of the
350,537 regions in the SS library were covered in any given sample;
furthermore,>98% of these regions had over 1000 reads aligned to
them. 75-79% of the reads aligned to library regions, with an
average read depth for on target cytosines between 89x-129x.
Whereas INF assesses mostly CpG sites, the SS library captures data
on approximately 19-20 million Cs in different contexts, with
CpGs more likely to be methylated at all (~57%) compared to
CHG and CHH sites (~4%). With a read depth of >20x, hier-
archical cluster analysis and principal component analysis was able
to differentiate between tissue types and group duplicates together
(although samples 3A/B, which had the lowest DNA quantity,
appearedmore divergent).With regard to agreement inmethylation
calls between duplicates, 50% of CpG sites were within ±4-6%
across the samples. In samples 4A/B, with 30x read depth, 90% of
CpG sites methylation calls agreed within 15%. However, in the
same pair, INF array has a better level of agreement between
duplicate methylation calls, with 98% of CpG sites agreeing within
15%, out-performing SS even at 100x read depth.
To assess the accuracy of SS, 287 CpG sites covered on the SS
platform were analysed (using the pyrosequencing current gold
standard for assessing CpG methylation) in the same samples.
Results from SS were compared to pyrosequencing results and
~ 95% of CpG sites agreed to within ±15%.
Conclusions: SS easily discerned replicates and tissue types,
and differences between replicates suggested high quality data.
1μg of DNA appears to be an adequate input amount. The
error between replicates was higher for the SS data than INF
data, even at read-depths >100x, suggesting higher resolution
for INF. At 30x read depth, SS is likely to cover more than
double the number of CpGs available on Infinium EPIC, as
well as non-CpG cytosine methylation.
Funding: BHF Programme Grant PG/14/33/30827
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PO2.03.13

Epigenetic mechanisms linking pre-conceptional nutrition
and health assessed in India and Sub-Saharan Africa- the
EMPHASIS study

M. Betts1, M.J. Silver2, G.R. Chandak3, S.A. Sahariah4,
A.M. Prentice2, C.H.D. Fall5

1Queen Mary University of London, LONDON, United
Kingdom; 2London School of Hygiene and Tropical Medicine,
LONDON, United Kingdom; 3CSIR Centre for Cellular and
Molecular Biology, HYDERABAD, India; 4Centre for the Study
of Social Change, MUMBAI, India; 5MRC Lifecourse
Epidemiology Unit, University of Southampton,
SOUTHHAMPTON, United Kingdom

Background: Animal studies have shown that the peri-
conceptional nutritional environment of the embryo affects
the establishment of epigenetic signatures regulating fetal
development and susceptibility to disease, providing a plausible
mechanism to explain the developmental origins of health and
disease (DOHaD) in humans. Preliminary evidence from our
group and others through observational studies has shown that
maternal diet in the peri-conception period predicts DNA
methylation patterns in offspring, and that certain genomic
locations including those associated with imprinting and
metastable epialleles appear to be particularly sensitive. How-
ever, a causal link between maternal diet, alterations to DNA
methylation status and later life health outcomes is yet to be
fully established. The EMPHASIS study will investigate epi-
genetically mediated links between peri-conceptional nutrition
and a range of outcomes measured in children in a randomized
controlled trial setting. Insights gained have the potential to
make a significant contribution to our understanding of the
impact of nutrition on global health and in particular for
maternal and child health policy.
Methods: The EMPHASIS study will analyze DNA methyla-
tion in children aged 5-9 years, who were born to mothers
enrolled in two complementary randomized controlled trials in
which mothers were supplemented with micronutrients before
conception and into early pregnancy. These are: 1) the Mum-
bai Maternal Nutrition Project (MMNP), in which women
(n= 1100) living in Mumbai slums in India received a daily
snack made from micronutrient-rich foods and 2) the Peri-
conceptional Multiple Micronutrient Supplementation Trial
(PMMST) in rural Gambia, which supplemented women
(n= 350) with multiple micronutrient capsules. We aim to
identify DNA methylation differences between children born
to the intervention and control groups using the Illumina EPIC
array and also pyrosequencing a small number of candidate loci
of interest. We will correlate DNA methylation differences
with health-related outcomes in the children, including size at
birth, post-natal growth, bone growth, childhood body com-
position, cardio-metabolic risk markers, and cognitive ability.
We will be looking for both cross-cohort and cohort-specific effects

Conclusion: Identifying epigenetic disruptions linking early
nutrition to later life health outcomes can ultimately lead to the
design of next-generation nutritional interventions for mothers
preparing for pregnancy, affecting the health of their children.

PO2.03.14

Epigenetics of developmental conditions and later life
ovarian function: A pilot study among British-Bangladeshis

R. Stöger1, K. Begum2, R.D. Emes1, P. Melamed3, G.R.
Bentley2

1University of Nottingham, SUTTON BONINGTON, United
Kingdom; 2Durham University, DURHAM, United Kingdom;
3Technion-Israel Institute of Technology, HAIFA, Israel

Background: In prior studies we have shown that develop-
mental conditions influence reproductive health in females.
Depending on where they lived as children, Bangladeshi
migrant women have different levels of ovarian function. Those
who grew up in Bangladesh - with greater exposure to infec-
tious diseases - have consistently lower biomarkers of ovarian
function including later menarche, lower reproductive hor-
mone levels and rates of ovulation, and an earlier menopause
when compared to those who grew up in the United Kingdom.
Lasting epigenetic memories of these early life experiences,
including changes in DNA methylation marks, may contribute
to this differential reproductive function and raise important
questions in the field of epigenetic epidemiology: how stable are
such epigenetic memories? Are adult somatic cells, such as
buccal epithelial cells, which can be collected without difficulty,
suitable for epigenetic screens with the aim to identify early life
events, rather than more specific cells, such as ovarian or vaginal
tissue which would be invasive to collect? In this ongoing pilot
study, we investigate genome-wide and site-specific, cytosine
methylation levels in buccal epithelial DNA samples collected
from a small, cross-sectional cohort of Bangladeshi migrants
living in London.
Methods: Buccal swabs were collected from 40 first- and sec-
ond-generation, British-Bangladeshi women and genomic
DNA isolated. Thirty-two of these DNA samples were analysed
using the Infinium MethylationEPIC BeadChip array to
interrogate the methylation status of ~ 850,000 cytosine sites.
In addition, we established protocols to amplify hairpin bisul-
fite PCR products to analyse DNA methylation states of CpG/
CpG sites on both strands of individual DNA molecules. Such
hairpin-PCR data permit the establishment of a Ratio of Con-
cordance Preference (RCP), a new metric to measure epigenetic
stability and flexibility of a given genomic locus. Hairpin
bisulfite-PCRs were designed for two genes relevant to our
project: i) the Luteinizing Hormone/Choriogonadotropin
Receptor (LHR) gene, and ii) Progesterone Receptor gene
(PGR/NR3C3).
Results: We report results from data derived from the
MethylationEPIC BeadChip array approach and the hairpin
bisulfite PCRs.
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Conclusions: Our migrant studies are unique in the field of
human reproductive ecology in examining the potential of the
childhood period to influence reproductive function. One of
the objectives of our pilot project is to demonstrate the utility of
carefully designed, multi-generational, cross-sectional studies
to address specific biological questions of interest to epigenetic
epidemiologists that can supplement longitudinal studies. Our
approach could uncover epigenetic mechanisms influencing
regulation of the environmentally sensitive reproductive system
in order to illuminate problems across the life course. In addi-
tion, one of the CpG sites analysed within the LHR locus
contributes to the epigenetic clock, a metric that tracks changes
in methylation patterns across the lifespan and correlates
remarkably with chronological age. Varying levels of steroid
hormones in Bangladeshi women with different life histories
make LHR a prime candidate for studies of environmentally
mediated epigenetic variability and ageing. Our study will help
to shed light on how and why specific periods of the life-course
may be vulnerable to epigenetic instability in conditions of life
history stress.

PO2.03.15

Homocysteine levels associate with subtle
changes in leukocyte DNA methylation: an epigenome-
wide analysis

P.R. Mandaviya

Erasmus MC, ROTTERDAM, The Netherlands

Background: Homocysteine is a sensitive marker of one-
carbon metabolism. Higher homocysteine levels have been
associated with global DNA hypomethylation. We investigated
the association between plasma homocysteine and epigenome-
wide DNA methylation in leukocytes.
Methods: Methylation was measured using Illumina 450k
arrays in 2,035 individuals from 6 cohorts. Homocysteine-
associated differentially methylated positions (DMPs) and
regions (DMRs) were identified using meta-analysis.
Results: Three DMPs cg21607669 (SLC27A1), cg26382848
(AJUBA) and cg10701000 (KCNMA1) at chromosome 19, 14
and 10, respectively, were significantly associated with homo-
cysteine. In addition, we identified 68 homocysteine-associated
DMRs, the most significant of which was a 1.8 kb spanning
domain (TNXB/ATF6B) at chromosome 6.
Conclusions: We identified novel epigenetic loci associated
with homocysteine levels, of which specific role needs to be
further validated.

PO2.03.16

Epigenetics in early life: placental promoter methylation in
DNA repair genes and prenatal exposure to particulate air
pollution

K.Y. Neven1, N.D. Saenen1, L. Tarantini2, B.G. Janssen1,
V. Bollati2, T.S. Nawrot1

1Universiteit Hasselt, DIEPENBEEK, Belgium; 2Università degli
Studi di Milano, MILAN, Italy

Background: Exposure to particulate air pollution has been
linked to carcinogenic insult. DNA repair pathways are able to
mend and maintain the correct DNA sequences. However, they
have the potential to induce long-term effects when their func-
tioning is compromised. In the context of the developmental ori-
gin of disease, we studied the placental mutation rate exemplified
by mutations in the Alu gene in association with prenatal PM2.5

exposure. Additionally, we investigated whether placental DNA
methylation in the promoter region of key DNA repair genes and
tumour suppressor genes was associated with PM2.5 exposure.
Methods: 463 newborn-mother pairs were selected at random
from the ENVIRONAGE birth cohort. The placental muta-
tion rate and methylation of key DNA methylation genes
including APEX1, OGG1, PARP1, ERCC1, and ERCC4 was
assessed We regressed DNA methylation profiles in association
with the prenatal exposure over the entire pregnancy while
adjusting for newborns’ sex, ethnicity, maternal age, education,
smoking habits, pre-pregnancy BMI, gestational age, date of
delivery, and batch effect.
Results: A higher relative placental DNAmutation rate of 2.97%
in Alu (p= 0.029) was observed for an interquartile range (IQR)
increase of 3.84 μg/m3 in PM2.5 level during the entire preg-
nancy. The relative promoter methylation of key DNA repair
genes in the base excision repair pathway was 9.26% higher in
APEX1 (p= 0.008) and 14.79% higher for OGG1 (p= 0.015)
for an IQR increment in prenatal PM2.5 exposure. However, no
statistical significance was reached for PARP1. In the nucleotide
excision repair pathway, a 14.88% increased promoter methyla-
tion was observed for ERCC4 (p= 0.005), whereas ERCC1
promoter methylation did not alter significantly with an IQR
increment in prenatal PM2.5 exposure. For the same exposure
contrast we observed a relative increase of 10.72% (p= 0.001) in
methylation for the promoter region of tumour suppressor gene
p53, while promoter methylation of tumour suppressor candidate
DAPK1 decreased by 13.65% (p= 0.011).
Conclusions: In utero exposure to particulate matter is asso-
ciated with a higher placental mutation rate in concert with
newborn placental epigenetic alterations in key DNA repair
and tumour suppressor genes. Future studies are essential to
elucidate the persistence of these changes and their role in
carcinogenic insults.

PO2.03.17

DNA methylation analysis of neurodevelopmental
disorders using disease-discordant monozygotic twins

M. Craig, N. Mohandas, K. Crompton, S. Reid, J. Walstab,
D. Amor, Y.J. Loke, S Bass-Stringer, D Reddihough

Murdoch Childrens Research Institute, MELBOURNE, Australia

Neurodevelopmental disorders such as Autism spectrum dis-
orders (ASD), cerebral palsy (CP) and epilepsy are some of the
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most prevalent neurological disorders and are caused by sig-
nificant damages to the growth and development of the brain or
nervous system. Epigenetic modification, such as DNA
methylation, has been implicated as both a mediator and
potential biomarker for neurodevelopmental diseases. The
complex mechanism of action of neurological diseases poses
methodological difficulties. Distinguishing the extent of effect
of genetics and environment is confounded by a large number
of variables. The study of twins, especially monozygotic (MZ)
twins, in which genetics, age, sex, parental factors and shared
environment are controlled for, has led to significant advances
in our knowledge of disease mechanisms. Molecular studies
that evaluate the differences in DNA methylation patterns
between disease-discordant MZ co-twins open up the possibi-
lity of singling out environmental and stochastic effects that
contribute to disease aetiology and may facilitate in biomarker
development. We are studying DNA methylation within three
MZ twin cohorts discordant for a neurodevelopmental disorder.
Specifically, cerebral palsy (CP, 15 pairs), autism spectrum dis-
order (ASD, 22 pairs) and epilepsy (24 pairs). Genome-wide
DNA methylation analysis is being performed using Illumina’s
Infinium HumanMethylation450 and the EPIC arrays. Statis-
tical and bioinformatics analysis pipelines are used to analyse
methylation data. Gene expression and whole genome sequen-
cing data from the cohorts is also being studied, where applicable,
to define the genetic networks associated with each disorder. A
preliminary analysis of the CP-discordant pairs has been already
been performed on DNA from dried blood spots (Guthrie cards)
taken at birth. Within-twin pair analysis identified various dif-
ferentially methylated probes and regions associated gene ontol-
ogies such as cell adhesion and inflammation, indicating its
significance in CP pathophysiology. This is the first study to
access the correlation of epigenomic variations of MZ twins dis-
cordant for CP and presents opportunities for future studies of
DNA methylation in singletons with CP. Recruitment and
methylation analysis using Illumina’s EPIC array for the epilepsy
cohort has also been performed.
This project hopes to yield informative and powerful results that
have implications for research, advice and treatment options for
patients suffering from a broad spectrum of neurodevelopmental
disorders. Epigenetic analysis at birth can definitively differentiate
the cause and effect and may be able to assist in calculating disease
risk before the time of onset. Integrating epigenetic data with that
from other ‘omic’ platforms will have the power to further refine
models of disease mechanisms and biomarkers.

PO2.03.18

Neonatal patterns of DNA methylation differentiate between
children who develop early-onset vs low conduct problems:
Findings from a prospective, epidemiological birth-cohort

C.A.M. Cecil1, E Walton2, ED Barker1

1King’s College London, LONDON, United Kingdom; 2Bristol
University, LONDON, United Kingdom

Introduction: Early-onset conduct problems (CP) are a key pre-
dictor of antisocial behaviour and poor mental health across the
lifespan. Compared to other children, those who develop early-
onset CP show greater genetic vulnerability as well as more severe
exposure to environmental stressors – beginning in utero. Yet, little
is known about the biological processes through which these
genetic and environmental factors jointly influence risk for early-
onset CP. Recent work in animals and humans suggests that epi-
genetic mechanisms, such as DNA methylation, may be at play.
Aims: This is the first study to investigate genome-wide DNA
methylation patterns associated with early-onset CP, based on
prospective, longitudinal data spanning pregnancy to late
childhood. Specifically, we examined (i) whether neonatal
patterns of DNA methylation differentiate children who go on
to develop early-onset vs low CP; (ii) whether these patterns
remain temporally stable and further distinguish between
children who persist vs desist in CP over time; and (iii) whether
the identified DNAmethylation patterns associate with genetic
and prenatal risk factors.
Study Population: The study was based on 260 youth (51%
female) drawn from the Avon Longitudinal Study of Parents
and Children (ALSPAC), who either followed an early-onset
(n= 174) vs low (n= 86) CP trajectory between the age of 4-
13. All children had available DNA methylation data at repe-
ated time points (Illumina 450k platform; birth: cord blood,
age 7: whole blood).
Methods:Data was analyzed in R and Mplus, adjusting for sex
and estimated cell-type proportions. First, we ran a genome-
wide analysis to investigate DNAm patterns at birth pro-
spectively associated with an early-onset vs low CP trajectory.
Significant hits were functionally characterized using
ENCODE data and GO pathway analysis. Second, we exam-
ined whether these DNAm patterns remained significant at age
7, and whether they further distinguished between early-onset
children who persist (n= 91) vs desist (n= 83) in CP over
time. Third, we investigated potential influences on the iden-
tified DNAm loci, by testing associations with (i) known
genetic mQTLs, and (ii) prenatal exposures (maternal stress
exposure, substance use and diet).
Results: Methylomic variation across seven sites at birth
(FDR< 0.05) differentiated children who develop early-onset
vs low CP, including sites annotated to MGLL – a gene
involved in pain perception and endocannabinoid signaling.
Sub-threshold associations with MAOA, BDNF and FKBP5
were also observed. These associations were specific to birth
(i.e. not significant at age 7), so that DNAmethylation patterns
in these loci did not further differentiate early-onset children
who persist vs desist in CP over time. While none of the
identified loci at birth were linked with known mQTLs, several
were associated with prenatal exposures.
Conclusions: Findings lend novel insights into epigenetic
correlates of conduct problems, highlighting birth as a poten-
tially sensitive window of biological vulnerability for early-
onset CP. Given that the postnatal environment is also
important for development, future research should examine
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whether environmental experiences during childhood may
modify these early epigenetic patterns, moderating risk for
long-term CP.

PO2.04 – Pregnancy complications and prematurity

PO2.04.01

Adult pre-pregnancy weight change and risk of developing
hypertensive disorders during pregnancy

A. Adane, G. Mishra, L. Tooth

The University of Queensland, BRISBANE, Australia

Background: While the association of pre-pregnancy body
mass index (BMI) and hypertensive disorders during pregnancy
(HDP) is well documented, little is known about the rela-
tionship between pre-pregnancy weight change over the
reproductive course of life and the risk of developing HDP. In a
population-based cohort study, we examined the impact of
adult pre-pregnancy weight change on the development
of HDP.
Methods: We included 2914 women, surveyed about every
three years since 1996, from the 1973-78 cohort of the Aus-
tralian Longitudinal Study on Women’s Health. Women
without hypertension or HDP were followed-up between 2003
and 2012. Generalized estimating equations, which account for
correlations in repeated pregnancies of a woman, were used to
assess the effect of baseline BMI (mean age 20 years) and pre-
pregnancy weight change on the incidence of HDP. The full
models were adjusted for time-varying (sociodemographic,
lifestyle and reproductive) factors.
Results: Over 9 years of follow-up, 301 incident cases of HDP
(6.3%) were reported from 4813 pregnancies. Overweight and
obese women at the baseline survey were 1.67 [95% CI: 1.3,
2.2] and 2.15 [95% CI: 1.4, 3.3] times more likely to develop
HDP than normal weight women, respectively. Compared
with stable weight (loss or gain up to 1.5%/year) women,
women with small (1.5-2.5%) or moderate/high (>2.5%)
annual weight gain had elevated risk of HDP (RR: 1.67 95%
CI: 1.3, 2.2; RR: 2.31; 95% CI: 1.8, 3.0, respectively).
Women who reported annual weight loss (>1.5%) between
baseline and the average age of 24 years were 46% [95% CI:
0.4, 0.8] less likely to develop HDP.
Conclusions: Pre-pregnancy weight gain is associated with an
increased risk of HDP, whereas early adult weight loss is asso-
ciated with lower risk of HDP.

PO2.04.02

The value of the 24-hour proteinuria in evaluating the
severity of preeclampsia and predicting its adverse maternal
outcomes

B. Li1, L. Lin1, Y. Zhu1, Y. Wei1, X. Li2, D. Chen3, X. Zhao4,
S. Cui5, D.G. Ding6, D. Ding7, M.H. Meng8, H. Wei9,
X. Sun10, H. Xin11, H. Yang1

1Peking university first hospital, BEIJING, China; 2Obstetrics and
Gynecology Hospital of Fudan University, SHANGHAI, China;
3The Third affiliated Hospital of Guangzhou Medical University,
GUANGZHOU, China; 4The First Affiliated Hospital of
Zhengzhou University, ZHENGZHOU, China; 5The Third
Affiliated Hospital of Zhengzhou University, ZHENGZHOU,
China; 6Nanjing maternity and Child Health Care Hospital,
NANJING, China; 7Obstetrics and Gynecology Hospital of Urumqi
Municipality, Sinkiang, URUMQI MUNICIPALITY, China;
8The Affiliated Hospital of Inner Mongolia Medical Hospital,
HOHHOT, China; 9The Maternal and Child Health Hospital of
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Hospital of Hebei Medical University, SHIJIAZHUANG, China

Background: In 2013, ACOG renewed their guidelines of
hypertensive disorder in pregnancy and lowered the position of
proteinuria in both diagnosis and severity evaluation of pre-
eclampsia. However, large sample clinical data are still lacking
in China to support these changes.
Methods: Eleven hospitals in ten provinces across China were
chosen, in which 1738 pregnant women complicated by
hypertensive disorders of pregnancy (HDP) with the records of
24h-proteinuria were enrolled. They were allocated into four
groups: Patients with maximal quantified proteinuria <0.3 g/
24 h (Group 1, n= 328); patients with maximal quantified
proteinuria ≥0.3 g/24h and <2.0 g/24h (Group 2, n= 638);
patients with maximal quantified proteinuria ≥2.0 g/24h and
<5.0g/24h (Group 3, n= 353); patients with maximal quan-
tified proteinuria ≥5.0 g/24h (Group 4, n= 419). Logistic
regression analysis were conducted to assess the differences in
maternal outcomes between different subgroups of 24-hour
proteinuria. The multivariable risk prediction model of adverse
maternal outcome for HDP was established with ROC curve
and its predicted value was assessed.
Results: Thrombocytopenia, severe hypoproteinemia, cerebral
or visual symptoms and severe hypertension showed statistical
significance after adjustment (P≤ 0.001). Thrombocytopenia
and cerebral or visual symptoms were more frequent in Group
3 and Group 4 than Group 1 and Group 2 but no differences
were found between Groups 3 and 4 or Group 1 and Group 2.
The renal insufficiency and increased liver enzyme between all
groups were similar(P= 0.801 and 0.125 respectively).
Maternal complications were more frequent in Groups 3 and 4
than in Groups 1 and 2 (Group 3 vs. Group 1, OR= 3.359
(1.067-10.571); Group 4 vs. Group 1, OR= 3.628 (1.189-
11.086); Group 3 vs. Group 2, OR= 2.845 (1.155-7.003);
Group 4 vs. Group 2, OR= 3.082(1.304-7.288)). However,
no significant difference was found between Groups 4 and 3 or
between Groups 2 and 1. The proteinuria ≥2g/24h had an area
under the receiver operating characteristics curve (AUC ROC)
of 0.668 (95% CI 0.632-0.705) for predicting adverse mater-
nal outcome. After adjusting for the effects of other symptoms,
signs and laboratory test, it was the independent risk factor and
predictor factor of the adverse maternal outcome (OR= 3.505,
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95% CI 2.431-5.049, P< 0.001). The final risk prediction
model included: the proteinuria ≥2g/24h, renal insufficiency,
thrombocytopenia, abnormal liver funsion, palpitation or suf-
focation, upper abdominal pain and delivery weeks. It had an
AUC ROC of .811 (95% CI 0.781-0.841, P< 0.001).
Conclusions: The 24h proteinuria correlates with adverse
maternal outcomes, but the difference was approximately 2.0g/
24h. It may not be meaningful to distinguish whether the 24h
proteinuria was ≥2.0g or ≥5.0g. The proteinuria ≥2g/24h is
an independent predictive factor of adverse maternal outcomes
in preeclampsia, but its individual predictive value is limited.
The risk prediction model is effective in assessing the risk of
adverse maternal outcomes in patients with HDP.

Receiver operating characteristic curve of the risk prediction
model of preeclampsia based on clinical symptoms, signs and
laboratory tests.

PO2.04.03

Maternal infections and preeclampsia: a systematic review
of epidemiological literature

A. Wajid1, N. Paneth2, M. Saeed2, M. Reeves2

1University of Calgary, CALGARY, Canada; 2Michigan State
University, EAST LANSING, United States of America

Background: Globally, preeclampsia affects 5-8 percent pregnan-
cies and is one of the leading causes of perinatal morbidity and
mortality worldwide. So far no causative factor has been identified.
Recently, efforts have been made to explore the possible role of
infection in the development of preeclampsia. We carried out a
systematic review to determine the association betweenHelicobacter
pylori (H. pylori), Cytomegalovirus (CMV) and Chlamydophila
pneumoniae (C. pneumoniae) and development of preeclampsia.
Methods: We used the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) Guidelines and
searched PubMed, EMBASE and Web of Science (WoS) for
articles in the English language. Search terms included infec-
tions, bacterial infections, viral infections, H. pylori, CMV C.
pneumoniae, preeclampsia, eclampsia, pregnancy induced
hypertension and gestational hypertension. Additionally, stu-
dies were added after manual searches by reviewing the reference

lists of the selected articles. Articles included cross-sectional, case
control and cohort studies. Eligible studies included those 1) with
original data, 2) which used a recognized definition of preeclampsia
that followed guidelines of relevant organizations or societies i.e. the
American College of Obstetrics and Gynecology, the International
Society for the Study of Hypertension in Pregnancy, and the
National High Blood Pressure Education Program, 3) which
described the techniques of detection of infectious agents or anti-
bodies, and 4) which included at least one of the three micro-
organisms of interest as exposure. The individual studies were
grouped in categories corresponding to the three microorganisms
and synthesis of results was carried out accordingly. Some studies
did not report odds ratio (OR) so we had to calculate using the
available information. We assessed studies for risk of bias.
Results: Initial search results identified 1031 studies. After
applying selection criteria 16 studies were eligible for the full
review. These studies used either serological tests and/or PCR for
the evidence of infection. Four studies explored the association
between H. pylori and preeclampsia and each found a significant
association [Adj OR: 9.2 (2.8-30)], [OR: 2.9 (1.1-7.8)], [OR:
3.8: (1.2-11.8)], and [AdjOR: 2.7 (1.1-6.6)]. Of the four studies
investigating the relationship between CMV and preeclampsia,
two showed significant association [OR: 1.9(1.4-2.7)] and [OR:
7.2 (p.02)] while three out of ten studies found a significant
association between C. pneumoniae and preeclampsia [AdjOR:
5.3 (1.4-20)], [AdjOR: 3.1(1.8-7.9)] and [OR: 4.1(1.1-15.6)].
Maternal age and parity were the most commonly controlled
factors. Not all studies reported or controlled for the confounding
factors. The risk of bias (ROB) assessment found six studies at
low ROB, nine at serious risk and one hadmoderate risk; bias due
to confounding was the most common serious flaw.
Conclusions: Some evidence exists which supports the rela-
tionship between PE and maternal infections especially for H.
pylori and to a lesser extent for CMV. The role of C. pneumo-
niae in the development is not supported strongly by the
existing literature. More research is needed particularly for the
role of CMV and C. pneuomoniae to develop a strong and
conclusive body of evidence.

PO2.04.04

Low birth weight and prematurity trends from 2005 to
2014: experience from a public maternity hospital in
Athens, Greece

E. Sdona1, D.D. Briana2, E. Ragkou2, D. Papamichail3,
T. Panagiotopoulos3, A. Malamitsi-Puchner2

1Aretaieion hospital, University of Athens medical school, ATHENS,
Greece; 2Department of Neonatology, National and Kapodistrian
University of Athens, ATHENS, Greece; 3Department of Child
Health, National School of Public Health, ATHENS, Greece

Background: Low birth weight (< 2500 grams), due to pre-
term birth or restricted fetal growth, is an important predictor
of neonatal mortality/morbidity, inhibited growth and
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cognitive development, as well as chronic diseases later in life.
This study aimed to examine changes in low birth weight rate
from 2005 to 2014 and investigate related parameters.
Methods: Our retrospective study reviewed birth records of
14,923 neonates, born in a public maternity hospital in Athens,
Greece, concerning maternal (age, delivery mode) and neonatal
(gender, birth weight, gestational age) factors. Univariable
analysis tested the association of birth weight and gestational
age with time periods 2005-2009 and 2010-2014. Multi-
variable logistic regression analysis identified factors indepen-
dently associated with low birth weight.
Results:During the 10-year study period, low birth weight rate
increased from 6.7% to 11.5%. Prematurity rose from 8.1% to
12.7%, comprising mainly late preterm (34-36+6 weeks) neo-
nates (6.3% to 9.2%). Furthermore, during the same period,
the rate of cesarean sections (CS) rose from 41.8% to 55.5%
and maternal age ≥ 35 years from 21.2% to 36.7%. Com-
paring the time period 2010-2014 to 2005-2009, a 21.3%
increase of low birth weight (p< 0.001) and an 11.8% increase
of prematurity rate (p= 0.027) was noted. Among term neo-
nates (aged ≥37 gestational weeks), a 17.2% increase in low
birth weight - though not statistically significant (p= 0.150) -
was also observed. Multivariable logistic regression analysis
identified female gender, maternal age ≥ 35 years and CS to be
independent risk factors for low birth weight.
Conclusions: In our 10-year study, a statistically significant
increase in low birth weight and prematurity was associated with
female gender, maternal age ≥ 35 years and birth by CS.
Although these findings could be related to high risk pregnancies
and early induction of labor, other unidentified parameters, such
as maternal diet, physical activity, stress, environmental pollution
and particularly socioeconomic factors (economic crisis from
2009 and onwards) should be considered, taken that full-term
neonates also presented with a decline in birth weight. Low birth
weight associated with infant catch-up growth may have long-
term consequences on adult health; therefore, efforts to combat
decreased fetal growth and associated factors are urgently needed.

PO2.04.05

Z-score differences for assessment of growth based on cross-
sectional growth charts do not reflect weight gain in
preterm infants

N. Rochow1, E. Landau-Crangle2, A. Alkhoraidly3, G. Fusch1,
P. Muppidi1, W. Göpel4, C. Fusch5

1McMaster University, HAMILTON, Canada; 2Queen’s
University, KINGSTON, ONTARIO, Canada; 3King Fahd
University of Petroleum and Minerals, DHAHRAN, Saudi Arabia;
4University Hospital Schleswig-Holstein, LÜBECK, Germany;
5Paracelsus Medical University, NUREMBERG, Germany

Background: Growth of preterm infants is often assessed by
z-score differences and it is suggested that a change in z-score
reflects weight change. Current z-scores are calculated using
references based on birth weights of pregnancies with known

gestational age (GA). A significant proportion of pathological
pregnancies skews the distribution of percentiles and affects the
z-score calculation. Larger distances are seen between percen-
tiles and standard deviations from 24 to ~ 30 weeks followed
by a decrease until term age. A physiological explanation for the
resulting fluctuation of weight gain suggested when following
the 3rd and 10th percentile curves is lacking. It is hypothesized
that the current z-score differences approach has a systematic
error indicating growth restriction in infants even they grow
with desired rates.
Objective: To test the hypothesis, in a large-scale data set, that
the assessment of growth by z-score differences in preterm infants
is affected by GA and birth weight percentile reference data.
Methods: This observational study included 6832 (male=
3429) VLBW infants fromGerman Neonatal Network (2009 to
2015). For each infant, z-score differences and weight gain from
birth to discharge was calculated. Weight gain expressed as ratio
of weight gain/reference growth rate (50th percentile, Fenton
2013) for the corresponding observation period. Primary out-
come is the homogeneity of z-score differences versus weight gain.
Results: In male infants the correlation between z-score differ-
ences and weight gain is weak R2=0.56, the inter-individual
variation is high, up to a factor of 5 with a median (IQR) deviation
from line of identity of 0.36 (0.17;0.58). Z-score differences are
affected by birth weight percentile and GA. A significant propor-
tion n=761 (22%) of infants with negative z-score differences
had higher weight gain than in-utero (Fig.1A). An adjusted z-score
differences that reduces the confounding effect of GA decreased
the deviation to 0.05 (0.02;0.08) from line of identity (R² =0.99)
(Fig.1B). Analysis for females showed similar results.
Conclusions: This study supports the hypothesis that z-score dif-
ferences, which is used to assess growth, is confounded by skewed
reference data. This is primarily due to the fact that cross-sectional
data of interrupted pregnancies with pathologies have been used to
create birth weight charts. New z-score references optimized for GA
showed a high correlation with weight gain and should be used
when growth of infants born at different GA is compared.

Longitudinal assessment of growth: Relation of z-score changes
versus deviation from median growth rates
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Child protection actions among children born preterm - the
contribution of developmental disorders and intellectual
disability

S. Alenius1, E. Kajantie1, P. Näsänen-Gilmore1,
M. Vääräsmäki2, M. Gissler1, P. Hovi1

1National Institute for Health andWelfare, HELSINKI, Finland;
2National Institute for Health an Welfare, OULU, Finland

Background: Prematurity predisposes to out-of-home care
(OHC) as a child protection action, in particular during early
childhood. Furthermore, children born preterm have more often
developmental disorders or intellectual disabilities (DDID),
which may contribute to that risk. The aim of this study was to
assess whether child’s DDID diagnosed in childhood contributes
to preterm subjects’ more frequent entries to OHC.
Methods:We identified singletons (n=223 615) of five gestational
age (GA)-categories born between Jan 1st 1987 and Sep 30th 1990
from the Finnish Medical Birth Register. Register of Child Welfare
provided follow-up data, since Jan 1st 1991, (7650 first placements
outside home, 3.4%) until 18th birthday. The data on any DDID
(n=1 139, 0.5%) came from The Finnish Care Register for (In-
patient) Health Care. [Table] We analyzed the effect of GA on
OHC by Cox regression, stratified by index child’s (IC) birth year.
Results: We compared hazard ratios (HR) for OHC to those
born at full term (39 to 41 gestational weeks) first with a model
adjusted for the sex of the Index child, maternal age, smoking in
pregnancy, marital status, number of previous children, and
mother’s highest attained education. HRs and confidence inter-
vals (CI) for placement were 1.50 (CI; 1.24-1.81) for early pre-
term (23 to 33weeks), 1.27 (CI; 1.14-1.41) for late preterm (34
to 36), and 1.13 (CI; 1.07-1.20) for early term (37 to 38), P value
< .001 for all. When further adjusted for DDID, HR attenuated
to 1.41 (CI; 1.17-1.70) in early preterm group leaving HRs
unchanged in other GA-categories, P value < .001 for all.
Conclusions: As compared to full term children, children of
other GA-categories are predisposed to out-of-home care. Only a
small portion of that risk of early preterm birth may be mediated
via child’s developmental disorders and intellectual disabilities.

PO2.04.07

First trimester bisphenol and phthalate urine
concentrations, placental dysfynction, blood pressure
patterns during pregnancy and risks of gestational
hypertensive disorders

E.M. Philips1, L. Trasande2, E.A.P. Steegers1, R. Gaillard1,
V.W.V. Jaddoe1

1Erasmus MC, ROTTERDAM, The Netherlands; 2New York
University School of Medicine, NEW YORK CITY, United States
of America

Background: Exposure to bisphenols and phthalates during
pregnancy is hypothesized to lead to early placental mala-
daptations and subsequent increased risks of higher blood
pressure in pregnancy and gestational hypertensive disorders.
Objective: To examine associations of urinary bisphenol and
phthalate concentrations in early pregnancy with placental
function markers, blood pressure patterns during pregnancy,
and risks of gestational hypertensive disorders.
Methods: In a population-based prospective cohort study among
1,431 pregnant women, we measured bisphenol and phthalate
urinary concentrations in early pregnancy [gestational age median
13.1 weeks (inter-quartile-range 12.1–14.5)]. Placental angio-
genic markers (placental growth factor (PlGF), soluble fms-like
tyrosine kinase (sFlt)-1), placental vascular function measures
(umbilical artery pulsatility index (PI), uterine artery resistance
index (RI), notching, and placental weight) and blood pressure
were measured in different trimesters. Information on gestational
hypertensive disorders was obtained from medical records.
Results: First trimester bisphenol concentrations were not asso-
ciated with placental angiogenic and vascular functionmeasures or
blood pressure patterns during pregnancy. Each log unit increase
in high molecular weight phthalate metabolites was associated
with a 0.14 (95% CI: 0.03–0.37) higher first trimester soluble
fms-like tyrosine-1 / placental growth factor ratio, in subanalysis
driven by mono-[(2-carboxymethyl)hexyl]phthalate (mCMHP).
First trimester phthalate metabolite concentrations showed no
consistent associations with blood pressure patterns during preg-
nancy. Bisphenol and phthalate metabolites concentrations were
not associated with gestational hypertensive disorders.
Conclusion: First trimester bisphenol and phthalate con-
centrations were not consistently associated with placental and
maternal haemodynamic outcomes. The observed association
of first trimester phthalate concentrations with placental
angiogenesis biomarkers needs further replication.

PO2.04.08

Evaluation of the single or the combined impact of
prematurity and IUGRon renal development in paired Twins
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M.R. Zamarra, S. Troiani, G.C. Di Renzo

Medical School University of Perugia, PERUGIA, Italy
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Background: Twin pregnancies are at significantly increased
risk for prematurity and intrauterine growth restriction
(IUGR), two conditions characterized by low birth weight
which is considered a risk factor for impaired nephrogenesis,
normally completed between 32 and 36 weeks of gestation. At
the end of this period, each kidney has a number of nephrons
that can vary widely, in correlation with birth weight. Once the
nephrogenesis has stopped, there is no possibility of forming
new nephrons later in life. In this study we investigated renal
volumes and urinary Cys-C in a cohort of twins classified in
different groups (preterm and at term, with and without
IUGR) in order to evaluate the single or the combined impact
of prematurity and IUGR on renal development /damage,
eliminating maternal conditions.
Methods: this study was carried out on 30 twins at 30-40 days
of corrected age. Urinary Cys-C levels were measured using
The EIA DetectX® Human Cystatin C kit. Whole kidney and
renal cortex volumes were assessed with ultrasounds (Vocal II;
Software, GE).
Results: Multiple regression analysis showed the strongest
correlation between renal volume and birth weight
(p< 0.00001). IUGR twins showed urinary Cys-C levels sig-
nificantly higher than those found in the respective preterm
twins, in conjunction with a reduced renal volume.
Conclusions: the increased levels of Cys-C in the urine of
neonates with IUGR, significantly associated to a reduced
renal/renal cortex volumes. IUGR condition affected the
volume and the renal functionality in a more definitive way
than prematurity; a high percent of preterm twins not affected
by IUGR, at 30-40 days of corrected age, did not show
statistically significant difference from newborns at term.

PO2.04.09

On the consequences of adapting pregnancy to adverse
environments: implications of ancestral placental malaria
for pregnancy complications and cardiovascular disease

S. Timpka

Lund University, MALMÖ, Sweden

Introduction: It is notable that gestation has not received more
attention in the context of human evolution and genetics, given
that pregnancy has emerged as a period with potential to
influence disease development across generations. Nonetheless,
Homo sapiens has, like all species, continuously adapted to the
local environment. The most prominent force of such recent
selection is arguably P.falciparum, which has been endemic in
Africa for 10,000 years, is the most lethal of human malaria
parasites, and the cause of placental malaria. The selection of
traits for hemoglobinopathies due to their protective effect
against P.falciparum infection is well known. However, as
placental malaria increases the risk of fetal loss, the parasite is
not only a cause of clinical malaria in pregnant women but may
also affect the natural selection of fetuses. Through altered
balancing selection, this has the potential to also influence the

risk of pregnancy complications and cardiovascular disease
(CVD) in the offspring. Noticeably, populations of Sub-
Saharan ancestry appear to have increased risk of several preg-
nancy complications and CVDs. Furthermore, as several
pregnancy complications are associated with increased risk of
maternal CVD later in life, pregnancy has been framed as a
“stress-test” of the maternal cardiometabolic phenotype. Thus,
synthesizing knowledge of placental development, placental
malaria, and CVD development with evidence of genetic
adaptation in certain populations has the potential to inform
etiological research on pregnancy complications and CVD.
Proposed Framework: I propose that ancestral polygenic
adaptation to placental malaria contributes to a higher relative
risk for pregnancy complications in an environment free of
P.falciparum. Furthermore, as many genes have pleiotropic
effects throughout the life course, ancestral adaptation con-
tributes to increased risk of CVD compared to individuals with
no ancestral exposure. The proposed framework comprises
three main components. The first component – placental
malaria as a force of natural selection in pregnancy – has been
previously suggested, but has not been comprehensively stu-
died. The second component – the specific consequences of
ancestral polygenic adaptation to placental malaria for disease
development – has not previously been suggested. The third
and final component – the potential to leverage evidence of
positive selection in the genome of populations ancestrally
exposed to placental malaria to better understand the cause of
pregnancy complications and CVD – is novel and have
potentially broad implications. These insights could facilitate
the identification of biological pathways relevant for pregnancy
complications and CVD through study of positive selection in
populations ancestrally exposed to placental malaria.
Conclusion: I propose that ancestral adaptation of pregnancy
to placental malaria contributes to a higher relative risk of
pregnancy complications and CVD through pleiotropic effects
of relevant genes. For this framework to be relevant, it is
important to acknowledge the historical context of hypotheses
based on ancestry, avoid unfounded determinism, and separate
evidence from speculation. Nonetheless, the proposed
hypothesis might facilitate further insight in the causal archi-
tecture of pregnancy complications and CVD, potentially
leading to a reduction of disease regardless of ancestry.

PO2.04.10

Role of maternal infections in the development of
preeclampsia in Michigan USA

A. Wajid1, D. Todem2, M. Schleiss3, D. Colombo4,
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Background: Preeclampsia (PE) is a pregnancy-related condi-
tion which affects maternal and newborn health significantly.
No causative factor has been identified. Some research has
suggested a possible role for past infection with Helicobacter
pylori, cytomegalovirus and/or Chlamydophila pneumoniae in
the development of PE. We conducted this research to explore
the role of these microorganisms in the development of PE.
Methods:We conducted a nested case-control study in Lansing,
MI, USA using The Archive for Child Health (ARCH), a preg-
nancy cohort of about 900 women with enrollment at about
13.4 weeks of gestation, and archived blood and urine in preg-
nancy. We matched cases of PE (diagnosis from birth certificate
and medical record) to unaffected controls on: maternal age
(±3 years), maternal race, parity and gestational age at first preg-
nancy blood withdrawal. Using conditional logistic regression, we
examined the association between immunoglobulins (IgGs)
of the three microorganisms and other covariates of interest
(especially smoking and BMI) and PE status.
Results: 21 cases were matched to two to three controls each
(52 controls) Two (9.5%) cases and three (5.8%) controls were
found positive for anti H. pylori IgGs in plasma; Seven cases
(33.3%) and 15 (28.9%) controls had anti CMV IgG in
plasma; thirteen (62%) cases and 25 (48%) controls were
positive for anti C. pneumoniae IgGs.
Bivariable analysis showed that the odds of being smoker among
preeclamptic women was 0.6 times of the odds of being smoker
among women without preeclampsia (mOR: 0.6; 95%CI:0.2-
2.0); similarly, preeclamptic women in comparison to controls
were 8 times more likely to have pre-pregnancy BMI> 30 vs pre-
pregnancy BMI < 25 (mOR:7.9; 95%CI:1.6-39.5). Multi-
variable conditional analysis found non-significantly increased
odds of cases being positive for anti H. pylori IgGs (mOR: 2.4;
95% CI: 0.2-32.2) and C. pneumoniae IgGs (mOR: 2.3; 95%
CI: 0.6-9.1), but there was no higher prevalence of anti CMV
IgGs in cases than controls (mOR: 1.4; 95% CI: 0.3-5.6). All
analyses controlled for mother’s education, household income
and depression. We did not control for pre-pregnancy BMI at
final model as it was found as a collider.
Conclusions: Past infection, as determined by presence of IgGs
to H. pylori, CMV, and C. pneumoniae in early pregnancy did
not show associations with the development of PE in this study.
In the future, such studies should be carried out with a larger
sample size especially in populations where the prevalence of
these infections is high. Future studies should also include
serology for anti-CagA antibodies for more extensive explora-
tion of the role of H. pylori, and consider examination of
placental tissue for the presence of microbial DNA.

PO2.04.11

Morphometrical placental analysis of maternal
hypertensive disorders of pregnancy in a Latin American
population
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R. Marques2, V. Cardoso2
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3Department of Ginecology&Obstetrics, Ribeirão Preto Medical
School - University, RIBEIRÃO PRETO, SÃO PAULO, Brazil

Background: The multiple aspects of placental growth during
critical periods of gestation may be assessed by placental mea-
sures, which are also related to specific functional character-
istics. Thus, they are useful for epidemiologic studies as
indicators of intrauterine developmental aggressions. Placenta
weight (PW) and birth weight (BW) may be markers of dif-
ferent types of hypertensive disorders of pregnancy. Although
PW is not the ideal indicator of placental function, it frequently
is the only one available for population studies. Given the
relevance of studies that relate hypertension during pregnancy,
alterations in placental growth measures (PGM) and repercus-
sion to newborns health, it is justified to verify such outcomes
in different populations. Thus, the objective was to describe
placental measures according to hypertension (HT) disorders
during pregnancy of a Brazilian birth cohort.
Methods: This was a cohort study of placental morphometry
and fetal outcomes of 954 pregnancies at a university hospital
in Ribeirão Preto, São Paulo, Brazil, in 2010. Information
about clinical and obstetrical characteristics, labor, placental
measures placental growth measures and neonatal outcomes
were obtained from interviews of the mothers and medical files.
The HT types considered were chronic (CHT), gestational
(GHT), preeclampsia (PRE) and CHT associated with PRE
(CHT + PRE). The following manual measurements of the
placenta were performed, according to standard methods:
PGM (weight [PW, g], larger and smaller diameters [cm], and
thickness [cm]). In addition, eccentricity, shape, area (cm2),
volume (cm3), BW to PW ratio and PW to BW ratio were
determined. Associations between BW and PGM in pregnan-
cies with and without HT were investigated by multiple linear
regression.
Results:Mean maternal age was 27.2 years and mean BMI was
26 kg / m2; 51.7% of the mothers completed 9 to 11 years of
education, 39.6% were primiparous, 18.6% smoked, 22.2%
had HT, 16.1% had diabetes, and 88.1% performed adequate
prenatal care. The frequency of HT types during gestation
were: 6.5% CHT, 7.6% GHT, 6.1% PRE, 2.0% CHT +
PRE and 77.8% without HT. Mean BW was lower in the
hypertensive group (2931g) than in the normotensive group
(3078 g, p= 0,016). Mean gestational age was slightly lower
with HT (37.5 w) than without it (38.1 w, p= 0.029). There
was no difference in the rate of prematurity (p= 0.223). PW,
largest and smaller diameters, area and BW to PW ratio were
statistically different between the five groups, with the lowest
values for preeclampsia; the reminder measures had no differ-
ence. BW and PW were correlated in the absence of HT (r= 0,
65, p< 0.001), and greater in the presence of HT (r= 0,86,
p< 0.001). Consequently, in the HT group, 65% of BW
variability was accounted for PGM (p <0,001), and increased
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to 82% when adjusted for BMI, smoking, parity, diabetes,
gestational age and sex (p <0,001).
Conclusions: In pregnancies with hypertension, PGM explain
65% of BW variability, and raised to 82% when adjusted for
well-appreciated maternal and infant characteristics. Pre-
eclampsia was the main pathology related to our results.

PO2.04.12

Preeclampsia: Prevalence and perinatal repercussions in a
University Hospital in Rio de Janeiro, Brazil.

J.L.A. Cunha, K.B. Rezende, R.G. Bornia, A.P.V.S. Esteves,
J. Amim Junior

Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

Preeclampsia (PE) prevalence studies in Brazil are both scarce
and not divided in accordance with gestational age at delivery.
We accessed PE prevalence according to delivery before 34, 37
and 42weeks in a cross-sectional study including 4464 single
deliveries. PE was diagnosed in 301 cases (6.74%); Prevalence
of PE was 0.78%; 1.92% and 6.74% according to deliveries
before 34, 37 and 42weeks. PE was associated with fetal death,
prematurity and small for gestational age newborns.

PO2.04.13

Postnatal growth of preterm infants <32 weeks of gestation
until 3 years of age

K. Suzuki

Tokai University, ISEHARA, Japan

Background: Preterm birth is known to be associated with
health and disease later in life. However, significance or influ-
ence of early postnatal growth patterns on health status in
adulthood is not well known. Therefore, we studied relation-
ship between parameters of body size at birth and those at
3 years of age.
Subjects and methods: Subjects are preterm infants (<32wk
gestation) born and admitted at Perinatal Center of Tokai

University Hospital during one year period of 2012. They were
followed up after discharge until 3 years of age at a follow-up
clinic. Data of body weight (BW), body length (BL) and head
circumference (HC) were obtained at birth, 2, 6, 12 and
36 months after birth. Correlations of SD scores for BW, BL
and HC were analyzed between values at birth and 3 years, and
between those at birth and changes in 3 years after birth.
Results: Data from 23 patients (10 males, 13 females) were
obtained. Their gestational age ranged 23.1-31.4 (median
28.3) weeks and birth weight 524-1736 (median 1124) grams.
There were no significant correlations in all variables between
values at birth and at 3 years. However, there were significant
inverse correlations between values at birth and changes in 3
years (BW, r= -0.71, p= 0.0001; BL, r= -0.57, p= 0.005;
HC, r= -0.43, p= 0.04).
Conclusions:Catch-up growth was almost complete by 3 years
after birth. Some infants already showed growth impairment at
birth (fetal growth restriction) which never showed catch-up in
3 years. Especially in extremely preterm infants (< 28 wk
gestation), influence of postnatal factors on growth should be
taken into consideration.

PO2.04.14

Associations between dietary behavior and preterm birth in
the Norwegian Fit for Delivery study - interaction with
offspring gender

E.R. Hillesund1, E. Bere1, L.R. Sagedal2, I. Vistad2,
N.C. Øverby1

1University of Agder, GRIMSTAD, Norway; 2Sorlandet Hospital
HF, KRISTIANSAND, Norway

Purpose: More boys than girls are born prematurely, defined as
before completed 37 weeks of pregnancy. The etiology under-
lying this phenomenon remains unknown, but having a healthy
dietary pattern during pregnancy has been associated with lower
risk of preterm birth. The purpose of the present study was to
investigate potential gender differences in associations between
maternal diet during pregnancy and risk of preterm birth.
Methods: 591 healthy nulliparous women participating in the
Norwegian Fit for Delivery study were included in this pro-
spective observational analysis. An early pregnancy diet score was
constructed from a 43-item food frequency questionnaire com-
pleted by participants in early pregnancy. The score comprised 10
subscales broadly reflecting meal regularity, beverages, fruit/
vegetables, sweets/snacks, portion size, satiety, and awareness of
food labeling. The score ranged from 0-10 and was used to
categorize participants into low, medium or high diet quality,
respectively. Odds of preterm birth with high and medium vs.
low diet score was assessed in a bivariate logistic regression model
including an interaction term with diet score*offspring gender.
Results/findings: A total of 34/591 (5.8%) were born pre-
maturely; 24 (71%) boys and 10 (29%) girls. Prevalence of
preterm birth was 7.5% among boys and 3.7% among girls
(p= 0.045). High vs. low diet score was protectively associated
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with preterm birth for both genders combined (OR: 0.24; 95%
CI: 0.10-0.57; p= 0.001). Because of a significant interaction
with offspring gender (p= 0.035), we reran the analysis strati-
fied by gender. The association between diet and preterm birth
in pregnancies with male offspring remained strong (high vs.
low score OR: 0.30; 95% CI: 0.12-0.75; p= 0.010, and
medium vs. low score OR: 0.09; 95% CI: 0.02-0.42;
p= 0.002). There were no preterm births in female pregnancies
with high diet score. Medium vs. low early pregnancy diet score
was not associated with lower odds of preterm birth of female
offspring (OR: 0.70; 95% CI: 0.20-2.52; p= 0.588).
Conclusions: Both high and medium vs. low early pregnancy
diet score was associated with lower odds of preterm birth in
pregnancies with male offspring. No preterm births occurred in
female pregnancies among women with high early pregnancy
diet score. Medium vs. low early pregnancy diet score was not
associated with preterm birth among female offspring. Mater-
nal diet quality may affect risk of preterm birth differentially
according to offspring gender.

PO2.04.15

Maternal exposure to alcohol and nicotine: Is there an
effect on chronic disease development at 5-6 years?

J.J.A. De Smidt1, H.J. Odendaal2, C.A. Groenewald2,
H. Nolan2, C. du Plessis2, A. Oelofse1

1University of the Western Cape, CAPE TOWN, South Africa;
2Stellenbosch University, CAPE TOWN, South Africa

Background: The increase in the prevalence of early signs of non-
communicable diseases (NCD) in children is alarming. It can partly
be explained by the thrifty phenotype hypotheses, where poor
prenatal conditions, nutrition and breastfeeding play vital role in the
development of NCDs. These babies have a high prevalence of
overweight, obesity and central obesity as adolescents and even-
tually as adults. Furthermore, children who had rapid infant weight
gain are at increased risk for diabetes and cardiovascular disease
(CVD) risk factors later in childhood. Small for gestational age
(SGA) offspring are often leptin and insulin resistant.Maternal high
energy diets during gestation cause offspring to have an impaired
hypophagic response to insulin as adults thus reducing the func-
tioning of the arcuate nucleus (ARC), the predominate appetite
regulatory site in the brain, neuronal response to leptin and insulin
and this results in hyperphagia. In addition epigenetic modifica-
tions play a role in determining susceptibility to metabolic diseases.
This phenomenon is pronounced during developmental plasticity
and shapes the phenotype of organisms.
The aim of project was to identifying the associations between
alcohol and nicotine use during pregnancy on birth outcomes,
pancreas and kidney size increase in visceral fat and aorta and
carotid intima thickness and possible associated risk factors for
chronic disease at 5-6 years of age.
Methodology: A prospective cohort study including 340
children aged 5-6 years from the Safe Passage Study who were
assessed including anthropometric measurements (weight,

height, skinfold thickness, waist and hip circumference). Kid-
ney and pancreas size, visceral fat, aorta and carotid intima
thickness using were assessed using ultrasonagraphy. Clinical
observations included blood pressure, mean arterial pressure
(MAP) and heart rate (HR). The association between the effect
of maternal exposure to nicotine and alcohol and organ size was
determined as well as the association between organ size and
anthropometric and blood pressure, MAP and HR.
Results: Birth weight was significantly lower in the nicotine
group when compared to the alcohol exposure group (2844±610;
3166±482; p=0.016). Birth weight was significantly associated
with waist circumference in mothers who smoked and used
alcohol moderately-continuously during pregnancy (r=0.301;
r=0.700 at p< 0.01) respectively. Although waist circumference
correlated significantly with both subcutaneous and visceral fat it
showed a stronger relationship with subcutaneous fat (0.673 vs
0.530 at p<0.01). However in the exposed group waist cir-
cumference showed a stronger correlation with visceral fat com-
pared to the unexposed group (0.539 vs 0.472 at p<0.01). Aorta
intima thickness showed a significant correlation with waist cir-
cumference (WC) and in the exposed group WC correlated sig-
nificantly with systolic blood pressure (0.139 P<0.01). The
difference in pancreas head size almost reached significance if
compared between those exposed vs the unexposed.
Conclusions: The results show that the effects of maternal
exposure to alcohol and nicotine during pregnancy on birth
outcome as well as on organ development had significant
consequences for chronic disease risk in later life. These
observations were already visible at 5-6 years.

PO2.04.16

Loss of intrinsic tone and impaired vasodilatative reaction
in Aa. interlobares may contribute to prospective nephron
damage in IUGR rats

F. Lechner, L. Lubomirov, E. Nüsken, G. Lippach,
M. Wolfahrt, L.T. Weber, J. Dötsch, K.D. Nüsken

University hospital of cologne, COLOGNE, Germany

Background: Intrauterine growth restriction (IUGR) is a risk
factor for arterial hypertension and renal impairment in later
life. In industrial countries, placental insufficiency causes the
majority of IUGR cases. This study had the aim to identify
renal vascular mechanisms potentially contributing to pro-
spective nephron damage in IUGR subjects.
Methods: Pregnant Wistar rats underwent bilateral uterine
vessel ligation (LIG) on gestational day 19. Untreated dams
served as controls (C). Continuous telemetric measurement of
intraaortal blood pressure, heart rate and activity was started in
postnatal week 6. In week 9 of life, metabolic examinations
were performed for 24 hours. Male animals were sacrificed at
the age of 10 weeks. Myographic examinations were carried out
in Aa. interlobares and Aa. mesentericae.
Results: LIG animals showed significant (p< 0.01) IUGR
without postnatal catch-up-growth. In postnatal week 9,
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activity and heart rate were similar, but systemic blood pressure
was increased between 5 to 8mmHg. Metabolic examinations
showed significantly (p< 0.05) elevated serum urea and potas-
sium and increased proteinuria, but similar glomerular filtration
rate. Mesenteric vessels depicted a significantly reduced reactivity
to adrenomedullin. In Aa. interlobares, acetylcholine induced a
significantly accelerated vasodilatation. Most interestingly, the
physiological increase in intrinsic tone after passive dilatation was
completely blunted (p< 0.01) in LIG animals.
Discussion: Reduced reaction to adrenomedullin in mesen-
teric vessels might contribute to increased systemic blood
pressure after IUGR. Increased sensitivity to acetylcholine and
concurrent complete loss of intrinsic tone in interlobaric vessels
may predispose to “glomerular flooding”, resulting in protei-
nuria and probable nephron damage in later life.

PO2.05 – Mental health and socio-economic factors

PO2.05.01

Emotional Status of non-Indigenous Australians from
adolescence to young adulthood

B. Davison, T. Nagel, G.R. Singh

Menzies School of Health Research, CASUARINA, Australia

Background: Almost half (45.5%) of Australian adults experi-
ence mental illness (psychological distress, affective or substance
use disorder) at some point in their lifetime. Although present
across the life span, the most vulnerable time begins in adoles-
cence and young adulthood (16 to 24 years). Of particular con-
cern, adolescents and young adults appear to be reluctant to seek
advice on how to cope with problems or present to health care
facilities for general health checks, limiting opportunities for early
identification of mental illness.
Methods: Non-Indigenous participants from the Darwin,
Northern Territory, Australia based Top End Cohort study were
recruited in 2007-2009 at age 16-20 years (n= 196). Follow-up
occurred in young adulthood at age 22-27 years (n= 117).
Emotional status was assessed at both time points by Kessler-5
and Perceived Stress Scale, along with substance use including
alcohol. Analysis was restricted to those with complete data at
both time points (n= 100). High level of psychological distress
was defined as Kessler-5 score ≥ 12 and high perceived stress was
defined as ≥ 11 (internal reference, 75th centile).
Results:Women reported higher rates of psychological distress
in both at adolescence and young adulthood compared to men.
The rate remained the same in women overtime; however rates
of psychological distress increased in men as they got older.
Participants with psychological distress reported significantly
higher perceived stress levels both in adolescence and young
adulthood, irrespective of gender. After adjusting for gender,
those distressed in adolescence were more likely to be distressed
in young adulthood (OR 3.78; CI 1.47, 9.74), with a similar
trend seen with perceived stress (OR 2.61; CI 0.98, 6.94). A
third of participants in adolescence drank alcohol at least once a

week with this rate increasing to over half in young adulthood,
irrespective of gender. Alcohol use was not associated with
distress or perceived stress at either time point.
Conclusions: A third of young adults in this cohort had psy-
chological distress, commencing in adolescence and continuing
into young adulthood. The high rate of distress seen in this
cohort, almost three times higher than the national rate for
non-Indigenous young adults of a similar age, highlights the
need for tailored programs addressing wellbeing concerns and
lifestyle behaviours commencing in, or before, adolescence. A
positive association between psychological distress and per-
ceived stress was evident, suggesting programs should be hol-
istic and examine the underlying causes of stress. Early
detection and treatment in adolescence can reduce the long
term implications of mental health disorders.

Rates of psychological distress, perceived stress and substance
use in adolescence and young adulthood by gender

PO2.05.02

Association of Depression and Life Satisfaction with Low
Resilience among married women of Karachi, Pakistan

S.S. Bhamani, N. Zahid, I. Azam, N. Asad, R. Karmaliani,
O. Pasha

Aga Khan University, KARACHI, Pakistan

Background: The concept of resilience is very crucial in pro-
moting positive psychological well-being. However, this con-
struct was never looked among married women of Karachi,
Pakistan. Therefore, this study aimed to assess the prevalence
and the associated risk factors of resilience in Pakistan. This was
the secondary objective of our original project, whose primary
objective was validation of resilience scales.
Methods: It was a cross-sectional survey, using the Wagnild
Resilience Scale (RS) to assess resilience, Beck Depression
Inventory II (BDI-II) for measuring depression and Trait
Wellbeing Inventory for determining Life Satisfaction. The
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sample size (n= 636) for this study was achieved on the basis of
our primary objective Systematic sampling was employed to
enroll participants of aged 20 to 40 years living in two urban
squatter settlements of Karachi, Pakistan. Prevalence ratio (PR)
was computed with their 95% confidence interval.
Results: A total of 636 married women participated in the study.
The average age of females with low resilience was 29.8 (± 5.7)
whereas the mean age of females with high resilience was 31.1
(± 5.7). The prevalence of low resilience among women was
21.9%. Moreover, the prevalence of depression among low resi-
lience group was 43.9% whereas the mean life satisfaction score
among females with low resilience was lower than females with
high resilience. The females who had low resilience were younger
and had no formal/informal education as compared to their
counterparts. After controlling for other variables, the prevalence
of low resilience was 1.78 times more among depressed females as
compared to the non-depressed with a 95% CI: (1.27-2.51).
Moreover with every one unit increase in the life satisfaction
scores, the prevalence of low resilience decreased 9%. Further-
more, age and informal schooling were also found to be sig-
nificantly associated with resilience.
Conclusion: Depression and life satisfaction are the potential
modifiable risk factors for resilience and hence we can improve
resilience through interventions that may focus on reducing
depression and improving satisfaction towards life. Our study
recommends that health care professionals should be educated
about these modifiable risk factors to bring about a change in
the society and reduce the mental health illness by promoting
constructive adaptation.

PO2.05.03

The associations of maternal mental health and stress in
pregnancy with offspring wheezing and infections

F. Rusconi1, L. Gagliargi2, E. Fanti3, E. Gori4, D. Porta5,
M. Popovic6, L. Richiardi6, L. Ronfani7, S. Farchi5, A. Stazi8,
F. Forastiere5

1Meyer University Hospital, Florence, Italy, FLORENCE, Italy;
2Ospedale Versilia, VIAREGGIO, Italy; 3Regional Health
Agency, FLORENCE, Italy; 4Meyer University Hospital,
FLORENCE, Italy; 5Lazio Regional Health Service, ROME,
Italy; 6University of Turin, TURIN, Italy; 7Institute for Maternal
and Child Health, IRCCS Burlo Garofolo, TRIESTE, Italy;
8Istituto Superiore di Sanità, ROME, Italy

Background: Maternal depression, anxiety and stress in preg-
nancy have been associated with a wide range of negative out-
comes in childhood. Among these are wheezing disorders, as
confirmed by a recent meta-analysis (Van De Loo et al, Eur
Respir J 2016). In the framework of the Piccolipiù birth cohort
we studied the relationship between maternal mental health
and stress in pregnancy assessed by the Twelve-item General
Health Questionnaire (GHQ-12) and wheezing disorders and
infections in 2-years old children. The GHQ-12 is a self-
administered screening instrument for mental distress or minor

psychiatric morbidity with a main focus on depression. vali-
dated worldwide (Goldberg et al, Psychol Med 1997)
Methods: Piccolipiù birth cohort started the recruitment in
2011 in 5 centers (Turin, Trieste, Florence, Viareggio and Rome)
in Italy. Of the 3338 infants enrolled, 2382 children with at least
24 months of age were analyzed for this study so far. Mothers
filled in the GHQ-12 at the end of pregnancy and when the child
was 12 months old. The GHQ-12items, describing mood states
over the previous four weeks, were code according to a 4-level
Likert scale and then collapsed into two categories (coded 0-1).
Maternal stress was defined as a score of ≥ 5.
The relationship between a GHQ12 score ≥ 5 in pregnancy
and outcomes was assessed by multivariable logistic regression
analyses adjusted for a number of potential confounders (see
Table). As mental disorders in pregnancy and stress often
continue after birth, in a sensitivity analysis we adjusted also for
maternal GHQ-12 at 12 months after delivery. We further
adjusted for potential mediators: birth weight, cesarean section,
breastfeeding at 6 months, and postnatal maternal smoking.
Results: Maternal mental distress (GHQ-12 ≥5) had a pre-
valence of 16.6% during pregnancy, and 6.4% one year after
delivery. The prevalence of the offspring outcomes at 12-24
months of age were: wheezing 17.7%, recurrent wheezing
10%, lower respiratory tract infections 21.9%, gastroenteritis
24%. Crude and adjusted associations between maternal stress
in pregnancy and outcomes are shown in the table. The
adjustment for GHQ-12 at 12 months after delivery and for
potential mediators did not change the estimates.
Conclusions: We found an association of maternal psychiatric
morbidity and distress in pregnancy with offspring wheezing
and common infections in infancy. The associations remained
also after accounting for postnatal maternal stress. The effects
of the combination of prenatal and postnatal mental distress
will be further explored by analyzing separately GHQ-12 scores
in different exposure time-windows.
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PO2.05.04

Adversity in childhood andmaternal depression in pregnancy

A. Wajid1, A. Biringer2, M. Austi3, L. Vermeyden1,
D. Kingston1

1University of Calgary, CALGARY, Canada; 2University of
Toronto, TORONTO, Canada; 3University of New South Wales,
SYDNEY, Australia

Background:Mental health issues during perinatal period result in
significant morbidities in women. About one-third of the pregnant
women in the Western world experience depression or anxiety
during this period. Evidence shows that depression during preg-
nancy can act as a mediator for postpartum depression. In turn
prenatal depression has been found to be associated with previous
history of depression and anxiety. This reflects a continuum of
symptoms across the pre-pregnancy and perinatal period. In a
similar context, adverse experience in childhood provide a more
distant exposure and their effect on prenatal depression may suggest
a cumulative effect. The primary objective of this analysis is to
determine the associated factors of prenatal depression with the
Adverse Childhood Experience (ACE), as the main exposure.
Methods: Analysis for this paper comes from a trial which
assessed the feasibility of e-screening for maternal mental
health. For this community-based randomized controlled trial,
pregnant women were recruited from antenatal clinics. Elig-
ibility criteria included women who could speak or read Eng-
lish, were willing to be randomized to e-screening, and willing
to participate in a follow-up diagnostic interview. All women
completed self-report baseline questions and were telephoned
1 week after randomization by a blinded research assistant for a
MINI International Neuropsychiatric Interview. To identify
factors associated with prenatal depression, we built a logistic
regression model starting with all variables associated with the
outcome at P< .20 in the univariable analysis. Stepwise
method was used to enter variables into the final multivariable
model to estimate adjusted odds ratios (AORs) and 95% CIs.
Results: More than 80% of the participants were older than 25
years, had education beyond high school and had annual incomes
of $40,000Cdn or more. Slightly less than one-fifth (20%) of the
women had an ACE score of four ormore. Age, education, alcohol
consumption and smoking lost significance at multivariable stage
and were removed from the model. The final model included:
ACE score, ≥4 vs <4, [OR: 1.9; 95%CI: 1.001-3.584], diagnosis
of depression before pregnancy [OR: 2.1; 95%CI: 1.2-3.9] and
anxiety disorder on the MINI International Neuropsychiatric
Interviews (M.I.N.I.) [OR: 9.2; 95%CI: 3.3-25.6].
Conclusions: This analysis explored the independent associa-
tion of ACE score ≥ 4 with the development of prenatal
depression (EPDS≥ 13). The analysis also found association
between previous history of depression as well as anxiety with
the prenatal depression. These findings highlight the impor-
tance of identifying early adverse experiences in women’s lives
as potential contributors to prenatal depression.

PO2.05.05

Through the voice of children: narratives of third generation
survivors of maternal death on the Arabian Peninsula

A. Kempe1, S.A. Taher2, R. Alsaaidi3, F. Al-Baydhani4,
F.N.A. Alwazer5

1Karolinska Institutet, STOCKHOLM, Sweden; 2Ministry of Public
Health & Population (MoPH&P), SANA’A, Yemen; 3Swedish-
Yemeni Friendship Association, STOCKHOLM, Sweden; 4Idanoot
Foundation for Folklore, SANA’A, Yemen; 5National Yemeni
Midwives Association, MoPH&P, SANA’A, Yemen

Background:Maternalmortality is one of the serious public health
issues of our time: Over a quarter of a million women died while
giving life in 2015. A mother’s death affects the survival of children
in low-income settings but is also likely to influence developmental
outcomes of surviving children. Against the background of the high
maternal mortality in Yemen, the poorest country on the Arabian
Peninsula, we aimed to conduct case studies with children following
maternal death. The pilot study on children with a special focus on
mental health constitutes part of an ongoing epidemiological study
of reproductive health among mothers and daughters in Yemen,
initiated in Sana’a in 1997.
Methods: The study was conducted in the capital of Sana’a
with the help of local midwives. Families where maternal deaths
occurred within the past year were identified in the existing
cohort and the children interviewed individually or with sib-
lings in their new home. The focus of the study was on chil-
dren’s own narrated experience. Information about the
mother’s and sometimes also grandmother’s death in childbirth
had previously been obtained through interviewing family
members. Midwives attending the mother’s birth were often
friends of the family and introduced interviewers whenever
possible. Special care was taken to use a research methodology
suitable for interviewing children in vulnerable situations.
Results: The trauma of loss was alive in the minds of children, and
loss of mother sometimes evoked loss of grandmother too. Chil-
dren’s vulnerability within the cultural context of strong taboos
surrounding maternal death was a central finding. This ‘culture of
silence’ led to feelings of betrayal among the children, who initially
believed that their mother was alive. Coping strategies among girls
included the reaching out for mother in private notes, identification
withmother and evenwith the fate that she suffered. A blocking out
of past duties and taking wholeheartedly the mother’s role in caring
for siblings was found. Boys showed signs of psychological distress
but even very young tried to succumb to prevailing norms about
being a strong man able to keep feelings to himself. As is customary
fathers had remarried and the children kept in the care of relatives.
Schooling was affected far into the year for children whose mother
had died during school-hours, as fear of losing their new caretakers
would prevent children from leaving the house.
Conclusions:Our findings indicate that children in families where
maternal death occurred are vulnerable to behavioral and emotional
problems. The situation of girls must be highlighted early to prevent
transmission of reproductive trauma. The DOHaD model implies
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that prevention interventions ought to be focused on preconception
and pregnancy mental health. Child survivors of maternal death are
possibly among the least noticed in Yemen and likely in similar
countries. One of the central principles of the UN Convention on
the Rights of the Child is the child’s rights to “express opinions and
to be heard”. The cultural stigma surrounding maternal death
accentuates the need for uncovering this life-changing trauma
among surviving children.

PO2.05.06

Socioeconomic inequalities in psychosocial problems in
young children: mediation analysis of maternal depressive
symptoms during pregnancy, infancy and early childhood.

S.A.A. de Laat1, A.C. Huizink2, M. Hof3, T.G.M. Vrijkotte1

1Academic Medical Centre, AMSTERDAM, The Netherlands;
2Department of Clinical, Neuro- & Developmental Psychology,
Vrije Universiteit, AMSTERDAM, The Netherlands;
3Department of Clinical Epidemiology, Biostatistics and
Bioinformatics, AMC, AMSTERDAM, The Netherlands

Background: Socioeconomically disadvantaged children are
more likely to have psychosocial problems. This relationship
can be explained by a combination of individual-, familial-
and community-level factors. One of the major family-level
mediators of socioeconomic status (SES) and children’s
mental health problems are maternal mental problems. We lack
understanding of how maternal depressive symptoms at dif-
ferent time points during early developmental stages of a child
play a role in this regard. Therefore, this study examined the
mediating role of maternal depressive symptoms during preg-
nancy, infancy and early childhood in the association between
maternal education and child’s psychosocial problems.
Methods: We included 3410 children of the longitudinal
Amsterdam Born Children and their Development (ABCD)
study. Mothers and teachers completed the Strengths and
Difficulties Questionnaire (SDQ) to assess the child’s psycho-
social problems at age 5-6 years. Maternal depressive symptoms
were assessed using the Center for Epidemiologic Studies
Depression Scale (CES-D) and Depressive Anxiety and Stress
Scale 21 (DASS21). Mediation analysis was done to calculate
the direct effect of maternal educational level (indicator of SES)
on SDQ total score and indirect effects through maternal
depressive symptoms. Adjustments were made for maternal
and child characteristics, 95% confidence intervals were
approximated with bootstrap procedures.
Results: The mean mother-reported SDQ total score was sig-
nificantly higher (p< 0.001) for children of low educated
mothers (6.7 ± 4.4) compared to children of highly educated
mothers (4.5 ± 3.7). The same pattern was found for teacher
reported scores (6.5 ± 5.5 vs 4.9 ± 4.4; p< 0.001). Levels of
maternal depressive symptoms were higher in low educated
mothers during pregnancy, infancy and early childhood. 5.2%
of the mothers reported high depressive symptoms during all
three periods (chronic depressive symptoms), while 44.3%

never reported high depressive symptoms. Chronic depressive
symptoms was more common in low educated mothers (9.5%)
compared to high educated mothers (3.3%). The mean
mother-reported SDQ total score for children of mothers with
chronic depressive symptoms was 8.9 ± 5.4. The indirect effect
of maternal depressive symptoms in the association between
SES and mother-reported SDQ scores was 30.4% (Figure 1).
Maternal depressive symptoms during pregnancy had the
strongest indirect effect (20.2%). No significant indirect effect
of maternal depressive symptoms was found in the association
between maternal education and teacher-reported SDQ total
scores.
Conclusion: Maternal depressive symptoms during pregnancy
mediate the association between lowmaternal education and child’s
psychosocial problems at age 5-6. Early recognition and treatment
of maternal depressive symptoms is important to prevent psycho-
social problems in children, especially in low SES families.

Mediation model with direct and indirect effects of maternal
education, maternal depressive symptoms and mother reported
behavior problems.

PO2.05.07

Maternal employment, parental socioeconomic status, and
the risk of adverse pregnancy outcomes

F. Sata

Chuo University, TOKYO, Japan

Background: Research on socioeconomic predictors of adverse
birth outcomes has focused mainly on maternal characteristics.
Much less is known about the role of maternal employment during
pregnancy and paternal factors. Maternal employment and paternal
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education are important socioeconomic markers that may predict
birth outcomes in addition to maternal socioeconomic indicators.
Methods: Using data from the Longitudinal Survey of New-
borns in the 21st Century in Japan, we estimated the associa-
tions of maternal employment during pregnancy, family
income, and parental education with low birth weight (LBW)
(<2.500 g) and pre-term birth (PTB) (<37 weeks) using
logistic regression analyses.
Results: A total of 46,039 singleton births were included in the
present study. Compared to unemployed women, the adjusted
odds ratios (95% confidence intervals [CIs]) for the risk of LBW in
women with full and part-time employment were 1.23 (1.11-1.37)
and 1.24 (1.10-8.11), respectively. Compared to women with high
school-level education, the adjusted odds ratios (95% CIs) in
women with junior high school level education were 1.27 (1.04-
1.56) for LBW and 1.38 (1.10-1.72) for PTB. In women with
university-level education, the adjusted odds ratios (95% CIs) were
0.86 (0.75-0.99) for LBWand 0.91 (0.78-1.06) for PTB. Similarly,
for paternal junior high-level and high-school level categories, the
adjusted odds ratios (95%CIs) were 1.22 (1.03-1.43) for LBW and
1.18 (0.97-1.42) for PTB. For paternal university-level category, the
adjusted odds ratio (95% CIs) were 0.85 (0.77-0.94) for LBW and
0.90 (0.80-1.01) for PTB. Compared to family income levels of 5-7
million yen/year, the adjusted odds ratios (95% CIs) for the cate-
gory of family income of<3million yen/year were 1.22 (1.06-1.40)
for LBW and 1.36 (1.16-1.59) for PTB. On the other hand, the
adjusted odds ratios (95%CIs) for the category of>10million yen/
year were 0.93 (0.77-1.12) for LBW and 0.75 (1.16-1.59) for PTB.
Conclusions: Our study suggests that maternal employment
during pregnancy, low parental education, and low family income
may increase the risk of adverse birth outcomes whereas high
parental education and high family income may decrease the risk.

PO2.05.08

Perceptions of pregnancy preparation in socioeconomically
vulnerable women: a qualitative study

M.K. Sijpkens, H. Ismaili M’hamdi, I.D. de Beaufort,
A.N. Rosman, E.A.P. Steegers

Erasmus MC, ROTTERDAM, The Netherlands

Background: In the promotion of periconceptional health,
appropriate attention has to be given to the perceptions of those
who are most vulnerable, such as women with a relatively low
socioeconomic status. The aim of this study was to evaluate
these women’s perceptions of pregnancy preparation and of
healthcare needs in the preconception period.
Methods: We conducted semi-structured interviews with women
of low to middle socioeconomic status with a desire to conceive, of
which a subgroup had experience with preconception care. The-
matic content analysis was applied on the interview transcripts.
Results: The final sample consisted of 28 women. We identified
four types of pregnancy preparation perceptions: (i) perceived pos-
sibilities, which included health promotion and seeking healthcare;
(ii) perceived objectives, that is, reasons to prepare, which were

mostly related to fertility and health concerns; (iii) perceived control,
which was expressed as having limited control over becoming
pregnant as well as the health of the unborn; (iv) perceptions about
the added value of preconception care, reported bywomenwho had
visited a consultation, which consisted mainly of reassurance and
receiving information.
Conclusions: The attained insights into the perceptions of
socioeconomically disadvantaged women are valuable in
attuning the provision of preconception care. We recommend
the proactive offering of preconception care, including infor-
mation on fertility, to stimulate adequate preparation for
pregnancy and contribute to improving perinatal health
amongst socioeconomically vulnerable women.

PO2.05.09

Beyond early adversity: Parenting predicts infant health
in a community sample

J.A. Stern1, R. Beijers2, K.B. Ehrlich3, J. Cassidy1, C. de Weerth2

1University of Maryland, COLLEGE PARK, United States of
America; 2Radboud University, NIJMEGEN, The Netherlands;
3University of Georgia, ATHENS, United States of America

Background: According to the developmental origins of health
and disease (DOHaD) model, the first 1,000 days of life
represent a period of increased vulnerability and plasticity in
which environmental factors have lasting impacts on biological
systems that contribute to later health (Barker, 2004). A
growing body of research suggests that early experiences with
parents may have important implications for children’s health.
In particular, early caregiving adversity—such as parental abuse
and neglect—have been linked to child inflammation, abnor-
mal brain development, and risk for cardiovascular and meta-
bolic diseases (e.g., Miller et al., 2011; Shonkoff, 2016).
Less is known, however, about how positive parenting may
contribute to child health, especially in the first 1,000 days of
life. Further, it is important to examine whether the findings
reported in high-risk families replicate in community samples,
given that a large proportion of patients receiving pediatric care
are not high-risk. Thus, this study goes “beyond early adver-
sity” to ask: Does the quality of parental care predict infant health
in the first year of life in a community sample?
Methods: Participants were 187 healthy mothers and their full-
term infants (86 girls), followed from birth to age 1. Mothers’
behavior was observed in a naturalistic setting (home bathing ses-
sion) when infants were 5 weeks old. Two trained, independent
coders rated mothers’ sensitivity and cooperation on a widely used,
well-validated measure of maternal care (Ainsworth, 1969); inter-
observer reliability was strong (intraclass correlations ≥ .94). Sen-
sitivity and cooperation scores were combined into a composite
reflecting overall quality of maternal care.
Every month for the first 12 months of the child’s life, mothers
completed structured interviews about their infants’ health pro-
blems, as well as prescribed antibiotic use (12 total assessments).
Infant health problems were categorized into four non-overlapping
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domains according to established criteria from the International
Classification of Primary Care: respiratory, digestive, skin, and
general illnesses and symptoms.
Results: For each health outcome, a hierarchical multiple regression
was conducted, controlling for health-related covariates that
explained at least 1% of the variance. Results are displayed in Table
1. Higher quality maternal care predicted reduced rates of respira-
tory illnesses, β= -.16, p= .015,ΔR2= .03, and skin illnesses, β= -
.19, p= .007,ΔR2= .04, andmarginally lower prescribed antibiotic
use, β= -.13, p= .083,ΔR2= .02. Effect sizes were small. Maternal
behavior was unrelated to digestive and general illnesses, ps > .05.
Conclusions: Quality of maternal care, even in the absence of
adversity, may have important implications for the developmental
origins of health and disease. Although ample research has
documented the negative health consequences of low-quality
parenting, this study is among the few to demonstrate the con-
tribution of positive parenting to child health in a community
sample. Results suggest that parentingmay be an important point
of entrée for early prevention and intervention to support chil-
dren’s health (Britto et al., 2017; Hagan, Shaw, & Duncan,
2008; Perrin, Leslie, & Boat, 2016; Richter et al., 2017).

Regression Results Predicting Child Health Outcomes

PO2.05.10

A structured approach to compare different theoretical models
in the context of childhood adversity and depressive symptoms

L.C. Houtepen, M.J. Suderman, J. Heron, K. Tilling, L.D. Howe

University of Bristol, BRISTOL, United Kingdom

Background: Researchers examining life course influences on
health are often interested in comparing different theoretical
models about how exposures combine to affect health. Recently
a structured approach has been implemented to investigate
whether exposures over the life course relate to later-life out-
comes within alternative life course models, e.g. whether a
critical period model or an accumulation model is more
appropriate. From several plausible hypotheses, the least angle
regression(LARS) algorithm selects the hypothesis or hypoth-
eses that explain the most variation in the outcome. This
structured approach using LARS lends itself to other areas of
hypothesis selection, such as the comparison of different the-
oretical models to define an exposure of interest.
Methods: As a motivating example, and to explore the meth-
odological considerations in applying this method, we examine
the association between childhood adversity(0-16 years) and
depressive symptoms(21 years) in children of the Avon Long-
itudinal Study of Parents and Children(ALSPAC) study.
Adversity has been conceptualised by a variety of theoretical
models using different underlying constructs. We oper-
ationalised adversity by twenty-five binary constructs (e.g.
sexual abuse). Different combinations of these 25 constructs
are then summed to give a total adversity score for five theo-
retical models(classical adverse childhood experiences(ACE),
extended ACE, reduced ACE, deprivation vs threat and risk
domains)(see figure). The LARS algorithm is used to identify
which combination of adversity constructs and theoretical
models explains the most variation in depressive symptoms.
Results: The two main challenges when using the LARS
approach to compare theoretical models were: (i) reducing the
dimensionality of the data to derive the adversity constructs and
(ii) handling missing data. 6386 questionnaire items were
relevant to the five theoretical models. Each item was recoded
to a binary variable. Items were excluded if there was no sui-
table binarisation, if fewer than 500 people responded or if
fewer than 20 people reported the adversity. Subsequently,
binary adversity constructs were created by assessing whether
someone reported exposure to adversity on any of the items
relevant to that particular construct. Finally, per theoretical
adversity model, an overall adversity score was calculated by
summing exposure to the multiple adversity constructs. Before
using the LARS algorithm, it is essential to handle missing data
appropriately. The adversity constructs are derived using items
from different data sources at several time points, which leads
to a high percentage of missingness per construct – thus a
complete-case analysis would be inefficient, and potentially
biased. A difficulty when using imputation to handle missing
data is that the final model is selected by the LARS algorithm
and is thus unknown beforehand. In addition, the high number
of variables may lead to a high-dimensional imputation model.
Conclusions: The structured approach is useful for the exam-
ination of the association between complex exposures and
health outcomes. Our work builds on previous development of
this method to compare alternative life course models by
exploring the applicability of this method to the comparison of
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different theoretical models to define an exposure. Methodological
considerations when implementing this approach include reducing
the dimensionality of the data and missing data.

Overview of the theoretical adversity models. The white boxes
describe the constructs that belong to the respective theoretical
model in the black box

PO2.05.11

The association between prenatal alcohol exposure and
offspring mental health

K. Easey, M.R. Munafò, N. Timpson

University of Bristol, AVON, United Kingdom

Background: Intrauterine alcohol exposure has been reported
to be associated with negative cognitive and behavioural out-
comes in offspring. However, the findings that are available on
mild to moderate alcohol use are inconsistent, and focus less on
internalising behaviours than externalising behaviours. The
current study investigated the association of maternal drinking
during pregnancy with child mental health.
Methods: Participants were adolescents (n=3,299, mean age=
17.5years) from the Avon Longitudinal Study of Parents and
Children (ALSPAC). Maternal drinking behaviours were obtained
at 18 weeks gestation for the number of days alcohol was consumed
in the first trimester. The Clinical Interview Schedule-Revised
assessed self-reported child mental health, indicating an ICD-10
diagnosis of depression. Logistic regression was used to investigate
associations between gestational alcohol consumption and offspring
mental health. Paternal alcohol consumption at 18 weeks gestation
was included as a negative control comparison.
Results: There was evidence that the number of occasions
mothers drank alcohol during their first trimester was asso-
ciated with offspring depression age 18 (OR for linear trend=
1.18, CI= 1.01-1.39), but this was attenuated in the fully
adjusted model (OR for linear trend= 1.11, CI= 0.94-1.31).
The number of days fathers drank alcohol during the first tri-
mester was not associated with offspring depression (unad-
justed: OR for linear trend= 0.86, CI= 0.72-1.02; fully
adjusted: OR for linear trend= 0.87, CI= 0.73-1.03).
Conclusions: Maternal alcohol consumption during preg-
nancy is associated with offspring depression, but socio-
economic and prenatal risk factors may account for this asso-
ciation. Paternal alcohol use during pregnancy is not associated

with offspring depression, suggesting that this may not be an
appropriate negative control in this context.

PO2.05.12

Impact of parental cancer on intellectual performance,
stress resilience, and physical fitness in late adolescence
among boys

R. Chen1, K. Fall2, K. Czene1, B. Kennedy2,
U. Valdimarsdóttir3, F. Fang1

1Karolinska Institutet, STOCKHOLM, Sweden; 2School of
Medical Sciences, Örebro University, ÖREBRO, Sweden;
3Faculty of Medicine, University of Iceland, REYKJAVÍK, Iceland

Background: A cancer diagnosis in a parent is a stressful life
event, leading to an increased risk of emotional or behavioral
problems among the affected children. However, whether
parental cancer has an impact on the development of intelli-
gence, psychological adaptability to stress, and physical fitness
has rarely been assessed. We aimed to investigate the associa-
tions of parental cancer with the intellectual performance, stress
resilience, and physical fitness of the affected boys.
Methods: In this Swedish population-based study, we included
465 249 boys born during 1973-1983 who underwent the com-
pulsorymilitary conscription examination around the age of 18.We
identified all parents of these boys from the Multi-Generation
Register and the cancer diagnoses of these parents from the Cancer
Register. Intellectual performance, stress resilience, and physical
fitness of the boys were assessed at the time of conscription, and
categorized into three levels including: low, moderate, and high
(reference category). We used multinomial logistic regression to
assess the studied associations.
Results: Overall, parental cancer was not associated with low
intellectual performance (relative risk ratio [RRR] 1·02, 95% CI
0·97−1·08), but with higher risks of low stress resilience (1·09,
1·04−1·15), and low physical fitness (1·12, 1·05−1·19). Stronger
associations were observed for parental cancer with a poor expected
prognosis (low intellectual performance: 1·20, 1·00−1·43; low
stress resilience: 1·59, 1·31−1·94; low physical fitness: 1·45,
1·14−1·85), and for parental death after cancer diagnosis (low
intellectual performance: 1·11, 1·01−1·24; low stress resilience:
1·29, 1·16−1·43; low physical fitness: 1·40, 1·23−1·59).
Conclusions: Parental cancer, particularly the severe and fatal
ones, may result in a higher risk of low intellectual perfor-
mance, low stress resilience, and low physical fitness during late
adolescence among boys.

PO2.05.13

Maternal prenatal anxiety and stress is associated with
children’s health: a longitudinal study

M.A.C. Zijlmans, R. Beijers, M.J. Riksen-Walraven, C. deWeerth

Radboud University / Behavioural Science Institute, NIJMEGEN,
The Netherlands
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Background: Maternal prenatal anxiety and stress (PNS) have
been positively associated to physical health problems in
offspring in the first year of life. Whether these associations are
transient, persistent, or even progressive over time, is as yet
unknown. The goal of the present study is to investigate
associations between PNS and child health from 18 months
till age 6.
Methods: Mothers were recruited in late pregnancy, and had
uncomplicated, singleton pregnancies without physical health pro-
blems. At week 37 of pregnancy, mothers reported on their PNS by
means of questionnaires, and provided saliva for determination of
circadian cortisol concentrations. Children’s illnesses in the pre-
ceding year were assessed with the use of maternal reports at 30, 48,
60, and 72 months. Antibiotic use was obtained from medical
records between one and six years of age.
Results: Multilevel models (N= 174) showed a positive
relation between maternal prenatal general and pregnancy-
specific anxiety during late pregnancy and offspring respiratory
illnesses and symptoms. Interaction effects with time indicated
that more PNS was related to more illnesses until toddlerhood,
but not later in life. Furthermore, maternal prenatal cortisol
concentrations were related to child digestive illnesses. A stee-
per maternal cortisol decline over the day was related to more
child digestive illnesses, until around three years of age. Finally,
children of mothers who suffered more from daily hassles
during pregnancy received more antibiotics between one and
six years of age. PNS was not related to general and skin
illnesses.
Conclusions: Summarizing, this study showed that PNS, was
associated with children’s respiratory and digestive illnesses till
the age of 3.0-3.5 years. Additionally, more PNS was related to
more prescribed antibiotics between one and six years. These
findings point in the direction of possible effects of PNS
persisting beyond the first year of life and into toddlerhood, but
disappearing at older ages.

PO2.05.14

Trajectories of maternal anxiety and child development
at three years

M.K. Mughal1, R. Giallo2, K. Benzies1, K.B. Bright1,
P. Harvalik1, H. Kehler1, S. McDonald3, D. Kingston1

1University of Calgary, CALGARY, Canada; 2Murdoch
Childrens Research Institute, VICTORIA, Australia; 3Alberta
Health Services, CALGARY, Canada

Background: Approximately 17% of children experience
developmental problems at school entry. Risk factors for these
delays include biological risk factors (e.g. preterm birth),
sociodemographic risk factors (e.g. poverty), and psychosocial
risk factors (e.g. maternal depression, anxiety). 12 to 24% of
women experience depression during pregnancy and approxi-
mately 19% suffer from anxiety and depression in the first year
postpartum. Maternal anxiety during the early childhood

period can have serious consequences and can compromise
child development. Existing literature on maternal anxiety has
focused on anxiety during the pregnancy or postnatal period
and its association with child development. However, few
studies have investigated the relationship between maternal
anxiety symptoms over time and child developmental delays.
Objective: The aim of this study is to examine the con-
sequences of antenatal and postnatal exposure of maternal
anxiety on child global development.
Methods: The All Our Babies (AOB) study is an ongoing
prospective pregnancy cohort of mothers and children from
Canada. A total of 1983 participants were included in the
current study. Study participants completed three ques-
tionnaires spanning pregnancy to four months postpartum and
participated in the follow up study. Maternal anxiety was
assessed using Spielberg State Anxiety Inventory (SSAI). Child
development was measured using The Ages and Stages Ques-
tionnaires (ASQ) across five domains: Communication; Gross
Motor; Fine Motor; Problem Solving and Personal-social.
Latent class analysis was conducted to identify trajectories of
women’s anxiety across six time points (pregnancy to three
years postpartum). Logistic regression was used to explore the
relationship between the anxiety trajectories and child devel-
opmental delays while adjusting for covariates.
Results: The majority of participants were between 25-34 years
(73%), were partnered (96%), had some post-secondary edu-
cation (92%), had family incomes ≥ $80,000 (73%), and were
born in Canada (82%). 10% of children were delayed on two
or more ASQ domains at age 3 years. Three distinct trajectories
of maternal anxiety symptoms were identified over time:
minimal anxiety symptoms (n = 1100, 55%); sub-clinical
anxiety symptoms (n = 727, 37%); and persistent high anxiety
symptoms (n= 156, 8%). Multivariate analysis showed
mothers assigned to the subclinical or high anxiety symptoms
classes were associated with an two fold increased risk of
developmental delays in children at 3 years.
Conclusion: With more than 25% of women experiencing
poor mental health from conception to one year postpartum,
identifying those with subclinical or persistent high symptoms
for early intervention may mitigate the risk of child develop-
mental delays.

PO2.05.15

First trimester antenatal depression and anxiety: prevalence
and associated factors in an urban population in Soweto,
South Africa.

S.E. Redinger1, S.A. Norris1, R.M. Pearson2, L.M. Richter1,
T.J. Rochat3

1University of Witwatersrand, JOHANNESBURG, South Africa;
2Bristol University, BRISTOL, United Kingdom; 3Human
Sciences Research Council, DURBAN, South Africa

Background: The prenatal environment, including maternal
mental health, is increasingly recognised as having an
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important influence on foetal development and later offspring
outcomes. Maternal mental health can lead to adverse child out-
comes through altered placental function, epigenetic changes in the
foetus, and stress reactivity. Depression and anxiety are the most
common mental health disorders in pregnancy. Despite this both
disorders are under-researched in the first trimester of pregnancy,
and especially in Africa.We examine the prevalence of first trimester
antenatal depression and anxiety in a cohort of South African
women and investigate associated risk factors.
Methods:Data was collected from 946 women (2014-2016) in
the Soweto First 1000 Days Cohort (S1000), a prospective
pregnancy cohort in Soweto, South Africa. Antenatal depres-
sion was assessed using the Edinburgh Postnatal Depression
Scale (EPDS) with a score of ≥ 13 indicating probable
depression. Anxiety was assessed using the short-form of the
State Trait Anxiety Index (STAI) with a score ≥12 indicating
probable anxiety.
Results: Prevalence of antenatal depression was 27% (95% CI
24.2-29.8) and anxiety 15.2% (95% CI 12.9-17.5). Factors
associated with antenatal depression and anxiety were
predominantly relationship- and family-centred. Women who
perceived that their partner made life harder for them had
threefold increased odds for depression (OR 3.33 [2.28-4.85]
p= 0.000) while those with family stressors had almost double
the odds for depression (OR 1.78 [1.22-2.59] p= 0.003) and
anxiety (OR 1.75 [1.44-2.69] p= 0.0011).
Conclusions: Antenatal depression and anxiety are reported by
a third of women are common early in pregnancy, and partner
and family relationship stressors are central. Longitudinal ana-
lysis is needed to determine if this is a phase of adjustment to
pregnancy or onset of persistent symptomology. Early inter-
vention may have secondary preventative effects and should
involve the partner and family.

PO2.06 – Environmental exposures

PO2.06.01

Mechanisms of childhood cadmium toxicity

A. Malin Igra1, R. Raqib2, M. Vahter1, M. Kippler1

1Karolinska Institutet, STOCKHOLM, Sweden; 2International
Centre for Diarrhoeal Disease Research, Bangladesh, DHAKA,
Bangladesh

Background: Dietary cadmium exposure during pregnancy
and early childhood has been linked to impaired growth and
cognitive ability, but the underlying mechanisms are largely
unexplored. Our aim was to assess how cadmium exposure
during pregnancy and childhood may affect different toxicity
biomarkers related to growth and development.
Methods: In a prospective mother-child cohort in rural Ban-
gladesh, we measured exposure to cadmium and other metals
during early pregnancy and childhood (4.5 and 9 years;
n= 522). Cadmium was measured both in blood (erythrocyte
fraction; reflecting ongoing dietary exposure) and in urine

(reflecting long-term accumulated exposure) using inductively
coupled plasma mass spectrometry. Plasma insulin-like growth
factor 1 (IGF-1), thyroid stimulating hormone (TSH) and
biomarkers of nutrition and bone and kidney health were
measured at 9 years of age using standard methods in clinical
chemistry. Linear regression analyses, adjusted for child gender,
hemoglobin, height-for-age Z-score, and socio-economic status
at 9 years of age, were used to assess potential associations of
blood and urinary cadmium (both log2-transformed) with dif-
ferent markers of toxicity.
Results: In multivariable-adjusted analysis, blood cadmium
concentrations (median 0.90 μg/L) at 9 years of age increased
with decreasing levels of plasma ferritin [B (95% CI): -5.7 (-10;
-1.3)] and folate [-0.39 (-0.74; -0.040)]. Concerning the toxi-
city markers, blood cadmium was positively associated with
plasma Cystatin C [B (95% CI): 0.016 (0.001; 0.031)] and
osteocalcin [5.6 (1.9; 9.3)], the latter being most notable in
girls. In boys, blood cadmium was also inversely associated with
TSH [B -0.46 (-0.92; -0.0024)]. Urinary cadmium (median
0.28 μg/L) at 9 years was positively associated with plasma
osteocalcin [B (95% CI) 3.1 (0.20; 5.9)] and creatinine [0.75
(0.11; 1.4] and inversely associated with vitamin D concentra-
tions [mean± SD: 64± 17nmol/L, B (95% CI) -2.5 (-4.3;
-0.78)], regardless of season. In boys, urinary cadmium was also
inversely associated with IGF-1 [-4.6 (-8.5; -0.62)]. Blood cad-
mium at 4.5 years (correlated with that at 9 years, rs=0.68) was
positively associated with cystatin C [B (95%CI): 0.022 (0.0064;
0,038)] and creatinine [0.80 (0.026; 1.6)], and inversely asso-
ciated with vitamin D [-4.3 (-6.7; -1.9), ¼ SD]. Urinary cad-
mium at 4.5 years (correlated with that at 9 years; rs=0.51) was
positively associated with albumin-adjusted plasma calcium [B
(95% CI): 0.075 (0.021; 0.13)] and inversely with vitamin D
[-2.4 (4.1; -0.82)]. Maternal blood cadmium at gestational week
14 was positively associated with child plasma phosphate [B (95%
CI) 0.071 (0.021; 0.12)] and inversely associated with TSH
[-0.24 (-0.43; -0.048)] at 9 years of age.
Conclusions: Dietary exposure to cadmium in Bangladeshi
children appeared to increase with poorer nutrition, probably
related to increased gastrointestinal absorption. Children’s cadmium
exposure was consistently associated with lower levels of Vitamin D
and several bone and kidney biomarkers. Prenatal exposure
appeared to mainly affect thyroid function at 9 years of age.

PO2.06.02

Puberty onset in children environmentally exposed to
organochlorine compounds

L. Palkovicova Murinova1, T. Trnovec1, S. Wimmerova1,
V. Kostiakova1, D. Richterova1, B. Drobna1, D. Jureckova2,
I. Hertz-Picciotto3

1Slovak Medical University, BRATISLAVA, Slovak Republic;
2The Stefan Kukura Hospital and Policlinic, MICHALOVCE,
Slovak Republic; 3University of California Davis, DAVIS, United
States of America
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Background: It has been shown that irregularities in puberty
timing are associated with various pathologies in adult age in both
sexes. At the same time prenatal exposures to endocrine disruptors
as polychlorinated biphenyls (PCBs), dioxins, organochlorine pes-
ticides and phthalates were linked to puberty onset.
Methods:Cohort of 271 children (157 were girls and 114 were
boys) residing in an area highly polluted with agrochemicals,
PCBs and furans has been followed from birth to present.
Average age of children at examination was 11.6 ±0.4 years
(min 10, max 12.7 years, 3, 25, 50, 7 and 97 percentiles: 10.4,
11.5, 11.6, 11.7 and 12.3, respectively). Pubertal maturation
using Tanner staging (breast development and pubic hair in
girls, external genitalia and pubic hair in boys) was determined.
Pubertal onset was defined for boys either as external genitalia
stage 2 or pubic hair stage 2 or higher. Pubertal onset for girls
was defined as either as breast development stage 2 or pubic
hair stage 2 or higher. Furthermore, in girls, onset of menarche
was recorded. Parents of children answered questions on socio-
demographic, environmental and lifestyle factors. As markers of
prenatal exposure were measured cord blood levels of PCBs
(15 congeners) and organochlorine pesticides (DDE, DDT,
β-HCH and HCB) using high-resolution gas chromatography
with electron capture detection. With PCBs we differentiated
exposure to the sum of PCBs and exposure to DL-PCBs (sum
of congeners #105, 114, 118, 123, 156, 157, 167, 189).
Children were categorized into quartiles based on exposure to
organochlorines. Associations between exposure and puberty
onset were assessed by logistic regression in SPSS v19.
Results: In boys we did not find any significant association
between prenatal exposure to PCBs, DDE, DDT and HCB, and
puberty stages. On the other hand the highest quartile of exposure
to β-HCHwas associated with increased prevalence of Tanner stage
2+ (4th vs. 1st quartile OR=4.5, p=0.014). In girls we did not
observe any association between Tanner stage 2+ and exposure to
PCBs, DDE, DDT, β-HCH and HCB, however the time of
menarche was associated with exposure to DDE (4th vs. 1st quartile
OR=3.1, p=0.088; 3rd vs. 1st quartile OR=2.3, p=0.209; 2 vs.
1st quartile OR=4.6, p=0.018).
Conclusions: When considering Tanner stages 2 and higher,
commonly accepted as an indicator of puberty onset, we
observed an enhancement of sexual maturation in both sexes
associated to exposure to β-HCH in boys and DDE in girls.
Both agents are known as endocrine disruptors that interfere
with action of sexual hormones. The relationship between
menarche onset and exposure to DDE in girls appears to be
non-monotonic.

PO2.06.03

Prenatal acrylamide exposure, birth outcomes and IGF2,
and interaction with single nucleotide polymorphisms in
acrylamide-metabolizing genes

J.G.F. Hogervorst, T.S. Nawrot

Hasselt University, DIEPENBEEK, Belgium

Introduction:To date, 4 epidemiological studies have consistently
shown an inverse association between prenatal acrylamide exposure
and birth outcomes. This implies that prenatal acrylamide exposure
may predispose to disease in later life. However, there is no clear
biological explanation for this association and thus it is hard to judge
the causality of the association, which impairs the use of this
observation for acrylamide risk assessment. In the current study, we
investigated the association between acrylamide and IGF2, an
important driver of prenatal growth, and the interaction between
acrylamide and CYP2E1 polymorphisms for the association with
birth outcomes. Through this, we aim to contribute data on the
mechanism of action of acrylamide and the causality of the inverse
relationship between acrylamide and birth outcomes.
Methods: In 74 newborns of the ENVIRONAGE (ENVIR-
onmental influence ON AGEing in early life) birth cohort, we
investigated the association between prenatal acrylamide
exposure (acrylamide to hemoglobin adduct levels in cord
blood (AA-Hb)) and birth weight, length and head
circumference, and IGF2 (n= 68) in cord plasma, measured by
a commercial ELISA kit. In addition, we studied interaction
with 2 single nucleotide polymorphism (SNPs) in cytochrome
P450 2E1 (CYP2E1) (n= 62), rs2480258 and rs915906.
These SNPs were analyzed on the Biotrove OpenArray SNP
genotyping platform.We used multiple linear regression for the
statistical analyses.
Results: For a 10 pmol/g globin increase in AA-Hb, there was a
decrease in birth weight of 75 grams (95% CI: -145,-6), of
0.32 centimeters (95% CI: -0.69, 0.06) in length, and of 0.29
centimeters (95% CI: -0.56, -0.02) in head circumference.
A 10 pmol/g globin increase in AA-Hb was associated with a
20 ng/ml (95% CI: -38, -2) decrease in IGF2 cord plasma
levels. There was no statistically significant interaction between
acrylamide exposure and birth length and the CYP2E1 SNPs.
Conclusions: This study confirms previous epidemiological
studies reporting an inverse association between prenatal diet-
ary acrylamide exposure and prenatal growth. The inverse
association between acrylamide and IGF2 that was investigated
for the first time in this study suggests a possible mechanism.
Other and larger studies are needed to corroborate this finding.
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The outdoor exposome and birth weight association in the
HELIX cohort
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The exposome is defined as the totality of environmental
exposures from conception onwards. The overall aims of the
Human Early Life Exposome (HELIX) project are: i) to mea-
sure a broad suit of environmental exposures during early life
(the early life exposome), ii) to evaluate the exposome’s asso-
ciation with child health outcomes, and iii) to identify omics
signatures related to the exposome. Here we evaluate the asso-
ciation between the outdoor exposome and birth weight in the
HELIX study, based on data from 31,458 pregnancies col-
lected in birth cohorts from 6 European countries (France,
Greece, Lithuania, Norway, Spain, the UK). We considered a
large number of outdoor exposure variables (61 variables rela-
ted to the built environment, air pollution, noise, temperature,
UV, and green and blue space) and investigated their associa-
tions with birth weight and low birth weight. We adjusted all
analyses for cohort, gestational age, sex of the newborn, parity,
maternal height and weight before pregnancy, mean number of
cigarettes smoked per day by the mother during the second
trimester of gestation, maternal age, maternal education, and
season of conception. We used an EWAS (environment-wide
association study) exposure-by-exposure approach adjusting for
multiple hypothesis testing and further applied the deletion-
substitution-addition (DSA) algorithm for variable selection. In
our EWAS analyses, after correcting for multiple testing, we
found statistically significant effects for normalized difference
vegetation index (NDVI, a marker of green space land cover-
age), facility density, walkability, facility richness, distance to
and size of green spaces, building density, connectivity, NO2 in
trimester 3, and PM2.5 for birth weight. In the DSA variable
selection model, NDVI and transport lines remained statistical
significant. For term low birth weight, NDVI and building
density were statistical significant in the EWAS analyses and
only building density in the DSA. This is the first large expo-
some analyses for outdoor exposures and birth weight, sys-
tematically quantifying the contribution of multiple outdoor
environmental exposures to birth weight using a systematic
approach. Birth weight was associated with several factors
related to the built environment and green space.

PO2.06.05

Prenatal exposure to perfluoroalkyl substances and birth
outcomes in a Spanish birth cohort: assessing confounding
by maternal glomerular filtration rate

C.B. Manzano-Salgado1, M. Casas1, M.J. Lopez-Espinosa2,
F. Ballester2, C. Iniguez2, D. Martinez1, L. Santa-Marina3,
E. Pereda4, H. Begiristain3, T. Schettgen5, J. Sunyer1, M. Vrijheid1

1ISGlobal, BARCELONA, Spain; 2Epidemiology and
Environmental Health Joint Research Unit, FISABIO-
Universitat, VALENCIA, Spain; 3Public Health Department of
Gipuzkoa, SAN SEBASTIAN, Spain; 4Facultad de Psicología,
Universidad del País, Vasco- Euskal Herriko Unibertsita,
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Background: Prenatal exposure to some perfluoroalkyl sub-
stances (PFAS) has been associated with low birth weight
(LBW) but this association may be confounded by maternal
hemodynamics, such as glomerular filtration rate GFR during
pregnancy. We evaluated the association between prenatal
exposure to PFAS and birth outcomes, and the influence of
maternal GFR in 1,206 mother-child pairs from a Spanish
birth cohort study.
Methods: We measured perfluorohexane sulfonate (PFHxS),
perfluorooctane sulfonate (PFOS), perfluorooctanoate (PFOA),
and perfluorononanoate (PFNA) in maternal plasma samples
collected in the the 1st-trimester of pregnancy during the years
2003-2008. Birth outcomes included weight, LBW, LBW-at
term, length, head circumference, ponderal index, gestational age,
small-for-gestational-age (SGA), and preterm birth. Maternal
GFR during pregnancy was estimated using the Cockcroft-Gault
formula in 769 mothers.
Results: We detected at least one PFAS in every maternal
sample, being PFOS (mean: 5.78 ng/mL) and PFOA (mean:
2.32 ng/mL) the most abundant. Overall, we observed a
strengthening of our associations after including GFR in our
models. Specifically, all PFAS were associated with higher
weight at birth, ranging from 38g (95% CI: 6.52, 68.71) up to
58g (16.86, 99.48) per doubling of PFAS concentrations. Also,
higher PFOS concentration was associated with a decrease of
0.30 weeks (-0.53, -0.08) in gestational age, and 2.7 (1.15,
6.40) times higher odds of preterm birth only in boys
(p-interactions= 0.06 and 0.07, respectively). Higher PFHxS,
PFOS, and PFNA concentrations were associated with higher
ponderal index at birth (betas from regression models ranged
from 0.02 to 0.04). There was no association between PFAS
and birth length, head circumference, LBW, LBW-at term,
and SGA.
Conclusions: In this study, prenatal PFAS exposure was asso-
ciated with higher weight at birth in both sexes, and reduced
gestational age and higher odds of being preterm only in boys.
These results were especially strengthened after considering
maternal GFR as a confounder. Studies using maternal PFAS
concentrations would benefit from adjusting for maternal
hemodynamics such as GFR, even if using maternal samples
collected early in pregnancy.
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in 8-year old children
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Background: In recent years, studies have emphasized the
importance of air pollutants in the formation of reactive oxygen
species and inflammation, which can lead to lower telomere
length. Telomere length is considered a biomarker of biological
aging and shorter telomeres have been associated with age-
related diseases such as cardiovascular disease, and type 2 dia-
betes. In this study we hypothesize that telomere length at 8
years of age is inversely associated with prenatal air pollution
exposure.
Methods: In this analysis we used subjects of the HELIX sub-
cohort (n= 1223). Prenatal nitrogen dioxide (NO2), particu-
late matter with an aerodynamic diameter < 10 μm (PM10),
and particulate matter with aerodynamic diameter ≤ 2.5 μm
(PM2.5) exposure were estimated using the ESCAPE land-use
regression models. Relative telomere length was measured
using real time polymerase chain reaction (qPCR). Effect esti-
mates were calculated using multiple linear mixed models with
a random cohort effect and adjusted for relevant covariates.
Results: Our analyses show that telomere length at 8 years of
age (ranging from 5.5-12 years) was negatively associated with
prenatal NO2 exposure, but not with prenatal PM10 or PM2.5

exposure. Each SD increment in average pregnancy NO2

exposure was associated with shorter telomeres of 1.9% (95%
Confidence interval (CI): -3.2, -0.6) at age 8 years.
Conclusion: These results show an inverse association between
exposure to NO2 during pregnancy and telomere length at 8
years of age, considered as molecular marker of ageing.

PO2.06.07

Temporal and spatial variability of personal exposure to
radio frequency electromagnetic fields in children in
Europe
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M. Torrent10, B. Valic5, L. van Wel11, R. Vermeulen11,
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Background: Mobile communication technologies represent
the main source of exposure to radio frequency electromagnetic
fields (RF-EMF) in the general population and little is known
about this exposure in children. There is concern that children
today are exposed to more RF-EMF than ever before and that
this accumulated exposure over a lifetime could lead to adverse
health outcomes which have not yet been evaluated. Therefore
studies characterizing RF-EMF exposure in children have been
identified as high priority by the World Health Organization.
This study aims to describe personal RF-EMF exposure levels
in European children over a 72 hour period.
Methods: In Denmark, the Netherlands, Slovenia, Switzerland,
and five regions of Spain, 559 children and adolescents (ages 8-18
years) were recruited for personal RF-EMF measurements.
Measurements were collected for 529 children over a 72-hour
period between 2014 and 2016.
Measurements of RF-EMF in the 87.5MHz–6GHz range
were collected using personal portable exposure meters which
measured 16 different frequency bands, with a measurement
interval of four seconds.
Questionnaires were collected regarding presence of child in dif-
ferent microenvironments (home, school, transport, outdoors) as
well as use of RF-EMF sources and location of the exposimeter.
Measurements were categorized in six general frequency bands
according to source: total (all frequency bands), DECT (cord-
less phones), broadcast transmitters (TV and FM), uplink
(mobile phones), downlink (mobile phone base stations), and
WiFi. Measurements in these general frequency bands were
categorized by low (50th percentile), medium (50th-90th per-
centile) and high (90th percentile) to assess differences between
countries, age groups, and habits of mobile phone use. Calcu-
lations were performed in power flux density unit (μW/m2).
For 28 children in the Sabadell region of Spain, measurements
were repeated one year later to test repeatability of measure-
ments through Spearman rank correlations.
Results: In general, downlink was the largest contributor to
total levels of RF-EMF (median 27.20 μW/m2) followed by
broadcast transmitters (median 9.89 μW/m2). Exposure from
uplink accounted for a median of 4.71 μW/m2. WiFi and
DECT contributed very little to exposure levels. Measurements
were generally highest while children were traveling and much
lower at home or in school. Mean duration of measurements
was 62 hours.
Urbanicity of home, parents’ highest level of education, and
number of people living in home were all associated (p< 0.05)
with measurements in the 90th percentile.
One year later, repeatability was low for almost all general
frequency bands (Spearman’s rho = 0.40 for total measurements).
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However, measurements of downlink exposures were more con-
sistent (Spearman’s rho=0.70).
Conclusion: This study assesses RF-EMF exposure in a large
number of children from different age groups (8-18y) in five
European countries. RF-EMF measurements were generally
highest while children were traveling, coming mainly from
mobile phone base stations.. While higher personal exposure
levels were associated with several demographic factors, levels
were not consistent one year later in a small sample. It would be
informative to test repeatability in a larger sample.

Median power densities(μW/m2) of RF-EMF over a 72 hour
period for 529 children in five European countries, including
five regions of Spain.
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Background: Particulate air pollution is thought to increase
the risk of cardiovascular disease. Plasma homocysteine is an
established cardiovascular disease risk factor. Recent studies
show that exposure to particulate air pollution is associated
with plasma homocysteine levels in adults but no studies on the
early life origin of homocysteine levels in association with pre-
natal air pollution exist.
Methods: In 616 newborns of the ENVIRONAGE (ENVIR-
onmental influence ON AGEing in early life) birth cohort, we
investigated the association between prenatal PM2.5 exposure
and cord plasma homocysteine levels, and in a subset we

studied the interaction with 11 single nucleotide polymorph-
ism (SNPs) in oxidative stress-related genes (CAT, COMT,
GSTP1, SOD2, NQO1 and HFE), through multiple linear
regression. PM2.5 levels were obtained using a high resolution
spatial temporal interpolation method. Homocysteine levels
were measured by the homocysteine enzymatic assay on a
Roche/Hitachi cobas c system. SNPs were assessed on the
Biotrove OpenArray SNP genotyping platform.
Results: In multivariable-adjusted models, cord plasma
homocysteine levels was 6.6% higher (95% CI: 1.0 to 12.3%;
p= 0.02) for each 5 μg/m3 increment in average PM2.5 expo-
sure during the whole pregnancy. With regard to pregnancy
trimesters, there was only a statistically significant association in
the 2nd trimester: 3.6% (95% CI: 1.0% to 6.2%; p= 0.007).
The positive association between PM2.5 in the 2nd trimester
and homocysteine was modified by the sum score of the 3
studied SNPs in the catalase gene (p interaction= 0.046) but
not by any of the other studied polymorphisms.
Conclusions: Exposure to particulate air pollution in utero is
associated with higher cord blood homocysteine levels.
Increased air pollution-induced homocysteine levels in early life
might track over life-time and be a risk factor or marker for
cardiovascular and other diseases later in life.

PO2.06.09

Prenatal exposure to perfluoroalkyl and polyfluoroalkyl
substances affects leukocyte telomere length in female
newborns

D. Chen

MOE-Shanghai Key Laboratory of Children’s Environmental
Health, Xinhua Hospital, SHANGHAI, China

Background: Evidence has shown that leukocyte telomere
length (LTL) at birth is related to the susceptibility to various
diseases in later life and is influenced by the intrauterine
environment. Perfluoroalkyl and polyfluoroalkyl substances
(PFASs) are capable of crossing the maternal-fetal barrier dur-
ing pregnancy. Few studies have investigated the associations
between PFASs exposure and newborn LTL.The aim of our
study was to verify the hypothesis that intrauterine exposure to
PFASs might affect fetal LTL by increased oxidative stress.
Methods: LTL, concentrations of 10 PFASs and reactive oxy-
gen species (ROS) were measured in umbilical cord blood of
581 newborns from a prospective cohort. Generalized linear
model adjusted for potential confounders was used to examine
the relationships between PFASs concentrations and LTL or
ROS levels.
Results: Our results showed that LTL was significantly shorter
(β= -0.023, P= 0.026; β= -0.026, P= 0.011) and ROS
levels were extremely higher (β= 21.62, P= 0.031; β= 25.11,
P= 0.011) in the female newborns whose perfluorooctyl sul-
fonate (PFOS) or perfluorodecanoic acid (PFDA) concentra-
tions fell in the upmost quartile compared with those in the
lowest quartile after taking potential confounders into account
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(Figure 1). Furthermore, ROS levels were inversely associated
with LTL in female newborns (Pearson correlation coefficient
(r)= -0.14; P= 0.02). However, there was no relationship
between PFCs and LTL in the males.
Conclusions: Our findings suggest a “programming” role of
PFASs on fetal telomere biology system in females in intrau-
terine stage. Oxidative stress may play a role in the process of
accelerated LTL attrition influenced by PFASs.

ROS levels and PFCs concentrations
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A. Irizar1, A. Molinuevo2, J. Ibarluzea3, F.V. Vela-Soria4,
L.M. Iribarne4, M.D. Chirlaque5, E. Ardanaz6, M.J. Sanchez4,
P. Amiano7, N. Larrañaga7

1Biodonostia, SAN SEBASTIAN, Spain; 2CIBER Epidemiology and
Public Health, MADRID, Spain; 3Public Health Division of
Gipuzkoa; CIBER Epidemiology and Health Public, MADRID,
Spain; 4Inst. Investigacion Biosanitaria,Granada; CIBER
Epidemiology and Public Health, MADRID, Spain; 5IMIB-Arrixaca,
Murcia; CIBER Epidemiology and Public Health, MADRID, Spain;
6Navarra Institute for Health Research; CIBER Epidemiology and
Public Health, MADRID, Spain; 7Public Health Division of
Gipuzkoa; CIBER Epidemiology and Public Health,MADRID, Spain

Background: Endocrine disruptors like bishenol-A (BPA) and
parabens and benzophenones have been related with several
chronic diseases like obesity, diabetes and cancer. The exposure
to these compounds in our everyday life can happen via dif-
ferent exposure routes. BPA is widely used in plastic containers
of foods and textiles. Benzophenones are also common com-
pounds in plastic and glass bottles. On the other hand, para-
bens are added as preservatives of different cosmetics and self-
care products and foods. The objective of the present study was
to analyze the association between socioeconomic, anthropo-
metric and dietary characteristics and BPA, paraben and ben-
zophenone blood levels, identifying predictor variables.
Methods: BPA, methylparaben (MP), ethylparaben (EP),
propylparaben (PP), butylparabel (BP), benzophenone-1 (BP-
-1) and benzophenone-3 (BP-3) were analysed in a subcohort
of the EPIC-Gipuzkoa cohort (8417 participants) recruited
between 1992-1995. Data on age, sex, socioeconomic char-
acteristics, anthropometric measures and living and dietary

habits of the participants were recorded. Serum samples of
1503 subjects were collected at recruitment (baseline) and
measured by DLLME and a subsequent UHPLC-MS/MS.
Associations between the levels of the chemical compounds
with the different socioeconomic, anthropometric, living and
dietary variables were studied and predictive linear regression
models were built.
Results: The results showed a low detection percentage for
BPA, with 42% of samples below the LOD. This number was
particularly low for PB-1 and BP, which were detected in less
than 20% of the samples. In opposition, MP could be mea-
sured in 80% of the samples. Accordingly, the concentration of
MP was the highest, followed by BPA, BP-3, PP, EP, BP, and
BP-1 consecutively. The levels of paraben congeners and ben-
zophenones in blood serum were positively correlated. How-
ever, BPA showed no correlation with MP or BP-1. Regarding
the predictive models for each compound, the explained var-
iance was very low in all cases, being R2= 0.12 for MP, and
R2< 0.1 for the rest of the chemicals. Although predictor
variables were different for each compound, sex was a common
predictor for all except for BP and BP-3, being the levels of the
chemicals higher in women. Among dietary habits, the con-
sumption of vegetables and miscellaneous food was also posi-
tively associated with increasing levels of the measured
compounds, and appeared to be common predictor variables.
Conclusions: The low detection percentage of BPA and some
parabens and benzophenones could be probably explained by
the period of the study and the much lower use of plastic
wrappings, containers and processed food than in the present.
The positive association between paraben congeners and ben-
zophenones could indicate a similar origin.SSex was in general a
predictor variable for the blood levels of the measured com-
pounds in participants of the study, what could be due to the
use by women of cosmetics containing parabens as additives,
although further research is needed.
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Fine particulate air pollution exposure and maternal
oxidative stress during pregnancy: the IPANEMA cohort
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Antwerp/Thomas More University College, ANTWERP, Belgium;
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Belgium; 5Flemish Institute for Technological Research (VITO)/
University of Antwerp, MOL, Belgium; 6VITO/University of
Antwerp/University of Southern Denmark, MOL, Belgium

Background: Exposure to fine particulate air pollution
(PM2.5) is associated with adverse pregnancy outcomes for
mothers and babies including low birth weight, intrauterine
growth restriction and preterm birth. Epidemiological studies
have shown that these adverse birth outcomes are associated
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with an amplified risk of chronic diseases later in life. The
pathophysiological mechanisms that underlie adverse preg-
nancy outcomes however, are incompletely understood. One
plausible mechanism is oxidative stress induced endothelial
dysfunction. Changes in endothelial function may play a sig-
nificant role in the development of hypertensive pregnancy
disorders, which are associated with adverse pregnancy out-
comes and a greater cardiovascular risk for mothers in their later
life. Geographical variations in the association between mater-
nal PM2.5 exposure and low birth weight have been suggested.
Considering the ubiquitous nature of particulate air pollution
in Flanders, the associations between maternal PM2.5 exposure
and adverse pregnancy outcomes, although relatively small,
could be of major public health importance.
Methods: The Flemish institute for technological research VITO
and the Antwerp University hospital set up a prospective cohort
study (n=200) among pregnant women living in an urban area in
Flanders, the IPANEMA study (Impact of Particulate Matter on
Mothers and Babies in Antwerp). We explored the association
between PM2.5 exposure and second trimester pregnancy urinary
8-hydroxy-2’-deoxyguanosine (8-OHdG) levels, an established
oxidative stress biomarker, in 46 pregnant women enrolled in the
IPANEMA cohort. Maternal PM2.5 exposure was modelled at the
home address. Questionnaires provided information on maternal
lifestyle and health. Urinary levels of 8-OHdGweremeasured using
an enzyme-linked immune assay (ELISA). Linear regression analysis
was used to assess the association between PM2.5 exposure and 8-
OHdG levels; both crude regression analysis as well as analysis
adjusted for maternal age were performed.
Results: For all participants, estimated mean annual PM2.5
exposure levels were above the 10 μg/m3 World Health
Organization air quality guideline. Estimated PM2.5 exposure
one year before urine collection and 8-OHdG concentrations
in maternal urine at mid-gestation showed a weak positive
correlation (r= 0.301, p= 0.045). In a linear regression model
adjusted for maternal age, the association remained significant
(p= 0.048; R2= 0.093).
Conclusions: Our preliminary study showed that PM2.5
exposure plays a role in maternal oxidative stress during preg-
nancy. Analysis of oxidative stress and endothelial dysfunction
biomarkers in the full cohort will further explore oxidative
stress induced endothelial dysfunction as a plausible pathway
underlying adverse pregnancy outcomes.

PO2.06.12

Newborn sex-specific transcriptome signatures and
gestational exposure to fine particles: findings from the
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Background: Air pollution exposure during pregnancy has
been associated with adverse birth outcomes and health pro-
blems later in life. We investigated sex-specific transcriptomic
responses to gestational long- and short-term exposure to
particulate matter with a diameter < 2.5 μm (PM2.5) in order
to elucidate potential underlying mechanisms of action.
Methods: Whole genome gene expression was investigated in
cord blood of 142 mother-newborn pairs that were enrolled in
the ENVIRONAGE birth cohort. Daily PM2.5 exposure levels
were calculated for each mother’s home address using a spatial-
temporal interpolation model in combination with a dispersion
model to estimate both long- (annual average before delivery)
and short- (last month of pregnancy) term exposure. We
explored the association between gene expression levels and
PM2.5 exposure, and identified modulated pathways by over-
representation analysis and gene set enrichment analysis.
Results: Some processes were altered in both sexes for long-
(e.g. DNA damage) or short-term exposure (e.g. olfactory sig-
naling). For long-term exposure in boys neurodevelopment and
RhoA pathways were modulated, while in girls defensin
expression was down-regulated. For short-term exposure we
identified pathways related to synaptic transmission and mito-
chondrial function (boys) and immune response (girls).
Conclusions: This is the first whole genome gene expression
study in cord blood to identify sex-specific pathways altered by
PM2.5. The identified transcriptome pathways could provide
new molecular insights as to the interaction pattern of early life
PM2.5 exposure with the biological development of the fetus.

PO2.06.13

Nickel boride nanoparticle toxicity and microarray analysis
on human pulmonary alveolar cells

M.E. ARSLAN

Erzurum Technical University, ERZURUM, Turkey

During the recent years, microarray analysis of gene expression
has become an inevitable tool for exploring toxicity of drugs
and other chemicals on biological systems. Therefore, tox-
icogenomics is considered as a fruitful area for searching cellular
pathways and mechanisms including cancer, immunological
diseases, environmental responses, gene-gene interactions and
chemical toxicity. In this study, synthesis, characterization and
cytotoxicity evaluation of nickel boride (BNi2) nanoparticles
were performed on human pulmonary alveolar epithelial cells
(HPAEpiC) since, main exposure to nanoparticles would
generally happen through lung via inhalation. Chemically
synthesized Co2B NPs were characterized by using XRD,
TEM, SEM and EDX techniques. MTT, NR and LDH release
assays were used to analyse cytotoxicity after NPs exposure.
Whole genome microarray analysis was used to find out the
effects of NiB2 NPs on gene expressions of HPAEpiC cells.
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Finally, the database for annotation, visualization and
integrated discovery (DAVID) analysis was used to reveal
relationships between different cellular pathways and NPs
exposure. According to cytotoxicity analysis LC20 value for
NiB2 NPs was 24.313mg/L. Microarray results showed that
705 genes expression change (FC≥ 2) significantly over 40.000
genes analysis. When the gene pathways were analysed, it was
seemed that NiB2 NPs mostly affect centrosome organization,
microtubule regulation, nucleus regulation and phosphopro-
tein synthesis.

PO2.06.14

Aflatoxin exposure is correlated with child stunting while
distance between water and sanitation infrastructure is
correlated with child enteric dysfunction

L.E. Voth-Gaeddert, D.B. Oerther

University of Missouri, ROLLA, United States of America

Background: Low height-for-age or stunting for children
under five years of age has become the primary proxy variable to
measure chronic malnutrition among children. Poor health
outcomes associated with low child height-for-age include
short-term health issues such as increased morbidity and mor-
tality while long-term health issues include increased prob-
ability of obesity, non-communicable diseases, lower cognitive
function, and premature mortality. Among children in
Guatemala under the age of five, 49% have significantly low
height-for-age scores which is fifth worst in the world. There-
fore, improving our understanding of early human develop-
ment in regards to physical and cognitive impairments among
children is crucial. Two factors that have been hypothesized to
be associated with low height-for-age are fungal toxins (speci-
fically aflatoxin) and environmental enteric dysfunction
(EED). This study investigates 1) the correlations between
aflatoxins, EED, and child height-for-age and 2) potential
environmental or geospatial factors correlated with EED.
Methods: 309 mothers of children under five years of age from
San Vicente, Totonicapán, Guatemala were surveyed in October of
2016 and February of 2017 by local health staff and anthropometric
data was collected on the children. The data was then analyzed
utilizing structural equation modeling (SEM) and the Kruskal-
Wallis significance tests. SEM was used to test the hypothesized
correlations between aflatoxin, enteric dysfunction, and low height-
for-age. Kruskal was used to test the hypothesized relationships
between the type of water, sanitation, and hygiene (WaSH) infra-
structure at the house, the distance between the WaSH infra-
structure, and EED among children.
Results: Results from the SEM analysis suggested that symp-
toms of aflatoxin exposure in February 2017 were correlated
with the change in growth between October 2016 and
February 2017 (-0.27, p= 0.00). Symptoms of aflatoxin
exposure in October 2016 were correlated with symptoms of
EED in February 2017 (-0.097, p= 0.06) while symptoms of
EED at either time point were not correlated with the change

in growth. Results from the Kruskal analysis suggested that at
both timepoints the distance between the sanitation facility and
the water source was correlated with EED (p= 0.06 and
p= 0.05, respectively) while the distance between the kitchen
and the hand washing station was correlated with EED in only
October 2016 (p= 0.05). Variation on the type of WaSH
infrastructure was not correlated to EED.
Conclusion: The data supported the hypothesis that aflatoxins
have a negative effect on child height-for-age, but did not
support the hypothesis of EED negatively effecting height-for-
age. Furthermore, EED was found to be correlated with dis-
tance metrics as opposed to quality metrics in regards to WaSH
infrastructure.

Structural equation model of aflatoxin symptoms, EED
symptoms, and the change in linear growth of children from
San Vicente, Totonicapán, Guatemala

PO2.06.15

The influence of park features on park satisfaction and park
use in a multi-ethnic deprived urban area

H. Roberts1, I. Kellar1, M. Conner1, C. Gidlow2, B. Kelly3,
M. Nieuwenhuijsen4, R. McEachan3

1 University of Leeds, LEEDS, United Kingdom; 2 Staffordshire
University, STOKE-ON-TRENT, United Kingdom; 3 Bradford
Institute for Health Research, BRADFORD, United Kingdom; 4

Centre for Research in Environmental Epidemiology (CREAL),
BARCELONA, Spain

Background: Research has demonstrated green space is asso-
ciated with improved mental and physical health and well-
being. Several studies have also indicated the beneficial impact
of green space on pregnancy outcomes, such as higher birth
weight. At present there is little information on how to
encourage use of green space. There is mixed evidence to show
the number of park features can encourage park use, as well as
size and proximity to the park. It is suggested that the number
of features may be linked to park satisfaction, which is related to
use. Little is known about what specific features might influ-
ence park satisfaction, and it is not known whether this differs
by ethnicity or socioeconomic status. This study aims to
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explore the influence of park size, proximity and park features
on park satisfaction and use. We also aim to explore whether
park satisfaction mediates the relationship between park fea-
tures and use, and whether ethnicity and socioeconomic status
moderate the relationship between park features and park
satisfaction.
Methods: A sub-sample (n= 620) of the Born in Bradford
cohort completed a survey on park satisfaction and use. The
survey was completed by parents on behalf of their child when
they were 4 years old. Demographic and socioeconomic data
were also collected. Parks were subsequently audited using the
Natural Environment Scoring Tool (Gidlow, in preparation).
Features were divided into domains: access, recreational facil-
ities, amenities, natural features, significant natural features,
non-natural features, incivilities and usability. Park size and
proximity were calculated using ArcGIS and participants’
postcodes. Significant predictors of park satisfaction and use
were identified using multilevel linear regressions. Multilevel
mediation was used to explore the mediating role of park
satisfaction in the relationship between park features and park
use. Interactions between ethnicity and socioeconomic status
and park features were explored.
Results: It was found that higher amenities and usability
domain scores were significantly positively associated with park
satisfaction (β= .07, p= .027; β= .11, p= .008), while a
higher incivilities domain score was significantly negatively
related (β= .07, p= .027). The incivilities domain was also
found to significantly negatively predict park use (β= 16.02,
p= .046). No significant association was identified between
individual variables and park satisfaction and park use. Ethni-
city and socioeconomic status had no moderating role. No
evidence of mediation by park satisfaction in the relationship
between park features and park use was found.
Conclusion: This study found the number of amenities,
number of activities available and level of incivilities present
significantly influenced the degree of park satisfaction. Incivi-
lities also appear to negatively impact on park use. Results
suggest it is park quality that influences satisfaction and use,
rather than structural factors such as size and proximity. Fur-
thermore, individual level variables did not influence park
satisfaction or park use, suggesting environmental interventions
to encourage satisfaction and use may be more effective than
individual interventions. It is suggested urban planners prior-
itize adding amenities and eliminating incivilities in parks to
encourage use and promote health.

PO2.07 – Neurodevelopment – Pregnancy and growth

PO2.07.01

Influence of intrauterine growth restriction and preterm
birth on motor performance in childhood: evidence from
a cohort study.

P.R.H. Rocha1, H. Bettiol1, A. Ferraro2, M.A. Barbieri1,
V. Cardoso1, M.C. Saraiva3

1Ribeirão Preto Medical School - University of São Paulo,
RIBEIRÃO PRETO, Brazil; 2Medical School - University of São
Paulo, SÃO PAULO, Brazil; 3School of Dentistry of Ribeirão
Preto, RIBEIRÃO PRETO, Brazil

Background: Intrauterine growth restriction and preterm birth
have been associated with child’s neurodevelopment. The
objective of this study is to test the association between child’s
motor performance and intrauterine growth restriction (IUGR)
and preterm birth (PTB).
Methods: This study included children (n= 1003) from the
follow-up (2011/13) of convenience prenatal cohort of 1400
mother / child dyads (2010/11). Motor performance was eval-
uated by means of gross motor and fine motor component of
Bayley- III Screening Development Scale. Children were clas-
sified as preterm (< 37 weeks) and with IUGR defined by the
birth weight ratio (BWR), which is the ratio between the
newborn’s weight and the mean weight for gestational age of
the sex-specific reference curve. A BWR ≥ 0.85 was defined as
no growth restriction, and a BWR < 0.85 was defined as
IUGR. Children were classified as preterm-IUGR (PT-IUGR),
preterm-non IUGR (PT-NIUGR), term-IUGR (T-IUGR)
and term-non IUGR (T-NIUGR). Multiple linear regression
analysis was used to evaluate the association between motor
scores and birth conditions. Model adjustment included child
(sex and age at follow-up) and maternal covariates (alcohol
consumption, smoking, schooling, age and type of delivery).
Results: At total, 1.4% of children were classified as PT-IUGR,
7.9% PT-NIUGR, 7.5% T-IUGR and 83% as T-NIUGR.
Children from groups T-IUGR and T-NIUGR showed higher
adjusted gross motor scores than the PT-IUGR (β-coefficient,
β= 1.68, 95% Confidence Interval- 95%CI 0.50–2.87 and
β= 1.53, IC95% 0.42-2.64 respectively). Adjusted fine motor
scores were higher for groups PT-NIUGR, T-IUGR and
T-NIUGR (β= 2.14, IC95% 0.75-3.52; β= 2.33, IC95%
0.92-3.73 and β= 2.36, IC95% 1.04-3.68 respectively) than
PT-IUGR group.
Conclusion: For both gross motor and fine motor tasks, chil-
dren with PT-IUGR showed lower motor performance than
their peers. Since PT-NIUGR showed better performance than
PT-IUGR for fine motor task, the interaction between preterm
birth and IUGR conditions seems to increase difficulties in
coordination and fine motor control.

PO2.07.02

Fetal growth and cognitive development in the Born in
Bradford (BiB) cohort

T. Norris1, W.O. Johnson2, E. Petherick2, J. Wright3,
E.S. Draper1, P.N. Baker1

1University of Leicester, LEICESTER, United Kingdom;
2Loughborough University, LEICESTERSHIRE, United
Kingdom; 3Bradford Institute for Health Research, BRADFORD,
United Kingdom
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Objective: There is a sizeable literature focussing on the rela-
tionship between size at birth and cognitive outcomes in chil-
dren. There is much less evidence surrounding the association
between fetal growth and cognitive outcomes, with one study
reporting ‘little association between fetal growth measured by
ultrasound and cognitive function in childhood’ (Walker et al.
2007) and another reporting inconsistent associations between
fetal size and growth profiles and a number of cognitive out-
comes at 1 and 5 years (von Ehrenstein et al. 2009). Unlike
these studies, our objective was to model fetal growth in a
multilevel framework and directly relate coefficients of growth
to cognitive and academic outcomes, using data from a large
prospective cohort study. We hypothesized that a reduced
growth rate would be associated with poorer cognitive and
academic outcomes.
Methods: Data from the Born in Bradford (BiB) cohort.
Individual trajectories of estimated fetal weight (EFW;
n= 10921), abdominal circumference (AC; n= 10942), head
circumference (HC; n= 12748) and bi-parietal diameter
(BPD; n= 10877) were modelled using linear splines in a
multilevel framework. The best fitting-linear spline models for
(ln)weight, (ln)AC, (ln)HC and ln(BPD) growth had 2 knot
points, splitting the fetal period into 3 periods.
From these models, random effect coefficients were used to
produce individual estimates of rates of change in a particular
period, for each of the three fetal parameters (EFW,
AC, HC, BPD). These were then standardised (z scores), by
sex. These were then related to a range of cognitive and aca-
demic outcomes in childhood: (e.g. Early Years foundation
(mean age= 63 months); Key Stage 1 scores (mean age=
87 months); British Picture Vocabulary Scale (BPVS) (mean
age= 60 months); and letter identification (mean
age= 60 months), via secondary linear, logistic and ordinal
logistic regression models.
Results: 698 (for weight), 701 (for AC), 1138 (for HC) and
1134 (for BPD) children had all of the exposure, covariate
and outcome data. Preliminary analyses did not reveal any
consistent associations between growth during fetal life,
irrespective of the period of gestation, with any of the out-
comes. The inclusion of sex and ethnicity interactions (with
growth coefficients) did not reveal any differences between
sexes or ethnic groups.
Conclusion: Fetal growth does not appear to be associated
with cognitive outcomes in early childhood. For AC and
weight, this observation may be unsurprising as these
parameters are not closely related to brain development. As
such, the lack of an association between HC and BPD growth
and cognitive outcomes is more surprising. This may reflect
either a true null association between fetal growth and later
cognitive outcomes; suggesting that pregnancy does not
represent a sensitive period for cognitive development,
or, highlights the poor sensitivity of ultrasound for assessing
the developing brain. Further analysis will explore associations
after adjustment for a number of putative confounding
variables.

PO2.07.03

The association of maternal thyroperoxidase antibodies
during pregnancy with offspring IQ and brain morphology

A. Derakhshan1, H. Tiemeier1, P.N. Taylor2, D. Levie3,
M. Guxens3, S.M. Nelson4, R. Peeters1, T.I.M. Korevaar1

1Erasmus MC, ROTTERDAM, The Netherlands; 2School of
Medicine, Cardiff University, CARDIFF, United Kingdom;
3ISGlobal, Centre for Research in Environmental Epidemiology
(CREAL), BARCELONA, Spain; 4School of Medicine, University
of Glasgow, GLASGOW, United Kingdom

Background: Thyroperoxidase antibody (TPOAb) positivity,
which reflects thyroid autoimmunity, occurs in 5-10% of all
pregnant women and is a risk factor for thyroid dysfunction
and adverse obstetric outcomes. Maternal thyroid hormone
(TH) deficiency during early pregnancy is associated with
suboptimal neurodevelopmental outcomes of the offspring,
including lower IQ and lower grey matter volume. During the
same timeframe at which important early brain developmental
processes take place, high concentrations of human chorionic
gonadotropin (hCG) stimulate the maternal thyroid gland.
This leads to an increase in TH concentrations of up to 50%,
thereby guaranteeing adequate TH availability for the devel-
oping fetus. Recently, we demonstrated that in TPOAb posi-
tive women, the thyroidal response to hCG stimulation is
severely attenuated. Therefore, we hypothesized that TPOAb
positivity influences early fetal brain development. The main
aim of this study was to investigate the association of maternal
TPOAb positivity during pregnancy with IQ and brain mor-
phology of the offspring.
Methods: This study was embedded in two prospective birth
cohorts: Generation R (Rotterdam, the Netherlands) and the
Avon Longitudinal Study of Parents and Children (ALSPAC;
Avon, England). Mother-child pairs with available data on
TPOAbs in early pregnancy (<18 weeks of gestation) and off-
spring IQ or MRI imaging were included. We used multi-
variable linear regression adjusting for potential confounders
(i.e. maternal education, smoking, age) to investigate the asso-
ciation of maternal TPOAb positivity (clinical and non-clinical
cut-offs) with child IQ (median age 6 years) and brain mor-
phology (median age 8 years) in Generation R (N= 3637 and
N= 644, respectively). Subsequently, we aimed to externally
replicate the results for child IQ in ALSPAC (at median age 9
years; N= 2396) with two approaches: using the assay cut-off
of > 6 IU/L and also Generation R equivalent cut-offs.
Results: In Generation R, TPOAb positivity was associated
with a 2.0 ±0.9 points lower mean child IQ (P= 0.03).
TPOAb positivity was also associated with a lower cortical grey
matter volume (-6189 ±2987mm3, P= 0.03) but a higher sub-
cortical grey matter volume (1281 ±490mm3, P= 0.009).
Sensitivity analyses showed that these negative effects occurred
already from TPOAb concentrations considerably lower than
the established cut-off (>20 versus >60 IU/L, respectively). In
ALSPAC, neither TPOAb positivity nor other defined cut-offs
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were associated with child IQ (TPOAb positivity: 0.72 ±0.97,
P= 0.45). Adjustment for maternal TH concentrations or
urinary iodine/creatinine ratio in a subset (Generation R:
N= 753, ALSPAC: N= 1065) did not change the results.
Conclusions: TPOAb positivity during pregnancy was
associated with lower child IQ and lower cortical, but higher
subcortical grey matter volume in Generation R. However,
TPOAb positivity was not associated with child IQ in
ALSPAC. These analyses suggest that thyroid autoimmunity
may affect early fetal brain development, presumably neuronal
migration which takes place at the same time as thyroidal sti-
mulation by hCG. Further studies are needed to replicate the
brain morphology findings and to elucidate if differences
between the study populations, such as maternal iodine status,
may cause effect modification.

PO2.07.04

Key neurocognitive domains in adults born preterm

J. Suikkanen1, S. Miettola1, K. Heinonen2, M. Vääräsmäki1,
M. Tikanmäki1, M. Sipola-Leppänen1, H. Matinolli1,
M.R. Järvelin3, K. Räikkönen2, P. Hovi1, E. Kajantie1

1National Institute for Health andWelfare, HELSINKI, Finland;
2Department of Psychology and Logopedics, University of Helsinki,
HELSINKI, Finland; 3Faculty of Medicine, School of Public
Health, Imperial College London, LONDON, United Kingdom

Background: Children born very preterm (<32 weeks) or very
low birth weight (<1500 g) perform on average worse at school,
attain lower education level, have lower IQ, poorer short term
memory and poorer reaction time than their peers born at term.
The differences at least partly can be established at adulthood
as well.
However, over 70% of the preterm births happen between
34+ 0 and 36+ 6 gestational weeks, and little is known about
neurocognition of the late preterm group, especially at adult
age. Late preterm delivery may be a risk for neurodevelop-
mental disability. At childhood and school age, late preterm
group may perform worse at school and neurocognitive tests
than their term born peers, some studies also showing no dif-
ferences. One cohort study measured neurocognition at the age
of 15, and found no differences between late preterm and term
groups. In one birth cohort study late preterm birth was a risk
factor for lower neurocognitive level at late adulthood. We
studied core cognitive abilities in adults born across the range of
gestational ages. Our hypothesis was that these abilities are
lower in adults born preterm, including those born late preterm
Methods: We invited young adults in the ESTER Preterm
Birth Cohort Study (born between 1985 and 1989 in Northern
Finland) to perform Cogstate® test at the mean age of 23.3 (SD
1.2). Those with severe neurosensory impairment were exclu-
ded. 241 late preterm (34+ 0 to 36+ 6 gestational weeks), 133
early preterm (<34 gestational weeks) and 348 full term con-
trols participated. Cogstate® is a computer-based test in which
we included the following subtests in multiple exercises:

Detection test (measuring psychomotor function), Groton-
maze-learning test (executive function), Identification test
(attention), One-card-learning test (visual memory), and One-
back-test (working memory). We converted the results to
standard deviation scores (SDS) standardized within the con-
trol group, and compared the results of early and late preterm
groups with the control group adjusting for sex and age, and
further for birth-weight-SD score, maternal smoking, pre-
eclampsia, maternal hypertension, maternal diabetes, parents’
education, maternal age, and being first-born.
Results: The tests we performed showed no differences
between either of the preterm groups and controls, with the
exception of Groton maze learning test, in which those born
late preterm had 0.16 SD and those born early preterm 0.30
SDS less accurate moves compared to full term controls,
(Table). Birth-weight-SD did not predict test results.
Conslusions: Our results suggest that poorer executive function-
ing may extend to those born late preterm. Executive functioning
may be more sensitive to pre- and postnatal environment than
single core functions measured by other tests.

PO2.07.05

Assessing causality in the association between maternal
pre-pregnancy obesity and child neurodevelopment:
observational and mendelian randomization analyses

M. Casas1, S. Alemany1, D. Martínez1, M. Bustamante1,
D. Lawlor2, M. Vrijheid1

1Barcelona Institute for Global Health (ISGlobal),
BARCELONA, Spain; 2University of Bristol, BRISTOL,
United Kingdom

Background: Observational studies have shown that high
maternal pre-pregnancy body mass index (BMI) may impair
infant neuropsychological development; however, it is unclear
whether reported associations are due to intrauterine mechan-
isms or are consequence of residual confounding by socio-
economic factors.
Objective: We aimed to determine whether maternal pre-
pregnancy BMI causally influences child neurodevelopment by
performing an observational analysis in 24 birth cohorts
(>100,000 mother/infant pairs) and a Mendelian randomization
analysis in 10 of these cohorts (>10,000 mother/infant pairs).
Methods: We will use maternal BMI genetic score (30 estab-
lished single nucleotide polymorphisms) as an instrumental
variable for maternal pre-pregnancy BMI. We will also use
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paternal BMI as a negative control exposure and test the role of
child BMI genetic score. We will assess infant cognition, psy-
chomotor, and behaviour including attention-deficit hyper-
activity disorder and autism symptoms from up to 11 years of
age. Bias from pleiotropy will be tested using Egger regression.
Results: In observational analysis, preliminary results using
data from the INMA (Environment and Childhood) Spanish
cohort (n= 1402) revealed that each kg/m2 increase of mater-
nal pre-pregnancy BMI was associated with a reduction of 0.23
infant cognitive scores (95% CI: -0.42, -0.04) at the age of 1.5
years. In Mendelian randomization analysis, each kg/m2

increase of maternal BMI genetic score was associated with a
reduction of 1.56 infant cognitive scores (95% CI: -3.06,
-0.05) at the same age. Egger analysis showed no bias from
pleiotropy.
Conclusions: This study using different population settings
and Mendelian randomization approach will serve to disen-
tangle whether there is an intrauterine effect of maternal pre-
pregnancy obesity on offspring neurodevelopment.

PO2.07.06

Seasonality of maternal plasma tryptophan levels in early
pregnancy: Implications for fetal brain development

D. Levitan1, M. Sqapi2, D. Bocking3, N. Young4, E. Murphy3,
G. Matthews5

1University of Toronto, CAMH, TORONTO, Canada; 2University
of Toronto, TORONTO, Canada; 3Lunenfeld-Tanenbaum
Research Institute, Mt. Sinai Hospital, TORONTO, Canada;
4McGill University, MONTREAL, Canada; 5University of
Toronto, Department of Physiology, TORONTO, Canada

Background: While the treatment of psychiatric illness has
improved incrementally over the decades, our ability to prevent
devastating disorders such as schizophrenia, autism, major
depression and bipolar disorder is highly limited. In humans,
placental serotonin derived from a maternal tryptophan precursor
plays a critical role in fetal brain development during the late first/
early second trimester. Given that tryptophan and serotonin
metabolism are subject to seasonal effects, particularly at northern
latitudes, we are examining seasonal differences in maternal
plasma tryptophan levels in a normal Canadian pregnancy sample
called the Ontario Birth Study (OBS).
Methods: To date, a single maternal plasma tryptophan level
collected at 15-18 weeks of pregnancy is available for 20
mothers designated as “highly seasonal” and 35 “non-seasonal”
controls. Seasonality was defined based on established cutoffs
for the Seasonal Pattern Assessment Questionnaire (SPAQ).
Tryptophan is being measured using mass spectrometry. Given
the small sample size available for this initial pilot data, only
Caucasian women with normal pregnancies were included in
this analysis. A 2 group (highly seasonal vs. other) by 4 season-
of- sample- collection (spring, summer, fall, winter) ANOVA
was used for statistical analysis.

Results: Consistent with our working hypothesis, there was a
significant season-by-group interaction for total plasma trypto-
phan levels (F(3,47)=4.806; p<0.01). Tukey’s post hoc analysis
further revealed that for highly seasonal women only, plasma
levels of tryptophan during early pregnancy were significantly
higher for samples collected in winter compared with fall
(p < 0.01), in winter compared with summer (p < 0.05) and in
spring compared with fall (p < 0.05). The main effect of season
was significant while the main effect of seasonal group was not.
Conclusions: Our initial pilot data suggest that pregnant
women who meet previously established screening criteria for
“high seasonality” based on the SPAQ have a marked seasonal
pattern to their plasma tryptophan levels as collected during 15-
18 weeks of pregnancy, while non-seasonal women do not
show this effect. The overall pattern of results suggests that in
highly seasonal pregnant women, plasma tryptophan levels
climb from a nadir in the fall to a peak in the winter-spring
period. This may reflect a vestigial evolutionary mechanism
that protected fetal brain development during seasonal famines
in the ice age for example. Future OBS work will include a
greatly enhanced sample size, comprehensive measures of other
amino acids and tryptophan metabolites such as kynurenine,
and careful neuro-behavioural measures of the children over
time. Our long term goal is to establish whether maternal
plasma tryptophan levels measured at this phase of pregnancy
have implications for brain development and thus psychiatric
risk. If so, optimizing maternal tryptophan levels using dietary
manipulations and/or light therapy, particularly in high risk
populations, may be of great interest going forward.

PO2.07.07

Birth weight, gestational age and cognitive functions over
the life-course in the Generation Scotland subsample of the
Aberdeen Children of the 1950s.

D.C. Chapko, C.B. Black, A.D.M. Murray

University of Aberdeen, ABERDEEN, United Kingdom

Background: Factors that influence cognition across the life-
course are most likely to be established in early-life but are poorly
understood. In this study we examine the relationship between
birthweight, gestational age and cognitive functions from child-
hood to mid-life based on the repeated measures (at ages 7, 9, 11
and 51–61 years) available through the linkage performed
between the Aberdeen Children of the 1950s study (ACONF;
n= 12,150) and the Generation Scotland: Scottish Family
Health Study (GS:SFHS) (ACONF-GS:SFHS;n = 558).
Methods: Childhood cognitive ability was tested within six
months of the child’s 7th, 9th and 11th birthdays [Moray
House Picture Intelligence; Schonell&Adams Essential Intel-
ligence Test Form; Moray House verbal reasoning tests I/II,
Moray House English and Moray House Arithmetic respec-
tively]. Mid-life cognitive functions were assessed with Verbal
Fluency, Mill Hill Vocabulary, and Logical Memory Delay.
Birthweight (g), gestational age (completed weeks of gestation),
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and confounders (mother’s age at birth, maternal height,
father’s occupation at birth, mother’s occupation pre-marriage
and birth outside of marriage) were abstracted from the
Aberdeen Maternity and Neonatal Databank. Gestational age
(GA) was categorized into three groups: GA< 37 weeks (pre-
term); 37 weeks ≤GA< 42 weeks (term); GA≥ 42 weeks
(post-term). Birthweight was split into three categories: BW≤
2499g (low); 2500kg≤BW≤ 3999g (normal); BW≥ 4000g
(high). Standardized birthweight z-score (SBS) was standar-
dized for gestational age, gender, and birth order. The analy-
tical subsample had complete information on covariates. The
associations between 1) GA or BW grouped into three cate-
gories 2) SBS and cognitive functions at every age were exam-
ined with linear regression. To separate the effects of growth
retardation from immaturity, pre-term births were excluded in
analyses of the associations of birthweight with cognition.
Results: The ACONF-GS:SFHS participants comprised 558
individuals (240 males, 318 females;mean age= 57.4;n=378
with complete covariates) and appeared to be relatively repre-
sentative of the core population. Overall, 87% of ACONF-GS:
SFHS participants had BW within normal range and 73% were
term births. Over 70%/56% had a father/mother in manual
occupation and 54% completed at least 12 years of education. In
the analytical sample, pre-term births performed significantly
worse on childhood intelligence tests at ages seven (β= − 11.19,
SE=3.91,p=0.004) and nine (β= −9.50,SE=4.05,p=0.020)
compared to term births. Also, pre-term births performed worse
on the mid-life LM (β= −3.23,SE=1.32,p=0.015) and DS
(β= − 9.17, SE=4.08, p=0.025) tests compared to term births.
Post-term births did not differ significantly from term births on
any of the cognitive functions across the life-course. Low and high
BW were negatively associated with childhood cognition at ages
seven and nine compared with normal BW but only the high BW
group reached statistical significance. Importantly, those with low
BW performed significantly worse on the mid-life DS test when
compared to the normal BW group (β= −7.43, SE=3.60,
p=0.040). However, this effect disappeared after exclusion of
pre-term births. SBS was not associated with any of the cognitive
functions across the life-course.
Conclusions: In the ACONF-GS:SFHS subsample, the negative
effects of pre-term birth on childhood cognitive functions persisted
into mid-life. Fluid cognitive abilities, which are more sensitive to
ageing processes, were affected the most. Collectively, pre-term
birth might constitute a novel risk factor for cognitive ageing.

PO2.07.08

Early postnatal growth and neurodevelopmental outcome
in individuals born with moderately low birth weight:
a systematic review

M. Taine1, M.A. Charles1, J. Beltrand2, J.C. Rozé3, J. Léger4,
J. Botton1, B. Heude1

1Inserm umr1153, VILLEJUIF, France; 2Department of
Paediatric endocrinology, Necker Enfants Malades Hospital,

PARIS, France; 3Department of Paediatric Medicine, Nantes
University Hospital, NANTES, France; 4Department of
Paediatric endocrinology, Robert Debré Hospital, PARIS, France

Background: Despite limited evidence, catch-up growth is
currently a therapeutic goal for infants born with moderately
low birth weight (MLBW) for preserving brain development.
However, available evidence shows an association between
rapid early postnatal growth and later cardiovascular risk.
The objective was to conduct a systematic review of the rela-
tionship between early postnatal growth and neurodevelop-
mental outcome for individuals born with MLBW,
distinguishing between prematurity and size at birth.
Methods: Following PRISMA guidelines, three independent
investigators performed a systematic review, searching theWeb of
Science, EMBASE and PubMed databases for articles published
from database inception to March 25, 2017. We selected all
studies reporting an association between growth before age 3 years
and later neurodevelopmental outcome in individuals born with
MLBW. We defined this population as having a birth weight
between 1500 and 2500 g, being born at term small for gesta-
tional age or born moderately preterm (32 to 36 weeks’ gesta-
tional age). A detailed quality scale was used to evaluate articles.
Results: We selected 17 articles relying on 10 distinct popu-
lation studies and including a median of 341 participants
(range 50-5640); seven articles were considered at moderate or
high quality. Overall, early postnatal growth was positively
associated with neurodevelopmental outcome, especially intel-
lectual quotient (IQ) when available. In this relationship, the
first 6 months of life seemed to be a critical period. Analysis of
the few articles investigating the shape of the relationships
revealed a non-linear association, with a plateau for IQ with
higher weight gain, which suggests a possible threshold effect.
The lack of standardization of growth analysis methods pre-
vented performing a meta-analysis. Head circumference was
not frequently studied. Perinatal complications and early
postnatal nutrition, as potential important confounding fac-
tors, were rarely considered together.
Conclusions: Although a positive association was generally found
between early postnatal growth and neurodevelopmental outcome
for individuals born with MLBW, further studies are needed to
improve knowledge of a causal link. A better exploration of the
role of head circumference and the possibility of a weight-for-
length threshold above which there would be no further benefit
for neurodevelopment would help guide clinical practice.

PO2.07.09

Perinatal risk factors associated with visual processing
dysfunctions at 1 y of age in children born between 26-32weeks

M.J.G. Kooiker, J.J.M. Pel, I.K.M. Reiss, J. van der Steen

Erasmus MC, ROTTERDAM, The Netherlands

Background: Children born preterm are at high risk for neu-
rological damage, including dysfunctions in visual information
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processing. Given the long-term adverse effect of visual pro-
cessing dysfunctions on development in a range of domains
(e.g., motor control, social skills, and later cognitive develop-
ment), early detection is of high importance. With a non-
invasive method based on eye tracking, we found evidence for
delayed visual processing in children born preterm from 1 year
of corrected age (CA) (Pel et al., 2016). However, it is yet
unknown what the underlying precursors for these delays are.
Our aim was to explore the relation between visual processing
delays at 1 year CA and specific perinatal risk factors.
Methods:We recruited 109 children born between 26-32weeks.
From each child, the following perinatal risk factors were
obtained from the medical record: gestational age (GA), birth
weight (BW), 5-minute Apgar score, mild retinopathy of pre-
maturity (ROP < grade 3), intraventricular hemorrhage (IVH),
post-hemorrhagic ventricular dilatation (PHVD), broncho-
pulmonary dysplasia (BPD), infant respiratory distress syndrome
(IRDS), and sepsis. At 1 year CA, each child underwent a non-
verbal visual processing assessment using a preferential looking
paradigm. The paradigm contained stimuli with several types of
visual information (color, motion, contrast, form) and was shown
on a monitor while simultaneously eye movements were recorded
with a remote eye-tracker (Tobii T60XL). For each type of visual
information an average viewing reaction time (RT) was calculated
and compared to normative reference data from an age-matched
control group of 42 children. The prevalence of the perinatal risk
factors was compared between children with and without specific
visual processing delays.
Results: At 1 year CA the number of preterm children with
significant delays in RT ranged from 9% (to contrast infor-
mation) to 24% (to motion information). Compared to the
group of children who had RTs within the normative range, the
group of children with overall delayed RTs had a significantly
higher prevalence of the risk factors IVH (47% vs 15%;
χ2= 3.8, p= .05), PHVD (21% vs 3%; χ2= 8.7, p< .05), and
IRDS (95% vs 60%; χ2= 8.4, p< .05). The other perinatal risk
factors were not related to RT delays.
Conclusion: Children born between 26-32 weeks have a modest
risk of delayed visual information processing at 1 year CA. Our
results show that on a group level, early visual processing delays
are more often found in children who had disruptions in cerebral
blood flow and oxygen supply shortly after birth. These results
provide a basis for screening of visual processing dysfunctions in
infants at-risk, which enables referral to visual rehabilitation pro-
grams at an earlier age than currently is possible.

PO2.07.10

Helicobacter pylori infection and childhood
neurodevelopment, the Rhea birth cohort in
Crete, Greece.

M. Karachaliou1, L. Chatzi1, A. Michel2, A. Kyriklaki1,
M. Kampouri1, K. Koutra1, T. Roumeliotaki1,
G. Chalkiadaki1, E. Stiakaki3, M. Pawlita2, T. Waterboer2,
M. Kogevinas4, S. Sanjose5, D. Ierodiakonou1

1University of Crete, HERAKLION, Greece; 2Molecular
Diagnostics of Oncogenic Infections Division, Infection,
Inflammation, HEIDELBERG, Germany; 3Department
of Pediatric Hematology-Oncology University of Crete,
University Hos, HERAKLION, Greece; 4ISGlobal,
BARCELONA, Spain; 5Unit of Infections and Cancer,
Cancer Epidemiology Research Programme, Catalan I,
BARCELONA, Spain

Background: Emerging evidence in adults suggests an associa-
tion between Helicobacter pylori infection and neuropsychiatric
diseases. Sparse data exists on the association between Helico-
bacter pylori infection early in life and neurodevelopmental out-
comes in childhood. Moreover, Helicobacter pylori infection
during pregnancy has been associated with micronutrient defi-
ciencies which are relative resistant to the indicated supple-
mentation. Fetal brain is extremely vulnerable to such
micronutrients defects (e.g. folic acid, iron). No study so far has
investigated the association between maternal Helicobacter pylori
infection and childhood neurodevelopmental outcomes. Thus, in
the present study we aim to explore the association of Helico-
bacter pylori seropositivity in cord blood samples, reflecting
maternal status during pregnancy, and four years of age samples,
with offspring’s neurodevelopment at four years of age.
Methods:We used prospective data on 352 mother-child pairs
and cross-sectional data on 674 children to assess the associa-
tion of maternal and child’s Helicobacter pylori seropositivity
correspondingly on child’s neurodevelopment at age four in the
Rhea birth cohort in Crete, Greece. Blood levels of immu-
noglobulin G antibodies to twelve Helicobacter pylori proteins
(GroEL, UreA, HP0231, NapA, HP0305, HpaA, CagA,
HyuA, catalase, VacA, HcpC and Omp) were measured using
multiplex serology. Child’s neurodevelopment at age four was
assessed using the McCarthy Scales of Children’s Abilities.
Linear regression models were used to explore the associations
after adjusting for child’s age, gender, quality of assessment,
examiner, mother’s education, origin, age, child having older
sibling and child’s age at day-care entry.
Results: Helicobacter pylori seroprevalence (95% CI) in cord
blood, representing maternal status, was 41.5% (36.3%,
46.8%) and in four years old children was 6.5% (4.8%, 8.7%).
Children of Helicobacter pylori seropositive mothers had lower
score in the general cognitive [-3.87 (95% CI: -7.02, -0.72)],
verbal [-2.96 (95% CI: -6.08, 0.15)], perceptual performance
[-3.37 (95% CI: -6.60, -0.15)], quantitative [-2.85 (95% CI:-
6.28, 0.58)] and memory scale [-3.37 (95% CI: -6.67, -0.07)]
compared to those of seronegative mothers. Seropositivity in
cord blood specifically to GroEl and NapA – two of the
twelve Helicobacter pylori proteins investigated and both
involved in iron sequestering and storage by the bacterium –

was associated with lower scores in almost all scales. At age four,
Helicobacter pylori seropositive children performed worst in
neurodevelopment assessment compared to their seronegative
counterparts although no association reached statistically
significant level.
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Conclusions Helicobacter pylori infection in early life,
including fetal life, may be an important but preventable risk
factor for poor neurodevelopment. We speculate that
changes in the micronutrient environment following a Heli-
cobacter pylori infection might mediate, at least in part, such an
association.

PO2.07.11

Assessing The Impact of Growth Trajectory of Very
Low Birth Weight Infants on Executive Functions at
11 Years of Age

S. Vivas, A. Dinerstein, C. Solana, N. Aspres, M. Casale,
G. Granovsky, R. Conti, M.L. Cuneo Libarona, I. Schapira

Hospital Materno Infantil R. Sarda, CIUDAD AUTÓNOMA
DE BUENOS AIRES, Argentina

Background and objectives: Several studies on preterm-born
children have identified birth weight (BW) as a potent pre-
dictor of later cognitive functioning and academic success, with
poorer outcomes in those born SGA (small for gestational age)
compared with those appropriate for GA (AGA). The objective
of the study was to compare SGA and AGA born preterm
(< = 1500g) children between 10-12 years old (y/o) on growth
at 1 and 2 years of life and on the outcomes of the rings subtest
(RSubt) of the ENFEN (Evaluación Neuropsicológica de las
Funciones Ejecutivas en Niños).
Methods: 92 born preterm (<1500g) children between
10-12 y/o (53 girls, 39 boys) were studied. Children with
congenital malformations, genetic syndromes, studied intrau-
terine infections or cerebral palsy were excluded. Instruments:
Growth chart and outcomes on the rings subtest (RSubt) of the
ENFEN. This subtest assesses executive functions, especially
those related to planning and problem solving. Statistical ana-
lysis: RSubt performance scores were divided in 2 categories: 1-
4 and 5-10. Low RSubt score was defined as a score less than 4.
Normal RSubt score was defined as a score > = 5. Categorical
data was analyzed using Chi2 or Fisher test. Significance level
was set at p< 0.05.
Results: 92 born preterm children (10-12 y/o) were studied.
31.52% were SGA (n= 29) and 68.47% AGA (n= 63). There
were 68.96% of girls in SGA group and 52.38% in the AGA
group. Mean+ /-SD of BW and GA by group are shown in
table 1. Table 2 shows the Chi2 results of the RSubt scores (<4
and > = 5) for each group (SGA and AGA) and for each
growth z score group at 1 and 2 years of life (YOL). There were
no statistically significant differences between AGA children z
score´s groups at 1 or 2 YOL. However, the Chi2 test resulted
significant between SGA z score´s groups at 1 and 2 YOL
(p< 0.05).
Conclusions: Preterm SGA children are at special risk for
cognitive impairment. We found that SGA preterm (<1500g)
children with growth restriction at 1 and 2 years of life
was associated to lower scores in the RSubt of the ENFEN
(p< 0.05).

PO2.07.12

Using phase contrast X-ray computed tomography imaging
for valproic acid rat model of autistic brain

T.T. Lwin1, A. Yoneyama1, T.T. Win Shwe2, H. Watanabe2,
M. Imai1, H. Maruyama1, K. Hyodo3, T. Takeda1

1KItasato University, KANAGAWA, Japan; 2National Institute
for Environmental Studies, TSUKUBA, Japan; 3High Energy
Accelerator Research Organization, TSUKUBA, Japan

Background: Autism is a neurodevelopmental disorder char-
acterized by impaired social interaction, abnormal commu-
nication, and restricted and repetitive behavior. Recently, many
researchers have been studied for autism spectrum disorder
using autistic rat model, created by exposure of valproic acid
(VPA) to rat fetuses on the gestation period. Versatile imaging
technique plays an important role in inside studies of autism
spectrum disorder. New imaging method phase-contrast X-ray
CT, used phase shift, has high spatial resolution and density
resolution and it can provide high contrast images. The density
resolution for biological soft tissue consisting of low atomic
number such as H, C, N, O, is approximately 1,000 times
higher than that of traditional X-ray absorption imaging. The
purpose of this study was to determine the feasibility of this
technique in detailed visualization of morphological structures
changes in valproic acid rat model of autistic brain.
Material and Methods: Valproic acid rats model (VPA rats)
were created by intraperitoneal injection of VPA (600mg/kg)
into 12.5th day of gestation. Normal Control rats were created
by intraperitoneal injection of normal saline at the same con-
dition. 13 weeks old VPA and normal rats brain were used in
this study. Rat’s brains were extracted under anesthesia and
fixed using 10% formalin for imaging. Two-crystal inter-
ferometer based phase-contrast X-ray imaging system was used.
The field of view of the detector was 15× 13mm2 composed of
2560× 2100 pixels with 6.5× 6.5 μm2. The X-ray energy was
set at 17.8 KeV. Experiment was performed at the vertical
wiggler beam-line 14C of the Photon Factory, Tsukuba, Japan.
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After imaging, all brains were cut 3-mm thick section and
stained with Hematoxylin-eosin to examine abnormal histo-
pathological structures.
Results and Discussion: Phase-contrast X-ray CT without con-
trast agent clearly depicted the anatomical structures of rat’s brain
including cortex, caudate putamen, thalamus, hippocampus, corpus
callosum and lateral ventricle. Especially, high-resolution phase-
contrast CT enabled to differentiate the density changes of
hippocampus owing to its high sensitivity. Absolute density of
hippocampus as CA 1, CA3 regions and dentate gyrus is 1.05 times
higher in VPA rats compare to control rats (Fig 1). Corresponding
histological section of VPA rat’s brain also showed increased neu-
ronal cell density in the CA1, CA2/CA3 regions and dentate gyrus
of hippocampus. It is suggested that neurogenesis in the hippo-
campus is increased in the VPA rats. In addition, lateral ventricle of
VPA rats was mild to moderate dilated compared to that of control
rats (Fig 1). It is thought to be caused by axonal decline in peri-
ventricular white matter.
Conclusion: Phase-contrast X-ray CT clearly depicted the
autistic neuronal morphology. Thus, we believe that phase-
contrast X-ray CT can be revealed important information
about the neurobiological basis of Autism Spectrum Disorder.

Phase contrast X-ray CT image of Hippocampus; VPA rat (A),
Control rat (B).Increases density of hippocampus (CA1, CA3
region, dentate gyrus) and lateral ventricle dilatation were
found in VPA rat.

PO2.07.13

Vaccine-preventable childhood disease and adult
educational attainment - Evidence from the 1967
measles eradication campaign in the United States

M. Olkkola1, P. Barteska2, S. Dobkowitz3, M. Rieser4

1Aalto University, HELSINKI, Finland; 2Universitat Pompeu
Fabra, BARCELONA, Spain; 3Bonn Graduate School of
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Switzerland

Measles is one of the leading causes of death for young children
worldwide. We analyze the impact of measles prevention on
later-life educational outcomes by taking advantage of a measles
eradication campaign implemented in 1967 in the United
States. We create a treatment intensity variable with state-level
measles incidence data available from Project Tycho and use it
with a difference-in-differences design on individual level data
from the 2000 US census 5 per cent micro-sample. We provide

evidence for the following statistically significant results: the
campaign increased completed years of schooling by one week
and the probability of completing high school by 0.20 per-
centage points. Due to the exogenous timing of the eradication
campaign, we argue that these results can be interpreted cau-
sally. We also perform placebo interventions that support this
conclusion. We interpret the point estimates to be at best a
lowerbound, due to measurement error, the aggregated nature
of the measles incidence data and the limitations of census data.
To the best of our knowledge our paper is the first one to
document adult educational impacts of early-life measles
exposure using a natural experiment.

PO2.07.14

Exploring disorganized attachment: unravelling outcomes
and mechanisms/pathways using data mining

S. Reijman1, R.C.A. Rippe2, R. Duschinsky1, A. Tharner3,
M.P.C.M. Luijk3, H. Tiemeier4, M.J. Bakermans-Kranenburg2,
M.H. van IJzendoorn2

1University of Cambridge, CAMBRIDGE, United Kingdom;
2Centre for Child and Family Studies, Leiden University,
LEIDEN, The Netherlands; 3Dep. of Psychology, Education and
Child Studies, Erasmus University Rotterdam, ROTTERDAM,
The Netherlands; 4Dep. of Child and Adolescent Psychiatry,
Erasmus University Medical Centre, ROTTERDAM, The
Netherlands

Infant disorganized attachment is a robust predictor of exter-
nalizing behaviour problems in childhood (Fearon et al., 2010),
but many other potential health outcomes of attachment dis-
organization are still unexplored. In the current study we use a
data mining approach in a large prospective, population-based
cohort study on development and health from foetal life into
young adulthood in order to generate new hypotheses and
expand developmental theory. An ethnically homogeneous
subgroup of N= 900 infants and their parents was selected for
in-depth measurements, including observed attachment, child
problem behaviour, motor and cognitive development, and
cortisol samples. These detailed measurements were completed
at several time points between 0-4 years, at 5 years, and at
9 years. Attachment was assessed when infants were 14 months
using the Strange Situation Procedure (Ainsworth, Blehar,
Waters, & Wall, 1978). Data for infant-mother attachment is
available for more than 700 dyads and little over 20% of chil-
dren were classified as disorganized (varying somewhat
according to the examined correlate). Based on published data
so far, infants with disorganized attachment and a fearful
temperament displayed more distress during a venipuncture
procedure (Wolff et al., 2011), and disorganized infants had
lower levels of physiological emotion regulation in the presence
of higher levels of maternal postpartum depression (Tharner
et al., 2013). Infant disorganized attachment was also asso-
ciated with a flattened diurnal cortisol pattern (independently
of maternal lifetime depression; Luijk et al., 2010). In addition
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to these findings, a data mining approach is applied to all
available measurements in order to further identify variables
consequent to disorganized attachment. The principle of data
mining is to search for associations without a priori hypotheses,
to let the data speak to evaluate whether associations or patterns
exist (Yarkoni & Westfall, 2016). One way to visualize
underlying patterns is via decision trees, which display a pro-
gressive division of the dataset into homogeneous subsets,
based on the features that best distinguish between different
values of a certain target variable (e.g., low versus high levels
of disorganized attachment). Preliminary decision trees with
disorganized attachment (both categorically and continuous
disorganization scores) as the target variable showed several
levels of decision nodes, i.e., attributes that distinguished
between infants with relatively low versus high levels of dis-
organized attachment, including child empathy and problem
behaviour (both reported by mother, and therefore controlled
for maternal psychopathology). Findings also suggested differ-
ential developmental risk for the two groups of children with
the highest levels of disorganized attachment. Using the data
mining approach we aim to identify mechanisms in the effects
of disorganized attachment on later development in a large
sample, beyond those predictors and outcomes that may be
hypothesized based on existent literature, and thereby generate
new hypotheses for future research.

PO2.07.15

Alteration of social behavior and glutamic acid
decarboxylase level in the valproic acid-induced autism
rat model

T.T. Win-Shwe1, M. Imai2, N.C. Nway3, T.T. Lwin2,
O. Mar3, H. Maruyama2, F. Kawakami2, H. Watanabe1

1National Institute for Environmental Studies, TSUKUBA,
Japan; 2Graduate School of Medical Sciences, Kitasato University,
SAGAMIHARA, Japan; 3University of Medicine 1, YANGON,
Myanmar (Burma)

Background: Autism is a complex neurodevelopmental
disorders characterized by impaired social communication,
social interactions and repetitive behaviors. The etiology of
autism remains unknown and its molecular basis is not well
understood. In this study, we sought to examine social beha-
viors, their related gene expressions, inflammatory cytokines
and gamma amino butyric acid (GABA) synthetic enzymes in
valproic acid (VPA)-induced autism rat model.
Methods: Sprague-Dawley (SD) pregnant rats (Charles River
Laboratories Japan, Inc., Japan) were given VPA 600mg/kg
(intraperitoneal injection) on day 12.5 of gestation. Eleven
to thirteen week-old male and female offspring were used for
3-chamber social interest test and after behavioral test, the
hippocampus was collected from each rat to detect social
behavior-related gene and proinflammatroy cytokines using
real-time RT-PCRmethod. We also investigated the brain level
of rate limiting enzyme, glutamic acid decarboxylase (GAD65

and GAD67), which is responsible for normal conversion of
glutamate to GABA in the brain, using Western blot analysis.
Results: We did not find any significant changes of body
weight and brain weight of VPA-induced autism model rats
compared to the corresponding control of male and female rats.
Male and female VPA-induced autism model rats show poor
sociability and social novelty preference compared to the cor-
responding control SD rats. Messenger RNA expression level of
social behavior-related genes such as serotonin, brain-derived
neurotrophic factor and neuroligin were significantly reduced
and proinflammatory cytokines such as interleukin-1 b and
tumor necrosis factor-a were significantly increased in the
hippocampus of both male and female VPA-induced autism rat
models. The protein level of GAD 65 was reduced in male
VPA-induced autism rat models compared to the control.
Conclusion: Our results indicate that developmental exposure
to VPA affects social behavior by modulating social behavior
related genes and inflammatory mediators in the hippocampus
and these effects were markedly observed in male than in
female rats. We suggest that GAD deficiency may be associated
with abnormalities in the levels of glutamate/GABA balance in
autistic brain. Our findings show that similarities to autism
features were observed in VPA-induced rat models and these
animal models are valuable experimental models to study
neurodevelopmental alterations induced by environmental risk
factors.

PO2.07.16

Understanding mechanistic effects of early life exposures on
neurodevelopment: Role of brain structural functional
connectivity in DOHaD studies.

V. Behere1, G. Deshpande2, C.S. Yajnik1

1KEM hospital research center, PUNE, India; 2Auburn
University, ALABAMA, United States of America

Introduction: An important determinant of health in
adulthood is early fetal and childhood growth and develop-
ment. The concept of Developmental Origins of Health and
Disease (DOHaD) suggests that early adverse fetal exposures
interact with environment factors over the lifespan of an indi-
vidual to enhance risk of chronic disease in adult life. The
impact on neurocognitive development is a significant outcome
of interest due to its potential to impact human capital in
adulthood. Besides genetic factors, modifiable epigenetic
factors such as maternal nutrition during pregnancy (macro
and micronutrients - Vitamin B12, folate, pyridoxine, Iron,
Vitamin D, C), childhood nutrition growth & development,
and socio-economic factors (poverty, education, life style risk
factors and parent child interactions) can influence neurode-
velopment. Intelligence Quotient, school achievement, per-
formance on cognitive tests have been traditionally used as
markers of neurodevelopment. Assessing functional con-
nectivity in brain networks and integrity of white matter tracts
can inform us about neural pathways underlying cognitive
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processes. Hence use of brain structural and functional con-
nectivity techniques could provide useful insights into the
mechanistic effects of early life exposures on neurodevelop-
ment. The Pune Maternal Nutrition Study (PMNS) birth
cohort (n ~ 700) established in 1994 is considered a unique
resource to examine the DOHaD paradigm in a low and
middle-income country LMIC. Systematic data on maternal
prepregnancy size, nutrition & blood micronutrient levels during
pregnancy, neonatal birth parameters, socio-economic factors,
child growth and development (nutrition, body size and compo-
sition) at 6,12,18 years have been assessed. Cognitive assessments
on all offspring were performed at 12 years of age. Biological
samples have been collected and stored in a bio-bank and are
available for further assessments. The subjects of the cohort are
now aged 21-22 years and provide a unique opportunity to study
the early life and life course determinants of neurodevelopment
using novel brain structural functional connectivity techniques.
Methods: Following cross-sectional assessments would be
performed on around 700 consenting adult offspring of PMNS
(aged 21 years): a) Standardized neuropsychological test battery
b)Temperament character inventory c)Information on nutri-
tion, lifestyle factors, socio-economic status, education d)
Serum BDNF,IGF-1 from archived serum collected at 6,12,18
years. Resting state brain functional magnetic resonance ima-
ging (fMRI) and diffusion tensor imaging (DTI) would be
performed on a subset of cohort (selected based on highest and
lowest quartile of maternal Vitamin B12 levels during 18 weeks
of pregnancy. N= 100 in each group).
Analysis: We propose a mediation model, to examine whether
the association between early life exposures (maternal nutrition,
micronutrient levels – Vitamin B12, folate, homocysteine) and
neurodevelopmental outcomes (performance on cognitive
tests, temperamental traits) are mediated by brain functional
and structural connectivity variables and serum BDNF, IGF1
levels, controlling for moderating and confounding effects of
life course factors (childhood nutrition, growth and develop-
ment, education, lifestyle factors).
Expected outcomes: The study could yield a novel brain
structural-functional connectivity paradigm with potential
applications to understand mechanistic effects of early life
exposures on neurodevelopment in DOHaD studies.

Model for understanding mechanistic effects of early life
exposures on neurodevelopment
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Dietary Inflammatory Index of mothers during pregnancy
and ADHD symptoms in the child at preschool age: INMA
and RHEA cohorts
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Background: Attention deficit/hyperactivity disorder
(ADHD) is the most frequent childhood-onset neuropsychia-
tric condition, with an estimated worldwide prevalence of
approximately 5% in school-aged children (Polanczyk et al,
2007). Pregnancy, infancy and childhood are critical periods of
development, especially vulnerable to the effects of these risk
factors (Tounian, 2011), and growing evidence suggests that
exposure to adverse environmental and psychological condi-
tions, especially when occurring in intrauterine life may
increase the risk of developing ADHD in childhood (Buss et al,
2011). Previous studies have indicated that maternal dietary
patterns during pregnancy are associated with cognitive and
behavioural outcomes (Anjos et al, 2013). Given the pro-
inflammatory potential of suspected nutrients, and evidence
supporting a role of inflammation in the pathogenesis of
ADHD, we hypothesise that a proinflammatory diet of the
mother during pregnancy promotes the development of
ADHD in the offspring. Validated dietary inflammatory
indexes (DII) have been recently developed to capture the pro-
inflammatory potential of diets based on known associations of
specific food groups and nutrients with serum inflammatory
markers (Cavicchia, 2009). The DII therefore offers a unique
tool to assess the overall association of a maternal proin-
flammatory diet with child health outcomes; however this
hypothesis has not been previously examined. Thus, the aim of
this proposal is to evaluate the association between a validated
DII of the mothers during pregnancy and ADHD symptoms in
their children at the age of 4 years.
Methods: The study population was 3,421 mother–child pairs
from four INMA birth cohorts in Spanish regions of Gipuzkoa
(N= 544), Sabadell (N= 694), Asturias (N= 589) and
Valencia (N= 813) and the RHEA birth cohort in Greece
(N= 781) recruited between 2004-2008. A validated
(Shivappa, 2013) DII was calculated based on food frequency
questionnaire information collected during pregnancy. ADHD
symptoms were assessed by ADHD-DSM-IV (18 items) in
INMA cohorts and by Attention-Deficit/Hyperactivity Dis-
order Test (ADHDT) (36 items) in RHEA cohort at around
4.5 years old of age, with questionnaires filled-out by teachers.
Data on sociodemographic and anthropometric characteristics,
diet, and lifestyle were collected through questionnaires.
Association between maternal DII and ADHD symptoms of
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children was evaluated through negative binomial regression
models stratified by cohort.
Results: Statistically significant differences were observed in
maternal DII depending on region (mean(sd)): Gipuzkoa (-1.64
(2.43)), Sabadell (-1.02(2.24)), Asturias (-1.76(2.40)) and
Valencia (-1.01(2.44)) and RHEA cohort (2.36(2.01)). In pre-
liminary pooled cohort analyses we found that maternal DII is
not significantly associated with the risk of ADHD symptoms in
children at 4 years of age. Subsequent analyses will evaluate dif-
ferences in the association of interest according to region and
other potential effect modifiers (eg, maternal overweight).
Conclusions: Proinflammatory diets of the mother during
pregnancy may have adverse effects on the health of the off-
spring that are yet not well understood. This study examines
the association of a validated maternal DII with and the risk of
ADHD symptoms in the offspring at 4 years of age in five birth
cohorts with variable dietary patterns, and will provide novel
insights for the role of maternal diet in the cognitive develop-
ment of the child.

PO2.08 – Nutrition – Growth and cardiovascular health

PO2.08.01

Nutritional intervention in early life influences by sex the
growth velocity during the first 18 months of age

S. Sepúlveda-Valbuena1, A. Nieto-Ruiz1, F. Herrmann1,
M.T. Miranda2, M. Rodríguez-Palmero3, J. Jiménez3,
C. Campoy1

1EURISTIKOS Excellence Centre for Paediatric Research,
GRANADA, Spain; 2Department of Biostatistics, School of
Medicine, University of Granada, GRANADA, Spain; 3Ordesa
Laboratories, S.L., BARCELONA, Spain

Background: Growth velocity is a predictor of health in
childhood and adulthood. Different studies have explored the
effect of type of feeding in early life on infants’ growth during
the first 1000 days of life. In the present study we aimed to
analyse gender differences on the influence of a nutritional
intervention in the early life on the growth velocity of the
infants during the first 18 months of life.
Methods: 170 healthy term infants between 0-2 months of age
were randomized in a double-blind study to receive either stan-
dard infant formula (F1: n= 85) or supplemented formula con-
taining LC-PUFAs, milk fat globule membrane components and
synbiotics (Nutriexpert® factor) (F2: n=85). As control, 50
breast-fed infants (BF) were included. Weight, length and head
circumference (HC) were performed at birth, 6, 12 and
18 months of life. WHO Child Growth Standards were used
with 6-month intervals, and growth velocity was classified as slow
(SG: < -1SD), normal (NG: ≥ -1SD and ≤+ 1SD) and rapid
(RG:>+ 1SD). Statistical analysis: Normal distribution was
assumed using Kolmogorov-Smirnov. Differences in weight,
height andHC increments by study groups and sex were analysed

using Student t-test or Welch test and Chi-Square test for growth
velocity were performed using SPSS 22.0.
Results: Male children showed higher increments of HC and
weight between birth and 6 months of life than girls. According
to study group and sex, between 12 and 18 months, male
children F2 showed higher increments of length than male
children F1; and BF male infants presented weight SG
compared to children F2. In relation to girls, the BF group
presented higher increments of HC between 6-12 months and
12-18 months than girls fed F1.
Conclusions: The growth velocity in head circumference and
length according to sex seems to be related to type of feeding
during early life. These results shows that sex can influence the
nutritional response during early childhood. Further research is
needed to elucidate the effect of feeding and sex on growth.

PO2.08.03

Maternal high-fat diet alleviates detrimental impact of early
life stress

M.Darnaudery1, M. Rincel2, A.L. Lepinay2, V.S. Théodorou3,
S. Layé2

1University Bordeaux, BORDEAUX TEL: 33(0), France;
2Université de Bordeaux, Nutrition et Neurobiologie Intégrée,
UMR1286, BORDEAUX, France; 3INRA, Toxalim,
UMR1331, TOULOUSE, France

Background: Adverse childhood experience is a main risk factor
for anxiety disorders and depression later in life. Similarly, obesity,
excessive weight gain, metabolic disorders and unhealthy high fat
diet (HFD) during pregnancy have been recently hypothesized to
increase the incidence of mental health disorders. In rats, maternal
separation (MS) is a well characterized animal model of early life
stress which leads to emotional and cognitive alterations as well as
a hyper-reactivity of the hypothalamic pituitary adrenal axis to
stress. Here we examine whether maternal HFD can have similar
effects to early stress and/or can exacerbate the effects ofMS in the
offspring.
Methods: To dissociate HFD effect from maternal obesity
effects, we used a protocol of maternal HFD exposure (40%
from fat, restricted to gestation and lactation periods), which
does not produce maternal obesity. From PND2 to PND14,
stressed pups underwent daily MS for 180min. During the
separation sessions, dams were placed in new cages with free
access to food (according to their respective diet) and water,
whereas pups were placed in individual containers in another
room under controlled temperature (28 ± 2 °C). Control pups
remained undisturbed with the dams. We examine the impact
of maternal HFD on MS-induced developmental alterations in
the PFC in PND15 pups. Then we studied the long-lasting
impact of maternal HFD exposure on MS-induced alterations
of emotional and cognitive behaviours, as well as some typical
neuroendocrine and neurobiological changes affected by MS.
Results: Contrary to our hypotheses, maternal HFD alone has
only small impact on gene expression in pups’ prefrontal cortex
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(PFC) and on behavior in adulthood. In contrast MS led to
changes in the expression of several genes such as Bdnf (brain
derived neurotrophic factor), 5HT-r1a (serotonin receptor 1a)
and Rest4 (neuron-restrictive silencer element, repressor
element 1, silencing transcription factor (Rest), splicing variant
4) in the mPFC. Maternal HFD alleviates MS-induced mPFC
gene expression changes. Furthermore, maternal HFD totally
prevented the endophenotypes (anxiety, spatial memory,
social behavior, hypothalamic–pituitary–adrenal (HPA) axis
response to stress, hippocampal neurogenesis and visceral pain)
associated withMS at adulthood. Finally, we also demonstrated
that HFD intake reduced anxiety and enhanced maternal care
in stressed dams.
Conclusion: Overall, our data suggest that a HFD restricted to
gestation and lactation, which did not lead to overweight in dams,
had limited effects in unstressed offspring, highlighting the role of
maternal obesity, rather than fat exposure per se, on brain vul-
nerability during development. Furthermore our results reveal a
protective effect of fat on the immature brain in a context of early
life stress, possibly through an anti-stress effect in dams.

PO2.08.04

Maternal protein restriction increases duodenal
enteroendocrine cells in young rats.

M. Ndjim1, R. Meriaux2, L. Falcon2, J.P. Segain2, S. Remy3,
L. Tesson3, G. Le Drean2

1INRA, NANTES CEDEX 1, France; 2INRA
UMR 1280, NANTES, France; 3INSERM UMR 1064,
NANTES, France

Perinatal malnutrition predisposes to metabolic syndrome in
adulthood. Animal studies have shown that maternal protein
restriction (MPR) alters the regulation of food intake (FI)
increasing the risk of obesity in adult offspring. Gastrointestinal
peptides and particularly cholecystokinin (CCK) play a major
role in short-term FI. CCK is secreted by a subtype of enter-
oendocrine cells (EEC) located in the proximal intestine. We
hypothesized that MPR may alter the proliferation and/or dif-
ferentiation of the CCK-producing cells, which could con-
tribute to the programming of a deregulated FI in LP rats. Due
to the very low proportion of CCK-producing cells in the gut
(0.3-0.5% of total epithelial cells) we developed a ROSA26-
eGFP transgenic rat model expressing GFP under the control
of the CCK promotor. Low protein transgenic rats were
obtained by protein restriction of their dams during gestation
and lactation [8% (restricted, LP) vs 20% (Control)]. At
6 weeks old, duodenum was collected and the number and
height of the villi were measured. The density of total EEC was
determined by immunohistochemistry of chromogranin A a
marker of mature EECs and CCK-producing cells stained in
green were directly counted. The number of goblet cells was
evaluated by hematoxylin-eosin staining. Expression of genes
involved in intestinal stem cells fate specification and EEC

maturation was measured by qRT-PCR. In the duodenum, the
height of the villi was significantly higher in LP rats as com-
pared to control but there was no difference in their number.
MPR increased the number of total EEC (2.5 fold) and
CCK-producing cells (2 fold) per villi, respectively, whereas the
number of goblet cells was not affected. This MPR-induced
increase in total EEC and CCK-producing cells was not related
to the higher height of the villi since the ratio of EEC number
to height of the villi was still higher in LP rats as compared
to control. Altogether, these data suggest that MPR seems
to specifically increase the density of total EECs and
CCK-secreting cells in the duodenal epithelium. The mRNA
expression of genes involved in early epithelial cells fate speci-
fication (Lgr5, Ath1) or endocrine lineage (Ngn3, Pdx1, Pax6,
FoxA1) or CCK-producing cells (NeuroD1 and CCK) were
not significantly affected by MPR. In contrast, the mRNA
expression of mature EEC gene (Chgr A) was significantly
reduced in LP rats as compared to control. Thus, neither
endocrine progenitor proliferation nor CCK-producing cells
differentiation appeared to be altered by MPR whereas EEC
maturation would be reduced. As intestinal epithelium home-
ostasis is regulated by a balance between proliferation/differ-
entiation along the crypt-villus axis and constant loss of
differentiated cells at the villus tip, further study of proliferative
and apoptotic process in EEC lineage of LP rats is in progress.
To conclude, MPR induced-modifications of duodenal EEC
which secrete CCK could contribute to the deregulated food
intake observed in LP rats. Understanding how EEC may be
programmed by perinatal malnutrition represents an important
issue for preventing diseases of developmental origin such as
diabetes and obesity. This work was supported by Region Pays
de la Loire, INRA and LCL

PO2.08.05

Pre-pregnancy dietary patterns and associations with
socio-demographic characteristics, maternal gestational
weight gain and infant birthweight

M. Jarman1, N. Mathe1, M. Pakseresht1, P.J. Robson2,
S. Johnson3, R.C. Bell1

1University of Alberta, EDMONTON, Canada; 2Alberta Health
Services, EDMONTON, Canada; 3University of Athabasca,
EDMONTON, Canada

Few studies have explored diet prior to pregnancy and its
relationship with pregnancy outcomes. The objectives of this
study were to: (i) derive pre-pregnancy dietary patterns for
women enrolled in a prospective cohort (APrON) in the pro-
vince of Alberta, Canada; (ii) describe associations between
dietary patterns and socio-demographic characteristics; and
(iii) describe associations between dietary patterns, maternal
gestational weight gain (GWG) and infant birthweight. Upon
enrollment into the APrON study (median age of gestation,
17 weeks), women aged 16-44 years (n= 1545) completed a
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142-item food frequency questionnaire (FFQ) which queried
the frequency of foods and beverages consumed ‘in the
12 months prior to pregnancy’. The 142 food items were col-
lapsed into 49 food groups according to nutritional similarity,
and frequency of consumption of foods in each group was
summed. Dietary patterns were derived using principal
components analysis (PCA), with orthogonal varimax rotation.
Scores were calculated to represent women’s compliance with
each dietary pattern retained. Scores were derived by multi-
plying the frequency of consumption of each food group by its
coefficient for the pattern and then summing. These scores
were then expressed as z-scores. Socio-demographic character-
istics associated with the diet scores were assessed using linear
regression models, adjusted for total energy intake. Associations
between diet scores and infant birthweight and women’s GWG
guideline concordance (below, met or exceeded the US
Institute of Medicine, 2009 guidelines for total GWG) were
assessed using linear and logistic regression models, respec-
tively. Four patterns were retained (Table 1) which, combined,
accounted for 22.9% of the variation in diet. Higher ‘Healthy
Eating’ scores were more likely to be seen in those with higher
levels of education (β0.13; P< 0.001), lower household
incomes (β-0.07; P= 0.01) or older women (β0.02; P= 0.008),
whereas women who were obese pre-pregnancy were less likely
than women with a normal BMI to have higher healthy eating
scores (β-0.26; P= 0.001). Women with higher ‘Meat and
Refined Carbohydrate’ scores were more likely to have lower
incomes (β-0.08; P= 0.001) or levels of education (β-0.05;
P= 0.035). Women with higher ‘Beans, Cheese and Salad’ scores
were more likely to have higher household incomes (β0.11;
P< 0.001) or be pregnant with their first child (β-0.13;
P= 0.009). Women with higher ‘Tea and Coffee’ pattern scores
were more likely to exceed GWG guidelines (RRR 1.17;
P= 0.013), independent of pre-pregnancy BMI and education.
There were no significant associations between pre-pregnancy
dietary patterns and infant birth weight in this cohort of women.
This is the first study to explore patterns of diet prior to pregnancy
and associations with pregnancy related outcomes in Albertan
women. Our observation that women with higher ‘Tea and
Coffee’ pattern scores were more likely to exceed GWG guide-
lines, independent of pre-pregnancy BMI requires further exam-
ination. A better understanding of whether this pattern of diet
represents a type of lifestyle or behavior which could contribute to
excess gestational weight gain is needed in order to identify
appropriate strategies for intervention.

The four retained dietary patterns and the food groups asso-
ciated with each pattern (coefficients >0.2)

PO2.08.06

Early D-cysteine or L-cysteine supplementation
prevents later-life hypertension and kidney damage in
spontaneously hypertensive rats exposed to
high-salt intake

Y. Tain, C. Hsu

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Nitric oxide (NO), hydrogen sulfide (H2S), and
renin-angiotensin system (RAS) are involved in the develop-
ment of hypertension and kidney disease. We and others have
demonstrated that early renal NO deficiency, a predecessor of
hypertension, is a characteristic of the spontaneously hyper-
tensive rat (SHR). Additionally, we found that young SHRs
exposed to high-salt (HS) consumption develop accelerated
kidney damage and hypertension, which is associated with
impaired NO system and increased oxidative stress.
Since exogenous H2S has been reported to protect the SHR
against hypertension, we therefore investigated whether sup-
plementation of D- or L-cysteine (the precursor of H2S) in
early life can prevent hypertension and kidney damage is adult
SHRs exposed to HS intake and elucidated the interplays
between H2S, NO, and RAS system.
Methods: SHRs aged 4 weeks were randomly assigned into
four groups (N= 10 for each group): Group1, SHR without
treatment; Group 2, SHR+HS, rats received 1% NaCl in
drinking water for 8 weeks; Group 3, SHR+NS+D, rats
received HS for 8 weeks and D-cysteine (8mmol/kg body
weight/day) via gastric intubation between 4 and 6 weeks of
ages; and SHR+HS+ L, rats received HS for 8 weeks and
L-cysteine (8mmol/kg body weight/day) via gastric intubation
between 4 and 6 weeks of ages. Blood pressure (BP) was mea-
sured in conscious rats by using an indirect tail-cuff method.
All rats were sacrificed at 12 weeks of age.
Results: The major findings in this study were: (1) HS intake
exacerbated hypertension and kidney damage in SHRs, which
D- or L-cysteine supplementation prevented; (2) D- or
L-cysteine supplementation reduced HS-induced increases of
oxidative stress, which were not related to NO pathway;
(3) D- or L-cysteine supplementation decreased renal mRNA
expression of H2S-generating enzymes, including Cbs, Cth, and
Mpst; (4) Renal 3-mercaptopyruvate sulphurtransferase
(3MST) protein levels and activity were reduced by D- or
L-cysteine supplementation; and (5) D- or L-cysteine therapy
protected SHR against hypertension and kidney injury is
associated with the decreased mRNA expression of Ren
(encoded for renin) and increased protein levels of angiotensin
II type 2 receptor (AT2R).
Conclusions: Conclusively, HS intake aggravated hyperten-
sion and kidney damage in SHRs, which early D- or L-cysteine
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therapy prevented. Although early D- or L-cysteine
supplementation downregulated renal H2S-generating enzymes
in adult SHRs, their renoprotective and antihypertensive effects
might be linked to increases of renal AT2R protein levels,
decreases of renal mRNA levels of renin, and reduction of
oxidative stress. Our data highlighted that targeting on endo-
genous hydrogen sulfide pathway before hypertension becomes
evident by which the hypertension and kidney damage can be
prevented in adult SHRs exposed to HS consumption.

PO2.08.07

Maternal factors associated with antenatal breastfeeding
self-efficacy and infant feeding outcomes at 6 weeks
postpartum

E.J. O’Sullivan1, G. Alberdi1, H. Scully1, D. McGuinness2,
M. Brosnan2, F. McAuliffe1

1University College Dublin, DUBLIN, Ireland; 2The National
Maternity Hospital, DUBLIN 2, Ireland

Background: Despite national and international recommen-
dations, breastfeeding rates in Ireland remain among the lowest
in the world. Breastfeeding is a modifiable early-life behaviour
that protects infants against many adverse health outcomes
including, but not limited to, gastrointestinal infection, otitis
media, and asthma. Breastfeeding also decreases the odds of
offspring overweight and obesity. In preparation for a large
randomised controlled trial of a breastfeeding-support inter-
vention, we aimed to explore maternal characteristics associated
with antenatal breastfeeding self-efficacy and infant feeding
mode at 6 weeks postpartum among women giving birth in
both a rural and an urban Irish hospital.
Methods: This is a prospective breastfeeding-support feasibility
study conducted at two sites in Ireland: The National Maternity
Hospital (NMH; urban), Dublin and Wexford General Hospital
(WGH; rural), Wexford. Participants were nulliparous women
over 18 years of age recruited at approx. 32 weeks’ gestation.
Participants attended a study-specific breastfeeding class at
36 weeks’ gestation with a support partner, had a one-to-one
lactation consultation early postpartum, and had the option to
attend a weekly breastfeeding clinic for 6 weeks postpartum.
Baseline demographic data and the validated Breastfeeding Self-
Efficacy Scale Short Form (score range 14–70) were collected by
questionnaire at the antenatal class. At 6 weeks postpartum,
mothers completed an online questionnaire about feeding prac-
tices. We explored variables associated with antenatal breastfeed-
ing self-efficacy and human-milk feeding (any/exclusive) at
6 weeks postpartum using Chi-square analyses.
Results: One hundred mothers participated (77 from The
NMH and 23 from WGH) and provided baseline data;
64 mothers (49 from The NMH and 15 fromWGH) provided
follow-up data. Mothers were an average of 32 years of age, the
majority were married or in a relationship, had 3rd-level
education, and were Irish, 59% were under/normal-weight and

41% were overweight/obese.Median antenatal breastfeeding self-
efficacy score was 42. Three maternal characteristics were asso-
ciated with antenatal breastfeeding self-efficacy: mothers under 30
years of age, of non-Irish nationality, and who had given up
smoking on discovering they were pregnant were significantly
more likely to have breastfeeding self-efficacy scores above the
group median. Factors associated with infant feeding mode
(Figure 1) at 6 weeks postpartum varied depending on the hos-
pital from which mothers were recruited. At The NMH, under/
normal-weight mothers were more likely to be exclusively
human-milk feeding than overweight/obese mothers (79% vs.
50%, P= 0.04). There was a trend for non-Irish mothers to be
more likely to be exclusively human-milk feeding than Irish
mothers (84% vs. 60%, P=0.07) and for mothers with high
antenatal breastfeeding self-efficacy to be more likely to feeding
any human milk than those with low self-efficacy (96% vs. 81%,
P=0.08). AtWGH, mothers with 3rd-level education were more
likely to be exclusively human-milk feeding than those with sec-
ondary education (71% vs. 0%, P= 0.002).
Conclusions: Increasing breastfeeding self-efficacy, particu-
larly among older mothers and Irish-born mothers, is a
potential mechanism for improving breastfeeding outcomes in
future interventions. Populations to target in future interven-
tions include overweight and obese mothers, mothers with
lower education, and Irish-born mothers.

Feeding mode at 6 weeks postpartum (n= 64)
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PO2.08.08

Effect of maternal low quality protein diet on
plasma biochemical parameters in adult male
and female offspring

A. Kabasakal Çetin1, A. Güleç2, I. Onbasilar3,
A. Akyol Mutlu2

1Hacettepe University, ANKARA, Turkey;
2Hacettepe University Department of Nutrition and
Dietetics, ANKARA, Turkey; 3Hacettepe University
Transgenic Animal Technology Research Center, ANKARA,
Turkey

Background: Sub-optimal nutrition during gestation and
lactation may programme the development of chronic
diseases later in life. Although several studies showed that
exposure to maternal low protein diet may induce detrimental
effects on offspring metabolism, the metabolic effects of
maternal low quality protein diet on fetal life is largely
unknown. This study aimed to determine the effects
of low quality protein diet during pregnancy and lactation on
plasma glucose, insulin, total cholesterol, triglyceride and
leptin concentrations in male and female offspring at 20 weeks
of age.
Methods: Virgin female Wistar rats (11 weeks old) were mated
and divided into two groups as control (C, 20% casein protein;
n= 6) and low quality protein diet (LP, 20% wheat gluten
protein; n= 7), randomly. During gestation and lactation both
groups were maintained on the same diets. Male and female
offspring were weaned onto control diet. Animals were culled
and plasma samples were taken at 20 weeks of age. Circulating
parameters including glucose, insulin, total cholesterol, trigly-
ceride and leptin were measured. The effect of maternal diet on
maternal and fetal outcomes was assessed using a general linear
model analysis of variance (ANOVA) (fixed factors, maternal
diet and sex).
Results: Plasma glucose, insulin, total cholesterol, triglyceride
and leptin concentrations in male and female offspring was
shown in Table 1. Plasma glucose (p= 0.249), total cholesterol
(p= 0.247) and triglyceride (p= 0.725) concentrations did not
differ between groups in both sexes. While maternal low
quality protein diet had no effect on plasma leptin levels
(p= 0.738), female offspring’s plasma leptin concentrations
were lower than male offspring (p= 0.024). Plasma insulin
concentrations were significantly decreased in WG group in
both sexes. (p= 0.016).
Conclusions: Maternal exposure to a low quality protein diet
during gestation and lactation leads to reduced plasma insulin
levels in male and female offspring during adult life. Future
studies will continue to examine the influence of altered insulin
levels on offspring’s phenotype.
Funding: The present study was funded by the Scientific and
Technological Research Council of Turkey (TUBITAK),
Number 115S538.

PO2.08.09

Inadequate Dietary Intake during Complementary Feeding
at 12 and 18 Months of Age: PREOBE study

M. García-Ricobaraza1, E. Parejo-Laudicina1, L. Ladino2,
M.T. Segura Moreno1, M. García-Bermudez1,
M. Escudero-Marín1, C. Campoy Folgoso1

1Excellence Centre for Paedriatic Research, GRANADA, Spain;
2Institute of Research in Nutrition, Genetics and Metabolism
(IINGM)El Bosque Uni, BOGOTÁ, Colombia

Background: Nutrient requirements increase dramatically at
6 months of age after birth. Although breastfeeding is the best
source of nutrients for infants, other foods are introduced to cover
nutrient needs for optimal growth and development during the
first 18 months of life. We aimed to analyse if dietary requirement
of energy and important nutrients such as protein, sugar, vitamin
D, iron, iodine and zinc were covered during complementary
feeding in Spanish infants at 12 and 18 months of age.
Methods: 74 infants participating in the PREOBE study
(http://www.ClinicalTrials.gov NCT01634464) were selected
for the present study. Infant’s dietary assessment was performed
using a 3-days 24h dietary record (2 working days and
1 weekend day) which was analysed using the DIAL software
version 3.3.8. Nutrient intake was compared to the Dietary
Reference Intakes (DRIs) (http://www.nal.usda.gov) and classified
in three categories: intake <90% of requirements as low intake,
intake between 90-110% as adequate intake and >110% as high
intake. Kolmogorov-Smirnov normality test was applied for con-
tinuous variables and non-parametric tests (Chi2) was applied for
categorical variables using SPSS version 21.0. Values with ±2
standard deviation (SD) of the mean were discarded.
Results: Most of the infants at 12 months of age exceed total
energy (79.7%), vitamin D (62.7%) and zinc (87.1%) intake;
however, almost 60% of infants were deficient in iron intake
(58.6%, p< 0.001). At 18 months of age, 49,3% of infants
showed an iron intake over requirements (p = 0.015), as well as
78,3% of them had an intake of energy over DRIs (p <0.001)
and the same for zinc (94.1%, p <0.001). Only 5.6% of the
infants had an adequate intake of vitamin D and the rest
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showed an inadequate intake (47.9% deficient or 46.5%
excess, p <0.001, respectively) at 18 months of age. 100% of of
children, both at 12 and 18 months of age, 100% of infants
showed an intake of proteins and sugar higher than recom-
mended (p <0.001), while in the 80.0% of them iodine’ intake
resulted insufficient (p< 0.001).
Conclusion: Our results show an inadequate intake of total
energy, proteins, sugar, vitamin D, iron, zinc, and iodine in
infants at 12 and 18 months of age. These inadequacies of
nutrient intake in infants observed in the present study has
been demonstrated to be associated to higher risk of obesity,
type 2 diabetes, cardiovascular diseases, and neurodevelop-
mental disorders. The results suggest the need to optimise the
supply of energy, proteins, sugars and micronutrients in infants
during the first 1.5 years of life to achieve the nutritional
requirements, by improving the quality of complementary
feeding during this critical period of life.

PO2.08.10

Effects of maternal coconut oil supplementation during
lactation upon their male rat offspring

E.G. de Moura, F.T. Quitete, P.C. Lisboa, E. Oliveira

State University of Rio de Janeiro, RIO DE JANEIRO, Brazil

Some oils considered healthy has been commonly used, even in
critical periods. We studied the effects of coconut oil supple-
mentation in dams during lactation upon endocrine-metabolic
profile of the offspring, and the impact of their continued
exposure over a lifetime. At birth, pups were divided into two
groups: 1) Soybean oil (SO, n= 10); and 2) Coconut Oil (CO,
n= 10). Dams of each group received the oils through gavage
(0,5g/kg of body weight) during lactation. Half of the CO
group continued receiving coconut oil in chow throughout life
(CO+C). At weaning, milk from CO dams was more caloric
than SO due to high cholesterol and triglycerides content,
without change of body mass (BM) in dams and pups. At
PN180, CO and CO+C groups had higher body mass, but
CO group had higher visceral fat mass (VFM) and CO+C
group had higher lean mass when compared with SO group.
CO group had hyperphagia and CO+C group had hypopha-
gia. CO group showed higher leptinemia when compared with
SO and CO+C groups. No changes were found in blood
glucose, insulin, corticosterone, cholesterol, triglycerides, liver
content of cholesterol and triglycerides. CO group presented
higher plasma total T3, TSH and mRNA expression of Dio1 in
liver and Dio2 in brown adipose tissue (BAT) in relation to SO,
without changes in TRβ1 in liver and UCP-1 in BAT. These
parameters in CO+C were similar to SO group. Coconut oil
changed breast milk composition, and caused important dys-
function at long term, characterizing the metabolic program-
ming phenomenon. In adult life CO group developed
overweight, hyperleptinemia and thyroid dysfunction. Con-
tinuous exposure to coconut oil throughout life prevented most

of these dysfunctions. Thus, we suggest that maternal supple-
mentation of coconut oil can be deleterious to their offspring,
but if these offspring are continuous supplemented with
coconut oil in the diet they had a almost normal profile.

PO2.08.11

The nutrition transition in the rural and urban Free State
province, South Africa

C.M. Walsh

University of the Free State, BLOEMFONTEIN, South Africa

Background: Urbanization is associated with increased risk for
chronic diseases, largely due to the nutrition transition, char-
acterised by changes from traditional to westernised diets. This
study compared diet, levels of physical activity and anthro-
pometry of rural and urban communities.
Methods: Dietary intake and physical activity were measured
using 24-hour recalls and food frequency questionnaires in 558
rural (median age 50years) and 419 urban (median age 45years)
participants. Anthropometric measurements were taken
according to WHO guidelines.
Results: More than 60% of all participants had an inadequate
intake of milk, fruits and vegetables and >50% ate more than the
requirement for meat and starches. Intake of fats and oils as well as
sweets and sugars was significantly higher in rural than urban
participants, probably contributing to the significantly higher
median energy intake in rural participants compared to urban
(8495kJ versus 6463kJ for men and 7705kJ versus 6294kJ for
women). 42% of rural men compared to 13% of urbanmen were
classified as very active (p< 0.0001) and 37% of rural women and
only 3% of urban women were very active (p< 0.0001). Median
body mass index (BMI) of both rural and urban men was within
the normal range (20.2kg/m2 and 19.7kg/m2 respectively). In
contrast, both rural and urban women were more overweight
(median BMI of 28kg/m2 for both groups).
Conclusion: The diet of both urban and rural participants was
not prudent, but rural participants were more active. A con-
sequence of poor diet (mostly rural) and low levels of physical
activity (mostly urban) are reflected in the high median BMI of
women. Interventions aimed at addressing the consequences of
the nutrition transition are a priority in both rural and urban areas.

PO2.08.12

Assessment and determinants of compliance to vitamin
supplementation in the Pune Rural Intervention in Young
Adolescents (PRIYA) trial.

D.P. Suryawanshi1, A. Shidore1, R. Ladkat1, P. Yajnik1,
A. Bhalerao1, S. Chougule1, T. Deokar2, V. Solat1,
J. Kalokhe1, M. Raut1, M. Gaikwad1, R. Dendge1,
S. Bagate1, S. Jagtap2, C.H.D. Fall3, C.S. Yajnik1

1King Edward Memorial Hospital & Research Centre, PUNE,
India; 2K.E.M Hospital and Research Centre, PUNE, India;
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3MRC Environmental Epidemiology Unit, University of
Southampton, SOUTHAMPTON, United Kingdom

Background: One of the important determinants of outcome
of any intervention trial is compliance of the study subjects to
the intervention. If the compliance is not assessed adequately
and controlled for during analysis, it might affect the inter-
pretation of the effects of intervention by introducing a bias.
Various methods are employed to estimate the compliance in
intervention studies. We report assessment of compliance to
vitamin supplementation in the Pune Rural Intervention in
Young Adolescents (PRIYA) trial, and analyse the factors
influencing compliance.
Methods: The PRIYA trial is a double blind randomized
controlled intervention trial in 6 villages near Pune (India)
since September 2012. It investigates the effects of pre-
conceptional nutritional supplementation on growth and
development of their offspring, and will assess the effect on risk
of diabesity in the long run. 557 eligible young adolescents of
the Pune Maternal Nutrition Study (PMNS) were randomized
to receive either Vitamin B12 alone, or Vitamin B12+multi-
ple micronutrients (UNIMAPP)+milk powder, or placebo.
Every month field workers distributed a bottle of investiga-
tional product (IP) with labelled instructions to take 2 pills
per day. Previous month’s bottle was retrieved to count
remaining capsules. Each bottle contained 65 capsules
(30× 2= 60 capsules and 5 extra capsules to cover any loss or
delay in delivery of the next bottle). Percent compliance was
calculated for each month by the formula: [(65 – Remaining
capsules) / 60]× 100, and average was calculated for each par-
ticipant over duration of the trial. Compliance > = 80% was
considered as good; whereas < 50% was considered as unsa-
tisfactory. Multiple logistic regression models were run to
determine the predictors associated with good as well as unsa-
tisfactory compliance.
Results: The participants were 16.4 years at randomization
(291 boys, 266 girls), mostly school going (average years of
schooling: 11.6 yrs [ ± 1.6]). We report compliance for the first
47 rounds of the intervention (Sept. 2012 – Jul. 2016). The
median compliance was 81% [0, 108.3], 52% had good and
8% had unsatisfactory compliance. Not unexpectedly, the
compliance reduced with increasing duration of trial (Fig 1).
Good compliance was associated with female gender (56% vs
47%, p= 0.001), lower socio-economic status (p< 0.05) and
intervention group (p< 0.05). On the other hand, unsatisfac-
tory compliance was associated with male gender (12% vs 4%,
p< 0.001) and lower educational attainment (p< 0.05).
Migration, marital status and pregnancy were unrelated to
compliance.
Conclusion: Pill count is a feasible method to assess com-
pliance in a community based rural intervention trial.
Compliance in our trial appears to be higher than other long
term community-based trials from different parts of the
world. Compliance was better in women and in the lower
socio-economic status participants but poorer in less educated.

There was a significant difference between trial groups which
will need to be considered in analysis and interpretation.

Compliance over time in the intervention groups

PO2.08.13

Barriers and facilitators to fruit and vegetable consumption
among rural Indian women of reproductive age

S.H. Kehoe1, V. Dhurde2, S. Bhaise2, R. Kale2, K. Kumaran1,
A. Gelli3, R. Rengalakshmi4, S. Sahariah2, H. Sane2,
R.D. Potdar2, C.H.D. Fall1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2Centre for Study of Social Change, MUMBAI, India;
3International Food Policy Research Institute, WASHINGTON
DC, United States of America; 4MS Swaminathan Research
Foundation, CHENNAI, India

Background:Micronutrient insufficiencies are a serious public
health problem among women of reproductive age in India,
adversely affecting maternal health and economic productivity,
and child growth and educational outcomes. Fruit and vege-
tables are important sources of micronutrients and consump-
tion of these foods is low, particularly in rural areas. Our
objective was to identify perceived barriers and facilitators to
fruit and vegetable consumption among women in rural com-
munities in Eastern Maharashtra, India. The majority of rural
Indians rely on markets for access to fruit and vegetables so we
also aimed to identify opportunities to intervene in supply
chains to increase availability and affordability of these foods.
Methods:We held 9 focus group discussions and 12 one to one
interviews with women of reproductive age (18-40 years) in
villages surrounding Wardha. We also held one to one inter-
views with farmers, wholesalers and vendors in the local area.
The data collection was stopped when no new information
emerged. We used inductive thematic coding to analyse
the data.
Results: The majority of women knew that fruit and vegetables
were beneficial to health and wanted to increase their intakes.
Seven main themes were identified as being barriers or

S280 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


facilitators to fruit and vegetable consumption: 1) Household
dynamics whereby women were the last to eat and had little
control over which foods were prepared; 2) Workload and
feeling too tired to eat ; 3) Likes and dislikes; 4) Time pressures
with preparing and eating food a low priority; 5) Environ-
mental Factors such as space and water for kitchen gardens, lack
of availability in summer; 6) Social and Cultural Norms
including food taboos and gender role expectations; 7) Cost
and affordability.
On the supply-side, challenges included destruction of crops by
wild animals and unpredictable weather; risk associated with
unpredictable market value of produce and lack of storage and
transport.
Conclusions:Most womenwould like to consumemore fruit and
vegetables. Several potentially modifiable factors affecting intakes
were identified. It is important that the supply chains of fruit and
vegetables in these communities are well understood in order to
identify opportunities to intervene to increase consumption.

PO2.08.14

Mixed environmental exposures and early childhood
nutrition status among children in Bangladesh and rural
New Hampshire

K.M. Gleason1, L. Valeri1, A.H. Shankar1, M.O. Sharif Ibne
Hasan2, Q. Quamruzzaman2, D. Christiani1, R.O. Wright3,
D.C. Bellinger1, M.R. Karagas4, M. Mazumdar1

1Harvard T.H. Chan School of Public Health, BOSTON, United
States of America; 2Dhaka Community Hospital, DHAKA,
Bangladesh; 3Mt. Sinai School of Medicine, NEW YORK, United
States of America; 4Geisel School of Medicine, Dartmouth College,
HANOVER, United States of America

Background: Increasingly, children are exposed to multiple
chemicals in the environment, including heavy metals such as
lead, arsenic, and manganese. In many countries, these exposures
occur concomitantly with over- or under-nutrition, potentially
contributing to poor growth and development. We aimed to
investigate the associations between mixed environmental expo-
sures and early childhood nutrition status, among cohorts of
children in Bangladesh and rural New Hampshire.
Methods: Participants from Bangladesh are children aged 2-3
years who are members of a longitudinal birth cohort estab-
lished to study the health effects of prenatal and early childhood
exposures to metals in the environment; New Hampshire par-
ticipants are members of the New Hampshire Birth Cohort
Study, established to explore the effects of fetal exposure to
environmental contaminants. In Bangladesh, umbilical cord
blood samples were collected at birth, and blood samples were
collected via venipuncture at age 20-40 months. Stunting
status was determined using the Child Growth Standards
developed from the World Health Organization Multicentre
Growth Reference Study. Children with height for age < -2
z-scores below the median of the WHO Child Growth

Standards were classified as stunted in all analyses. A multi-
variable generalized additive model (GAM) was constructed
using tensor product smoothing, ti(), to test for interactions
between metal mixtures. Similar methods will be applied to our
New Hampshire Birth Cohort.
Results: In Bangladesh, median (IQR) venous blood lead,
manganese and arsenic levels were 5.7 (3.8-8.8), 2.0 (1.5-2.5)
and 0.7 (0.3-1.3) μg/dL, respectively. Results of the GAM
highlighted a significant main effect of each individual metal on
early childhood stunting (p-values: As = 0.02; Mn = 0.004;
Pb = 0.04) and a significant As/Mn interaction (p-value =
0.02). Evidence of a significant As/Mn interaction (p-value =
0.02) was found, indicating a manganese-driven reduced effect
of arsenic on stunting in our Bangladeshi cohort.
Conclusions: Early childhood blood lead and arsenic con-
centrations were independently associated with an increased
risk of stunting at age 20-40 months, whereas manganese
exposure was associated with decrease of stunting in rural
Bangladesh. Additionally, manganese exposure appeared to
decrease the risk associated with arsenic in our Bangladeshi
cohort, demonstrating the ability for individual main effects of
heavy metals to operate synergistically in a mixture.

PO2.08.15

Understanding the role of cell cycle in the fetal
programming response to undernutrition

N. Ertugrul Bilgili, S.C. Langley-Evans, S.J.M. Welham

Division of Nutritional Science, School of Biosciences, University
of Nottingham, NOTTINGHAM, United Kingdom

Background: The evidence linking early life nutrition to disease in
adult life is now accepted as a cornerstone of public health devel-
opment programmes all over the world.Maternal diet is a key factor
affecting fetal development and maternal undernutrition is asso-
ciated with increased risk of adult disease, involving metabolic
syndrome, diabetes, hypertension and cardiovascular disease,
alongside the occurrence of obesity in the offspring in the later life.
We have previously shown in animal studies, that maternal protein
restriction during pregnancy programmes anatomical, physiological
and metabolic changes in exposed offspring. Changes in homeo-
static regulation and tissue function that follow exposure to
maternal undernutrition are closely associated with changes to
organ structure. These changes to size and/or numbers of functional
units in tissues must be driven by attenuation of cell proliferation
and/or differentiation during development. This, and observations
from transcriptomics studies in animals, suggest that the cell cycle is
a target for nutritional programming. The aim of this study was to
determine the progression of cell cycle in response to a challenging
nutritional environment in vitro.
Method: A series of cell culture experiments were performed
using varying amino acid concentrations (0-100% of stock
concentrations) and serum replacements. C2C12 cells were
cultured in Dulbecco’s modified Eagles medium (DMEM) and
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10% fetal bovine serum. After 24h, cells were treated with
Hanks’ Balanced Salt Solution (HBSS) media which was sup-
plemented with different amino acid concentrations and serum
replacements for a further 24h. After treatment, cells were
harvested, fixed with ethanol and labelled with propidium
iodide. Cell cycle arrest was monitored with fluorescence-
activated cell sorting, reading on a cytometer at 488nm. The
expression of genes in the cell cycle regulatory pathway was
determined by quantitative real-time PCR.
Results: Our preliminary result have showed that the culture
media has a significant impact on the progression of cell cycle.
Insulin Selenium Transferrin (ITS) were used as a serum
replacement and showed limited proliferation in the cells
compared to Fetal Bovine Serum (FBS) group (P< 0.05). In
the FBS supplemented medium, cells grown in medium with
10% amino acids had significantly more cells arrested at G1
compared to cells grown at 100% amino acids (76% G1 arrest
vs 67%, P< 0.05).
Conclusion: Limiting the concentration of amino acids inHBSS
culture medium decreased the rate of C2C12 cell proliferation
in vitro. These findings suggest that effects of protein restriction
during development may be due to limiting amino acids altering
regulation of the cell cycle. In order to further understand the
mechanism that links the fetal environment with later health we
will focus on determining the effects of amino acids on gene
expression in the cell cycle regulatory pathway.

PO2.08.16

Maternal omega-3 supplementation and endotoxin
challenge in late gestation and their effects on piglet health

A.V. Lee, L. You, S. Oh, R.E. Fisher-Heffernan,
C.F.M. de Lange, N.A. Karrow

University of Guelph, GUELPH, Canada

Background: Maternal stress, such as a bacterial infection
occurring in late gestation, may predispose offspring to a variety of
diseases later in life. It may also alter programming of developing
systems within the fetus, such as the hypothalamic-pituitary-
adrenal (HPA) axis and immune system. Dietary supplementa-
tion during the last trimester of pregnancy with immune-
modulating compounds may be a means of reducing adverse
effects of maternal stress on the developing foetus. Essential
omega-3 polyunsaturated fatty acids (n-3 PUFA) such as doc-
osahexanoic acid (DHA) and eicosapentanoic acid (EPA) are
well-known for their immune-modulating and anti-inflammatory
properties. Sources of these n-3 PUFA include fish products such
as fish oil (FO) rich in DHA and EPA, and more sustainable
sources such as algae, which is particularly rich in DHA. The aim
of this study was to compare a control diet to diets supplemented
with algae meal (Unextracted Aurantiochytrium limacinum
CCAP 4087/2 algae FORPLUSTM, Alltech Inc; AM) or FO, in
addition to an immune stress challenge in sows during late
gestation, to evaluate the effects of maternal n-3 supplementation
on piglet growth, and stress and immune responsiveness.

Methods: Forty-eight sows were fed diets containing 3.12%
AM, 3.1% FO or a control diet containing 1.9 corn oil starting
during late gestation (gestation day 75; gd75). On gd112, half
the sows in each treatment were immune stress challenged with
bacterial lipopolysaccharide (LPS) endotoxin (10 ug/kg). After
farrowing, the piglets remained with their dams until 21 days of
age, and were then weaned. One week after weaning, four
piglets per sow were immune stress challenged with LPS
(40 ug/kg). At the same time, four piglets per sow were vacci-
nated with the novel antigens chicken ovalbumin (OVA) and
Candidas cellular antigen (CAA) at a dose of 1mg/ml and
received booster vaccinations two weeks later. Four weeks after
the initial vaccination, a transdermal hypersensitivity immune
challenge was performed using the same antigens. Blood sam-
ples were also collected to examine immunoglobulin IgG
responses to both antigens.
Results: PUFA enrichment in sow blood and piglet brain was
detected after 40 days on feed. The sow fever response to LPS
challenge was attenuated in FO and AM treatments. Results
from piglet performance, piglet stress and fever response to
LPS, and piglet immune response to vaccination were affected
by both maternal diet and maternal inflammatory status.
Results also vary significantly between male and female
offspring for parameters including basal cortisol levels, fever
response, and skinfold thickness in response to OVA and CAA
antigens.
Conclusions: The results from this study show that AM sup-
plementation in sows during late gestation was largely com-
parable to FO in terms of the piglet stress response and health
in the face of an immune stressor, and that FO and AM sup-
plementation may help to prevent the negative effects of
maternal stressors on fetal development in this instance.

PO2.08.17

Maternal dietary patterns and associations of having a small-
for-gestational-age or a large-for-gestational-age baby

M.D. Englund Ögge1, A.E. Brantsaeter2, J. Juodakis1,
M. Haugen2, H. Meltzer2, B. Jacobsson1, V. Sengpiel3

1Östra Hospital, GÖTEBORG, Sweden; 2Norwegian Institute of
Public Health, OSLO, Norway; 3Östra Hosptial, GÖTEBORG,
Sweden

Background: Maternal diet influences infant growth but
associations with food quality are inconsistent. The aim of this
study is to assess if maternal dietary patterns affect prevalence of
small-for-gestational-age (SGA) and large-for-gestational-age
(LGA) in a well-nourished population.
Material/Method: This study is based on the Norwegian
Mother and Child Cohort Study and includes 65,904 pregnant
women who answered questionnaires in gestational week 15
(general health questionnaire) and 22 (food frequency ques-
tionnaire). The food frequency questionnaire covered intakes
during the first half of pregnancy. We extracted three data-
driven dietary patterns using principal component factor
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analyses and categorized participants into four non-overlapping
groups “high prudent”, “high Western”, “high traditional” and
“mixed”. We obtained information about infant birth size and
gestational age from the Norwegian Medical Birth Registry and
calculated SGA and LGA according to ultrasound-, population-
based and customized based definitions.We estimated odds ratios
(OR) with 95% confidence interval (CI), and controlled for
confounding with multiple logistic regression.
Results: Associations between maternal dietary patterns and
SGA and LGA differed with different definitions of the out-
come. Women in the high prudent group had increased pre-
valence of SGAultrasound, OR 1.25 (95% CI: 1.08, 1.54),
compared to women in the high Western group (reference).
Furthermore, women in the high prudent group had lower
prevalence of LGApopulation, OR 0.84 (95% CI: 0.75, 0.94) as
well as for LGAcustomized , OR 0.88 (0.78, 0.99). Similar trends
were seen in sub-group analyses.
Conclusion: Apart from food quantity, food quality might
affect birth weight. Adherence to the high prudent dietary
pattern was associated with increased prevalence of SGA and
decreased prevalence of LGA, compared to high Western diet.
High adherence to traditional diet was associated with
increased LGA prevalence.

PO2.09 – Embryonic, fetal and placental health

PO2.09.01

First trimester embryonic posture using 4D
ultrasonography and Virtual Reality: a pilot study

A. Frudiger1, M. Rousian1, A.G.M.G.J Mulders1,
S.C.N. Plasschaert1, A.H.J. Koning1, S.P. Willemsen1,
R.P.M. Steegers - Theunissen1, J.I.P. de Vries2, E.A.P. Steegers1

1Erasmus MC, ROTTERDAM, The Netherlands; 2VU
University Medical Center, AMSTERDAM, The Netherlands

Background:Neurobehaviour in early life, an expression of the
maturational process of the central nervous system, reflects
embryonic development. Variations in embryonic develop-
ment may result in variable pregnancy outcome and hence
differences in neonatal health or even health in later life. It is
unknown whether neurobehavioral development during
embryonic life is associated with pregnancy outcome. There-
fore, knowledge on neurobehavioral development during the
embryonic period should be expanded. Neurobehavioral
development can be reflected by embryonic posture and
movement. In order to study embryonic posture it is supportive
to image the embryo simultaneously in three dimensions.
When studying embryonic movements, a fourth dimension
(i.e. time) is needed. The availability of the I-Space Virtual
Reality (VR) system allows for instant adjustments of optimal
depth perception and therefore facilitates three-dimensional
(3D) and four-dimensional (4D) visualization. The aim of this
study is to test the reproducibility of embryonic posture mea-
surements performed in the first trimester using 4D ultrasound

data and VR. Secondly, we aim to describe the observed ana-
tomic positions of various body parts.
Methods: For this observational pilot study 23 pregnant women
were included, all participating in an ongoing prospective cohort
study (Rotterdam periconceptional cohort (Predict study)). Using
a GEVoluson E8 ultrasoundmachine transvaginal 4D ultrasound
examinations were performed for 30minutes between 9 and
10 weeks’ gestational age (GA). The acquired datasets were eval-
uated in the I-Space VR system. Datasets with a very low quality
(quality score = 0), based on the overall clarity, could not be used
for evaluation. For all frames it was determined whether the
embryo was at rest or in movement. If distinction between rest or
movement could not be made the frame was classified as uneva-
luable. Subsequently, embryonic posture was evaluated once
during each resting period. To determine posture, we evaluated
the position of the head, spine, upper and lower extremities. To
analyse the intraobserver and interobserver reproducibility of the
distinction between rest and movement all measurements were
performed by two investigators separately. To analyse the repro-
ducibility of the embryonic posture we calculated the agreement
of designated anatomic position of each body part in percentages.
Results: The data of 16 patients had overall good quality. The
analysis of the embryonic posture showed a strong (>80%)
intraobserver and interobserver reproducibility for the majority
of the body parts. Figure 1 shows the anatomic position of
embryonic body parts in an embryo between 9 and 10 weeks’
GA. Most body parts are in the same position in each embryo.
Variation in anatomic body positions, within and between
embryos, was seen in the head, spine, shoulders and wrists.
Conclusions: In this study, the posture of the embryo is
measured for the first time using 4D and VR datasets. The
reproducibility of embryonic posture measurements was high
(>80%) in most body parts. Embryonic body parts do show a
preference for specific anatomic positions. However, variation
already occurred as early as 9 weeks. The current study opens a
new era in research of embryonic posture and hence in neuro-
behavioral development during early life.
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PO2.09.02

Fetal fractional thigh volume: a 3D-ultrasound marker of
neonatal adiposity

J.A. Roelants1, M.J. Vermeulen1, I.V. Koning1,
I.A.L. Groenenberg2, S.P. Willemsen2,
A.C. Hokken - Koelega1, K.F.M. Joosten1, I.K.M. Reiss1,
R.P.M. Steegers - Theunissen2

1Erasmus MC Sophia Children’s Hospital, ROTTERDAM, The
Netherlands; 2Erasmus MC, ROTTERDAM, The Netherlands

Background:Obesity in childhood is a major problem, both in
the developed and the developing world. The predisposition of
obesity is suggested to originate in the prenatal, and even in the
periconceptional period. Increasing evidence shows that adip-
osity in the neonatal period is a better marker for childhood
obesity than (birth)weight. If we would be able to identify
fetuses at risk for neonatal adiposity during pregnancy, we
might have an opportunity to decrease obesity rates in the
future. In this study, we assessed the use of a three-dimensional
(3D) ultrasound (US) soft-tissue measure as marker of neonatal
adiposity. Previous studies showed that this marker, called fetal
fractional thigh volume (TVol), can be used shortly before
delivery as marker of neonatal adiposity. Measurement earlier
in pregnancy might however lead to earlier identification of
fetuses at risk for neonatal adiposity, providing a longer
timeframe for interventions. Therefore, we investigated the
association between neonatal adiposity and fetal TVol from
mid-gestation onward, and assessed whether TVol growth
during pregnancy - based on serial measurements – would
provide a better marker for neonatal adiposity than single TVol
measurements.
Methods: Embedded in the Rotterdam Periconception cohort,
this prospective perinatal cohort study was conducted between
September 2014 and September 2016. Singleton pregnancies
with term born neonates were selected for the analyses. Fetal
TVol was measured on 3D-US scans performed at 22, 26 and
32 weeks of gestation. Neonatal adiposity measurement (per-
centage body fat, %BF) was planned between 42+ 0 and 42+ 6

weeks postmenstrual age using air-displacement plethysmo-
graphy (PEAPOD

®

). Associations between neonatal %BF and
TVol (single measurements and TVol growth) were analyzed
using linear regression analysis, taking into account the fol-
lowing covariates: gender, gestational age at 3D-US and at body
composition measurement, maternal age, smoking and BMI
and parity.
Results: Seventy-nine mother-child pairs with 192 prenatal
3D-scans were included in the analyses. Median (interquartile
range) TVol increased from 7.6 (7.1;8.5) cm3 at 22 weeks to
36.5 (33.8;40.9) cm3 at 32 weeks. Median neonatal %BF was
14.3% (11.7;17.0). TVol at 22 weeks (β= -1.58, 95%CI-
-2.49;-0.67, explained variance 0.31) and to lesser extend TVol
growth between 22 and 32 weeks were negatively associated
with %BF (explained variance 0.18). TVols at 26 and 32 weeks
were not significantly associated with %BF.

Conclusions: This prospective periconception birth cohort
shows that fetal TVol in mid-gestation is an easily applicable
3D-US marker, potentially useful for the prediction of neonatal
adiposity, and for monitoring the effects of prenatal prevention
strategies for childhood obesity. Serial assessment for TVol
growth between 22 and 32 weeks of gestation showed little
additional value for prediction of neonatal adiposity when
compared to the single TVol measurement at 22 weeks.

PO2.09.03

Prenatal salivary hormone levels and the risk of small-
for-gestational age

K. Svensson1, A.C. Just1, A. Fleisch2, A. Sanders1,
M. Tamayo y Ortiz3, A.A. Baccarelli4, R.J.W. Wright1,
M.M. Tellez-Rojo5, R.O. Wright1, H.H. Burris6

1Icahn School of Medicine at Mount Sinai, NEW YORK, United
States of America; 2Maine Medical Center Research Institute,
PORTLAND, United States of America; 3CONACyT, National
Institute of Public Health, CUERNAVACA, Mexico; 4Mailman
School of Public Health, Columbia University, NEW YORK,
United States of America; 5National Institute of Public Health,
CUERNAVACA, Mexico; 6Beth Israel Deaconess Medical Center,
Harvard Medical School, BOSTON, United States of America

Introduction: Small-for-gestational age (SGA) infants are at
higher risk for short- and long-term adverse health outcomes.
There is evidence in animals that maternal sex hormones such
as testosterone can affect fetal growth as well as postnatal catch-
up growth. The extent to which maternal hormones affect fetal
growth in humans is not known.
Methods:We analyzed 2nd trimester saliva samples (3 samples
per participant from one day) from 481 pregnant women in a
Mexico City birth cohort (PROGRESS). Progesterone, tes-
tosterone, estradiol, dehydroepiandrosterone and cortisone
were analyzed using LC-MS/MS and log-transformed. We
used modified Poisson regression models to calculate risk ratios
of SGA versus appropriate-for-gestational age (AGA) according
to maternal hormonal status. We also analyzed associations
between hormones and Fenton birth weight-for-gestational age
z-scores using linear regression models. We adjusted all models
for maternal age, sex, BMI, parity, smoking, education and
socioeconomic position. We also performed stratified analyses
by sex.
Results: There were 72(15.0%) SGA infants. Median (IQR)
testosterone was 14.6 (15.7), estradiol was 31.0 (37.7), and
testosterone/estradiol ratio was 0.5 (0.4). Higher testosterone/
estradiol ratio was associated with a higher risk of SGA versus
AGA (RR= 1.50 [95% CI: 1.13, 1.99]) per IQR increment in
log ratio. Higher testosterone/estradiol ratios were also asso-
ciated with lower birth weight z-scores (β = -0.15 [95% CI:
-0.27, -0.02]). Stratified analyses revealed similar effect esti-
mates among boys and girls (β = -0.14 [95% CI: -0.33, 0.05]
and β = -0.15 [95% CI: -0.31,0.02], respectively) . There were
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no associations of progesterone/estradiol ratios or individual
hormones with birth weight-for-gestational age.
Conclusion:Higher salivary testosterone/estradiol ratios in the
2nd trimester were associated with higher risk of SGA.
Our findings suggest hormones and their determinants may
contribute to programming of fetal growth.

PO2.09.04

The association of maternal age with fetal growth and
newborn measures: the Mumbai Maternal Nutrition
Project (MMNP)

C. di Gravio

University of Southampton, SOUTHAMPTON, United
Kingdom

Background: Young maternal age is associated with an
increased risk of adverse fetal and birth outcomes. We used data
from a prospective cohort of pregnant women living in
Mumbai slums, India, to examine associations of maternal age
with fetal ultrasound measures and newborn anthropometry,
and whether associations could be explained by maternal par-
ity, BMI, height, lifestyle and socio-demographic factors.
Methods: The data were collected between 2006 and 2012 as
part of the Mumbai Maternal Nutrition Project, a randomised
controlled trial investigating the effect on newborn measures of
a food-based micronutrient-rich supplement taken by the
mother from before pregnancy until delivery. At recruitment,
maternal weight and height were measured, and information
on the women’s socio-economic status, parity, diet and tobacco
use was recorded. Fetal crown-rump length (CRL) was mea-
sured at a median [IQR] of 10 weeks’ gestation [9-10 weeks].
Head circumference (HC), biparietal diameter (BPD), femur
length (FL) and abdominal circumference (AC) were recorded
at two subsequent visits (19, [19-20] and 29 [28-30] weeks’
gestation respectively). At visit 2, diet was re-assessed. Newborn
weight, length, skinfolds, abdominal, chest, head and mid-
upper arm circumferences were measured within 10 days
(2 days, [1-3 days]) from delivery. Because gestational age at the
time of each visit varied between women, and fetal size differed
between the sexes, within cohort sex-and-gestation specific
z-scores were calculated using the LMS method. A series of
regression models was employed to assess the association of
maternal age with fetal and newborn size after adjusting first for
allocation group, diet and tobacco use, then for socio-economic
status, parity, maternal pre-pregnancy BMI and height, and
finally for all variables simultaneously.
Results: The sample comprised of 1,653 singleton fetuses
without major congenital abnormalities, of whom 1,360 had
newborn measurements. We have previously found a positive
effect of the supplementation on newborn birth weight, but no
effect on fetal size or growth. There was a positive linear asso-
ciation between maternal age and fetal size. Fetuses of younger
mothers were smaller at the first and second visits (all p-values
< 0.01), and had smaller HC (17.7cm [16.2, 26.2cm] in

mothers < 19 years, compared with 20.1cm [16.7, 28.5cm] in
mothers >30 years at visit 3; p= 0.002) at visit 3. Equivalent
data for FL and AC were 3.2cm [2.8, 5.4cm] compared with
4cm [3, 5.7cm] and 14.2cm [13.0, 22.0cm] compared with
16.3cm [13.6, 23.9cm]; p< 0.001. Triceps and subscapular
skinfolds, head and mid-upper arm circumferences were smal-
ler in newborns of younger mothers. Adjusting for maternal
parity, BMI, height, socio-demographic and lifestyle char-
acteristics attenuated the associations between maternal age and
newborn size, but did not change those with fetal biometry.
Conclusion: Fetuses of younger mothers were smaller from the
first to the third trimesters. Maternal parity, BMI, height,
lifestyle and socio-demographic factors did not influence the
associations between maternal age and fetal size suggesting the
possible effect of other factors not captured by these variables.

PO2.09.05

Antenatal fetal size, birth weight and maternal deprivation -
not so straight forward after all?

S.W. Turner, L.A. Aucott

University of Aberdeen, ABERDEEN, United Kingdom

Introduction: Deprivation is associated with increased risk for
low birth weight (LBW) and also for many non-communicable
diseases (NCD). What is not understood is the gestation at
which deprivation is first associated with reduced fetal size. Our
hypothesis was that deprivation would be related to reduced
fetal size at birth and also in the first, second and third
trimesters.
Methods: Routinely acquired fetal ultrasound scan data were
linked to neonatal and maternal details held in the Aberdeen
Maternity and Neonatal Databank. Maternal details included
the Carstairs index of deprivation (1= least deprived, 6=most
deprived), maternal height, age, parity, self-reported smoking
status. Neonatal details included sex, gestation and birth
weight. Fetal and neonatal measurements were expressed as z
score standardised for gestation.
Results: Birth weight and occipito frontal circumference
(OFC) were available in 56,967 infants. The mean birth weight
and OFC was lowest in infants whose mothers came from the
most deprived communities, and measurements were relatively
increased in deprivation categories 5, 4 and 3 but were similar
across categories 1, 2 and 3, p< 0.001 for trend (see figure).
This trend was also seen for the subset where fetal scan data
were also available. The mean z score difference in birth weight
and OFC between infants whose mothers were from the most
and least deprived communities were 0.09 [95%CI 0.06, 0.12]
and 0.13 [95% CI 0.10, 0.16] respectively. Fetal measure-
ments were available in the third trimester from 5,974 preg-
nancies; here there was no difference in estimated fetal weight
(EFW) across deprivation categories, and there was increased
biparietal diameter (BPD) in category 2 compared to category 6
(mean difference 0.10 [95% CI 0.01, 0.19]. In the second
trimester, data from 15,896 scans were available and EFW was
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highest in the most deprived communities and lowest among
categories 1-3, p= 0.007 for trend (see figure); the mean dif-
ference between categories 1 and 6 was 0.11 [95% CI 0.04,
0.19]. The relative increase in weight between second trimester
and birth differed across deprivation categories (p< 0.001),
and was on average 0.18 z scores greater [95% CI 0.09, 0.27]
for those in the least deprived compared to those in the most
deprived category. There was no relationship between first tri-
mester size and deprivation among the 13,533 pregnancies
studied.
Conclusion: There are relatively minor associations between
deprivation and fetal size and growth, but the nature of the
relationship may not be straight forward. These findings need
replication on other populations.

PO2.09.06

Maternal PlGF is positively correlated to cord blood leptin
concentrations in infants born small-for-gestational-age

Z.C. Luo1, H. He2

1Xin Hua Hospital Affiliated to Shanghai Jiao Tong University
School of Medicine, SHANGHAI, China; 2Shanghai Jiao Tong
University, Xin Hua Hospital, Shanghai, China, SHANGHAI,
China

Background: Circulating placenta growth factor (PlGF) is a
biomarker of placental function. Mothers with low circulating
PlGF levels are more likely to deliver small-for-gestational-age
(SGA) infants who are at increased risk of metabolic syndrome
related disorders in later life. Leptin and adiponectin are
important hormones in regulating insulin sensitivity. We
sought to assess whether maternal circulating PlGF levels are
associated with leptin and adiponectin concentrations in
infants born SGA.
Methods: This was a nested case-control study in a prospective
pregnancy cohort - the Integrated Research Network of Peri-
natology in Quebec (n= 2366). Maternal plasma PlGF at the
3nd trimester (32-35 weeks) of gestation and cord plasma leptin
and adiponectin were measured. The study included 162 SGA
(birth weight <10th percentile) and 162 AGA (25th -75th

percentiles) singleton infants matched for ethnicity, smoking
status and gestational age.
Results: SGA newborns had significantly lower maternal PlGF
and cord plasma leptin concentrations than AGA infants.
Maternal plasma PlGF concentrations were positively corre-
lated to birth weight (r= 0.35, P< 0.0001) and cord plasma
leptin (r= 0.14, P= 0.03) concentrations, but not correlated
with adiponectin concentrations. Interestingly, there were dif-
ferential correlations between maternal PlGF and cord leptin
concentrations in SGA (r= 0.20, P= 0.03) and AGA (r=
-0.08, P= 0.35) infants. Among SGA neonates, those with low
maternal PlGF concentrations (<25th percentile) had lower
cord blood leptin concentrations (median: 6128.00 vs.
8335.00 pg/ml, P= 0.01).
Conclusions: Our study is the first to reveal that maternal
PlGF is positively correlated to cord blood leptin in SGA
infants. Maternal PlGF may be a biomarker partly reflecting
adiposity in fetuses/infants.

PO2.09.07

Gender-specific differences in the association between
first-trimester HbA1c and placental volume

J. Goletzke, M. Pagenkemper, F. Stahl, F. Rüber, A. Sirico,
H. Becher, K. Hecher, A. Diemert, P. Arck

University Medical Center Hamburg Eppendorf, HAMBURG,
Germany

Background: Hyperglycemia during pregnancy has been
linked to detrimental outcomes for both the mother and the
unborn child beyond the manifestation of gestational diabetes
mellitus (GDM). The placenta has a central function in fetal
glucose supply and placental volume has been related to the risk
for both small- and large-for-gestational age neonates. As the
first trimester is of particular importance for fetal development,
we aimed to assess the association between HbA1c, as a marker
for glycemic control, and placental volume in the first trimester
of pregnancy. We further wanted to examine potential inter-
actions by fetal gender, as recent studies suggest an effect of
fetal gender on maternal risk for GDM.
Methods: Analyses were based on data from the PRINCE
(Prenatal Identification of Children Health) cohort, a
population-based low-risk prospective cohort study from
Hamburg, Germany. To be included in the present study
sample, data on first trimester-HbA1c and placental volume
had to be available, leading to a study sample of 100 women
(n= 50 women carrying a female and male fetus each). To test
for differences according to fetal gender, Student’s t-test and
Mann-Whitney-U test were used according to variable dis-
tribution. A test for interaction was conducted, to assess pos-
sible sex-specific effects. Multivariate linear regression models
were performed to cross-sectionally examine the association
between HbA1c and placental volume. We included maternal
age, first-trimester BMI and estimated first-trimester fetal
weight as possible confounding factors.

S286 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Results: The mean HbA1c value in our cohort was 4.86%
(SD: 0.28), with no significant statistical difference regarding
fetal gender (4.89% and 4.84% for mothers carrying a female
or a male fetus, respectively; p for difference= 0.4). Likewise, first-
trimester placental volume did not differ between fetal gender
(p for difference= 0.4). The association between HbA1C and
placental volume may depend on fetal gender with a positive
association observed for women carrying a male fetus and a
negative relation for those with a female fetus (test for interac-
tion, p= 0.06). In a combined multivariate regression model
including an interaction term for HbA1c and fetal gender, for
each percent increase in HbA1c, placental volume increased by
44.8mm3 in women carrying a male fetus as compared to those
carrying a female fetus (p= 0.02).
Conclusions:Despite similar HbA1c values in the normal range,
our results indicate a gender-specific effect of HbA1c on placental
volume.While this supports available evidence of an effect of fetal
gender on the risk of GDM and might indicate a possible
mechanistic link, further, preferably prospective investigations are
required to examine the clinical relevance of our findings.

PO2.09.08

Sex-specific changes in placental glucocorticoid barrier at
term after a single course of antenatal betamethasone in
preterm pregnancies

F. Braun1, A.K. Gramzow1, L. Ehrlich1, A. Husar1,
D. M. Sloboda2, W. Henrich1, A. Plagemann1, T. Braun1

1Charité, BERLIN, Germany; 2McMaster University,
MCMASTER UNIVERSITY, HAMILTON, Canada

Background: We have previously shown that antenatal beta-
methasone (BET) exposure in preterm singleton and twin
pregnancies reduces fetal weight gain in a dose-dependent
manner without improving neonatal morbidity or mortality. In
both animal and human studies, sex-specific strategies for
adapting to changes in the uterine environment such as glu-
cocorticoid treatment have shown poorer outcomes in males.
Whilst the mediators of these strategies are unknown, it is likely
that differences in placental glucocorticoid metabolizing
enzymes (11-β hydroxysteroid dehydrogenase type 1 & 2;
HSD11B1 & 2), could contribute to the observed sex-
dependent responses to antenatal glucocorticoids.
Methods: Pregnant women treated with a single course of BET
(n= 86, 2× 12mg intramuscular, 24hrs apart) between 23 5/7
to 34 0/7 weeks of gestation (wks) were compared to
gestational-age-matched controls (n= 92; range: 31 4/7–41 4/
7wks) without BET treatment. Maternal venous blood sam-
ples, umbilical venous blood samples as well as placental sam-
ples were collected. Sex-specific BET effects on neonatal
anthropometrics, neonatal outcome parameters, umbilical and
maternal cortisol and ACTH levels, HSD11B1 and HSD11B2
protein levels and HSD11B2 activity levels in preterm and
term gestations were analyzed. Data were analyzed using a
Mann-Whitney U test or an independent-samples t-test, then

further split into subgroups by gestational age (< 37 0/7 and≥
37 0/7 wks) and analyzed with a Kruskal-Wallis test or one-way
ANOVA. Data were controlled by ANCOVA for possible
confounders such as sex, gestational age, maternal weight gain,
placental signs of amnion infection and onset of labor. Sig-
nificance was accepted at p <0.05.
Results: In females born ≥ 37 0/7 wks, a single course of
antenatal BET treatment significantly reduced head cir-
cumference compared to controls (34.5 ±0.21 cm vs.
33.7± 0.23 cm, p<0.05). Although no significant changes in
maternal and fetal cortisol levels could be detected in females,
antenatal BET exposure resulted in lower placental HSD11B2
protein levels and lower HSD11B2 activity levels in females when
born ≥37 0/7 wks (p< 0.05). Antenatal BET treatment in males
reduced body length compared to controls (49.8± 0.39 cm vs.
46.0± 0.76 cm, p< 0.05), independent of gestational age at
delivery. Maternal and fetal cortisol levels in males were not sig-
nificantly changed after BET exposure, but placental HSD11B2
protein levels were increased compared to controls (p< 0.05).
Conclusions: BET exposure significantly decreased HSD11B2
protein levels and activity in term-born females suggesting that
the female fetus is exposed to higher levels of maternally derived
cortisol late in gestation, which may facilitate autonomous
development of fetal hypothalamic-pituitary-adrenal (HPA)
function. This may be a strategy to survive any potential
maternal insults, but could contribute to an altered HPA-axis
later in life. Further research is needed to conclude the sig-
nificance of increased HSD11B2 levels in males. However,
studies in newborns have reported higher free cortisol responses
in males compared to females after a mildly stressful behavioral
assessment procedure (Neonatal Behavior Assessment Scale)
and psychological stress studies revealed higher cortisol
responses in young men than in young women after exposure
to acute real-life psychological stress.

PO2.09.09

Occupational exposure to cosmetics is associated with
excessive fetal growth and preterm birth. Results
from the Elfe and Epipage2 cohorts

M.A. Charles

Inserm, VILLEJUIF, France

Background: The cosmetic sector employs a large proportion
of women of childbearing age as hairdresser, beautician, man-
icure, perfume sellers… Cosmetics contain many different
compounds such as aromatic amine derivatives, solvents, alde-
hydes, phthalates and parabens. Some of these compounds
have teratogenic, foetotoxic or endocrine disrupting activity in
animals. Previous studies have suggested an excess risk of small
for gestational age (SGA) infants and premature births in this
sector. Large for gestational age (LGA) has not been examined
as an outcome. We used the data of two large French birth
cohorts to study associations between occupational exposure to
cosmetics and birth weight and prematurity.
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Methods: Both cohorts, Elfe and Epipage2, recruited children
at birth in 2011. Infants born after 33 weeks of gestation (GW)
were enrolled in Elfe (N= 18329) from a random sample of
340 French maternity units (oversampling large units) whereas
Epipage 2 targeted those below 34GW in all maternity units of
25 out of 26 French regions (N= 5170). For the present ana-
lysis, we selected singletons without major malformation born
from mothers who worked during pregnancy (Elfe: 13021,
Epipage2: 1813). A job-exposure matrix was build to assess the
frequency of exposure (four categories) to five subgroups of
cosmetics (perfume/skin/hair/nail/depilation products). The
probability of individual exposure was taken into account by
simulations of 30 databases. The prematurity analysis included
2333 births before 37GW (Epipage2:1813, Elfe:520) and
12293 Elfe births ≥ 37GW. Propensity scores were calculated
to correct for oversampling in the Elfe cohort. The fetal growth
analysis was performed separately in severely preterm, moder-
ately preterm and term infants. Customized LGA and SGA (for
sex, maternal weight, maternal height, maternal parity and
tobacco use during pregnancy) were defined according to
French reference charts. Odds-Ratio (OR) associated with fre-
quency of cosmetic exposure categories or occupation in the
cosmetic sector (reference category: other occupations) were
computed by logistic regression models adjusted for socio-
demographic characteristics, pre-pregnancy body mass index,
shift and night work (additionally gestational diabetes and
hypertension for fetal growth). Multiple imputations of miss-
ing data were performed for adjustment variables.
Results: Occupational exposure to perfumes (N=424) was asso-
ciated with an excess risk of preterm birth. Compared to non-
exposed, adjusted OR associated with exposure of 1-5%, 5-50%,
≥ 50% of work time were respectively 0.95 (0.70-1.30), 2.13
(1.13-4.02), 2.37 (0.99-5.68). This was not observed for exposure
to other cosmetics. No excess risk of SGA was observed whatever
the prematurity strata. In contrast, occupations in the cosmetics
sector were associated with an OR for LGA of 1.20 (1.00-1.44)
and 1.42 (1.14-1.77) in term andmoderately preterm Elfe children
respectively. Although none of the analyses related to frequency of
exposure to specific subgroups of cosmetics was significant, the
highest OR for LGA were observed for skin products.
Conclusions:Our results suggest that LGA is an outcome that
deserves attention in the analysis of potential adverse effect of
occupations exposed to endocrine disruptors. The excess pre-
maturity risk for occupational exposure to perfume products
may reflect specific exposures or working conditions that were
nor accounted for.

PO2.09.10

Assessment of embryonic growth using 3D ultrasound and
virtual reality in a population based prospective cohort study.

J.S. Erkamp, L. Duijts, E.A.P. Steegers, A.H.J. Koning,
I.K.M. Reiss, V.W.V. Jaddoe

Erasmus MC, ROTTERDAM, The Netherlands

Current knowledge on embryonic growth and development in
the general population is derived from previous studies asses-
sing fetal growth using conventional ultrasound, or in vivo
studies on developmental stages of the embryo after mis-
carriage. Also, although strong evidence suggesting differences
in first trimester growth exists, pregnancy dating using one
crown-rump length measurement at 12 weeks of gestation is
still routine care. This approach assumes no variation in first
trimester growth. However, recent studies suggest that
impaired growth at 12 weeks of gestation is associated with
adverse health outcomes, for example adverse cardiovascular
risk profiles in school age children. These findings suggest
embryonic and fetal growth and development in the weeks after
conception play a critical role in a human life, and could be an
important predictor for health in later life. Modern methods to
assess embryonic and fetal growth before 12 weeks include
transvaginal 3D ultrasound and analysis using Virtual Reality,
facilitating precise estimation of crown-rump length and esti-
mation of more advanced parameters, such as embryonic
volumes, brain development and assessment of Carnegie stages.
Currently, such data is available in a hospital based population;
data on embryonic and early fetal growth and development
measured using 3D ultrasound in a large healthy population is
lacking. We will discuss approaches for assessing embryonic
growth in a large population-based prospective cohort study.
We invite women in the first weeks after conception. Serial
ultrasound volumes at 7, 9, and 11 weeks will be acquired and
embryonic growth and development will be measured offline,
using V-scope software in a BARCO I-Space or desktop Virtual
Reality system.

PO2.09.11

The effects of glucocorticoid exposure on
the preimplantation human embryo

S.P. Petropoulos1, A.B. Bjorklund2, S.G. Giacomello2,
F.L. Lanner1

1Karolinska Institutet, HUDDINGE, Sweden; 2National
Bioinformatics Infrastructure Sweden, Science for Life Laboratory,
UPPSALA, Sweden

Insults during the 1st week post-fertilization may affect the
developmental trajectory and long-term health outcome of the
human embryo. During this window, the embryo divides to
form the trophectoderm (TE), primitive endoderm (PE) and
epiblast (EPI). Subfertility affects 1 in 6 couples, but the cur-
rent success of assisted reproductive medicine (ART) is ~ 40%.
Glucocorticoids (GCs) are commonly used as an adjuvant
therapy to improve success; however, prenatal GC exposure has
been associated with adverse effects on offspring outcome.
Further, the effects of GCs have been shown to persist long
after withdrawal, thus preimplantation GC exposure may
impact the first lineages and initiate a cascade of reprogram-
ming events ultimately impacting offspring outcome. Studies
examining the immediate and long-term potential for
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reprogramming following preimplantation GC exposure in the
human are lacking. The aim of this study was to investigate the
impact of preimplantation GC exposure on the initial lineages
of the human embryo and identify key genes modified during
this insult. Using single-cell RNA-sequencing, we have now
have preliminary data from GC exposed (n= 7 embryos,
271 cells) and control (n= 18 embryos, 531 cells) human
embryos on embryonic day 7. On average 9366 ENSEMBL
genes were detected per cell. Using MAST, 1922 genes were
significantly (FDR < 0.001) differentially expressed between
the GC treated embryos and controls including metabolic
genes such as INSR, IGF2, MTHFD1 and CYP19A1,
immunological genes ILK and IL6, pluripotency genes
HAND1 and IFITM1, steroidogenic genes POMC,
HSD17B12 and CYP11A1, and epigenetic genes DNMT3L,
DNM1L, TET1 and TET2. This data now demonstrates that
the human embryo is susceptible to preimplantation GC
exposure and that genes important in development, metabo-
lism and the epigenome are altered. Computational approaches
will determine the timing of events, transcriptome/methylome
signatures and signaling components underlying these mod-
ifications. Delineating key genes and pathways modified will
provide crucial information pertaining to the comprehension of
mechanism(s) underlying embryo reprogramming and poten-
tial for disease/disorder onset later in life. Data from these
studies may aid with the therapeutic use of GCs during ART.

PO2.09.12

Measurement of pulmonary vascular volume using virtual
reality three-dimensional ultrasound in fetus with an
increased risk of chronic lung disease

N.C.J. Peters, A.J. Eggink, A.H. Koning, D. Tibboel,
T.E. Cohen-Overbeek

Erasmus MC, ROTTERDAM, The Netherlands

Background: To study the pulmonary vascular volume (PVV)
using three-dimensional (3D) virtual reality (VR) ultrasound in
fetus at risk of chronic lung disease (CLD).
Methods: 3D power Doppler volumes of the pulmonary
vasculature were obtained in fetus at risk of developing CLD
between April 2012-December 2014. Sixty-eight fetus were
included, of which 37 with a congenital diaphragmatic hernia
(CDH), 9 with an omphalocele, 18 with a congenital
pulmonary airway malformation (CPAM) and 4 with con-
genital anomalies resulting in an oligohydramnious. The PVV
was measured using a 3D-VR ultrasound technique in the
BARCO I-space and correlated with postnatal outcome (post-
natal mortality).
Results: The survival rate was 75% (51/68). The median
[interquartile range] of the PVV in mm3 at 20, 26 and 30 weeks
gestational age (GA) for neonates who survived versus those
who died was 172 [57.8-452.3] vs 3.2 [0.3-28.3],
467.6 [164.3-972.5] vs 88.3 [24.5-225.2] and 271.5 [139.3-
720.5] vs 263.8 [12.1-713.6], respectively. The PVV in all

fetus at risk for CLD who survived, was significantly larger at
20 (< p0,001) and 26 (p0,003) weeks GA.
Conclusions: The PVV is significantly larger in surviving fetus
at risk for CLD at 20 and 26 weeks GA and can be used as a
valuable measurement in the prediction of postnatal outcome.
Part of the data described in this abstract were previously
presented at the ISUOG world congres in 2014 (OC18.01).

PO2.09.13

Intrauterine growth restriction alters gene expression in
white adipose tissue in aged female mice

D.J. Dijkstra1, V. Stojanovska1, N. Sharma2, S.A. Scherjon1,
H. Schorle2, T. Plösch1

1University Medical Center Groningen, GRONINGEN, The
Netherlands; 2Institute of Pathology, University of Bonn, BONN,
Germany

Background: White adipose tissue (WAT) is a major endo-
crine organ. The factors produced by WAT, including tumor
necrosis factor α, interleukin-6, leptin, adiponectin and
angiotensinogen, are involved in regulation of satiety, lipid
metabolism, glucose metabolism, inflammation and cardio-
vascular health. The origin of WAT and its progenitors takes
place in early life, which makes it a potent target for develop-
mental programming. Intrauterine growth restriction (IUGR),
which complicates around 10% of all pregnancies, is known to
compromise metabolic health later in life. The aim of this study
is to examine the long-term consequences of IUGR on WAT
physiology in aged mice.
Methods: IUGR was induced by conditional knocking out of
Tfap2c, which encodes the transcription factor AP-2 gamma
protein, from embryonic day 8.5 onwards in TPBPA+ pro-
genitor cells. This leads to growth arrest of the placental junc-
tional zone. Both male and female offspring were followed until
9 to 12 months of age. Gene expression and DNA methylation
of several adipogenic, lipogenic and inflammatory genes were
analyzed in gonadal WAT.
Results: Both males and females in the Tfap2c-/- group show a
decreased body weight at birth and later in life compared to the
wild types. In gonadal WAT, which is part of the visceral
WAT, gene expression of Lipoprotein Lipase (Lpl), Fatty Acid
Synthase (Fasn) and CCAAT-enhancer-binding protein α
(Cebpa) is significantly increased in females and there is a trend
for increased glucocorticoid receptor (Nr3c1) gene expression.
Free fatty acids in serum are increased in IUGR females at later
life. Remarkably, none of these changes is seen in males.
Conclusion: IUGR leads to disturbed lipid signaling of the
WAT in female mice. Adipogenic and lipogenic genes, which
promote adipocyte differentiation and hypertrophy and are
associated with obesity, are increased. Plasma free fatty acids are
increased, which is also seen in obesity, while body weight is
not increased. Increased free fatty acids are a major link
between obesity and its consequences, including metabolic
syndrome and atherosclerotic vascular disease. These results
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indicate that IUGR by placental dysfunction leads to adapta-
tions or suboptimal development of the white adipose tissue in
female mice.

PO2.09.14

The different response of male and female fetuses to
Vibratory Acoustic Stimulation test

T.S.D. Seyed Danesh1, V.S. Shafti2

1Islamic Azad University, Qom Branch, RASHT, Iran;
2Tonekabon University of Medical Sciences, TONEKABON, Iran

Introduction:One of the most common test used to assess the
health of fetus is Non Stress Test (NST); Vibratory Acoustic
Stimulation (VAS) is applied to reduce non-reactive cases and
the time of NST. Sleeping of fetus in the uterus starts from
24th week in third trimester of pregnancy; even can dreams
during this time.The vibratory and acoustic waves are produced
by an electric device with specific frequency and intensity in
vibratory acoustic stimulation test; Therefore VAS can be used
to wake the fetus up while sleeping and NST with improved
acoustic stimulation is a convenient, fast, safe, and effective
method on detecting false non-reactive NST and it can increase
the specificity of NST.
Aim: This is an analytical and prospective study aims to
investigate the different response of male and female fetuses to
VAS test in the Specialized Clinic of Gynecology and Obste-
trics of Rajaie Hospital in Tonekabon, Iran, in 2016.
Methods and Materials: One hundred women (56 male and
44 female fetuses) with gestational age of 32-40 weeks were
included in this study through random sampling. The pregnant
women lay on the flank and NST was carried out before the
VAS, then fetus’s head was stimulated for 3 seconds from over
the uterus by using an electric toothbrush and NST was per-
formed again. The result of NST and the time required to
achieve the result of NST was recorded in the prepared
checklist. Diabetic mothers, malformed fetus, cigarette smo-
kers, drug abusers and CNS-drug consumers were removed
from the study. The data obtained were analyzed by paired
T-test, one way ANOVA and Pearson correlation in SPSS19
software.
Results: Paired T-test indicated that there was statistically sig-
nificant difference between the mean reaction time of NST
before and after VAS in women with female fetuses with 95%
confidence and less than 5% margin of error. However, in
women with male fetuses there was no statistically significant
difference between the mean reaction time of NST before and
after VAS. The difference of average reaction time of NST
before and after VAS in pregnant women with female fetuses
was more than women with male fetuses; it means that there
was more decrease in average reaction time of NST in female
fetuses (108.2 seconds↓) than male fetuses (50.26 seconds↓).
Pearson correlation test showed no correlation between differ-
ence of reaction time of NST before and after VAS with
gestational age, mother’s age and gravidity; this means that

increase or decrease in difference of reaction time of NST
before and after VAS have no correlation with increase or
decrease of mentioned variables.
Conclusion: The results of this primary research suggest use of
VAS for decrease of non-reactive cases and time of NST.
Considering the fact that the primary auditory cortex in the
brain of fetus is formed at 26-28 weeks of pregnancy and due to
that VAS increase the reactive cases of NST significantly after
26th week of pregnancy, therefore VAS’s response confirms the
health of brain stem and the auditory nerves in the fetus
indirectly.

PO2.09.15

Maternal high-fat diet programs sex-specific alterations of
the endocannabinoid system and antioxidant activity in
liver of adult rats

I.H. Trevenzoli, R.A. Miranda, M.M. Almeida, C.P. Dias-
Rocha, L.L. Souza, A.F.P. Souza, R.S. Fortunato, C.C. Pazos-
Moura

Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

Background: Maternal high-fat diet consumption during
perinatal period programs obesity and liver metabolism changes
in adulthood. Obesity is related to over activation of the
endocannabinoid system (ECS) in humans and rodents. ECS
activation in liver increases lipogenesis and contributes to
steatosis development. However, the relationship between the
ECS and metabolic programming is poorly known. We hypo-
thesized that maternal high-fat diet would alter liver metabo-
lism in parallel to sex-specific changes in the ECS of male and
female adult offspring. The aim of this study was to evaluate the
effect of maternal HF diet on liver content of the main com-
ponents of the ECS, cannabinoid receptors (CB1 and CB2)
and metabolizing enzymes fatty acid amide hydrolase (FAAH)
and monoacylglycerol lipase (MAGL). In addition, we aimed
to evaluate liver antioxidant system and plasma lipid profile of
the offspring at adulthood.
Methods: Female progenitor rats received control (C; 9% fat)
or high-fat diet (HFD; 29% fat) for 8 weeks before mating and
during pregnancy and lactation. Male and female offspring
were fed control diet from postnatal day 21 until 180-day-old,
when they were killed for blood and liver harvest.
Results: Maternal HF diet programed increased food intake,
body weight and white adipose tissue mass in both male and
female adult offspring. However, we observed higher plasma
and liver content of triglycerides only in male HF offspring
(+67%, p< 0.05), without effect on total cholesterol or non-
esterified fatty acid content. Maternal HF diet also increased
the protein content of CB1 (+68%, p< 0.05), CB2 (+60%,
p< 0.001), FAAH (+65%, p< 0.01) and MAGL (2 fold,
p< 0.001) in liver of aldult male rats, while it did not affect
liver ECS of female offspring. In addition, maternal HF diet
decreased the activity of the antioxidant enzymes glutathione
peroxidase (GPx), superoxide dismutase (SOD) and catalase
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(CAT) in liver of male offspring (-20%, -12%, -30%, p< 0.05,
respectively). In female HF offspring, we observed reduced
activity of SOD and CAT enzymes (-20%, -56%, p< 0.001
respectively). However, the effetc of maternal HF diet on oxi-
dative stress markers was observed only in male HF offspring,
which presented decreased liver content of Thiol (-31%,
p< 0.001) and increased content of protein carbonyl groups
(+30%, p< 0.01).
Conclusions: Maternal HF diet during perinatal period
induced sex-specific modifications in the liver ECS and anti-
oxidant system of rat offspring at adulthood, with male rats
been more affected. This profile suggests that ECS may be
involved in the sex-dependent early origins of metabolic
programming.

PO2.09.16

Sex-specific alterations in materno-fetal endocrinological/
metabolic state after a single course of BET

A.K. Gramzow1, F. Braun1, L. Ehrlich1, A. Husar1,
D. M. Sloboda2, W. Henrich1, A. Plagemann1, T. Braun1

1Charité University Berlin, BERLIN, Germany; 2McMaster
University, HAMILTON, Canada

Background: Even a single course of antenatal betamethasone
(BET) exposure (2× 12mg, 24hrs apart) has been associated
with impaired fetal growth and development. Since the fetus
depends heavily on transplacental glucose supply via glucose
transporters (Glut), and given the importance of insulin, leptin
and insulin like growth factors (IGF) as key regulators of
human fetal growth, we examined the impacts of a single course
of antenatal BET on these factors as potential associations for
fetal nutrient deficiency and low birth weight.
Methods: Pregnant women treated with a single course of BET
(n= 86, 2× 12mg intramuscular, 24hrs apart) between 23 5/7
to 34 0/7 weeks of gestation (wks) were compared to
gestational-age-matched controls (CON n= 92; range: 31 4/
7–41 4/7wks) without BET treatment. Maternal venous blood
samples, umbilical venous blood samples as well as placental
samples were collected. Sex-specific BET effects on Glut-1 and
Glut-3, umbilical and maternal glucose, insulin, IGF-1, IGF-2,
IGFBP-1, IGFBP-3 and leptin levels in preterm and term
gestations were analyzed. Placental efficiency, parameters of
fetal glucose consumption and transplacental glucose transfer
were calculated. Data were analyzed using a Mann-Whitney U
test or an independent-samples t-test, then further split into
subgroups by gestational age (< 37 0/7 and ≥ 37 0/7 wks) and
analyzed with a Kruskal-Wallis test or one-way ANOVA. Data
were controlled by ANCOVA for possible confounders such as
sex, gestational age, maternal weight gain, placental signs of
amniotic infection and onset of labor. Significance was accep-
ted at p <0.05.
Results: In female fetuses born ≥ 37 0/7 wks, a single course
of antenatal BET treatment significantly reduced fetal head
circumference compared to CON. BET treatment resulted in

elevated umbilical cord glucose levels. In mothers, BET treat-
ment increased maternal HOMAIR compared to CON.
Maternal IGFPB-1 levels were decreased after BET treatment,
but IGFBP-3, IGF-1/2 and leptin levels were similar between
groups. No significant BET effects were found in placental
GLUT-1 and -3 protein levels. In contrast to females, BET
decreased body length in males without affecting the materno
-fetal metabolic parameters.
Conclusion: We show a sex-specific impact of BET treatment
on maternal insulin resistance levels, where female fetuses are
more vulnerable to BET than male fetuses. These data may be
indicative of sex-specific mechanisms to deal with metabolic
changes or stressors in mothers treated with BET. Whether
these metabolic changes will persist requires further
investigation.

PO2.09.17

Sex-specific associations between parental factors and fetal
growth and body proportions from mid pregnancy until
birth; a multi-ethnic cohort study.

L.S. Sletner1, M.A. Hanson2, A.K. Jenum3

1Akershus University Hospital, LØRENSKOG, Norway;
2University of Southampton, Institute of Developmental Sciences,
SOUTHAMPTON, United Kingdom; 3University of Oslo, Dept.
of General Practice, Institute of Health and Society, OSLO,
Norway

Background: Differences in size and body composition
between males and females may be observed from early fetal
stages. Fetal growth and development are regulated by complex
mechanisms and are linked, not only to perinatal-, but also long
term health, and with various environmental exposures,
including parental height and maternal ethnicity, socio-
economic status, age, parity, BMI, gestational weight gain and
glucose levels during pregnancy. Our aim was to explore asso-
ciations between these parental factors and fetal size, body
proportions and growth rate during the second half of preg-
nancy in an ethnically and socioeconomically diverse cohort of
pregnant mothers, fathers and offspring, and to determine if
these associations differ by offspring sex.
Methods: The sample is parent/offspring triplets with either
South Asian (n= 191), Middle East/North-African (n= 153)
or European (n= 359) ethnic origin, from a population-based,
prospective cohort in Oslo, Norway. Outcomes were mean
z-scores of estimated weight (EFW), head circumference (HC),
abdominal circumference (AC) and length (measured as femur
length in pregnancy), in gestational week 24, 32 and 37 and at
birth (size) or change in z-scores during this time period
(growth). Associations between parental factors and the fetal/
neonatal outcomes were explored using general linear models
and linear mixed models, adjusting for covariates. Interactions
with sex were explored entering one interaction term at the
time, and further analyses were performed stratified by sex.
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Results: We found four significant interactions (all p< 0.01)
between parental factors and offspring sex, indicating that the
effect of these variables differed depending on whether the fetus
was a boy or a girl. Maternal glucose levels during pregnancy,
South Asian ethnic origin and paternal height were all more
strongly associated with fetal/neonatal outcomes in girls than in
boys, while maternal socioeconomic status was more strongly
related to fetal/neonatal outcomes in boys. The effects of
paternal height and maternal socioeconomic status mainly
represented effects on fetal size in mid-gestation, while mater-
nal glucose levels and South Asian ethnic origin were associated
with growth rates from mid gestation and size at birth. Further,
socioeconomic status had the strongest impact on fetal length,
while South Asian origin was mainly affecting fetal AC.
Conclusion:Our results indicate that fetal growth may express
gender-, gestational age- and organ-specific sensitivity to par-
ental influence. Gender differences in the response to maternal
and paternal environmental or genetic factors could be under-
appreciated sources of variation in fetal growth, and may reflect
differential growth strategies between male and female fetuses.

PO2.10 – Endocrine health

PO2.10.01

Genome-wide association meta-analysis identifies eight
novel loci influencing the 2D:4D digit ratio, a presumptive
marker of prenatal androgen exposure.

E.S. Shevroja1, N.M. Warrington2, G. Hemani3, P.G. Hysi4,
M. Mangino4, G. McMahon3, M. Hickey5, D. Wolke6,
A. Ikram1, G.W. Montgomery7, M.J. Wright7, D.A. Mackey8,
N.G. Martin9, V.W.V. Jaddoe1, G. Davey Smith3,
C.E. Pennell9, T.D. Spector4, S.E. Medland9, F. Rivadeneira1,
D.M. Evans2

1Erasmus MC, ROTTERDAM, The Netherlands; 2The University
of Queensland, QUEENSLAND, Australia; 3University of Bristol,
BRISTOL, United Kingdom; 4Department of Twin Research and
Genetic Epidemiology, King’s College London, LONDON, United
Kingdom; 5Department of Obstetrics and Gynaecology, University of
Melbourne, VICTORIA, Australia; 6Department of Psychology and
Health Sciences, University of Warwick, COVENTRY, United
Kingdom; 7University of Queensland, QUEENSLAND, Australia;
8University of Western Australia, WESTERN AUSTRALIA,
Australia; 9Queensland Institute of Medical Research,
QUEENSLAND, Australia

Objective: During the prenatal period sex steroids influence
several systems of the body, including the musculoskeletal
system. Yet, prenatal androgen (pA) exposure is extremely dif-
ficult to measure. The ratio of the lengths of an individual’s
second to fourth digit (2D:4D) is a sexually dimorphic trait
that has been postulated as a retrospective non-invasive bio-
marker of testosterone exposure in utero. Our objective was to
identify the genetic determinants underlying variation
in 2D:4D.

Methods: Genome-wide association study (GWAS) meta-
analysis of 2D:4D adjusted for sex and genetic principal com-
ponents was applied to 15,597 individuals from seven cohorts:
ALSPAC (n=5,337), Generation R (n= 3,059), Rotterdam
Study (n= 2,091), Twins UK (n=1,109), QIMR1 (n=1,602),
QIMR2 (n=1,109) and Raine (n= 1,003). Genotype data of all
participants were imputed to the 1000GP reference panel (~30
million variants). Genome-wide significance (GWS) was set at
P= 5× 10-8. The 2D:4D was measured across cohorts on X-rays
and DXA scans of the hands.
Results: This, the largest GWA meta-analysis of 2D:4D to
date, identified ten GWS signals, of which eight were novel,
mapping to the 1p32.3 (GLIS1), 1q22 (EFNA1/EFNA3),
2p24.1 (LDAH), 2q31.1 (OLA1), 2q31.1 (HOXD12),
11q24.3 (FLI1-AS1), 16q12.1 (C16orf97) and 18q23 (SALL3)
regions; and two already established, mapping to the 14q24.1
(SMOC1) and 6q21 (LIN28B) regions. No variant known to
be robustly associated with androgen/testosterone levels was
associated with 2D:4D in our study.
Summary/Conclusions: These findings suggest that 2D:4D
ratio is a heritable skeletal trait. We found no evidence that
levels of prenatal testosterone contribute to the variation in
2D:4D at the population level. Any effect of prenatal testos-
terone exposure on the 2D:4D may be small relative to the
combined influence of other sources of variation and should be
considered when examining associations of 2D:4D with other
(skeletal) traits.

PO2.10.02

Early-life stress permanently alters the adult neuro-immune
phenotype within the HPA axis in female Japanese quail.

D.J. Walker1, C. Zimmer2, S.D. Healy1, K.A. Spencer1

1University of St Andrews, ST ANDREWS, United Kingdom;
2Cornell University, ITHACA, NY, United States of America

Background: Activation of the hypothalamic pituitary adrenal
(HPA) axis during development can have persistent and often
dysfunctional effects on several physiological systems, includ-
ing long-term immune function, reducing the individual’s
ability to combat infection. Within the CNS microglia, mac-
rophages resident throughout the brain and spinal cord provide
the main form of active immune defence and react to a range of
insults including localised infections, injury, inflammation,
ischaemia and as well as playing a role in regulating neuro-
genesis. This response is inextricably linked to the action of the
HPA axis as cytokine release can activate the HPA axis, and
glucocorticoids can in turn regulate cytokine release from
microglia, having an anti-inflammatory effect. The close links
between these two physiological systems, coupled with poten-
tial for long-term alterations of the HPA axis following devel-
opmental adversity suggest the neuro-immune response as
another target for developmental programming. However, little
is known about the potential programming effects of early life
stress on the functioning of this neuro-immune response. Here,
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we aimed to test if pre- and/or post-natal stress permanently
altered basal immunity within the hypothalamic-pituitary-
adrenal (HPA) axis in a precocial bird, the Japanese quail
(Corturnix japonica).
Methods: We obtained whole brain and pituitary gland tissue
from adult female quail that were pre-natally exposed to ele-
vated corticosterone in ovo (embryonic day 5) and/or post-
natally exposed to unpredictable food availability (post-natal
day 4-20). Using quantitative polymerase chain reaction
(qPCR), we measured mRNA levels of pro (IL1-β) and anti-
inflammatory (IL-10) cytokines and a microglia-specific gene
(CSF1R) in the hippocampus, hypothalamus, amygdala and
pituitary gland. These genes are all known to be associated with
the regulation of the neuro immune response in several brain
regions and the pituitary.
Results: We found that post-natal stress induced increases in
IL-1β in the pituitary gland and decreased levels of IL-10
within the amygdala and hypothalamus. We also observed that
post-natal stress induced an imbalance in the IL-1β: IL-10 ratio
within the hippocampus and hypothalamus. Post-natal stress
also impacted on microglia abundance where a decline in
CSF1R expression was observed within the hypothalamus and
the pituitary gland. We found no evidence for an interaction
across life stages in altering immune function.
Conclusions: Our results provide the first evidence that stress
during post-natal development permanently alters basal immunity
in specific brain regions associated with the HPA axis. Such
alterations in cytokine homeostasis and microglia abundance may
create a shift towards an immuno-reactive phenotype. This can lead
to the dysfunction of both adaptive immune responses and the
HPA axis, which can lead to the onset of anxiety and depressive-like
behaviours as well as cognitive impairments in adulthood.

Relative expression of cytokine and microglia genes in adult
female quail in response to pre- or post-natal stress

PO2.10.03

Cortisol in fingernails and hair: a predictor of chronic stress
in young Australian Indigenous and non-Indigenous adults
(pilot study).

B. Davison1, G.R. Singh1, J. McFarlane2

1Menzies School of Health Research, CASUARINA, Australia;
2University of New England, ARMIDALE, Australia

Background: Cortisol, as a marker of stress, has been primarily
measured in blood, saliva and urine in clinical practice and
health research. However, these cortisol levels reflect acute
stress, and vary markedly due the diurnal rhythm and pulsatile
secretion. Cortisol in scalp hair has been used in recent research
to assess chronic stress exposure from one to three months.
Two small pilot studies have shown that fingernail cortisol
levels may have potential as an alternative or additional marker
of chronic stress, as it takes an average of three months to grow
from the nail matrix to become a free nail. We report the initial
results from a life course study examining the correlation
between concentrations of cortisol in fingernails and hair, as
well as perceived stress levels and experiences of stressful life
events in young adults.
Methods: The Life Course Program, based in the Northern
Territory, Australia, encompasses two distinct but com-
plementary cohorts: Aboriginal Birth Cohort (Indigenous) and
Top End Cohort (non-Indigenous). Participants of both
studies were examined in young adulthood aged 21-27 years
(2013-2015) with 459 Indigenous and 117 non-Indigenous
participants seen. Fingernail samples were clipped directly
into a plastic bag (196 Indigenous and 72 non-Indigenous) and
scalp hair samples were cut from the posterior vertex area
(360 Indigenous and 101 non-Indigenous). The hair and fin-
gernails were fragmented and then extracted with 1.5ml
methanol twice as reported by Sharpley et al 2009. The
methanol was evaporated under vacuum and then the residue
redissolved in 100ul of methanol and analysed by LC/MS/MS
using a Shimadzu UPLC and 8050 Mass Spectrometer.
Questions covering experiences of 13 stressful life events in past
6 months and Perceived Stress Scale (PSS-4) encompassing the
last four weeks were obtained on 301 Indigenous and 101 non-
Indigenous.
Results: Rates of collection were lower for fingernail (47%)
than hair (80%), largely due to no free nail being available.
Initial results of the first 40 fingernail and hair samples (Indi-
genous only) showed the capacity for cortisol extraction on very
small amounts of fingernail and hair (median weight 5.8mg &
8.1mg respectively). One participant had hair cortisol con-
centrations that were considerably higher than the average
(121nmolr), and considered as an outlier. Cortisol levels were
lower in fingernails than hair (Geometric mean 1.2 vs 2.5
nmolr respectively). Spearman’s correlation of 0.6 was seen
between fingernail and hair. Indigenous participants reported a
significantly higher number of stressful life events (mean 6 & 1
respectively). However, similar levels of perceived stress were
reported (mean 4.6 Indigenous & 4.9 non-Indigenous).
Conclusions: These initial results demonstrate the feasibility of
measuring fingernail cortisol from a very small quantity in a
population at increased risk of stressful life events. Further
examination, currently in progress, will provide data on whe-
ther fingernail is a useful alternative or additional biomarker to
hair cortisol in those most at risk in a population experiencing
chronic stress levels which may be detrimental to their health
and wellbeing.
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PO2.10.04

Prevalence and experiences of food insecurity among
migrant women connected to a community-based
organization in Edmonton, Canada

M. Quintanilha1, M. Mayan1, M. Jarman1, S. Ngo1,
Y. Chiu2, R. Bell1

1University of Alberta, EDMONTON, Canada; 2Multicultural
Health Brokers Cooperative, EDMONTON, Canada

Background: Inadequate or excessive gestational weight gain
and poor dietary intake can increase the risk of pregnancy
complications in both mother and baby, and long-term risk of
chronic disease. Low socioeconomic status can negatively affect
many aspects of a healthy pregnancy, including women’s ability
to access and consume healthy foods. In Canada, the prevalence
of household food insecurity – defined as “inadequate or inse-
cure access to food because of financial constraints” – is greater
(19.6%) among families that recently immigrated to Canada
(< 5 years) than the national Canadian average of 12.6%.
A large proportion of migrants are women of childbearing age
who might experience pregnancy and childbirth in Canada
while being at an increased risk for food insecurity. In
Edmonton, these women might receive additional support
from a Community-Based Organization (CBO), the Multi-
cultural Health Brokers (MCHB) Cooperative. MCHB is a
collective of health brokers from diverse backgrounds who serve
migrant women and families in difficult life circumstances,
including food crisis situations where families lack immediate
access to food. The objectives of our research were to investi-
gate the prevalence of household food insecurity among women
connected to MCHB perinatal programs, and explore their life
circumstances and experiences with food insecurity.
Methods: We used an exploratory sequential mixed method
research design. Women were asked to complete the 18-question
Household Food Security Survey Module (HFSSM) from the
Canadian Community Health Survey with help of a health bro-
ker. Fisher’s exact test was used to examine differences in food
insecurity by family origin (e.g., Africa and Middle East vs. Asia
and Pacific). Semi-structured interviews were then conducted
with a sample of Northeast African women. Qualitative data were
analyzed using qualitative content analysis to inductively derive
codes and categories. Data were collected sequentially, analyzed
separately, and then integrated.
Results: A sample of 213 women connected to MCHB pro-
gramming (reporting on behalf of their household) completed
the HFSSM. Of these 94% (n= 199) were food insecure, and
53% (n= 112) were severely food insecure. Food insecurity
differed by family origin (p<0.001), with families from Africa
and the Middle East being more likely to experience food
insecurity. In the past year, 85% (n= 182) of families did not
have enough money to eat balanced meals, and 39% (n= 79)
cut meal sizes or skipped meals because there wasn’t enough
money for food. In semi-structured interviews, Northeast
African women (n= 20), commonly described not having

enough money to buy vegetables, fruit and meat, and eating
mostly rice, bread and pasta throughout the month. Moreover,
their perceived sense of control over foods available at home
was low since they could not afford to buy what they want for
themselves and their families.
Conclusion: Improving migrant women’s diets will require
addressing migration as a determinant of health. CBOs, such as
MCHB, can foster opportunities for social and economic
integration of women and families into Canada. Policies that
support CBOs, and ensure adequate funding, will enable
continuing services that can assist migrant women in being
healthier during pregnancy and postpartum.

PO2.10.05

Principal component-derived pediatric bone density
phenotypes and genetic regulation of the developing skeleton

J.A. Mitchell1, A. Chesi1, S.E. McCormack1,
D.L. Cousminer1, H.J. Kalkwarf2, J.M. Lappe3, V. Gilsanz4,
S.E. Oberfield5, J.A. Shepherd6, A. Kelly1, B.S. Zemel1,
S.F.A. Grant1

1Children’s Hospital of Philadelphia, PHILADELPHIA, United
States of America; 2Cincinnati Children’s Hospital Medical
Center, CINCINNATI, United States of America; 3Creighton
University, OMAHA, United States of America; 4Children’s
Hospital Los Angeles, LOS ANGELES, United States of America;
5Columbia University Medical Center, NEW YORK, United
States of America; 6University of California San Francisco, SAN
FRANCISCO, United States of America

Background:Osteoporosis is a classic complex disease that can
have its developmental origins in childhood if bone accretion is
insufficient. Large-scale genomic studies have discovered
common and low frequency variants that associate with adult
and pediatric areal bone mineral density (aBMD), and most of
the variants discovered are skeletal site specific. The skeletal
site-specific phenotyping approaches used thus far have con-
sidered each site in isolation, but an integrative approach that
combines information from individual skeletal sites, but with
greater resolution than total body phenotypes, could advance
our understanding of the genetic regulation of the skeleton. We
therefore aimed to determine if genetic variants associated with
principal component-derived pediatric aBMD loading scores
that integrate information across four skeletal sites.
Methods: Our sample comprised 1,293 children of European
ancestry enrolled in the longitudinal Bone Mineral Density in
Childhood Study (52% female). The participants completed
up to 7 annual study visits. From dual energy X-ray absorp-
tiometry scans, sex and age-specific aBMD Z-scores, adjusted
for height, were calculated for total hip, femoral neck, spine and
distal radius. Principal components analysis, applied to the four
Z-scores, generated new integrated aBMD phenotypes. Linear
mixed effects models, adjusted for age, Tanner, BMI-Z, dietary
calcium and physical activity, were used to test associations
between a genetic score (percentage aBMD-lowering alleles
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carried at 63 GWAS-implicated loci) and the loading scores.
We also performed a GWAS, using the baseline data, to iden-
tify loci associated with the loading scores.
Results: Four principal components (PC1-PC4) were identified
that explained 68.1%, 18.6%, 10.5%, and 2.8% of the variance,
respectively (Figure 1). A higher PC1 loading score indicated
higher bone Z-scores across all four sites. The genetic score was
associated with lower PC1 loading score (beta= -0.05,
P=3.9×10-10); from the GWAS, rs114260199 (LMO2/
CAPRIN1, P=3.9×10-8) and rs75321045 (ZMAT4,
P=2.5×10-8, females) were associated with PC1 loading score. A
higher PC2 loading score indicated higher distal radius Z-score
only. The genetic score was not associated with PC2; from the
GWAS rs67991850 (CPED1, P=2.5×10-11) was associated with
PC2 loading score. A higher PC3 loading score indicated higher
spine Z-score only. The genetic score was not associated with PC3;
from the GWAS rs58649746 (RAB11FIP5, P=4.8×10-9,
females) was associated with PC3 loading score. A higher PC4
loading score indicated lower total hip Z-score, but higher femoral
neck Z-score. No genetic associations were observed for PC4.
Conclusion: We identified four integrated pediatric aBMD
phenotypes, including non-site-specific (PC1), distal radius-
specific (PC2) and spine-specific phenotypes (PC3). An
established genetic bone fragility score associated with the non-
site-specific phenotype, but not the site-specific phenotypes.
Novel variants near LMO2/CAPRIN1, ZMAT4, and RAB11-
FIP5 associated with non-site specific or spine specific pheno-
types. These results highlight the utility of an integrated skeletal
site phenotyping approach, which may help identify additional
genetic loci associated with skeletal development that will aid in
the prevention of osteoporosis in later life.

PO2.10.06

Common adult height variants influence pediatric bone
mineral density: a longitudinal candidate gene analysis

J.A. Mitchell1, A. Chesi1, S.E. McCormack1, D.L. Cousminer1,
H.J. Kalkwarf2, J.M. Lappe3, V. Gilsanz4, S.E. Oberfield5,
J.A. Shepherd6, A. Kelly1, B.S. Zemel1, S.F.A. Grant1
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University, OMAHA, United States of America; 4Children’s
Hospital Los Angeles, LOS ANGELES, United States of America;
5Columbia University Medical Center, NEW YORK, United
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Background: Osteoporosis is a complex disease that may have
origins in childhood, necessitating the need to understand the
genetics of bone accretion. The strongest pediatric areal bone
mineral density (aBMD) genetic locus resides at 7q31.31
(CPED1-WNT16). Interestingly, variants near CPED1-
WNT16 also influence adult height, and linear growth is an
important dimension of bone accretion. Over 700 known
genetic variants for adult height have been reported. We
therefore aimed to determine the associations of height variants
that are common (>5%), low frequency (1-5%), and rare
(<1%) with pediatric aBMD.
Methods:We analyzed data from the Bone Mineral Density in
Childhood Study, restricted to participants of European
ancestry (N= 1,298; 52% female). Dual energy X-ray absorp-
tiometry was used to calculate spine, total hip, femoral neck
and distal radius aBMDZ-scores, and total body less head bone
mineral content (TBLH-BMC) Z-scores, adjusted for height.
Genetic risk scores (GRS) for taller stature were calculated
using: 1) 683 common height variants and 2) 83 low frequency
or rare (LFR) variants. Both scores were standardized and
weighted based on their effect size with adult height. Linear
mixed models were used to test for association between each
standardized GRS (beta= bone Z-score change per 1 SD
increase in the GRS), as well as the individual variants (with
Bonferroni correction for multiple comparisons), and the bone
Z-scores. Age and sex interactions were tested.
Results: As expected, the common-GRS and LFR-GRS were
positively associated with height Z-score (beta= 0.26,
P= 3.6× 10-29; and beta= 0.10, P= 1.1× 10-6, respectively);
and the associations were stronger among older children (P-age
interactions <0.05; Figure 1). No sex differences were observed
with respect to the common-GRS, LFR-GRS and the height
Z-score outcome. In contrast, the common-GRS was nega-
tively associated with bone Z-scores (e.g. TBLH-BMC:
beta= -0.08, P= 1.2× 10-4); and these negative associations
was stronger among older children (P-age interactions <0.05;
TBLH-BMC example). No sex differences were observed with
respect to the common-GRS and bone Z-score outcomes. The
LFR-GRS was not associated with bone Z-scores, and no age or
sex interactions were observed with respect to the LFR-GRS
and bone Z-score outcomes. At the individual variant level, a
common height increasing allele near CPED1 (rs6952113-G)
associated with higher distal radius aBMD (beta= 0.21,
P= 4.9× 10-6); this association was stronger in females (P-sex
interaction= 7.9× 10-4; beta= 0.39, P= 4.2× 10-12); and
only observed among younger male children (P-age interac-
tion= 1.4× 10-4). In contrast, a common height increasing
allele near PDE3A (rs4326884-A) associated with lower spine
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aBMD (beta= -0.14, P= 0.002); no sex or age differences were
observed for this variant with respect to spine aBMD.
Conclusion: Overall genetic predisposition to taller stature
associated with lower aBMD in childhood. Our observations
therefore provide insight into the genetic regulation of the
growing skeleton and could aid in developing more effective
therapies for preventing and treating osteoporosis. However,
since bone accretion continues into young adulthood, after
peak height is attained, follow-up studies are needed to deter-
mine if our observations translate into risk of osteoporosis and
fracture in later adulthood, and if our associations remain once
peak bone mass has been attained.

PO2.10.07

Finger dermatoglyphics and reproductive success
in women

M.K. Klimek, A.G. Galbarczyk, I.N. Nenko, G.J. Jasienska

Jagiellonian University Medical College, KRAKOW, Poland

Finger ridge counts characteristics are under genetic and environ-
mental (including sex hormones) influence and developed before
the 19th week of pregnancy. Dermatoglyphics are biomarkers of
early environmental conditions and are related to many diseases,
including reproductive cancers (breast, cervix) in women. Here we
analyze, for the first time, the association between two derma-
toglyphic biomarkers and women’s reproduction (First Birth
Interval, number of children, age at first and last birth, mean
interbirth interval and reproductive span).
The participants were 237 women aged 45-92 (mean= 61.6;
SD= 11.18) from rural population with natural fertility at the
Mogielica Human Ecology Study Site in Poland. Two derma-
toglyphic indices: AFRC (absolute finger ridge count, total
amount of ridge counts in both hands) and Md15 (difference
between mean number of ridge counts on thumbs and little
fingers between hands) were calculated according to standard
procedures. Age, education, age at marriage, age at first birth,
mean interbirth interval, husband’s age at marriage and age

difference between spouses were included as covariates,
depending on the analysis.
AFRC was negatively related to First Birth Interval (borderline
significance p= 0.06), number of children (p= 0.02), age at
last birth (p= 0.03) and reproductive span (p= 0.02). Md15
was negatively related to reproductive span (p= 0.02). No
statistically significant associations were observed for age at first
birth and mean interbirth interval.
Our results suggest that more favourable early developmental
conditions, reflected in lower values of AFRC and Md15
indices, are related to women’s higher reproductive success.
This study adds to the growing body of evidence that early
developmental conditions are important for shaping later life.

PO2.10.08

Stress early in life and child stress responses at age 6

S.S.H. Simons, M.A.C. Zijlmans, A.H.N. Cillessen,
C. de Weerth

Radboud University, NIJMEGEN, The Netherlands

Background: In stressful situations individuals respond
behaviorally and physiologically. Physiologically, the
Hypothalamic-Pituitary-Adrenal (HPA) axis becomes activated
producing its primary hormonal end product cortisol (e.g.,
Dickerson & Kemeny, 2004; Nicolson, 2007). Behaviorally,
people often change their behavior, for example their gazing
behavior by avoiding or increasing looking time at the threa-
tening stimulus (Wilson & MacLeod, 2003). Efficient stress
responses are needed to deal with day-to-day stressors. How-
ever, there are individual differences in physiological and
behavioral responses (e.g., Kudielka, Hellhammer, & Wüst,
2009; Wilson & MacLeod, 2003) and alterations in these
responses have been associated with (mental) health (e.g.,
McEwen, 2008; Wilson & MacLeod, 2003). Therefore, it is
important to understand predictors of these stress responses
during childhood. Stress early in life may be an important
predictor of those stress responses. Prenatal maternal distress
has been found to be associated with infant cortisol stress
reponses (e.g., Leung et al., 2010) as well as with gazing during
a peek-a-boo task (e.g., Lin, Crnic, Luecken, & Gonzales,
2014). Moreover, postnatal early life stress has also been asso-
ciated with children’s cortisol stress responses (Loman &
Gunnar, 2010). To determine if these associations persist over
time, we examined whether stress early in life, in the form of
maternal prenatal and early postnatal distress, is associated with
behavioral and physiological stress responses of typically
developing six-year-old children. Moreover, because stress
responses might facilitate or inhibit each other, associations
between the physiological and behavioral stress responses were
explored.
Methods: A total of 149 six-year-old children (Mage = 6.09;
70 girls) participated in a standardized stress paradigm in which
they had to perform in front of a judge. During the test their
cortisol as well as their behavioral stress response, in the form of
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gazing behavior were recorded. Physiological stress responses
were operationalized by collecting six cortisol saliva samples
and calculating total stress cortisol and cortisol stress reactivity.
Gazing behavior was operationalized by interval recording of
gazing behavior during the stressor. To operationalize stress
early in life maternal distress both prenatally (week 37 of
pregnancy) as well as postnatally (at child age 3 and 6 months)
was measured. Child gender, maternal educational level, and
maternal feelings of anxiety at child age six were taken into
account as confounders.
Results: Hierarchical regression analyses indicated that more
maternal fear of giving birth was associated with lower total
stress cortisol at child age six. Moreover, higher prenatal
maternal evening cortisol concentrations as well as more
maternal feelings of anxiety in the first six months of the child’s
life were associated with higher total stress cortisol concentra-
tions of the children at age six (see Table 1). Regarding asso-
ciations between the physiological and behavioral stress
responses, higher cortisol stress reactivity was associated with
less gazing in the direction of the judge (Spearman’s Rho =
-.17, p< .05).
Conclusions: These results suggest that maternal distress early
in the child’s life may program children’s later HPA-axis
functioning. Also, in six-year-olds confronted with a stressful
social evaluative situation, gazing may be used to deal with
stress.

Results from regressions predicting total stress cortisol,
cortisol stress reactivity, and gazing behavior from stress early
in life

PO2.10.09

Birth weight is associated with lean and bone mass in
healthy young adults from the Nutritionists’ Health
Study - NutriHS

A. Marques Martins Valente1, A. Archanjo Ferraro2,
B. Almeida-Pititto3, L.G.D. Folchetti1, I. Tande da Silva1,
I. Eshriqui Oliveira1, S. Roberta Gouvea Ferreira1

1School of Public Health - University of São Paulo, Brazil, SÃO
PAULO, Brazil; 2Medicine School - University of São Paulo,
Brazil, SÃO PAULO, Brazil; 3Federal University of São Paulo,
Brazil, SÃO PAULO, Brazil

Background: Osteosarcopenia has been associated with accel-
erated functional decline and disability in elderly. Its determi-
nants have been more commonly investigated at advanced age,
although early-life factors may be already influencing bone and
muscle mass peaks and rates of decline. This study examined
whether birth weight (BW) was associated with parameters of
muscle and bone compartments in healthy young adults from
the NutriHS which is a cohort study of undergraduates and
graduates from Nutrition courses in São Paulo, Brazil.
Methods: This cross-sectional analysis was performed in 121
healthy participants of the NutriHS, aged 20-40yrs, who
answered a questionnaire about early-life events, and had
anthropometric data, muscle performance parameters, body
composition and bone densitometry (DXA Lunar GE®) and
blood sample collected. Appendicular skeletal muscle mass
index (ASMI) was calculated. BW was categorized in quartiles
and variables compared by ANOVA + post-hoc Bonferroni.
Associations between BW quartiles (exposure) and calf
circumference, handgrip, chair-stand test, ASMI, bone mineral
density and content (BMD and BMC) and concentrations of
25-hydroxyvitamin D, lipids, glucose and insulin (outcomes)
were tested using multiple linear regression.
Results: Ninety percent of the sample were women; mean
values of age, BMI and BW were 24.4 ± 5.2yrs, 23.5 ± 4.3kg/
m2 and 3227.9 ± 440.0g, respectively. Pre-pregnancy BMI of
their mothers was 22.1 ± 3.5kg/m2. Comparing means values
among BW quartiles, direct associations in calf circumference
(p= 0.007), handgrip (p= 0.017), ASMI (p= 0.009) and
BMC of total body (p= 0.024), femoral neck (p= 0.037) and
total femoral (p= 0.021) were observed. In linear regression
models, after adjustments for confounders, direct associations
of BW quartiles with calf circumference [r2= 0.09; p= 0.006],
handgrip [r2= 0.48; p< 0.001] and ASMI [r2= 0.35;
p< 0.001] but not with chair-stand test were detected. Also,
BW quartiles were associated with total body BMC [r2= 0.04;
p= 0.019], femoral neck [r2= 0.06; p= 0.035] and total
femoral [r2= 0.07; p= 0.013]. Laboratory variables, including
25-hydroxyvitamin D (24.2 ± 10.4ng/mL) were within the
normal ranges and not associated with BW.
Conclusions: The associations of BW with structural and
functional parameters suggest that may be a predictor of muscle
and skeletal health in young adults. Since BW is considered a
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marker of quality of the intrauterine environment, our findings
reinforce to the importance of nutrition in the early stages of
development also for the prevention of skeletal muscle loss.

PO2.10.10

Basal cortisol concentrations and growth in children
of Mexico City

J.A. de la Rosa Parra

National Institute of Public Health, CUERNAVACA, Mexico

Background: Cortisol plays an important role in processes of
bone, muscle and fat mobilization. This could influence body
composition, affecting anthropometric indicators like weight
and height. Children’s growth is clinically monitorized with the
World Health Organization growth indexes (WHO). In
Mexico, children’s growth problems have shown changes over
time: a negative trend for stunting and undernutrition, and a
positive trend for overweight and obesity between 1988 and
2012. Studies of children’s cortisol and their growth are scarce.
The aim of the study is to explore the association between basal
cortisol levels, growth indexes, and undernutrition or obesity in
Mexican children of 12 to 48 months of age.
Methods: 404 Participants from the Programing Research in
Obesity, Growth, Environment and Social Stressors (PRO-
GRESS) birth cohort were included. Salivary cortisol was
measured at 12, 18 or 24 months of age 4 times per day over
2 days. Total diurnal cortisol level was calculated averaging the
area under the curve (AUC) for both days and quartiles were
used for analyses. Height and weight were analyzed long-
itudinally from the saliva collection time-point to 48 months of
age. Z-scores for growth indexes: weight for age (WFA), height/
length for age (HFA), weight for height/length (WFH) and
body mass index (BMI) for age (ZBMI), were constructed
according to the WHO standards. We used mixed models to
analyze the association between total daily cortisol levels and
growth indexes, and longitudinal ordered logistic regression to
explore the odds to develop obesity (>2SD in growth indexes).
Results: A similar non-linear relationship was found between
cortisol AUC and the 4 growth indexes: an increase from the 1st

to the 2nd AUC quartile followed by decreases to the 3rd and
less so from the 3rd to the 4th AUC quartile. Regarding the
associations coefficients, with respect to the 1st cortisol AUC
quartile, the 2nd cortisol quartile showed a positive association
with WFA, WFH and ZBMI z-scores (standard deviation (IC
95%)): 0.31 (0.07, 0.56), 0.30 (0.05, 0.55), and 0.32 (0.06,
0.57) respectively. Despite not being statistically significant,
HFA had negative coefficients for the 3rd and 4th quartile
compared with 1st quartile, consistent with hypercortisolemia
literature. Additionally, our results showed that participants in
2nd cortisol quartile compared with 1st quartile, had higher
odds of obesity (observed in indexes related with children
weight) (OR, CI 95%): WFA: 7.59 (2.04, 28.27), WFL: 4.14
(1.48, 11.55), and ZBMI: 4.37 (1.65, 11.56).

Conclusion: Total diurnal cortisol levels are associated with
children growth. Hypothalamic pituitary adrenal axis devel-
opment could influence weight and length/height gain in early
infancy. Analysis using longitudinal cortisol measurement can
improve knowledge about this association.

Longitudinal modelsa for z-scores at 12, 18, 24 and
48 monthsc with quartiles of cortisol AUC.

PO2.10.11

Fetal protection from maternal cortisol: How early is
11-beta hydroxysteroid dehydrogenase type 2 (11β-HSD2)
expressed in the human placenta

P.A. Nepomnaschy1, K.G. Salvante1, K. Milano2, H. Kliman2

1Simon Fraser University, BURNABY, Canada; 2Yale
University, NEW HAVEN, United States of America

Maternal physiologic stress during gestation has been associated
with negative developmental outcomes, including intra-uterine
growth restriction and reduced birth weight, which can impact
postnatal development, behaviour and health. The human
fetus is partially protected from elevated cortisol exposure by
placental 11-beta hydroxysteroid dehydrogenase type 2 (11β-
HSD2), an enzyme which oxidizes bioactive cortisol into bio-
inactive cortisone. In humans, placental 11β-HSD2 has been
shown to be present from as early as the middle of the first
trimester until parturition. However, the onset of placental
11β-HSD2 expression has yet to be clearly established. Given
the protective role this enzyme is hypothesized to have during
gestation, we predicted that placental 11β-HSD2 expression
should begin during the earliest stages of the placentation
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process, the critical peri-conceptional period. Specifically, we
predicted that this enzyme’s expression should be most con-
spicuous in cells that are in intimate contact with the mother’s
circulatory system. We performed immunocytochemical ana-
lysis of placentas collected 3 to 6 weeks post-conception.
Consistent with our predictions, 11β-HSD2 was present as
early as 3 weeks post-conception in syncytiotrophoblasts,
where most maternal-fetal exchange occurs, and in columnar
epithelial cells encircling uterine endometrial glands, which
provide early histiopathic nutrition to the embryo. 11β-HSD2
expression in these critical maternal-fetal exchange areas is
consistent with its hypothesized role as a protective barrier to
modulate embryonic/fetal exposure to cortisol of maternal
origin. Further research is necessary to investigate which
mechanisms, if any, protect the conceptus before the onset of
placentation.

PO2.10.12

Neonatal TSH: A controversial biomarker of iodine and
selenium status

M.I. Velasco1, E. García-Fuentes2, S.C. Bath3, M.P. Rayman4

1Riotinto Hospital. Andalusian Health Service, MINAS DE
RIOTINTO, Spain; 2Institute of Biomedical Research of Málaga
(IBIMA), MÁLAGA, Spain; 3Faculty of Health and Medical
Sciences, GUILDFORD, United Kingdom; 4University of Surrey,
GUILDFORD, United Kingdom

Background: Neonatal TSH has traditionally been used as
indicator for monitoring iodine deficiency in a population.
Nevertheless, the neonatal TSH measurement may be affected
by potential confounding factors which should be identified.
The current study was designed to determine the relationship
between thyroid function, iodine status and selenoproteins in
healthy mothers and their newborns at the time of birth.
Methods: A cross-sectional study included 83 healthy mother-
baby couples. TSH, FT4, FT3 and anti-thyroid peroxidase
antibodies were measured in maternal serum and cord blood.
Neonatal TSH from heel-stick blood specimens were com-
pared to TSH from cord blood. Iodine concentration was
determined in maternal urine and amniotic fluid. Total sele-
nium and selenoproteins were measured in maternal serum and
cord blood through a coupling based on in series two-
dimensional size exclusion and affinity high-performance
liquid chromatography (2D/SE-AF-HPLC). GPx activity and
Selenoprotein P1 (by ELISA) were also measured.
Results: The median maternal urinary iodine concentration
was 145,6 μg/L. TSH in cord blood correlated positively with
amniotic fluid iodine concentration (r= 0.45, p< 0.01) and
maternal urinary iodine concentration (r= 0.24, p< 0.05).
The heel blood TSH only correlated with cord blood TSH (r=
0.37, p< 0.01). Total selenium was significantly higher in
maternal serum compared to cord blood (68,9 ±15,2 and
56,1 ± 14,6 μg/L respectively; p< 0,01). Selenoproteins sig-
nificantly correlated between mothers and newborns. The cord

blood TSH correlated positively with neonatal Selenoprotein
P1 measured by ELISA (r= 0.37, p< 0.01). This association
remained significant after adjusting for maternal Selenoprotein
P1 and heel blood TSH (R2= 0.28, p< 0.05)
Conclusions: The heel blood TSH does not show correlation
with iodine status nor selenium status in mothers and new-
borns at the time of birth. However, our results seem to indi-
cate an association between cord blood TSH and the
antioxidant protein Selenoprotein P1 in neonatal serum.

PO2.10.13

Cortisol concentrations in breast milk: associations with
infant crying

C. Hechler, R. Beijers, J.M.A. Riksen-Walraven, C. de Weerth

Radboud University, NIJMEGEN, The Netherlands

Background: Breastfeeding is beneficial for infant health and
development. For example, breastfeeding has been related to
fewer illnesses in the infant, and better child cognitive devel-
opment, even beyond infancy and childhood. Less research has
been devoted to the hypothesis that biological constituents of
breast milk influence offspring phenotype, also known as the
lactational programming hypothesis. Breast milk contains, next
to water, protein, carbohydrates, and immune factors, several
hormones, including glucocorticoids (in humans: cortisol).
Evidence from animal research shows that these glucocorticoids
are related to offspring behavior. For example, higher gluco-
corticoid levels in maternal breast milk are related to reduced
anxiety and improved learning in rat offspring (Catalani et al.
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2002; Catalani et al., 2000), and more confident temperament
in male monkey offspring (Sullivan, et al., 2011). The aim of
the present study was to investigate whether breast milk cortisol
can also predict infant behavior in humans. Specifically, we
explored the relationship between breast milk cortisol and
infant crying. Crying is closely related to feeding and gut dis-
comfort, and is also a measure for temperamental difficulty or
irritability in the child.
Methods: When the infant was 2, 6, and 12 weeks old,
breastfeeding mothers (N= 70) collected one morning sample
(approximately 20ml) of their breast milk. At the same ages,
the mothers kept a 3-day infant cry diary. Crying and fussing
behavior were summed up and operationalized as 1) Crying
total duration (mean crying duration in minutes per 24 hours),
2) Crying frequency (the mean number of episodes of crying
per 24 hours), and 3) Crying bout (mean bout length of
crying episodes). Cortisol was extracted from breast milk
samples with methyl tertiary butyl ether, and quantified by
Liquid chromatography-tandem mass spectrometry (LC-MS/
MS). A mixed model approach (multilevel) was used to inves-
tigate the association of breast milk cortisol and the three
infant crying variables. Infant sex and interactions between infant
sex and breast milk cortisol were included to explore sex differences.
Results: Breast milk cortisol was unrelated to infant crying total
duration, crying frequency, and crying bout. However, there
was a significant interaction effect between infant sex and milk
cortisol on infant crying bout. More cortisol in breast milk was
related to longer crying bouts in female infants, and to shorter
crying bouts in male infants. Simple slope analyses showed that
the individual curves did not reach significance (p= .08 for
both the female and the male curves), which might be due to a
small sample size.
Conclusions: Breast milk cortisol is differently related to crying
bout length in male and female infants. This may be pointing at
differential lactational programming effects of cortisol
depending on infant sex. Replication of the study with a larger
sample size is needed.

PO2.10.14

Adolescence-malnutrition in rats disrupts testosterone
homeostasis leading to metabolic and pancreatic-function
impairment at adulthood

C. de Oliveira1, E.G. de Moura2, R.A. Miranda3, L.F. Barella4,
E.P.S. Conceição2, R.M. Gomes5, T.A. Ribeiro4, A. Malta4,
I.P. Martins4, C.C.S. Franco4, P.C. Lisboa2, P.C.F. Mathias4

1Universidade Federal de Mato Grosso - (UFMT), SINOP,
Brazil; 2Universidade do Estado do Rio de Janeiro - (UERJ), RIO
DE JANEIRO, RJ, Brazil; 3Universidade Federal do Rio de
Janeiro - (UFRJ), RIO DE JANEIRO, RJ, Brazil; 4Universidade
Estadual de Maringá - (UEM), MARINGÁ, Brazil;
5Universidade Federal de Goiás - (UFG), GOÂINIA, GO, Brazil

Background: Protein-calorie restriction in critical stages of life
development, as well as changes in the homeostasis of

testosterone among other hormones involved in metabolism
control are great contributing factors to the worldwide epi-
demic of metabolic disorders like obesity and type 2 diabetes
mellitus. In the present study, we assessed the short- and long-
term effects of low-protein diet on the glucose homeostasis,
pancreatic-islet function and hypothalamic-pituitary-testicular
(HPT) axis in male rats.
Methods: At 30-days-old, Wistar male rats were fed a low-
protein diet (4% of protein, LP group) until 60-days-old and
then, to dietary rehabilitation, were fed with normal-protein
diet (20.5% of protein) from 60- to 120-days-old. At the same
time, control rats (NP group) were fed a normal-protein diet
throughout life. A batch of rats was euthanized at 60-days-old,
while another at 120-days-old. Food intake, body weight,
mesenteric-fat pad, lipid profile, plasma glucose, insulin and
testosterone were evaluated in rats at both ages (60- and 120-
days-old). In addition, the pancreatic-islet insulinotropic
response, testosterone production as well as androgen receptor
(AR) protein expression in hypothalamus were assessed.
Results: At 60-days-old, LP rats were leaner, hypophagic,
hypoglycemic, hypoinsulinemic and hypotestosteronemic
(P< 0.05). Indeed, a weak insulinotropic response (P< 0.01),
as well as reduced testosterone production and hypothalamic-
AR down regulation were found. In addition, the cholinergic
and glucose pancreatic-islet’s response were smaller in 60-days-
old rats. Contrarily, at 120-days-old, LP rats were hyperphagic
and displayed higher accumulation of mesenteric fat-pad, dys-
lipidemia, hyperglycemia, hyperinsulinemia and peripheral
insulin resistance (P< 0.01). The blood levels of testosterone,
testicle-testosterone release and hypothalamic expression of AR
were reduced (P< 0.05). Both, the glucose and acetylcholine
response of pancreatic-islet were drastically increased either in
baseline and high concentrations (P< 0.05).
Conclusions: Protein-calorie restriction at adolescence disrupt
hypothalamic-pituitary-testicular axis, malprogramming adult
rats to glucose-insulin impairment associated with pancreatic-islet
dysfunction and the high risk to metabolic disease aggravation.

PO2.10.15

Cortisol/cortisone ratio in early childhood in very-low-
birth-weight infants and term born infants

M. de Jong1, A. Cranendonk2, J.W.R. Twisk2,
M.M. van Weissenbruch2

1Albert Schweitzer Hospital, DORDRECHT, The Netherlands;
2VU University Medical Center, AMSTERDAM, The
Netherlands

Background: Programming of the hypothalamic-pituitary-
adrenal axis, resulting in increased activity in later life, probably
plays an important role in the later metabolic and cardiovas-
cular consequences of intra-uterine growth restriction (IUGR)
and/or preterm birth. In IUGR born children, changes in the
activity of 11ß-hydroxysteroid dehydrogenase type 2 (11ß-HSD2)
probably contribute to the metabolic and cardiovascular
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consequences in later life. 11ß-HSD2 converts cortisol into
inactive cortisone and is mainly active in the kidney; cortisol/
cortisone ratio is used as a marker for 11ß-HSD2 activity. We
hypothesize that changes in 11ß-HSD2 activity could also
contribute to the later consequences of preterm birth. The aim
of the present study was to compare serum cortisol, cortisone
and cortisol/cortisone ratio and it relationships to metabolic
syndrome components in infancy and early childhood in
very-low-birth-weight infants (birth weight< 1500 g) and term
appropriate for gestational age born infants (birth weight above
the 10th percentile).
Methods: We included 41 very-low-birth-weight infants and
64 term infants. Cortisol and cortisone were measured in blood
samples taken at 6 months and 2 years corrected age (very-low-
birth-weight children) and at 3 months, 1 and 2 years of age
(term children). At 1 year and 2 years of (corrected) age total
cholesterol, HDL cholesterol, triglycerides, glucose and insulin
were also measured. Linear mixed model analyses were used to
analyse the longitudinal differences in serum cortisol, cortisone
and cortisol/cortisone ratio between the very-low-birth-weight
children and term born children and were also used to analyse
the longitudinal relationship between the cortisol/cortisone
ratio and several components of the metabolic syndrome.
Results: During the first 2 years of life cortisol/cortisone ratio is
significantly higher in very-low-birth-weight children compared
to term children. Serum cortisol and cortisone alone do not differ
significantly between the very-low-birth-weight children and
term children over time. In the term children there is a significant
longitudinal relationship between cortisol/cortisone ratio and
total cholesterol, glucose and insulin over the first 2 years of life.
In the subgroups of very-low-birth-weight children with high
glucose levels or low HDL cholesterol levels, cortisol/cortisone
ratio is correlated to triglycerides and glucose respectively.
Conclusions: Very-low-birth-weight infants have higher cor-
tisol/cortisone ratio during early childhood compared to term
born children and cortisol/cortisone ratio is related to several
metabolic syndrome components in early childhood. These
results suggest that in very-low-birth-weight infants lower 11ß-
HSD2 activity could contribute to the long-term metabolic
and cardiovascular risks. The negative effect of cortisol on
insulin sensitivity probably plays a crucial role in the association
between high cortisol/cortisone ratio and metabolic and cardi-
ovascular consequences later in life.

PO2.10.16

Stress and Inflammation in Children

T.G. O’Connor1, M.T. Wlloughby2, J. Williams2, C.B. Blair3,
A.V. Sefair1, J.A. Moynihan1, J. Carnahan1, M.T. Caserta1

1University of Rochester, ROCHESTER, United States of
America; 2RTI, CHAPEL HILL, United States of America;
3NYU, NEW YORK, United States of America

Background: Research findings from diverse studies indicate
that adult health outcomes can be predicted from early stress

exposures. It is less clear if early stress exposures have detectable
effects on health outcomes in children. The current study exam-
ined the association between early stress exposures and inflam-
mation in pre-adolescent children. We focused on inflammation
because it is established mechanism of disease and may mediate
the effects of stress on diverse health outcomes.
Method: The study is based on the Family Life Project, a
prospective longitudinal study of 1,292 families who have been
assessed since the target child was 2 months of age. The FLP
oversampled rural poor families living in Pennsylvania and
North Carolina in the US. Families were visited when the child
was 2, 6, 15, 24, 35, 48, 58 months of age and 1st grade. The
current study, based on an in-person assessment conducted
when the children were age 11 years, included a subset of
children in the FLP study; selected children (n= 461) were
stratified by poverty and race. At the age 11 home visit, a
phlebotomist collected a blood sample from venipuncture;
children’s physical health and anthropometrics were also
assessed. Detailed measures of psychological and socio-
demographic stress and caregiving were also collected from
questionnaire, interview, and observational methods. We focus
in this report on the innate immune system, measured from
circulating levels of the pro-inflammatory cytokines IL-6 and
TNF-alpha and the acute phase protein CRP using enzyme-
linked immunoassay (ELISA) high sensitivity kits.
Results: IL-6, TNF-alpha, and C-RP were moderately inter-
correlated (r’s .23-.49), and each was reliably associated with BMI
(r’s .17-.38). There were sizable and consistent differences in
immune markers by race [e.g., for IL-6, means were 1.52pg/ml
[1.4] in African-Americans and 1.11pg/ml [.92] in Caucasian
children, p< .001]. Socioeconomic status was reliably associated
with IL-6; however, the association was significant in Caucasian
(r = .19, p< .01) but not African-American children (r= .03, ns);
differences in effects were not explained by race differences in BMI.
Further analyses will examine birth and growth parameters and early
stress exposures as predictors of immune data at age 11 years.
Conclusions: The findings extend research on early stress
exposure, and suggest that inflammation may be one mechan-
ism underlying social gradients of illness from childhood.
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PA3.01 - Early origins of aging

PA3.01.01

Life-course paths to metabolic health

M.R. Järvelin

Imperial College London, LONDON, United Kingdom

There is an increasing awareness that the process of premature
ageing starts in early life via psycho-social adversities acting on
human physiology. The recent large meta-analyses based on
adult populations show that low socioeconomic position
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increases premature mortality, and it should be targeted by
global health strategies1. Most of the research in this respect has
focused on adult life information. However, childhood and
adolescent overweight and obesity, and consequent metabolic
adversities have become major public health concerns in both
westernized and, more recently, in developing countries. Tra-
ditional approaches for the management of these disorders have
had poor long term efficacy. Therefore prevention, from early
life, is currently the most promising strategy for controlling the
metabolic disease epidemic. Consequently, it is important to
understand the life-course paths and trajectories leading to
metabolic ill-health that impact the risk of premature ageing.
Longitudinal birth cohort studies have already produced a vast
amount of evidence and shown a strong association between
prenatal factors, early infancy weight gain, adiposity and
childhood and adult body mass index and other metabolic
outcomes e.g.2,3,4,5. In Northern Finland Birth Cohort studies
and other longitudinal data we have aimed to build predictive
algorithms for the early identification of individuals at an
increased risk for childhood and adolescent overweight/obesity
and other metabolic adversities. These analyses show that there
are key markers in pregnancy and early life with high prediction
ability6. We have also shown that early life stress may modify
the association between genetic variants and early growth7.
Ongoing research provides insight into the mechanisms linking
early growth patterns with healthy metabolic ageing. To take
these works forward, in the context of the DynaHEALTH
H2020 program (http://www.dynahealth.eu/), we have set out
to explore a composite of biological and psycho-social factors
(gluco-psychosocial axis) that may predict premature ageing
associated with metabolic adversities from early life onward,
using a population of over 1 million subjects across Europe.
The analyses support a strong interplay of metabolic and psy-
chosocial factors in establishing risk of premature ageing.
Although the bio-psycho-social model was introduced 40 years
ago by Engel and acclaimed by the scientific community, it has
yet to be successfully operationalized into research approaches
and routine practice. The methodological challenge is to
explore in-depth the life-long psycho-social wellbeing by taking
into account metabolic measures, heritability, temporal rela-
tionships, interactions and causality, and how direct biological
markers such as epigenetic modifications maybe used as a more
“objective measures” of the impact of the environment on
health and as a mechanistic instrument.
References: 1Stringhini S et al The Lancet 2017, 2Kaakinen M
et al. J Epidemiol Community Health, 2014, 3Kaakinen M
et al Am J Epidem 2010, 4Graversen L 2014 PlosOne,
5Tzoulaki I et al, Am J Epid, 2010, 6Morandi et al. Plos One
2012, 7Ali-Khan et al Plos One, 2012.

PA3.01.03

Developmental origins of “aging”: an epidemiological
perspective

A. Hofman1,2

1Stephen B. Kay Family Professor of Public Health and Clinical
Epidemiology; 2Department of Epidemiology, Harvard T.H.
Chan School of Public Health, Boston, MA, USA

In this presentation I will argue (1) that “there is no such thing
as aging”, and (2) that the etiologic factors that are responsible
for the occurrence of diseases late in life are generally likely to
act throughout the life span. I will use data from two Erasmus
cohorts, i.e. the Rotterdam Study and Generation R , to
exemplify these points, and I will stress the potential of using
these cohorts in joint analyses.

PA3.01.05

Child maltreatment as a predictor of adult physical
functioning in a prospective British birth cohort

G. Archer, S. Pinto Pereira, C. Power

University College London, LONDON, United Kingdom

Background: Child maltreatment (abuse and neglect) has
established associations with mental health; however, little is
known about its relationship with physical functioning. Phy-
sical functioning in adulthood is an important outcome to
consider, as it is strongly associated with an individual’s ability
to work, and future disability, dependency, and mortality. We
aimed to establish whether maltreatment was associated with
physical functioning, independent from other early-life
adversities.
Methods: Using data from the 1958 British birth cohort
(n= 8150), we examined associations between child neglect
and physical, psychological, witnessing and sexual abuse with
physical functioning at age 50. Poor physical functioning was
defined by those scoring < 65 on the Short-Form 36 (SF-36)
Physical Functioning sub-scale. Two secondary outcomes were
examined: mental and self-reported health at age 50. Associa-
tions between each maltreatment and outcome were assessed
using logistic regression with and without adjustment for cov-
ariates, e.g. childhood social class, birthweight, and parental
and childhood health. Missing data was handled using multiple
imputation.
Results: 23% of participants reported at least one type of
maltreatment; 12% were identified with poor physical func-
tioning. Neglect, psychological, and sexual abuse were asso-
ciated with poor physical functioning independent of all
covariates and other maltreatments: ORadj 1.55 (95% CI 1.24-
1.93), 1.49 (1.17-1.88) and 2.56 (1.66-3.96), respectively.
Odds of poor physical functioning increased with multiple
types of maltreatment (ptrend< 0.001); ORadj ranged from 1.49
(1.23-1.82) for a single type of maltreatment to 2.09 (1.53-
2.87) for those reporting ≥ 3 types of maltreatment, compared
to those with none. Associations of comparable magnitude
were observed for mental and self-reported health outcomes.
Conclusion: Child neglect, psychological, and sexual abuse
were associated with poor physical functioning at 50yrs, with
accumulating risk for those with multiple types of
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maltreatment. To our knowledge, we are the first to demon-
strate that these associations are independent of numerous
early-life adversities, and comparable in magnitude to those
observed for mental health and self-rated health. The preven-
tion of maltreatment and the alleviation of its ill-effects could
be an effective policy intervention to promote healthy ageing.

PA3.01.06

Skin fibroblasts enable study of life course developmental
programming mechanisms in a baboon model of
intrauterine growth restriction (IUGR)

A. Salmon1, H.F. Huber2, C. Li2, P.W. Nathanielsz2

1University of Texas Health Science Center, SAN ANTONIO,
United States of America; 2University of Wyoming, LARAMIE,
United States of America

Background: Age-related diseases are modified by develop-
mental programming, defined as programming of later life
phenotypes following challenges in utero or in neonatal life.
Methods based on small, minimally invasive, easily obtained
biopsies that can be repeated across the life course are needed to
study emergence and life course progression of developmental
programming mechanisms. We have developed a cohort of
baboon offspring of mothers fed ad libitum (control, CTR) or a
30% global calorie reduced diet whose offspring were IUGR
(birthweight ~ 12% less than offspring of ad libitum fed
mothers, PMID 23482706). IUGR offspring show early
emergence and accelerated development of aging-related phe-
notypes such as aging of left (PMID 27988927) and right
(PMID 28439937) ventricular function and premature brain
aging (PMID 28443017). We have derived primary skin
fibroblast lines from adult CTR and IUGR baboons (ages 7-11
years; human equivalent ~ 32-50 years) to test molecular
pathways changed during programming.
Methods: A 2mm sterile post-aural punch biopsy was obtained
(n= 9 CTR, 7 IUGR). Following enzymatic dissociation, iso-
lated fibroblasts were subcultured using standard techniques to
generate sufficient numbers for further testing.
Results: From explant and isolation, fibroblasts isolated from
IUGR baboons required ~ 50% greater time to reach con-
fluence in culture. Cell numbers at confluence were reduced
25% in IUGR lines compared to CTR. This delay in growth
appeared linked to reduced mitochondrial respiration, sug-
gesting potential functional defects in oxidative phosphoryla-
tion that might drive delayed growth. IUGR lines showed 15-
20% reduction in oxygen consumption as measured by Sea-
horse Bioanalyzer (Figure). In addition, IUGR-derived fibro-
blasts displayed reduced cellular resilience to mitochondrial
stress in response to the mitochondrial uncoupler FCCP, sug-
gesting reduced energetic reserve in these cell lines (40%
reduction in IUGR). IUGR was also associated with reduced
resiliency to cellular senescence with earlier and increased levels
of senescence-associated β-galactosidase and p16 expression.

Conclusions: Small skin biopsies represent a powerful method
of studying molecular mechanisms of developmental pro-
gramming. Phenotypes are retained ex vivo in primary cultures.
Our data show that multiple pathways associated with cellular
aging are affected by IUGR.
Funding: R24 RR021367-01 A1; OD P51 OD011133

Fibroblasts for IUGR offspring (open, n= 7) showed decreased
maximum respiration and energetic reserve compared to CTR
(closed, n= 9). M ± SEM.

PA3.01.07

Accelerated age-related life-course changes in plasma lipids
in offspring of poorly nourished baboons: biological
(programmed) versus chronological age

A.H. Kuo1, C. Li2, G.D. Clarke1, V. Mattern3, H.F. Huber2,
A. Comuzzie3, L. Cox3, P.W. Nathanielsz2

1University of Texas Health Science Center, SAN ANTONIO,
United States of America; 2University of Wyoming, LARAMIE,
United States of America; 3Texas Biomedical Research Institute,
SAN ANTONIO, United States of America

Background: Female but not male offspring of the Dutch
Hunger Winter had elevated total cholesterol and low-density
lipoprotein (LDL) cholesterol (PMID: 19386743). Total and
HDL cholesterol levels in children are associated with meta-
bolic programming, potentially predisposing to later life car-
diovascular diseases (PMID: 25840838). We hypothesized that
globally reduced maternal nutrition in a nonhuman primate
model would accelerate offspring life-course lipid changes.
Methods: Pregnant baboons (Papio hamadryas) ate Purina
Monkey Diet 5038 ad libitum (CTL) or 70% ad lib diet in
pregnancy and lactation, which produced intrauterine growth
restriction (IUGR; ~ 12% decrease in body weight) in off-
spring. We studied IUGR females (N= 8, 8.6 years; human
equivalent ~ 34 years) and age matched CTL (N= 9, 8.9 years)
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as well as 25 females from 7-22 years. The normal baboon life
course in captivity is ~ 25 years. Serum lipids were measured on
an Alfa Wassermann ACE Clinical Chemistry Analyzer. Data
analyzed by linear regression and Student’s t-test.
Results: The figure shows that (A) across the life-course total
cholesterol was unchanged but (B) LDL rose (slope= 2.8mg-
1dl.year-1) and (C) HDL:LDL ratio fell (slope= -0.067). In
IUGR baboons compared with age-matched controls, LDL was
increased (Fig E) and HDL:LDL decreased (Fig F) by amounts
equivalent to advancing of aging by 4 and 6 years, respectively.
Conclusions: In female baboons, serum LDL rises by 2.8mg-
1dl.year-1 and HDL:LDL falls 0.67 units per year across the
life-course from 7 to 22 years. Programming by a reduced
maternal diet accelerates this process by ~ 4-6 years of life.
These data demonstrate the importance of knowing the
developmental background of subjects in both human and
animal studies when addressing issues of biological and
chronological age.

Total cholesterol, LDL, and HDL:LDL ratio (A-C) across the
life course and (D-F) at ages 8.6-8.9 years in CTR and IUGR
offspring. Mean ± SEM; *P< 0.05.

PA3.01.08

Caloric restriction at adulthood reverses hepatic
dysfunction induced by transient postnatal overfeeding in
mice. A possible role of SIRT-1

C. Yzydorczyk1, N. Li1, D. Mosig1, M. Bidho1, B. Keshavjee1,
F. Pé-Curto1, J.B. Armengaud1, A.C. Peyter1, C. Vergely2,
U. Simeoni1

1CHUV, LAUSANNE, Switzerland; 2Physiopathologie et
Epidémiologie Cérébro-Cardiovasculaires, DIJON, France

Background: An altered nutritional environment during cri-
tical periods of development can lead to metabolic disorders
later in life. The liver, involved in lipid/glucose homeostasis, is
particularly vulnerable to nutritional programming during the
perinatal period. Oxidative stress (OS) has been associated with
stress-induced premature senescence (SIPS) and involved in
metabolic and liver dysfunctions. Sirtuin (SIRT)-1, an anti-
aging protein, plays a major role in metabolism regulation as
well as in SIPS, and its expression can be modulated by caloric

restriction (CR).In this study, we investigated in a murine
model whether transient postnatal overfeeding (OF) can lead
thereafter to metabolic and hepatic disorders associated with
OS and SIPS, and if CR at adulthood can reverse these
dysfunctions.
Methods: C57BL/6 male pups were maintained, during the
lactation period, in litters adjusted to 9 pups for normal feeding
(NF) or reduced to 3 pups to induce transient postnatal OF.
After weaning at postnatal day (PND) 24, all mice had free
access to a standard diet. At 6 months of age, mice fromNF and
OF groups were randomly assigned to either the ad libitum
(AL) diet or the caloric restriction diet (CR, daily food supply
reduced by 20%) for one month. The following parameters
were studied at PND 24 and 7 months of life: i) body weight;
ii) markers of OS (reactive oxygen species, antioxidant defen-
ses); iii) markers of SIPS (factors involved in cell cycle arrest
(p21, p53, Acp53 and p16, pRb/Rb), SIRT-1); iv) liver struc-
ture/function (histological analysis, insulin signaling pathways
and glucose transporters expression).
Results: At PND 24, the body weight of OF pups was 63%
higher to normal fed pups, but no difference in hepatic struc-
ture and function were observed between both groups. At
6 months of life, OF mice displayed an increased area under
curve of blood glucose concentration after glucose challenge as
well as a higher blood glucose concentration after insulin
injection (p< 0.05) compared to NF animals. At 7 months,
body weight of OF group mice was 11.7% higher compared to
NF animals. Moreover, in the liver from 7 months old OF mice
we observed, compared to NF mice: i) higher levels of super-
oxide anion, and decreased catalase and superoxide dismutase
expression (p< 0.01); ii) increased expression of p21, p53,
Acp53 and p16, but decreased pRb/Rb and SIRT-1 expression
(p< 0.01); iii) microvesicular steatosis and hepatic fibrosis; iv)
decreased IRS-1/2, pIRS-1/2, PI3K, pAkt/Akt expression
(p< 0.01), decreased GLUT-2, but increased GLUT-4
expression (p< 0.05). CR at adulthood decreased body
weight, reversed OS, SIPS, microvesicular steatosis, improved
insulin signaling pathway and normalized glucose transporter
expression, but did not reverse hepatic fibrosis.
Conclusions: A transient postnatal OF leads to glucose intol-
erance, insulin resistance, and impaired hepatic structure and
function at adulthood, associated with decreased SIRT-1
expression. Caloric restriction at adulthood reverses liver
alterations induced by transient postnatal OF, including
decreased SIRT-1 expression.

PA3.01.09

Influence of nutritional intervention in early life behaviour
in healthy children at 2.5 years

A. Nieto-Ruiz1, M. Arias1, E. Diéguez1, F. Herrmann1,
M.T.Miranda2,M. Rodríguez-Palmero3, J. Jiménez3, C. Campoy1

1EURISTIKOS Excellence Centre for Paediatric Research,
GRANADA, Spain; 2Department of Biostatistics, School of
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Medicine, University of Granada, GRANADA, Spain; 3Ordesa
Laboratories, S.L., BARCELONA, Spain

Background: Mental health is the basis for achieving all the
other skills of human development. During childhood many
clinically significant behaviour problems may occur (conduct
problems, hyperactivity, emotional problems). These problems are
often being identified first in early childhood, which then show
considerable stability across older ages. Nutrition is the most
important environmental factor that will influence in the
development of the brain, conditioning mental health during
childhood. Aim: To analyse the influence of a new infant for-
mula supplemented with Nutriexpert

®

factor on behaviour in
healthy children up to 2.5 years of age.
Methods: 170 healthy term infants with adequate birth weight
for gestational age and aged between 0-2 months were enrolled
in a randomized double-blind study to receive a standard infant
formula (F1: n= 85) or a new one supplemented with long
chain polyunsaturated fatty acids (LC-PUFAs), milk fat globule
membrane components and synbiotics (Nutriexpert

®

factor)
(F2: n= 85). As a control group, 50 breastfeed infants (BF)
were included. Mothers rated behavior problems using the
Child Behavior Checklist (CBCL) when their children were 2.5
years of age. Normal distribution was assumed using Shapiro-
Wilk test. Differences in CBCL scores by study groups were
analysed using ANOVA and ANCOVA adjusted for con-
founding factors (maternal cultural level, area of residence and
lactation time). Bonferroni corrected post hoc comparisons
were used to identify significant pairwise group differences.
Associations between categorical variables were estimated by
Chi-Square Test, performed using SPSS version 22.0.
Results: At 2.5 years, 103 children attended the follow-up call
(F1: n= 29/F2: n= 41/BF: n= 33). CBCL scores were
obtained and children fed F1 presented higher scores in
anxious/depressed (p= 0.041), withdrawn (p= 0.017), attention
problems (p= 0.026), aggressive behaviour (p= 0.045), attention
deficit/hyperactivity problems (p= 0.039), oppositional defiant
problems (p= 0.029) and total problems (p= 0.017), compared
to BF children. Also, children fed F2 and BF showed lower
scores in externalizing problems (p= 0.005) than children fed
F1. However, in adjusted analysis by maternal cultural level,
area of residence and lactation time, these results disappeared.
Also after adjustment, children fed F2 showed lower scores in
affective problems (p= 0.038) compared to children fed F1 and
BF. Additionally, the scores in each scale were divided in three
variables: normal, borderline and clinical (pathological), and
children fed F1 presented more clinical affective problems
(p= 0.026) compared to children fed F2; and more borderline
internalizing problems than children fed BF (p= 0.042).
Conclusions: Early nutritional intervention with Nutriexpert®

factor and breastfeeding promotes long-term effects by deter-
mining less development of child’s psycho-behaviour problems
at 2.5 years of age in children. These results suggest the need to
follow-up of these children in order to demonstrate the main-
tenance of these pre-neuropsychiatric disorders.

PA3.02 - Specific nutrients

PA3.02.01

Gestational vitamin D supplementation and offspring bone
development: translation from observation to intervention

N. C. W. Harvey

MRC Lifecourse Epidemiology Unit, SOUTHAMPTON, United
Kingdom

Although the effects may be transient, the accrual of bone mass
during childhood is influenced by a range of factors such as
calcium and vitamin D nutrition, physical activity, body
composition and illness. Additionally, there is increasing evi-
dence that factors acting during intrauterine life may have a
long-term influence on postnatal bone development of the
offspring. Maternal characteristics such as diet, adiposity,
smoking, physical activity and 25-hydroxyvitamin D [25(OH)
D] status during pregnancy have all been associated with off-
spring bone development, most recently to the age of 20 years.
Several, but not all, studies have demonstrated positive asso-
ciations between maternal 25-hydroxyvitamin D status during
pregnancy and offspring bone mass. Recently the role of
maternal gestational vitamin D supplementation to improve
offspring bone mass was tested in a UK multicentre, rando-
mised, placebo-controlled, double-blind trial of 1000IU/day
vitamin D3 (cholecalciferol) versus placebo from 14 weeks
gestation till delivery of the offspring. In this MAVIDOS trial,
although there was no difference in offspring neonatal whole
body BMC between babies born to treatment versus placebo
mothers overall, in a pre-specified analysis, amongst winter
births maternal vitamin D supplementation led to a marked
increase in offspring BMC. Further analyses have identified
environmental and genetic predictors of 25(OH)D response to
supplementation, and mechanistic inferences relating to peri-
natal epigenetic marks.
In this session, I will give an overview of early factors which may
alter bone development, focusing on vitamin D exposure during
intrauterine life, and will consider implications for public health
approaches aimed at optimising bone development.

PA3.02.03

Influence of maternal fatty acids status on offspring
cardio-metabolic health

R. Gaillard1,2,3

1The Generation R Study Group, Erasmus University Medical
Center, Rotterdam, The Netherlands; 2Department of Pediatrics,
Erasmus University Medical Center, Rotterdam, The Netherlands;
3Department of Epidemiology, Erasmus University Medical
Center, Rotterdam, The Netherlands

Obesity is a major public health problem among women
of reproductive age, with obesity prevalences up to 30% in
Western countries. An even higher percentage of women gain
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an excessive amount of gestational weight according to the US
Institute of Medicine Criteria. Accumulating evidence suggests
that maternal obesity during pregnancy leads to adverse cardio-
metabolic health outcomes in offspring, but the underlying
mechanisms remain to be explored. The fetal overnutrition
hypothesis suggests that increased placental transfer of nutri-
ents to the developing fetus in obese mothers and mothers with
high levels of gestational weight gain, may subsequently affect
fetal development, fetal fat deposition and the development of
the hypothalamic-endocrine system that controls appetite and
energy metabolism. These adaptations may predispose indivi-
duals to a greater risk of adverse health outcomes in later life.
Fatty acids are one of the nutrients that may a play a key role in
these developmental adaptations. The fetus depends on
maternal transfer of essential fatty acids, which are an impor-
tant source of metabolic energy, and their structural and sig-
naling properties are crucial for fetal growth and development.
Among overweight and obese pregnant women, there is a
suboptimal fatty acid profile, characterized by higher saturated
fatty acids, lower N3-PUFAs and increased N6/N3 PUFAs
ratio. Observational studies have shown that lower N3-PUFA
levels and higher N6 PUFA levels are associated with a higher
childhood BMI, adverse body fat distribution, a higher systolic
blood pressure and adverse metabolic profile. However, thus
far, intervention studies focused on increasing maternal N3-
PUFA levels do not show a strong effect on offspring BMI and
obesity risk. Further studies are needed to explore the causality
of these observed associations, underlying mechanisms and the
potential for development of preventive strategies focused on
optimizing maternal fatty acids status during pregnancy to
improve long-term health outcomes of offspring.

PA3.02.05

Perinatal RXRA DNA methylation is altered by maternal
gestational vitamin D supplementation: findings from
the MAVIDOS trial

E.M. Curtis1, N. Krstic1, E. Cook2, S. d’Angelo3,
S.R. Crozier3, R.J. Moon3, R. Murray2, E. Garratt2,
P. Costello2, N.J. Bishop4, S. Kennedy5, A.T. Papageorghiou5,
I. Schoenmakers6, R. Fraser7, S.V. Gandhi7, A. Prentice6,
M.K. Javaid8, H.M. Inskip3, K.M. Godfrey3, C.G. Bell2,
C. Cooper3, K.A. Lillycrop2, N.C. Harvey3

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2Institute of Developmental Sciences, University of
Southampton, SOUTHAMPTON, United Kingdom; 3MRC
Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom; 4University of Sheffield,
SHEFFIELD, United Kingdom; 5Nuffield Department of Obstetrics
and Gynaecology, University of Oxford, OXFORD, United
Kingdom; 6MRC Elsie Widdowson Laboratory, CAMBRIDGE,
United Kingdom; 7Sheffield Hospitals NHS Trust, University of
Sheffield, SHEFFIELD, United Kingdom; 8NIHR Biomedical
Research Centre, University of Oxford, OXFORD, United Kingdom

Background: There is accumulating evidence of associations
between perinatal epigenetic markers and offspring bone mass.
We have previously demonstrated associations between peri-
natal DNA methylation at the retinoid-X-receptor-alpha
(RXRA) locus and offspring bone mass in the Southampton
Women’s Survey mother-offspring cohort, and shown that this
may be mediated by maternal vitamin D status. This may be of
functional relevance as RXRA is known to play a key role in the
nuclear action of 1,25(OH)2-vitamin D.
We tested the hypothesis that maternal supplementation with
vitamin D during pregnancy in a randomised controlled trial
setting would lead to altered perinatal DNA methylation at the
RXRA locus.
Methods: The Maternal Vitamin D Osteoporosis Study
(MAVIDOS) is a multicentre, double-blind, randomised,
placebo-controlled trial of 1000iu/day cholecalciferol or mat-
ched placebo from 14 weeks gestation until delivery. Umbilical
cord tissue from the fetal side was collected at birth and frozen
at -80oC (n= 436). Pyrosequencing was used to perform in-
depth DNA methylation analysis at 10 CpG sites within the
RXRA promoter. These CpG sites were selected on the basis of
the sites previously analysed in the observational Southampton
Women’s Survey mother-offspring cohort.
Independent t-tests were used to assess the differences in
methylation between the treatment groups.
Results: We observed statistically significant (p≤ 0.05) differ-
ences in methylation at the RXRA region of interest between
the cholecalciferol supplemented and placebo group at 4 of 10
CpG sites. Overall, RXRA methylation levels were significantly
lower in the umbilical cord from offspring of cholecalciferol
supplemented mothers: e.g. at RXRA CpG 5, mean difference
in % methylation between the supplemented and placebo
groups was -2.1% (n= 433, 95% CI -3.7 to -0.3, p= 0.02).
We have previously demonstrated in vitro, using electro-
phoretic mobility shift assays, that methylation in this region
leads to reduced transcription factor binding. Therefore, the
reduced methylation observed in the cholecalciferol supple-
mented group may be associated with an upregulation of 1,25
(OH)2–vitamin D signalling.
Conclusions: Our findings from the MAVIDOS trial support
previous observational results and provide new evidence that
maternal gestational supplementation with cholecalciferol leads
to altered perinatal epigenetic marking. Such results inform
potential mechanistic pathways linking maternal 25(OH)-
vitamin D status to offspring bone mass, and may yield novel
biomarkers of future bone development.

PA3.02.06

Placental uptake and metabolism of vitamin D; a potential
mediator of fetal growth?

J.K. Cleal, C.L. Simner, B. Ashley, C. Cooper, R.M. Lewis,
N.C. Harvey

University of Southampton, SOUTHAMPTON, United Kingdom
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Background: Low 25-hydroxyvitamin D (25(OH)D) levels
are common in pregnancy and are linked to suboptimal fetal
growth and increased risk of adulthood obesity and poor bone
health. 25(OH)D was thought to diffuse across the placenta to
be hydroxylated into the active-1,25-dihydroxyvitamin D
(1,25(OH)2D) by the fetus. However we have shown that
expression of megalin and cubulin, which can mediate vitamin-
D uptake (alone or bound to albumin) are associated with
measures of fetal growth. We investigated whether 25(OH)D
and 1,25(OH)2D are taken up by the placenta via megalin/
cubulin mediated endocytosis and whether 25(OH)D is
hydroxylated into the active form within the placenta.
Methods: Placental villous fragments were dissected from term
human placentas cultured for 8 h in Tyrodes buffer containing
20 μM 25(OH)D (n= 6), 25(OH)D+ 0.7mM albumin
(n= 6), 50 nM 1,25(OH)2D (n= 11) or 1,25(OH)2D+ 0.7
mM albumin (n= 11). Endocytic mechanisms of 25(OH)D
uptake were blocked by adding 5mM amiloride (n= 5) or
1 μM cytochalasin D (n= 5). mRNA expression of CYP24A1,
a vitamin D responsive gene, was measured by qRT-PCR. Data
were analysed by one- and two-way ANOVA.
Results: 25(OH)D induced CYP24A1 mRNA expression
(p< 0.001) compared to controls and expression was further
increased by the addition of albumin (p< 0.01). 1,25(OH)2D
increased CYP24A1 mRNA expression (p< 0.001) compared
to controls, but was not increased further with albumin. Both
amiloride and cytochalasin D reduced CYP24A1 mRNA
expression compared to 25(OH)D with and without albumin
(p< 0.001).
Conclusion: These data suggest that both 25(OH)D and 1,25
(OH)2D are taken up into the placenta and can induce vitamin
D dependent gene expression, implying the placenta converts
25(OH)D to 1,25(OH)2D. Cubulin and megalin mediated
endocytosis has previously been demonstrated in the kidney
and our data now support a role for endocytic uptake of vita-
min D by the placenta. Furthermore, uptake of 25(OH)D may
be enhanced by albumin. Relationships between placental
genes involved in vitamin D handling and neonatal size support
the idea of the placenta actively mediating the amount of
vitamin D transferred to the fetus.
This work was supported by the Gerald Kerkut Charitable
Trust.

PA3.02.07

Improving nutritional status in pregnant teenagers: The
Babies, Eating and LifestyLe in Adolescence Study (BELLA)

S. Strömmer1, L. Morrison2, H. Soltani3, J. Stephenson4,
M. Whitworth5, R. Rundle6, J. Brewin7, L. Poston8,
M. Barker1

1MRC Lifecourse Epidemiology Unit (University of
Southampton), SOUTHAMPTON, United Kingdom; 2School of
Psychology, University of Southampton, SOUTHAMPTON,
United Kingdom; 3Faculty of Health and Wellbeing, Sheffield

Hallam University, SHEFFIELD, United Kingdom;
4Reproductive Health, University College London, LONDON,
United Kingdom; 5Medical and Human Sciences, University of
Manchester, MANCHESTER, United Kingdom; 6Sheffield
Business School, Sheffield Hallam University, SHEFFIELD,
United Kingdom; 7Tommy’s the Baby Charity, LONDON,
United Kingdom; 8Division of Women’s Health, King’s College
London, LONDON, United Kingdom

Background: Worldwide, approximately 17 million girls
under 19 give birth every year. Though the majority of these
births are to adolescents in low and middle income countries,
the UK continues to have the highest teenage pregnancy rate in
Europe. Teenage pregnancy has a high risk of poor outcomes
for mother and baby. Teenage girls have the poorest diets of
any population group in the UK, a recognised determinant of
poor pregnancy outcome. Pregnant teenagers trust advice from
their midwives, but midwives feel they do not have time or
opportunity to discuss diet and nutrition or the confidence and
knowledge to do so. An intervention that increases midwives
confidence to address diet in pregnancy and teenagers’ capacity
to improve their quality of diet has the potential to improve
outcomes for both themselves and their babies. This study
aimed to develop a complex intervention that uses the rela-
tionship between pregnant teenagers and their midwives to
deliver support to improve diet quality in pregnant teenagers.
Methods: This research was conducted across three study sites
in the UK: Manchester, Doncaster and Southampton. The
study used an innovative Person-Based Approach to interven-
tion development in conjunction with Social Cognitive Theory
to design format and content of the intervention. Interviews
were conducted at each site with pregnant teenagers and their
health and social care practitioners regarding diet and lifestyle,
and what form of support they might find helpful. Experts’
insights on implementation were also sought from stakeholder
groups responsible for the provision and commissioning of
maternity care. Content analysis was then used to identify
guiding principles for the design of the intervention, which
were mapped onto appropriate behaviour change techniques to
produce an outline intervention design.
Results: A total of 113 young women and 49 practitioners were
interviewed. Findings suggest that pregnant teenagers have low
awareness of the importance of a healthy diet for themselves
and their baby; they often feel socially isolated, judged and not
in control of their own lives. Pregnant teenagers and their
midwives lack a reliable resource for immediate support with
eating healthily. Midwives felt that it was their role to support
young mothers with diet in pregnancy, but were anxious about
initiating conversations and felt they lacked clear guidance.
Stakeholders felt the interview findings were congruent with
their experiences and that the proposed intervention format
was necessary and acceptable for implementation.
Conclusions: An effective intervention to improve pregnant
teenagers’ dietary quality must empower and motivate teenage
mothers and their midwives, provide an engaging and easy to
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use 24-hour source of information and support, and enable
connections with other young mothers. The proposed inter-
vention therefore comprises training in skills to support beha-
viour change for midwives and a digital support tool that is
relevant to improving dietary quality and appropriate for the
needs of the pregnant teenagers. The digital support resource
will incorporate clear information on healthy diet choices, peer-
modelling of real-life solutions to diet problems, goal-setting,
and feedback. The resource will be introduced by the midwife
to support pregnant teenagers between appointments.

PA3.02.08

Maternal protein restriction around conception increases
foetal neuronal differentiation and is associated with adult
memory deficits.

J. Willaime-Morawek, P. Fleming, M. Gould

University of Southampton, SOUTHAMPTON, United Kingdom

Background: Maternal malnutrition during pregnancy is det-
rimental to foetal development and increases the risk of many
chronic diseases in later life i.e. increased risk of schizophrenia.
Previous studies have shown maternal protein malnutrition
during pregnancy and lactation compromises brain develop-
ment in late gestation and after birth, affecting structural,
biochemical and pathway dynamics with lasting consequences
for motor and cognitive function. However, the importance of
nutrition during embryogenesis for early brain development is
unknown. We have previously shown maternal low protein
diet confined to the preimplantation period (Emb-LPD) in
mice is sufficient to induce cardiometabolic and behavioural
abnormalities in adult offspring.
Methods: Using the same diet model, female mice were fed
different diets from conception to the end of pregnancy: nor-
mal protein diet (NPD), low protein diet (LPD) or embryonic
LPD (Emb-LPD: LPD for 3.5 days, NPD thereafter). Foetal
brains were analysed during gestation with in vivo analysis
using FACS and immunofluorescence for neurogenesis
markers, and in vitro techniques using the neurosphere assay.
Follow up behavioural tests in the offspring were performed,
including the short-term memory novel object recognition.
Results: We have shown that Emb-LPD and sustained LPD
reduce neural stem and progenitor cell numbers through
decreased proliferation in both ganglionic eminences and cortex
of the foetal brain at E12.5, E14.5 & E17.5 (p= 0.001). More-
over, Emb-LPD causes remaining neural stem cells to upregulate
the neuronal differentiation rate in compensation beyond control
levels during gestation, independently of sex (p< 0.001). When
analysing the adult offspring behaviour, the Emb-LPDmales and
females show a clear deficit in short-term memory (p= 0.00001).
Conclusions: Our data are the first to demonstrate clearly that
poor maternal nutrition around conception has adverse effects
on early brain development and is associated with adult mem-
ory deficits.

Funding: BBSRC, Wessex Medical Trust, Rosetrees Trust,
University of Southampton.

PA3.03 - Innovative DOHaD Experiments

PA3.03.01

Novel animal models of placental dysfunction in DOHaD
research

T. Plösch

University Medical Center Groningen, GRONINGEN, The
Netherlands

Classical rodent models used in DOHaD research are based on
dietary interventions during pregnancy. Simulation of human
hunger periods by caloric or protein restriction are examples.
Similarly, placental dysfunction is often simulated by clamping
of the uterine artery, which requires surgical procedures.
I will here compare several novel mouse models of placental dys-
function and their benefits for DOHaD research . These models
are based on the genetic deletion of the transcription factor
TFAP2C in the placenta (Sharma et al., Development 2016 Mar
1;143(5):787-98), or on a combination of adenoviral over-
expression of sFlt1, with or without low-grade inflammation
(Stojanovska et al., this conference, #278). The former model leads
to growth restriction in the offspring, whereas the latter model is
furthermore accompanied by signs of preeclampsia. Interestingly,
in both cases also the sex of the offspring matters for the outcome.
These new models, especially when compared to each other,
will in future allow us to specifically differentiate between dif-
ferent forms of placental dysfunction and their long-term
consequences.

PA3.03.03

Early life impacts on reproductive programming: effects
in female ovarian development and function

D.M. Sloboda

Farncombe Family Digestives Diseases Research Institute,
McMaster University, HAMILTON, Canada

Disease risk is established well before birth. Lifestyle associated
diseases, including obesity and Type 2 diabetes, are known to
be influenced by fetal adaptations to in utero conditions and
critically, these disease effects span multiple generations.
Reproductive maturation and function is similarly influenced
by early life events. This should not be surprising, since the
primordial germ cell pool is established during embryonic life
and is thus vulnerable to early life events. Epidemiological
studies of populations born low birth weight (LBW) due to
intrauterine growth restriction (IUGR) and/or small for gesta-
tional age (SGA) show significant associations between growth,
birth weight, and postnatal reproductive function. In males,
prenatal events have been shown to modify sperm counts and
fertility, and in females modify ovarian function. In females, a
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multitude of “modifying” cues inducing nutritional insults
have been identified, that result in a decline in ovarian follicular
reserve, changes in ovulation rates and altered age at onset of
puberty. In both males and females, early life nutritional adver-
sity accelerates pubertal onset. We have shown in humans and in
animal models, that fetal growth restriction results in early pub-
ertal onset, and results in a premature loss of adult ovarian folli-
cles, underpinned by an increase in apoptosis and increased
ovarian oxidative stress levels. Critically, low birth weight off-
spring show impaired ovarian follicle function already as neo-
nates, and demonstrate reproductive impairment early in young
adulthood, well before full adult reproductive maturity. Similarly,
maternal obesity and nutrient excess, modifies reproductive
maturation and results in impaired female ovarian development
that impacts on long term function. Many pathways have been
suggested to underpin these associations, where studies have
investigated the maternal-fetal-placental relationship as well as
events occurring in the early postnatal environment. But the
underlying ovarian mechanisms regulating the relationship
between the early life developmental environment and postnatal
reproductive dysfunction remain unclear.

PA3.03.05

Time-dependent evolution of non-alcoholic fatty liver
disease in young-to-adult MSG-obese mice

C.F.F. Ferreira Coelho, L.M. França, A.M.A. Paes

Federal University of Maranhão, SÃO LUÍS - MA, Brazil

Background: Monosodium L-glutamate (MSG)-induced
obese rodents have been largely used in pre-clinical tests
investigating drugs, plant extracts or probiotics effects on non-
alcoholic fatty liver disease (NAFLD) and steatohepatitis
(NASH) onset and progression. However, literature is con-
troversial on the underlying mechanisms, as well as disease
triggering timing for this model. Thus, this study sought to
characterize metabolic and histopathological features of
NAFLD-to-NASH progression in MSG obese mice.
Methods: Newborn Swiss male mice (Mus musculus) were
injected with MSG (4g/Kg/day, s.c.) or saline solution (0,1mL/
10 g/day, s.c., CTR) on alternate days, from postnatal day
(pnd) 2 through 10. Animals from both groups were weighed
twice a week and euthanized at pnd 60, 120 or 180 (MSG/
CTR60,120,180). Liver as well as periepididymal and retro-
peritoneal fat pads were collected for morphometric assess-
ment. Blood was taken for fasting glucose, triglycerides, total
cholesterol and cytokines (IL-6, TNF-α, IL-10 and IL-4)
measurement. TyG Index was calculated as a surrogate method
to estimate hepatic insulin sensitivity. Liver samples were fur-
ther used to measure hepatic lipid profile and histopathological
analysis by hematoxylin-eosin and Masson’s trichrome stains,
followed by NAFLD activity score (NAS) evaluation. Ulti-
mately, multivariate analysis was performed for identification
of variables independently correlating to total NAS value. Sta-
tistical analysis was made by Student’s t test for age-mated

groups and one-way ANOVA followed by Newman-Keuls
post-test for MSG or CTR multi-age comparison, for p< 0.05.
Results: MSG mice presented higher body mass and hyper-
triglyceridemia at all ages, as compared to their age-mated
CTR, which were followed by higher total fat and triglycerides
in the liver. However, hyperglycemia and impaired hepatic
insulin sensitivity was observed only after pnd 120. Histo-
pathological analysis showed that MSG60 developed NAFLD
with microvesicular steatosis and rare ballooning, which
evolved to additional presence of centrolobular polymorpho-
nuclear cells foci and increased ballooning inMSG120. MSG180

maintained these features, but presented larger steatosis
resulting in higher NAS value (see abstract image). No fibrosis
was observed. Assessment of serum cytokines levels showed no
difference among groups. Multivariate analysis showed that
retroperitoneal fat pad accumulation was the only variable
independently associated with total NAS value, R2> 70%.
Conclusion: Our data show that MSG obese mice pre-
cociously presented NAFLD, which promptly evolved to
NASH in parallel with increased serum triglyceride accumula-
tion. These features anticipated ulterior impairment of glucose
homeostasis. Finally, our data support the appliance of MSG
obese model for studies focusing on underlying mechanisms of
NAFLD-to-NASH progression in young obese subjects.

Arrows: inflammatory foci. N= 5-7, mean ± SEM, *p< 0,05
vs. CTR (age-mated), #p< 0,05 vs. pnd 60 (same group),
§p< 0,05 pnd 120 (same group).

PA3.03.06

Maternal undernutrition increases fibrosis in heart of the
late gestation sheep fetus

R. Darby, C. Lock, C. Mcmillen, L. Morrison

University of South Australia, NORWOOD, Australia

Epidemiological studies have consistently shown that poor in
utero conditions influence adult cardiac health. Previously,
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models of placental insufficiency that restrict both oxygen and
glucose delivery to the fetus have shown increased hypertrophic
signalling in the heart of the growth restricted fetus. We aimed
to determine the effect of decreased fetal nutrient supply in late
gestation in normoxic fetuses. At 115 days (d) gestation
(term= 150d), ewes were randomly divided into either a con-
trol or an undernutrition (UN) group that received a 50%
reduction in nutrient intake until 145d gestation. Fetal blood
samples were collected across late gestation for blood gas and
glucose analysis. Right ventricle tissue was collected at post
mortem. Histological analysis and quantitative real-time RT-
PCR were performed to determine the presence of myocardial
fibrosis and the expression of factors which promote fibrosis.
Maternal undernutrition decreased fetal glucose concentrations
across late gestation and increased the mRNA expression of
factors which increase fibrosis, COL1A, TIMP-1 and TIMP3 in
fetal cardiac tissue. In addition, there was an inverse relation-
ship between fetal glucose concentrations and COL1A mRNA
expression (Figure). Increased interstitial fibrosis in fetal UN
right ventricle tissue was observed through unbiased quantifi-
cation of picrosirius red stained fixed tissue sections. We have
shown that decreased glucose supply may drive the onset of
myocardial fibrosis in the late gestation fetal heart. This may
have negative implications for cardiac health in adulthood.

Maternal UN increased fetal cardiac mRNA expression of
COL1A (A), but not COL3A1 (B).

PA3.03.07

Maternal low intensity physical exercise changes insulin
milk composition and prevents obesity in offspring rats
exposed to early overnutrition.

T.A. Ribeiro1, A. Malta1, L.P. Tófolo1, A. Pavanello1,
I.P. Martins1, J.C. de Oliveira1, K.V. Prates1, C.C.S. Franco1,
R.M. Gomes2, F.A. Francisco1, V.S. Alves1, V.M. Moreira1,
K. Palma-Rigo1, W. Rinaldi1, P.C. de Freitas Mathias1

1Universidade Estadual de Maringá, MANDAGUAÇU, Brazil;
2Universidade Federal de Goiás, GOIÂNIA, Brazil

Background: Low intensity exercise during pregnancy and
lactation may create a protective effect against the development
of obesity in offspring exposed to overnutrition in early life.
Methods: To test these hypotheses, pregnant rats were ran-
domly assigned into 2 groups:
Exercised mothers (EM) and, sedentary mothers (SM). The
exercise was performed throughout pregnancy and lactation on
a rodent treadmill at 30% VO2Max /30-minute/session/3x/

week. At lactational day 3 (LD3), mothers were distributed into
4 groups: Exercised mothers with normal litter (EM-NL),
Exercised mothers with small litter, (EM-SL), sedentary
mothers with normal litter (SM-NL), and, sedentary mothers
with small litter (SM-SL). At postnatal day 3 (P3) males off-
spring were distributed into 4 groups: Normal litter of exercised
mothers (NL-EM), small litter of exercised mothers (SL-EM),
normal litter of sedentary mothers (NL-SM) and small litter of
sedentary mothers (SL-SM).Results were reported as means
SEM. The data sets were analyzed using Two-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test. p< 0.05
was considered significantly different when considering the
main effect of exercise (E), litter size (L), their interaction (LxE;
litter size vs exercise) and the differences between groups.
Results: Exercised mothers showed low mesenteric fat pad
stores and fasting glucose and improved glucose-insulin toler-
ance, VO2max during. Moreover, the breast milk contained
elevated levels of insulin. In addition, SL of sedentary mothers
presented metabolic dysfunction and glucose and insulin
intolerance and were hyperglycemic and hyperinsulinemic in
adulthood. SL of exercised mothers showed lower fat tissue
accretion and improvements in glucose tolerance, insulin sen-
sitivity, insulinemia and glycemia.
Conclusions: The results suggest that low maternal physical
exercise during the perinatal period life improve maternal
health, as well as, increase milk insulin concentration, which
may be associated with a possible reprogramming effect to
prevent metabolic dysfunction in adult rat offspring exposed to
early overnutrition.

PA3.03.08

The impact of altered IL-1 signalling on metabolic
dysfunction during pregnancy

C.M. Reynolds, M.H. Vickers, T.P. Ganapathy, J.L. Stanley,
J.F. Plows

University of Auckland, AUCKLAND, New Zealand
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Background: Over the last two decades, maternal obesity has
been exposed as amajor driving force in the predisposition to adult
onset cardio-metabolic disease in offspring. These conditions are
strongly associated with a state of persistent low-grade inflamma-
tion. IL-1R1 is a key signalling mediator which bridges metabolic
and inflammatory systems. Previous work has demonstrated that
male IL-1R1 knockout mice (IL-1R1-/-) are partially protected
from metabolic dysfunction. This study aimed to investigate the
role of this receptor on metabolic heath during pregnancy.
Methods: C57BL/6 mice and IL-1R1-/- were assigned to either
a purified control (CD) or high fat diet (HFD; 45%kcal from
fat) for a 10 day acclimatisation period and throughout
gestation (n= 12-18/group). Glucose tolerance was assessed
at gestational day (GD) 16.5 by oral glucose tolerance test
(2g/kg). Mice were culled at GD18.5 by cervical dislocation.
Maternal tissues, fetuses and placentas were weighed and either
snap frozen or fixed in neutral buffered formalin. Plasma was
analysed by ELISA and adipose tissue morphology and gene
expression was determined. Data was analysed by 2-way
ANOVA with maternal genotype and diet as factors. OGTT
was analysed by repeated measures ANOVA.
Results: IL-1R1-/- mice consumed less calories and gained less
weight over pregnancy. Despite this, HFD induced glucose
intolerance irrespective of genotype. Furthermore,
IL-1R1-/-HFD mice had significantly reduced adipose tissue
gene expression of the glucose transporter GLUT4 and the
insulin signalling mediator IRS1. Adipocyte size was sig-
nificantly increased and PPARγ expression significantly
decreased in C57BL/6HFD, IL-1R1-/-CD and IL-1R1-/-HFD
groups compared to C57BL/6CD. Male but not female fetuses
of IL-1R1-/- genotype exhibited increased placental and body
weight compared to C57BL/6 groups. Expression of placental
glucose transporters GLUT3 (female) and GLUT4 (male) were
increased in IL-1R1-/- compared to C57BL/6 groups.
Conclusion: Despite a reduction in pregnancy weight gain and
caloric intake, IL-1R1-/- mice displayed significant adipocyte
hypertrophy, reduced adipogenic potential and a reduction in the
expression of adipose tissue insulin sensitive markers during preg-
nancy. However, irrespective of these adverse effects, IL-1R1-/- did
not result in adverse hepatic outcomes and appears to have bene-
ficial effects on fetal growth, perhaps through increased expression
of placental glucose transporters. It is clear that IL-1R1 signalling
plays an important role in adipogenic processes during pregnancy
and disruption of adipose tissue expandability promotes metabolic
dysfunction associated with HFD.

PA3.03.09

Resveratrol prevents the development of hypertension
programmed by maternal plus post-weaning high-fat
consumption in male offspring

Y. Tain, C. Hsu, L. Huang

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Hypertension can originate from early life. Our
previous study showed that maternal plus post-weaning wean-
ing high-fat (HF) induced programmed hypertension in adult
offspring. Foods can activate several nutrient sensing mechan-
isms to maintain energy homeostasis and regulate autophagy.
These nutrient sensing signals include SIRT (Silent informa-
tion regulator transcript), AMP-activated protein kinase
(AMPK), and PPAR pathway. Additionally, HF consumption
can induce changes in gut microbiota that results in dysbiosis,
which is related to hypertension. Hence, we intend to examine
whether resveratrol (a SIRT activator) can reprogram two-hit
induced programmed hypertension via regulating nutrient
sensing pathway, autophagy, and gut microbiota.
Methods: Female Sprague-Dawley rats were assigned to receive
either a normal diet (ND) or HF diet (D12331, Research
Diets) for 5 weeks before mating and during gestation and
lactation. The male offspring were onto either the ND or HF
diet from weaning to 4 months of age, resulting in four
experimental groups (maternal diet/post-weaning diet; n= 8-
10/group): ND/ND, ND/HF, HF/ND, and HF/HF. Rats
were killed at 4 months of age. Another group of HF/HF rats
(n= 10) were treated with 0.05% resveratrol in drinking water
during pregnancy and lactation (HF/HF+R). Rat fecal sam-
ples were collected for 16s ribosomal DNA sequencing.
Results: Maternal plus post-weaning HF induced increases of
BPs in adult offspring, which resveratrol prevented. Post-
weaning diet increased BW of both ND/HF and HF/HF ani-
mals at 4 months of age, which was prevented by maternal
resveratrol treatment. We observed that higher plasma Ang I
level and lower renal Ang (1-7) level in the HF/HF group
compared to those in controls. HF diet significantly reduced
renal mRNA expression of Sirt1, Sirt4, Ppargc1a, Ppara, and
Pparg in the HF/HF group vs. control. Resveratrol therapy
increased SIRT1, pAMPKα2, and PGC1α protein levels in the
HF/HF+R group. Additionally, HF diet inhibited renal
mRNA expression of Ulk1 and Atg5, which resveratrol pre-
vented. Resveratrol increased LC3-II/LC3-I ratio. Maternal
and post-weaning HF both increased the Firmicutes/Bacter-
oidetes ratio, a signature of gut dysbiosis. Also, maternal and
post-weaning HF increased the relative abundance of Tener-
icutes (~6-fold) and Verrucomicrobia (~40-fold), respectively.
Butyrate-producing bacteria Coprococcus was in lower quan-
tities in the HF/HF group compared to control. In contrast,
lactate-producing bacteria Lactococcus was in higher quantities
in the HF/HF group compared to control.
Conclusions: In conclusion, maternal plus post-weaning HF
consumption induced programmed hypertension, which was
related to the activation of RAS, nutrient sensing pathway,
inhibition of autophagy, and gut dysbiosis. Resveratrol pre-
vents HF-induced programmed hypertension in adult male
offspring, which is associated with increases of SIRT1,
pAMPKα2, and PGC1α protein levels in the kidney, induction
of autophagy, and restoration of the RAS and gut microbiota. It
is thought that by exploring the underlying mechanisms to HF-
induced programmed hypertension, we might develop novel
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reprogramming strategy for the prevention of programmed
hypertension in children exposed to high-fat intake in early life.

PA3.04 – Maternal gestational disorders

PA3.04.01

Maternal gestational exposures and offspring
cardio-metabolic health

D. A. Lawlor1

1MRC Integrative Epidemiology Unit at the University of Bristol

Over the last ~ 10-years in high income countries interest in
intrauterine exposures that might influence future cardio-
metabolic health has shifted from factors related to fetal under-
nutrition to factors related to overnutrition. Concern that
exposure to higher maternal pregnancy adiposity and its asso-
ciated metabolic disruptions will influence future offspring
body composition and cardio-metabolic health are beginning to
influence obstetric practice but the evidence for this is unclear.
These issues also have relevance in low- and middle-income
countries, where population health is increasing affected by the
joint extremes of under- and over-nutrition. In this talk I will
summarise current evidence regarding: (i) the impact of maternal
greater pregnancy adiposity levels on their metabolism; (ii) the
impact of maternal pregnancy adiposity and associated traits on
offspring birth size and (iii) the impact of maternal pregnancy
adiposity and associated traits on future offspring adiposity and
cardio-metabolic health. I will end by suggestions (that hopefully
will continued to be discussed after the talk) for future research
that is required to fill current knowledge gaps.

PA3.04.04

Association of pre-pregnancy body mass index with future
offspring metabolic profile: findings from three
independent European cohorts

D.L. dos Santos Ferreira1, D.M. Williams2, A.J. Kangas3,
P. Soininen4, M. Ala-Korpela5, G. Davey Smith5,
M.R. Järvelin6, D.A. Lawlor5

1University of Bristol, BRISTOL, United Kingdom; 2Department of
Medical Epidemiology & Biostatistics, Karolinska Institutet,
STOCKHOLM, Sweden; 3Computational Medicine, Faculty of
Medicine, University of Oulu, OULU, Finland; 4Computational
Medicine, Faculty of Medicine, University of Oulu, OULU, Finland;
5MRC Integrative Epidemiology Unit at the University of Bristol,
BRISTOL, United Kingdom; 6Department of Epidemiology and
Biostatistics, Imperial College London, LONDON, United Kingdom

Background: It is unknown whether maternal pregnancy
adiposity is associated with long-term risk of adverse metabolic
profiles in offspring, and if so, whether this association is causal,
via intrauterine mechanisms, or explained by shared familial
(genetic, lifestyle, socioeconomic) characteristics.

Methods: We used one and two-stage individual participant
data (IPD) meta-analysis, and a negative-control (paternal
BMI) to assess associations in three European cohorts
(offspring age at metabolite assessment 16, 17 and 31 years).
A comprehensive profiling of offspring circulating lipids and
metabolites was done by a high-throughput Nuclear Magnetic
Resonance (NMR) metabolomics platform.
Results:One-stage IPDmeta-analysis (N=5327 to 5377mother-
father-offspring trios) showed that increasing maternal and paternal
BMI was associated with an adverse cardio-metabolic profile in
offspring. We observed strong positive associations with VLDL-
lipoproteins, VLDL-C, VLDL-triglycerides, VLDL-diameter,
branched/aromatic amino acids, glycoprotein acetyls, and triglycer-
ides, and strong negative associations withHDL-lipoprotein, HDL-
diameter, HDL-C, HDL2-C and HDL3-C (all P<0.003). Stron-
ger magnitudes of associations were present for maternal compared
with paternal BMI across these associations, however there was no
strong statistical evidence for heterogeneity between them (all
bootstrap P>0.003, equivalent to 0.05 after accounting for mul-
tiple testing). Results were similar in each individual cohort, and in
the two-stage analysis. Offspring BMI showed similar patterns of
cross-sectional association with metabolic profiles as for parental
pre-pregnancy BMI associations, but with greater magnitudes.
Adjustment of the parent BMI-offspring metabolite associations for
offspring BMI suggested the parental associations were largely due
to the association of parental BMI measures with offspring BMI.
Conclusion: Our findings suggest that maternal BMI-
offspring metabolome associations are likely to be largely due
to shared genetic or familial lifestyle confounding, rather than
intrauterine programming mechanisms. They do not support
the introduction of antenatal measures to reduce maternal
pregnancy BMI in order to prevent disruption of offspring
cardio-metabolism in later life. Interventions to reduce BMI in
all family members may be more beneficial.

Study infographic
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PA3.04.05

The role of maternal obesity in the associations of
pregnancy complications with childhood overweight and
obesity. Individual participant data meta-analysis.

B.A. Patro Golab1, On behalf Of the MOCO Collaboration2

1Erasmus MC, ROTTERDAM, The Netherlands; 2Maternal
Obesity Childhood Outcomes (MOCO) Collaboration

Background: Gestational diabetes and hypertensive disorders
of pregnancy have been shown to be associated with greater
offspring adiposity. Whether these associations are confounded
by maternal adiposity, which influences these pregnancy com-
plications and offspring adiposity, remains unclear. We aimed
to assess the associations of gestational diabetes and hyperten-
sive disorders of pregnancy with offspring body mass index
(BMI) throughout childhood, and to explore the role of
maternal BMI during pregnancy in these associations.
Methods: In this individual participant data meta-analysis of
161,184 mothers and their children from 34 pregnancy and
birth cohorts from Europe and North-America, we assessed the
association of gestational diabetes, gestational hypertension and
pre-eclampsia with sex and age-adjusted standard deviation
scores (SDS) of childhood BMI and the risk of overweight and
obesity in early (2.0-4.9 years), mid (5.0-9.9 years), and late
childhood (10.0-17.9 years).
Results: Gestational diabetes was associated with a higher early
childhood BMI SDS and higher risk of overweight and obesity
(Odds Ratio (OR) 1.57 (95% Confidence Intervals (CI) 1.34,
1.84)) as compared to an uncomplicated pregnancy. Similar asso-
ciations were observed in mid- and late childhood. These effect
estimates attenuated by 45-100% after adjustment formaternal pre/
early-pregnancy BMI and were no longer significant inmid and late
childhood. Likewise, gestational hypertension was associated with a
higher BMI SDS and a higher risk of overweight and obesity
throughout childhood, with the strongest effect in late childhood
(OR 1.48 (95% CI 1.29, 1.69), as compared to an uncomplicated
pregnancy). Additional adjustment for maternal pre/early-
pregnancy BMI attenuated these associations by 79-100% into
non-significance. Children born to mothers with pre-eclampsia had
a lower early childhood BMI SDS as compared to children born to
mothers with an uncomplicated pregnancy (p-value<0.05). This
association reversed in mid and late childhood, but was fully
attenuated after adjustment for maternal pre/early-pregnancy BMI.
Conclusions: The positive associations of gestational diabetes
and hypertensive disorders of pregnancy with offspring greater
overweight and obesity across childhood are largely due to
confounding by maternal pre/early-pregnancy BMI.

PA3.04.06

Influence of maternal vomiting during early pregnancy
on lung function and asthma at school-age.

S.D. Bahadoer, E.R. van Meel, R. Gaillard, H.T. den Dekker,
V.W.V. Jaddoe, E.A.P. Steegers, L. Duijts

Erasmus MC, ROTTERDAM, The Netherlands

Background: Respiratory morbidity in childhood is highly
prevalent, and might predispose for chronic respiratory disease
in adulthood. The fetal programming hypothesis proposes that
adverse exposures in early life, including suboptimal maternal
nutrition during pregnancy, could influence the development
of chronic respiratory diseases in later life. Hyperemesis grav-
idarum, a clinical entity characterized by severe nausea and
excess vomiting during pregnancy, may lead to a suboptimal
maternal nutritional status during pregnancy. The long-term
offspring consequences of maternal hyperemesis gravidarum
and related measures during pregnancy are unclear. We hypo-
thesized that children from mothers with daily vomiting during
early pregnancy might have a higher risk of adverse lung
function in childhood.
Methods: This study among 4,168 children was embedded in
the Generation R Study, a prospective cohort study from fetal
life onwards in Rotterdam, the Netherlands. Maternal vomit-
ing during early pregnancy was assessed by a questionnaire in
the first trimester. At the age of 10 years, we measured Forced
Expiratory Volume in 1 second (FEV1), Forced Vital Capacity
(FVC), FEV1/FVC ratio and Forced Expiratory Flow when
75% of the FVC is exhaled (FEF75) by spirometry, and both
ever and current asthma by questionnaire. We used linear and
logistic regression models to study the associations of maternal
vomiting with lung function and asthma, respectively. Models
were adjusted for socio-economic, lifestyle and growth factors.
Results: As compared to children from mothers without daily
vomiting during early pregnancy, those from mothers with
daily vomiting during early pregnancy had a higher FEF75
(Z-score change (95% CI): 0.12 (0.01, 0.22)), no change in
other lung function measures, and a higher risk of ever asthma
((OR (95% CI): 1.55 (1.08, 2.22)) and current asthma (OR
(95% CI): 1.58 (1.01, 2.47)). After adjustment for con-
founders the effect estimates attenuated in to non-significant.
Conclusions: Our results do not support the hypothesis that
children from mothers with daily vomiting during early preg-
nancy are at risk for respiratory morbidity when socio-eco-
nomic, lifestyle and growth factors are taken into account.
Further studies are needed to explore the effect of other
underlying mechanisms of suboptimal maternal nutritional
status during pregnancy on fetal and offspring lung
development.

PA3.04.07

Maternal obesity influences offspring obesogenic
adipogenesis but not developmental adipogenesis in mice

D. Sellayah1, H. Thomas2, L. Dib3, J. Morris1, R.D. Cox4,
F.R. Cagampang2

1University of Reading, READING, United Kingdom;
2University of Southampton, SOUTHAMPTON, United
Kingdom; 3University of Birmingham, BIRMINGHAM, United
Kingdom; 4MRC Harwell, HARWELL, United Kingdom
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Background: Obesity is an escalating threat of pandemic propor-
tions. Its effect on the economy is crippling, costing the UK gov-
ernment over £15 billion per year. An inevitable consequence of
rising obesity levels is an increased prevalence of obesity during
pregnancy. This is particularly bothersome as numerous animal
models have documented that maternal obesity predisposes off-
spring to obesity in later life. How maternal obesity during preg-
nancy promotes obesity in offspring remains to be fully established.
One possible mechanism behind the causal relationship between
maternal obesity during pregnancy and offspring obesity in later life
is the programming of offspring adipogenesis in white adipose tissue
(WAT). In recent years, studies have reported enhanced adipogenic
capacity of mouse embryonic fibroblasts and stromal vascular frac-
tions (SVF) cells isolated from gonadal white adipose tissue (gWAT)
of offspring of obese dams. While these studies demonstrate that
maternal obesity may promote adipogenesis in offspring many
questions remain unanswered including whether increased adipo-
genic capacity observed in cell culture translate into in vivo obser-
vations. Moreover, whether maternal obesity influences offspring
developmental and/or obesogenic adipogenesis remains to be
addressed. This is particularly important given that the various
adpogenic processes are increasingly shown to be controlled by
distinct regulatory mechanisms and utilize different subpopulations
of adipocyte progenitors.
Methods: In order to answer these pressing questions, we estab-
lished a mouse model of maternal obesity coupled with offspring
high fat diet-induced obesity. Female mice were fed a high fat
(45% kcal fat) or chow (7% kcal fat) for 6 weeks prior to preg-
nancy and during pregnancy and lactation. At weaning (4 wks)
offspring were fed a high fat or chow diet until 30 weeks of age.
A subset of offspring were sacrificed at weaning. gWAT tissues
were obtained for both gene expression and histological analysis.
Adipocyte number and volume (using image-J) were determined
through image analysis of histological sections (H&E).
Results: We observed that maternal obesity had no effect on
offspring developmental adipogenesis in vivo but had a pro-
found effect on offspring obesogenic adipogenesis, in response
to a postweaning high fat diet. Furthermore we observed that
chow-fed offspring of obese dams had an increased expression
of several adipocyte progenitor markers which was attenuated
in high fat-fed offspring of obese dams. Moreover, in adipocyte
progenitors isolated from the gWAT of offspring from obese
dams, we observed increased expression of the fat mass
and obesity associated (FTO) gene which has recently been
shown to promote obesogenic adipogenesis by promoting
adipocyte progenitor proliferation. We also observed an
increased expression of the cell cycle gene Cyclin D1 in adi-
pocyte progenitors of offspring from obese dams, in response to
adipogenic stimulation.
Conclusions: These data demonstrate that while not affecting
developmental adipogenesis, maternal obesity had a profound
effect on obesogenic adipogenesis in offspring. Our results
suggest that this enhanced obesogenic adipogenesis in offspring
of obese mothers may be driven, at least in part, by enhanced
FTO expression.

PA3.04.08

Glycaemic load and index in pregnancy are associated with
postnatal, but not pre-pregnancy, depressive symptoms;
Southampton Women’s Survey longitudinal data

H.M. Inskip1, H. Okubo2, S.R. Crozier1, C. Cooper1,
K.M. Godfrey1, S.M. Robinson1, J. Baird1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2National Institute of Public Health, SAITAMA, Japan

Background: Maternal psychological disorders, before and dur-
ing pregnancy and postnatally, have long-lasting effects on their
children and contribute to the early life stressors that can impact
on adult health and well-being. High glycaemic load (GL) and
glycaemic index (GI) diets have been linked to poor health across
the lifecourse. In cross-sectional studies, associations between GL
and GI and psychological disorders have also been identified,
though the direction of association has not always been consistent.
Few longitudinal data exist and none in relation to associations
between GL and GI during pregnancy and postnatal depression.
We aimed to assess whether higher GL and GI during pregnancy
were associated with increased risk of postnatal depressive symp-
toms using data from the SouthamptonWomen’s Survey (SWS).
The relationship between pre-pregnancy depressive symptoms
and GL and GI during pregnancy was also examined in order to
check for possible reverse causation.
Methods:The SWS is a population-based cohort study of 12,583
women aged 20-34 years assessed when not pregnant; those
enrolled during the latter half of the recruitment period completed
the General Health Questionnaire (GHQ-12), a short screening
instrument for depressive symptoms. Women who became preg-
nant (n=3,158) were followed through pregnancy and their
children are being followed-up. Six months post-partum, mothers
completed the Edinburgh Postnatal Depression Scale (EPDS)
questionnaire to determine postnatal depressive symptoms.
Established cut-offs for each depression scale (GHQ-12 and
EPDS) were used to determine presence of depressive symptoms
before and after pregnancy. At 11 and 34 weeks’ gestation, diet
during the preceding 3 months was assessed using an interviewer-
administered food-frequency questionnaire, from which GL and
GI were determined. Prevalence ratios (PRs) for postnatal
depressive symptoms were obtained using Poisson regression with
robust variance. Potential confounding factors were listed and a
Directed Acyclic Graph was developed to identify those factors
that should be included in the models, namely age, educational
attainment and smoking during pregnancy. Linear regression was
used to assess the relationship between pregnancy GL and GI and
pre-pregnancy depressive symptoms.
Results: Postnatal depression data were available for 2856
women, with 2038 and 2429 of them having GL and GI data at
11 and 34 weeks’ gestation respectively. In univariate analyses,
postnatal depressive symptoms were positively associated with GL
at both pregnancy time points and GI at 34 weeks’ gestation, but
were strongest for 34 weeks’GL: PR 1.12 per 100GL units (95%
CI: 1.04-1.20). After adjustment for confounders, 34 weeks’ GL
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was the only measure associated with postnatal depressive symp-
toms: PR 1.09 per 100GL units (95%CI: 1.01-1.17). Notably,
there was no association between pre-pregnancy depressive
symptoms derived from the GHQ12 and either GL or GI.
Conclusion: These findings suggest that improving diet in
pregnancy, particularly lowering GL in late pregnancy, might
protect against postnatal depressive symptoms. Pre-pregnancy
depressive symptoms were not associated with GL and GI in
pregnancy indicating that reverse causation is unlikely as an
explanation for these findings.

PA3.04.09

Maternal fish intake during pregnancy and child growth:
a prospective cohort study in Norway

E. Papadopoulou, I.H. Caspersen, M. Haugen, H. Meltzer,
H. Knutsen, N. Iszatt, M. Eggesbø, A.L. Brantsaeter

Norwegian Institute of Public Health, OSLO, Norway

Background: Fish is a rich source of beneficial nutrients but also
a well-known route of exposure to pollutants. In the Norwegian
population, lean fish intake during pregnancy has been positively
associated with birth weight and inversely associated with preterm
delivery. Our aim was to examine the associations between
maternal seafood consumption during pregnancy and childhood
BMI and overweight and obesity up to 8 years.
Methods: This study is conducted within the Norwegian
Mother and Child Cohort Study (MoBa), a prospective nation-
wide pregnancy cohort. Maternal seafood intake during the first
half of pregnancy was assessed by a validated food frequency
questionnaire (FFQ).The exposure variables examined comprised
i) total seafood and ii) subcategories lean and fatty fish. For the
51,952 mother-child pairs included in our study, a total of
373,261 weight and 365,578 height/length measurements were
reported longitudinally, from 6 weeks to 8 years. We used the
Jenss-Bayley’s growth model to predict weight and height at 14
age-points (1, 2, 3, 6, 9, 12 and 18months and 2, 3, 4, 5, 6, 7 and
8 years) and then calculated BMI. We used mixed-effect linear
regression models with random intercept and slope for child to
assess changes in BMI from 1 month to 8 years. Overweight and
obese children were identified using the International Obesity
Task Force cut-offs at specific age points (3, 5 and 8 years).
Logistic regression models were used to analyse the relationship
between seafood intake in categories and being overweight/obese
at 3 and 8 years. All analyses were adjusted for maternal age,
parity, education, pre-pregnancy BMI, alcohol and smoking
during pregnancy and total energy intake.
Results: Preliminary results are reported. Thirteen percent of the
mothers had low intakes of total seafood (<100g/week) and 14%
had high intake (>400 g/week). The longitudinal development in
child’s BMI is shown in the figure. High total seafood intake was
significantly associated with an increased risk for overweight at 8
years (aOR= 1.21, 95%CI: 1.04,1.40). The proportion of sub-
jects in each category of intake of lean fish were; 35%, 41%, 18%,
5% and 1%, for weekly intakes of <100g, 101-200g, 201-300g,

301-400 and>400g, respectively. Lean fish consumption of 101-
200g, 201-300g and 301-400g/week was significantly associated
with a 7%, 11% and 17% higher risk of overweight at 3 years,
respectively. Lean fish consumption >400g/week was associated
with higher risk for overweight at 8 years (aOR= 1.36, 95%CI:
1.01,1.83). When considering longitudinal BMI data, lean fish
consumption >200g/week but <400g/week was associated with
increased BMI (Figure B). No significant associations were found
for fatty fish intake.
Conclusion: Our results on positive association between total
seafood intake and BMI and overweight are in line with a
previous pooled analysis of 15 birth cohorts, while the specific
association with lean fish consumption is a novel finding. The
observed associations with lean fish rather than fatty fish points
away from lipophilic environmental contaminants and n− 3
fatty acids as a possible biological explanations for the findings.

Adjusted changes in child’s BMI (in g/m2) from 1st month to
8 years, associated with A) total seafood and B) lean fish intake
during pregnancy.
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PA3.05 - DOHaD and Society: Responsibility,
Participation and Public Health symposium

PA3.05.01

DOHaD and Society: Responsibility, Participation and
Public Health

A. Hanson1

1Institute of Developmental Sciences, SOUTHAMPTON, United
Kingdom

Research from the field of Developmental Origins of Health and
Disease (DOHaD) has created new insights into how the cir-
cumstances of early life can impact health and disease risk in later
life. Experiences and exposures in early and prenatal life such as
nutritional status, infection and stress can distribute the possibi-
lities for a long and healthy life unequally among the population.
While understanding this nexus better opens up multiple avenues
for intervention, it also raises significant questions of responsi-
bility for health in individuals and society overall. Who should be
charged with acting on this new knowledge? Is the individual
responsible for improving his/her own circumstances and by
proxy those of his/her children? Or are there also new forms of
collective responsibilities emerging?Whomight be the public that
should be specifically involved with DOHaD knowledge? Who
could be engaged in fostering public dialogue about DOHaD
research? Whose interests and concerns should to be represented
if we consider DOHaD a field of great relevance for public health?
In this session, we aim to create a space for a critical, inter-
disciplinary discussion about the social and political dimension of
DOHaD concepts and knowledge. The session format will be
interactive, with short input statements by the session hosts and
invited speakers in the beginning, aimed at sparking a lively dis-
cussion with and among the session audience. The following
presentations will be part of this symposium:

Public health and DOHaD – parallels with communicable
disease prevention
R. Biesma

Social responsibility and DOHaD
M. Penkler

Public participation and DOHaD
M. Hanson

PA3.06 - Maternal and paternal health

PA3.06.01

Effects of pre-pregnancy BMI and current adiposity
on cardiometabolic and leptin profiles during early
pregnancy

N.H. Fink1, S.A. Atkinson1, V. Bertram1, C.J. Moore1,
M.F. Mottola2, BHIP1

1McMaster University, HAMILTON, Canada; 2Western
University, LONDON, Canada

Background: In pregnancy, increased glucose sensitivity and lipid
deposition are necessary metabolic adaptations to sustain fetal
growth; however, high pre-pregnancy body mass index (pBMI)
and/or excess gestational weight gain can disrupt these processes
and may program offspring adiposity and cardiometabolic status.
Leptin, an adipokine that normally circulates in proportion to body
fat, rises during pregnancy and may play a role in placentation and
maternal-fetal exchange processes regulating growth and develop-
ment. This research aims to examine the effect of maternal pBMI
and current body fat percentage (%BF) on the cardiometabolic and
leptin profile of women in early pregnancy.
Methods: The Be Healthy in Pregnancy (BHIP) Study
(NCT01689961) recruited healthy pregnant women with pBMI
<40 kg/m2 from Hamilton, Burlington and London, Ontario,
between 12-17 weeks gestation. Fasting plasma glucose and
serum lipid profiles (triglycerides, total cholesterol, HDL-choles-
terol, LDL-cholesterol) were analyzed by photometric assay.
Serum leptin and insulin were analyzed by magnetic Luminex
ELISA (R&D Systems, Minneapolis MN). Maternal adiposity
(%BF) was measured by bioelectric impedance analysis (Tanita
BF-350). Cardiometabolic parameters in relation to pBMI clas-
sification (normal (18.5-24.9 kg/m2), overweight (25-30 kg/m2)
and obese (>30 kg/m2)) and %BF (acceptable (≤30%), obese
(>30%) were compared using one-way ANOVA followed by
Tukey’s post-hoc analysis, and t-test, respectively.
Results: The 158 women were age 31.4± 4.1 (mean ± SD) years
and mean gestation of 133/7 weeks. Compared to normal pBMI
(n= 83), obese pBMI (n= 26) women had significantly higher
blood glucose (5.18± 0.42 vs. 4.72± 0.45mmol/L, P< 0.01),
triglycerides (1.73± 0.80 vs. 1.15± 0.33mmol/L, P< 0.0001),
leptin (58.28± 34.73 vs. 21.30± 17.00 ng/mL, P<0.001),
insulin (2.70± 1.94 vs. 1.00± 0.58 nmol/L, P<0.001) and
lower HDL (1.54± 0.34 vs. 1.86± 0.34mmol/L, P< 0.01).
Similar trends were observed for women with %BF categorized as
obese (n=114) with respect to elevated blood glucose
(4.96± 0.59 vs. 4.62± 0.44, P< 0.01), triglycerides (1.37± 0.59
vs. 1.11± 0.30, P<0.001), leptin (38.60± 27.33 vs.
15.46± 10.12 ng/mL, P< 0.0001) and insulin (1.64± 1.32 vs.
0.91± 0.50 nmol/L, P<0.0001) compared to women with
acceptable %BF (n= 44). Although mean values for all pBMI
categories were within the normal range, values above the normal
laboratory range for non-pregnant women occurred in 17% of
participants for triglycerides and 2% for glucose, the majority of
whom were overweight/obese.
Conclusions: Excess adiposity both pre-gravid and in early
pregnancy as measured by pBMI and %BF significantly ele-
vated blood lipid and glucose profiles and elevated serum leptin
and insulin. Thus, excess adiposity is reflected in the maternal
cardiometabolic profile. Although the potential for adverse
impacts of maternal obesity on pregnancy outcomes and health
of the offspring is appreciated by practitioners, the additive
effects of pregnancy and obesity-induced metabolic changes
have not been delineated. To determine if elevated maternal
cardiometabolic profiles in early pregnancy are sustained and
have a disruptive effect on fetal metabolism, we will study
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maternal cardiometabolic profiles during and after pregnancy
in relation to infant body composition at 6 months of age.

PA3.06.02

Effect of a lifestyle intervention in obese infertile women on
cardiometabolic health and quality of life: A randomized
controlled trial

L. van Dammen1, V Wekker2, A.M. van Oers1, M.A.Q.
Mutsaerts3, R.C. Painter2, A.H. Zwinderman2, H. Groen1,
C. van de Beek2, A.C. Muller Kobold1, J.A. Land1,
W.K.H. Kuchenbecker4, R. van Golde5, G.J.E Oosterhuis6,
N.E.A. Vogel7, B.W.J. Mol2, T.J. Roseboom2, A. Hoek1

1UMCG, GRONINGEN, The Netherlands; 2AMC,
AMSTERDAM, The Netherlands; 3UMCU, UTRECHT, The
Netherlands; 4Isala, ZWOLLE, The Netherlands; 5MUMC,
MAASTRICHT, The Netherlands; 6Antonius ziekenhuis,
NIEUWEGEIN, The Netherlands; 7Martini ziekenhuis,
GRONINGEN, The Netherlands

Background: The prevalence of obesity, an important cardio-
metabolic risk factor, is rising in women. Lifestyle improvements
are the first step in treatment of obesity, but the success depends
on factors like timing and motivation. As women are especially
receptive to lifestyle advice before and during pregnancy, this
intervention could be more successful than lifestyle interventions
at any other time in the lifespan. Moreover, if successful, this
intervention could not only affect cardiovascular health of women
but that of their offspring as well. Therefore, we hypothesize that
the pre-pregnancy period provides the perfect window of oppor-
tunity to improve cardiometabolic health and quality of life of
obese infertile women, by means of a lifestyle intervention.
Methods: Between 2009-2012, 577 infertile women between 18
and 39 years of age, with a Body Mass Index of ≥ 29kg/m2, were
randomized to a six month lifestyle intervention preceding infertility
treatment, or to prompt infertility treatment (LIFEstyle study:
Netherlands Trial Register: NTR1530). The goal of the interven-
tion was 5-10% weight loss or a BMI < 29kg/m². Cardiometa-
bolic outcomes included weight, waist- and hip circumference, body
mass index, systolic and diastolic blood pressure, fasting glucose and
insulin, HOMA-IR, hs-CRP, lipids and metabolic syndrome. All
outcomes weremeasured by research nurses at randomization, 3 and
6 months. Self-reported quality of life was also measured at
12 months. Three participants withdrew their informed consent,
and 63 participants discontinued the intervention program. Mixed
effects regression models analyses were performed.
Results: Results are displayed as estimated mean differences
between intervention and control group. Weight (-3.1 kg 95% CI:
-4.0 - -2.2 kg; P< .001), waist circumference (-2.4 cm 95% CI:
-3.6 - -1.1 cm; P< .001), hip circumference (-3.0 95% CI: -4.2 -
-1.9 cm; P< .001), BMI (-1.2 kg/m² 95% CI: -1.5 - -0.8 kg/m²;
P< .001), systolic blood pressure (-2.8mmHg 95% CI: -5.0 -
-0.7mmHg; P= .01) and HOMA-IR (-0.5 95% CI: -0.8 - -0.1;
P= .01) were lower in the intervention group compared to controls.
Hs-CRP and lipids did not differ between groups. The odds ratio

for metabolic syndrome in the intervention group was 0.53 (95%
CI: 0.33-0.85; P< .01) compared to controls. Physical QoL scores
were higher in the lifestyle intervention group (2.2 95% CI: 0.9–
3.5; P= .001) while mental QoL scores did not differ.
Conclusions: In obese infertile women, a lifestyle intervention
prior to infertility treatment improves cardiometabolic health
and self-reported physical quality of life. We are currently
assessing the long term effects of the intervention on health of
the women and the children that were conceived during this
trial (http://www.WOMB-project.eu).

PA3.06.03

A double hit preeclampsia model results in sex
specific growth restriction patterns

V. Stojanovska

UMCG, GRONIGNEN, The Netherlands

Introduction: Preeclampsia is a multifactorial pregnancy dis-
order presented with angiogenic imbalance and low-grade sys-
temic inflammation. Next to detrimental consequences for the
mother, preeclampsia has severe long-term effects for the off-
spring. However, animal models which represent these two
pathophysiological conditions are missing. Here we introduce a
novel double hit animal model which mimic the complex
multifactorial conditions present during preeclampsia.
Methods: C57Bl/6 mice were injected with adenovirus over-
expressing sFlt-1 or empty adenovirus (first hit: angiogenic
imbalance) on gestational day GD 8. On GD 10 a second hit
(inflammation) was introduced with a low dose of lipopoly-
saccharide (LPS, 25 ug/kg, i.p.) or PBS (control). Between GD
16 and 17, 24 hrs urine was collected. Blood pressure and
blood analysis were performed on GD 18. Fetuses and pla-
centas were collected at GD18.
Results: Animals exposed to sFlt-1 and LPS showed increased
blood pressure and increased proteins and albumin in 24 hrs
urine, the clinical hallmark of preeclampsia. sFlt-1 concentra-
tions were 2x higher in the double hit preeclampsia group.
Blood pressure values were positively correlated with the sFlt-1
concentrations. Fetuses were growth restricted: females have
symmetrical growth restriction accompanied by smaller pla-
centas. In continuation, male fetuses showed asymmetrical
growth restriction, accompanied with brain sparing.
Conclusion:Our results show that combined exposure to sFlt-
1 and LPS mimics the symptoms of preeclampsia in a mouse
model and affects the fetal growth in a sex-specific manner.

PA3.06.04

Early age at menarche as a risk factor for developing
gestational diabetes: the mediating role of preconception
body mass index

D.A.J.M. Schoenaker, G.D. Mishra

University of Queensland, BRISBANE, Australia
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Background: Early age at first menstruation in girls (menarche
≤11 years) has been identified as a marker of increased
risk of type 2 diabetes, partly due to the higher rates of child-
hood and adulthood obesity among women with early age at
menarche. Type 2 diabetes shares many features with gesta-
tional diabetes mellitus (GDM), however, it remains unclear if
age at menarche also indicates an increased GDM risk. Exam-
ining the association between age at menarche and risk of
GDM is of significant importance given the global trends of
declining age at menarche, and increasing prevalence of obesity
and GDM. In this study, we aim to test the hypothesis that
early age at menarche is associated with a higher risk of GDM,
and to examine the extent through which this association is
mediated through preconception body mass index (BMI)
(Figure).
Methods: Data were from the 1973-78 cohort of the Aus-
tralian Longitudinal Study on Women’s Health. At baseline in
2000, women aged 22-27 years reported their age at menarche.
At three-yearly survey intervals during 15 years of follow-up,
information on GDM diagnosis was obtained for each preg-
nancy and validated in a subsample. A causal inference frame-
work for mediation analysis was used to estimate the total
effect, natural direct effect (NDE), and natural indirect effect
(NIE) of early age at menarche on incident GDM. The per-
centage mediated through preconception BMI at the survey
prior to the index pregnancy was calculated as (odds ratio
[OR]NDE [ORNIE - 1]) / (ORNDE x ORNIE

– 1)× 100%.
Analyses were adjusted for early life and preconception covari-
ates (Figure).
Results: Among 4,017 women with no history of type 2 dia-
betes, 329 (8.2%) women reported a first diagnosis of GDM.
Mean age at menarche was 13 years (SD 1.4) and 12.7% of
women had menarche at age 11 or younger. Early age at
menarche was associated with a 53% higher GDM risk (OR
1.53, 95% CI 1.11, 2.09) after adjustment for parental edu-
cation, self-rated childhood weight, parity, and preconception
physical activity, energy intake and polycystic ovary syndrome.
The percentage of the total effect of early age at menarche on
GDM risk that was mediated through preconception BMI was
32%. This substantial mediating effect of BMI resulted in
attenuation of the natural direct effect (OR 1.42, 95% CI
1.04, 1.93).
Conclusion: In this population-based study of reproductive-
aged women, we demonstrate that early age at menarche is a
risk factor for later development of GDM. A substantial pro-
portion of the total effect of early age at menarche on GDM
risk was mediated through preconception BMI, suggesting that
prevention of overweight and obesity among girls with early age
at menarche may lower their risk of GDM. The direct effect of
early age at menarche on GDM risk remained significant even
after accounting for the mediating effect of preconception
BMI. Therefore, further prospective studies that start pre-
natally or during early childhood are needed to elucidate the
effect of early life exposures on the timing of menarche, and
subsequent development of GDM.

Hypothesis: early age at menarche is a risk factor for GDM, and
this relationship is (partly) mediated through preconception
BMI

PA3.06.05

Maternal weight at birth and risk of pregnancy
complications

P.H. Andraweera1, G.A. Dekker1, S. Leemaqz1, L.M.E.
Mccowan2, J. Myers3, L. Kenny4, J. Walker5, C.T. Roberts1

1The University of Adelaide, ADELAIDE, Australia; 2The
University of Auckland, AUCKLAND, New Zealand;
3University of Manchester, MANCHESTER, United Kingdom;
4University College Cork, CORK, Ireland; 5University of Leeds,
LEEDS, United Kingdom

Background: The intrauterine environment plays a critical role
in health after birth. Low birthweight is known to be associated
with adult-onset diseases including hypertension, cardiovas-
cular disease (CVD), stroke and type 2 diabetes. Also, emerging
evidence demonstrates a strong link between pregnancy com-
plications and subsequent CVD.We examined the influence of
maternal birthweight on the risk of development of pregnancy
complications including preeclampsia (PE), gestational hyper-
tension (GHTN), small for gestational age (SGA) pregnancy,
spontaneous preterm birth (sPTB) and gestational diabetes
mellitus (GDM).
Methods: This study includes 5336 women from SCOPE
(SCreening fOr Pregnancy Endpoints), a multicentre pro-
spective cohort study. Nulliparous women were recruited at the
first antenatal clinic visit during their first pregnancy in Ade-
laide, Australia; Auckland, New Zealand; Manchester and
Leeds, UK and Cork, Ireland. Detailed information was col-
lected at 15 and 20 weeks’ gestation and the women were fol-
lowed up throughout pregnancy. The woman’s birthweight
and gestational age at birth were self-reported and confirmed
via medical records when possible. The association between
maternal birthweight and pregnancy complications was asses-
sed using logistic regression. A maternal birthweight of 2500-
3500g was considered the reference group.
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Results: Maternal birthweight <2500g was associated with
increased risk of PE (OR= 1.8, 95% CI= 1.2-2.8), having a
SGA infant (OR= 1.5, 95% CI= 1.1-2.1), sPTB (OR= 1.9,
95% CI= 1.1-3.1) and GDM (OR= 1.8, 95% CI= 1.0-3.1)
compared to the reference group. Maternal birthweight
≥ 4000g was associated with a reduced risk of PE (OR= 0.6,
95% CI= 0.3-0.9) and SGA (OR= 0.4, 95% CI= 0.3-0.6)
compared to the reference group. All results remained sig-
nificant after correcting for maternal age, BMI smoking at
15 weeks’ gestation, infant sex and maternal gestational age
at birth.
Conclusion: Our results demonstrate that women who are
small at birth are at increased risk of preeclampsia, gestational
diabetes, spontaneous preterm birth and SGA infants com-
pared to women who have uncomplicated pregnancies. Con-
sidering that women who develop any of these pregnancy
complications are at approximately double the risk of sub-
sequent CVD, these findings further add to existing literature
that low birthweight appears to be one factor that contributes
to the risk for pregnancy complications and subsequent CVD.

PA3.06.06

Second trimester serum metabolomic profiles can predict
excessive gestational weight gain

M. Klein1, J.E. Shearer1, S. Mohammad2, Z.M. Ferraro2,
M. Holcik3, S. Bainbridge2, K.B. Adamo2

1University of Calgary, CALGARY, Canada; 2University of
Ottawa, OTTAWA, Canada; 3Children’s Hospital of Eastern
Ontario, OTTAWA, Canada

Background: Pregnancy weight-related issues (including obe-
sity and excessive gestational weight gain – GWG) are the
strongest risk factors for future maternal and offspring obesity
and metabolic dysregulation. It is believed that maternal obe-
sity is communicated to the fetus in part by the serum meta-
bolome, altering the child’s metabolomic program in early
development; however, it remains to be known if these profiles
differ by GWG status. Our objective was to characterize the
serummetabolomic profile in pregnant women of differing pre-
pregnancy body mass index (BMI) status and to examine the
relationship with GWG.
Methods: Women with a BMI of 18-40 kg/m2 were recruited
from the Ottawa area (Ontario, Canada). Exclusion criteria
included smoking, diabetes of any type, fetal growth restriction
or hypertensive diseases of pregnancy. A fasting maternal blood
sample was obtained via peripheral venipuncture between
weeks 25-28 of gestation. Metabolomic profile was measured in
37 serum samples (23 lean, 7 overweight, 7 obese) using 1D
1H nuclear magnetic resonance (NMR). Spectra were binned
for metabolic fingerprinting analysis using a bin width of
0.005 ppm. NMR signals of interest were identified using
public databases (HMDB, BMRB) and in-house measured
spectra of pure compounds. Correlations between different
variables and 2nd trimester maternal blood metabolites were

analyzed using linear models in R version 3.3.1. Resulting
p-values were corrected for multiple testing using a False Dis-
covery Rate correction at the 20% level.
Results: Analysis of metabolite signatures showed distinct
metabolic profiles for lean, overweight and obese women. Four
serum metabolites, namely glutamate, lysine, pyruvate and
valine, showed significant positive correlations to GWG. These
2nd trimester metabolites, which include three amino acids and
an end-product of glycolysis, form a set of predictive bio-
markers, as the majority of pregnancy weight gain occurs in the
3rd trimester. To assess the predictive power of this set of
metabolites, we performed a cross-validated linear regression of
GWG, using the four metabolites and pre-pregnancy BMI
levels. We found that GWG can be predicted with high accu-
racy, especially for women with excessive GWG.
Conclusions: Second trimester metabolite profiles differ
between pre-pregnancy BMI categories and for the first time,
we have identified a distinct set of markers that are predictive of
excessive GWG. If validated in an additional population, this
information could aid in guidance of prenatal weight
management plans.

PA3.06.07

Developmental origins of perimenopausal disorders:
evidence from a Swedish cohort

M. Gao1, A. Goodman2, G. Mishra3, I. Koupil4

1Karolinska Institutet, STOCKHOLM, Sweden; 2London School
of Hygiene and Tropical Medicine, LONDON, United Kingdom;
3University of Queensland, BRISBANE, Australia; 4Stockholm
University, Karolinska Institutet, STOCKHOLM, Sweden

Background: Theoretical life course models for women’s
reproductive health have been proposed and discussed in the
literature. However, to our best knowledge, associations of
birth characteristics with incidence of perimenopausal disorders
have not been empirically demonstrated to date.
Methods: The life course determinants of perimenopausal
disorders were investigated through a linkage of archive birth
records and routine register data (Census, Education register,
Multigenerational Register, Population Register, Cause of
Death Register and National Patient Register). The study
subjects were 3212 women from the Uppsala Birth Cohort
Multigenerational Study, born from singleton pregnancies,
who were aged 40 to 65 years during the follow-up period from
2001 till 2008. Indicators of index women’s health at birth
were ponderal index (birth weight [kg]/birth length [meters]3)
and length of gestation (completed weeks). The main outcomes
were categorized as menopausal symptoms (e.g. flushing,
sleeplessness and headache), menopausal bleeding and other
menopausal disorders (e.g. atrophic vaginitis and other unspe-
cified disorders) based on ICD codes registered as main or
contributing causes of hospitalisation or outpatient visit.
Hazard ratios (HRs) and 95% confidence intervals (95% CIs)
for the three outcomes were estimated in Cox regression
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models with study subjects’ age as the underlying timescale.
Analyses were adjusted for birth year, mutually adjusted for
ponderal index or length of gestation, and robust standard
errors were used to account for clustering in sisters. Parental
social characteristics and women’s own parity and socio-
demographic factors were included in the fully adjusted mod-
els. The proportional hazards assumptions were confirmed for
all minimally adjusted models. Multiple imputation was used
to deal with missing data for length of gestation and life course
socio-demographic characteristics.
Results: During the eight years of follow-up, 125 cases of
menopausal symptoms, 61 cases of menopausal bleeding and
58 cases of other menopausal disorders were recorded. The
hazard ratio for menopausal symptoms corresponding to one
standard deviation increase in ponderal index was 1.30 (95%
CI: 1.10-1.54; minimally adjusted). Incidence of menopausal
bleeding was not statistically significantly associated with either
ponderal index or gestational age in minimally adjusted models.
The incidence of other menopausal disorders was statistically
significantly lower among those born after longer gestation
(HR 0.86 per one week increase in gestational age, 95% CI:
0.78-0.94, minimally adjusted). Further adjustments for
mother’s parity, life course socio-demographic factors or
number of live born children did not alter the results in a
significant way.
Conclusions: We found (i) a positive association between
ponderal index at birth and incidence of menopausal symp-
toms; and (ii) a negative association of length of gestation with
incidence of other menopausal disorders such as atrophic
vaginitis. No associations with birth characteristics were seen
for perimenopausal bleeding symptoms. The respective
underlying mechanisms still need to be established but do not
appear to include socioeconomic position or number of full
term pregnancies. A mediating effect of adult body size is
plausible.

PA3.06.08

Preconceptional maternal anxiety is associated with
childhood emotional problems, independent of the
effect of post-natal depression

J. Baird1, M.R. Jarman2, S.M. Robinson1, W.T. Lawrence1,
M.E. Barker1, K.M. Godfrey1, C. Cooper1, H.M. Inskip1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2Li Ka Shing Centre for Health Research Innovation,
University of Alberta, ALBERTA, Canada

Background: Maternal perinatal depression has been asso-
ciated with behavioural problems in the child. In the ALSPAC
cohort, ante- and post-natal depression had independent effects
on child behaviour at 4 years. The strongest risk factor for
maternal perinatal depression is pre-existing anxiety or
depression suggesting that women with perinatal depression are
likely to have experienced mental health problems preconcep-
tion. We examined the association between maternal

preconceptional anxiety and child behaviour at age 3 years in
the Southampton Women’s Survey (SWS).
Methods: The SWS assessed 12,583 women aged 20-34 years
when not pregnant. Women who became pregnant and their
children (n= 3,158) were followed up. In the second half of
recruitment, women completed the General Health Ques-
tionnaire (GHQ-12), a screening instrument with good sensi-
tivity for depression and anxiety disorders; a score ≥ 3 was
categorised as positive for significant psychological distress.
Post-natal depression was assessed with the Edinburgh Post-
natal Depression Scale. At age 3 years, child behaviour was
assessed with the Strengths and Difficulties Questionnaire
administered to parents and used to characterise hyperactivity,
conduct disorders and emotional problems; cases were identi-
fied as children who had at least borderline problems under
standard definitions. Binary regression was used to derive pre-
valence rate ratios (PRR) for child behaviour problems.
A Directed Acyclic Graph was used to identify confounding
factors – maternal educational attainment and number of
children.
Results: Of 1,518 children (52% boys) followed to age 3,
whose mothers completed the GHQ-12 before pregnancy, 290
(19%) had hyperactivity, 366 (24%) had conduct disorders
and 499 (19%) had emotional problems. 27% of mothers had
evidence of preconceptional distress and 42% of postnatal
depressive symptoms. Univariately, there were strong positive
associations between preconceptional distress and all three
behaviour problems (risk increases (PRR)): 31% (1.31, 95%
CI:1.05-1.63) for hyperactivity, 34% (1.34, 95%CI:1.11-
1.61) for conduct disorders, and 48% (1.48, 95%CI:1.19-
1.84) for emotional problems. After adjustment for con-
founding factors, PRRs were largely unchanged and the asso-
ciations of preconceptional distress with all three behaviour
problems remained highly significant. Additional adjustment
for postnatal depression attenuated to borderline significance
the associations of maternal distress with hyperactivity and
emotional problems. The association of maternal distress with
emotional problems, however, was little changed (PRR 1.42,
95%CI: 1.14-1.78) and remained highly significant. Further
analyses were conducted to examine the effects on child beha-
viour of pre-and post-natal depression separately and to look at
effects on child behaviour for women with both conditions. For
hyperactivity and conduct disorders, postnatal depression had a
greater effect on risk of behaviour problems than preconcep-
tional distress, the effect being greatest for children of women
with both conditions. For emotional problems, however, pre-
conceptional distress alone had a greater effect on child beha-
viour than post-natal depression alone, (PRRs of 1.43 (95%CI:
1.02- 2.01) and 1.24 (95%CI:0.94-1.63) respectively). Where
both conditions were present the PRR for emotional problems
was 1.75 (95%CI:1.33-2.31).
Conclusion: Preconceptional distress is associated with emo-
tional problems in children aged 3, independent of postnatal
depression. Identifying women with distress might facilitate
prevention of childhood emotional problems.
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PA3.06.09

Antenatal synthetic glucocorticoid exposure modifies gene
expression at the post-natal blood-testis barrier

M. Eng, A. Mouratidis, A. Kostaki

University of Toronto, TORONTO, Canada

Background: Glucocorticoids are key in the transition from
fetal to neonatal life, and may play a role in the maturation of
blood-tissue barriers. Antenatal synthetic glucocorticoids
(sGC) are administered in the management of preterm birth;
however, a proportion of women deliver at term, potentially
exposing the fetus to excess glucocorticoids. Recent work in our
lab has shown that antenatal sGC exposure programs neural
gene expression in juvenile offspring, and that these effects are
transmitted over multiple generations. Tight junctions between
sertoli cells make up the blood-testis barrier (BTB), providing
immunological protection and are part of the spermatogenic
process. Uptake of hormones, drugs, and toxins is also limited
by the BTB, through the actions of drug transporters such as
P-glycoprotein (P-gp; Abcb1) and breast cancer resistance pro-
tein (BCRP; Abcg2). Altered BTB function after sGC exposure
that persists into post-natal life could have consequences for
drug exposure and spermatogenesis. We hypothesize that
antenatal sGC treatment will alter the expression of genes
related to tight junction function, xenobiotic response, and
drug transport at the fetal BTB, and this effect will persist to the
juvenile BTB.
Methods:Guinea pigs were chosen for this study as they have a
longer gestation, and a similar pattern of neurodevelopment.
Testes were collected from offspring at either gestation day
(GD) 52 (preterm) or postnatal day (PND) 14 (term). Starting
at GD40, pregnant dams were exposed to either 2 (GD 52) or 3
(PND 14) courses of betamethasone (GD52, N= 7; PND14,
N= 9) or vehicle (GD52 & PND14, N= 5), 10 days apart.
Testes were removed, snap frozen on dry ice, and stored at
-80˚C until RNA extraction. Levels of drug transporter and
tight junction mRNA were measured by qRT-PCR.
Results: At PND14, sGC treatment significantly decreased
Cldn5 and Jam-A expression (p< 0.05). Expression levels of
Mr, but not Gr, Pxr, or Car, were significantly (p <0.05)
decreased at PND14 after sGC treatment. sGCs did not affect
expression of drug transporters Abcb1, Abcg2, or Abcc4 at
PND14, though a trend towards decrease of Abcc1 and Abcc5
was observed. At GD52, exposure to sGCs did not affect
expression of any genes of interest.
Conclusion: This is the first study to demonstrate that
antenatal sGC programs gene expression in the testes of juve-
nile offspring. Genes that were significantly decreased at
PND14, 25 days after last exposure to sGCs, are related to
maintaining tight junction function (Cldn5, Jam-A), and the
stress response (Mr). There were no changes in expression of
drug transporter genes or xenobiotic response. Interestingly,
these changes were not observed in fetal animals, suggesting the
timing and number of doses of glucocorticoids plays a role in

regulating this pathway. As the BTB plays an essential role in
spermatogenesis, these findings may provide insight into the
mechanisms underlying transmission of the effects of antenatal
sGC. Long-term alterations in baseline barrier function in the
testes may also have implications for drug protection and
efficacy.

PA3.07 – Infant Nutrition

PA3.07.01

Optimal nutrition for the preterm infant.

H. van Goudoever

Academic Pediatric Hospitals, Amsterdam

Long term survival rates of extremely preterm infants have
doubled from around 30% to approximately 70% in recent
years. Improved antenatal care, (pre) pregnancy management,
early ultrasounds, resuscitation guidelines, protocol based care,
ventilation strategies, family integrated care and improved
nutritional strategies are just a few factors that might have
contributed to this success. Less well known is the morbidity
prevalence for the whole group as such. In Europe, approxi-
mately 6-8% of all newborns (corresponding to 500.000
annually) are born preterm. Very recently, we conducted a
meta-analysis including over 12000 infants. Much to our sur-
prise we found that cognitive outcome did not improve over
the last 20 years while correcting the results for gestational age.
On average, prematurely born infants score 0.86 SD less on any
cognitive outcome scale at age 5 or older. This lower score
corresponds to approximately 10 IQ points, one school level
less that can be expected on the basis of parental academic
achievements. This surprising outcome shows that we are not
able yet to prevent perinatal factors that hamper normal
development. One of the factors that we are able to change is
our feeding strategy as these infants receive either parenteral
nutrition or otherwise feeding through a naso-gastric tube. The
health care professionals describe the amount of nutrition and
control intakes, while in later life the infant/child determines
intakes mainly by him/herself. Well know is that under-
nutrition is associated with detrimental effects. Obviously,
nutritional strategies during the last two decades were unable to
diminish the effects of being born prematurely. Being born
premature affects length growth and glucocorticoid metabo-
lism on the long run. Cardiovascular biomarkers are influenced
as well, depending on the type of feeding used within the first
weeks of life. Human milk, preferably from the own mother,
although donor milk may have benefits as well, is thought to be
providing the optimal mix of nutrients and bioactive factors,
but long term follow up studies have to prove their efficacy as
especially donor milk is expensive. The lack of improvement in
academic achievements is cumbersome and stresses the need for
long term (>5 years) follow up studies of interventions that are
appropriately tested in early phase of life. Many factors leading
to premature birth cannot be controlled, but nutrition and
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growth are factors that can be influenced and can thus be of
pivotal value in improving outcome of this large population.

PA3.07.03

Breast milk exosomal microRNA: A method of listening-on
on the dialogue between mother and infant

J.D. Kraft1, I. Altosaar1, E. Ferretti2

1University of Ottawa, OTTAWA, Canada; 2The Ottawa
Hospital/Children’s Hospital of Eastern Ontario, OTTAWA,
Canada

Breast milk is a complex source of nutrients and bioactive
molecules to nourish and protect newborns by facilitating
gastrointestinal development and maturation. Throughout the
postnatal period, the gastrointestinal tract (GIT) matures fol-
lowing enteral feeds and colonization with commensal bacteria.
The development of the GIT could be delayed or altered in a
premature infant, thus predisposing the infant to inflammatory
diseases, such as necrotizing enterocolitis (NEC). The patho-
physiology of NEC is currently unknown, however, pre-
maturity, formula feeding and an abnormal intestinal
microbiota are thought to cause an inflammatory response in
the intestine leading to sepsis and NEC. Breast milk is the gold
standard of infant nutrition and is largely thought to help
prevent NEC. Breast milk exosomal microRNA may be one of
the components responsible for the development of the GIT.
Identifying the microRNAs from human milk exosomes will
allow for a deeper understanding of the signals the mother is
sending to the gut of her newborn. Exosomal microRNAs are
thought to resist degradation and remain biologically active
upon ingestion due to the stable structure of the exosome.
Because exosomes and their contained microRNA have been
shown to play a role in cell-to-cell communication, we propose
a method of listening-in on the cross-talk between mother and
infant via breastfeeding.
Isolating exosomes from human milk has remained a challenge,
as there is no protocol consensus in the literature. After testing
six different protocols to isolate exosomes, we determined that
ultracentrifugation is the most robust method based on
expected size (30-100 nm). We investigated the effects of milk
storage on exosome populations. Comparing exosomes from
fresh milk, frozen milk (-20°C, 24 hours) and 4 °C stored milk
(24 hours), we found differences in the native exosome popu-
lations and, in turn, alterations in the abundance of micro-
RNA. Fresh milk has an increased concentration of exosomes
compared to milk that has been stored at -20°C for 24 hours.
Through flow cytometry, we identified the membrane pro-
teome of milk exosomes and variations depending on storage
procedures and processing. By testing a range of commercially
available kits for RNA extraction, our results support the use of
Qiagen exoRNeasy for maximized RNA yield without sacrifi-
cing quality. The most abundant exosomal microRNAs from
fresh human milk were found to have targets related to
inflammatory pathways, demonstrating the further protection

the mother provides to her infant. Human milk exosomes must
be isolated in a reproducible manner to characterize micro-
RNAs and understand their role in gastrointestinal tract
maturation and disease states. Depending on the milk fraction
analyzed, storage, exosome isolation and RNA extraction
methods the miRNA profiles vary. In this critical area of health
research, proper preparation of samples and extraction methods
is paramount. To gain insight into microRNA communication
between mother and her newborn at this nascent stage requires
standardized procedures and synchronized approaches.

PA3.07.04

Early life a priori and a posteriori dietary patterns and
celiac disease autoimmunity in children from the
Generation R Study

M. Barroso1, S.A. Beth1, V.W.V. Jaddoe1, T. Voortman1,
M.C. van Zelm2, H.A. Moll1, J.C. Kiefte-de Jong1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Monash
University and Alfred Hospital, MELBOURNE, Australia

Background: Gut dysbiosis has been suggested as one of the
environmental factors associated with the development of celiac
disease (CeD). Concurrently, the composition and maturation
of the gut microbiome, initiated immediately after birth,
appears to be strongly affected by early-life nutrition. In this
context, the role of infant feeding practices on the development
of pediatric CeD has been previously investigated, but contra-
dicting findings have been reported. Furthermore, such studies
have mainly been focused on the effects of breastfeeding and
timing of gluten introduction, but not on overall diets. Thus,
the aim of this work was to examine the association between
early-life dietary patterns and the occurrence of CeD auto-
immunity during childhood.
Methods: This study was embedded in the Generation R
Study, a multiethnic birth cohort in Rotterdam, the Netherlands.
Validated food-frequency questionnaires collected at the
children’s median age of 14 months were used to assess food
consumption (N= 1985). Dietary patterns were defined a
priori, based on national and international guidelines, and
a posteriori, from principal component analysis of dietary
intake. CeD autoimmunity (CDA) was assessed on the basis of
serum concentrations of anti-tissue transglutaminase anti-
bodies (TG2A) in the children, at the age of 6 years. TG2A
levels were categorized into negative (<7 U/ml) and positive
(≥7 U/ml) values.
Results: As reported in previous studies, the a priori Diet
Quality Score and the a posteriori “health-conscious” dietary
pattern are characterized by high intakes of vegetables, grains,
vegetable oils, fish and legumes, while the a posteriori “western-
like” pattern is characterized by high intakes of snacks and
confections, animal fats, and sugary beverages. After adjust-
ment for confounders (children’s age, gender and ethnicity,
timing of introduction to gluten, breastfeeding and maternal
education level), it was observed that children with higher
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adherence to the “health-conscious” diet pattern had a lower
prevalence of TG2A-positivity (OR: 0.52, 95% CI: 0.30 to
0.89), but no significant association was observed between the
adherence to a “western-like” diet and TG2A concentrations
(OR: 0.96, 95% CI: 0.56 to 1.64). Furthermore, a non-
significant association between higher adherence scores to the a
priori diet quality index and a lower risk of high TG2A levels
was found (OR: 0.85, 95% CI: 0.64 to 1.14).
Conclusions:Our results suggest that early-life dietary patterns
characterised by high intakes of vegetables and grains, and low
intakes of saturated fats and sugary foods, may be associated
with a lower risk of developing CeD autoimmunity during
childhood.

PA3.07.05

Duration and exclusiveness of breastfeeding and risk of
childhood atopic diseases

N.J. Elbert, E.R. van Meel, H.T. den Dekker, N.W. de Jong,
T.E.C. Nijsten, V.W.V. Jaddoe, J.C. de Jongste,
S.G.M.A. Pasmans, L. Duijts

Erasmus MC, ROTTERDAM, The Netherlands

Background: Breastfeeding may have immune modulatory
effects that influence the development of childhood allergic
sensitization and atopic diseases. We aimed to examine the
associations of breastfeeding with childhood allergic sensitiza-
tion, inhalant or food allergy and eczema. Additionally, we
examined whether any association was affected by disease-
related modification of the exposure, meaning that early
symptoms of allergy or eczema in the child may encourage a
mother to alter breastfeeding habits, or modified by maternal
history of maternal history of allergy, eczema or asthma.
Methods: This study among 5,828 children was performed in
a population-based prospective cohort from fetal life onwards.
We collected information on duration (<2 months, 2-4
months, 4-6 months and ≥6 months) and exclusiveness
(non-exclusive vs. exclusive for 4 months) of breastfeeding in
infancy by postal questionnaires. At age 10 years, inhalant
(house dust mite, 5-grass mixture, birch, cat and dog) and food
(hazelnut, cashew nut, peanut and peach) allergic sensitization
were measured by skin prick tests, and physician-diagnosed
inhalant and food allergy by a postal questionnaire. Data on
parental-reported eczema were available from birth until age 10
years. We used multivariate logistic regression, multinomial
logistic regression or generalized estimating equation models
where appropriate. In addition, we performed risk period-
specific sensitivity analyses by excluding children who devel-
oped eczema during the period of breastfeeding until age
6 months, additional adjustment for ointment use for eczema
at age 2 months and cross-lagged modeling to account for
potential disease-related modification of the exposure. The
modifying effect of maternal history of allergy, eczema or
asthma was tested by adding it as product term with the
breastfeeding variables in the models.

Results: We observed no association of breastfeeding with any
allergic sensitization, physician-diagnosed allergy, or combina-
tion of these outcomes. Shorter breastfeeding duration was
associated with an overall increased risk of eczema (p-value for
trend <0.05). Non-exclusively breastfed children had an
overall increased risk of eczema (adjusted odds ratio (95%
confidence interval): 1.11 (1.01, 1.23)), compared with chil-
dren exclusively breastfed for 4 months. Risk period-specific
sensitivity analyses, additional adjustment for ointment use for
eczema at age 2 months, and cross-lagged modeling showed no
consistent results for disease-related modification of the expo-
sure. Results were not modified by maternal history of allergy,
eczema or asthma (p-values for interaction <0.05).
Conclusions: Shorter duration or non-exclusiveness of breast-
feeding is associated with a weak overall increased risk of
eczema but not allergic sensitization or physician-diagnosed
allergy at age 10 years. Despite its small protective effect,
breastfeeding is encouraged because of its nutritional, immu-
nological and psychosocial benefits.

PA3.07.06

Role of breastfeeding on epigenetic mechanisms underlying
early-life growth development and the development origin
of obesity

L. Briollais

Lunenfeld-Tanenbaum Research Institute, TORONTO, Canada

Obesity is a major global public health problem. The World
Health Organization (WHO) estimated in 2010 that there
were at least 42 million overweight children under the age of
5-years and one billion overweight adults globally. It is now well
established that early life can impact our long-term health, in
particular the risk of developing adult diseases such as obesity.
Previous research has clearly established a link between early
environment (pre-natal and post-natal), genetic, and behavioral
factors on the development origin of health and diseases
(DOHaD). Among the environmental factors, breastfeeding
has been advocated in the prevention of overweight/obesity and
is recommended by WHO as the “perfect food for the new-
born”. Each month of breastfeeding results in a 4% reduction
in risk of being overweight. The beneficial effect of breast-
feeding extends beyond healthy children. In a large cohort of
5,590 children from the British Avon Longitudinal Study
of Parents and Children (ALSPAC) cohort, we showed that a
longer duration of exclusive breastfeeding (EXBF) (i.e at least
5 months) has significant preventive effect on BMI growth
trajectories even among genetically susceptible children. The
biological mechanisms underlying the role of breastfeeding
remain unclear, but a plausible explanation could be through
the regulation of epigenetic mechanisms involved in develop-
mental programming. Our goal in to identify new epigenetic
marks associated with birth weight and BMI at weight
and assess whether EXBF affect these marks during child
development. We studied about 1,000 children from the
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ALSPAC cohort and modeled their methylation profiles up to
17 years of age. We found several genes that were differentially
methylated in relation to birth weight and BMI at birth
including TSSC4, RNU5E, PRR5L, IGF2BP1, PLCH1,
PLD2 and a few others. Interestingly, the methylation profiles
of the genes PRR5L and IGF2BP1 were mediated by EXBF.
The gene PRR5L has been shown to be involved in mTORC2
pathway, which is associated with the metabolic and immu-
nologic programming. The gene IGF2BP1 encodes a member
of the insulin-like growth factor 2 mRNA-binding protein
family. Our study demonstrates therefore that breastfeeding
could regulate early life epigenetic modifications involved in
developmental programming and potentially reverse DNA
methylation.

PA3.07.07

Breast milk concentrations of brominated flame retardants
and perfluorooctane sulfonate are associated with decreased
gut microbiota diversity in infants

N. Iszatt1, S. Dahl2, V. Lenters1, S. Mandal3, H. Stigum1,
R. Knight4, M. Eggesbø1

1Norwegian Institute of Public Health, OSLO, Norway;
2University of Oslo, OSLO, Norway; 3Public Health Foundation
of India, GURGAON, India; 4Knight Laboratory, University of
California, SAN DIEGO, United States of America

Background: Early-life environmental toxicant exposure is
associated with adverse health later in life. Experimental studies
report that toxicant exposure negatively effects gut microbiome
composition, possibly contributing to poor health. We inves-
tigated whether breastfeeding exposure to a mixture of envir-
onmental toxicants negatively impacts the infant gut
microbiome at one month.
Methods: We used data from the Norwegian Microbiota
Cohort (NoMIC, n= 552, recruitment 2002-2005). Mothers
provided breast milk samples and their own and their infants’
fecal samples and completed questionnaires on maternal and
infant characteristics. We included 293 mother-child pairs of
singleton births with information on both toxicant concentra-
tions in breast milk and gut microbiota composition from fecal
samples. Exposures were 28 individual chemicals from five
classes of compounds (non-dioxin-like polychlorinated biphe-
nyls (PCBs), dioxin-like mono-ortho PCBs, organochlorine
pesticides, polybrominated diphenyl ethers (PBDEs), and per-
and polyfluoroalkyl substances (PFAS)). We investigated alpha
diversity: Shannon Diversity, Phylogenetic Diversity and
number of observed operational taxonomical units (OTUs).
We assessed associations between toxicant exposure and infant
alpha diversity using: i) principal component analysis to iden-
tify mixtures; ii) elastic net regression modelling to select
amongst individual correlated toxicants; and, iii) generalized
linear models to obtain unbiased estimates, adjusting for
potential confounders. Additionally, we compared low (<20th

perc.) vs. high (>80th perc.) exposed groups of infants for the

elastic net selected exposures, using UniFrac to identify varia-
tion in beta diversity and Analysis of Composition of Micro-
biomes (ANCOM) to detect differentially abundant
microbial taxa.
Results: The principle component dominated by PBDEs was
significantly associated with a reduction in all diversity mea-
sures. The elastic net modelling consistently selected
PBDE-100 as associated with reduced infant gut diversity. In
the unpenalised generalized linear regression models, a 1 stan-
dard deviation (SD) increase in PBDE-100 was associated with
-0.15 (95% CI: -0.22, -0.07) change in Shannon diversity,
equivalent to a 15% decrease in the interquartile range of
Shannon diversity in this cohort. Additionally, analysis of
phylogenetic diversity found perfluorooctane sulfonate (PFOS)
and (perfluorooctanoic acid) PFOA significantly associated
with a -0.18 (95% CI: -0.28, -0.07) a 0.15 (95% CI: 0.05,
0.25) change in phylogenetic diversity per 1SD increase in
respective exposures. We did not detect significant differences
in beta diversity for any of the selected compounds. In pre-
liminary analyses, we detected significant differential abun-
dance of eight Actinobacteria of the genus Bifidobacterium
between the low/high PBDE-100 exposure groups. One of the
same Bifidobacterium was also differentially abundant for low/
high PFOS exposure, with differences also detected in the
genera Staphylococcus and Bacteroides.
Conclusion: In a multipollutant study, we detected a con-
sistent decrease in alpha gut diversity associated with breast
milk concentrations of PBDEs, particularly PBDE-100, in
infants one month old. PFOS and PFOA showed opposing
effects on phylogenetic diversity. Further investigation is
required to understand the significance of our findings for child
health, particularly in countries with higher toxicant exposures.

PA3.09 - New intervention strategies

PA3.09.01

Designing complex behavior change interventions

M.E. Barker

Southampton University, SOUTHAMPTON, United Kingdom

There is a growing recognition that to increase effectiveness,
interventions to improve health behaviours need to be carefully
planned and appropriate. Though there is substantial support
for planning evaluations of interventions, there is currently
little that guides new intervention design of the type of complex
interventions required to change health behaviour. That which
does exist tends either to lack detail enough to guide new-
comers through the process of intervention development, or to
be so resource-intensive as to be impractical. The current MRC
guidelines on developing and evaluating complex interventions
are relatively non-specific and largely concern intervention
evaluation rather than development.
This talk will discuss approaches to supporting the systematic
development of complex interventions. It will present
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intervention development as a sequence of logical steps, aiming to
improve intervention feasibility, appropriateness and effective-
ness. Some approaches to intervention design are better suited for
the development of one type of intervention over another. The
Person-Based Approach, for example, has been specifically
designed to support the development of digital interventions.
The application of these methods to the design of intervention
to change maternal diet and nutritional status, child health and
development, and other DOHaD related outcomes will be
discussed. Examples of such interventions currently planned
and underway will be used as illustration.

PA3.09.03

Shortcuts to randomised evidence: Using existing trials
in early life for follow-up studies

S.O. Shaheen

Queen Mary University of London, LONDON, United Kingdom

There is a paucity of evidence from randomised trials in
humans supporting the DOHaD hypothesis, although recent
nutrient supplementation trials in pregnancy have shown pro-
mise with respect to the primary prevention of childhood
asthma. However, setting up de novo trials is expensive and
time-consuming. A cheaper, more efficient, and underused
approach is to follow-up children from existing trial cohorts to
collect new outcomes of interest, other than those originally
intended. For example, the majority of prenatal interventions
have focused on pregnancy/perinatal outcomes, and have not
followed up the offspring into childhood, even though the
prenatal exposure of interest may have biological relevance to
the developmental programming of health and disease later in
life. Given that modification of the early life exposure has been
randomised, this approach has the potential to provide more
robust evidence for causal inference than can be obtained from
observational studies which may often be confounded, and can
give added value to the original trial.
Seif Shaheen will illustrate this ‘short cut’ approach to obtain-
ing randomised evidence with examples of prenatal nutrient
supplementation trials which were undertaken with particular
outcomes in mind, but which have provided opportunities to
measure new childhood outcomes, especially in relation to
respiratory health.

PA3.09.05

Vitamin D supplementation in pregnancy to prevent
asthma in offspring - Results from the Vitamin D
Antenatal Asthma Reduction Trial

A. Litonjua1, M.Wolsk2, J. Carey1, T. O’Connor3, T. Sandel4,
B. Bacharier5, A. Beigelman5, S. Zeiger6, X. Schatz6, T. Weiss1

1Channing Division of Network Medicine, BOSTON, United
States of America; 2COPSAC, Copenhagen Prospective Studies on
Asthma in Childhood, Herlev and Gento, COPENHAGEN,

Denmark; 3The Pulmonary Center, Boston University School of
Medicine, BOSTON, United States of America; 4Department of
Pediatrics, Boston Medical Center, BOSTON, United States of
America; 5Division of Pediatric Allergy, Immunology and
Pulmonary Medicine, Washington Uni, ST. LOUIS, United
States of America; 6Departments of Allergy and Research
Evaluation, Kaiser Permanente Southern Cali, SAN DIEGO,
United States of America

Background: Vitamin D insufficiency and deficiency are pre-
valent worldwide, and pregnant women and infants are at
highest risk for having deficiency. We hypothesized that vita-
min D deficiency has contributed to the asthma and allergy
epidemic, however, epidemiologic studies investigating the
relationship with vitamin D and asthma have shown contra-
dictory results. We conducted a randomized clinical trial to test
whether supplementation with vitamin D in pregnancy could
lead to prevention of asthma and recurrent wheeze in the off-
spring by age 3 years.
Methods: The Vitamin D Antenatal Asthma Reduction Trial
(VDAART) was a randomized, double-blind, placebo-controlled
trial between October 2009 and January 2015 in 3 centers across
theUnited States. 881 pregnant women between the ages of 18 and
39 years at high risk for having children with asthma were rando-
mized at 10-18 weeks gestation.Womenwere randomized to either
daily 4,000 IU vitamin D plus a prenatal vitamin containing 400
IU vitamin D (n=440) or a placebo plus a prenatal vitamin con-
taining 400 IU vitaminD (n=436). Themain outcome of the trial
was parental report of physician-diagnosed asthma or recurrent
wheezing through 3 years of age in the offspring.
Results: Eight-hundred and ten infants were born in the study,
and 806 were included in the analyses for the 3-year outcomes.
Two hundred eighteen children developed asthma/recurrent
wheeze – 98 (24.3%) in the 4,400 IU/day group vs. 120
(30.4%) in the 400 IU/day group, which resulted in a 20%
decreased risk for asthma/recurrent wheeze among children
born to mothers in the treatment arm (hazard ratio = 0.8,
95% CI = 0.6-1.0, p= .051).
While the main results of the trial have been published, we
conducted secondary analyses because of the growing recogni-
tion that nutrient trials are different from drug trials, mainly
due to the fact that participants have varying levels and intakes
of the nutrient, and these analyses were based on the initial and
achieved 25OHD levels. Both maternal baseline 25OHD
levels (OR for each 5 ng/ml increase in 25OHD= 0.89, 95%
CI = 0.82-0.97, p= 0.006) and third trimester 25OHD levels
(OR for each 5 ng/ml increase in 25OHD= 0.90 , 95%CI =
0.86-0.96, p= 0.002) were inversely associated with incident
asthma/recurrent wheeze by age 3 years (Figure). Children
born to mothers who had 25OHD levels both above 30 ng/ml
at early pregnancy and at the 3rd trimester had the lowest risks
for developing asthma/recurrent wheeze by age 3 years (OR =
0.54, 95%CI = 0.30-0.98). Finally, we show that the effects
of supplementation were modified by the initial maternal
25OHD level.
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Conclusions: This is the first trial to show that supplementa-
tion of vitamin D in pregnancy decreases the incidence of
asthma and recurrent wheeze in the mothers’ offspring. Our
secondary analyses show that the greatest reduction in asthma
and recurrent wheeze in the children occurred when their
mothers had high levels throughout pregnancy. Our results
suggest that maternal vitamin D status during pregnancy is a
modifiable factor that may impact the respiratory health of
young children.

PA3.09.06

A transient gestation-specific mouse model of
hyperglycemia offers unique opportunities for nutritional
and pharmacological interventions in dams and offspring

H.Y. Li1, Y.X. Liu1, L. Harvey2, S. Shafaeizadeh2,
E.M. van der Beek3, W. Han1

1Singapore Bioimagning Consortium, SINGPAORE, Singapore;
2Nutricia Research, Danone Nutricia Early Life Nutrition,
SINGAPORE, Singapore; 3Nutricia Research, UTRECHT,
The Netherlands

Global prevalence of gestational diabetes mellitus (GDM) is
estimated at 14%, whilst some countries, such as Singapore,
report prevalence closer to 25%. Though temporary, women
who have had GDM have an increased risk for developing type
2 diabetes mellitus (T2DM) within 10 years post pregnancy.

Infants of women with GDM have an increased risk for over-
weight/obesity as young children and increased risk for devel-
oping T2DM in later life.
Though the specific pathophysiology of GDM and T2DM are
not fully understood, they share common risk factors and com-
plications. Preliminary data suggest healthy diet and physical
activity may prevent/delay the onset of diabetes. The transitory
nature of GDM and recruitment prior to manifestation of the
disease makes clinical studies to investigate prevention or treat-
ment difficult. Thus, generation of animal models capturing the
subtleties of GDM is necessary but success has been limited. Our
objective was to develop a mouse model of transient and mild
hyperglycemia during gestation resulting in clear diet induced
obesity in the offspring of GDMmice. Six week old female mice
were treated with high fat diet (HFD) and repeated low dose
streptozotocin (STZ) injections prior to mating. Pre-treatment
resulted in normoglycemic mice (8.8 vs. 7.2mM random blood
glucose [RBG]) prior to mating. Dams developed hyperglycemia
in the second half of pregnancy (13.6 vs. 7.0mM RBG @ E14,
p< 0.01 Figure; and 6.2 vs. 5.2mM fasting blood glucose [FBG]
@ E15, p<0.01), yet recovered from the characteristic hyper-
glycemia following parturition (8.5 vs. 7.1mM RBG, p< 0.01,
Figure) and post-weaning (8.0 vs. 7.1mM RBG, Figure; and 7.8
vs. 6.7mM FBG). A two-month Western diet challenge (low fat
diet [LFD] as control) in the offspring started during adolescence
(postnatal day 42). Compared to controls, GDM offspring
exhibited greater fat mass gain compared to similar lean mass
gain, resulting in a shift in overall fat percentage. In addition,
GDM offspring had increased fasting insulin level without overt
hyperglycemia or glucose intolerance, which resulted in increased
homeostatic model assessment-insulin resistance and beta cell
function. An experimental diet administered early in life sig-
nificantly ameliorated the insulin resistance parameters, atte-
nuated the body weight increase and prevented excessive fat mass
accumulation in offspring later in life when compared with a
group receiving a standard diet. This new mouse model captures
the transient gestation-specific hyperglycemia characteristic of
GDM in dams as well as susceptibility to obesity and possibly
other disorders in offspring. It provides windows of opportunity
for various nutritional and pharmacological interventions in
GDM mothers and offspring, making it suitable for mechanistic
studies of GDM development and associated complications in
the offspring, and unique opportunities for exploration of nutri-
tional and pharmacological interventions to improve outcomes.
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Body weight (A) and random blood glucose levels (B) of
dams: before starting HFD; before STZ administration; before
mating; embryonic day 15

PA3.09.07

Does supplementation of the postweaning diet reverse
offspring metabolic and immune dysfunction due to
poor maternal nutrition in mice?

K.L. Connor

Carleton University, Lunenfeld-Tanenbaum Research Institute,
OTTAWA, TORONTO, Canada

Background: The alarming increased incidence of obesity and
metabolic diseases in later life raises questions about their ori-
gins. Considerable evidence now points to adverse early life
exposures, particularly suboptimal nutrition, as lying on the
causal pathway to poor development and risk for metabolic
dysfunction. We, and others, have shown that offspring born to
mothers calorically restricted during pregnancy have low
birthweight, altered postnatal growth trajectories, and as adults,
are hypertensive, have increased bodyweight, and show signs of
glucose intolerance and insulin resistance. As the liver plays a
major role in metabolic homeostasis, and metabolically-
triggered inflammation is recognised as a key mechanism
underlying the pathogenesis of metabolic diseases, we hypo-
thesised that maternal undernutrition would have adverse
effects on offspring metabolism and liver phenotype. Further,
some evidence suggests that dietary interventions, including
omega-3 (n3) fatty acid supplementation, can improve
inflammatory phenotypes and reduce metabolic syndrome risk.
We therefore also hypothesised that a postnatal diet enriched
with n3 would prevent or lessen the adverse effects of poor
maternal nutrition on offspring metabolic and inflammatory
phenotype in adulthood.
Methods: Female mice were fed a control diet during preg-
nancy (CON), or a 30% calorie reduced diet from day 5.5-18.5
of pregnancy (term= 19.5 days; CR), after which all dams
received ad libitum diet until weaning. Postweaning offspring
were randomised to receive either control diet (-con; 1%
omega-3 [n3] fatty acids) or n3-supplemented diet (-n3; 35%
n3 fatty acids) for the remainder of the study. Male offspring
underwent a glucose tolerance test (GTT) and DEXA scan at
12 months of age, followed by necropsy when blood and
tissues were collected. Liver protein lysates were assayed
for a panel of 27 cytokines and chemokines and liver sections
were stained with Oil Red O, haematoxylin and Masson’s
Trichrome to assess steatosis, inflammation, ballooning and
fibrosis. Groups were compared by two-way ANOVA,
p< 0.05; Tukey’s post hoc.
Results: At 12 months of age, CR-con offspring had greater
percentage body fat and fat:lean ratio than all CON offspring
(p< 0.01). A postweaning n3-rich diet prevented these
increases (p< 0.01) and was associated with lower HOMA-IR
(p< 0.05). Maternal CR was associated with greater glucose

and insulin area under the curve (AUC) in offspring following
GTT (vs. CON, p< 0.05). In contrast, postweaning n3-rich
diet was associated with lower glucose and insulin AUC (vs.
con, p< 0.05). Further, maternal CR was associated with
increased hepatic inflammation in offspring, and postweaning
n3-rich diet attenuated this increase. Hepatic IL-3, IL-9 and
IL-17 levels were significantly elevated by maternal CR (vs.
CON, p< 0.05), and hepatic IL-6, IL-13, MIP-1b and TNF-a
levels were lower in offspring fed a postweaning n3-rich diet
(vs. con, p< 0.01). Hepatic histopathological scores are
pending.
Conclusions: Caloric restriction in pregnancy is permissive of
offspring obesity and hepatic inflammation, and may con-
tribute to insulin resistance, phenotypes that are partially
reversed by omega-3 diet supplementation. Our data suggest
that postnatal diet interventions may prevent adverse outcomes
associated with exposure to suboptimal nutrition in early life in
offspring that would otherwise suffer from metabolic
compromise.

PA3.09.08

Antenatal non-medical risk assessment and care pathways
to improve pregnancy outcomes: a cluster randomized
controlled trial

J. Lagendijk1, A.A. Vos1, L.C.M. Bertens1, S. Denktas1,
G.J. Bonsel2, E.W. Steyerberg1, J.V. Been1, E.A.P. Steegers1

1Erasmus MC, ROTTERDAM, The Netherlands; 2University
Medical Centre Utrecht, UTRECHT, The Netherlands

Background: Social deprivation negatively affects health out-
comes. In addition to the negative impact of medical and
obstetric risk factors, multiple studies have shown a strong
association between non-medical risk factors and adverse
pregnancy outcomes. Risk assessment and subsequent imple-
mentation of preventive measures in antenatal health care with
the aim to reduce adverse pregnancy outcomes should, there-
fore, take both medical and non-medical risk factors into
account. The aim of this study was to determine whether a
combination of risk assessment for non-medical factors during
pregnancy, with subsequent use of care pathways, and the
institution of personalised preventive care decreases the inci-
dence of adverse neonatal outcomes at birth.
Methods: Cluster randomized controlled trial in 14 urban
municipalities across the Netherlands. The combined inter-
vention consisted of antenatal risk assessment, focused on non-
medical risk factors, lifestyle factors, and medical risk factors,
using the Rotterdam Reproductive Risk Reduction (R4U)
scorecard, and the subsequent institution of risk-specific care
pathways and multidisciplinary consultation between care
providers from the curative and the public health sector. The
primary outcome was delivery of a preterm and/or a small for
gestational age baby, analyzed with multilevel mixed-effects
logistic regression analysis adjusting for cluster and individual
baseline characteristics.
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Results: Data from 4302 participants across ten clusters was
included in the intention to treat analysis. The intervention had
no demonstrable impact on the primary outcome: adjusted
odds ratio (aOR) 1.17 (95% CI 0.84 to 1.63). There was a
statistically significant improvement in early detection of
threatening preterm delivery and/or fetal growth restriction
during pregnancy in the intervention clusters: aOR 1.27 (95%
CI 1.01 to 1.61).
Conclusions: Implementation of additional non-medical risk
assessment and preventive strategies into general practices is
feasible but did not decrease the incidence of our primary
outcome in the index pregnancy in deprived urban areas.

PA3.09.09

LifeLab Southampton: Improving science literacy as a tool
for increasing health literacy in teenagers - a pilot cluster-
randomised controlled trial

K. Woods-Townsend1, H. Leat2, J. Bay3, L.J. Bagust4,
H. Davey4, D. Lovelock4, A. Christodoulou4, B. Griffiths4,
M. Grace4, M. Godfrey5, A. Hanson6, M. Inskip7

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2St Anne’s Catholic School, SOUTHAMPTON,
United Kingdom; 3Liggins Institute, University of Auckland,
AUCKLAND, New Zealand; 4Southampton Education School,
University of Southampton, SOUTHAMPTON, United
Kingdom; 5NIHR Southampton Biomedical Research Centre,
MRC Lifecourse Epidemiology Unit, UNIVERSITY OF
SOUTHAMPTON, United Kingdom; 6Institute of
Developmental Sciences, NIHR Southampton Biomedical
Research Centre, UNIVERSITY OF SOUTHAMPTON, United
Kingdom; 7MRC Lifecourse Epidemiology Unit, NIHR
Southampton Biomedical Research Centre, UNIVERSITY OF
SOUTHAMPTON, United Kingdom

Background: Behavioural risk factors are the largest con-
tributor to the non-communicable disease burden, and those of
parents can affect prenatal and infant development with lasting
impact on the long-term health of the offspring. Adolescence
offers a window of opportunity during which improvements in
health behaviours would not only benefit long-term health of
individuals, but also enable them to be better prepared for
parenthood and pass better health prospects to their children.
We have developed an educational intervention, LifeLab, based
around a purpose-built laboratory in University Hospital
Southampton with support from teachers, to engage adoles-
cents in understanding effects of their health behaviours for
themselves and their future children.
Aims: To assess whether engaging adolescents with the science
behind health messages increases their science literacy,
improving health literacy and hence health behaviours, as a
pilot study prior to a large cluster-randomised trial of LifeLab.
Methods: In a pilot study in six schools preparing for a large
cluster randomised trial of LifeLab, we assessed the effects of
LifeLab in changing in knowledge, attitudes and intended and

actual behaviour in relation to diet and lifestyle; three schools
were randomised to intervention, with three controls. 392
students completed online questionnaires at baseline and
12 month follow up. Summary statistics were used to examine
differences between groups. The categorical outcome variables
were dichotomised and Poisson regression with robust variance
used to obtain prevalence rate ratios (PRRs) for the outcome in
relation to the intervention, adjusted for baseline values, sex
and Index of Deprivation Affecting Children (IDACI) score.
Results: The study demonstrated that schools could success-
fully be recruited to a cluster randomised trial, showing a high
level of engagement from the schools. Compared to control
students, at follow-up intervention students had greater
understanding of the influences of health behaviours on their
long term health and that of their children, but no sustained
changes in behaviours were identified. The effects observed on
knowledge were, however, consistent with those observed in
our previous feasibility work.
Compared with control students those in the intervention were
more likely to agree that nutrition starts to affect our future
health early in life (PRR 1.87 (95%CI 1.42-2.45) and that the
food a father eats before having a baby could affect the health of
his children (PRR 4.05 (95%CI: 2.34-7.01)), but no more
likely to agree that it was important to eat healthy food now
(PRR 1.19 95%CI: 0.79-1.79)). The students in the inter-
vention groups took similar amounts of exercise and their diets
were comparable to those in the control group.
Discussion: Students’ scientific awareness and health literacy
can be improved and maintained as measured 12 months after
the intervention, but this does not necessarily translate into
behaviour change. Knowledge is easier to acquire than to act
upon; embedding behaviour change is challenging and inter-
ventions require more than knowledge acquisition in order to
motivate and sustain behaviour change. Nonetheless, acquiring
the knowledge is a first step in behaviour change and LifeLab
shows promise as part of a more extensive intervention to
improve behaviours.

PA3.10 – Early origins of asthma

PA3.10.01

Early risk factors for respiratory morbidity

L. Duijts1,2,3

1Department of Pediatrics, division of Respiratory Medicine and
Allergology, Erasmus MC, University Medical Center Rotterdam;
2Department of Epidemiology, Erasmus MC, University Medical
Center Rotterdam; 3Department of Pediatrics, division of
Neonatology, Erasmus MC, University Medical Center Rotterdam

Previous studies have suggested that chronic respiratory dis-
eases have at least part of its origins in early life. Low birth
weight has been shown to be associated with increased risks of
asthma, chronic obstructive airway disease, and impaired lung
function in children and adults. The developmental plasticity
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hypothesis suggests that the associations between low birth
weight and diseases in later life are explained by adaptation
mechanisms in fetal life and infancy in response to various
adverse exposures. Various pathways leading from adverse fetal
and infant exposures to growth adaptations and respiratory
health outcomes have been studied, including fetal and early
infant growth patterns, maternal smoking and diet, children’s
diet, respiratory tract infections and acetaminophen use, and
genetic susceptibility. Both environmental and genetic factors
in various periods of life, and their suggested epigenetic
mechanisms may underlie the complex associations of low birth
weight with chronic respiratory diseases in later life, but are not
yet fully understood. This topic is focused on specific adverse
fetal and infant growth patterns and exposures, genetic sus-
ceptibility, and epigenetic mechanisms in relation to chronic
respiratory diseases throughout the life course.

PA3.10.03

Fatty acids in pregnancy and childhood asthma

H Bisgaard1, J Stokholm2, BL Chawes2, N Vissing2,
E Bjarnadóttir2, AM Schoos2, H Wolsk2, TM Pedersen2,
R Vinding2, S Thorsteinsdóttir2, N Følsgaard2, N Fink2,
J Thorsen2, AG Pedersen3, J Waage2, MA Rasmussen2,
KD Stark4, SF Olsen5, K. Bønnelykke2

1University of Copenhagen, GENTOFTE, Denmark; 2COPSAC,
COPENHAGEN, Denmark; 3DTU Bioinformatics, Technical
University of Denmark, LYNGBY, Denmark; 4Department of
Kinesiology, University of Waterloo, WATERLOO, Canada;
5Centre for Fetal Programming, Statens Serum Institut,
COPENHAGEN, Denmark

Asthma is one of the main causes for health care utilization in
childhood with an increasing prevalence in westernized coun-
tries in recent decades. Concomitantly, changing dietary pat-
terns have resulted in an increase in the intake of n-6
polyunsaturated fatty acids (PUFA) and a decrease in n-3
PUFA, especially the long chain PUFA eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) found in fish, and this
has been hypothesized to be a potential cause of asthma and
related disorders. Long chain PUFA has immune regulatory
effects, and observational studies have reported an association
between n-3 LCPUFA deprived diet during pregnancy and
increased risk of asthma and related disorders in the offspring.
However, randomized controlled trials (RCTs) of n-3 long
chain PUFA supplementation to pregnant women have gen-
erally been underpowered and shown ambiguous results.
Based on these observations, we conducted an RCT of n-3 long
chain PUFA supplementation during third trimester of preg-
nancy in an unselected group of 743 pregnant Danish
women in the COPSAC2010 study. The offspring were pro-
spectively monitored from birth with the primary aim to assess
the risk of persistent wheeze or asthma.We found that n-3 long
chain PUFA supplementation during pregnancy was associated
with approximately 30% reduced risk of wheeze or asthma in

the offspring. This effect was most pronounced in children of
mothers with low blood levels of EPA and DHA prior
to the intervention and children of mothers with a fatty acid
desaturase (FADS) genotype associated with low EPA and
DHA levels. These findings raise the possibility of a simple
and safe prevention strategy that may relieve the burden of
wheezing and related lung disorders in children.
Furthermore, they provide evidence of intrauterine program-
ming of asthma.

PA3.10.05

Early-life respiratory tract infections and the risk of
school-age lower lung function and asthma: a meta-analysis
of 37 European cohorts.

E.R. van Meel, H.T. den Dekker, J.C. de Jongste,
V.W.V. Jaddoe, L. Duijts

Erasmus MC, ROTTERDAM, The Netherlands

Background: Early-life respiratory tract infections
could affect airway obstruction and increase the risk of
asthma in later life. We examined the associations of early-life
respiratory tract infections with lung function and asthma in
children.
Methods: We used individual participant data of 154,492
children from 37 birth cohorts to examine the associations of
upper (ear infection, throat infection, (pseudo)croup, pertussis,
rhinitis and cold) and lower respiratory tract infections (bron-
chitis, bronchiolitis, pneumonia, chest infection) by the age of
6 months, 1, 2, 3, 4 and 5 years with forced expiratory volume
in 1 second (FEV1), forced vital capacity (FVC), FEV1/FVC,
forced expiratory flow at 75% of FVC (FEF75) and asthma at a
mean age of 7 (SD 2) years. The associations of both upper and
lower respiratory tract infections with lung function and
asthma were examined at all ages separately. We used multilevel
mixed effect models, to take clustering of participants within
cohorts into account, and adjusted for socio-economic, lifestyle
and growth factors.
Results: Upper respiratory tract infections were not associated
with lung function. Upper respiratory tract infections at all ages
were associated with an increased risk of asthma (OR (95%
CI): ranging from 1.25 (1.15, 1.34) to 1.56 (1.47, 1.66)).
Lower respiratory tract infections at all ages were associated
with a lower FEV1, FEV1/FVC and FEF75 (Z-score (95% CI):
ranging from -0.07 (-0.14, -0.00) to -0.24 (-0.38, -0.10)),
except for lower respiratory tract infections at age 6 months
with FEF75. Lower respiratory tract infections at all ages were
associated with an increased risk of asthma (OR (95% CI):
ranging from 2.00 (1.85, 2.10) to 3.72 (3.19, 3.85)).
Conclusion: Early-life lower respiratory tract infections are
associated with lower lung function and increased risk of
asthma in later life, while upper respiratory tract infections are
associated with asthma only. These findings might support the
hypothesis that early-life respiratory tract infections might
affect long-term respiratory morbidity. However, further
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studies with both respiratory tract infections and lung function
measurements from birth onwards are needed to disentangle
the direction of these associations.

PA3.10.06

Prenatal omega-3 LCPUFA supplementation and
longitudinal allergic disease symptoms and sensitisation in
offspring to 6 years of age

K.P. Best1, T. Sullivan2, D. Palmer3, M. Gold4, J. Martin5,
J. Kennedy5, M. Makrides1

1South Australian Health & Medical Research Inst., NORTH
ADELAIDE, Australia; 2School of Population Health, University
of Adelaide, ADELAIDE, Australia; 3School of Paediatrics and
Child Health, University of Western Australia, SUBIACO,
Australia; 4Discipline of Paediatrics, School of Medicine,
University of Adelaide, ADELAIDE, Australia; 5Department of
Respiratory and Sleep Medicine, Women’s & Children’s Hospital,
ADELAIDE, Australia

Background: Randomised controlled trials of prenatal omega
(ω-3) long chain polyunsaturated fatty acid (LCPUFA) sup-
plementation are suggestive of protective effects on atopic
sensitisation and some symptoms of allergic disease in child-
hood; although most trials report heterogenous results. Due to
the nature of the atopic march, assessment of offspring at
multiple time-points throughout childhood may be most
informative. We performed a longitudinal analysis to investi-
gate the effects of prenatal ω-3 LCPUFA supplementation on
symptoms of allergic disease and allergen sensitisation in the
child from 1 to 6 years of age.
Methods: Follow-up of children (n= 706) with familial risk of
allergy from the Docosahexaenoic Acid to Optimize Mother
Infant Outcome (DOMInO) trial. The intervention group was
randomly allocated to receive fish oil capsules containing
900mg of ω-3 LCPUFA daily from 21 weeks’ gestation until
birth; the control group received matched vegetable oil capsules
without ω-3 LCPUFA. Allergic disease symptoms were assessed
at 1, 3 and 6 years of age using the ‘International Study of
Asthma and Allergies in Childhood’ questionnaire and allergen
sensitisation was measured by skin prick test.
Results: Parent reported symptoms of eczema, wheeze, rhinitis
and rhino-conjunctivitis (with or without sensitisation) and
sensitisation results from skin prick testing did not differ
between the ω-3 LCPUFA and control groups over time (group
by time interaction p-values > 0.05) or across all time points.
Treatment with ω-3 LCPUFA reduced the risk of hen’s egg
sensitisation (aRR 0.62, 0.41 to 0.93; P= 0.02) and wheeze
with sensitisation (aRR 0.52, 0.29 to 0.94, P= 0.03) at 1 year
of age; and house dust mite sensitisation (D. farinae) at 6 years
of age (aRR 0.62, 0.41 to 0.93, P= 0.02). Hen’s egg sensiti-
sation at 1 year was strongly associated with house dust mite
sensitisation at 6 years (p< 0.0001).

Conclusions: Prenatal ω-3 LCPUFA supplementation from
<21 weeks gestation until delivery, did not change the risk of
allergic disease symptoms or sensitisation over time, however
significant early effects on sensitisation were evident.

PA3.10.07

Epigenome wide meta-analysis reveals association of
reduced DNA methylation at 14 CpG sites with
childhood asthma

C. Xu1, C. Soderhall2, M. Bustamante3, N. Baiz4, J. Wright5,
L. Chatzi6, K.L. Carlse7, M. Torrent8, S. Llop9, D. Porta10,
M. Pia Fantini11, H. Alenius12, J. Kere12, J.M. Anto3,
J. Bousquet13, S. Guerra3, I. Annesi-Maesano4, J. Sunyer3,
E. Melen12, G.H. Koppelman14

1University Medical Center Groningen, GRONINGEN, The
Netherlands; 2Department of Biosciences and Nutrition,
Karolinska Institutet, STOCKHOLM, Sweden; 3ISGlobal,
Centre for Research in Environmental Epidemiology,
BARCELONA, Spain; 4Sorbonne Université, PARIS, France;
5Bradford Teaching Hospitals NHS Foundation Trust,
BRADFORD, United Kingdom; 6Department of Social Medicine,
University of Crete, CRETE, Greece; 7Department of Paediatrics,
Oslo University Hospital, OSLO, Norway; 8Ib-salut, Area de
Salut de Menorca, MALLORCA, Spain; 9FISABIO-Universitat
Jaume I-Universitat de València, VALENCIA, Spain;
10Department of Epidemiology Lazio Regional Health Service,
ROME, Italy; 11University of Bologna, BOLOGNA, Italy;
12Institute of Environmental Medicine, Karolinska Institutet,
STOCKHOLM, Sweden; 13University Hospital,
MONTPELLIER, France; 14University of Groningen, University
Medical Center Groningen, GRIAC Res. Inst., GRONINGEN,
The Netherlands

Rationale: Asthma results from many genetic and environ-
mental factors. We hypothesized that DNA methylation pro-
files are associated with childhood asthma and tested this in an
epigenome-wide discovery and replication study.
Methods: The discovery study investigated epigenome-wide
DNA methylation by Infinium HumanMethylation450
BeadChips in whole blood DNA of 207 asthma cases and 610
controls at age 4/5 years, and 185 cases and 546 control sam-
ples at age 8 years from four European birth cohorts. The
replication study investigated the top 27 CpG sites by iPlex
assays in 3,847 independent blood DNA samples from 4 to 16-
year-old children of 7 cohorts. We tested if replicated CpG sites
predicted asthma development later in life in 1,909 cord-blood
DNA samples and addressed cell type specificity in respiratory
epithelial cell DNA of 455 16-year-old children.
Results: Fourteen of top 27 CpG sites from the discovery
analyses were significantly replicated and reached genome-wide
significance (p< 1.14× 10-7) after meta-analysis, with the
most significant sites annotated to DICER1, AMD1 and STX3.
Consistent lower methylation in asthma was observed across
childhood, but not at birth. These 14 sites were localized in
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enhancer regions. Annotated genes were linked to plausible
biological pathways and strongly co-expressed with known
asthma genes in respiratory epithelium. Five of these 14 CpG
sites were associated with asthma in respiratory epithelial
cell DNA.
Conclusion: Reduced DNA methylation at 14 CpG sites was
associated with childhood asthma. This may reveal novel bio-
logical pathways relevant to the development of childhood
asthma.

Study design

PA3.10.08

Individuals born preterm more likely to be admitted for
pneumonia - follow-up until adulthood of the Finnish
1987-1990 birth cohort

B. Ayeboa-Sallah1, O. Helve2, P. Näsänen-Gilmore1,
S. Alenius2, P. Haaramo1, M. Gissler1, E. Kajantie1, P. Hovi1

1National Institute for Health andWelfare, HELSINKI, Finland;
2National Institute for Health and Welfare, Children’s Hospital,
HELSINKI, Finland

Background: In developed countries worldwide 5-10% of
infants are born preterm. Preterm infants are more prone to
infections and more likely to die of sepsis in the neonatal per-
iod. In addition, those with small diameters or restrictions in
airways may be at higher risk for pneumonia. Our aim was to

study the long-term susceptibility to pneumonia of individuals
in six gestational age categories.
Methods: The participants born in 1987-1990 were identified
through the Finnish Medical Birth Registry. There were
237,375 participants, 99.3% with valid personal ID numbers.
The study looked at individuals with a diagnosis of pneumonia
while on hospital admission, and/or, visits to hospital out-
patient clinics from 1998 onwards. Data for the study were
obtained from the Finnish Care Register for Health Care. The
diagnosis criteria for pneumonia were based on ICD 9 (from
1987 to 1995) codes- 480-486, 4870A and 0032B; and ICD
10 (from 1996 onwards) codes- J10.0, J11.0, J12-J18
and B20.6.
Admission or visit rates for pneumonia were calculated for
those before, and for those above 1 year of age. In our sex-
adjusted Cox regression, gestational age categories <32, 32-33,
34-36, 37-38, 39-41 and ≥42 full weeks served as exposure
variables. We assumed potential mediating mechanisms would
vary according to gestational age at birth.
Results: The rates for any hospital admissions or
specialized outpatients visits due to pneumonia per gestational
age categories were 4.5%, 1.5%, 1.2%, 0.6%, 0.5% and
0.5% respectively in children below 1 year of age. The rates for
the respective gestational age groups for any pneumonia
admission or visit after 1 year of age were respectively
9.6%, 6.6%, 4.3%, 3.5%, 3.1% and 3.1%. The corresponding
hazard ratios, adjusted for sex, rose exponentially
reaching a ten-fold hazard among the extreme preterm group
(see figure).
The admission rate due to pneumonia was higher among male
participants in both analyses; for admissions before and after 1
year of age (male: female 0.7%: 0.4%, and 3.6%: 3.0%). The
hazard ratio for male sex was 1.6 (95% CI, 1.4-1.7).
Conclusions: In summary, we describe an association between
gestational age at birth and the rate of pneumonia-related
hospital admissions and visits to hospital outpatient clinics.
Individuals born preterm, and especially those born before
34 weeks, had higher rates of hospital admissions or outpatient
visits due to pneumonia after 1 year of age.

Forest plot for pneumonia admissions or visits after
age 1 per gestational age against a reference range of 39-
41 weeks
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PA3.10.09

Assessment of lung function among adult members of the
New Delhi Birth Cohort, India

P. Prabhakaran1, A. Dutta1, H. Tiwari2, A. Singh2, S. Sinha3,
B. Singh2, D. Gupta2, S. Sachdev3, N. Tandon4, H.D. Fall5

1Public Health Foundation of India, GURGAON, India;
2Sunderlal Jain Hospital, NEWDELHI, India; 3Sitaram Bhartia
Institute of Research and Science, NEWDELHI, India; 4All India
Institute of Medical Sciences, NEW DELHI, India; 5MRC
Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: In India chronic respiratory disorders, including
asthma and Chronic Obstructive Pulmonary Disease (COPD)
are one of the four major contributors in Non-Communicable
Disease (NCD) deaths. In terms of Years of Life Lost (YLL), it
is among the top five causes of mortality in 2014. Respiratory
morbidity can be associated with early life exposure to adverse
factors that affect lung development and function later in life.
Longitudinal studies, like the New Delhi Birth Cohort
(NDBC) with multiphase growth data throughout life can be
of immense importance in investigating respiratory morbidity
in relation with early life influences.
Methods: The NDBC is a longitudinal follow-up of 8181 chil-
dren born between 1969-1972 to mothers in a defined area of
South Delhi, India. The cohort (F1, N=2221) has been followed
from birth, through infancy and childhood, with studies so far on
their parents (F0), spouses and children(F2) largely covering car-
diometabolic diseases. Lung Function assessments using spiro-
metry was conducted on 271 consenting adult members (F1) of
the New Delhi Birth Cohort (NDBC). Trained staff used a vali-
dated instrument NDD EasyOne Spirometer linked with software
for the assessments. A minimum of three and maximum of eight
blows were attempted and spirograms (flow-volume and time-
volume curves) and categories of pulmonary function (normal,
restrictive, obstructive) for each test were generated. Additional
questionnaire – based information on household demography,
lifestyle factors, environmental exposures to ambient and indoor
air-pollution and medical history were collected. Early life serial
growth data, collected in earlier phases will be used to find its
association with adult lung function. Spirometry of 232 subjects
were satisfactory and preliminary results are presented here.
Results: A total of 232 (male-151, female-81, av. age= 48
years) satisfactory spirometry data were used for analysis.
Among the total sample population, 9.9% (N= 23) lung
function test results showed presence of some degree of
obstruction and 39.2% (N= 91) indicate probable restriction
while breathing. Among females, occurrence of restriction is
slightly higher compared to males while among males, occur-
rence of obstruction is approximately 5 times higher compared
to females. Amongst male smokers alone, restrictive, rather
than obstructive lung function was more common. The rela-
tion of lung function to early growth and exposures will be
analysed.

Conclusion: The preliminary results show that nearly half
(49.1%) of the sample population have altered lung function, with
either restrictive (39.2%) or obstructive( 9.9% ) lung function
patterns. Males of the sample population have higher percentage of
obstructive lung function compared to females whereas restrictive
lung functions are slightly higher among females. Lung function
data will be further analyzed in relation to early life exposures of the
subjects to investigate the pattern of association and influence on
altered lung function/ respiratory morbidity in adulthood.

PA3.11 – Brain and neurodevelopment

PA3.11.01

Early adversity, brain development and childhood
behavioural problems. Research findings from the
Generation R Study

H. Tiemeier1

Erasmus University Medical Center, Rotterdam, The Netherlands

Background: Epidemiological studies showed that early
adversities underlie the vulnerability for behavioural disorders
like autism and ADHD. These studies relied on psychiatric
assessments and thus our knowledge about how early life
adversity shape brain development and whether this mediates
behavioral problems is limited. Imaging studies designed to
optimally evaluate the role of multiple environmental factors
on brain development require both large sample sizes and the
prospective collection of environmental exposures.
Methods: The Generation R Study is a large, prospective,
prenatal-cohort study of nearly 10,000 children that began in
2002 in Rotterdam, the Netherlands. From September of
2009, 6–11 year old children from the Generation R Study
were invited to participate in a magnetic resonance imaging
component of the study. I will provide an overview of the study
design and results for the first 5000 children recruited for the
neuroimaging component of the study.
Results: The focus of my presentation will be on how prenatal
exposure to maternal thyroid deficiency and postnatal depression
shapes global brain development; the specific effects of insensitive
parenting on gray matter development, and the evenmore specific
effects of childhood bullying and emotional problems on changes
in brain connectivity are shown. Also, I will discuss methodolo-
gical challenges such as reversed causality and future plans.

PA3.11.03

Traffic air pollution, APOE e4 status and
neurodevelopment in school children

J. Sunyer1, S. Alemany1, N. Vilor-Tejedor1, M. Bustamante1,
I. Rivas1, J. Pujol2

1Barcelona Institute for Global Health (ISGlobal),
BARCELONA, Spain; 2MRI Research Unit, Hospital del Mar,
BARCELONA, Spain
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Background: Traffic air pollution is emerging as a risk factor
for Alzheimer’s disease (AD) as well as for brain development
impairment. We aimed to test whether the association between
traffic air pollution and neurodevelopment is modulated by
APOE ε4 status, the strongest genetic risk factor for AD.
Methods: Within the BREATHE project, behavioural pro-
blems and attention-deficit hyperactivity disorder symptoms
(assessed using questionnaires), cognitive performance trajec-
tories (inattentiveness and working memory) after four repe-
ated measurements (assessed using computer tests), and APOE
genotypes were evaluated in 1667 children aged 7–11 years.
Basal ganglia volumes (putamen, caudate and globus pallidum)
were assessed in a subsample of 163 children who underwent
MRI scanning. Outdoor levels of polycyclic aromatic hydro-
carbons (PAHs), elemental carbon (EC) and nitrogen dioxide
(NO2) were assessed at each school. Sensitivity analyses
adjusting by inverse probability weighting (IPW) were per-
formed to control for selection bias.
Results: APOE modified the PAHs, EC and NO2 associations
with behavioural problems, inattentiveness trajectories and
caudate volume (P values for interactions with NO2 were
0.037, 0.076 and 0.029, respectively). The adverse effects of
these pollutants were stronger among APOE ε4 allele carriers
than noncarriers.
Conclusions: Brain development was more vulnerable among
the adverse effects of traffic air pollution among APOE ε4 allele
carriers. These findings suggest that mechanisms linked to
APOE and involved in AD could also intervene in the neuro-
developmental effects of air pollution in childhood.

PA3.11.05

Maternal plasma mineral concentrations and children’s
neurocognitive development in the first two years of life:
the GUSTO study

J.S. Lai1, S. Cai2, M.N. Mohamad Ayob1, P.L. Quah1,
P.D. Gluckman1, L.P.C. Shek1, F.K.P. Yap3, K.H. Tan4,
M.J. Meaney1, K.M. Godfrey5, Y.S. Chong1,
A. Rifkin-Graboi1, M.F.F. Chong6

1Singapore Institute for Clinical Sciences, A*STAR,
SINGAPORE, Singapore; 2Department of Obstetrics and
Gynaecology, National University of Singapore, SINGAPORE,
Singapore; 3Duke-NUS Medical School, SINGAPORE,
Singapore; 4Department of Maternal Fetal Medicine, KK
Women’s and Children’s Hospital, SINGAPORE, Singapore;
5MRC Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom; 6Saw Swee Hock School of
Public Health, National University of Singapore, SINGAPORE,
Singapore

Background: There is compelling evidence that deficiency of
some minerals in mothers during pregnancy, or during early
infancy and childhood is associated with poorer neurocognitive
development in infants or children. However, evidence linking
maternal plasma mineral concentrations to childhood

neurocognitive development in well-nourished populations is
sparse. We related maternal plasma iron, ferritin, selenium and
magnesium concentrations to neurocognitive development in
children at 2 years of age using data from the Growing Up in
Singapore Towards healthy Outcomes (GUSTO) study.
Methods: Maternal plasma iron, ferritin, selenium and mag-
nesium concentrations were measured at 26 weeks’ gestation.
The Bayley Scales of Infant and Toddler Development, Third
Edition (BSID-III) was used to assess five domains of neuro-
cognitive development in children at 2 years: cognition,
receptive language, expressive language, fine motor, and gross
motor. Analysis was conducted on 440 mother-child pairs with
data on maternal nutrient biomarkers and BSID-III in chil-
dren. Associations were examined using linear regressions
adjusted for confounders: maternal age, ethnicity, education,
pre-pregnancy BMI, gestational weight gain, and physical
activity level, depression and anxiety scores during pregnancy;
and infant birth weight and length. Due to the multiple sta-
tistical tests performed, P< 0.013 was considered significant,
and P< 0.05 was considered as suggestive evidence.
Results: Mean ± SD concentrations of maternal plasma iron,
ferritin, selenium and magnesium were 1183 ± 566μg/L,
26.7 ± 10.9μg/L, 99.1 ± 14.6μg/L, and 19.8 ± 1.7mg/L
respectively. A large percentage of pregnant women had mar-
ginal magnesium status (71% <20.68mg/L), while the pre-
valences of iron (6% <558.66μg/L), ferritin (6% <15μg/L)
and selenium (9% <80μg/L) deficiencies were low. Higher
maternal plasma iron was associated with a higher gross motor
score in children (0.31 per SD increment in iron, P= 0.013).
Likewise, higher maternal magnesium was associated with a
higher cognitive score (0.34 per SD increment in magnesium,
P= 0.009), and children whose mothers had sufficient mag-
nesium concentrations (≥20.68mg/L) scored 0.59 higher in
the cognitive domain (suggestive evidence) compared to chil-
dren of mothers with marginal magnesium status (P= 0.034).
Additionally, there was suggestive evidence that higher mater-
nal magnesium was associated with a higher fine motor score
(0.27 per SD increment in magnesium, P= 0.023), and chil-
dren whose mothers had sufficient magnesium concentrations
during pregnancy scored 0.62 higher in receptive language
(P= 0.040) and 0.60 higher in fine motor (P= 0.021)
domains, respectively compared to children of mothers with
marginal magnesium status. There was suggestive evidence that
higher maternal selenium was associated with higher expressive
language score (0.24 per SD increment in selenium, P= 0.049)
and higher fine motor score (0.23 per SD increment in sele-
nium, P= 0.045) in children. In contrast, children of mothers
with a higher concentration of serum ferritin (>25th percentile)
scored 0.94-1.07 lower in expressive language (P< 0.003),
compared to children of mothers with a low plasma ferritin
concentration (<25th percentile).
Conclusions: Having adequate concentrations of plasma
magnesium and higher concentrations of plasma iron and
selenium during pregnancy were associated with better neuro-
cognitive development in children at 2 years of age. These
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observations raise the possibility that improving mineral status
during pregnancy may enhance neurocognitive outcomes in
children.

PA3.11.06

IGF2 DNA methylation is associated with externalizing
behaviours in adolescence independent of BMI

R.C. Huang1, J.M. Craig2, L.J. Beilin1, T.A. Mori1,
W.H. Oddy3, C.E. Pennell1, M. Robinson1

1University of Western Australia, PERTH, Australia; 2Murdoch
Children’s Research Institute, MELBOURNE, Australia;
3Menzies Institute for Medical Research, University of Tasmania,
HOBART, Australia

Background: Studies have shown that imprinted regions of
DNA at birth, including that for Insulin-like growth factor 2
(IGF2) are associated with growth and body size. Recent stu-
dies have also shown associations with infant temperament,
suggesting that DNA methylation at birth may affect later
infant temperament. It is uncertain if these associations persist
in older life, such as young adulthood, and if it is mediated by
obesity. Our aim was to investigate if H19/IGF2 DNA
methylation at 17 years old is associated with behavioural scores
at 17 years old.
Methods: Two hundred and twelve adolescents from the Wes-
tern Australian Pregnancy Cohort (Raine study) had H19/IGF2
methylation measured from whole blood at 17 years and the
Youth Self Report (YSR) Questionnaire which measures total,
internalising (withdrawn/depressed) and externalising (aggressive/
delinquent) behaviour scores. Maternal stress score was ascer-
tained using a 10- item questionnaire based on the Tennant and
Andrews (1977) Life Stress Inventory collected at 18 and
34 weeks gestation. H19/IGF2 methylation was measured at
twelve cytosine-phosphate-guanine sites (CpGs), analysed as
Sequenom MassARRAY EpiTYPER units within the H19/IGF2
imprinting control region (ICR). Principle components analysis
was undertaken on the 12 CpGs. Methylation principle compo-
nents were investigated for their association with total, inter-
nalizing and externalizing scores, using adjusted linear regression
models. Cell count (neutrophil, lymphocyte, monocyte) (x109 /
L) was ascertained by full blood count and differential, taken
concurrently with blood from which DNA was extracted.
Results: There were 118 males and 94 females participants.
The second principal component of H19/IGF2 methylation
positively correlated with total (β= 1.4, 95% CI 0.05 to 2.7,
p= 0.043) and externalizing (β= 2.02, 95% CI 0.6 to 3.4,
p= 0.005) T scores, adjusted for age, sex and measured cell
count. CpG23 (most representative of the CpGs of PC2) was
associated with total (β= 21.6, 95% CI 1.7 to 41.6, p= 0.033)
and externalizing (β= 26.3, 95% CI 5.4 to 47.1, p= 0.013) T
scores. The associations remained after adjusting for BMI at 17
years old and adolescent smoking and maternal smoking and
stress score during pregnancy (β= 21.8, 95% CI 2.4 to 17.1,
p= 0.028).

Conclusions: H19/IGF2 DNA methylation at specific sites is
associated with externalizing behaviours in adolescents/young
adults, independent of contemporaneous BMI and smoking.
The association was robust after adjusting for maternal smok-
ing and maternal stress score. Discussion: This suggests that
H19/IGF2DNAmethylation may contribute independently to
externalizing behaviours, probably not solely mediated by
adolescent obesity, maternal smoking or stress during preg-
nancy. Further tissue specific studies investigating the role of
changes inH19/IGF2DNAmethylation changes in the brain is
likely to progress understanding of the mechanisms underlying
this association.

PA3.11.07

Effect of inadequate iodine status in pregnant women on
infant developmental skills: results from the Little in
Norway cohort

M.W. Markhus1, L. Dahl1, V. Moe2, A.L. Brantsaeter3,
J. Øyen1, H.M. Meltzer3, K.M. Stormark4, I.E. Graff1,
M. Kjellevold1, L. Smith2

1National Institute of Nutrition and Seafood Research (NIFES),
BERGEN, Norway; 2Department of Psychology, OSLO, Norway;
3Department of Exposure and Epidemiology, Norwegian Institute
of Public Health, OSLO, Norway; 4Center for Child and
Adolescent Mental Health Uni Health, BERGEN, Norway

Background: Iodine deficiency is considered one of the most
common nutritional disorders in the world and the world’s
largest single cause of preventable brain damage. Iodine is an
essential nutrient for the synthesis of thyroid hormones triio-
dothyronine (T3) and thyroxine (T4). In the fetal brain,
inadequate thyroid hormone impairs myelination, cell migra-
tion, differentiation and maturation. Suboptimal iodine status
is common, and nine in ten pregnant women in Europe are
iodine deficient.
Methods: Little in Norway (LiN) study is a population-based
prospective cohort established to investigate pre- and postnatal
risk factors influencing developmental plasticity from preg-
nancy to age 18 months. In total, 1041 families from nine
different sites were enrolled. We excluded 33 participants due
to stillbirth, multiple births or missing urine sampled in preg-
nancy. Further, 92 dyads were excluded du to premature birth,
low gestational weight, urinary iodine concentration (UIC)
>500 g/L, or reported use of thyroid hormone drug therapy.
Spot urine samples were collected in pregnancy to determine
the UIC using inductively coupled plasma-mass spectrometry
(n= 911). Infant development was assessed at the age of six
months (n= 767), 12 months (n= 727) and 18 months
(n= 692) by testing the child’s cognitive, language, and fine-
and gross motor development using the Bayley Scales of Infant
and Toddler Development, third edition (Bayley-III). Data
collection also included questionnaires completed repeatedly
by the parents and well-baby nurses.
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Results: The median UIC was 79μg/L (IQR 82), classifying this
group as having mild-to-moderate iodine deficiency (UIC 50-
150 g/L). Of 911 mothers, 27% (n=248) were classified as
having severe iodine deficiency (UIC <50 g/L). In the unadjusted
model, children of mothers categorised as having severe iodine
deficiency in pregnancy were more than twice as likely to have
suboptimal development of their receptive language at the age of
six months than children of mothers categorised as not having
iodine deficiency in pregnancy (OR 2.10, 95% confidence inter-
val [CI] 1.30-3.35, p=0.002). The OR changed minimally after
adjusting for maternal age, iodine containing supplement use in
pregnancy, marine omega-3 intake in pregnancy, breastmilk feed
at six months of age, gender, and a maternal screening index: a
maternal cumulative risk index consisting of a combination of
socio-demographic information in addition to information about
mental health, alcohol, nicotine and drug use (OR 2.04, [CI]
1.22-3.45, p=0.006). In multiple regression analysis, maternal
UIC significantly predicted infant language skills at the age of six
and 12months, while controlling for confounding factors (figure).
No significant association was found at 18 months.
Conclusions: This study provides further evidence that iodine
deficiency during pregnancy may adversely impact on infant
development. However, in this population associations were found
between maternal UIC in pregnancy and developmental domains
tested at 6 and 12 months and not at 18 months. The value of
screening pregnant women for ID requires further assessment and
health-care professionals should stress the importance of securing
sufficient iodine intake prior to or in the beginning of pregnancy.

Means (95% CIs) for infant developmental domains according
to maternal urinary iodine concentration in pregnancy. Values
are adjusted for mate

PA3.11.08

Prenatal and postnatal exposure to air pollution and
white matter integrity in school-age children

M.J. Lubczynska1, H. El Marroun2, R.L. Muetzel2, M. Strak3,
V.W.V. Jaddoe2, F.C. Verhulst2, G. Hoek3, T. White2,
B. Brunekreef3, H.W. Tiemeier2, M. Guxens1

1ISGlobal, BARCELONA, Spain; 2Erasmus MC,
ROTTERDAM, The Netherlands; 3Utrecht University,
UTRECHT, The Netherlands

Background: Exposure to air pollution has been related to
impaired brain development but the relationship with white
matter microstructure has not been tested. Here, we aimed to
assess whether pre- and postnatal exposure to a wide range of
different air pollutants is related to white matter integrity in
school-age children.
Methods: We used data from 2977 children aged between 8-10
years from a population-based birth cohort set up in Rotterdam,
The Netherlands (2002-2006). Exposure to nitrogen dioxide
(NO2), nitrogen oxides (NOx), particulate matter in various
diameter sizes: less than 10μm (PM10); between 10 and 2.5μm
(PMcoarse); less than 2.5μm (PM2.5); and less than 0.1μm (UFPs -
ultrafine particles), PM2.5 absorbance, oxidative potential of
PM2.5, different components of PM2.5, and black carbon at home
addresses were estimated using land-use regression models for the
entire prenatal period and from birth until the day of the visit at
the research center when the children were 8-10 years old. Dif-
fusion tensor images were obtained during the magnetic reso-
nance imaging session; whole brain fractional anisotropy and
mean diffusivity parameters were computed from the obtained
scans. Models were adjusted for various parental socioeconomic
and life-style characteristics. Multiple imputation and inverse
probability weighting were applied to account for selection and
attrition biases.
Results: Exposure to multiple individual air pollutants was
associated with a global decrease in fractional anisotropy and a
global increase in mean diffusivity. These results were consistent
from fetal life to childhood, yet more profound with postnatal air
pollution exposures (e.g. a decrease in fractional anisotropy of
0.13 [95% Confidence Interval (CI) -0.23 to -0.02] and an
increase in mean diffusivity of 0.02 [95% CI 0.01 to 0.03] for
each 10 μg/m3 increase in NO2 during childhood).
Discussion: Exposures to various air pollutants during fetal life
and particularly during childhood were associated with altera-
tions in white matter microstructure in school-age children. In
general, lower fractional anisotropy values and higher mean
diffusivity values indicate atypical brain development or
acquired brain damage and thus considering the ubiquity of the
exposure, these results raise concern and point out the need for
further research in this area.

PA3.11.09

Prenatal and postnatal acetaminophen use and autism
spectrum symptoms in childhood

S. Alemany1, R. García-Esteban1, M. Casas1, J. Júlvez1,
C. Avella-García1, I. Riaño Galán2, A. Tardón2, A. Andiarena3,
L. Santa-Marina4, L.L. González5, C. Iñiguez5, Z. Liew6,
K. Strandberg-Larsen7, M. Taylor8, D. Lawlor8, D. Porta9,
H. El Marroun10, H. Tiemeier10, L. Chatzi11, J. Sunyer1

1Barcelona Institute for Global Health, BARCELONA, Spain;
2Hospital Universitario Central de Asturias, OVIEDO, Spain;
3Faculty of Psychology, University of the Basque Country,
GIPUZKOA, Spain; 4Health Research Institute, Biodonostia, SAN
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SEBASTIAN, Spain; 5FISABIO-Universitat Jaume I-Universitat
de València, VALENCIA, Spain; 6Fielding School of Public Health,
University of California, Los Angeles (UCLA), LOS ANGELES,
United States of America; 7Department of Public Health, University
of Copenhagen, COPENHAGEN, Denmark; 8MRC Integrative
Epidemiology Unit (IEU) and School of Social and Community M,
BRISTOL, United Kingdom; 9Department of Epidemiology of the
Lazio Regional Health Service, ROME, Italy; 10Department of
Child and Adolescent Psychiatry/Psychology, Erasmus MC-Sophia,
ROTTERDAM, The Netherlands; 11Department of Social
Medicine, University of Crete, HERAKLION, Greece

Background: Converging evidence has linked prenatal acet-
aminophen exposure and detrimental effects on cognition and
behaviour including an increased risk for autism spectrum
disorder (ASD). Furthermore, postnatal exposure to acet-
aminophen may have cumulative effects on neurodevelopment,
but as yet, no study has investigated this possibility. To fill this
gap in literature and increase generalizability of the results, the
present study aimed to assess whether prenatal and postnatal
acetaminophen exposure is associated with ASD and ADHD in
six European birth-cohorts including ALSPAC (United King-
dom), DNBC (Denmark), GASPII (Italy), Generation R (The
Netherlands), INMA (Spain) and RHEA (Greece). Preliminary
results on ASD symptoms from INMA cohort are presented.
Methods: A total of 1467 mother-child pairs spanning births
from 2004 through 2008 from INMA cohort were included.
From these mother-child pairs, postnatal exposure (from birth
to 14 months) was also available for 1005 children. Prenatal
and postnatal acetaminophen exposure was prospectively
assessed through questionnaires administered by a trained
interviewer to the mothers. Childhood ASD symptoms were
assessed using the Childhood Asperger Syndrome Test (CAST)
at age 4. Multivariable linear regression models were adjusted
by maternal socioeconomic status, child’s sex, age at assess-
ment, gestational age, maternal chronic illness, maternal fever
and maternal infection during pregnancy, and INMA region.
Results: Over 40% and 78% children were exposed to acet-
aminophen during the prenatal and postnatal periods, respec-
tively. Ever-exposed males to prenatal (β= 0.63, 95% CI: 0.09;
1.18) but not postnatal acetaminophen (β= 0.40, 95% CI:
-0.31; 1.10) use presented higher CAST scores. In females, pre-
natal exposure was negatively associated with CAST scores (β= -
0.51, 95% CI:-0.98; -0.05) while no association was observed
with postnatal exposure (β= -0.30, 95% CI:-0.65; 0.59).
Conclusions: Our preliminary findings suggest that prenatal but
not postnatal acetaminophen use is associated with child ASD
symptoms only amongmales. In Liew et al. (2016) this association
was limited to ASD cases accompanied by hyperkinetic features in
both females and males. Further analyses within this collaborative
study will help to establish the role of sex differences and whether
these associations are independent from the presence of ADHD
symptoms and limited to prenatal acetaminophen exposure.
Given the extended use of acetaminophen during pregnancy, the
results are likely to have relevant implications for public health.

PA3.12 - Analytical approaches in DOHaD

PA3.12.01

Longitudinal models to examine changes in exposure

K. Tilling, D. A. Lawlor, ADAC Smith

University of Bristol, BRISTOL, United Kingdom

Background: We will examine the associations between an
outcome and a changing exposure, using the example of gesta-
tional weight gain. Gestational weight gain (GWG) is associated
with a range of perinatal outcomes and longer term cardiovascular
and metabolic outcomes in mother and child. Relatively little is
known about how pre-pregnancy BMI and weight gain during
different periods of gestationmay interact, or whether weight gain
is more important during some antenatal periods than others.
Methods: Random effects models were used to examine GWG
in a pregnancy cohort in which women had detailed repeat
assessment of weight during pregnancy (median number of
measures 10 (IQR: 8,11)) measures. A linear spline model iden-
tified three distinct periods of GWG: 4-18weeks, 18-28 weeks
and 28+ weeks of gestation. Multivariate multilevel models were
used to relate GWG to birthweight. Critical period, sensitive
period and mobility models were used to investigate the epide-
miology of GWG with respect to cardiovascular outcomes.
Results: Birthweight is best explained by pre-pregnancy weight
and the interaction between pre-pregnancy weight and total
GWG. Structured lifecourse models suggested that the effects
of weight gain during early/mid trimester were similar, but that
there was no association between weight gain during the third
trimester and birthweight.
Conclusions: Limitations of this approach include assump-
tions of linearity between the random effects in the trivariate
model, and sensitivities to high-order interactions in the
second-stage epidemiological models.

PA3.12.03

Individualized growth trajectories for preterm infants using
a growth trajectory calculator tool

E. Landau-Crangle1, N. Rochow1, T.R. Fenton2, K. Liu3,
G. Fusch1, A. Ali1, M.L. Marrin1, C. Fusch1

1McMaster University, HAMILTON, Canada; 2Alberta Children’s
Hospital Research Institute, CALGARY, Canada; 3McMaster
University Mathematics & Statistics, HAMILTON, Canada

Background: Current growth charts provide no target for how a
preterm infant should grow. They also ignore the physiological
postnatal adaptation to extrauterine life and weight loss in preterm
and term infants. This weight loss is a one-time, irreversible, phy-
siologic phenomenon. Recently we have studied the weight loss and
downshifts of the postnatal growth trajectories during the first
21 days of life in healthy preterm infants and can be described
precisely by a prediction model. However, the individual growth
trajectory between day of life 21 and term, when preterm infants
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should achieve a weight and body composition similar to their term-
equivalent, remains unclear. The aim of the study is to compare
different approaches to create individualized postnatal growth tra-
jectories for the period between birth and 42+0/7 weeks PMA,
that consider the physiologic weight loss.
Methods: Three approaches to achieve growth similar to healthy
term infants at 42+ 0/7weeks PMA on WHO growth standards
(target weight) were tested for infants born at 24-34 weeks PMA
and for birth weights at 7 major percentiles. The three approaches
include: 1) following the birth percentile (Birth-Weight-Percen-
tile Approach), 2) following the new percentile achieved at DOL
21 after postnatal weight loss (Postnatal-Percentile Approach);
3) using day-specific fetal median growth velocities starting at
DOL 21 (Growth-Velocity Approach). Primary outcome was the
difference between achieved and target weight at 42+ 0/7 weeks.
Secondary outcome was the deviation from target weights vs. %
fat in a cohort of 20 disease-free VLBW infants.
Results: The weights following the Birth-Weight-Percentile
and Postnatal-Percentile approaches deviated significantly from
target weights. Weights using the Growth-Velocity approach
merged with the target weights after introducing a single cor-
rection factor. %fat and deviation from target weight correlated
best with term equivalent %fat using the Growth-Velocity
approach. The figure demonstrates an individualized growth
trajectory using the Growth-Velocity approach for a male pre-
term, born at 31+ 0/7 weeks, with a birth weight of 1980g.
Conclusions: The Growth-Velocity approach provides an
evidence-based approach for individualized growth trajectories. The
Growth-Velocity approach is based on physiological data incor-
porating that phenomenon that healthy preterm infants adjust their
postnatal trajectory below their birth percentile. After postnatal
adjustment, the Growth-Velocity Approach applies the median
fetal growth velocity. The Growth-Velocity approach matches
consistently with term-equivalent weights at 42+0/7weeks. The
Growth-Velocity approach has been integrated into a bedside tool
that can be used to aid clinicians in monitoring growth, guiding
nutrition andminimizing chronic adult disease risks (DOHaD) as a
consequence of unguided, inappropriate growth.

Individual Trajectory - Growth Velocity Approach

PA3.12.04

Assessing the merits and limitations of using fathers as
a negative control exposure to test DOHaD using a
Swedish case-study

B.K. Brew, T. Gong, D.M. Williams, H. Larsson, C. Almqvist

Karolinska Institutet, STOCKHOLM, Sweden

Background: Developmental Origins of Health and Disease
Hypothesis (DOHaD) studies are often observational in nature
and are therefore prone to biases from loss to follow-up and
residual confounding. Register-based studies can reduce these
issues since they allow almost complete follow-up and provide
information on fathers that can be used in a negative control
analysis to assess the impact of unmeasured confounding. The
aim was to propose a causal model for testing DOHaD using
paternal exposure as a negative control, and to assess its merits
and limitations using an application from Swedish register data:
fetal exposure to distress and the risk of asthma.
Methods: A causal diagram including shared (L1 and U1) and
parent-specific (L2, U2, L3, U3) measured (L) and unmea-
sured (U) confounders for maternal (fetal) and paternal expo-
sures is proposed (see Figure). The case-study consisted of all
children born in Sweden from July 2006 to December 2008
(n= 254 150). Information about childhood asthma, parental
distress and covariates was obtained from the Swedish National
health registers. Associations between maternal and paternal
distress during pregnancy and offspring asthma at age 5 years
were assessed separately and with mutual adjustment for the
other parent’s distress measure, as well as for shared
confounders.
Results: Negative control exposure studies are useful for elim-
inating shared residual confounding but may continue to be
biased by unshared confounding. The beauty of using fathers as
a negative control exposure is that in most cases the parent-
specific unmeasured confounders are likely to be of a similar
type and risk for both parents eg common genetic pathways,
disease status. Therefore U2 and U3 could be considered to act
like shared confounders. In addition, if there is a robust asso-
ciation between maternal and paternal exposures it is likely that
both maternal and paternal causal pathways share all unmea-
sured confounders U1-U3, therefore the paternal model can act
as a sufficient negative control. However, if parent-specific
unmeasured confounders are not of similar risk or direction
then interpretation is more difficult. Our case-study found that
maternal distress during pregnancy was associated with off-
spring asthma risk; adjusted Odds Ratio (OR) 1.32 (95% CI
1.23, 1.43). The mutually adjusted paternal distress-offspring
asthma analysis (OR 1.05 95% CI 0.97, 1.13) indicated no
evidence for unmeasured confounding. One important lim-
itation highlighted by the case-study was maternal exposure
misclassification bias, as we found that the rate of maternal
distress during pregnancy was lower than expected, possibly
due to mother’s not wishing to take anxiolytic or antidepressant
drugs when pregnant. This not only means the effect size will
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be pushed towards the null but the association between pater-
nal distress on maternal distress will also be subject to
misclassification.
Conclusions: Using paternal exposure in a negative control
model to test the robustness of fetal programming hypotheses
can be a relatively simple extension of conventional observa-
tional studies. However, although a null finding for the pater-
nal exposure association likely suggests a lack of residual
confounding in the maternal exposure association, a positive
finding is harder to interpret.

Causal diagram for an ideal negative control exposure study
testing in utero programming effects.

PA3.12.05

Postnatal growth velocity calculation: accuracy
of different methods

A. Ali1, N. Rochow1, A. Alkhoraidly1, R. Iskander1, G. Fusch1,
C. Fusch2

1McMaster University, HAMILTON, Canada; 2Paracelsus
Medical University Nuremberg, NUREMBERG, Germany

Background: Postnatal growth in premature infants is an
indirect measure of health status, nutritional adequacy, and
long-term health outcome. Growth is usually assessed as an
increase in weight over time. However, an absolute weight gain
has different clinical implications depending on the weight of
the infant. Hence, growth velocity (GV) that is normalized for
body weight expressed as g/kg/day is an important parameter of
growth assessment, for clinical management and research.
Currently, there is no agreement for the calculation of
GV. This study aims to assess the accuracy of different GV
calculations.
Objective: to compare different methods of growth velocity
calculation in real infant dataset
Methods: Real weight data of 220 infants (<35 weeks gesta-
tional age at birth) was used with six different methods of GV
calculation: 1) 2-point linear 2) 2-point exponential 3) daily
average method 4) linear regression 5) exponential regression 6)
generalized reduced algorithm. The first two are 2-point

methods whereas the first and last weights are used for GV
calculation. The third is a modification of a 2-point method
where daily GV is calculated using two points, and averaged
over a period. The next three are regression methods where all
available weight data are incorporated into the calculation. We
calculated GV using six methods, and then predicted weight
values and calculated mean absolute error from the observed
values.
Results: GV calculated with the generalized reduced algorithm
method and exponential regression had the lowest mean
absolute error (17.54 ± 7.33g, 17.58 ± 7.33g respectively).
The mean absolute error for the remaining methods was as
follows: linear regression (19.92 ± 7.85g), daily average method
(25.43 ± 25.17g), 2-point exponential (25.42 ± 25.17g) and
2-point linear (32.71 ± 29.76g).
Conclusion: The GV estimates vary depending on the method
of calculation. The regression methods have the lowest mean
absolute error among the methods tested. 2-point methods
have a high risk to overestimate low growth rates and under-
estimate high growth rates. This has significant implications for
clinical trials as it could mask a potential effect. The deviation
from true growth rate by using 2-point methodes is 2-3 g/kg/
day, which is at a size clinical trials are often powered to detect a
difference. Incorporating all available weight data using
regression methods for GV calculation appears to be better than
using only 2 points. GV calculation needs to be standardized to
allow for comparison across nutritional studies.

PA3.12.06

Effect of gestational age correction on association between
length-for-age z-scores during infancy and cognitive
development at 6 years of age

N. Perumal1, D.G. Bassani2, D.C. Cole1, S.H. Zlotkin2,
A.J. Barros3, I.S. Santos3, A. Matijasevich4, F.C. Barros3,
D.E. Roth2

1University of Toronto, TORONTO, Canada; 2Hospital for Sick
Children, TORONTO, Canada; 3Federal University of Pelotas,
PELOTAS, Brazil; 4University of Sao Paolo, SAO PAOLO, Brazil

Background: Linear growth in early childhood has been asso-
ciated with several outcomes in later life, including cognitive
development. The timing of birth, measured by gestational age
(GA), influences postnatal growth trajectories and should be
accounted for in the evaluation of postnatal growth. The
WHO Child Growth Standards (WHO-GS), which are the
most commonly used normative growth standards, do not
account for GA of preterm born children (i.e. births <37 weeks
GA). Clinical guidelines recommend using gestational age-
corrected age (CA) [postnatal age – (40 weeks – GA at birth)]
for preterm-born children in the application of the WHO-GS.
Yet, CA is rarely used in population-based epidemiologic stu-
dies of child growth in which both term- and preterm-born
children are included. We hypothesized that ignoring GA in
the calculation of z-scores may lead to biased population-
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average estimates of associations between early childhood
growth and later outcomes.
Methods: We aimed to estimate and compare cross-sectional
associations between mean length-for-age z-score (LAZ), and
stunting (LAZ < -2 SD), at birth, 3- and 12-months of age, and
cognitive ability at 6 years of age in the 2004 Pelotas (Brazil)
Birth Cohort. LAZ during infancy was derived using two
methods: (1) Intergrowth-21st GA-specific newborn size
references/standards at birth, in conjunction with the WHO-
GS using CA for preterm-born children (‘GA-corrected strat-
egy’), or (ii) WHO-GS using postnatal age for all infants
(‘postnatal age strategy’). Cognitive outcomes at 6 years were
measured using Wechsler’s full-scale intelligence quotient (IQ)
and transformed into standard deviation (SD) scores. Mean
change/difference (95% CI) in LAZ-IQ and stunting-IQ
associations were estimated using unadjusted and covariate-
adjusted linear regression.
Results: Overall, 11% (n= 274) infants were born preterm
and mean ± SD IQ standardized score at 6 years of age was
0.054 ± 1.0. Mean LAZ at birth (n= 2491) using GA-
corrected vs postnatal age strategy was -0.37 ± 1.18 vs
-0.66 ± 1.29, respectively. Using GA-correction (vs postnatal
age strategy) attenuated the association between LAZ at birth
and IQ at 6 years of age [adjusted mean change in IQ per 1-unit
change in LAZ (95%CI): 0.077 (0.047, 0.107) vs 0.085
(0.058, 0.112)], but strengthened the association between
stunting at birth and IQ at 6 years of age [adjusted mean dif-
ference (95% CI): -0.306 (-0.433, -0.179) vs -0.213 (-0.322,
-0.104)]. At 3- and 12-months, absolute differences in mag-
nitudes of LAZ-IQ and stunting-IQ associations were even
smaller. The direction of between-method differences (under-/
over-estimation) varied unpredictably by association and
follow-up time. Similarly small differences between the two
approaches were found in an analysis restricted to preterm-born
children.
Conclusions: There are conceptual advantages of using a GA-
corrected strategy to calculate LAZ in cohorts that include
preterm-born infants. However, inferences were unchanged
and there were small absolute differences in the magnitude of
associations between infant LAZ and mid-childhood IQ when
a GA-corrected strategy was used. GA-correction may not
necessarily lead to meaningful differences in associations
between early-life growth and later health outcomes.

PA3.12.07

A Comparison of Early Infancy Weight Velocities in
Relation To Childhood Cardio-metabolic Risk Markers:
Significance of Infant Peak Weight Velocity

I.M. Aris1, L.W. Chen2, M.T. Tint2, S.E. Soh1, S.M. Saw3,
L. Shek2, K.H. Tan4, P.D. Gluckman5, Y.S. Chong2, Y. Yap4,
K.M. Godfrey6, M.S. Kramer7, Y.S. Lee2

1Singapore Institute for Clinical Sciences, SINGAPORE,
Singapore; 2Yong Loo Lin School of Medicine, SINGAPORE,

Singapore; 3Saw Swee Hock School of Public Health, National
University of Singapore, SINGAPORE, Singapore; 4KK Women’s
and Children Hospital, SINGAPORE, Singapore; 5Liggins
Institute, University of Auckland, AUCKLAND, New Zealand;
6MRC Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom; 7McGill University,
MONTREAL, Canada

Background: Rapid weight gain in early infancy (0–6 months)
is an important risk factor for later cardio-metabolic disease,
but it is still unclear as to which interval during early infancy is
the most sensitive for such outcomes. We analyzed associations
between weight velocities at various intervals in early infancy
with adiposity and blood pressure measures in later childhood.
Methods: A prospective Asian mother-offspring cohort study
(Growing Up in Singapore Towards healthy Outcomes) pro-
vided data on early infancy growth (at birth, 1 and 3 weeks, 3
and 6 months; n= 1075), body composition (sum of skinfolds,
n= 820; fat- and lean-mass index, n= 242) and blood pressure
(systolic and diastolic, n= 757) at age 5 years. Child obesity
was defined as age- and sex-specific body mass index two
standard deviations higher than the median of the WHO
reference. Child prehypertension was defined as systolic or
diastolic blood pressure above 90th percentile for the child’s sex,
age and height. Early infancy growth was modelled using
mixed-effects parametric Reed1 models, to estimate infant peak
weight velocity and weight velocities at four intervals during
early infancy (0–1 week, 1–3 weeks, 3 weeks–3 months and
3–6 months). Weight velocities were standardized to z-scores
within the study cohort to allow direct comparison of effect
estimates across different time intervals. Associations between
infant weight velocities and cardio-metabolic outcomes at
5 years were estimated via multivariable regression models.
Results: The estimated mean (SD) age of infant peak weight
velocity for boys and girls respectively was 13.3 (0.8) and 13.2
(0.9) days post-delivery, with a magnitude of 0.059 (0.005)
and 0.048 (0.004) kg/day. Independent of size-at-birth and
other confounders, each SD-unit increase in infant peak weight
velocity was associated with higher sum of skinfolds [3.01mm
(95% CI 2.18, 3.84)], fat-mass index [0.27 kg/m2 (0.10,
0.43)], lean-mass index [0.20 kg/m2 (0.07, 0.34)], systolic
[1.78mmHg (1.06, 2.50)] and diastolic blood pressure
[0.85mmHg (0.36, 1.35)], as well as increased risk of obesity
[1.82 (1.39-2.41)] and prehypertension [1.43 (1.12-1.86)] at
age 5 years. Similarly, infant weight velocities at other intervals
(0–1 week, 1–3 weeks and 3 weeks–3 months) were positively
associated with increased adiposity and blood pressure at
5 years. For the same 1-SD increase, infant peak weight velocity
was found to exhibit stronger associations with increased
adiposity, blood pressure and risk of obesity at 5 years, when
compared to weight velocities at other intervals in early infancy.
Conclusions: A higher infant peak weight velocity, which
occurs within the first 2 weeks after birth, may be an important
and more sensitive marker in early infancy for increased cardio-
metabolic risk in later childhood.
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PA3.12.08

Understanding the direct and BMI-mediated association
between birth weight and childhood cardio-metabolic
health - findings from a prospective birth cohort

M.J. Fonseca1, M. Severo2, D.A. Lawlor3, H. Barros2,
A.C. Santos2

1University of Porto, PORTO, Portugal; 2EPIUnit - Instituto de
Saúde Pública, Universidade do Porto, PORTO, Portugal;
3Medical Research Council Integrative Epidemiology Unit -
University of Bristol, BRISTOL, United Kingdom

Background: Birth weight has been associated with future
cardio-metabolic risk, but different directions of this associa-
tion have been found, especially in children. The mediating
effect of attained adiposity is not always taken into account,
which may be the key to explain the diversity of results found
the literature.
Objective: To disentangle the direct and body mass index
(BMI)-mediated association of birth weight with childhood
cardio-metabolic traits.
Methods: This study included 4881 children from the
Portuguese birth cohort Generation XXI. Birth weight was
abstracted from clinical records. At age 4 and 7, children were
measured and had a fasting blood sample collected. The cardio-
metabolic traits analyzed were glucose, triglycerides, LDL-
cholesterol, systolic (SBP) and diastolic blood pressure (DBP)
age- and sex- specific z-scores (and height-specific for SBP and
DBP). Path analysis was used to compute adjusted regression
coefficients and respective 95% confidence intervals [β (95%
CI)]. The fit of the model was tested with several confounders
and the final model included maternal pre-pregnancy BMI
and tobacco smoke during the 3rd pregnancy trimester as
confounders.
Results: After adjustment for confounding factors, birth
weight had an inverse total effect on SBP at 4 [-0.007 (-0.012;
-0.002)] and 7 [-0.011 (-0.016; -0.006)] and DBP at 7 [-0.011
(-0.015; -0.007)] and a positive total effect on DBP at 4 [0.005
(0.001; 0.010)]. The association paths are depicted in figure.
The inverse total effects observed were explained by inverse
direct effects found for SBP at 4 and 7, and DBP at 7. Despite
no total effect being found for LDL-cholesterol, a negative
direct effect was found at 7 years of age [-0.060 (-0.105;
-0.014)]. No total or direct effects of birth weight on glucose or
triglycerides were found. Regarding BMI-mediated associa-
tions, higher birth weight was associated with higher childhood

BMI, which in turn was associated with higher glucose, tri-
glycerides, LDL-cholesterol, SBP and DBP levels. This positive
indirect effect explained the positive total effect on DBP at 4.
Focusing on the paths between 4 and 7 years of age, it is
reflected the high tracking effect of BMI and of cardio-
metabolic traits between those ages. The specific path from
BMI at 4 to cardio-metabolic traits at 7 is adjusted for BMI at
7, so it is actually representing the decrease in BMI from 4 to 7
years of age (for a given fixed BMI at 7, a higher BMI at
4 implies a higher decrease in BMI between 4 and 7). So, the
higher the decrease in BMI between 4 and 7 years of age, the
lower the cardio-metabolic traits at 7 years of age.
Conclusions: A BMI-mediated effect of birth weight on
cardio-metabolic health was present in childhood, such as
higher birth weight led to higher BMI, which led to adverse
levels of cardio-metabolic traits. In addition, a decrease in BMI
during childhood instigated an improvement of cardio-
metabolic traits. However, opposite direction direct associa-
tions of birth weight with LDL-cholesterol, SBP and DBP were
found, which may explain the diversity of results observed in
the literature.
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Path analysis of the associations of birth weight with cardio-
metabolic traits z-scores at ages 4 and 7.

PA3.14 - Epigenetic programming

PA3.14.01

Programmed Hyperphagia in Small for Gestational Age
Offspring via Epigenetic DNA Methylation-mediated
Neuronal Differentiation

G. Ross, G.H. Han, M.D. Desai

LA BioMed at Harbor UCLA Medical Center, LOS ANGELES,
United States of America

Objective: Small-for-gestational age (SGA) human newborns
have an increased risk of adult obesity. In rodents, SGA newborns
demonstrate marked hyperphagia, rapid catch-up growth and
adult obesity. In hypothalamic tissue (appetite regulatory site),
SGA newborns exhibit an increase in appetite (AgRP; agouti-
related protein) vs satiety (POMC; pro-opiomelanocortin) neu-
ropeptides. In culture, SGA hypothalamic neural stem cells
(NSCs) demonstrate reduced proliferation and neuronal differ-
entiation, and consistent with tissue expression, the neuronal
differentiation is preferentially biased towards AgRP versus
POMC neurons. DNA methylation (DNA methyltransferase;
DNMT1) regulates neurogenesis by maintaining NSC pro-
liferation and suppressing premature differentiation. Once dif-
ferentiation ensues, DNMT1 preferentially inhibits neuronal and
promotes astroglial fate. We hypothesized that the programmed
dysfunction of NSC proliferation and differentiation in SGA
offspring is epigenetically mediated via DNMT1.
Methods: Control dams received ad libitum food, whereas study
dams were 50% food-restricted from pregnancy day 10 to term to
create SGA newborns. Primary hypothalamic NSCs from 1day
old SGA and Controls newborns were cultured in complete or
differentiation media and transfected with nonspecific or
DNMT1-specific siRNA (20 nM). At day 5 of siRNA transfec-
tion, NSC proliferation and protein expression of specific markers
of NSC (nestin), neuroproliferative factor (Hes1), neurons (Tuj1)
and astrocytes (GFAP) were determined.
Results: Under basal conditions, SGANSCs exhibited decreased
DNMT1 and reduced proliferation and neurogenesis, but
increased GFAP, as compared to controls. DNMT1 siRNA
markedly decreased protein expression of DNMT1, confirming
silencing. In both SGA and controls in complete media,
DNMT1 siRNA inhibited NPC proliferation (0.5-fold), con-
sistent with reduced expression of nestin (0.5-fold) and Hes1
(0.4-fold). In differentiation media, DNMT1 siRNA decreased
expression of Tuj1 (0.6-fold) but increased GFAP (1.4-fold).
Conclusion: In SGA newborns, impaired neurogenesis is epi-
genetically mediated via reduction in DNMT1 expression and
suppression of the neuroproliferative factor Hes1. Premature
NSC differentiation to astrocytes limits neuronal differentia-
tion, though with a preferential expression to appetite vs satiety
neurons.

PA3.14.02

Maternal alcohol consumption during pregnancy and
offspring epigenome-wide DNAmethylation: findings from
the Pregnancy and Childhood Epigenetics (PACE)
Consortium

L.Z. Zuccolo1, G.C.S. Sharp2, R.A. Arathimos2, J. Felix3,
C.R. Relton2, On behalf Of The PACE Consortium4

1University of Bristol, BRISTOL, United Kingdom; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom; 3The Generation R Study Group, Erasmus MC,
University Medical Center Rotterdam, ROTTERDAM, The
Netherlands; 4The Pregnancy and Childhood Epigenetics (PACE),
United Kingdom

Background: There is evidence to suggest that moderate
alcohol consumption during pregnancy is associated with
adverse outcomes in the offspring, but the precise biological
mechanisms underlying such associations are currently
unknown. Epigenetic modifications have been suggested to
play a mediating role.
Methods: To investigate genome-wide DNA methylation in
the cord blood of newborns differentially exposed to alcohol
in utero, we meta-analysed epigenome wide association study
(EWAS) summary statistics from six population-based cohort
studies (n mother-child pairs = 3,075) within the Pregnancy
and Childhood Epigenetics (PACE) Consortium. We were
primarily interested in the effects of sustained consumption
throughout pregnancy, which represents a prolonged prenatal
exposure to alcohol, but we also explored binge-drinking and
timing-specific exposures.
Results: No single CpG-sites were associated with any of our
alcohol exposure measures after correction for multiple testing.
In a region-based analysis, we identified 19 regions differentially
methylated in the offspring of mothers who drank throughout
pregnancy compared to the offspring of mothers who gave up
drinking at the start of pregnancy. However, we did not validate
this result using another regional analysis method.
Conclusion: In this multi-cohort study we found no evidence
that (mostly light-to-moderate) maternal alcohol consumption
during pregnancy is associated with offspring cord blood DNA
methylation. However, it is possible that a combination of a
larger sample size, higher doses, different timings of exposure
and a more global assessment of genomic DNA methylation
might show evidence of effect.

PA3.14.03

DNA methylation of Musashi RNA binding protein 2
(MSI2) associates with subcutaneous fatness, early life
environment and childhood growth trajectories

R.C. Huang1, K.M. Godfrey2, R. Clarke-Harris3, P.E.
Melton1, L.J. Beilin1, G.C. Burdge4, J.D. Holbrook2, D.A.
Anderson1, M.S. Kobor5, J.M. Craig6, T.A. Mori1, W.H.
Oddy7, C.E. Pennell1, K.A. Lillycrop3
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1University of Western Australia, PERTH, Australia; 2MRC
Lifecourse Epidemiology Unit and NIHR Southampton BRC,
University of Southa, SOUTHAMPTON, United Kingdom;
3Human Development & Health Academic Unit, University of
Southampton, SOUTHAMPTON, United Kingdom; 4School of
Medicine, University of Southampton, SOUTHAMPTON,
United Kingdom; 5University of British Columbia,
VANCOUVER, Canada; 6Murdoch Children’s Research
Institute, MELBOURNE, Australia; 7Menzies Institute for
Medical Research, University of Tasmania, HOBART, Australia

Background: Epigenetic changes are associated with the
development of non-communicable diseases. In the Raine
Study, Infinium 450K array EWAS identified Musahi RNA
binding protein 2 (MSI2) methylation as associated with con-
current BMI at age 17 years. MSI2 encodes a transcriptional
regulator that targets genes involved in development and cell
cycle regulation. The identified locus is intronic and within a
Hidden Markov Model predicted CpG island. As fat distribu-
tion (central and visceral) is linked with cardio-metabolic risk,
this study aimed to evaluate if MSI2 methylation at age 17
years: 1) is associated with fat distribution and related anthro-
pometry, 2) predicts future body composition in adult life age
20 years, 3) is associated with early life environmental influ-
ences (pre-pregnancy maternal BMI, gestational weight gain,
smoking, alcohol, caffeine consumption and stress, and breast
feeding duration), and 4) is predicted by postnatal adiposity
trajectories1.
Methods: 842 individuals from the Western Australian Preg-
nancy Cohort (Raine study) had MSI2 methylation at 3 CpGs
measured by pyrosequencing in whole blood age 17 years and
body composition measured by Dual Energy X-Ray Absorp-
tiometry (DEXA) at age 20 years. Using adjusted linear
regression models, we analysed MSI2 DNA methylation at the
3 CpGs in relation to anthropometry at age 17 years, DEXA
measures at age 20 years and early life environmental influences
and trajectories.
Results: DNA methylation (%) at all three MSI2 CpGs was
positively associated with BMI at age 17 years (β= 0.007,
p< 0.001), as well as waist circumference (cm) (β= 0.005,
p= 0.001), subcutaneous fat thickness (β= 0.018, p= 0.005)
and skinfold thickness at multiple sites (all p< 0.05), but not
visceral fat thickness (β= 0.002, p= 0.559). It was associated
with total lean mass (g) (β= 0.003, p= 0.014) and soft tissue
(combined fat and lean mass) (g) (β= 0.004, p= 0.020), as
measured by DEXA three years subsequent to DNA methyla-
tion measurement at age 17 years. It was not associated with
total fat mass (g) at age 20 years (β= 0.006, p= 0.181). Two
early life factors were associated with higherMSI2methylation,
namely higher maternal pre-pregnancy BMI (kg/m2)
(β= 0.107, p= 0.020) and shorter duration of exclusive breast
feeding (months) (β= -0.038, p= 0.046). Of seven childhood
adiposity trajectories examined, two trajectories (2 and 4 in
Figure) were associated with MSI2 methylation: accelerated
velocity of adiposity gain (“catch up growth”) (β= 1.41,

p= 0.006; β= 0.99, p= 0.013) and constantly high adiposity
from birth (Trajectory 1 in Figure) (β= 1.03, p= 0.012).
Conclusions and Discussion: MSI2 methylation, identified
through 450K arrays, was confirmed with pyrosequencing to
associate with BMI, particularly with a body fat distributed in
subcutaneous regions. Maternal pre-pregnancy BMI, duration
of breastfeeding and childhood adiposity trajectories were
associated with MSI2 methylation in adolescence. This study
provides evidence that methylation of specific loci is associated
with body fat distribution patterns known to associate with
differential cardiovascular risk. The associations with childhood
adiposity trajectories raises the possibility that targeting inter-
ventions in infants exposed to adverse early life environments
may reverse DNA methylation related to obesity.
References: 1. Huang RC et al. Lifecourse Adiposity and Blood
Pressure Between Birth and 17 Years Old. Am J Hypertens.
2015;28(8):1056-63.

Postnatal adiposity trajectories formed using semi-parametric
mixture modelling from longitudinal BMI z scores at 7 time-
points. (1)

PA3.14.04

Long-term effect of breastfeeding on DNA methylation
profiles in adults

W.B. Sherwood1, P. Losol1, G.A. Lockett1, N. Graham1,
N. Soto-Ramirez2, H. Zhang3, S. Ewart4, S.H. Arshad1,
W. Karmaus3, F.I. Rezwan1, J.W. Holloway1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2University of South Carolina, COLUMBIA, United
States of America; 3University of Memphis, MEMPHIS, United
States of America; 4Michigan State University, MI, United States
of America

Background: Breastfeeding has consistently been shown to
reduce child mortality and to be protective against short and
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long-term morbidities including obesity and diabetes. Whilst
the beneficial effects of breastfeeding are well documented, the
biological mechanism(s) by which some of these effects are
transferred are still unclear. Early life nutrition has been shown
to induce epigenetic variations such as changes in DNA
methylation and may represent a mechanism whereby breast-
milk induces physiological effects that persist beyond cessation
of breastfeeding. We sought to investigate the long-term effect
of breastfeeding on offspring’s genome-wide DNA
methylation.
Methods: DNA was extracted from peripheral blood samples
taken at 10 and 18 years of age, from 74 and 367 participants
respectively in the Isle of Wight 1989 birth cohort.
DNA methylation levels at >480,000 cytosine-phosphate-
guanine (CpG) sites were measured using Illumina Infinium
Human450 Beadchips, and data were pre-processed for
quality control, batch effect correction and cell type correction.
An Epigenome-wide Association Study was conducted using
robust linear regression models to assess the association
between breastfeeding exposure and methylation levels at
18 years of age. This was adjusted for associated cohort
characteristics, including maternal socioeconomic status,
maternal age, maternal smoking during pregnancy, child sex
and child’s birth weight. False discovery rate (10% FDR)
correction was used to correct for multiple-hypothesis
testing, inferring an adjusted p-value for each of the
~ 480,000 CpG sites. Separate models were run, each com-
paring non-breastfed controls against an exposure group,
categorized by the total duration that the participants were
breastfed either non-exclusively or exclusively. Pathway ana-
lyses using Ingenuity Pathway Analysis (IPA) were performed
on significantly associated genes to identify enrichment for
biological pathways. The level and direction of methylation on
these genes from the primary results for age 18 samples, were
compared with samples taken from the same participants at
10 years.
Results: At 18 years, non-exclusive breastfeeding >6 months
was significantly associated with DNA methylation
at four CpG sites. Exclusive breastfeeding >3 months was sig-
nificantly associated with DNA methylation at five CpG sites,
four being hyper-methylated and one hypo-methylated.
Three of these sites showed the same direction of methylation
change in a subset of the participants at age 10 years. Pathway
analyses highlighted that certain implicated genes, including
NPY2R and SCAP, are associated with obesity and type 2
diabetes.
Conclusions: The total duration of breastfeeding and duration
of exclusive breastfeeding is associated with changes in blood
DNAmethylation at 18 years of age. Associated CpGs included
those in genes known to be involved in obesity, metabolism
and insulin control. This supports the hypothesis that DNA
methylation could mechanistically underlie the long-term
effects of breastfeeding, including well-known protection
against obesity, although other mechanisms are also likely to be
involved.

PA3.14.05

Horvarth DNA methylation biological age at the transition
from adolescence to adulthood: A measure of dynamic
response to environmental stress

R.C. Huang1, D.A. Anderson1, J.D. Holbrook2, P.E. Melton1,
K.M. Godfrey2, T.A. Mori1, L.J. Beilin1, G.C. Burdge3,
W.H. Oddy4, K.A. Lillycrop5

1University of Western Australia, PERTH, Australia; 2MRC
Lifecourse Epidemiology Unit and NIHR Southampton BRC,
University of Southa, SOUTHAMPTON, United Kingdom;
3School of Medicine, University of Southampton,
SOUTHAMPTON, United Kingdom; 4Menzies Institute for
Medical Research, University of Tasmania, HOBART, Australia;
5Human Development & Health Academic Unit, University of
Southampton, SOUTHAMPTON, United Kingdom

Background: Blood DNA methylation age (DNAmAge)
(Horvath) predicts death in the elderly. Change of clock CpG
methylation occurs logarithmically in childhood, before slow-
ing to linear dependence in adulthood. Rate of change is also
highly heritable. Therefore, we hypothesize that DNAmAge in
late adolescence may predict disease risk, and be influenced by
parental factors. We investigated if DNAmAge at age 17 years
was associated with cardio-metabolic risk factors at 17, 20 and
22 years, and with childhood growth trajectories. Also, we
aimed to understand parental factors influencing DNAmAge.
Methods:DNAmethylation was measured in 1,260 peripheral
blood (58 replicates) samples from participants in the Western
Australian Pregnancy Cohort (RAINE study) at age 17 years-
old using the HumanMethylation450K BeadChip. 710 parti-
cipants (52% males, chronological age 17.0 ±0.2 years) com-
pleted a full clinical examination at the 17-year follow-up. The
Horvath calculator was applied to beta-mixture quantile-nor-
malised 450K data to calculate BioAge4HO, defined as
weighted averages based on four epigenetic inputs. Robust
linear models were fitted, assessing associations between
DNAmAge with cardio-metabolic risk factors, including cov-
ariates of chronological age, gender and cell correction. Simi-
larly, linear models were fitted to assess whether parental factors
associated with DNAmAge.
Results: Classic cardio-metabolic risk factors (BMI, waist cir-
cumference, fasting triglycerides, LDL, HDL, systolic and
diastolic blood pressure) were not associated with BioAge4HO
(a generalized measure of DNAmAge). However, fasting serum
insulin mU/L (β= 0.15, p= 0.003), HOMA (β= 0.15,
p= 0.004) and the metabolic cluster (β= 0.55, p= 0.025)
were associated with DNAmAge. No association was detected
with visceral fat, but there was an association with sub-
cutaneous fat (cm) (β= 0.12, p= 0.018) and skin-fold thick-
ness (mm) (suprailiac β= 0.08, p= 0.004; abdominal
β= 0.76, p= 0.003; subscapular β= 0.06, p= 0.005). A posi-
tive association was noted with serum leptin (ug/L) (β= 0.23,
p= 0.001), but not with adiponectin (β= 0.07, p= 0.088), or
other circulating inflammatory markers. These associations did
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not persist 3 or 5 years subsequently. Predictors of advanced
DNAmAge, included lighter placenta weight (kg) (β= -28.4,
p= 0.015), accelerated childhood growth trajectories (OR=
1.15, p= 0.013) and greater number of maternal IDF meta-
bolic factors (β= 0.34, p= 0.031). Non-significant trends for
DNAmAge with birthweight (g) (higher in father (β= 130,
p= 0.077) and lower in mothers (β= -91, p= 0.072)) were
observed.
Conclusions and Discussion: DNAmAge is associated with
subcutaneous fat deposition and increased insulin, only at the
measured time-point. This suggests that DNAmAge indicates
activity of an epigenetic maintenance system, which is
increased in response to environmental stress. Unlike the
elderly, where environmental stress predicts death, in the
young, work done by an epigenetic maintenance system may
reflect beneficial coping (preferential deposition in sub-
cutaneous rather than metabolically harmful visceral fat, and
increased insulin production to maintain glucose homeostasis),
that is potentially reversible prior to end-disease, such as type 2
diabetes mellitus. Accelerated DNAmAge was associated with
smaller placental size and accelerated growth from below aver-
age birth-size and maternal risk factors, supporting its inter-
generational transmission. Further work is required to under-
stand how influences on the level of activity of an epigenetic
maintenance system are partitioned between shared environ-
ment and fixed genetics.

PA3.14.06

Telomere length: Population epidemiology and
concordance in 11-12 year old Australians and
their parents.

M.T.N. Nguyen1, D.B. Burgner1, S.R. Ranganathan2,
K.L. Lycett1, R.V. Vryer1, M.W. Wake (joint senior author)3,
R.S. Saffery (joint senior author)1

1Murdoch Children’s Research Institute, MELBOURNE,
Australia; 2The Royal Children’s Hospital, MELBOURNE,
Australia; 3The Liggins Institute, AUCKLAND, New Zealand;
*M.W. and R.S. are joint senior authors.

Background: Telomeres function to protect DNA integrity
and prevent fusion of adjoining chromosomal ends. Telomere
shortening has been associated with morbidity and mortality
from both communicable and non-communicable diseases,
including cardiovascular disease, hypertension and diabetes.
Telomere length is partly heritable, although the extent to
which it is influenced by genetics and environmental factors is
unclear. Relatively little is known about normative telomere
lengths in healthy individuals, especially in children. In the
Child Health CheckPoint study, a population-derived cross-
sectional sample within the Longitudinal Study of Australian
Children, we aimed to (1) describe child and adult telomere
length epidemiology, and (2) investigate parent-child telomere
length concordance.

Methods: The study’s data collection phase ran from February
2015 to March 2016. Data were collected across Australia in
main (major cities) and mini (regional cities) assessment cen-
tres, with home visits offered to those who couldn’t attend an
assessment centre. Children and their attending parent rotated
through a series of physical and biomarker stations, from
“Young Blood” (venous blood collection) to “Measure up”
(height and weight measurement). Relative telomere length (T/
S ratio) was calculated by comparing telomeric DNA (T) level
to the single copy (S) beta-globin gene in venous blood-derived
genomic DNA by quantitative real-time PCR. Child and adult
telomere length distributions were examined using means and
standard deviations and density plots. Parent-child telomere
length concordance was assessed using linear regression models.
All models were minimally adjusted for parent age, parent sex
and child sex. As a secondary analysis, we investigated parent-
child telomere length concordance by tertiles of parent age and
using interaction analysis.
Results: Telomere length data was obtained for 2529 indivi-
duals (1199 children and 1330 parents), including 1143
parent-child pairs used for concordance analyses. Mean T/S
ratio for all children, boys and girls was 1.09 (SD 0.55), 1.08
(SD 0.53) and 1.11 (SD 0.57), respectively. Mean T/S ratio for
all parents, fathers and mothers was 0.81 (SD 0.38), 0.86 (SD
0.47) and 0.80 (SD 0.36), respectively. For every unit increase
in parent T/S ratio, the child’s increased by 0.36 (p< 0.001).
Father-child concordance was stronger than mother-child
concordance (β= 0.46 vs. β= 0.34). Parent-child con-
cordance was higher in the youngest parent group than the
middle and oldest group (β= 0.49, β= 0.35 and 0.26, respec-
tively). Father-child concordance was higher in the youngest
father group than the middle and oldest group (β= 0.83,
β= 0.48 and 0.18, respectively). Mother-child concordance
was higher in the youngest mother group than the middle and
oldest group (β= 0.43, β= 0.32 and 0.28, respectively).
Father-child concordance was higher than mother-child con-
cordance for all parental age tertiles.
Conclusions: As expected, T/S in adults was shorter than in
children. There was modest evidence of parent-child T/S con-
cordance, which was stronger in father-child than mother-child
pairs. Interestingly, there was evidence for stronger parent-child
concordance in younger parents with the concordance
decreasing with increasing parent age.

PA3.14.07

A case/control study of epigenome-wide DNA
methylation in infants with cleft lip and palate
in California

S.G. Gonseth Nussle1, R.R. Roy2, M.S. Segal2, A. De Smith2,
H. Hansen2, X. Asrani1, L. McCoy2, W. Wei3, G. Shaw3,
J.L. Wiemels2, N. Marini1
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Background: Cleft lip with or without cleft palate (CLP) is
among the most frequent of human birth defects, occurring in
1 in 940 births in the U.S. Etiologies of CLP remain elusive.
The etiologic role of 1-carbon metabolic factors such as folate is
debated, and recent genetic analyses of CLP by our group
support a role for rare variants in folate metabolism pathways.
Here, we provide the first large-scale epigenome-wide DNA
methylation analysis of CLP. Our analytic goal was to identify
constitutive epigenetic differences between CLP cases and
nonmalformed control infants at birth using a hypothesis-free
approach.
Methods: CLP cases and nonmalformed controls were identi-
fied by the active surveillance program—California Birth
Defects Monitoring Program. Included for study were
94 CLP cases and 88 controls from California infants born
1988-1996, prior to folate fortification. DNA methylation
levels of cases and controls were assessed from infant’s
newborn blood spots and analyzed with the Illumina® Human
Beadchip 450K array. Differentially methylated positions
(DMPs) and differentially methylated regions (DMRs)
were discovered by epigenome-wide associations studies
(EWAS) and bump hunting (BH) methods while stratifying by
Hispanic ethnicity. BH results were further validated by
DMRcate—another DMR finding method. Models were
adjusted for cell-mixture using Refactor and ancestry using
Epistructure. Bootstrapping was used to identify significant and
replicating DMPs and DMRs in both Hispanic and non-
Hispanic ethnic groups.
Results: Seventy-four Hispanic cases, 69 Hispanic controls, 20
NonHispanic cases, and 19 NonHispanic controls were ana-
lyzed. Among total CpG sites assessed, cases were significantly
less methylated than controls (61% of associations were nega-
tive in Hispanics and 62% in nonHispanics, Chi-square’s p for
both <0.001). The most significant DMPs concordant in both
ethnic groups were cg23874078 (in CEPT1), cg24317002 (in
LRRCC1), cg16852767 (in PCF11), cg07779777 and
cg14017045 (both in ZBTB7A), all less methylated in cases
than in controls (all with bootstrap p <0.01 in both ethnic
groups). A region encompassing VTRNA2-1 (5q31) was con-
cordantly less methylated in cases than in controls in both
ethnic groups (FWER p= 0.014 in BH and <0.0001 in
DMRcate, see Figure).
Discussion: CLP cases showed decreased DNA methylation
globally, suggesting exposure to a restricted amount of
methyl-donors such as folate or other 1-carbon metabolism
cofactors, from maternal intake or genetic variants in relevant
pathways. Additionally, the observed decreased DNA methy-
lation in VTRNA2-1—a metastable epiallele whose DNA
methylation was previously shown to be sensitive to maternal
dietary intake of 1-carbon metabolism cofactors at the time of
conception in a Gambian study—further supports the evidence
base for women’s intake of 1-methyl carbon donors before

conception and during the pertinent embryonic development
period for clefting.

Differentially methylated region of VTRNA2-1 (aka
MIR-886) according to cleft status.

PA3.14.08

Hypertensive disorder of pregnancy and DNA methylation
of newborns: Findings from the Pregnancy and Childhood
Epigenetics (PACE) Consortium

N. Kazmi1, M.F. Hivert2, On behalf Of the PACE
Consortium3

1University of Bristol, BRISTOL, United Kingdom; 2Harvard
Medical School, Department of Population Medicine, BOSTON,
United States of America; 3The Pregnancy and Childhood
Epigenetics (PACE) Consortium

Background: Hypertensive disorders of pregnancy (HDP),
including gestational hypertension (hypertension detected
between 20 weeks of gestation and delivery) and pre-eclampsia
(PE; gestational hypertension in addition with at least one
episode of proteinuria), are associated with both maternal and
neonatal morbidity. The mechanisms by which such disorders
associate with adverse offspring outcomes at birth and later in
life remain poorly understood, but epigenetics may offer one
potential explanation.
Methods: We performed a meta-analysis across ten indepen-
dent cohorts (n= 5229) from the Pregnancy And Childhood
Epigenetics (PACE) Consortium to test the association
between maternal HDP and epigenome-wide DNA methyla-
tion in cord blood measured using the Illumina Human-
Methylation450 Beadchip. We also investigated changes in
birth-related methylation during childhood (age 7-9 years) and
adolescence (age 15-17 years) in participants from the Avon
Longitudinal Study of Parents and Children (n= 658).
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Results: In models adjusted for estimated cell counts and
covariates (maternal age, parity, maternal smoking status,
gestational diabetes, maternal pre-pregnancy BMI and off-
spring sex), maternal HDP and PE were associated with neo-
natal DNA methylation at 1075 and 542 sites respectively at a
false discovery rate 5% including 43/1075 and 26/542 sites
using a more stringent Bonferroni corrected threshold
(p< 1.05× 10-7 473,864 tests). There were five Bonferroni
significant sites common between fully adjusted models of
HDP and PE. We found 93 and 43 regions where there were
multiple differentially methylated CpGs in association to HDP
and PE respectively (for example DLEU7, RPTOR, PPT2,
STRA6, PLCH1, AVP and ARID3A). 10/43 and 7/26 Bon-
ferroni significant sites identified in relation to HDP and PE
were in (or near) genes that were previously been associated
with early onset preeclampsia with similar direction of asso-
ciation. A majority of the associations identified here have been
previously reported in studies of birth weight, preterm birth
and gestational age and with consistent direction of association.
Methylation differences over time in offspring exposed or
unexposed to maternal HDP were also explored but neither
HDP nor PE was strongly associated with methylation at
adolescence. These results might suggest resolution of differ-
ential methylation by early childhood or a small sample size
(n= 658) was underpowered to detect differential methylation
at adolescence.
Conclusion: In this large-scale meta-analysis, we identified
associations of maternal HDP with DNA methylation at sev-
eral loci in the blood of newborns. Our findings suggest that
differential methylation may mediate associations between
HDP/PE and offspring health.

PA3.14.09

Epigenetic marks in neonates are associated with BMI and
insulin sensitivity in early childhood

B.S. Muhlhausler1, S.J. van Dijk2, T.J. Peters2, M. Buckley2,
J. Zhou1, R.A. Gibson1, M. Makrides3, P.L. Molloy2

1The University of Adelaide, ADELAIDE, Australia; 2CSIRO,
SYDNEY, Australia; 3South Australian Health and Medical
Research Institute, ADELAIDE, Australia

Background: Epigenetic marks present at birth have been
implicated in early life origins of disease, and may have the
potential to predict an individual’s future risk of obesity and
type 2 diabetes. While animal studies have linked stable epi-
genetic alterations induced by environmental perturbations
in utero with an increased risk of obesity and metabolic diseases,
whether there are specific epigenetic markers that are linked to
future risk of these diseases in humans is less clear. Here we
report a number of DNA methylation regions at birth that are
associated with obesity or insulin sensitivity measurements in
childhood.
Methods: DNA methylation was measured in blood spot
samples of 439 children within 3 days of birth. At 5 years of

age, these same children were assessed for associations between
their DNA methylation status at birth and BMI z-scores, body
fat mass, fasting plasma glucose, insulin and HOMA-IR.
Results: DNA methylation in 69 genomic regions at birth was
associated with BMI z-scores at age 5 years, and in 63 regions
with HOMA-IR. The methylation changes were generally
small (<5%), except for a region near the non-coding RNA
VTRNA2-1, where a clear link between methylation status at
birth and BMI in childhood was observed (P= 0.001). No
individual methylation sites at birth were associated with obe-
sity or insulin sensitivity measures at 5 years. Associations
between DNA methylation, maternal smoking, and birth
weight were also found.
Conclusions: These findings provide further support that
epigenetics have a role in programming of obesity and meta-
bolic health. Whether many of these small changes in DNA
methylation are causally related to the health outcomes, and of
clinical relevance remains to be determined, but the VTRNA2-
1 region seems a promising obesity risk marker that warrants
further investigation.

PA3.15 - Cardiovascular and diabetes risk

PA3.15.01

Cardiac remodeling in preadolescents who suffered fetal
growth restriction

M.R. Rodriguez-Lopez1, S.I. Sarvari2, A. Sepulveda-Martinez1,
M. Sitges3, E. Gratacos4, B. Bijnens5, F. Crispi4

1BCNatal (Hospitals Clinic and Sant Joan de Deu) Universitat de
Barcelona, BARCELONA, Spain; 2Department of Cardiology,
Oslo University Hospital, OSLO, Norway; 3Cardiovascular
Institute, Hospital Clinic, IDIBAPS, University of Barcelona,
BARCELONA, Spain; 4BCNatal (Hospitals Clinic and Sant
Joan de Deu)IDIBAPS Universitat de Barcelona, BARCELONA,
Spain; 5ICREA, Departamento de Información y Comunicación,
Universitat Pompeu Fabra, BARCELONA, Spain

Background: Fetal growth restriction (FGR) affects 5% to
10% of newborns and is associated with increased cardiovas-
cular mortality in adulthood.We have previously demonstrated
the presence of cardiovascular remodeling in fetuses and chil-
dren with FGR.
Aim: To evaluate the persistence of cardiovascular remodeling
in preadolescents with fetal growth restriction that were pre-
viously evaluated in childhood and further evaluate the pre-
sence of electrical changes at preadolescent age.
Methods: A cohort study of 58 FGR (defined as birth weight
below 10th centile) and 94 normally grown fetuses (controls)
identified in utero and followed up to preadolescent age (10-14
years of age). Cardiac remodeling and function was evaluated
by conventional echocardiography, computational left ven-
tricular shape analysis, 2D strain and electrocardiography
(EKG). Vascular remodeling was assessed by carotid intima
media thickness measured by ultrasound.
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Results: Compared with controls, preadolescents born after FGR
had a different cardiac shape, with more spherical and smaller
hearts. Left ventricular ejection fraction was similar among groups,
while FGR had decreased longitudinal ventricular motion
(decreased mitral annular excursion and annular peak velocities:
controls m/s 0.11 (0.01) vs FGR m/s 0.09 (0.01), p<0.001) and
impaired relaxation (isovolumic relaxation time: controls 0.21ms
(0.03) vs FGR 0.35ms (0.02), p<0.001). In addition, ventricular
deformation was also altered with a decreased global longitudinal
strain (controls -22.4% (1.37) vs FGR -21.5% (1.16), p<0.001)
compensated by an increased circumferential strain and with a
higher prevalence of post-systolic shortening in FGR as compared
to preadolescent controls. In addition, the timings in the EKGwere
shorter in FGR when compared to controls (P wave: 86.17ms
(11.83) vs 79.82ms (13), PR interval 140ms (30) vs 120 (27)) and
QRS wave: 100ms (25) vs 90ms (15)). The initial increment in
carotid intima media thickness previously observed at 5 years of age
disappeared at preadolescent age.
Conclusions: In our cohort, cardiac but not vascular remo-
deling induced by FGR persists until preadolescence. Electrical
changes were also observed at preadolescent age. The findings
support the hypothesis of primary cardiac programming in
FGR underlying the association between low birthweight and
increased cardiovascular risk in adulthood.

Cardiac function (strain, upper panel) and structure (shape,
lower panel) in fetal growth restricted and adequate for gesta-
tional age preadolecents

PA3.15.02

GLP-1 profile during glucose tolerance test in gestational
diabetes: a prospective case-control study

N. Sukumar1, C. Bagias1, I.A.G. Goljan2, J.J. Holst3,
P. Saravanan1

1University of Warwick, COVENTRY, United Kingdom;
2George Eliot Hospital NHS Trust, NUNEATON, United

Kingdom; 3University of Copenhagen, COPENHAGEN,
Denmark

Background: Glucagon like peptide-1 (GLP-1) is an incretin
hormone which is responsible for around two-thirds of the
insulin response after an oral glucose load. GLP-1 concentra-
tions are reduced by 20 to 50% in type 2 diabetes but studies in
women with gestational diabetes mellitus (GDM) are incon-
clusive. Our aim was to study the GLP-1 profile during a
2-hour 75g glucose tolerance test (GTT) at GDM diagnosis.
Methods: A prospective case-control study of high-risk pregnant
women selectively screened to undergo a GTT was conducted.
Plasma samples for GLP-1 were collected, after addition of a
dipeptidyl peptidase-4 inhibitor inhibitor, at 30 minute intervals
during the GTT and analysed by radioimmunoassay. GDM was
diagnosed according to the UK NICE guidelines (glucose0min
≥5.6mmol/l or glucose120min ≥7.8mmol/l). Pregnancy history and
maternal anthropometric data were recorded in early pregnancy and
at time of GTT. Statistical analysis was done by analysis of variance
(ANOVA) for comparison of means and multivariate linear
regression to determine predictors of glucose120min.
Results: 145 women were recruited into the study at a mean of
26+6 weeks gestation. Of these, 19 went on to develop GDM
(glucose120min range 7.8 to 12.1mmol/l). 19 controls, with the
lowest glucose120min values in our cohort (range 4.0 to 4.5mmol/l),
were identified. GDMwomen had higher baseline bodymass index
(BMI), waist circumference, glucose0min and glucose120min but
similar triceps and subscapular skinfold thickness and gestational
weight gain. GLP30min concentrations were significantly lower in
GDM women than controls after adjusting for age, ethnicity,
smoking and BMI (unadjusted p=0.01, adjusted p=0.04)
(Image). GLP-1 total area under the curve (AUC) was reduced by
13% in GDM (adjusted p<0.05) but mean GLP-1 and incre-
mental AUC were similar. Aside from glucose0min, GLP30min was a
predictor of glucose120min in regression models that adjusted for the
above confounders and gestational weight gain (β-coefficient -0.31,
p=0.02). There were no associations between GLP-1 levels at
other time-points and any glucose parameters.
Conclusion: Our findings suggest that early GLP-1 response,
measured by GLP30min, is reduced by 20% in GDM and it inde-
pendently predicts higher glucose levels at 120 minutes after a
GTT. This suggests a novel mechanism to explain the pathogenesis
of GDM and could be a target of future interventions.

Line chart of plasma GLP-1 concentrations during GTT in
women diagnosed with gestational diabetes mellitus (GDM)
and normal glucose tolerance (NGT)
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PA3.15.03

The role of maternal and offspring lifestyle behaviours in the
relationship between depression and adiposity in young adults

T.A. Mori1, S.K. Bhat1, M. Robinson2, S. Burrows1, L.J. Beilin1

1University of Western Australia, PERTH, Australia; 2Telethon
Kids Institute, University of Western Australia, PERTH, Australia

Background: The increasing incidence of overweight and obesity
in children and adolescents has been paralleled by an increase in
mental health disorders. Obesity often co-occurs with depression in
children and adolescents, and more than one-third of adults with
depression symptoms are obese. The nature of the depression-
obesity association is likely complex, with possible common
underlying familial and environmental influences. For example,
maternal smoking in pregnancy has been independently associated
with both offspring obesity and childhood behavioural problems.
This study aimed to investigate the influence of antenatal and
postnatal factors that may underlie any association between adip-
osity and depressive tendencies in young adults, with a focus on
maternal smoking in pregnancy, socioeconomic status and gender.
Methods: Data from the Western Australian Pregnancy
Cohort (Raine) Study including 1056 adults aged 20 years were
analyzed using multivariable models for associations between
offspring depression scores (DASS-21 Depression scale) and
body mass index (BMI), adjusting for pregnancy and early life
factors and offspring behaviours.
Results:Males had lower average depression, anxiety and stress
scores compared with females. Depression diagnosed by a
medical practitioner was reported in 16% of the participants. In
these participants depression scores were 8.25 units (P< 0.001)
higher compared with those not clinically diagnosed with
depression.
Multivariable regression analysis showed a significant interaction
between maternal prenatal smoking and depression-score (interac-
tion coefficient=0.096; P=0.037), indicating the relationship
between depression scores and BMI differed according to the
maternal prenatal smoking status. A positive association between
BMI and Depression score in offspring of maternal prenatal smo-
kers (coefficient=0.133; P=0.001) was independent of gender
and hormonal contraceptive use in females, maternal age, and pre-
pregnancy BMI. It equated to 1.1kg/m2 increase in BMI for every 1
SD (8 units) increase in depression score. There was no significant
association between BMI and Depression score in offspring of
mothers that did not smoke in pregnancy. Substituting low family
income during pregnancy for maternal prenatal smoking in the
interaction (interaction coefficient=0.091; P=0.027) showed a
positive association between BMI and depression score only among
offspring of mothers with a low family income during pregnancy
(coefficient=0.118; P<0.001). There were no significant differ-
ences between genders in these associations.
Conclusion: These findings indicate important maternal
behavioural and socioeconomic factors that identify individuals
vulnerable to the coexistence of obesity and depression in early
adulthood. Identifying those most at risk of the co-association

of adiposity and depressive symptoms is a public health priority
which will need to be tackled at a societal level.

PA3.15.04

Life course evolution of body fat and its association with
insulin resistance among rural Indian boys and girls

A.V. Ganpule-Rao1, C.H.D. Fall2, C.S. Yajnik1

1King Edward Memorial Hospital Research Centre, PUNE, India;
2MRCEnvironmental EpidemiologyUnit, University of Southampton,
Southampton Gen, SOUTHAMPTON, United Kingdom

Introduction: Indians have a “thin-Fat’ body composition
which predisposes them to increased risk of diabetes. Cross sec-
tional studies show association of adiposity with insulin resistance
and diabetes at different ages. However, there are few studies of
serial measurements of body composition by reference techni-
ques. PMNS is a pre-conceptional birth cohort with serial infor-
mation on children from birth to 18y of age and body
composition (DXA) measurements at 6, 12 and 18y. This pro-
vides an unique opportunity to establish evolution of whole and
regional body fat patterns in an undernourished contemporary
rural Indian cohort and its association with insulin resistance.
Methods: PMNS children were serially followed up from birth
to 18y for body size measurements (anthropometry). Insulin
resistance (HOMA-R) and body composition (Lunar- DXA
machines) were measured at 6, 12 and 18y. We studied pat-
terns of serial body fat deposition and explored its association
with insulin resistance.
Results: We studied 356 boys and 306 girls. Their average birth
weight was 2.6 kg, 74% were SGA by INTERGROWTH criteria,
none were LGA. Eleven percent children were born preterm. At
18y, boys weighed 57kg and girls 46kg; 50% were underweight
(BMI <18.5kg/m2), 5% were overweight (WHO 1995). At all
ages boys were taller, heavier and had higher lean and bone mass,
while girls had higher skinfolds and fat mass. From 6y to 18y, body
fat % remained constant in boys (~17% of weight) while in girls
there was a substantial increase between 12y and 18y (20 to 29%).
In both genders distribution of body fat in trunk, arms and legs
remained relatively constant between 6y and 12y. Between 12y and
18y there was an increase in the trunk fat % in both genders, leg fat
% increased in girls. On MLRA, body fat % at 18y was more
related to fat gain from 12y to 18y (19% variance) than 6 to 12y
(10% variance). SGA girls had significantly higher fat % at 12y and
18y (21.4 Vs 18.3% and 30.1 Vs 27.7%, respectively p <0.05 all).
Preterm girls had higher fat % at 6y and 12y (22.2 Vs 20.3%, 21.9
Vs 18.6%), There were no differences in boys. Insulin resistance
progressively increased from 6y to 18y (0.6 to 1.4 HOMA units).
Higher insulin resistance at 18y was predicted by lower skinfolds at
birth and lower fat% at 6y, but higher fat % at 18y. Higher insulin
resistance was associated with higher trunk but lower leg fat. These
associations were independent of gestational age, birth weight,
breast feeding practices and pubertal development.
Conclusion: Our results provide first description of life-course
evolution of body fat patterns in a relatively undernourished
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population. SGA and preterm children were more adipose as
adults. Smaller fat at birth and in childhood coupled with pub-
ertal fat gain predicted higher insulin resistance. Trunk and leg fat
have independent, opposite association with insulin resistance.

PA3.15.05

Maternal circulating PlGF levels in relation to insulin
sensitivity and β-cell function in infants born
small-for-gestational-age

H. He

Shanghai Jiao Tong University, Xin Hua Hospital, Shanghai,
China, SHANGHAI, China

Background: Small-for-gestational-age (SGA) infants are at
increased risk of type 2 diabetes in adulthood. There is a lack of
biomarkers for phenotyping SGA infants regarding future
metabolic health. We assessed whether third-trimester mater-
nal circulating placenta growth factor (PlGF), an indicator of
placental function, is associated with insulin sensitivity and
β-cell function in SGA infants.
Methods: This was a nested study in a large prospective preg-
nancy cohort (the 3D cohort), including 162 SGA (birth
weight <10th percentile) and 161 randomly selected AGA
(appropriate-for-gestational-age) control singleton infants
matched by gestational age, maternal ethnicity and smoking
status. The primary outcomes were homeostasis assessment of
insulin resistance (HOMA-IR) and β-cell function (HOMA-β)
in infants at 2-y.
Results:Maternal plasma PlGF concentrations at 32-35 weeks’
gestation were substantially lower in SGA versus AGA infants
(median, 444.1 vs. 825.6 pg/ml, P< 0.0001). Maternal PlGF
was positively correlated with cord plasma insulin-like growth
factor-1 (IGF-1) (r= 0.29, p< 0.0001), and tended to be
positively correlated to HOMA-β at 2-y (r= 0.16, p= 0.08).
Adjusting for pregnancy, delivery and infant characteristics,
each log unit increase in maternal plasma PlGF concentration
was associated with a 13% increase in HOMA-β at 2-y
(P= 0.038). SGA newborns with low maternal PlGF levels
(<25th percentile) tended to have lower HOMA-β (adjusted
P= 0.058) than AGA infants at birth, but there were no dif-
ferences in HOMA-IR and HOMA-β at 2-y.
Conclusions: Higher maternal circulating PlGF levels were
associated with better β-cell function in infants at 2-y. How-
ever, maternal PlGF alone could not phenotype SGA infants in
terms of metabolic health status at 2-y of age.

PA3.15.06

Prenatal environmental exposure and child blood pressure:
an exposome-wide approach in HELIX project

C. Warembourg1, I. Tamayo1, L. Maitre1, T. Roumeliotaki2,
S. Fossati1, C. Hernandez-Ferrer1, C. Thomsen3,
M. Nieuwenhuijsen1, R. Slama4, L. Chatzi2, J. Wright5,
R. Grazuleviciene6, J.R. Gonzalez1, M. Vrijheid1, X. Basagana1

1ISGlobal, BARCELONA, Spain; 2University of Crete,
HERAKLION, Greece; 3Norwegian Institute of Public Health,
OSLO, Norway; 4INSERM, GRENOBLE, France; 5Bradford
Institute for Health Research, BRADFORD, United Kingdom;
6Vytauto Didziojo Universitetas, KAUNUS, Lithuania

Background: Cardiovascular disease is one of the leading
causes of death and high blood pressure (BP) is a major con-
tributing factor. Until recently, control and prevention of
hypertension mainly concerned adults, but studies now report
that children with elevated BP are more likely to become
hypertensive adults, showing the relevance of BP control earlier
in life.The rapid rises in the prevalence of children with high
BP that have been documented, are of particular concern
and there is growing evidence about the fetal origins of
hypertension.
A number of individual risk factors for high BP have been identified
and there is emerging evidence that environmental exposures may
be important risk factors. However, results to date have been het-
erogeneous and have been limited primarily by the lack of a global
view of how a broad suite of correlated exposures (commonly
referred to the exposome) jointly impact on the development of
high BP during critical developmental periods.
This study aims to evaluate the effect of the prenatal exposome
on child BP.
Methods: This study is part of the HELIX project which fol-
lowed 1,300 children at 7-10 years old, from 6 European cohorts.
Diastolic and systolic BPs were measured during the clinical
examination of the child using a standardized protocol. A wide
range of prenatal exposures (>90) were evaluated including the
outdoor exposome (air pollution, built environment, meteorol-
ogy, natural spaces, traffic, and noise) assessed by geographic
information system, the individual exposome (metals, persistent
organic pollutants, pre- and polyfluoroalkyl substances, phtha-
lates, phenols, organophosphates, and cotinine) assessed by bio-
markers, as well as lifestyle factors (maternal diet, physical activity)
assessed by questionnaire. As a first statistical analysis, linear
regression models were used to assess the associations between
each prenatal exposure and child BP, adjusted for potential con-
founders. The threshold for statistical significance was set to 0.05
and estimates and their 95% confidence interval (CI) were cal-
culated for a change in the interquartile range of exposure.
Results: We observed significant increases in systolic BP with
outdoor temperature during pregnancy (β[95% CI]=2.4
[0.9;3.9]), concentrations of caesium (1.3[0.2;2.4]), concentrations
of bisphenol-A (1.1[0.3;1.9]), and fish intake (1.1[0.2;1.9]), and
significant decreases with some markers of the built environment
(eg, walkability index: -1.4[-2.4;-0.4]), concentrations of poly-
chlorinated biphenyl 138 (-1.2[-2.2;-0.3]) and concentrations of
mono-4-methyl-7-hydroxyoctyl phthalate (-0.5[-1.0;-0.04]). Sig-
nificant increases in diastolic BP were also observed with outdoor
temperature (2.1[0.6;3.5]), concentrations of caesium (1.6
[0.6;2.6]) and bisphenol-A (0.8[0.1;1.6]) as well as a significant
decrease with increasing outdoor humidity (-3.2[-6.1;-0.3]). Few
findings remained significant after correction for false discovery rate.
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Conclusions: Exposure to several environmental exposures during
pregnancy, including meteorological conditions, built environment
markers, and some chemicals contaminants, was associated with
child BP. These results should be confirmed by further statistical
analyses to account for multiple co-exposures using variables selec-
tion models, and to include postnatal environmental exposures.
Quantifying the potential contribution of early-life environmental
exposures to child BP is of critical importance since some exposures
are modifiable (through individual behaviors or government reg-
ulation) and early intervention has the potential for significant
benefits in reducing cardiovascular disease risk.

PA3.15.07

Ideal cardiovascular health and intermediate risk
phenotypes in child-parent dyads: the Longitudinal
Study of Australian Children

S. Liu1, P. Burgner1, M. Wake2, M. Juonala3

1Murdoch Children’s Research Institute, PARKVILLE, Australia;
2Liggins Institute, AUCKLAND, New Zealand; 3Department of
Medicine, University of Turku, TURKU, Finland

Background: The concept of ideal cardiovascular (CV) health,
first introduced by the AmericanHeart Association (AHA) in 2010,
summarises seven health behaviors (body mass index, physical
activity, non-smoking, and diet) and factors (blood pressure, glu-
cose, and cholesterol levels) that are first established in childhood.
We investigated the association between ideal CV health and
intermediate CV risk phenotypes in a population-based sample of
11-12 year old Australian children and their mid-life parents.
Methods: Data from 1874 families participating in the cross-
sectional Child Health CheckPoint, nested within the Long-
itudinal Study of Australian Children, were obtained during a
single assessment center visit and used to generate ideal CV health
scores. We used pre-defined cut-offs to dichotomise participants
into ideal, or non-ideal health for each CV metric; the sum of
ideal health over seven metrics determined their ideal CV health
score, ranging from 0 (poor health) to 7 (ideal health) . This score
was used as a quasi-continuous exposure in linear regression
models to predict three intermediate cardiovascular risk outcomes
– carotid intima-media thickness, carotid-femoral pulse wave
velocity, and carotid artery elasticity – separately in children and
parents. Complete case analysis was used to generate these data,
and will be supplemented with multiple imputation to account
for potential bias from missing data in final analysis.
Results: Ideal CV health (score of 7) was found in 6.6% of
children and 1.0% of their parents; 76.9% and 30.5% respec-
tively had a score of 5 or higher. Parent non-ideal health was
associated with child non-ideal health in each of the seven metrics
except physical activity (odds ratios from logistic regression ran-
ged from 1.56-10.83 in analyses adjusted for child and parental
age, sex and socioeconomic position). Ideal CV health score
strongly predicted CV outcomes in parents (P< 0.001) and
children (P< 0.002, except for child carotid intima-media
thickness (P=0.74)) (Figure). In multivariable analyses, blood

pressure and body mass index status predicted intermediate car-
diovascular risk outcomes independently of other ideal CV health
factors and behaviors, and potential confounders such as age, sex,
and socioeconomic position. Associations in parents explained
more variance in outcomes than in children (R2 in parents 0.21-
0.32, compared to R2 in children 0.01-0.11).
Conclusion: Ideal cardiovascular health is infrequent even in
mid-childhood, and is rare with increasing age. Even by 11-12
years of age, lower ideal CV health scores predict worse inter-
mediate CV risk phenotypes, suggesting that early life interven-
tions, especially addressing childhood hypertension and obesity,
are required to reduce the growing burden of CV disease. More-
over, our observation that both structural and functional pheno-
types are associated in adulthood, but only functional phenotypes
are associated in childhood imply that there is an opportunity to
prevent structural vascular changes in mid-childhood.
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Ideal Cardiovascular health score predicting intermediate
cardiovascular risk phenotypes in parents (light grey) and
children (black)

PA3.15.08

Maternal treatment with the mitochondria-targeted
antioxidant MitoQ prevents the programming of cardiac
dysfunction in adult offspring by developmental hypoxia

Y. Niu, A.M. Spiroski, C. Beck, Z. Wang,
S. Austin-Willimans, M.P. Murphy, D.A. Giussani

University of Cambridge, CAMBRIDGE, United Kingdom

Background: Pregnancy complicated by chronic fetal hypoxia
programmes cardiac dysfunction in the adult offspring via
mechanisms including oxidative stress (Giussani et al. PLoS
One. 2012; 7(2):e31017; Xue et al. J Pharm Exp Ther. 2009;
330(2): 624; Rueda-Clausen et al. Card Res. 2009; 81(4): 713).
We showed that maternal treatment with high doses of the
antioxidant vitamin C in hypoxic pregnancy prevents this
developmental programming of cardiovascular dysfunction,
providing proof of principle on possible intervention (Giussani
et al. PLoS One 2012; 7(2):e31017). However, high doses of
vitamin C can cause oxaluria and kidney stones in humans
(Massey et al. J Nutr. 2005; 135(7):1673), thereby offering
little clinical translational value. Since mitochondria are the
major site of reactive oxygen species generation, targeting them
specifically in complicated pregnancy may offer better transla-
tional value for human clinical intervention. Here, we investi-
gated whether maternal treatment with MitoQ, a
mitochondria-targeted antioxidant, can prevent the cardiac
dysfunction programmed by developmental hypoxia using our
established rodent model.
Methods: Female Wistar rats (n= 40) were randomly divided
into normoxic (N: 21% O2) or hypoxic (H: 13% O2) preg-
nancy, with or without maternal treatment with MitoQ (1mg/
Kg/day in drinking water) from days 6-20 of gestation. This
experimental model of hypoxia does not affect maternal food
intake. At birth, litters were culled to 8 pups (4 males and 4
females) and weighed weekly. At 4 months, following eutha-
nasia, hearts were isolated from 1 male per litter to control for
sex and within-litter differences and cardiac function was
investigated in a Langendorff preparation.
Results: Adult offspring from hypoxic pregnancy showed elevated
left ventricular end diastolic pressure (LVEDP, Figure 1A),
enhanced left ventricular contractility index (Figure 1B) and cardiac
sympathetic dominance (Figure 1C). Maternal treatment with
MitoQ in hypoxic pregnancy restored all indices of cardiac
dysfunction towards control levels. At 4 months, there was no dif-
ference in body weight or heart weight between offspring from
untreated or treated hypoxic or normoxic pregnancy.
Conclusions: Maternal treatment with the mitochondria-
targeted antioxidant MitoQ protects against cardiac dysfunc-
tion at adulthood programmed by developmental hypoxia.
Funding: Supported by the British Heart Foundation

PA3.15.09

Fish-oil supplementation in pregnancy causes a
proportional increase in body bone- fat-, and lean- mass at
6 years: Randomized, Controlled, Double-Blind, Clinical
Trial

R.K. Vinding1, J. Stokholm2, A. Sevelsted2, T. Sejersen1,
B. Chawes2, K. Bønnelykke2, L. Howe3, M. Krakauer4,
T. Buhl4, H. Bisgaard2

1University of Copenhagen, GENTOFTE, Denmark;
2COPSAC, university of Copenhagen, GENTOFTE, Denmark;
3MRC Integrative Epidemiology Unit at the University of Bristol,
School of Social, BRISTOL, United Kingdom; 4Department of
Clinical Physiology and Nuclear Medicine, Herlev and Gentofte
Hosp, GENTOFTE, Denmark

Background: Some observational studies suggest that maternal
fish intake during pregnancy affect offspring growth during
childhood, but the findings are ambiguous. Therefore, we
examined the effect of fish oil supplementation in pregnancy on
anthropometrics and body composition during childhood in a
large randomized trial.
Method: This was a single-center, double-blind, randomized
controlled trial conducted among 736 pregnant women and
their offspring, participating in the Copenhagen Prospective
Studies on Asthma in Childhood2010 (COPSAC2010) mother-
child cohort. The women were recruited in pregnancy week 24
and randomized to capsules containing either 2.4g of n-3 long-
chained polyunsaturated fatty acids (fish oil) or control (olive
oil) daily until one week after birth. We investigated the effect
of fish oil on development of length/height, weight, head and
waist circumference from 0-6yrs and body composition deter-
mined by dual-energy X-ray absorptiometry (DXA) scans at
3.5yrs and 6yrs (secondary end-points in the study design).
Results: The fish oil supplementation resulted in significantly
higher mean z-score BMI from 0-6 years compared to control:
β-coefficient 0.14; 95% confidence interval (CI) [0.13; 0.15];
p= 0.006. This led to higher z-score BMI at age 6yrs (mean
difference fish oil vs. control: 0.19; 95% CI [0.06; 0.32],
p= 0.004) and a larger waist circumference (0.64cm; 95% CI
[0.02; 1.21], p= 0.04), but not a higher proportion of children
in risk of obesity (5% (N= 16) vs 5% (N= 14), p= 0.89).
The DXA scan at age 6 years showed a higher fat free mass in
the fish oil vs. control group (height-adjusted mean difference:
304g (95% CI [102; 507]), p= 0.003), a higher bone mineral
content (13g (95% CI [5; 21]), p= 0.002), and a higher bone
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mineral density (0.01g/cm-2 (95% CI [0.00; 0.01]), p= 0.02).
However, no difference in total body fat percentage (0.13%,
(95% CI [-0.76; 1.02]), p= 0.78.
Conclusion: Fish oil supplementation from 24th week of
pregnancy led to an increased BMI from 0-6 years of age
characterized by a body composition at age 6 years with a
proportional increase in lean mass, bone mass and fat mass and
no increase in obese children or children at risk of obesity
Trial Registration: ClinicalTrials.gov: NCT0079822

LM3.1 - Trainee lunch workshop

LM3.01.01

How to write a paper for a high impact journal

J.R. Ingelfinger1,2,3

1Harvard Medical School; 2Pediatric Nephrology, MassGeneral
Hospital for Children at MGH; 3the New England Journal of
Medicine

Writing a paper that presents and describes your research
findings in a way that is appealing to a broad scientific audience
can be a challenge. Only a small percentage of scientific
papers ultimately get published in high-impact journals.
How can researchers increase their chances? What are the do’s
and don’ts? In this workshop, Dr. Julie Ingelfinger, Deputy
Editor at the New England Journal of Medicine, will discuss
how to approach writing a manuscript that aims for publication
in a high-impact journal. Dr. Ingelfinger is Professor of
Pediatrics and Senior Consultant in Pediatric Nephrology at
Harvard Medical School and MassGeneral Hospital for
Children at MGH in Boston. Besides her current position as
Deputy Editor of the New England Journal of Medicine,
Dr. Ingelfinger has been a member of the Editorial Board of
multiple international scientific journals including Pediatrics,
Hypertension, American Journal of Physiology and Pediatric
Nephrology.

LM3.02 - Oral slam session neurodevelopment

LM3.02.01

Klotho’s effects on cognition and brain in early life

C.F. de Vries1, R.T. Staff2, G.D. Waiter1, A.D. Murray1,
K.G. Noble3

1University of Aberdeen, ABERDEEN,
United Kingdom; 2Imaging Physics, Aberdeen Royal Infirmary,
NHS Grampian, ABERDEEN, United Kingdom; 3Teachers
College, Columbia University, NEW YORK, United States
of America

Background: Variation in the klotho (KL) gene is linked to
differences in health outcomes: KL allele KL-VS heterozygosity
is associated with longevity, improved health, cognition and
greater right frontal grey matter volume in late life. However,

some reports contradict these benefits, and suggest that KL-
VS’s effect on health might be age-dependent. Here we exam-
ine the relationship between KL-VS genotype, cognition and
brain in early life, and whether any links with KL-VS were
moderated by age, sex or socioeconomic circumstance.
Methods: We investigated the associations of KL-VS carrier
status in 1379 children and adolescents between the ages of 3 to
21 years in the Pediatric Imaging, Neurocognition and
Genetics (PING) cohort. General linear modelling examined
differences in cognition, total brain volume, grey matter
volume and white matter volume (corrected for total intracra-
nial volume). Differences in regional brain volumes, cortical
thickness and surface area were examined using the PING data
portal.
Results: KL-VS × age was significantly associated (p< .05)
with cognition, total grey matter volume, and total brain
volume. KL-VS heterozygotes had higher cognition than non-
carriers before age 11, but lower cognition after age 11. Het-
erozygotes have smaller brains than non-carriers do in early
childhood, but catch up when older. KL-VS × sex was sig-
nificantly associated with total white matter volume. Among
girls, KL-VS heterozygotes had smaller total white matter
volumes than non-carriers. Among boys, heterozygotes had
greater white matter volumes than non-carriers. No other brain
differences were found.
Conclusions: In early life, KL-VS’s effect on cognition and
brain development is influenced by a person’s age and sex, but
not by socioeconomic circumstance. Our results suggest that
previous contradictory reports may be explained by differences
in sex and/or the age range of the samples. Furthermore, KL-
VS’s effects in late life might be partially attributable to differ-
ential development in childhood.

LM3.02.02

Maternal prenatal aggression and sex differences in
offspring externalizing behavior and substance use

M. Horner1, M. Cornelius2, N.D. De Genna2

1Johns Hopkins Medicine, BALTIMORE, United States of
America; 2University of Pittsburgh School of Medicine,
PITTSBURGH, United States of America

Background:Maternal psychological stress during the prenatal
period predicts lasting change in offspring emotion and beha-
vior, including increased externalizing behavior1. Recent work
has suggested sex-specific vulnerability periods for the effect of
maternal stress on fetal development, with boys generally at
greater risk than girls2. Inasmuch as the presence of externa-
lizing symptoms, including aggression, increases risk for sub-
stance use more strongly for boys than girls3, we hypothesized
that maternal prenatal aggression would increase offspring risk
of developing externalizing symptoms which in turn would
predict substance use, and that this relationship would be
stronger for boys than girls.
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Methods: As part of the Teen Cohort Study, 413 pregnant
teens (67.8% African American and 32.2% Caucasian) were
recruited from the local regional community obstetric clinic.
Mother-child dyads were tracked from around 17 weeks
gestation to offspring age 16. Maternal aggression was mea-
sured using the Youth Self-Report and Profile during the sec-
ond trimester for the prenatal period and again at offspring age
6. Offspring externalizing symptoms were rated by the care-
giver at age 6 using the Child-Behavior Checklist. Offspring
Substance Use was measured at age 16 and included yes/no of
past month marijuana, alcohol, and cigarette use. A multi-
group Structural Equation Modeling (SEM) was performed on
the model for each gender using mean and variance adjusted
weighted least squares estimation method, with key covariates
included (MPlus v7).
Results: For each SD increase in age 6 externalizing symptoms,
female offspring were more likely to use substances at age 16 as
follows: marijuana 30%, alcohol 24%, and cigarette 35%.
Males were 27% more likely to use cigarettes at age 16 for one
SD increase in age 6 externalizing symptoms, but there
was no relation to marijuana or alcohol use. For both male and
female offspring, prenatal maternal aggression predicted maternal
aggression six years later, and offspring externalizing behavior at
age 6 predicted their substance use at age 16, with about 11 to
24% of the variability of substance use at age 16 explained by the
predictors. There was good model-data fit for both male and
female offspring models. However, the relationship from mater-
nal prenatal aggression to offspring behavior (age 6) and substance
use (age 16) was only significant for females. Possible prenatal
sex-specific vulnerabilities will also be considered.
Conclusions: The influence of maternal prenatal stress on
offspring outcomes may vary by sex/gender of offspring. Con-
trary to our hypothesis, the effect of maternal aggression during
pregnancy and externalizing symptoms on adolescent sub-
stance use was stronger for females. Additional research is
needed to replicate these findings in other datasets and deter-
mine if offspring sex differences during the prenatal period
contribute to the observed variations.
References: Ronald, A., et al. (2010). Prenatal Maternal Stress
Associated with ADHD and Autistic Traits in early Childhood.
Front Psychol 1: 223. Bale, T. L., & Epperson, C. N. (2015).
Sex differences and stress across the lifespan. Nature neu-
roscience, 18(10), 1413-1420. Ensminger, M. E., et. al.
(2002), Childhood and adolescent antecedents of substance use
in adulthood. Addiction, 97: 833–844.
Funding: NIH (Cornelius), NIDA (Horner).

LM3.02.03

Timing of natural menopause remains associated with
verbal memory across adult life after controlling for
childhood cognitive ability.

D. Kuh, R. Cooper, A. Moore, M. Richards, R.J. Hardy

UCL, LONDON, United Kingdom

Background: Whether later menopause is associated with
better cognition, slower cognitive decline and a reduced risk of
dementia has long been of interest. Lifelong studies are
required as there is evidence from several cohorts that higher
childhood cognitive ability is associated with later age at
menopause; and animal studies show that estrogen has pleio-
tropic effects on the central and peripheral nervous systems and
reproductive system right across life. Data from the MRC
National Survey of Health and Development, the oldest of the
British birth cohort studies, were used to investigate whether
adult cognition and its change across adult life was associated
with timing of natural or surgical menopause, taking account of
hormone replacement therapy (HT) use. We hypothesised
that later menopause would be associated with higher adult
cognition and slower change; but that any associations would
be explained by childhood cognitive ability, or by socio-
behavioural factors.
Methods: Verbal memory (word learning recall) and
processing speed (timed visual search) were assessed at ages
43,53,60-64 and 69. Age at period cessation was derived from
11 questionnaires between 43 and 64 years. There were 1303
women with a known age and type of menopause and up to
four scores on verbal memory or processing speed. For each
test, multilevel models were fitted with linear and quadratic age
terms, stratified by type of menopause (natural or surgical).
Sequential adjustments were made for HT use, body mass
index and smoking at each cognitive assessment; and for adult
occupational class, educational qualifications, and childhood
cognitive ability at age 8.
Results: Later age at natural menopause was consistently
associated with better verbal memory from 43 to 69 years (0.18
words per year, 95% CI 0.08,0.27, p-value< .001) but not with
change in memory. An association remained after adjustment for
all adult covariates (0.14 words per year, 95% CI 0.06,0.22,
p-value< .001). Additional adjustment for childhood cognitive
ability (which was strongly related to adult verbal memory) fur-
ther reduced this estimate but a modest association remained
(0.10 words per year, 95%CI: 0.03,0.18, p-value = .007). Later
age at surgical menopause was also associated with better memory
(0.16, 95%CI 0.08,0.27, p value< .001) but not with change in
memory; however, this estimate was halved after adjustment for
adult covariables and further attenuated by adjusting for child-
hood cognitive ability. Search speed was not associated with age at
natural or surgical menopause.
Conclusion: Our longitudinal findings show a modest asso-
ciation between timing of natural menopause and verbal
memory that is present throughout adult life, persisting into
the seventh decade. This is not fully explained by prior cogni-
tive ability or sociobehavioural factors. Our findings suggest
that lifelong processes (such as lifelong oestrogen metabolism)
may be the underlying mechanism, rather than short-term
hormonal fluctuations during the menopause transition.
Modifiable factors that promote cognitive development or
delay reproductive ageing could have beneficial effects on adult
memory.
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LM3.02.04

Too small to sleep : The longitudinal associations between
maternal depressive symptoms and child sleep in SGA
children

A.A. Bouvette-Turcot1, H. Gaudreau1, M. Steiner2,
M.J. Meaney1, P. Pelufo Siveira1

1McGill University, MONTREAL, Canada; 2McMaster
University, HAMILTON, Canada

Background: Sleep is a dynamic construct. On the one
hand, it is influenced by several factors ranging from environ-
mental to individual characteristics. On the other hand, it plays
an essential role in healthy development. The consolidation
of the sleep-wake schedule serves as an early indicator
for the development of arousal, emotion and attention regula-
tion and the infant’s neurobehavioral maturation. It is, thus,
crucial to understand what factors may promote or impair
sleep. Although developmental research often assumes that
most children are equally affected by the same environmental
factors, a growing number of studies provide evidence that
individual characteristics appear to modulate the influence of
early life experiences. One such potential moderating factor is
growth restriction. Albeit scarce, literature shows that
children born small for gestational age (SGA) present with
immature sleep organization (Watt & Strongman, 1984).
SGA children are at increased risk for behavioural inhibition
and shyness in childhood, all of which appear to be predictors
of mood disorders in later life (Sykes et al. 1997). They are
also at significantly greater risk for type II diabetes,
visceral obesity, and hypertension (Matthews, 2001).
One may thus hypothesize that the increased vulnerability SGA
children are prone to will also lead to an increased susceptibility
to their rearing environment. Hence, we aimed to study the
impact of maternal symptoms of depression on child sleep
as a function of their SGA status. We hypothesized that SGA
children would be more affected by their mothers’ mood
than their non-SGA counterparts as reflected in shorter sleep
duration.
Methods: Our representative community sample consisted of
211 mother-children dyads recruited in the prenatal period and
that were part of a longitudinal study: the MAVAN (Maternal
Adversity, Vulnerability, and Neurodevelopment). Maternal
symptoms of depression were repeatedly assessed postnatally
(from 6 to 72 months) with the Center for Epidemiological
Study for Depression scale (CES-D; Radloff, 1977). Total
scores were averaged over time. Children were classified into
SGA or not based on the birth weight ratio (observed birth
weight/mean populational age, sex and gestational age specific),
in which children with BWR below 0.85 were considered SGA.
Child sleep duration was assessed with mother-reports from 6
to 72 months. A cumulative sleep measure was derived using
mixed models.
Results: Moderation analyses revealed a significant interaction
between longitudinal symptoms of maternal depression and

child SGA status in association with child cumulative sleep
duration. Results showed increasing symptoms of maternal
depression were associated with decreased sleep duration but
only for children born SGA (b= -.04, SE = .02, p = .03) .
Non-SGA children were, contrastingly, not affected (b= -
.0003, SE = .0075, ns).
Conclusions: The results suggest that higher symptoms of
maternal depression from 6 to 72 months postpartum were
associated with shorter cumulative sleep duration in SGA
children from 6 to 72 months. Contrastingly, non-SGA chil-
dren’s sleep was not influenced by maternal symptoms of
depression. This suggests increased susceptibility to the envir-
onment for SGA children.

LM3.02.05

The genetic architecture of differential susceptibility to
childhood adversity; a genome-wide approach

S.A. Hari Dass

McGill University, MONTREAL, Canada

Background: Mental health outcomes following exposure to
adversity vary considerably reflecting individual differences in
susceptibility/resilience to stress. Such a ‘differential suscept-
ibility’ to adverse environmental conditions is apparent in
studies of exposures occurring in both childhood and later life.
While the candidate gene studies reveal the importance of
genotype in moderating the impact of environmental adversity,
this approach bears weaknesses. Here we describe the use of a
genome wide profiling approach to the study of differential
susceptibility to childhood adversity.
Methods:We studied susceptibility in the context of substance
dependency upon exposure to adversity in the Study of
Addiction, Genes and Environments (SAGE) data set. Suscep-
tible individuals were defined as those subjects with a substance
dependence and a history of adversity (composite measure of
childhood adversity and life time adversity). Resilient individuals
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were defined as subjects with no evidence for substance
dependence, but likewise positive for a history of adversity. We
performed a genome-wide association study (GWAS) of sus-
ceptibility. We then used the GWAS data to devise a polygenic
risk score (PRSsus) to reflect the genetic risk for susceptibility to
adversity.
Results: A GWAS of susceptibility revealed 59 SNPs that
passed a suggestive threshold (p< 1× 10-5). In an independent
subset of data, our PRSsus differentiated between susceptible
and resilient individuals. Receiver operator curve analysis shows
that our PRSsus is highly specify and sensitive in predicting
substance dependency only among individuals with a history of
adversity (AUC = 0.85,accuracy = 0.89) and not in subjects
with no history of adversity (AUC= 0.54 and accuracy=
0.55). The above results were also observed when the adversity
variable was restricted to a history of childhood abuse. We,
further, examined the predictive validity of our PRSsus in sec-
ond independent replication cohort- a study of adults with
objective measures of childhood adversity (physical or sexual
abuse) and data on current mental health. We found a positive
and significant association between PRSsus and externalizing
diagnoses only among participants with a history of child
maltreatment.
Conclusion: Thus we validated our PRSsus by examining
two mental health outcomes, substance dependency and
externalizing diagnosis. We propose that our PRSsus reflects
the underlying genetic architecture of differential susceptibility
to adversity, including childhood adversity, and not
directly to the specific mental health outcome. Our proposed
polygenic measure of susceptibility has implications for the
definition of high-risk individuals exposed to childhood
adversity.

Predictive validity of the PRS for childhood adversity in the
replication dataset

LM3.02.06

Psychological distress and suicidal ideation in
Indigenous Australians from adolescence to young
adulthood

B. Davison, T. Nagel, G.R. Singh

Menzies School of Health Research, CASUARINA,
Australia

Background: Almost half (45.5%) of Australian adults
experience mental illness (psychological distress, affective
or substance use disorder) at some point in their lifetime.
Indigenous adults have higher rates of psychological distress
and suicide compared to non-Indigenous Australians.
The Northern Territory (NT) has the highest rates of
suicide of all Australian jurisdictions over recent decades, par-
ticularly in Indigenous young adults. Mental health
disorders are associated with suicidal ideation and risk of self-
harm.
Methods: Indigenous participants of the Darwin, NT, Aus-
tralia based Aboriginal Birth Cohort study, recruited at birth
(1987-1990) and assessed in adolescence at age 16-20 years
(n= 469) and in young adulthood at age 22-27 years
(n= 459). Emotional status was assessed at both time points;
suicidal ideation and self-harm questions was assessed by the
strong souls (SS) questionnaire and psychological distress by
the SSA in adolescence and Kessler-5 in young adulthood. In
adolescence, 5 questions from the SS equivalent to the Kessler-
5 (K5) were used and converted from 4 point Likert score to 5
point (K5= (SS x )+ 5). K5 score ≥ 12 (75th centile internal
reference at both time points) was used to define psychological
distress which is the same cut-off as that used clinically. Ana-
lysis was restricted to those with complete data at both time
points (n= 266).
Results: Significantly higher rates of psychological
distress, suicidal ideation and risk of self-harm were seen
in women both at adolescence and young adulthood.
Participants with psychological distress reported significantly
higher suicidal ideation and risk of self-harm both in adoles-
cence and young adulthood, irrespective of gender. After
adjusting for gender, a trend was seen in risk of self-harm (OR
2.02; CI 1.02, 4.01) between adolescence and young adult-
hood, no association was seen for psychological distress (OR
1.14; CI 0.62, 2.11) and suicidal ideation (OR 2.16; CI
0.78, 6.00).
Conclusions: One in four participants in this cohort
reported psychological distress both in adolescence and young
adulthood. With the increasing awareness of the intergenera-
tional effects of maternal stress of particular concern are the
higher rates seen in women of childbearing age (one in three).
These high rates of distress both in adolescence and young
adulthood, emphasize the need for tailored, culturally
appropriate, gender specific programs targeting early screening
and treatment not only in adolescence but continuing into
adulthood.
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Rates of psychological distress, suicidal ideation & self-harm in
adolescence and young adulthood by gender

LM3.02.07

Associations of maternal lifetime exposure to violence and
gestational cortisol, with offspring mitochondrial-DNA
copy number

M. Tamayo y Ortiz1, M.M. Téllez-Rojo2, B. Trejo-Valdivia2,
I. Pantic3, L. Schnaas3, M. Sánchez-Guerra3, A. Baccarelli4,
D. Deepjyoti5, R. Wright6, R. Wright6

1CONACYT-INSP, CUERNAVACA, Mexico; 2INSP,
CUERNAVACA, Mexico; 3INPER, MEXICO, Mexico;
4Columbia University Mailman School of Public Health, NEW
YORK, United States of America; 5HSPH, BOSTON, United
States of America; 6Icahn School of Medicine at Mount Sinai,
NEW YORK, United States of America

Background: Mitochondrial dysfunction has been associated
with a higher risk of numerous diseases. Such condition might
be programmed in utero, both by concurrent gestational
exposures or by maternal life-time determined characteristics.
Exposure to violence can permanently alter a woman’s phy-
siology through acute or chronic stress, leading to excess cor-
tisol concentrations and eventually disrupting allostasis. We
examined mitochondrial-DNA copy number (mtDNA-C) a
compensatory response for cellular-redox-imbalance in cord
blood and its association with maternal lifetime exposure to
violence (EV) (during childhood, adolescence, pre-pregnancy
and pregnancy stages) and pregnancy cortisol.
Methods: Coord blod mtDNA-C, maternal salivary cortisol
and lifetime exposure to violence was studied in 439 mother-
infant pairs in the Mexican PROGRESS birth cohort.
mtDNA-C was measured using quantitative PCR; cortisol was
measured 5 times/day at timed intervals over 2 days to capture
diurnal variation, and summary indicators calculated: area

under de the curve (AUC) and cortisol awakening response
(CAR); EV was assessed at ages:< 11 years old (childhood),
between 11 and 18 years old (adolescence), and > age 18 years
old before the current pregnancy (pre-pregnancy), and during
pregnancy, using the Childhood Trauma Questionnaire. We fit
finite mixture models to evaluate the association pattern between
EV and cortisol with mtDNA-C. Models included interaction
terms between EV stages (e.g., childhood*adolescence).
Results: Exploratory analysis on mtDNA-C identified three
different groups in the study population, therefore, it was
analyzed as a mixture of three normal populations. Cortisol
indicators revealed a mixture of 2 normal groups. As for EV, we
derived 4 scores, one for each life stage using a Poisson mixture
model. We observed that the mean scores for violence
decreased throughout life and found patterns between con-
secutive stages as the most significant ones. Preliminary results
show association patterns between EV and the CAR. Pre-
pregnancy violence was associated with an increased CAR.
However this was not parallel with the AUC. Models including
EV and cortisol CAR and AUC indicated different association
patterns within each groups of mtDNA-C. For group 1 (which
reflected the subpopulation with average mtDNA-C) EV dur-
ing pregnancy and pre-pregnancy, as well as a higher CAR was
associated with increased mtDNA-C, no associations were
found for AUC. For group 2, (with higher mtDNA-C) no
associations were found with EV or AUC however, a decrease
in mtDNA-C was associated with higher CAR. Group 3 (with
the lowest mtDNA-C) showed decreased mtDNA-C associated
with EV, CAR and AUC.
Conclusions: Cord blood mtDNA-C showed a normal mix-
ture distribution. This behavior is especially relevant since dif-
ferent associations with EV and cortisol can be found for each
of these derived groups (subpopulations). We will continue our
analyses of cord blood mtDNA-C which could be a marker of
fetal programming of adult disease, associated with maternal
gestational cortisol and lifetime EV.

LM3.02.08

A two-step Mendelian randomization study of DNA
methylation as intermediate between maternal vitamin B12
during pregnancy and offspring’s cognition

D. Caramaschi1, G.C. Sharp2, E.A. Nohr3, K. Berryman2,
S.J. Lewis2, G. Davey Smith2, C.L. Relton2

1University of Bristol, BRISTOL, United Kingdom; 2MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom; 3University of Southern Denmark, ODENSE,
Denmark

Background: An adequate intake of vitamin B12 during preg-
nancy plays an important role in offspring neurodevelopment,
potentially via epigenetic processes. Here we present a two-step
Mendelian randomization approach to assess whether DNA
methylation plays a mediating and causal role in the association
between maternal vitamin B12 status and offspring’s cognition.
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Methods: Firstly, we estimated the causal effect of maternal
vitamin B12 levels on cord blood DNA methylation using the
maternal FUT2 genotypes rs492602:A>G and rs1047781:
A>T as proxies for circulating vitamin B12 levels in the Avon
Longitudinal Study of Parents and Children (ALSPAC) and we
tested the observed associations in the Genetics of Overweight
Young Adults (GOYA) replication cohort. Secondly, we esti-
mated the causal effect of DNA methylation on IQ using the
offspring genotype at sites close to the methylated CpG site as a
proxy for DNA methylation in ALSPAC and in the Social
Science Genetic Association Consortium (SSGAC) replication
sample. We used two-sample instrumental variable analysis in
both steps.
Results: The first step estimated that maternal vitamin B12 had
a small causal effect on DNA methylation in offspring at three
CpG sites, upstream of the USP29 gene and in the APOL2 and
RCSD1 genes. The effect was replicated for the USP29 site.
The second step found weak evidence of a causal effect of DNA
methylation at APOL2 and RCSD1 on Performance IQ. The
effect was replicated for APOL2. We could not perform the
second step analysis for the USP29 site due to lack of valid
instruments.
Conclusions: Our findings support a causal effect of maternal
vitamin B12 levels on cord blood DNA methylation and a
causal effect of vitamin B12-responsive DNA methylation
changes on children’s cognition. We will discuss the strengths
of this study and the limitations of this approach.

LM3.02.09

The association between obesogenic eating behavior and
body composition across childhood: evidence for reversed
causality

I.P.M. Derks, H. Tiemeier, V.W.V. Jaddoe, P.W. Jansen

Erasmus MC, ROTTERDAM, The Netherlands

Background: Unhealthy eating behavior is considered as a
modifiable risk factor for childhood obesity. However, long-
itudinal data with repeated measures of both eating behavior
and child body composition is missing. Therefore, reversed
causality cannot be ruled-out. We aimed to examine the
bi-directional association between obesogenic eating behavior
and body composition in children from age 4 to 10 years.
Methods: Longitudinal data were available for 3331 children
participating in the Generation R Study. BMI was measured
when children were 4 and 10 years old. Fat Mass Index (FMI)
and Fat Free Mass Index (FFMI) was measured at 6 and 10
years of age with DXA. When children were 4 and 10 years old,
mothers reported on the Child Eating behavior Questionnaire
(CEBQ); the subscales Food Responsiveness, Satiety Respon-
siveness, Enjoyment of Food and Emotional Overeating were
examined.
Results: More emotional overeating at 4 years was only
modestly associated with a higher BMI and FMI at 10 years (for
BMI SD score, β= 0.03, 95%CI= 0.00, 0.06), whereas more

satiety responsiveness was associated with a lower BMI and
FFMI. In contrast, we found very consistent evidence for the
reversed association. A higher BMI, FMI and FFMI in pre-
school age predicted more emotional overeating, food respon-
siveness, enjoyment of food, and less satiety responsiveness at
age 10 years, with strongest associations for FMI (i.e. food
responsiveness, per FMI SD score: β= 0.36, 95%CI: 0.31,
0.40). Cross-lagged models of associations between child BMI
and eating behavior confirmed our findings: a higher child BMI
at the age of 4 years predicted higher food responsiveness and
enjoyment of food and lower satiety responsiveness at the age of
10 years, but no association was found in the opposite direction
in this bi-directional model.
Conclusions: Results from this prospective study with repeated
measures showed that a higher BMI, FMI and FFMI at pre-
school age predicted higher levels of obesogenic eating behavior
at the age of 10 years, whereas little evidence for the often
hypothesized effect of eating behavior on body composition
was found. Thus, in young children a higher BMI precedes the
change in eating behavior. This suggests that increased adip-
osity in early childhood might upregulate appetite and related
unhealthy eating behavior.

LM3.02.10

Robust Early Life Determinants of Neurocognitive
Development in Children: Evidence from the Pune
Maternal Nutrition Study (PMNS)

C.S. Yajnik1, C.M. Tan2, V. Bhate1, S. Bandyopadhyay3,
A. Sankar4

1King Edward Memorial Hospital Research Centre, PUNE,
India; 2Department of Economics, University of North Dakota,
GRAND FORKS, NORTH DAKOTA, United States of
America; 3Indian Institute of Public Health, HYDERABAD,
India; 4University of Minnesota, MINNESOTA, United States of
America

Background: We investigate the impact of intrauterine and
postnatal environment influences on neurocognitive develop-
ment at age 12. Majority of studies report associations within a
short time of exposure.
Methods: The PMNS is a pre-conception birth cohort estab-
lished in 1993 and has data on a range of maternal character-
istics (size, socio-economic factors, anthropometry, physical
activity, nutrition, and circulating levels of nutrients and
metabolic endocrine markers) during pregnancy. Children and
parents have been followed-up regularly after delivery for
similar measurements. Neurocognitive assessment was done in
children at 12 years of age. The battery of tests include Raven’s
Color Progressive Matrices, Block Design, Picture Comple-
tion, Digit Span, Trail Making, and Auditory verbal learning
test. The PMNS data therefore allows us to control for remedial
interventions during the lifecycle of the child after birth when
investigating the impact of in utero environment. We intro-
duce the idea of theory open-endedness and its implications on
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model uncertainty into this area of research. We argue that
existing findings on the impact of in utero nutrient deficiencies
on child outcomes are based on approaches that ignore model
uncertainty. Currently, the standard approach is for the
researcher to specify an ad hoc “baseline” regression model, and
then to check for robustness by examining the consequence of
small deviations from this baseline model. We argue that this
approach places an undue burden on the reader to accept the
preponderance of prior knowledge on the part of the researcher
that is not always explicitly articulated nor justified.
We advocate an approach that moves the focus of analysis away
from findings based on any single a priori chosen model to
estimates that do not depend on a particular model specifica-
tion but that are instead conditional on the space of models
generated from the set of plausible explanatory variables for the
outcome of interest. Specifically, we employ Bayesian model
averaging (BMA) methods to produce robust estimates for the
treatment effect by assigning evidentiary weights based on the
data (i.e., posterior model probabilities) to each model in the
model space, and then taking an average of model-specific
estimates using these weights.
Results: Our findings suggest that a range of early factors such
as mother’s B12 levels, fasting glucose levels, triglycerides, and
HDL during pregnancy; child’s head circumference and height
at birth remain important determinants of child’s neurocogni-
tive development at age 12 even after controlling for sub-
sequent changes in child health and nutritional status after
birth. However, our results also highlight the critical role of
father’s education, mother’s education and socioeconomic sta-
tus in determining a child’s neurocognitive development.
Father’s education seems to be especially important with a
positive and significant impact on most cognitive measures.
Other socioeconomic factors also appear to be significant in
explaining these cognitive measures.
Conclusion: Overall, our findings, which emphasize the
importance of both initial conditions as well as post-birth
family environment on child neurocognitive outcomes, affirm
the substantive importance of DOHaD as an organizing fra-
mework for thinking about the later life implications of early
disadvantages.

LM3.02.11

How body composition influence hearing status at two
important life stages: early adolescence and mid-life

J. Wang1, K. Lycett1, C.M.P. Le Clercq2, P. Carew3, V. Sung1,
R.A. Burt1, M. Wake4

1Murdoch Childrens Research Institute, MELBOURNE,
Australia; 2Erasmus MC, ROTTERDAM, The Netherlands;
3The University of Melbourne, MELBOURNE, Australia; 4The
University of Auckland, AUCKLAND, New Zealand

Background: Because of its impacts on health and quality of
life, reported recent upswings in the prevalence of child and
adult hearing loss are concerning. They are also plausible in the

context of the changing epidemiology of not only mechanical
(eg noise exposure) but also novel non-communicable disease
(eg obesity, inflammation) risk factors. This study aims to
determine which, if any, body composition measure best pre-
dicts hearing parameters in 11-12 year old children and their
mid-life parents, and whether longitudinal body mass index
(BMI) trajectories are more predictive than concurrent BMI.
Methods: Design & Participants: 11 to 12 year olds and their
mothers participating in the Child Health CheckPoint, a one-
off biophysical wave nested between Waves 6 and 7 of the
population-based Longitudinal Study of Australian Children
(LSAC). Body composition: BMI, fat/lean mass indices, waist-to-
height ratio at the CheckPoint; biennial repeated BMI from
LSAC waves 2 to 6. Audiometry (CheckPoint): Mean hearing
threshold calculated in four ways - high Fletcher Index (1, 2,
4 kHz), four frequency average (1, 2, 4, 8 kHz), low-frequency
average (1, 2 kHz), high-frequency average (4, 8 kHz). Hearing
loss was defined as mean thresholds > 15 dB HL in the better
ear. Analysis: Fat/lean mass indices and children’s BMI were
transformed to z-scores. BMI trajectories were created using
mixed growth curve models. Regression models determined
associations of body composition /trajectories with hearing
threshold (linear) and loss (logistic).
Results: 1468 children (49.7% boys) and 1287 mothers had
both body composition and audiometric data. Five BMI
z-score trajectories emerged for children (5.7% low, 30.4%
average, 4.9% low to high, 44.6% high, and 12.2% very high),
and four for mothers (45.2% normal, 30.3% overweight,
11.7% obese, and 2.3% severely obese). In cross-sectional
analyses, associations between waist-to-height ratio and hearing
thresholds were stronger for mothers than children, and for
thresholds incorporating lower than higher frequencies (high
Fletcher Index: children, β= 7.4, 95% CI 1.1 to 13.7, p= 0.02
and mothers, β= 10.0, 95% CI 5.6 to 14.4, p< 0.001; low-
frequency average: children, β= 7.5, 95% CI 1.0 to 14.1,
p= 0.02 and mothers, β= 9.3, 95% CI 4.8 to 13.8,
p< 0.001). Similar associations were noted for fat mass index,
but not concurrent BMI or lean mass index. Higher maternal
BMI trajectories were associated with higher maternal hearing
thresholds (all indices p< 0.05) and hearing loss on high Fletcher
Index, four frequency and low-frequency average (p for trend
0.006, 0.008 and 0.001, respectively). Children’s hearing was not
predicted by their own lifetime BMI trajectories, but showed
some associations with those of their mothers.
Conclusions: In this population-based study, markers of visc-
eral adiposity (fat mass index, waist-to-height ratio) and 10-year
BMI trajectories predicted poorer hearing, particularly in the
lower audiometric frequencies, with relationships strengthen-
ing with age. This suggests that obesity may play a role in the
rising global burden of presbycusis (the slow deterioration of
hearing across the lifecourse), possibly via systemic (eg inflam-
mation) rather than local (eg vascular flow restriction)
mechanisms. Replication, mechanistic and segmental body
compositional studies could elucidate the nature of any causal
relationships.
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LM3.03 - DOHaD Associated Groups

LM3.03.01

DOHaD Associated Groups

D. Sloboda

The International DOHaD Society encourages and supports
its Associated Groups, where groups of individuals that share a
language, a geographical region, or a coordinated strategic
mission, can come together for common DOHaD-focussed
objectives. Our Associated Groups foster research interests in
DOHaD internationally, support Society membership, and
promote international research collegiality. This is a closed
meeting for the executives of our Associated Groups.

LM3.04 - Slam session: Cardiovascular development

LM3.04.01

Altered catecholamines in the right atrium of fetuses of
obese baboons at term

C. Li1, M.A. Javors2, P.W. Nathanielsz1

1University of Wyoming, LARAMIE, United States of America;
2University of Texas Health Science Center, SAN ANTONIO,
United States of America

Introduction: Maternal obesity predisposes offspring to car-
diovascular disease as a result at least in part by developmental
programming of cardiovascular function and increased sym-
pathetic activity (PMID: 19901159). To evaluate potential
mechanisms we have developed a baboon, nonhuman primate
model of maternal obesity prior to pregnancy. Evidence exists
for norepinephrine (NE)-induced epigenetic changes in fetal
rat hearts (PMID 20733009). There is also evidence that
increased NE produces epigenetic changes that are due to oxi-
dative stress and may impair cardio-protection and increase
vulnerability of the developing heart to environmental chal-
lenges (PMID 22441984). We have shown structural and
miRNA changes in the hearts of fetuses of obese baboon
mothers (PMID 23922128). Our aim in this study was to
determine catecholamine levels in the hearts of fetuses of obese
mothers.
Methods: Healthy female baboons (Papio hamadryas) of simi-
lar body weight (1015 kg) were fed normal chow (CTR n= 24;
12% energy from fat with 0.29% glucose and 0.32% fructose)
or a high-energy diet (FAT n= 19; 45% energy from fat with
4.62% glucose and 5.64% fructose) plus ad libitum fructose
sodas for at least nine months prior to pregnancy. Fetuses were
removed by C-Section at 0.9 gestation while the mother was
under general anesthesia; the fetal heart was removed and the
right atrium dissected and frozen for catecholamine analysis.
Norepinephrine, epinephrine, dopamine, DOPAC, 5HT, and
5HIAA were quantified after extraction using HPLC with
coulometric detection. Data are presented as mean ± SEM;
analysis by Student’s t-test.

Results: The figure shows observed changes in key catechola-
mine pathway products in hearts of control and FAT mothers.
Conclusions: There are few data on maternal obesity effects
directly on the nonhuman primate fetal heart. Our data are in
agreement with the hypothesis that programming by maternal
obesity involves altered catecholamine production within the
heart, thereby potentially leading to arrhythmias and modify-
ing contractility through impaired offspring sympathetic
function.

Fetal right atrial norepinephrine, dopamine, 5HT, epinephr-
ine, DOPAC, and 5HIAA in offspring of CTR and FAT
mothers at 0.9G. M ± SEM.

LM3.04.02

Human clinically relevant antenatal glucocorticoid therapy
programmes cardiac dysfunction and fibrosis in adult
offspring

K.J. Botting, Y. Niu, J.M. Schoonejans, S. Austin-Williams,
K.L. Skeffington, B.J. Allison, K.L. Brain, N. Itani, C. Beck,
D.A. Giussani

University of Cambridge, CAMBRIDGE, United Kingdom

Introduction: Antenatal glucocorticoid therapy (AGT) in
threatened preterm labour is globally implemented, as it redu-
ces the incidence of respiratory distress and death in preterm
infants (Roberts & Dalziel. Cochrane Dat Syst Rev. 3:
CD004454, 2006). Both synthetic glucocorticoids as well as
preterm birth may have adverse long-term effects on cardio-
vascular function (Kelly et al. Pediatrics 129(5):e1282, 2012;
Parkinson et al. Pediatrics 131(4):e1240, 2013). However, this
is difficult to prove in humans as ex-preterm adults have likely
been exposed to synthetic glucocorticoids during the perinatal
period. Here, we isolated the long-term effects of AGT used in
humans on cardiovascular function at adulthood in sheep not
born preterm.
Methods: At 0.8 of gestation, pregnant ewes carrying single-
tons were treated with steroids (2× 12mg dexamethasone i.m.
24h apart, D; n= 10) while the other received saline vehicle
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i.m. (C; n= 12). After natural delivery, offspring were main-
tained until 9 months, and then chronically instrumented with
vascular catheters and a femoral flow probe to determine in vivo
cardiovascular physiology. Following this, ex vivo cardiac
function (Langendorff) and cardiac and aortic fibrosis (picro-
sirius red) were determined.
Results: Both C and D ewes delivered at term (148 ± 3 vs.
148 ± 2 d). At adulthood, C and D offspring had similar basal
arterial blood pressure (89.8 ± 1.8 vs. 92.8 ± 2.6mmHg) and
heart rate (97.5 ± 3.2 vs. 97.3 ± 8.5 bpm). However, D off-
spring showed an increase in cardiac baroreflex gain (Fig. 1 a).
Isolated hearts from D relative to C offspring showed markedly
elevated left ventricular end diastolic pressure (LVEDP), an
index of diastolic dysfunction, and impaired dP/dtmax, a
measure of myocardial contractility (Fig. 1 b & c). In addition,
D relative to C offspring showed increased cardiac and aortic
wall fibrosis (Fig. 1 d & e).
Conclusions: Human AGT adversely affects cardiovascular
function in adult offspring independent of preterm birth.
Funding: British Heart Foundation

Data are mean ± SEM. Cardiac baroreflex function induced by
increasing i.v. doses of sodium nitroprusside (0.6-10μg/kg i.v.)
and of phenylephrine (0.5-64μg/kg i.v.) with maximal heart
rate and blood pressure responses to each dose fitted to a logistic
sigmoidal curve. Inset shows the maximal gain of the cardiac
baroreflex (a), ex vivo left ventricular end diastolic pressure
(LVEDP; b), dP/dtmax (c), left ventricular wall fibrosis (d) and
aortic wall fibrosis (e). Significant differences are: *P< 0.05; C,
Control (white; n= 7) vs. D, dexamethasone (black, n= 6),
Student’s t test for unpaired data.

LM3.04.03

Maternal verbal aggressive behavior in infancy is associated
with higher systolic blood pressure in the child at age 5-6

L.J.C.A. Smarius1, T.G.A. Strieder2, T.A.H. Doreleijers3,
T.G.M. Vrijkotte1, R.J.B.J. Gemke3, S. de Rooij1

1Academic Medical Center, AMSTERDAM, The Netherlands;
2Arkin, AMSTERDAM, The Netherlands; 3VU University
Medical Center, AMSTERDAM, The Netherlands

Background: Early life stress has been shown to contribute to
alterations in biobehavioral regulation. The present study
examined whether maternal verbal aggressive behavior in early

infancy is associated with child’s resting heart rate and blood
pressure at age 5-6 and whether presence of postnatal maternal
depressive symptoms or pleasure in infant care moderates this
association.
Methods: In the Amsterdam Born Children and their Devel-
opment (ABCD) study, a large prospective, observational,
population-based multiethnic birth cohort, maternal verbal
aggressive behavior (angry speaking to the infant), depressive
symptoms (Center for Epidemiologic Studies Depression Scale
(CES-D)) and pleasure in infant care were assessed in the 13th

week after birth (range 11 – 25 weeks, SD 2 weeks) using a
questionnaire. Blood pressure and heart rate were measured in
supine and sitting position during rest. Exclusion criteria: pre-
term born babies or congenital disorders (N= 2516 included).
Results:Maternal verbal aggressive behavior in infancy (9.4%)
was associated with a higher systolic blood pressure at age 5-6,
both in supine and sitting position (B 1.00mmHg CI (0.06-
1.94); B 1.14mmHg (-0.01-2.30)), but not with diastolic
blood pressure or resting heart rate. The association between
maternal verbal aggressive behavior in infancy and systolic
blood pressure in childhood was only present in children whose
mothers did not show symptoms of depression or reported
pleasure in infant care.
Conclusions: Presence of maternal verbal aggressive behavior
in early infancy was associated with a higher systolic blood
pressure at age 5-6, only in children whose mothers did not
show symptoms of depression or reported pleasure in infant
care. Further investigation of maternal verbal aggressive beha-
vior may be valuable for cardiovascular health later in life.

LM3.04.04

Preterm birth and cardiovascular risk factors in young
adulthood: prospective and sibling studies in the
Norwegian HUNT Study

A. Fraser1, M.C. Magnus1, J. Horn2, L.J. Vatten2, J. Rich-
Edwards3, J.M. Catov4, P.R. Romundstad2, B.O. Asvold2

1University of Bristol, BRISTOL, United Kingdom; 2NTNU,
TRONDHEIM, Norway; 3Harvard, BOSTON, United States of
America; 4University of Pittsburgh, PITTSBURGH, United
States of America

Background: Accumulating evidence suggests that individuals
born prematurely (<37 weeks of gestation) have more adverse
cardiovascular health in later life. Whether this association
reflects a pregnancy specific effect or is driven by shared genetic
or other familial characteristics remains unclear.
Methods: Data from the HUNT studies in Norway were
linked to information from the Medical Birth Registry of
Norway and are used here. HUNT consists of three
population-based surveys in Nord-Trøndelag county in Nor-
way: HUNT1 (1984–1986), HUNT2 (1995–1997), and
HUNT3 (2006–2008). At each survey, all residents ≥20 years
of age were invited to participate. Blood pressure, anthro-
pometry, serum lipids, and C-reactive protein were assessed.
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12,698 participants (mean age: 29.5 years), from 9,504 sibling
groups, of whom 3,194 had at least one participating sibling
were included here. We used random-, fixed-, and between-
effects linear regression to estimate associations in the overall
population, between and within sibships.
Results: 492 (4%) participants were born prematurely.
Amongst unrelated participants, those born prematurely had
higher body mass index (0.43 kg/m2; 95%CI: -0.02, 0.88),
waist circumference (1.93 cm; 0.74, 3.12), systolic blood
pressure (1.62mmHg; 0.39, 2.85), and C-reactive protein
(25.7%; 11.4, 40.1) after adjustment for age, sex, HUNT
survey, maternal age, parity, smoking, education, BMI and
pregnancy induced hypertension. There was weaker evidence
of associations with diastolic blood pressure (0.86mmHg;
-0.08, 1.80), andHDL cholesterol (-0.03mmol/L; -0.06, 0.004)
and no evidence of associations with non-HDL cholesterol and
triglycerides. 200 sibships were discordant for prematurity.
Within sibships, the magnitude of associations of prematurity
with greater body mass index, and systolic blood pressure
remained similar, although confidence intervals were wider. Pre-
mature siblings were 0.37 kg/m2 (-0.33, 1.06) heavier on average
than their term siblings, and higher systolic blood pressure
(1.48mmHg; -0.53, 3.48), whilst effect estimates with waist
circumference, diastolic blood pressure, C-reactive protein and
HDL cholesterol were smaller than those observed amongst non-
related participants. When we repeated analyses excluding off-
spring born to mothers with pregnancy induced hypertension,
results were essentially unchanged.
Conclusions: The modestly greater adulthood body mass
index and higher systolic blood pressure in adults born pre-
maturely compared to those born at term observed in the
general population may reflect a pregnancy specific direct effect
and are not completely explained by shared genetics or
unmeasured maternal characteristics.

LM3.04.05

Maternal early-pregnancy BMI and determinants of
childhood heart rate variability and blood pressure at
6 years: Children of SCOPE

L. Yamanouchi1, M.C. Vieria1, P.T. Seed1, L. Poston1,
P.D. Taylor1, K.M. Godfrey2, J.M.D. Thompson3,
E.A. Mitchell3, L.M.E. McCowan3

1King’s College London, LONDON, United Kingdom;
2University of Southampton, SOUTHAMPTON, United
Kingdom; 3University of Auckland, AUCKLAND, New Zealand

Background: Recent epidemiological and animal studies sug-
gest that maternal obesity may permanently change the central
regulatory pathways involved in offspring blood pressure (BP)
regulation. Rodent studies have shown maternal obesity results
in deleterious consequences for offspring cardiovascular func-
tion. Offspring of obese rats are hypertensive and demonstrate
enhanced cardiovascular stress reactivity and an increase in low/
high frequency ratio of power spectral analysis of heart rate

variability (HRV), indicative of increased sympathetic tone.
We hypothesized that maternal obesity is associated with
altered autonomic control of BP in childhood.
Methods: From a sample of the New Zealand Children of
SCOPE Study weighted to over-represent higher maternal
body mass index (BMI) categories, offspring were randomly
selected for HRV analysis. The exposure of interest was
maternal BMI at 14-16 week’s gestation. Outcomes included
offspring BP and HRV at 6 years-of-age under resting condi-
tions. Following routine blood pressure measurements, HRV
was obtained by recording 20-minute heart rate series by elec-
trocardiograph monitoring. Analysis was performed according
to the methodological standards recommended by the Task
Force on HRV. Time domain parameters of HRV were
quantified by means of different indices of the standard devia-
tion of normal-to normal RR intervals (SDNN) and frequency
domain parameters were derived from power spectral analysis
of the HRV. Linear regression was used to examine associa-
tions, adjusting for child’s current BMI z-score, sex, maternal
age at delivery, mode of delivery and parity. All results obtained
from offspring of overweight (BMI 25-29.9 kg/m2) and obese
(BMI ≥30 kg/m2) mothers were compared to results from the
reference group (offspring of mothers with BMI 18.5-24.9 kg/
m2).
Results: Results from 398 children born to 91 obese, 197
overweight, and 110 mothers in the reference group were
obtained. In the time domain, mean SDNN was 1.17 times
greater (95% CI 1.00-1.38) in the obese category compared to
the reference group. In the frequency domain, very low fre-
quency (VLF) and low frequency (LF) values were 1.29 (95%
CI 1.00-1.70) and 1.46 (95% CI 1.07-2.00) times greater in
the obese group compared to the reference group, respectively.
In the overweight and obese groups, absolute HF values were
1.38 (95% CI 1.00-1.91) and 1.49 (95% CI 1.03-2.26) times
greater than the normal maternal BMI category. These asso-
ciations were observed after adjustment for confounders. There
were no apparent differences in LF/HF ratio, SBP, DBP or
MAP between the BMI categories.
Conclusion: Maternal obesity was associated with substantial
increases in both offspring sympathetic and parasympathetic
(vagal) activity, with no apparent effect on the overall
sympatho-vagal balance or blood pressure at 6 years. Increased
sympathetic activity is positively associated with cardiovascular
risk, however, the clinical significance of a parallel increase in
parasympathetic vagal activity, with apparently normal
symaptho-vagal balance, is less clear.
Funding: Children of SCOPE Study was funded by Health
Research Council of New Zealand, Cure Kids and Gravida

LM3.04.06

Coronary artery disease genetic risk and the metabolome in
adolescence

T.M. Battram1, L. Hoskins1, D.A. Hughes1, J. Kettunen2,
S.M. Ring1, G.D. Smith1, N.J. Timpson1
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1University of Bristol, BRISTOL, United Kingdom; 2University of
Oulu and Biocenter Oulu, OULU, Finland

Coronary artery disease (CAD) is the leading cause of death
worldwide. Many of the risk factors have long been established
to be modifiable exposures such as low-density lipoprotein
cholesterol levels (LDL), smoking and hypertension. In the
developed world, the average age of developing Angina Pec-
toris, often the first clinical sign of CAD, is typically over 60.
However, it is known that fatty streaks, the precursors to
atherosclerosis and thus CAD, develop in almost all adoles-
cents’ arteries. Through genome-wide association studies
(GWAS), human genetics has begun to explore the heritable
contributions to this complex disease. There are currently 58
single nucleotide polymorphisms (SNPs) with reliable evidence
for association with an increased risk of CAD in adulthood.
These SNPs, which are likely to be exerting their effect through
a diverse collection of mechanisms, are common variants and
exert relatively small effects on disease outcome singularly. In
aggregate, these variants explain roughly 12% of CAD herit-
ability. It is unclear, however what effect these variants are
having on CAD pertinent phenotypes at an earlier age (i.e.
latent disease).
Using data from 4,482 adolescent participants from the Avon
Longitudinal Study of Parents and Children (ALSPAC) we
analysed the effect genetic risk of CAD was having on the
metabolome at a young age. SNPs were weighted by multi-
plying the log10 of their odds ratio, in relation to CAD, by their
dosage. The weighted scores of the SNPs were summed to
produce a genetic risk score (GRS). A linear regression model
was fitted to investigate how this score associated with the
concentrations of 151 metabolites. The score associated with
59 metabolites (FDR< 0.05), which consisted predominantly
of lipoproteins and fatty acids. To assess what component of
the GRS was driving this association we produced a lipoprotein
specific GRS, consisting of 7 SNPs known explicitly to be
lipoprotein related. This score associated with 114 metabolites
(FDR< 0.05). The average absolute effect estimate for FDR
significant GRS-metabolite associations was 2.1 when using the
lipoprotein specific GRS and only 0.4 using the total GRS.
Furthermore, when the lipoprotein SNPs were removed from
the total GRS, the association between the residual GRS and
metabolites attenuated to the null. Additionally, we analysed
individual SNP-metabolite associations as well as biologically
grouped lipoproteins (grouped based on whether they were of a
particle size which sufficiently small to cross the intima). This
revealed that SNPs in the regions of SORT1, APOA, APOC/E,
and LPL, associated with multiple metabolites at a conservative
Bonferroni threshold of P< 6.5 ×10-6 and that the genetic risk
conveyed by these SNPs was most highly associated with an
increase in harmful subclasses of lipoproteins such as LDL and
IDL cholesterol.
Our results suggest that certain SNPs are associated with a
metabolic profile at a young age and this is likely to deliver
increased risk to CAD in later life. Furthermore, if this changed

metabolome in early life is contributing to increased risk of
CAD then interventions can be put in place for high-risk
individuals, helping prevent onset of CAD.

LM3.04.07

Childhood stature and linear growth in relation to first ever
ischemic or intracerebral hemorrhagic stroke

L.K. Gjærde1, T.C. Truelsen2, J.L. Baker3

1University of Copenhagen, FREDERIKSBERG, Denmark;
2Rigshospitalet / Department of Neurology, COPENHAGEN,
Denmark; 3Bispebjerg and Frederiksberg Hospital / Department of
Clinical Epidemiology, FREDERIKSBERG, Denmark

Background: Adult height, an indicator of genetic potential
and the growth-environment during childhood, appears to be
inversely associated with ischemic and hemorrhagic stroke, but
the evidence is still sparse. Investigating childhood height and
height growth may provide important insights into the origins
of stroke.
Methods: We used information from the Copenhagen School
Health Records Register on Danish schoolchildren born from
1930-1989, with measured heights from ages 7-13 years, to
investigate associations of both childhood height and of growth
in height with risk of ischemic and intracerebral hemorrhagic
stroke in adult life. Cox proportional hazards regressions were
performed to estimate hazard ratios (HRs) and confidence
intervals (CIs) separately for women and men. We further
investigated the effect of birth weight on these associations.
Results: Among the 311,009 individuals (49% women)
included in the study, 10,412 (41% women) were diagnosed
with an ischemic stroke and 2,546 (43% women) with an
intracerebral hemorrhagic stroke. We observed inverse linear
and stable associations between height at all childhood ages and
ischemic stroke in both sexes and intracerebral hemorrhagic
stroke in men (all p< 0.002). For ischemic stroke, per unit
increase in height z-score at age 7 years, the HR was 0.89 (95%
CI: 0.87, 0.92) in women and 0.90 (95% CI: 0.88, 0.92) in
men. For intracerebral hemorrhagic stroke, per unit increase in
height z-score at age 7 years, the HR was 0.97 (95% CI: 0.91,
1.04) in women and 0.89 (95% CI: 0.84, 0.94) in men. No
associations between change in height z-score from age 7-13
years were observed for ischemic or intracerebral hemorrhagic
stroke among women or men. No interactions with birth
weight were identified (all p> 0.07). When adjusting for birth
weight the associations of childhood height with ischemic
stroke in both sexes or hemorrhagic stroke among men were
attenuated, but remained statistically significant.
Conclusions: Height at ages 7-13 years is inversely associated
with ischemic stroke in women and men and with intracerebral
hemorrhagic stroke in men, independently of birth weight.
Growth in height during this period of childhood is not asso-
ciated with either of these two stroke subtypes, and thus sug-
gests that the underlying mechanisms linking height with risk
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of stroke may exert an influence after birth but already by early
childhood.

LM3.04.08

The prediction of adult dyslipidemia using genetic and
childhood clinical risk factors: The Cardiovascular Risk in
Young Finns Study

N. Pitkänen1, J. Nuotio2, C.G. Magnussen3, M.J. Buscot3,
M.S. Venäläinen4, L.L. Elo4, E. Jokinen5, T. Laitinen6,
L. Taittonen7, N. Hutri-Kähönen8, L.P. Lyytikäinen9,
T. Lehtimäki9, J.S. Viikari10, M. Juonala10, O.T. Raitakari2

1University of Turku, TURKU, Finland; 2CAPC, University of
Turku, TURKU, Finland; 3Menzies Institute for Medical
Research, University of Tasmania, HOBART, Australia; 4Turku
Centre for Biotechnology, University of Turku and Åbo Akademi
University, TURKU, Finland; 5Children’s Hospital University,
University Central Hospital Helsinki, HELSINKI, Finland;
6University of Eastern Finland and Kuopio University Hospital,
KUOPIO, Finland; 7Department of Pediatrics, Vaasa Central
Hospital, VAASA, Finland; 8Department of Pediatrics, University
of Tampere and Tampere University Hospital, TAMPERE,
Finland; 9Department of Clinical Chemistry, University of
Tampere, TAMPERE, Finland; 10University of Turku and
Turku University Hospital, TURKU, Finland

Background:Dyslipidemia is a major modifiable risk factor for
cardiovascular disease. We examined if the addition of novel
single nucleotide polymorphisms (SNPs) for blood lipid levels
enhances the prediction of adult dyslipidemia in comparison to
childhood lipid measures.
Methods: We used 2,422 participants of the Cardiovascular
Risk in Young Finns Study who had participated in two surveys
held during childhood (in 1980 when aged 3-18 years and in
1986) and at least once in a follow-up study in adulthood
(2001, 2007, 2011). In addition to the potential childhood risk
factors of adult dyslipidemia, we examined whether a lipid-
specific weighted genetic risk score (wGRS) based on 58 SNPs
for low-density lipoprotein cholesterol (LDL-C), 71 SNPs for
high-density lipoprotein cholesterol (HDL-C) and 40 SNPs for
triglycerides (TG) associated with lipid levels improves the
prediction of dyslipidemia in adulthood.
Results: Adjusting for age, sex, body mass index, physical
activity, and smoking in childhood, childhood lipid levels and
wGRSs were associated with an increased risk of adult dyslipi-
demia for all lipids. Risk assessment based on two childhood
lipid measures and the lipid-specific wGRSs improved the
accuracy predicting adult dyslipidemia compared with the
approach using only childhood lipid measures for LDL-C
(AUC 0.806 vs 0.811, p= 0.01) and TG (AUC 0.740 vs AUC
0.78, p< 0.01). The overall net reclassification improvement
and integrated discrimination improvement were significant for
all outcomes.
Conclusions: The inclusion of wGRSs to lipid screening pro-
grams in childhood could improve the identification of those at

highest risk of dyslipidemia in adulthood, although the
improvement in prediction is modest.

LM3.04.09

Long-term effect of early programming factors on
childhood metabolism: is there an impact on the
metabolome?

F.F. Kirchberg1, E. Verduci2, A. Xhonneux3, B. Koletzko4,
C. Hellmuth5, D. Gruszfeld6, V. Luque7

1Ludwig Maximilians Universität München, MUNICH,
Germany; 2Department of Paediatrics, San Paolo Hospital,
University of Milan, MILAN, Italy; 3Centre Hospitalier Chrétien
St Vincent, LIÈGE-ROCOURT, Belgium; 4Ludwig Maximilians
Universität München, Division of Metabolic and Nutritional Me,
MUNICH, Germany; 5Ludwig-Maximilians-Universität
München, Division of Metabolic and Nutritional Me,
MUNICH, Germany; 6Neonatal Intensive Care Unit, Children’s
Memorial Health Institute, WARSAW, Poland; 7Paediatrics
Research Unit, Universitat Rovira i Virgili, REUS, Spain

Background: Maternal smoking, maternal pre-pregnancy
BMI, delivery mode, and a higher amount of protein content
in infant formula milk are among the early programming fac-
tors that modulate obesity risk later in life. The mechanisms of
action involved in the lasting term programming of metabolism
are unknown. We characterize and quantify the impact of a
higher protein formula and other early programming factors on
the metabolome of children aged 5.5 and 8 years.
Methods: The Childhood Obesity Project is a European
multicenter, double-blind, randomized clinical trial that
enrolled healthy infants. Children were randomized to receive
either a higher (HP) or lower protein (LP) content formula in
the first year of life. We determined 165 metabolites / 185
metabolites in the blood of children aged 5.5 years (n= 276) /
8 years (n= 235) by liquid chromatography coupled to tandem
mass spectrometry. The effect of the intervention and early
programming factors on metabolism was assessed in linear
mixed effect models. The magnitude of the impact of each
factor was evaluated using the principal component partial
R-square method.
Results: At 5.5 years of age, plasma alpha-ketoglutarate along
with the acylcarnitine/BCAA ratios were higher in the HP
group. However, only alpha-ketoglutarate reached statistical
significance at adjusted Bonferroni level (P= 0.031). This
finding was not replicated at age 8 years. In fact, the 8y meta-
bolome showed no significant association to the feeding group.
Quantification of the impact of the early programming factors
revealed that the intervention group explained 0.7% of variance
in the 5.5y metabolome and 0.6% of variance in the 8y
metabolome. Similarly, all other early programming factors
contributed similarly little to the variability of the metabolome
(maximum: 1.6%). None of the effects explained considerably
more variance than expected by chance. Country of residence
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was the only factor that consistently explained a significant
amount of variance in the metabolome (12%).
Conclusion: Our results suggest a programming of BCAA
catabolism of infants receiving a higher protein diet during the
first year of life. The effect, however, was small as was the effect
of the other early programming factors on metabolome. The
results might arise due to the dynamic nature of the metabo-
lome and the proneness to influences of diet and other recent
lifestyle factors which might predominantly shape the meta-
bolic profile.

LM3.04.10

Characterization of breast milk macronutrient content and
its association with infant body composition

E. Castañeda-Gutiérrez1, J. Sauser1, T.M. Samuel1, C. García-
Rodenas1, S.K. Thakkar1, M. Domellöf2, J.C. Picaud3,
C. Billeaud4

1Nestlé Research Center, LAUSANNE, Switzerland; 2Umeå
universitet, Institutionen för klinisk vetenskap - Pediatrik Umeå,
Sweden, UMEA, Sweden; 3Lactarium de Lyon, LYON, France;
4CIC Pédiatrique Inserm 1401, CHU Pellegrin, BORDEAUX,
France

Background and objective: Breast milk (BM) provides the
optimal nutrition for infants, but as any biological product its
composition may be affected by genetic and environmental
factors. Longitudinal data on BM macronutrient composition
and its association with infant developmental outcomes is
scarce. The objective of the present study was to quantify the
BM macronutrient content in healthy mothers from 0 to
4 months postpartum, and assess its association with the phy-
sical growth of their infants.
Methods: Mothers (n= 370) were recruited in 13 centers
across Europe, and samples from 226 subjects were analyzed.
BM samples were collected during mid-morning at 2, 17, 30,
60, 90 and 120 days postpartum after complete expression of
one breast. Energy content of BM was determined by MIRIS-
HMA. Body weight, length and head circumference were
measured in all infants. Additionally, in two of the centers
(France and Sweden) infant body composition was measured at
each visit using Peapod (n= 82 infants, 43 females, 39 males).
Results: The energy content of BM was closely associated to fat
content, and it increased from 40.7 ± 11.63 kcal/100mL at
2 days to 52.1 ± 10.49 kcal/100mL at 17 days, thereafter
energy and fat levels remained relatively constant until
120 days. Breast milk protein levels were 2.67 ± 1.05 g/100mL
at 2 days and decreased to 1.29 ± 1.05mg/100mL at 120 days
postpartum. Infant growth during the study period was within
the WHO reference curves. From 2 to 120 days, infants gained
in average 1.1 kg of body fat, going from 10.7 ± 3.6 fat % at
2 days to 22.6 ± 5.2% at 120 days. BM macronutrient content
differed according to infant’s body fat accretion quartile.
Interactions between gender, infant body composition and

macronutrient content in BM were identified and will be dis-
cussed in detail.
Conclusion: Infant body composition seems to be associated
to BMmacronutrient content. Future longitudinal studies with
long term follow up should be undertaken to better understand
the impact of breast milk composition on infant growth and
body composition later in life.

LM3.04.11

Longitudinal fetal and childhood growth patterns
associated with cardiac outcomes measured by cardiac
Magnetic Resonance Imaging. The Generation R Study

L. Toemen1, R. Gaillard1, A.A. Roest2, R.J. van der Geest2,
E.A.P. Steegers1, W.A. Helbing1, V.W.V. Jaddoe1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Leiden
University Medical Center, LEIDEN, The Netherlands

Background: Fetal life may be critical for cardiac development
and disease. We examined the effects of longitudinal fetal and
childhood growth on cardiac structure and function in chil-
dren, measured by cardiac MRI.
Methods: In a population-based prospective cohort study
among 2,888 children, we estimated fetal femur length and
weight by 20 and 30 weeks ultrasound, and child length and
weight at birth, 0.5, 1, 2, 6 and 10 years. We performed cardiac
MRI at 10 years. Cardiac outcomes included right and left
ventricular end-diastolic volume (RVED and LVED), right
and left ventricular ejection fraction (RVEF and LVEF), left
ventricular mass (LVM) and left ventricular mass-to-volume
ratio (LMVR).
Results: Small size for gestational age at birth, but not preterm
birth, was associated with smaller RVED, LVED and LVM,
relative to current body surface area (p-values< 0.05). Long-
itudinal analyses showed that as compared to children in the
25-75% range of RVED, LVED and LVM, those in the upper
25% had higher fetal length and weight growth from 20 weeks
of gestation until birth, a normal childhood length growth and
slightly lower childhood weight growth. Similarly, children
with a RVED, LVED and LVM in the lower 25% had lower
fetal length and weight growth, lower childhood length growth,
but increased childhood weight growth. Compared to children
with normal LMVR, those with high LMVR did not have
different growth patterns in fetal life, but had higher weight
gain in childhood. Results from conditional regression analyses
suggest that both fetal life and childhood length and weight
growth are all independently associated with childhood RVED,
LVED and LVM. Fetal and childhood growth were not con-
sistently associated with RVEF and LVEF.
Conclusion: Not preterm birth, but size for gestational age is
related with left and right cardiac outcomes in childhood.
Relative to current body size, children who are larger at birth,
and grow to be taller and leaner in childhood have larger hearts,
whereas children who are smaller at birth and who are shorter
and heavier in childhood have smaller hearts with a larger
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LMVR. Both fetal and childhood growth are important for
development of cardiac dimensions.

LM3.04.12

Sexual dimorphism in the programming of altered
pancreatic islet function in offspring exposed to maternal
obesity

L.M. Nicholas, L.C. Kusinski, D.S. Fernandez-Twinn,
S.E. Ozanne

University of Cambridge, CAMBRIDGE, United Kingdom

Background: Exposure to maternal obesity contributes to an
increased risk of type 2 diabetes (T2D) in the offspring. T2D
results from a combination of β-cell dysfunction and insulin
resistance. Thus far, studies investigating the underlying
mechanisms that may explain the transmission of T2D from
parent to child have mainly focused on insulin-responsive
tissues. Abnormalities in β-cell function are critical in defining
the risk of T2D; a key event in T2D pathogenesis is when
functionally impaired β-cells can no longer compensate for
insulin resistance in peripheral tissues. The aim of this study
was, therefore, to elucidate whether exposure to maternal
obesity (MO) during pregnancy and lactation programs chan-
ges in pancreatic islets and whether these changes are different
between male and female offspring.
Methods: Female mice were fed ad libitum either a chow diet
or highly palatable energy-rich obesogenic diet prior to and
throughout pregnancy and lactation. Offspring were weaned
onto a chow diet and remained on this diet until 8 weeks of age.
Pancreatic islets were isolated from male and female offspring.
Islets were stimulated with low (2.8mM) and high (16.7mM)
glucose ex vivo. Insulin secretion as well as insulin and proin-
sulin content were determined by ELISA. Leucine/glutamine
(Leu/Gtn) and potassium chloride (KCl)-stimulated insulin
secretion was also determined. Mitochondrial (mt) respiration
was assessed using Seahorse XF24. Expression of Ins1, Ins2,
Tfam and mt encoded genes in islets was determined by qRT-
PCR. Data were analysed using an unpaired t-test. A prob-
ability level of 5% was taken to be significant.
Results: Glucose-stimulated insulin secretion from islets was
increased (P< 0.05) in both male and female offspring exposed
to MO. In females, this was primarily due to increased mt
metabolism and exocytotic capacity of islets as reflected by
increased Leu/Gtn (P< 0.01) and KCl-stimulated (P< 0.05)
insulin secretion respectively. There was an increase in
respiration (P< 0.01) in islets from female offspring of obese
dams upon exposure to glucose and a parallel increase in ATP
turnover (P< 0.01). Expression of mt encoded genes mt-Nd5
(P< 0.01), Cyb (P< 0.001) and Co1 (P< 0.05) was increased
but the mt transcription factor Tfam was unchanged. Ins1
(P< 0.01) and Ins2 (P= 0.06) gene expression was also
increased in these islets. In contrast, basal respiration was
increased (P< 0.01) in islets from male offspring of obese
dams. These islets failed to increase respiration to the same

extent in response to glucose resulting in an overall decrease in
respiration (P= 0.057) and ATP turnover (P< 0.05). Expres-
sion of mt genes and Tfam was unchanged whilst Ins1 expres-
sion was increased (P< 0.01) in these islets. Whilst islet insulin
and proinsulin content was unaffected in male offspring
exposed to MO, islet proinsulin:insulin content (P< 0.05) was
decreased in female offspring.
Conclusion: Compensatory changes are present in the islets of
female offspring exposed to MO that are not present in male
offspring. This study is the first to demonstrate sexual
dimorphism in the programming of altered pancreatic islet
function in the offspring in response to the chronic hypergly-
cemic environment of MO and may explain differences in time
course of the development of offspring glucose intolerance.
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PO3.01.01

Adiponectin in breast milk and childhood anthropometrics
and cardio-metabolic health

L. van Rossem1, H.A. Smit1, G.H. Koppelman2, A.H. Wijga3

1UMC Utrecht, UTRECHT, The Netherlands; 2UMC
Groningen, GRONINGEN, The Netherlands; 3National
Institute for Public Health and the Environment, BILTHOVEN,
The Netherlands

Objective: Adiponectin is known for its function in glucose
and lipid metabolism, and was relatively recently discovered to
be present in breast milk. We assessed the association between
breast milk adiponectin and childhood anthropometrics and
cardio-metabolic health up to the age of 17.
Methods: In the PIAMA birth cohort, we measured breast
milk adiponectin at age 3 months (n= 250). Weight and
length/height were parent-reported at 3 months, annually from
1-8 years, and at 11, 14, and 17 years. BMI (kg/m2) was cal-
culated and converted into z-scores according to national
reference data. Blood pressure, HbA1c, and cholesterol were
measured at age 8, 12, and 16. We used multivariable linear
regression to assess associations between breast milk adipo-
nectin (ng/ml) and anthropometric and cardio-metabolic out-
comes. Associations were adjusted for exact age of breast milk
collection, maternal age, presence of siblings, maternal BMI,
pregnancy weight gain and child’s birth weight.
Results: In fully adjusted models, breast milk adiponectin was
associated with a 0.28 lower BMI-z (95% CI: -0.60, 0.04) at
3 months. After the age of 1, there were no associations
between breast milk adiponectin and BMI-z. There were no
associations between breast milk adiponectin and any of the
cardiometabolic outcomes in childhood.
Conclusion: Breast milk adiponectin has no long-term effect
on BMI-z and cardiometabolic health in children.
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PO3.01.02

Infant breastfeeding and childhood general, abdominal,
liver and pericardial fat measures assessed by magnetic
resonance imaging. The Generation R Study.

S. Vogelezang, S. Santos, A. van der Lugt, J. Felix,
V.W.V. Jaddoe

Erasmus MC, ROTTERDAM, The Netherlands

Background: A longer duration of breastfeeding is associated
with a lower risk of obesity and fat mass in later life. Not much
is known about its effect on more specific measures of child-
hood fat. We examined the associations of breastfeeding dura-
tion and exclusiveness and age at introduction of solid foods
with measures of general, abdominal, and organ fat at 10 years.
Methods: In a population-based prospective cohort study
among 4,444 children, we obtained information about infant
feeding by questionnaires. At the mean age of 9.8 years, we
calculated BMI. Fat mass index (FMI, total fat mass/height4)
and fat free mass index (FFMI, total fat free mass/height2) were
measured by dual-energy X-ray absorptiometry and sub-
cutaneous fat index (subcutaneous fat mass/height4), visceral
fat index (visceral fat mass/height3), pericardial fat index
(pericardial fat mass/height3), and liver fat fraction byMagnetic
Resonance Imaging.
Results: After adjustment for age and sex, children
who were never breastfed had a higher BMI, FMI, sub-
cutaneous fat index and liver fat fraction compared to children
who were ever breastfed (all P values <0.05). Nonexclusive
breastfeeding in the first 4 months of life was associated with a
higher FMI, subcutaneous and visceral fat index, and liver fat
fraction and with a lower FFMI, whereas a shorter breastfeed-
ing duration was additionally associated with a higher
BMI (all P values and P values for trend <0.05). Earlier
introduction of solid foods was positively associated with all fat
outcomes (all P values for trend <0.05), except pericardial fat
index. After adjustment for family-based sociodemographic-,
maternal lifestyle-related-, and childhood factors, only the
associations of breastfeeding duration and exclusiveness with
FFMI and of age at introduction of solid foods with FMI
remained significant.
Conclusions: The associations of breastfeeding duration and
exclusiveness and of age at introduction of solid foods with gen-
eral, abdominal, and organ fat measures at the age of 10 years
seem to be mainly explained by family-based sociodemographic-,
maternal lifestyle-related-, and childhood factors.

PO3.01.03

Infant feeding practices and the prospective relation with
childhood BMI: results from the Generation R Study

P.W. Jansen, I.P.M. Derks, V.W.V. Jaddoe, O.H. Franco,
F.C. Verhulst, H. Tiemeier

Erasmus MC, ROTTERDAM, The Netherlands

Background: While feeding practices of parents have been
implicated in childhood overweight, the long-term effects of
using food to comfort a distressed infant or child remain
unknown. This study examined the longitudinal association of
the use of food to soothe a distressed infant with later body
composition, and explored whether hedonic eating mediated
this association.
Methods: This study was embedded in Generation R, a
population-based birth cohort in Rotterdam, the Netherlands.
Participants were 3960 mother-child dyads followed from birth
until age 10 years. Using food to soothe was assessed by par-
ental questionnaire when infants were 6 months old. The main
outcome measures included body mass index (BMI), fat mass
and fat-free mass, which were obtained at our research centre
when children were 6 and 10 years old. Hedonic eating (food
responsiveness, emotional eating) was assessed at ages 4 and 10
years with the parent-reported Children’s Eating Behaviour
Questionnaire. Linear regression analyses were conducted.
Results: The use of food to soothe when infants were 6 months
old predicted a higher BMI from age 6 years onwards, inde-
pendently of infant weight, maternal BMI and other con-
founders. Specifically, frequent use of food to soothe was
associated with a 0.13 higher BMI SD at age 10 years (95% CI:
0.03 to 0.22) than never use. These differences in BMI were
mostly explained by differences in fat mass (B= 0.11, 95% CI:
0.03 to 0.20) and somewhat less by differences in fat-free mass
(B= 0.09, 95% CI: -0.01 to 0.18). Mediation analysis
showed that children’s emotional eating mediated the feeding –
BMI association (e.g. at 10 years: Bindirect effect= 0.04, 95% CI:
0.02 to 0.06; Bdirect effect= 0.14, 95% CI: 0.04 to 0.24).
Using food to soothe was not associated with children’s food
responsiveness.
Conclusions: The use of food to soothe a distressed infant
seems to be consistently associated with obesogenic eating
behaviours and the development of unhealthy body composi-
tion throughout childhood. While further studies are needed to
confirm our findings, these results seem to imply that emo-
tional feeding practices are better discouraged, while parents
should be provided with adequate alternatives to soothe their
infants.

PO3.01.04

Dietary glycemic load and glycemic index during infancy
with growth and body composition trajectories in
childhood: The Generation R Study

V. Jen1, A.N. Nguyen1, K.V.E. Braun1, E.C. Gutiérrez2,
V.W.V. Jaddoe1, J.D. Schoufour1, O.H. Franco1, T. Voortman1

1Erasmus MC, ROTTERDAM, The Netherlands; 2Nestlé,
LAUSANNE, Switzerland

Background: A high dietary glycemic load (GL) or glycemic
index (GI) may increase obesity risk. However, these associa-
tions during infancy are unclear. We therefore explored asso-
ciations of child’s dietary GL and GI at their age of 1 year with
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their growth trajectories up to age 9 years and body composi-
tion at ages 6 and 9 years.
Methods: We included 3,564 children of the Generation R
Study, a prospective cohort from fetal life onward in the
Netherlands. Energy-adjusted GL and GI were assessed at age 1
year using a food-frequency questionnaire. Height and weight
were measured repeatedly between ages 1 and 9 years and body
mass index (BMI) was calculated. At their age of 6 and 9 years,
we measured children’s fat mass index (FMI) and fat-free mass
index (FFMI) using dual-energy X-ray absorptiometry. All
outcomes were standardized for sex and age. Associations of GL
and GI with growth trajectories and body composition were
studied using multivariable linear mixed models.
Results: In our study population of 1-year-old children, GL
and GI were positively correlated with carbohydrate and sugar
intake, but also with fiber, vegetable protein intake and better
adherence to dietary guidelines. After adjustment for con-
founders, higher dietary GI was associated with higher weight
up to 9 years (0.04 SDS, 95%CI:0.01,0.07), but not with
height. Dietary GI was also positively associated with BMI
(0.05 SDS, 95%CI:0.02,0.07), which was possibly driven by a
higher FFMI (0.03 SDS, 95%CI:0.00,0.07) and not FMI.
Similar findings were observed for GL and FFMI (0.03 SDS,
95%CI:0.00,0.06).
Conclusions: Dietary GL and GI during infancy seems to be
positively associated with children’s FFMI in our study popu-
lation. This finding should be interpreted with caution since
GL and GI in our study may not only reflect refined carbohy-
drate intake, but also other dimensions of an overall healthy
diet. Future studies should therefore further study specific types
of carbohydrates, such as added sugars, rather than overall
dietary GL and GI.

PO3.01.05

Association between age of introduction of complementary
feeding, exclusive breast feeding duration and BMI at 5-6
years: the ABCD study

O.E. Sirkka

VU University Medical Center, AMSTERDAM, The
Netherlands

Background: Certain maternal characteristics (such as high
weigh status or low educational level) have been associated with
an increased risk for overweight in their children. There are
differences in infant feeding practices of mothers differing in
these characteristics. Timing of introduction of complementary
feeding as well as duration of exclusive breast feeding may
therefore have different associations with body mass index
(BMI) in subgroups at varying risk for overweight.
Methods: Using data (n= 4495) from a population-based
birth cohort (Amsterdam Born Children and their Develop-
ment, ABCD), we studied the association between age at
complementary feeding, duration of exclusive breast feeding
and BMI z score (relative to WHO 2006 growth standards) at

5-6 years of age within several subgroups differing in their risk
for childhood overweight based on maternal characteristics
(pre-pregnancy BMI, educational level, ethnicity and neigh-
borhood). We conducted linear regression analyses, stratified
by subgroup.
Results: Compared to introduction of complementary feeding
before 5 months, complementary feeding at 5 months or later
was associated with significantly lower BMI z score at 5-6 years
of age within the following subgroups: Dutch ethnicity (B
-0.133; 95% CI: -0.215, -0.050), medium educational level of
the mother (-0.191; -0.308, -0.075), normal weight of the
mother (-0.081; -0.159, -0.004 ) and high-risk neighborhood
(-0.160; -0.301, -0.019) (Table 1). Compared to exclusive
breast feeding for 0-2.9 months, exclusive breast feeding for at
least 6 months was associated with significantly lower BMI z
score within the following subgroups: low- (-0.281; -0.552,
-0.010) and medium educational level of the mother (-0.285;
-0.455, -0.115), normal weight of the mother (-0.184; -0.288,
-0.079) medium-risk neighborhood (-0.189; -0.338, -0.040)
and high-risk neighborhood (-0.233; -0.439, -0.028).
Conclusions: Introduction of complementary feeding at
5 months or later and breast feeding exclusively until 6 months
may provide opportunities for childhood overweight interven-
tion in several subgroups.

PO3.01.06

Infant protein supply and adiposity risk at 6 years:
secondary analysis of a randomized clinical trial

M. Weber1, V. Luque2, E. Verduci3, J.P. Langhendries4,
D. Gruszfeld5, B. Koletzko1, V. Grote1

1Hauner Childrens’ Hospital, LMU Medical Center, University
of Munich, MUNICH, Germany; 2Universitat Rovira i Virgili,
REUS, Spain; 3University of Milan, MILAN, Italy; 4CHC St.
Vincent, LIÈGE-ROCOURT, Belgium; 5Children’s Memorial
Health Institute, WARSAW, Poland

Background: Childhood obesity has reached epidemic pro-
portions worldwide and therefore early preventive strategies get
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more important. Infant protein supply by formula is one key
driver of early weight gain which is a known risk factor for later
obesity. While weight gain and obesity are widely studied,
knowledge about body composition throughout early to late
childhood is weak. We aimed to examine the impact of early
protein supply on body composition. We investigated also
discrepancies between BMI based obesity and fat mass index
based adiposity in children due to the criticism that BMI gen-
erally underestimates the prevalence of fatness in children.
Methods: Healthy term infants (N= 1090) were randomized
to different protein content infant and follow-on formula
(higher protein = HP with 2.9 and 4.4g protein/100kcal;
lower protein = LP with1.77 and 2.2 g protein/100kcal,
respectively) in a double-blind multicentre European trial.
Body composition was estimated with the Slaughter’s equation
based on triceps and subscapular skinfold thickness (SF), which
were measured repeatedly from 3 months to 6 years of age as
were weight and height. Fat mass index (FMI [kg/m²] was
calculated and compared to European reference data from the
IDEFICS study. Adiposity at 6 years was defined as FMI above
the 99th percentile.
Results: Four-hundred forty children were examined at 6 years.
We observed greater sum of SFs (Δ2yrs 0.5mm, P= 0.026,
Δ6yrs 0.7mm, P= 0.028) and FMI (Δ2yrs 0.13kg/m²,
P= 0.006, Δ6yrs 0.17kg/m², P= 0.002) comparing HP to LP.
HP is associated to a 6% increase in FMI. Adiposity risk is 2-
fold in HP compared to LP (adj. odds ratio 2.13, P= 0.019).
We observed adiposity based on FMI in 54 children (34 HP
and 19 LP) at 6 years, whereas only 30 children (22 HP and 8
LP) were obese according to IOTF BMI criteria.
Conclusions: Fatness in children is influenced by early protein
intake. Higher protein supply leads to increased adiposity up to
6 years. Lowering the protein content in infant formula might
be an effective strategy to reduce fatness in children. BMI based
obesity underestimates fatness in European children, therefore
large epidemiological studies should consider the additional
measurement of skinfolds to assess body composition.

PO3.01.07

Perinatal exposure to sucrose or high fructose corn syrup
(HFCS-55) alters adiposity and hepatic lipid composition
in rat offspring

B.S. Muhlhausler1, C.R. Toop2, K. O’Dea2, S. Gentili2

1The University of Adelaide, ADELAIDE, Australia; 2University
of South Australia, ADELAIDE, Australia

Background: Perinatal exposure to excess maternal intake of
added sugars, including fructose and sucrose, is associated with
an increased risk of obesity and type 2 diabetes in adult life.
However, it is unknown to what extent the type of sugar and
the timing of exposure affect these outcomes.
Objective: The aim of this study was to determine the impact
of exposure to maternal consumption of a 10% w/v beverage
containing either sucrose or high fructose corn syrup-55

(HFCS-55) during the prenatal and/or suckling periods on
offspring at 3 and 12 weeks, utilising a cross-fostering approach
in a rodent model.
Results: Perinatal sucrose exposure decreased plasma glucose
concentrations in offspring at 3 weeks, but did not alter glucose
tolerance. Increased adiposity was observed in 3-week-old off-
spring exposed to sucrose or HFCS-55 during suckling, with
increased hepatic fat content in HFCS-55-exposed offspring.
In terms of specific fatty acids, hepatic monounsaturated
(omega-7 and -9) fatty acid content was elevated at weaning,
and was most pronounced in sucrose offspring exposed during
both the prenatal and suckling periods, and HFCS-55 offspring
exposed during suckling only. By 12 weeks, the effects on
adiposity and hepatic lipid composition were largely normal-
ised. However, exposure to either sucrose or HFCS-55 during
the prenatal period only was associated with elevated plasma
free fatty acids at weaning, and this effect persisted until
12 weeks.
Conclusion: This study suggests that the type of sugar and the
timing of exposure (prenatally or during the suckling period)
are both important for determining the impact on metabolic
health outcomes in the offspring.

PO3.01.08

Maternal high-fat diet during lactation programs adult
offspring obesity and increased adipose tissue Stearoyl-CoA
Desaturase-1 activity in a depot-specific manner

L. Butruille-Madjid1, L. Marousez2, C. Pourpe2, F. Oger2,
D. Catheline3, S. Lecoutre2, S. Görs4, A. Dickes-Coopman2,
C. Guinez2, C. Laborie2, C.C. Metges4, P. Deruelle2,
C. Breton2, P. Legrand3, J. Lesage2, D. Eberle2

1Lille University, VILLENEUVE D’ASCQ, France; 2Lille
University, EA4489 Environnement Périnatal et Santé, LILLE,
France; 3Laboratoire de Biochimie et Nutrition Humaine INRA
1378, Agrocampus Ouest, RENNES, France; 4Leibniz Institute
for Farm Animal Biology (FBN), D-18196, DUMMERSTORF,
Germany

Background: The prevalence of obesity and related complica-
tions has reached epidemic proportions. Increasing evidence
indicates that over-nutrition during the lactation-suckling
period in mothers or pups is sufficient to program later obe-
sity risk but underlying mechanisms remain poorly character-
ized. Stearoyl-CoA desaturase-1 (SCD1) catalyzes the
biosynthesis of the monounsaturated fatty acids (FA), palmi-
toleate and oleate, from the saturated FA, palmitate and stea-
rate. SCD1 products are predominant substrates for
triglyceride (TG) synthesis. Several studies have shown that
white adipose tissue (WAT) expansion and TG storage capacity
in adults are associated with SCD1 activation. Here, we
hypothesized that early postnatal over-nutrition could program
increased SCD1 activity in WAT, which could participate in
establishing long term adiposity set point.
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Methods: We developed a rat model of maternal over-
nutrition using a high-fat (HF) diet (60% kcal from fat)
exclusively during the lactation-suckling period. Offspring
from control (C) and HF-fed mothers were followed until
6 month of age. We further used this model to measure SCD1
expression, activity and promoter methylation in different
WAT depots of C and HF adult offspring.
Results: We showed that HF diet feeding during lactation dras-
tically modified breast milk FA composition without altering
maternal body weight. Breast milk from HF-fed mothers dis-
played lower levels of medium-chain FA and higher levels of long-
chain FA with increased proportion of n-6 to n-3. During the
lactation-suckling period, HF offspring exhibited a strong
increase in body weight associated with increased mass of epidy-
dimal (eFat) and inguinal fat (iFat) depots. At 6month of age, HF
offspring were heavier and displayed a specific increase in eFat
mass while iFat mass was unchanged. The eFat expansion was
associated with increased SCD1mRNA and protein expression as
well as enhanced desaturation index (palmitoleate+ vaccinate/
palmitate ratio) suggesting increased SCD1 activity. In contrast,
SCD1 mRNA expression remained unchanged in iFat. Finally,
these maternal diet-induced alterations in SCD1 expression in
eFat were accompanied by differences in promoter methylation at
specific CpG, suggesting that epigenetic regulation contributes to
SCD1 programming in our model.
Conclusions: Taken together, we showed that maternal over-
nutrition exclusively during the lactation-suckling period
induced adult offspring obesity which was characterized by eFat
expansion and increased SCD1 levels. The depot specific nat-
ure of this programming event is of note in light of the fact that
eFat develops exclusively during this postnatal period, as
opposed to iFat which is already partially developed at birth.
Moreover, maternal HF feeding induced drastic changes in
breast milk FA composition suggesting that FA could be key
metabolic programming factors in the postnatal period. Over-
all, our data emphasizes the importance of optimal maternal
and infant nutrition in this critical window.

PO3.01.09

Monosaccharides in post-weaning diet of young mice
program body composition and feeding behaviour in
adulthood

J.M.S. Fernández-Calleja1, L.M.S. Bouwman1, H.J. Swarts1,
A. Oosting2, J. Keijer1, E.M. van Schothorst1

1Wageningen University, WAGENINGEN, The Netherlands;
2Nutricia Research, UTRECHT, The Netherlands

Background: The nutritional environment at various stages of
early life, including the early post-weaning period, has perma-
nent consequences affecting development and later health.
However, the programming role of specific carbohydrates after
lactation is largely unknown. In the present study we investi-
gated the potential of different monosaccharides in the post-
weaning diet to program adult metabolic health.

Methods: Female and male C57BL/6JRccHsd mice were time-
mated and fed a semi-synthetic low-fat diet ad libitum. Litters
were culled to six pups per nest and randomly assigned to foster
dams 1-2 days after birth. At three weeks of age, male and
female offspring were weaned onto one of three experimental
diets containing 32 energy% as either glucose (GLU), fructose
(FRU) or an equimolar mixture of glucose and galactose
(GAL). At six weeks of age, all mice received the same high fat
diet (HFD). Food intake, body weight, and body composition
were measured biweekly throughout the study. Whole-body
metabolism using indirect calorimetry was analysed towards the
end of the post-weaning diet (week 5) and during the last
stretch of the high-fat feeding period (week 14) in GLU and
FRU mice. To further characterise the metabolic phenotype,
two challenge tests were performed: an oral glucose tolerance
test (OGTT) in week 11, and a fasting-refeeding challenge in
week 14 as an indicator of metabolic flexibility.
Results: At the end of the post-weaning intervention period
and in both sexes, no significant differences were found in body
weight or lean mass across all dietary groups, and in 24-hour
energy expenditure and substrate oxidation between GLU and
FRU. At week 15, cumulative food intake, body weight, and fat
mass were significantly lower in GAL females compared to
GLU females, whereas GLU and FRU mice were similar in
these parameters. Analysis of glucose tolerance curves in all
groups, and energy expenditure, fuel utilization, and the
response to fasting and refeeding between GLU and FRU did
not reveal programmed differences in metabolic phenotype.
Remarkably, none of the parameters studied indicated long-
lasting effects of monosaccharides in the post-weaning diet
in males.
Conclusions: This study provides evidence of the potential of
galactose in the post-weaning diet to program a reduction in
food intake resulting in lower fat mass during adulthood. Our
findings highlight the relevance of carbohydrates as a dietary
intervention target for future clinical studies in the field of
metabolic programming.

PO3.01.10

Describing objectively measured and maternal reported
infant and toddler physical activity levels and patterns
at 3, 6, 12, 18, and 24 months

A. Prioreschi1, S. Brage2, J. Hnatiuk3, K.D. Hesketh3,
K. Westgate2, L.K. Micklesfield1

1University of the Witwatersrand, JOHANNESBURG, South
Africa; 2University of Cambridge, CAMBRIDGE, United
Kingdom; 3Deakin University, MELBOURNE, Australia

Data from older toddlers and children (>3 years) has shown
that physical activity is beneficial for health and growth.
However, physical activity levels, patterns, and correlates have
not been well described in infants and toddlers under age two.
This study aimed to objectively describe levels and patterns of
physical activity in a group of South African infants/toddlers
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aged 3- to 24-months, and to investigate and describe maternal
and child correlates of objectively measured physical activity in
this sample. Mother and child pairs (n= 140) from Soweto,
South Africa were included. Infants and toddlers’ physical
activity was objectively measured using an Axivity AX3 wrist
worn accelerometer for a mean six-day period. The mean vector
magnitude of waking wear time was calculated per 15-minute
epoch. Infant behaviours were reported as the amount of time
their child spent in various activities, on an average day.
Maternal beliefs about their child’s physical activity, attitudes
and intentions around physical activity and TV viewing, and
access to equipment in the home environment were assessed.
Mothers reported whether their child had attained specific
motor development milestones according age. Multivariate
analysis of variance, two way ANOVAs, linear regressions, and
students’ unpaired t-tests were used to test age and sex differ-
ences and associations with potential correlates. There were
significant age and gender effects on time spent in different
distributions of activity (Wilks’ lambda= 0.06, p< 0.01). In all
cases, the trend was for males to spend more time in higher
intensity physical activity and less time in lower intensity
activity; and for time spent in higher intensity activities to
increase with age. Males also had higher mean activity than
females (41(11) vs 36(11), p< 0.01), and this was significant at
each hour from 6am-11am and again from 3pm-6pm
(p< 0.05) when controlling for age. Furthermore, as age
increased, so did mean activity when controlled for gender, and
this was significant from 7am-8pm (p< 0.01). Time spent
outside showed a significant interaction effect with age and
gender (F= 3.84, p= 0.02). The majority (94%) of children
were exceeding TV time recommendations, and when con-
trolling for age and gender, overall TV time trended towards a
positive association with BMI z-score (b= 0.01, p= 0.05). In
conclusion, this study is the first to show sex differences in
intensities and patterns of physical activity in the first two years
of life, and to report on objectively measured and maternal
reported infant/toddler physical activity and sedentary beha-
viours in South Africa. Understanding patterns of activity, and
the factors associated with these patterns is the first step in
being able to determine when and how to intervene effectively.
Infants and toddlers should be provided with as many oppor-
tunities to be active through play as possible, and TV time
should be limited. Future studies should aim to understand and
measure the effect of carrying on accelerometer data in infants,
as well as the interactions that may exist with maternal physical
activity.

PO3.01.11

Voluntary exercise during development can improve eating
behavior and metabolism in intrauterine growth-restricted
animals.

R. Dalle Molle1, F.S. Cunha1, T.D. Machado1,
D.P. Laureano1, A.B. Mucellini1, M.B. Alves1,
P.J.C. Marostica1, P.P. Silveira2

1Universidade Federal do Rio Grande do Sul, PORTO ALEGRE,
Brazil; 2McGill University, MONTREAL, Canada

Background: Adverse events during prenatal period, especially
those related to nutrition, can lead to insufficient growth and
changes in metabolism increasing the risk of chronic conditions
later in life. Clinical and experimental studies demonstrated
that intrauterine growth restriction (IUGR) is associated with
an increased preference for foods rich in fat and sugar and
altered physical activity levels. Moreover, exercise can benefit
metabolic outcomes, as well as brain connectivity and neuro-
genesis. The aim was to investigate, in an IUGR animal model,
if voluntary exercise during development improves eating
behavior and metabolism in adulthood.
Methods: IUGRwas induced by offering a 50% food restricted
diet starting on gestation day 10 (FR group). The other group
received ad libitum diet during pregnancy (Adlib group). At
birth, pups were cross-fostered to Adlib dams, generating FR/
Adlib and Adlib/Adlib groups (pregnancy/lactation), IUGR
and Controls, respectively. Starting on postnatal day 21, all
pups were exposed or not to exercise in their home cage
according to the following groups: (a) unlocked running wheel,
(b) locked running wheel, (c) running wheel absent. In adult-
hood, palatable food consumption (chow rich in sugar and fat),
body weight and percentage of abdominal fat were measured in
males. Analyses were conducted split by exposition to exercise.
Results: Palatable food consumption during the dark cycle was
different between IUGR and Controls only in the animals
without running wheel in the home cage: IUGR group had a
higher number of bouts per cycle (IUGR: 28.51 ± 1.95; Con-
trol: 14.42 ± 1.95; p< 0.001) and consumed more grams in
48h (IUGR: 29.98 ± 3.15; Control: 19.29 ± 3.15; p= 0,039).
Body weight at 90 days of life were higher in Controls com-
pared to IUGR animals when there was an unlocked running
wheel available (IUGR: 399.58 ± 7.34; Control: 422.0 ± 7.34;
p= 0.034); unlike IUGR animals were heavier (IUGR:
411.71 ± 11.23; Control: 376.70 ± 10.59; p= 0.039) and
had higher percentage of abdominal fat (IUGR: 2.10 ± 0.15;
Control: 1.58 ± 0.15; p= 0.029) in the running wheel
absent group.
Conclusions: The exposure to voluntary exercise throughout
development was able to equalize the palatable food intake and
percentage of abdominal fat between IUGR and Control ani-
mals. The higher body weight observed in Controls compared
to IUGR when the animals were able to exercise in the running
wheel might be explained by an increase in muscle mass, as the
percentage of abdominal fat was not different between Controls
and IUGR. Interestingly, the absence of difference between
IUGR and Controls in all outcomes when there was a locked
running wheel available showed that the locked running wheel
benefited the IUGR group, probably because the animals used
it to play and climb during development. Exercise during
development may modulate some systems, such as the dopa-
minergic system, improving eating behavior in the IUGR
group. This hypothesis will be tested in this animal model.
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PO3.01.12

Early nutrition and subsequent risk of overweight and
obesity in 8-year old children - a MoBa cohort study

N. Agnihotri1, N.C. Øverby1, E. Bere1, A.K. Wills2,
M. Haugen3, E.R. Hillesund1

1University of Agder, KRISTIANSAND, Norway; 2University of
Bristol, BRISTOL, United Kingdom; 3Norwegian Institute of
Public Health, OSLO, Norway

Background: From a life-course perspective, it may be
assumed that early feeding habits can influence healthy eating
and weight status in later childhood. In the current project, we
aim to investigate potential associations between early life
adherence to the New Nordic Diet (NND) and subsequent
child growth pattern. NND encompasses a concept of a
potentially healthy and sustainable diet with foods that are
traditionally consumed and locally available in the Northern
countries, and it aims to embrace a holistic perspective of
healthy eating. For this presentation, preliminary results for
associations between child diet score at 6 months and sub-
sequent risk of overweight and obesity at 8 years are shown.
Methods: This study is based on available data from the Nor-
wegian Mother and Child Cohort Study (MoBa). The child
score was constructed from 63 406 Food Frequency Ques-
tionnaire responses from parents of 6-months old children. We
have previously developed a NND-score for the mother’s diet
in the MoBa, and the aim was to construct child scores at
various ages based on the original NND-score. The developed
score is a sum of 6 subscales based on the consumption of the
following compounds: 1) Homemade (HM) vs industrially
produced (IP) fruit puree; 2) HM vs IP dinners; 3) HM vs IP
porridge; 4) Exclusive breastfeeding at least for 4 months (yes/
no); 5) Breastfeeding at 6 months (yes/no); 6) Water vs swee-
tened beverages. Subscales were dichotomized by the median
and coded to give either 0 or 1 point. The score (0-6 points)
was further trichotomized into low (0-1 points), medium (2-3
points) and high (4-6 points) NND adherence. We used
cohort-specific BMI references (5-19 years) fromWHO as cut-
offs to the overweight/obese category (overweight> +1SD).
Binary logistic regression was used to examine the association
between high vs low NND category at six months and risk of
overweight and obesity at 8 years. Covariates included in the
model were maternal age at delivery, maternal pre-pregnancy
educational level, smoking during pregnancy, parity, and
maternal pre-pregnant BMI. Odds ratios (OR) with 95%
confidence interval (CI) were calculated for the high-score
group with low adherence as the reference group.
Results: The total sample comprised 14 844 8-year olds, of
which 13.7% (n= 2085) were overweight or obese (IsoBMI>
25). Distribution according to the early diet score was as fol-
lows; low 20.2% (n= 2993), medium 56.3% (n= 8650), and
high 21.6% (n= 3201). In crude analyses, high vs low early
diet score was protective of overweight/obesity at 8 years (OR:
0.80; 95% CI 0.69-0.92, P= 0.003). In the adjusted model,

the association weakened and was no longer statistically sig-
nificant (OR: 1.05; 95% CI 0.90-1.23, P= 0.27).
Conclusion: High vs low NND adherence at 6 months was
not associated with later risk of overweight/obesity. These
analyses will be extended to examine the association between
childhood NND adherence and growth, from birth to 8 years.

PO3.01.13

Association of vitamin D status in pregnancy with adiposity
and cardiometabolic traits in childhood: the Rhea
pregnancy cohort, Crete, Greece

V. Daraki1, T. Roumeliotaki2, G. Chalkiadaki2, M. Katrinaki3,
M. Karachaliou2, V. Leventakou2, M. Vafeiadi2, K. Sarri2,
M. Vassilaki4, S. Papavasiliou5, M. Kogevinas6, L. Chatzi2,
A.A. Margetaki7

1Faculty of Medicine, University of Crete, HERAKLION,
CRETE, Greece; 2Department of Social Medicine, Faculty of
Medicine, University of Crete, HERAKLION,CRETE, Greece;
3Department of Laboratory Medicine, School of Medicine,
University of Crete, HERAKLION,CRETE, Greece;
4Department of Health Sciences Research, Mayo Clinic,
ROCHESTER, MN, United States of America; 5Department of
Endocrinology, University Hospital of Creteta, HERAKLION,
CRETE, Greece; 6Barcelona Institute for Global Health
(ISGlobal), BARCELONA, Spain; 7University of Crete,
HERAKLION, Greece

Background: Vitamin D (VitD) deficiency is common in
pregnant women and since the fetus relies exclusively on
maternal supply, deficiency could potentially interfere with
fetal development. Low maternal VitD levels have been linked
to low muscle mass and to poorer bone mineral accrual in the
offspring, however little is known about effects on fetal adip-
osity. In vitro studies have shown that VitD affects adipogenesis
by inhibiting the expression of key regulators like PPARγ and
suppressing the differentiation of pre-adipocytes to mature
adipocytes. As a result, low maternal VitD status may increase
prenatal adipocyte differentiation and adipogenesis and pro-
mote the development of later obesity. A few human studies
have investigated the impact of prenatal VitD on childhood
obesity and cardiometabolic risk with inconclusive results. We
aimed to investigate the associations of maternal 25-
hydroxyvitamin D [25(OH) D] levels during pregnancy with
offspring growth and cardiometabolic risk factors in childhood,
using data from a longitudinal, prospective pregnancy cohort,
the “Rhea” study in Crete, Greece.
Methods: We used prospective data on 532 children partici-
pating at the four and seven years’ follow-up in the Rhea birth
cohort in Crete, Greece. Maternal VitD status was estimated by
measuring plasma concentration of 25(OH) D at the first
prenatal visit (mean: 14 weeks, SD: 4). Outcomes included
anthropometric measurements (body mass index (BMI)
z-score, waist circumference, skin-fold thickness), body fat
percentage, systolic and diastolic blood pressure, and serum
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lipid levels at 4 and 7 years of age. Adjusted associations were
obtained via multivariable linear regression analyses.
Results: Pregnant women in Crete, Greece had low serum 25
(OH) D levels (mean: 46nmol/l, SD: 16), while two thirds of
women had VitD deficiency (25(OH) D <50 nmol/l). Off-
springs of women with very low 25(OH) D levels during
pregnancy (first tertile <37.7 nmol/l) gave birth to children
with higher BMI z-score (β coeff 0.2, 95% CI: 0.03, 0.37),
higher waist circumference (β coeff 0.87 95% CI: 0.12, 1.63)
and higher body fat percentage (β coeff 1.48, 95% CI: -0.46,
2.49) at 4 years of age, compared to women with higher VitD
measurements (≥37.7 nmol/l), on covariate-adjusted analyses.
The observed associations were more pronounced in girls than
in boys (p for likelihood ratio test < 0.001) and persisted at 7
years of age. Maternal VitD concentrations during pregnancy
were not associated with child cardiometabolic characteristics
such as blood pressure or serum lipid levels.
Conclusion: Findings suggest that exposure to very low
maternal VitD levels during pregnancy may be associated with
increased central adiposity and body fat percentage in early and
mid-childhood. Whether these results translate to increased
risk of obesity and metabolic syndrome in later life remains to
be investigated.

PO3.01.14

Dietary protein intake in infancy with growth and body
composition throughout childhood: longitudinal cohort
study

V. Jen1, K.V.E. K.Braun2, L.G.K. Karagounis3, A.N.
Nguyen1, V.W.V. Jaddoe1, J.D. Schoufour1, O.H. Franco1,
T. Voortman4

1Erasmus MC, ROTTERDAM, The Netherlands; 2Erasmus
Medical Center, ROTTERDAM, The Netherlands; 3Nestlé,
LAUSANNE, Switzerland; 4rasmus MC, ROTTERDAM, The
Netherlands

Background: Protein intake in infancy promotes growth, but
excessive intake may lead to obesity. However, whether these
changes in body composition persist throughout childhood and
are independent of later diet remains unclear. Therefore, we
examined the associations of total protein intake and protein
from different sources at age 1 year with repeatedly measured
growth and body composition up to age 10 years, taking into
account diet at age 8 years.
Methods:We included 3,573 children from the Generation R
Study, a population-based prospective cohort study in Rotter-
dam, the Netherlands. Diet was assessed with food-frequency
questionnaires at ages 1 and 8 years and macronutrient intakes
were expressed as energy percentages (5E%). Height and
weight were measured at eight time points between ages 1 and
10 years. Fat and fat-free masses were measured at ages 6 and 10
years with dual-energy X-ray-absorptiometry. We calculated
body mass index (BMI), fat mass index (FMI) and fat-free mass
index (FFMI). Outcomes were standardized for sex and age and

expressed as standard deviation scores (SDS). Associations of
protein intake with growth and body composition trajectories
were examined with multivariable linear mixed models, taking
into account macronutrient substitution effects.
Results: After adjustment for confounders, 5E% additional
protein intake at age 1 year was associated with 0.11 SDS
higher weight (95% confidence interval 0.05 to 0.17), BMI
(0.11 SDS, 0.06 to 0.17), and FMI (0.09 SDS, 0.03 to 0.14)
up to age 10 years. These associations were independent of
overall diet quality or protein intake at age 8 years. Associations
were irrespective of whether protein replaced dietary carbohy-
drate or fat and were explained by protein from animal sources
and not from plant sources.
Conclusion: High protein intake in infancy, particularly from
animal food sources, is persistently associated with adiposity up
to age 10 years, irrespective of diet in later childhood. Infancy is
a window of opportunity for early prevention of overweight
and obesity, which can be achieved by restricting protein intake
in this critical period of development.

PO3.01.15

Malnutrition in late-pregnancy malprograms to
hyperphagia-pattern and obese-phenotype in adult rat-
offspring

C. de Oliveira, L. Ryba, T.A.L. de Lima, D.M.C. Bonatto,
J.C. Facchi

Universidade Federal de Mato Grosso - (UFMT), SINOP, Brazil

Background: Early energy restriction, especially in intrauterine
life, has been associated with disruption of metabolism control
associated with the worldwide growing epidemic of metabolic
syndrome. The aim of the current study was to assess lipid
profile, glucose homeostasis and food intake as well as body
composition of male adult rat-offspring whose mothers were
undernourished during the last third of pregnancy.
Methods: At 70-days-old, virgin female Wistar rats were mated
and the presence of spermatozoa in vaginal smear used to mark
begin of pregnancy. Food was offer ad libitum until the day
14th of pregnancy, where dams underwent 50% food-
restriction (FR50 group) until delivery. Control dams were
fed ad libitum throughout pregnancy. At birth, rat-offspring
were weighted and litter size adjusted to eight pups per dam.
Rat-offspring were weaning at 21-days-old. Body weight and
food intake from weaning until adulthood were assessed each
two days. At 100-days-lod, the food intake during dark-cycle
(from 6 PM to 11 PM and 6 PM to 6 AM) was evaluated. After
that, fasted rat-offspring were euthanized to blood collection
and posterior glucose and lipid profile evaluation. Body weight
and visceral fat-pad were used to estimate obesity parameters.
Results: At birth, FR50 rat-offspring were 7.9% smaller than
control ones (P< 0.001). On the other hand, it was increased
by +20.6% at weaning and by +13.0% at adulthood
(P< 0.01). When compared to control rats, the assessment of
area under the curve (AUC) of body weight gain from FR50
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rats-offspring displayed an increase of 15.5% and the AUC of
food intake was increased by 16.7% (P< 0.05). Indeed, in
relation to control rats the food intake of FR50 rats, at dark-
cycle, was around 34.5% higher in the first 4h and around
6.7% higher in overnight (P< 0.05). In addition, FR50 rats
displayed high levels of fast glycemia (+15.2%), total-
cholesterol (+21.1%) and triglycerides (+63.2%; P< 0.01).
Conclusions: Calorie-restriction in late stage of intrauterine
life malprograms long-term dyslipidemia, glucose dyshomeos-
tasis and a hyperphagic pattern in rats that can increase the risk
factor to cardiometabolic diseases.

PO3.02 - Genetics

PO3.02.01

Placental hypoxia-regulating network in relation to birth
weight and ponderal index: the ENVIRONAGE Birth
Cohort Study

K. Vrijens, M. Tsamou, N. Madhloum, T.S. Nawrot

Hasselt University, DIEPENBEEK, Belgium

HIF1α, miR-210 and its downstream targets ISCU, COX-10,
RAD52 and PTEN are all part of the placental hypoxia-
responsive network. Tight regulation of this network is
required to prevent development of maternal-fetal complica-
tions such as fetal growth restriction. HIF1α expression is
increased in preeclamptic placentae, but little is known about
its association with birth weight in normal pregnancies. We
measured placental levels of HIF1α, miR-20a, miR-210,
ISCU, COX-10, RAD52 and PTEN in 205 mother-newborn
pairs of the ENVIRONAGE birth cohort. Placental HIF1α
gene expression was inversely associated with the ponderal
index (PI): for a doubling in placental HIF1α expression, PI
decreased by 6.7% (95% confidence interval [CI]:1.3-12.0%,
p= 0.01). Placental RAD52 expression also displayed an
inverse association with PI, a doubling in gene expression was
associated with a 6.2% (CI: 0.2-12.1% p= 0.04) decrease in
PI. As for birth weight, we observed a significant association
with placental miR-20a expression only in boys, where a dou-
bling in miR-20a expression is associated with a 54.2 g (CI:0.6-
108 g, p= 0.05) increase in birth weight. The decrease in fetal
growth associated with expression of hypoxia-network mem-
bers HIF1, RAD52 and miR-20a indicates that this network is
important in potential intrauterine insults.

PO3.02.02

Association of rs11708067 polymorphism in ADCY5 with
birth weight, glucose, insulin and neonatal insulin resistance

I.G. Aguilera Venegas1, J. Mora1, M. Velázquez1, G. Barbosa1,
H. Gómez2, M. Lazo de la Vega1

1University of Guanajuato, LEON, Mexico; 2UMAE No. 48
IMSS, LEON, Mexico

Background: The fetal insulin hypothesis proposes that the
association between low birth weight, insulin resistance and
decreased insulin secretion in adulthood is genetically medi-
ated. Infants with low birth weight have increased risk for
neonatal morbidity and mortality, and elevated risk to develop
diseases during adulthood. However, this situation could occur
not only in low birth weight infants, but also in children of
adequate birth weight with genetic risk factors. Mexican
population has one of the higher risk factors for T2DM in the
world being 1.7 times more likely to have T2DM than non-
hispanic white population. The polymorphism rs11708067
identified in ADCY5 has been associated with low birth weight,
elevated risk of type 2 diabetes mellitus and lower insulin
secretion in adults. However whether rs11708067 is related to
fetal-neonatal insulin secretion or insulin resistance remains to
be demonstrated.
Methods: Genotyping for rs 11708067 in ADCY5 was per-
formed by RFLPS for 95 infants born from healthy pregnan-
cies, recruited in the central region of Mexico. Genomic DNA
was extracted from cord blood or cord tissue. Cord blood glu-
cose and insulin were measured by glucose-oxidase and ELISE,
respectively.
Results: The polymorphism rs 11708067 in ADCY5 is in
Hardy-Weinberg equilibrium (p 0.082). Genotype and allele
frequencies were: AA: 0.49, AG: 0.42 and GG: 0.09; and A:
0.7 and G: 0.3. Differences for insulin levels (p 0.001), HOMA
IR (p 0.04) and HOMA B (p 0.0002) within genotypes were
found with the A allelle being the risk allelle, under a dominant
genetic model. No differences between the genotypes for birth
weight and glucose were found.
Conclusions: The risk allele A in rs11708067 ADCY5 could
be related to fetal/neonatal insulin secretion. This is the first
study evaluating umbilical cord insulin associated with
rs11708067 genotype. An increase in sample size is necesary to
discern if this polymorphism could be associated with birth
weight in the mexican population.
Funding: Supported by CONACYT (CB-2013-222563) and
UG-DAIP 2016-2017 (1089/2016).

PO3.02.03

Influence of known genetic variants associated with
adiposity on childhood abdominal, liver and pericardial fat
assessed by Magnetic Resonance Imaging

C. Monnereau, S. Santos, A. van der Lugt, V.W.V. Jaddoe,
J. Felix

Erasmus MC, ROTTERDAM, The Netherlands

Background: Besides overall obesity as measured by body mass
index (BMI), abdominal and ectopic fat depots are suggested to
affect the risk of metabolic disease. The distribution and
accumulation of fat to these specific fat depots may be partly
explained by genetics. Genome-wide association studies
(GWAS) have identified single nucleotide polymorphisms
(SNPs) involved in fat accumulation and distribution, mostly
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in adults. Whether these SNPs also affect abdominal and
organ-specific fat depots in children is unknown.
Methods: In a population-based prospective cohort study
among 1,995 children we tested six genetic risk scores, based on
SNPs for childhood BMI, adult BMI, liver fat, pericardial fat
mass, and visceral- and subcutaneous adipose tissue ratio
(VAT/SAT ratio), and four individual SAT and VAT asso-
ciated SNPs, for association with SAT, VAT, VAT/SAT ratio,
liver fat fraction, and pericardial fat mass measured by Mag-
netic Resonance Imaging.
Results: The childhood BMI genetic risk score was associated
with higher SAT (0.020 standard deviation (SD) increase in
SAT per additional risk allele in the risk score, 95% confidence
interval (CI) 0.009; 0.031) and higher VAT (0.021 SD increase
per additional risk allele, 95% CI: 0.009;0.032). The adult
BMI genetic risk score was associated with higher SAT
(0.022 SD increase per additional risk allele, CI: 0.015; 0.029),
VAT (0.017 SD increase per additional risk allele, CI: 0.010;
0.025), and lower VAT/SAT ratio (0.012 SD decrease per
additional risk allele, CI: -0.019; -0.006). The adult liver fat
genetic risk score was associated with liver fat fraction
(0.122 SD increase per additional risk allele, CI: 0.086; 0.158).
Rs7185735 (SAT), was associated with SAT (0.151 SD, CI:
0.087; 0.214) and VAT/SAT ratio (-0.126 SD, CI: -0.186;
-0.065), all p-values< 5.00*10-4. After stratification by sex the
associations remained in both sexes for the adult BMI risk score
with SAT and VAT, and for the liver fat risk score with liver fat
fraction. Associations present among boys only were shown for
the childhood BMI risk score with SAT, and the association of
the adult BMI risk score with VAT/SAT ratio. Associations
present among girls only were shown for the pericardial fat risk
score with pericardial fat.
Conclusions: There is a shared genetic basis between body fat
distribution in adulthood and childhood. Adiposity-associated
genetic variants may regulate the distribution of fat in the body
differently in boys and girls already before puberty.

PO3.02.04

Interaction between birth weight and the PLIN4 variant
rs8887 on impulsivity at 5 years old children

D.M.R. Marcos Rodrigues1, G.G.M. Gus Manfro1,
H.G. Gaudreau2, R.D.L. Levitan3, M.J.M. Meaney2,
P.P.S. Pelufo Silveira2

1Federal University of Rio Grande do Sul, PORTO ALEGRE,
Brazil; 2McGill University, MONTREAL, Canada; 3University
of Toronto, TORONTO, Canada

Background: PLIN4 is a PAT family protein acting in the lipid
droplets storage. Human PLIN4 isoform encoded by the single
nucleotide polymorphism (SNP) rs8887 interacts with omega-
3 polyunsaturated fatty acids (n-3 PUFAs) and confers pro-
tective effect to obesity. This interaction is dependent on the A
allele presence of the rs8887 SNP. Interestingly, intrauterine
growth restriction (IUGR) individuals seem to be more

sensitive to the protective effects of n-3 PUFAs, having less
food fussiness and external eating. This study investigates
whether the A allele presence of the rs8887 SNP interacts with
fetal growth, influencing inhibitory control in children.
Methods: 254 five-year-old children taking part in a birth
cohort study in Canada were genotyped and administered the
Cambridge Neuropsychological Test Automated Battery
(CANTAB), a computerized cognitive battery, including the
Stop Signal Task (SSRT). Birth weight ratio (BWR) was used
to characterize growth during fetal life.
Results: There were no significant differences between the A
allele carriers compared to the non-carriers for the main con-
founders. There was a significant interaction between BWR
and the A allele presence in the SSRT task (p= 0.014), with
lower birth weight being associated to poorer inhibitory control
only in the non-carrier subjects (B= -586.81, beta= -1.452,
t= 2.019, p= 0.045).
Conclusions: The rs8887 SNP appears to be an important
moderator of the association between IUGR and impulsivity in
children, and this has implications in primary prevention of
conditions associated with inhibitory control deficits in this
population.

Interaction between BWR and the presence/absence of the A
allele of the rs8887 SNP

PO3.02.05

Effects of FTO and PPAR? variants on intrauterine growth
restriction in a Brazilian birth cohort.

M.R. Barbieri1, M.A. Barbieri1, K.J. Abraham2, A.M. Fontes1,
M.C.P. Saraiva3, H. Bettiol1

1Ribeirao Preto Medical School, University of Sao Paulo,
RIBEIRAO PRETO, Brazil; 2Estacio-Uniseb Medical School,
Estacio-Uniseb University, RIBEIRAO PRETO, Brazil;
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3Department of Pediatric Dentistry, School of Dentistry of
Ribeirao Preto, RIBEIRAO PRETO, Brazil

Background: Recently, associations of genetic variants with
birth weight and adult conditions such as type 2 diabetes, blood
pressure and height have been described. This context leads to
the hypothesis that genes linked to obesity and metabolic dis-
orders in later life, such as the FTO (Fat Mass and Obesity
Associated) and PPARγ (Peroxisome Proliferator-Activated
Receptor) genes, may play a role both in intrauterine develop-
ment and in the genesis of obesity later in life. The objective of
this study is to evaluate the association of FTO and PPARγ
SNPs (Single Nucleotide Polymorphism) with intrauterine
growth restriction (IUGR) in a Brazilian cohort, taking into
account maternal factors also related to IUGR.
Methods: This was a case-control study nested in a prospective
birth cohort in Ribeirão Preto, Brazil. Participants were eval-
uated at birth and at adult age. At birth all 6827 mothers were
recruited in hospitals in the city and a sample of 2063 of their
offsprings were interviewed at 23-25 years of age, when a blood
sample was collected for DNA extraction and genotyping. All
280 participants defined as having IUGR according to the birth
weight ratio (BWR), which is the ratio between the child’s
weight and the median weight for gestational age according to a
reference curve, being restricted those with BWR≤ 0.85, and a
random sample of 276 non-IUGR participants were studied.
Odds ratios (OR) and 95% confidence intervals (95% CI) for
the association between FTO and PPARγ genes were estimated
by unadjusted and further adjusted logistic regression analyses,
separately according to sex.
Results: There was a protective effect of the FTO gene on
IUGR only for males, and the PPARγ gene was positively
associated with IUGR for both males and females. Males
carrying the TA genotype of the FTO rs9939609 were sig-
nificantly protected against IUGR (OR = 0.47, 95%CI 0.26–
0.86), when compared to the TT genotype, whilst AA geno-
type was not associated with IUGR (p> 0.05). For the PPARγ
gene, the AG genotype of rs41516544 showed a high risk for
IUGR both for males (OR = 27.83, 95% CI 3.65–212.32)
and females (OR = 8.94, 95% CI 1.96–40.88), when com-
pared to the AA genotype.
Conclusions: Genetic variations in the FTO and PPARγ
genes, which are known to be associated with obesity and
metabolic disorders in later life, seem to have association also
with IUGR, in a different way for males and females. We can
speculate that these genes may play a role in the association of
IUGR with metabolic conditions later in life.

PO3.02.06

The postnatal renal transcriptome is differentially affected
by various intrauterine deficiencies in male rats

E. Nüsken, F. Lechner, G. Lippach, M. Wohlfarth,
N.Mehdiani, B. Brachvogel, L.T.Weber, J. Dötsch, K.D. Nüsken

University of Cologne, Medical Faculty, COLOGNE, Germany

Background: Intrauterine deficiencies may predispose to renal
disease in later life. Even slight changes in gene expression
during kidney development may adversely affect outcome. We
aimed at identifying candidate genes and networks involved in
early renal programming after intrauterine growth restriction
(IUGR) in rats.
Methods: IUGR was induced by utero-placental insufficiency
after bilateral uterine vessel ligation (LIG) or intrauterine stress
by sham operation (SOP) or low protein (LP) nutrition
throughout pregnancy. Offspring of dams without intervention
served as controls. Kidneys were examined by transcriptome
analysis on postnatal (P) days P1 and P7 (n= 5 per group and
time point; n= 40 in total). Subsequently, principal compo-
nent, basic molecule, upstream regulator (Ingenuity) and
STRING analyses were performed.
Results: LIG and LP animals showed reduced kidney weight
on days P1 and P7. In group LIG, expression of genes and
regulators were significantly (p< 0.01) altered on P1, suggest-
ing acute organ injury. In group SOP, however, significant
alteration of overall gene expression and specific genes known
to affect kidney development were primarily present on P7. In
group LP, gene expression changes indicated dysregulation of
PPARs on P7.
Conclusions: Various intrauterine deficiencies differentially affect
the postnatal renal transcriptome. After utero-placental insuffi-
ciency, perinatal organ injury and regeneration may contribute to
long term disease risk. Both prenatal stress and malnutrition affect
gene transcription over a longer period of time, and the alterations
correspond with previously described long-term sequelae. Our
studymay help to define targets and timing of future interventions
to improve kidney outcome after IUGR.

PO3.02.07

Effects of cumulative childhood cardiovascular risk factor
exposure on transcriptomics in adulthood: The
Cardiovascular Risk in Young Finns Study

J. Mykkänen1, A. Ahola-Olli2, E. Raitoharju3, S.P. Rovio2,
T. Lehtimäki3, O.T. Raitakari2

1University of Turku, TURKU, Finland; 2CAPC, University of
Turku, TURKU, Finland; 3Department of Clinical Chemistry,
University of Tampere, TAMPERE, Finland

Background: Cardiovascular diseases (CVD), such as coronary
artery disease and stroke, are major cause of mortality and
morbidity worldwide. The CVD risk factor exposure in ado-
lescence, such as dyslipidemia, elevated blood pressure, obesity
and tobacco smoke, have been shown to impact cardiovascular
disease risk or intermediate CVD phenotypes in adulthood
independent of adulthood risk factors. Earlier studies have
linked blood transcriptomic signatures to both CVD and their
risk factors. However, it is currently unclear if childhood risk
factor exposure affects adult status of the transcriptome, and
whether such childhood effects are irreversible. Therefore, we
studied if cumulative CVD risk factor burden in childhood is

10th World Congress S375

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


associated with blood gene expression in adulthood indepen-
dently of adulthood risk factor levels.
Methods: The Cardiovascular Risk in Young Finns Study
(YFS) is an ongoing multicenter follow-up of Finnish subjects
who were healthy at baseline in 1980. Altogether 3596 subjects
(boys and girls) aged 3-18 years participated at the baseline
survey. Since then, the conventional CVD risk markers have
been measured repeatedly over the subsequent follow-up
studies from childhood to adulthood. Using these serial data,
we calculated the childhood cumulative risk factor burden for
blood pressure, serum lipids, body mass index and smoking
(active and passive). Adulthood genome-wide gene expression
was measured using Illumina BeadChip microarrays from
peripheral blood RNA samples collected within the YFS 31-
year follow-up survey in 2011 (n= 1650). Linear modelling
was used to analyse associations between cumulative childhood
CVD risk factor burden and transcriptomics in adulthood.
Models were adjusted for sex, age, blood cell counts, principal
component of genetic and transcriptomic data, and for corre-
sponding adulthood risk factor variables. Transcriptome-wide
associations of adulthood CVD risk factors were also studied.
Transcripts with false discovery rate less than 0.05 were con-
sidered significant.
Results: Several childhood cumulative CVD risk factors, such
as serum total cholesterol and HDL cholesterol, had associa-
tions with adulthood transcriptome. However, none of these
childhood associations remained genome-wide significant after
adjusting for the adulthood risk factor. In general, adulthood
CVD risk factors were associated with hundreds or thousands
of peripheral blood transcripts. The strongest adulthood asso-
ciations were seen for body mass index and blood lipids.
Conclusions: Our results suggest that cumulative childhood
CVD risk factor burden has no independent longitudinal
functional effect on the peripheral blood gene expression pat-
terns which have been associated with adulthood CVD risk
factor levels.

PO3.02.08

Cord blood leptin and insulin in association with
mitochondrial DNA content in newborns

A. Vriens1, M. Plusquin1, W. Baeyens2, L. Bruckers1, E. Den
Hond3, I. Loots4, V. Nelen3, G. Schoeters5, T.S. Nawrot1

1Hasselt University, DIEPENBEEK, Belgium; 2Vrije Universiteit
Brussel, BRUSSELS, Belgium; 3Provincial Institute for Hygiene,
ANTWERP, Belgium; 4University of Antwerp, ANTWERP,
Belgium; 5Flemish Institute for Technological Research (VITO),
MOL, Belgium

Background: According to the developmental origins of health
and disease theory, a disturbance in the early life environment
can contribute to disease risk in later life. Leptin and insulin are
anorectic hormones involved in energy homeostasis and are
crucial for fetal growth. Disturbances of these hormones con-
tribute to obesity and diabetes. In adults, mitochondrial

dysfunction is an important hallmark of metabolic disturbance,
including obesity and diabetes. However, the effects of early life
metabolic perturbation are unexplored. In the present study,
we investigate if metabolic hormones in early life are associated
with differences in mitochondrial DNA (mtDNA) content.
Methods: The study included 242 subjects from the FLEHS
(Flemish Environment and Health Study) III birth cohort.
Relative mtDNA content of cord blood leukocytes was deter-
mined using quantitative PCR as the ratio of two mitochon-
drial genes (MT-ND1 and MTF3212/R3319) to a single copy
nuclear gene (36B4). Cord blood levels of leptin and insulin
were determined using immunoassays. The association
between the studied metabolic hormones and mtDNA content
was assessed by use of multiple linear regression, while
accounting for cord blood leukocyte and thrombocyte counts,
gestational age, gender, maternal pre-pregnancy BMI, maternal
age, smoking during pregnancy, parity and the highest educa-
tional level of the household.
Results: Leptin and insulin levels were positively associated
with cord blood mtDNA content. A 25% increase in the cord
blood leptin levels was associated with 3.75% (95% CI: 1.56,
5.99) higher mtDNA content in cord blood (p= 0.0008).
Similar, a 25% increase in the mean insulin levels was asso-
ciated with a 2.48% (95% CI: 0.33, 4.67) increase in mtDNA
content (p= 0.024).
Conclusion: Neonatal metabolic hormones were associated
with cord blood mtDNA content. This suggests that the var-
iation of mtDNA content accommodate or reflect the differ-
ences in the metabolic status, already in early life.

PO3.02.09

Influence of in utero metal exposure on human placental
gene networks and fetal growth

M.A. Deyssenroth1, S. Peng1, K. Hao1, C. Gennings1, B.P.
Jackson2, M.R. Karagas2, L. Lambertini1, C.J. Marsit3, J. Chen1

1Icahn School of Medicine at Mount Sinai, NEW YORK, United
States of America; 2Dartmouth College, HANOVER, United
States of America; 3Emory University, ATLANTA, United States
of America

Background: Fetal growth restriction has implications for
health outcomes later in life, including energy balance dysre-
gulation and neurobehavioral dysfunction. Studies, including
our own, have shown that disruptions in specific genes (e.g.,
imprinted genes) in the placenta as well as environmental
insults (e.g., metal toxicants) are associated with abnormal fetal
growth. However, focusing on the independent effects of
individual metals and genes fails to account for the complex
interactions that likely exist among individual constituents in
both multi-pollutant exposure settings as well as genomic net-
works. Using novel bioinformatics and biostatistics methods,
we assessed metal mixture levels and profiled the placental
transcriptomic network to delineate a fetal growth restriction-
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related gene-environment signature in the Rhode Island Child
Health Study.
Methods: Using weighted quantile sum (WQS) regression
analysis, we assessed the influence of metal mixture exposure
(16 trace metals) measured in maternal toe nails on fetal growth
restriction (small for gestational age (SGA) vs. appropriate for
gestational age (AGA) infants). We identified functionally-
related gene-sets (modules) perturbed in fetal growth restriction
following implementation of weighted gene coexpression net-
work analysis (WGCNA) on placental RNA-Seq data (12,000
Refseq annotated genes). The first principal component of each
module (module eigengene) was derived to represent average
module expression, and the top 10 genes maximally correlated
with each module eigengene were defined as module hub genes.
To identify network modules associated with fetal growth, we
assessed the association between fetal growth restriction and
module eigengenes as well has hub genes using logistic regres-
sion. Associations between WQS-derived metal mixture indi-
ces and module eigengenes as well as hub genes were
determined using generalized linear regression models.
Results:We identified a metal mixture index predominated by
arsenic and cadmium that was significantly, positively asso-
ciated with fetal-growth restriction. One placental network
module enriched for genes functionally related to gene expres-
sion processes (GO:0010467) was significantly, inversely
associated with fetal growth restriction. The fetal growth-
associated metal mixture index was additionally significantly
and inversely associated with the fetal growth-associated pla-
cental gene network. Out of the 10 gene expression module
hub genes, 5 genes (ANKRD12, C21orf 91, INO80D,MBTD1
and PHIP) were significantly, inversely associated with both
fetal growth restriction and the metal mixture index.
Conclusions: This study provides the first comprehensive
assessment of the influence of in utero environmental insults on
fetal growth through placental genomics. Our findings suggest
a combined additive effect of arsenic and cadmium on the
downregulation of fetal growth, and this effect may be partially
mediated by the downregulation of a network of gene
expression-related genes in the placenta.

PO3.02.10

Widespread prevalence of a CREBRF variant associated
with weight and height in Polynesian children

S.D. Berry, C.G. Walker, K. Ly, C.C. Grant, R.G. Snell,
S.M.B. Morton

University of Auckland, AUCKLAND, New Zealand

Background: Investigating a large and ethnically diverse cohort
from the Pacific region, we aimed to replicate and extend the
recently reported findings that a CREBRF genetic variant is
strongly associated with body mass index in Samoans.
Methods: A birth cohort of more than six thousand children
was utilised. In this study, genotyping of two markers was

undertaken in both Polynesian and non-Polynesian individuals
in the cohort.
Results: We report that the CREBRF genetic variant is not
confined to Samoans but is prevalent in all other Polynesian
populations sampled, including Māori. We found that this
variant was associated with growth from two years of age, and
that the effect was more apparent in boys. On average, we
observed allele-specific increases in weight (p= 0·008, +395 g),
height (p= 0·009, +0·63 cm) and waist circumference
(p= 0·007, +0·62 cm) at four years of age. There was no effect
on birthweight (p= 0·129).
Conclusion: Polynesian populations experience a dis-
proportionately high burden of obesity, starting in early
childhood. This new knowledge offers potential for more
accurately targeted interventions aimed at establishing healthy
growth trajectories from the earliest possible age.

PO3.02.11

Perinatal over- or undernutrition programs adipogenesis:
Mechanism of a common Wnt10b/PPARγ pathway
mediated via differential β-Catenin signaling

G. ROSS1, MD Desai1, G.H. Han1, R.L. Lane2

1LA BioMed at Harbor UCLA Medical Center, LOS ANGELES,
United States of America; 2Medical College Wisconsin,
MILWAUKEE, United States of America

Introduction: Perinatal over- or under-nutrition results in
obese adult offspring with programmed enhanced adipogen-
esis. We have shown that increased adiposity in both offspring
groups is mediated via early upregulation of adipogenic tran-
scription factor, PPARγ, which promotes adipocyte differ-
entiation. Induction of PPARγ and adipogenesis is regulated by
factors including Wnt10b signal transduction. Activation of
Wnt10b signalling inhibits adipogenesis through both cano-
nical β-catenin dependent and non-canonical β-catenin inde-
pendent pathways. We hypothesized that inhibition of
Wnt10b contributes to increased PPARγ and enhanced adi-
pogenesis in offspring exposed to maternal obesity and under-
nutrition. We further determined whether these effects were
mediated via β-catenin pathway.
Methods: Female rats were fed either a high fat (HF; 60% k/
cal) or control (10% k/cal) diet prior to mating, and through-
out pregnancy and lactation. An additional group of dams were
50% food-restricted (FR) from pregnancy day 10 to term to
produce growth-restricted newborns. After birth, HF pups
were nursed by the same dam whereas FR pups were cross-
fostered to Control dams. All pups were weaned to normal diet.
Adipose tissue was obtained at 1 day (inguinal) and 9 months
(retroperitoneal) of age from male offspring. Protein expression
of Wnt10b and β-catenin were analyzed.
Results: As compared to controls, both HF and FR male
newborn PPARγ levels were upregulated (2-fold; P< 0.05) and
Wnt10b was downregulated (0.5, 0.6-fold, respectively;
P< 0.05). β-catenin expression was decreased in HF (0.7-fold;
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P< 0.05), though increased in FR newborns (1.4-fold;
P< 0.05). These changes persisted in adults with HF males
exhibiting decreased Wnt10b (0.2-fold; P< 0.05) and β-cate-
nin (0.7-fold; P< 0.05) whereas FR males showed continued
increased β-catenin (2-fold; P< 0.05).
Conclusions: Both perinatal over- and under-nutrition pro-
mote adipose PPARγ expression via suppression of Wnt10b
signalling. Whereas enhanced adipogenesis likely occurs via the
canonical Wnt10b/β-catenin pathway in response to over-
nutrition (ie, HF), the adipogenic stimulation is mediated via a
non-canonical β-catenin independent pathway in response to
undernutrition (ie, FR).

PO3.02.12

Molecular determinants of design optimality in
cardiopulmonary systems: Sprouty2 coordinates airway
and vascular branching programmes in mammalian lung
development.

D. J. Walker1, S.C. Land2

1University of St Andrews, DUNDEE, United Kingdom;
2University of Dundee, School of Life Sciences, DUNDEE, United
Kingdom

Background: Sprouty2 (Spry2) acts as a central regulator of
tubular growth and branch patterning in the developing
mammalian lung by controlling both magnitude and duration
of growth factor signalling. To determine if this protein coor-
dinates airway and vascular growth factor signalling, we tested
the hypothesis that Spry2 links the primary cue for airway
outgrowth, fibroblast growth factor-10 (FGF-10), to genomic
events underpinning the expression and release of vascular
endothelial growth factor-A (VEGF-A).
Methods & Results: Using primary fetal distal lung epithelial
cells (FDLE) from rat, and immortalised human bronchial
epithelial cells (16HBE14o-), we utilised various molecular
techniques such as western blotting, real-time PCR, chromatin
immunoprecipitation and electrophoretic mobility shif assay.
We identified a nuclear sub-population of Spry2 which inter-
acted with regions of the rat and human VEGF-A promoter
spanning the hypoxia response element (HRE) and adjacent 3’
sites. In FDLE cultured at the PO2 of the fetal lung, FGF-10
relieved the Spry2 interaction at the HRE region by promoting
clearance of a 39kDa form and this was accompanied by
histone-3 S10K14 phosphoacetylation, promoter de-methyla-
tion, hypoxia inducible factor-1a activation and VEGF-A
expression. This repressive characteristic of nuclear Spry2 was
relieved in 16HBE14o- by shRNA knockdown, and stable
expression of mutants (C218A; C221A) that do not interact
with the VEGF-A promoter HRE region.
Conclusions: We conclude that nuclear Spry2 acts as a mole-
cular link which co-ordinates airway and vascular growth of the
cardiopulmonary system. This identifies Spry2 as a molecular
determinant of design optimality in the mammalian lung.

Proposed model of Spry2-regulated VEGF-A gene expression.

PO3.02.13

FUT2 gene variants are associated with reported
gastrointestinal and respiratory illnesses during infancy in
the Southampton Women’s Survey (SWS)

S.J. Barton1, R. Murray1, K.A. Lillycrop1, H.M. Inskip1,
N.C. Harvey1, C. Cooper1, I. Silva Zolezzi2, N. Sprenger2,
K.M. Godfrey1, A. Binia2

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2Nestlé Research Center, LAUSANNE, Switzerland

Background: FUT2 (α1,2-fucosyltransferase) controls the
expression of histo-blood group antigens on the mucosal epi-
thelia of the respiratory and digestive tracts. Infant FUT2 locus
variants have been associated with the incidence of norovirus
infection during childhood.
Methods: 2 SNPs in the FUT2 gene, rs601338 and rs602662,
were genotyped in 1831 infants from the UK Southampton
Women’s Survey. Infant milk-feeding and health outcomes of
diarrhoea, vomiting and pneumonia or bronchiolitis were
assessed by nurse-administered questionnaires at ages 6, 12 and
24 months after birth. Logistic regression was used to examine
relations between SNPs and the infant health outcomes initially
adjusting for infant’s sex only. Further adjustments were made
if the health outcomes were significantly associated with SNPs.
Results: Infants who possessed major alleles (risk alleles) were
more likely to suffer adverse gastrointestinal and respiratory
illnesses than infants possessing minor alleles. For the FUT2
SNP rs601338, the odds ratio for one or more bouts of
vomiting between ages 12 and 24 months on addition of one
risk allele was 1.64 (95%CI 1.38-1.96, p= 3.38× 10-8)
adjusting for sex, breastfeeding duration, parity, mode of
delivery, maternal SES and infant antibiotic use up to
12 months. Highly significant associations were also observed
between rs601338 and one or more bouts of diarrhoea between
12 and 24 months (odds ratio 1.53 (95%CI 1.3-1.79,
p= 1.38× 10-7)) and one or more diagnoses of lower respira-
tory illnesses (pneumonia or bronchiolitis) between 12 and
24 months (odds ratio 2.77 (95%CI 1.68-4.57, p= 0.00006)).
Significant associations were also observed between rs601338
and bouts of diarrhoea from birth to 6 months (odds ratio 1.25,
p= 0.02), diarrhoea from 6 to 12 months (odds ratio 1.25,
p= 0.003) and bouts of vomiting from 6 to 12 months (odds
ratio 1.32, p= 0.0014). Similar associations were found

S378 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


between rs602662 and gastrointestinal and respiratory ill-
nesses, as rs602662 is in high Linkage Disequilibrium with
rs601338 (R2= 0.92; Ensembl). Longer breastfeeding duration
was a significant predictor for lower risk of diarrhoea inde-
pendent of infant FUT2 genotype.
Conclusions: These results confirm the association of infant
major FUT2 alleles with a higher risk of gastrointestinal ill-
nesses in early life and additionally reveal novel strong asso-
ciations with respiratory illnesses. These findings indicate that
considering FUT2 locus variants would be advisable in future
studies investigating risks of gastrointestinal and respiratory
illnesses in infants and children.

PO3.02.14

Prospective study of PPARG2 Pro12Ala polymorphism
effect on immune system in pregnant women and their
offspring: The PREOBE study

M. García-Ricobaraza1, M.N. Bleyere2, F.J. Torres-Espinola1,
D. Campos Consuegra1, A. Marcos3, C. Campoy Folgoso1

1Excellence Centre for Paedriatic Research, GRANADA, Spain;
2Department of Physiology, Haematology and Immunology,
Nangui Abrogoua University, ABIDJAN, Ivory Coast;
3Inmunonutrition Group, Institute of Food Science and
Technology and Nutrition. I, MADRID, Spain

Background: Peroxisome proliferator activated receptors
gamma (PPARG) is an important molecular factor participating
in many metabolic pathways during pregnancy. B-lymphocyte
antigen CD19 is a clinical biomarker linked to the lymphocyte
B development, with relevance during early life. On the other
side, the ratio CD4/CD8 ≤1 is associated with immunodefi-
ciency. We aimed to evaluate the relationship between the
polymorphism of PPARG Pro12Ala and immune molecular
and cellular components in 145 mothers and their offspring
participants in the PREOBE study.
Methods:Maternal venous blood was collected at 24, 34 and at
delivery plus umbilical cord samples. Immune system markers
were analyzed by four-colour flow cytrometry and genotyping
for PPARG Pro12Ala were performed. U Mann-Whitney,
Kruskal-Wallis, ANCOVA and Chi square test were performed
using SPSS version 22.0, and were corrected by Bonferroni.
Level of significance: P< 0.05.
Results: 125 pregnant women (86.21%) were homozygous
(Pro12Pro/CC) and 20 (13.79%) heterozygous (Pro12Ala/
CG). Regarding their offspring, 127 (88.47%) were homo-
zygous with major CC genotype, 15 (11.18%) had CG het-
erozygous genotype, and one (0.35%) had GG genotype. Only
Maternal Pro12Ala polymorphism was associated with infant’s
birth weight (p= 0.047), which resulted significantly higher in
neonates born to heterozygous mothers respect to those having
the major genotype CC (3552 ± 468 g vs 3326 ± 418 g). Study
findings revealed no changes of innate immune parameters in
mothers and their offspring; however, CD19 levels (0.13, 0.12,
0.07 103/μl, respectively; p≤ 0.05 ) and CD4+ /CD8+ ratio

were decreased in pregnant women carrying the GG and CG
genotype compared to CC major homozygous one (1.63, 1.58,
1.42, respectively; p≤ 0.05). Only CD19 levels in plasma were
modified significantly by PPARG at delivery in pregnant
women carrying the CG genotype (p= 0.0001)
Conclusion: PPARG2 Pro12Ala polymorphism has an effect
on immune parameters in pregnant women, with no appar-
ently consequences on the immune molecules and cells in the
offspring.

PO3.02.15

Genetics of birth weight and other anthropometric traits
and their influence on future risk of cardio-metabolic traits
in Indians

S. Nongmaithem1, V. Ghattu2, R. Shukla3, K. Ahmad4,
A. Dedaniya4, K. Kalyanaraman2, H.D. Fall5, S. Yajnik6,
R. Chandak4

1Centre for Cellular and Molecular Biology, HYDERABAD,
India; 2Epidemiology Research Unit, CSI Holdsworth Memorial
Hospital, MYSORE, India; 3Symbiosis Institute of Health
Sciences, PUNE, India; 4CSIR-Centre for Cellular and Molecular
Biology, HYDERABAD, India; 5MRC Lifecourse Epidemiology
Unit, University of Southampton, SOUTHAMPTON, United
Kingdom; 6Diabetes Unit, King Edward Memorial Hospital and
Research Centre, PUNE, India

Background: Phenotype at birth and early growth predict
future risk of cardio-metabolic disorders. A high prevalence of
low birth weight babies and emerging rise in cardiovascular
diseases, type 2 diabetes and gestational diabetes stress the
importance of Developmental Origin of Health and Diseases in
India. Understanding the genetic basis of fetal programming
will provides important insight into molecular mechanisms and
how they relate to future metabolic traits. Little is known about
the genetic determinants of fetal growth in Indians and how
they influence later metabolic health.
Methods:We generated genome-wide SNP data in two Indian
birth cohorts-The Pune Maternal Nutrition Study (PMNS;
658 mothers, 706 children) and The Parthenon Study (PS; 525
mothers, 564 children). We further imputed the genotype data
using 1000 Genomes phase 3 reference panels. An association
analysis of child genotype with anthropometric parameters at
birth including weight, length, head, chest, abdominal and mid
upper arm circumferences, and triceps and subscapular skin
fold, was performed with residual standardized value adjusted
for sex, gestational age, maternal age and body mass index
(BMI) during pregnancy using linear regression with additive
model. Similar association analysis was performed in adults
using mothers’ genotype data. We further track genetic asso-
ciation with various metabolic traits in early childhood at 6 and
9.5-12 years. Association analysis was performed indepen-
dently for each cohort and the results were combined by meta-
analysis.
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Results: The average birth weight was 2.6 kg and 2.9 kg in
PMNS and PS respectively; boys were heavier than the girls.
Gestational age, maternal age and BMI during pregnancy were
strong predictors of birth outcomes. We identified novel var-
iants in FBXO15 to be associated with subscapular fold, but no
other variant reached GWAS significance (p< 5× 10-8) for any
anthropometric trait at birth though many variants showed
suggestive association (p< 10-5). We investigated status of 60
birth weight associated variants from Early Growth Genetics
Consortium and observed similar direction of association for
29 of the 42 variants present in our data. The combined effect
of 42 variants showed significant association with birth weight
(effect= 0.024, p= 0.003) and other birth phenotypes (Fig-
ure). Tracking analysis revealed significant positive association
(p< 0.05) with anthropometric traits in children at 6 years of
age (Figure). The combined effect of 42 variants showed
negative association with systolic blood pressure, (effect= -
0.019, p= 0.01 at 6 years; effect= -0.015, p= 0.046 at 9.5-12
years; effect= -0.025, p= 0.002 in adults), and fasting glucose
(effect= -0.014, p= 0.04 at 6 years; and effect= -0.01,
p= 0.05 in adults). The trends of association of birth weight
associated variants on anthropometric and cardio-metabolic
traits from early childhood to adults were consistent.
Conclusions: We identified a novel association of adiposity at
birth with FBXO15 which codes for a protein-ubiquitin ligase
having a role in embryonic stem cell self-renewal. In addition,
despite a small sample size, we could detect the combined effect
of established birth weight associated variants with birth weight
and other anthropometric traits in Indians. Further the track-
ing analysis revealed that the genetic effect of birth weight on
cardio-metabolic traits starts in early childhood and remains
consistent in adults.

Tracking analysis of birth weight associated genetic variants
from EGG Consortium on birth and later anthropometric and
cardio-metabolic traits

PO3.02.16

Polymorphism frequency of vitamin D receptor in
pregnant women: impact on vitamin D plasma
concentration and antropometric parameters of newborn

F. Alves Affonso Kaufman, F.I. Suano-Souza, F. Ramires
Cafeo, L. Veríssimo Dutra, R.O. Saccardo Sarni, B. Bianco

Faculdade de Medicina do ABC, SANTO ANDRE, Brazil

Backgroud: Vitamin D (VITD) is a prohormone involved in
immune system, respiratory, endocrine, cardiovascular and
bone metabolism. The action of the VITD are mediated by
nuclear receptors, called VDR (vitamin D receptor). Changes
in the composition of the VDR gene may induce to an elevated
risk for development of disease linked to VITD metabolism.
Method: In a Cross-section study, there were included 106
pregnant women (37 to 42 weeks), and applied a standard ques-
tionnaire containing general health information, nutritional con-
dition and complications during the pregnancy. Further, there
were collected during the labor, 15mL of cord blood to mea-
surement of serum 25(OH)D and genotyping for VDR SNP.
Results: There were included 91 pregnant and newborn
umbilical cords, of which 74 pairs were genotyped. The fre-
quency of the SNP, maternal and newborn, were, respectively:
ApaI (30 and 22); FokI (20 and 7), BsmI (15 and 9), TaqI
(23 and 13). There were no singificant between the presence of
any of the referred SNP and the levels of plasma maternal or
cord vitamin D concentration. The mean of the age of included
women were 26.2 ± 6.9 years. Most of the people self-declare
brown, did not take any vitamin D supplements and only
about a quarter referred sun exposure and the mean time of sun
exposure were 6.0 ± 4.2 hours/week. The main complication
during the pregnancy was urinary tract infection (UTI). In
relation to newborns, most of them were male and the number
of normal delivery and cesarian were the same. There were no
association between VDR SNP with VITD concentration and
weight, height and cranial circumference at birth.
Conclusion: There is no evidence that the four SNP studied
affect the vitamin D plasma concentration. Further, there is no
association between VDR SNP with VITD concentration and
weight, height and cranial circumference at birth.

PO3.02.17

AMPK pathway in placenta and its relationship with birth
weight alterations and maternal nutrition status

K.A. Mata1, G. Barbosa1, M. Lazo1, J. Malacara1, H. Gomez2,
M. Gonzalez3, L. Daza2

1University of Guanajuato, LEON, Mexico; 2IMSS 48, LEON,
Mexico; 3University of Cienega Michoacán State, OCAMPO,
Mexico

Background: Birth weight alterations have been associated
with metabolic diseases during adult life. Placenta plays a cen-
tral role linking maternal and fetal environment. Placenta
responds with alterations in its structure and function, which
can lead to changes in nutrient supply and activation of sig-
naling molecules, such as AMPK (AMP-activated serine/
threonine protein kinase). AMPK is a sensor of cellular energy
status that is activated under conditions of low intracellular
ATP levels following stress such as nutrient deprivation. AMPK
is activated through phosphorylation by LKB1 (liver kinase
B1). LKB1 is a tumor suppressor kinase that regulates multiple
processes such as cell proliferation and stress responses.
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Therefore, we hypothesized that alterations of birth weight and
maternal nutritional status would be related to the expression
and activation of the AMPK pathway in placentas.
Methods: Placental tissue samples (n= 60) of clinically healthy
women, aged 15-45 years, with term pregnancy (37-42 SDG),
were classified in three groups according to the birth weight and
gestational age of the newborns: SGA (n= 20), AGA (n= 20)
and LGA (n= 20) (small, adequate and large for gestational age
respectively). Protein expression of AMPK pathway was eval-
uated (including signaling molecules AMPK, pAMPK, LKB1
and pLKB1) in homogenates of placental tissue by Western
Blot. The nutritional status of the mother was analyzed
according to serum levels of IGF-I evaluated by ELISA and its
concentrations were interpreted together with CRP levels.
Results: Total AMPK protein expression in LGA group were
30% lower compared to SGA (p< 0.0013). Activation of AMPK
pathway was twofold higher in SGA group (p=0.000001) and
1.6 fold lower in LGA group (p= 0.000007) compared to AGA.
Also, pAMPK of SGA group was fivefold higher compared to
LGA (p< 0.000000). pAMPK/total AMPK ratio correlated with
placental weight (r= -0.728, p<0.0001) and birth weight (r= -
0.841, p< 0.0001). Interestingly, pAMPK/total AMPK ratio
correlated with pregestational weight (r= -0.402, p= 0.0024)
but not with weight gain during pregnancy. Also, pLKB1 protein
expression correlated with pAMPK/total AMPK ratio (r=0.923,
p< 0.0001). LKB1 and pLKB1 protein expression were different
between groups (p= 0.013 and p< 0.0000 respectively). LKB1
protein expression in SGA showed was 35% higher than AGA,
and SGA was 42% lower compared to LGA (p= 0.0274 and
p= 0.0055 respectively). pLKB1 differ between SGA and LGA
(3.12 vs 0.54 fold of AGA, p<0.0000 expression respectively).
On the other hand, maternal IGF-I was correlated to CRP (r= -
0.325 p=0.0123), but not with activation AMPK pathway.
Conclusions: These findings suggest that LKB1 is involved in the
activation of placental AMPK. As well, pregestational weight is
associated with activation of AMPK pathway, and this may be
related to birth weight alterations, supporting the idea of a potential
role of these pathways regulating human placental and fetal growth.
Funding: Supported by CONACYT (CB-2013-222563) and
UG-DAIP 2016-2017 (1089/2016).
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Understanding barriers and enablers of a complex pre-
conception intervention in Malaysia - preliminary findings
from a process evaluation

A.N. Mohd Hanafiah1, M.Z. Zulkepli1, N. Muharam1,
D.W.Q. Chong1, S. Md Sharif1, N.H. Abdul Halim1,
N.A. Zainuddin1, N.S. Abu Bakar1, S.F.A. Zulbahari1,
J. Aagaard-Hansen2, R. Biesma3, S. Norris4, M. Hanson5

1Institute for Health Systems Research, SETIA ALAM, SHAH
ALAM, Malaysia; 2Steno Diabetes Center Copenhagen,

GENTOFTE, Denmark; 3Royal College of Surgeons Ireland,
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University of the Witwatersrand, JOHANNESBURG, South
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Background:Gestational diabetes mellitus (GDM) has adverse
effects on pregnancy and its outcomes, and the growing pre-
valence of GDM globally is changing the diabetes landscape. In
Malaysia the greatest increase in diabetes prevalence is reported
to be amongst the younger age group (18-35 years) who have
demonstrated a three-fold increase over the last two decades.
The Ministry of Health leads a group of institutions in
exploring the efficacy and feasibility of a pre-conception inter-
vention among young married couples that aims to prevent
GDM. The randomised controlled trial (RCT), Jom Mama,
evaluates the effect of a complex intervention which comprises
the usage of a personalised mobile application in combination
with behaviour change counselling by community health pro-
moters (CHP). To understand the barriers and enablers to
implementing such a complex intervention, process evaluation
is key, through examining implementation of the intervention,
the mechanisms of its impact, and the circumstances around
the intervention. A process evaluation was thus conducted in
JomMama to assess the recruitment process, the feasibility and
experiences in using the e-health platform from the perspectives
of CHPs and young couples, the peer support sessions, and
attrition from the intervention. The aim of this presentation is
to report preliminary findings from the assessment of the fea-
sibility and experiences in using the e-health platform and
delivery of behaviour change counselling by CHPs.
Method: Focus group discussions (FGD), in-depth interviews
(IDI) and observations by way of audio-recordings were carried
out to explore the perceptions of CHPs and young
couples about the intervention, specifically in using the
e-health platform and on the behavioural change counselling.
Data from the different approaches are triangulated. The
research team conducted 9 FGD with the community health
promoters, 9 IDI with the young couples, and 19 audio-
recordings of the contact points. Data were transcribed and
analysed using thematic analysis. Ethical approval was obtained
from the Medical Research and Ethics Committee, Ministry of
Health Malaysia.
Results: The CHPs welcomed the new perspective of health-
care, i.e. behavioural change counselling in pre-pregnancy,
different from their usual mother-and-child care. However,
they were not in favour of the added work burden. The young
couples preferred the face-to-face approach over telephone
calls, and appreciated the counselling in motivating them
towards lifestyle changes. The e-health platform has been used
to its full potential by CHPs during contact points despite
them admitting to being unfamiliar with the application in the
early days. Good internet connectivity is key to effective use of
the e-health platform, which some CHPs and young couples
have complained of not always having. The young couples,
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however, despite some of them not being savvy, found the
phone application to be very informative.
Conclusion: Preliminary findings from the assessment suggest
that in spite of teething problems, the e-health platform was
found to be useful in facilitating lifestyle behaviour changes
when paired with counselling by the CHPs.

PO3.03.02

Effects of a preconception lifestyle intervention in obese
infertile women on diet and physical activity: results of a
randomized trial.

T.M. van Elten1, M.D.A. Karsten2, A. Geelen3, A.M. van
Oers2, M.N.M. van Poppel1, H. Groen2, R.J.B.J. Gemke1, B.
W. Mol4, M.A.Q. Mutsaerts2, T.J. Roseboom5, A. Hoek2

1VU University Medical Center, AMSTERDAM, The
Netherlands; 2University Medical Center Groningen,
GRONINGEN, The Netherlands; 3Wageningen University &
Research, WAGENINGEN, The Netherlands; 4University of
Adelaide, ADELAIDE, Australia; 5Academic Medical Center,
AMSTERDAM, The Netherlands

Background: Obesity in women of reproductive age is an
increasing problem worldwide, with negative repercussions for
women’s health and their future offspring. Lifestyle changes are
difficult, but since women who intend to become pregnant are
more susceptible for lifestyle changes, interventions during this
time window might be more effective than interventions dur-
ing any other period of life. The first large randomized con-
trolled trial (RCT) of a preconception lifestyle intervention
showed that the intervention was effective in reducing weight
and improving cardio metabolic health. We here report the
effects of a preconception lifestyle intervention on diet and
physical activity in obese infertile women.
Methods: The current study is a secondary analysis of a multi-
centre RCT, the LIFEstyle study. In total 577 obese infertile
womenwere randomized between a six-month lifestyle intervention
program (intervention group; N=290) or prompt infertility treat-
ment (control group; N=287). Specific dietary behaviors were
assessed using a food frequency questionnaire (FFQ). Physical
activity was estimated using the Short QUestionnaire to ASsess
Health-enhancing physical activity (SQUASH) questionnaire. Both
self-administered questionnaires were filled out at baseline, and
three, six and twelve months after randomization. Mixed models
were used to analyze differences between groups at the various time
points, during and after the intervention. All models were adjusted
for baseline measurements, education level and pregnancy.
Results: Compared to the control group, the intervention
group had statistically significantly reduced intakes of sugary
drinks at three months (-0.5 glasses/day [95%C.I.= -0.8;
-0.2]), savory snacks at three months (-2.4 handful/week [-3.4;
-1.4]) and at six months (-1.4 handful/week [-2.6;-0.2]), and
sweet snacks at three months (-2.2 portion/week [-3.3;-1.0])
and twelve months after randomization (-1.9 portion/week
[-3.5;-0.3]; figure I). There were no significant differences in

vegetable and fruit intake between the two groups. Women in
the intervention group were more physically active than
women in the control group at all time points, but these dif-
ferences were not statistically significant.
Conclusions: Obese infertile women who followed a six-month
structured preconception lifestyle intervention program decreased
their intake of unhealthy, high caloric foods and beverages during
the intervention and increased their total moderate to vigorous
physical activity during the intervention, compared to the control
group. Future research in this group will assess whether these
lifestyle changes have affected maternal and offspring health.

Estimated marginal means for diet and physical activity cor-
rected for baseline, education level and pregnancy.
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Narrative review of reviews of preconceptional
interventions to prevent increased risk of obesity and
non-communicable diseases in children

C.M. Jacob, M.L. Newell, M.A. Hanson
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Background: Evidence for the effect of preconceptional and
peri-conceptional risk factors on childhood outcomes such as
obesity is growing. Insights into mechanisms that influence the
early nutritional environment of the fetus have also suggested
that epigenetic processes during this period can increase sus-
ceptibility to obesity and other non-communicable diseases
(NCDs) in later life. Thus, if issues such as maternal mal-
nutrition (both over and under nutrition) are not addressed
before pregnancy they could led to a passage of risk of NCDs to
the next generation. Birthweight (both low and high birth
weight) has been extensively studied as a risk factor for future
obesity, although it is a crude marker of prenatal development.
Studies have also used maternal weight and gestational diabetes
(GDM) risk as proxy outcome measures for future NCDs in
children, with conflicting results.
Objective: To synthesise evidence for interventions in the
preconception period to prevent obesity and other risk factors
for NCDs in children.
Methods: A search for systematic reviews of interventions in
the preconceptional period to prevent NCDs published
between 2006 - 2016 was conducted on PubMed and
Cochrane Database for Systematic Reviews. Quality assessment
was performed on included studies.
Results: Sixteen reviews were included in the final report.
There was considerable variation in the outcomes assessed
between the reviews. The reviews predominantly included
observational studies, leading to an overall low quality of evi-
dence. For the target group of this review, preconceptional
women, very few studies were identified. Results from these
reviews suggest that exercise and diet based interventions can
significantly reduce maternal weight post-partum (Mean dif-
ference (MD) -1.93 kg [95% CI -2.96 to -0.89]). Compared to
standard care, women in the intervention groups gained less
weight during pregnancy (MD for gestational weight gain MD
-1.66 kg [95% CI -3.12 to -0.21]). Pre-pregnancy exercise was
associated with GDM risk reduction and women who received
preconceptional care (PCC) had a lower mean glycosylated
haemoglobin (MD -2.43 [95% CI -2.58, -2.27]) compared to
women who did not receive PCC. Balanced protein energy
supplementation during and before pregnancy was associated
with a 32% reduction in low birthweight in the intervention
compared with the control group (Relative risk 0.68 [95% CI
0.51, 0.92]), and an increase in mean birth weight (MD 73.78g
[95%CI 30.42, 117.15]).
Conclusion: The quality of evidence from eligible reviews
hinders development of global recommendations on the pre-
vention of obesity and NCDs in children. Nevertheless, this
review has highlighted that women who received preconcep-
tion education and counselling for lifestyle modification, were
more likely than those who did not receive any PCC to have
improved pregnancy outcomes, such as improved control of
GDM and significantly improved birthweight. Further, beha-
vioural outcomes such as improved eating habits and increased
physical activity were observed in women, which are likely to
have longer-term beneficial effects on maternal and child

health. The outcomes included in the results are risk factors on
the pathway to obesity and NCDs in later life, and longitudinal
studies with long-term follow up are needed to support these
findings.
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Childhood and adulthood preconception exposures
influence smoking cessation during pregnancy and in
midlife

D.A.J.M. Schoenaker1, G.B. Ploubidis2, A. Goodman2,
G.D. Mishra1

1University of Queensland, BRISBANE, Australia; 2Centre for
Longitudinal Studies, UCL - Institute of Education, University
Colleg, LONDON, United Kingdom

Background: Tobacco smoking among women – before,
during and after pregnancy – remains a common and major
preventable risk factor for immediate and long-term adverse
health outcomes for both mothers and their children. Inform-
ing the development of programs that enhance smoking ces-
sation among pregnant women and prevent relapse postpartum
and beyond, requires understanding of risk factors at different
life stages. In this study, we examine risk factors across the life
course for smoking cessation and reduction during pregnancy,
and whether this is associated with smoking status in midlife.
Methods: The National Child Development Study (NCDS) is
a British national birth cohort of women born in 1958. At age
33 years, women were asked for each pregnancy whether they
had smoked cigarettes in the 12 months before pregnancy.
Preconception smokers were then asked if they had changed
their smoking behaviour during pregnancy (quit or reduced the
number of cigarettes) or continued smoking as before preg-
nancy. Among 1,468 women who smoked before pregnancy,
we examined associations of socioeconomic, psychological,
health and lifestyle risk factors reported in childhood (age 11),
adolescence (age 16) and early adulthood (age 23) with change
in smoking behaviour from one year before to during preg-
nancy using multivariable multinomial logistic regression. The
association between change in smoking behaviour during
pregnancy and smoking status at age 55 years was examined
while adjusting for significant risk factors at each life stage.
Results: Among smokers during the preconception period
(39%), 26% reduced and 35% quit smoking during pregnancy
(Figure 1). Parental smoking and social class during childhood,
and early adulthood social class, depression, early smoking
initiation and intensity, living with a smoker, and early
motherhood were associated with a lower likelihood of smok-
ing cessation and reduction during pregnancy. Among women
who smoked before pregnancy, 54% were still smokers at age
55 years (Figure 1). Compared with women who smoked
before and during pregnancy, women who quit during preg-
nancy were three times more likely to be non-smoker at age 55
years (odds ratio 3.12, 95% CI 2.35, 4.12) after adjusting for
risk factors across the life course.

10th World Congress S383

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Conclusion: In this population-based birth cohort study, we
demonstrate that smoking cessation and reduction during
pregnancy are influenced by exposures during early life, ado-
lescence and early adulthood. These results emphasize the need
for implementation of tobacco screening and cessation services
that address health risks in populations experiencing dis-
advantages. Despite these inequalities across the life course, our
findings also indicate that cessation during pregnancy may have
an enduring influence on women’s smoking behavior through
to midlife, highlighting that pregnancy may represent an
opportunity for long-term cessation among women who smoke
in the preconception period.

Prevalence and changes in smoking status among women in the
National Child Development Study
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Effects of Antibiotic-Disruption of the Seminal Fluid
Microbiome on Male Reproductive Health and DOHaD
Changes in Resulting Offspring

C.S. Rosenfeld1, S.A. Johnson1, S.A. Givan1, T. Trupti1,
Y. Liu1, R.A. Hess2, Z. Lei1, L.W. Sumner1

1University of Missouri, COLUMBIA, United States of America;
2University of Illinois Urbana-Champaign, URBANA-
CHAMPAIGN, United States of America

Paternal environment, including diet and obesity status, can
lead to detrimental developmental origins of health and disease
(DOHaD) effects in resulting offspring and even future des-
cendants. Causative factors could include: 1) Alterations in the
spermatozoa as they transition from the testes to the epididy-
mis. For instance, sperm DNA fragmentation, total sperm
count, and epigenetic alterations, including sperm microRNAs
and tRNAs secreted from the epididymal tubules. 2) Paternal-
induced DOHaD effects that lead to modifications in the
seminal vesicle fluid contents, such as metabolites and cyto-
kines. 3) Finally, a female may perceive the compromised state
of her partner and reduce her parental investment in his off-
spring, as has been shown to occur in mammalian and non-
mammalian species. One plausible mechanism that has not

been previously considered is whether such paternal-induced
DOHaD effects originate from alterations in a putative seminal
fluid microbiome (SFM). The seminal vesicle glands secrete a
slightly basic product enriched with fructose and other carbo-
hydrates. This environment is an ideal habitat for micro-
organisms. Thus, we postulated the existence of a SFM that
may be influenced by the male’s environmental conditions.
Prior studies in men have identified several bacterial species in
the semen, which were presumed to originate from the seminal
vesicles. However, bacteria identified from such samples could
also originate from other portions of the male reproductive
system or be urinary system contaminants. We have recently
confirmed the existence of a SFM and that it can be influenced
by genetic status and short-term consumption of a high fat diet
in mice. Further, we used a combined antibiotic approach
(CUB antibiotic protocol- Clindamycin 1.4mg, Unasyn
(ampicillin/sulbactam) 40mg/kg day, and Baytril 50mg/kg
day) designed to target the primary bacteria within the SFM to
demonstrate that alteration of the SFM in mice results in
metabolic changes in the seminal fluid compared to males
treated with saline vehicle alone (n = 10 per group). Inosine,
xanthine, and L-glutamic acid were significantly reduced in the
seminal fluid of antibiotic treated males; whereas fructose was
increased in this treated group (P≤ 0.05). Pathological changes
in the male reproductive system were observed, including
increased Periodic acid-Schiff (PAS)+ cells in the interstitium
(potentially mast cells) of the testes and epididymis and cribi-
form growth of epididymal tubules from CUB- antibiotic-
treated males. Antibiotic-treatment also altered the bacterial
composition of the SFM. Offspring derived from antibiotic-
treated males paired with control females show developmental
origins of adult health and disease (DOHaD) changes in
postnatal ultrasonic vocalizations and increased body weight
gain in later life (n= 10 per group; P≤ 0.05). The current
studies are highly pioneering and suggest disruption of the
SFM leads to DOHaD effects in resulting offspring and might
compromise the health of the father. Further work is needed to
determine how alterations in paternal composition, environ-
ment, and treatment with antibiotics might interact to affect
the SFM and possibly result in more pronounced offspring
DOHaD effects.

PO3.03.07

Beneficial effects of sympathomimetics on semen quality in
humans

E.C. Oostingh

Erasmus MC, ROTTERDAM, The Netherlands

Background: Over 50% of the Dutch male population in
reproductive age uses (non)prescribed medication. So far,
potential harmful effects of medication in general on semen
quality are scarcely studied. Atopy is the tendency to produce
specific IgE following exposure to allergens. This is a common
chronic disorder for which often sympathicomimetics are used.
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Therefore, the aim of this study is to investigate associations
between sympathomimetics and semen quality.
Methods: Between 2007 and 2012 we enrolled 2,166 couples
visiting the preconception outpatient clinic ‘Achieving a heal-
thy pregnancy’ of the Department of Obstetrics and Gynecol-
ogy (Erasmus Medical Centre, Rotterdam). Participants
completed a general questionnaire covering details on health
conditions and medication use. During this visit anthropo-
metric measurements were performed and non-fasting blood
samples were obtained for the determination of biomarkers of
one carbon metabolism (folate, vitamin B12, homocysteine).
Information on semen analyses was collected from medical
records (i.e. ejaculate volume, sperm concentration, and moti-
lity). Data of 873 men with at least one available semen analysis
were analyzed using multivariable linear regression models,
adjusted for BMI, alcohol use, smoking, ethnicity, age, and
folic acid supplement use.
Results: Characteristics of men using sympathomimetics
(n= 32) and controls (n= 841) were comparable between the
groups, except for folic acid supplement use. A higher percen-
tage of included men uses folic acid supplements (24.1% vs
5.40%; P< 0.001). The use of sympathomimetics was posi-
tively associated with percentage progressive sperm
(β= 10.804; 95% CI, 3.917-17.691) and adjustment for
confounding by indication did not alter this association
(Table). There was no association between the use of sym-
pathomimetics and other semen parameters.
Conclusion: The use of sympathomimetics is positively asso-
ciated with the percentage progressive motile sperm in men of
subfertile couples attending a preconception outpatient clinic.
Future research should focus on dose-response associations to
further substantiate our findings.
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suppresses human ovarian granolusa cells apoptosis via up-
regulating miR-125b expression independent of androgen
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SHANGHAI, China

Background: Polycystic ovary syndrome (PCOS) is a set of
endocrine symptoms and one of the leading causes of infertility.
The pathology of PCOS is unclear however. Androgen excess,

multiple ovarian immature follicles have been proved to be
critical in PCOS. Our previous study revealed the exclusive
existence of androgen receptor(AR) alternative splicing variants
(ASVs) including insertion type(Ins) and deletion type(Del) in
ovarian granulosa cells(GCs) of PCOS patients and the pre-
dominant role of AR ASVs in the hyperandrogenism of PCOS.
miRNAs are a kind of ncRNA which function as a regulator of
gene expression post-transcriptionally or in an epigenetic way.
Previous study showed Wt AR attenuate follicle atresia by
DHT-induced transcription of miR-125b. However, it
remains to be illustrated in PCOS patients with ASVs.
Methods: All eligible PCOS patients were recruited in the
Reproductive center, National Peace Maternal& Child Health
Hospital according to Rotterdam criteria. Women infertile
with tubal factor or male factors seeking IVF treatment were
recruited as control patients. Patients’ GCs samples were iso-
lated. All recruited patients were divided into three groups
according to their corresponding AR ASVs in GCs (Wt group
with GCs solely expressing wild type(Wt) AR, Ins group with
Ins AR in GCs and Del group with Del AR in GCs). Clinical
characteristics of all recruited patients were collected from
clinical database. miR-125b expression was detected using RT-
PCR in both patients’ GCs samples of three groups and pri-
marily cultured GCs overexpressing ASVs. Flow cytometry and
western blot were used to evaluate apoptosis of GCs. Chro-
matin Immunoprecipitation(ChIP) and Immunofluorescence
was used to detect ability of ASVs’ nuclear translocation. CoIP
and DNA Pulldown were used to explore the regulatory
mechanism of Ins on miR-125b.
Result: ASVs were associated with higher TT level, more antral
follicles and higher E2 level and larger number of follicle> 14
mm on hCG administration day by statistical analysis of clin-
ical characteristics. Moreover, miR-125b expression was sig-
nificantly up-regulated in Ins group. In vitro, GCs
overexpressing Wt AR showed a significant increase in
miR-125b expression with DHT trigger. However, Ins AR
significantly increased miR-125b expression in a DHT-
independent fashion which subsequently suppressed the
apoptosis of GCs. ChIP enclosed that Wt AR bound to the
ARE on the promotor of miR-125b thus up-regulating miR-
-125b expression but this binding was not observed in
Ins AR. Ins AR showed nuclear translocation dysfunction
in Immunofluorescence. CoIP and DNA Pulldown suggested
that Ins AR up-regulated miR-125b expression through inter-
acting ANT2.
Conclusion: Ins up-regulated miR-125b expression by inter-
acting with ANT2 in a DHT-independent way, subsequently
suppressed GCs’ apoptosis.
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Background: The incidence of maternal obesity has risen
dramatically over recent decades. Exposure to maternal obesity
during gestation can cause alterations in fetal neuroendocrine
development, neuronal proliferation and brain development
and thereby may have long-term impact on offspring develop-
ment and behavior. Multiple cohort studies show that maternal
obesity is indeed associated with neurodevelopmental problems
in the offspring, including externalizing and hyperactive pro-
blems and attention deficit hyperactivity disorder (Edlow,
2017; Rivera, 2015). A lifestyle intervention during the pre-
conception period may offer opportunities to prevent the
negative effects of maternal obesity on the offspring (Lewis,
2014). Until now, no studies have been published about the
effects of a preconception lifestyle intervention on the offspring
development and behavior. We have the unique opportunity to
follow-up children born to obese women who were randomized
to a preconception lifestyle intervention or a control group
(Mutsaerts, 2010).
Methods: Women, aged between 18 and 39, with a BMI ≥
29 kg/m² and diagnosed with infertility because of chronic
anovulation, oligo- or amenorrhea or, in case of a functioning
ovulatory cycle, unsuccessful conception for at least 12 months
were recruited between June 2009 and June 2012 in the
Netherlands. Participants were randomly allocated to a lifestyle
intervention (N= 290) or to standard fertility care (N= 287).
The intervention consisted of dietary counselling, increasing
physical activity and an individualized behavioral modification
plan. The intervention goal was a minimum of 5% weight loss
or a BMI < 29 kg/m². Women who conceived within
24 months after randomization of the Lifestyle study, were
approached for follow-up (N= 145 intervention group;
N= 160 control group). Women filled out the Ages and Stages
Questionnaire (ASQ) and the Strengths and Difficulties
Questionnaire (SDQ) to assess their child’s development and
behavior respectively. Mann Whitney U-tests were performed
to compare ASQ and SDQ scores between the intervention and
control group and between offspring of women in the inter-
vention group who reached the intervention goal and the
control group. Data collection started in January 2016 and will
finish in June 2017.
Results: At time of submission we analyzed data of 34 children
in the lifestyle intervention group and 55 children in the con-
trol group. Offspring of women in the intervention group did
not score differently on (sub)scales of the ASQ and SDQ than
offspring of women in the control group. Offspring of women
in the intervention group who reached the intervention goal
(N= 12) showed less conduct problems (U= 201, p< .05),
less total behavioral problems (U= .210, p< .05) and a trend
to less hyperactivity (U= 222.5, p= .07) than offspring of
women in the control group. No differences were observed in
the development of the children.

Conclusions: Preliminary analyses show that randomization
to a preconception lifestyle intervention per se does not
seem to affect offspring development and behavior but that
successfully accomplishing a lifestyle weight reduction goal was
related to a reduction in offspring conduct and behavioral
problems and may be related to a reduction in offspring
hyperactive problems. These findings provide insights into the
opportunities to prevent adverse child outcomes related to
maternal obesity.

PO3.03.10

Awareness and communication with low health literate
clients in preconception care: a problem analysis

A.N. Rosman1, E.C. Kamphuis2, B.J. Myren2, M.P. Fransen2

1Erasmus MC, ROTTERDAM, The Netherlands; 2Academic
Medical Center, AMSTERDAM, The Netherlands

Background: In this study a problem analysis is performed to
assess health care professionals’ awareness, knowledge, attitude,
and communication skills towards patients with low health
literacy in offering preconception care.
Design: semi structured interviews and observations during
consultations
Setting: primary midwifery practices and secondary care in and
around Amsterdam, the Netherlands
Population: obstetric health care professionals, general practi-
tioners , preventive health care physicians, clients with low
health literacy
Methods: We performed fourteen in-depth, semi-structured
interviews with midwives, obstetricians, preventive health care
physicians and general practitioners to assess their knowledge
about health illiteracy. We also observed the communication
skills of nine other professionals during 28 general consulta-
tions with low health literate clients. After each observed con-
sultation we assessed clients’ opinion of the consult and
determined their level of health literacy by using SAHL-Dutch.
Main outcome measures: awareness of health literacy and
communication skills of professionals
Results: Reaching high-risk groups with preconception care
was seen as important but difficult. Describing patients with
low health literate varied among the professionals. Only a few
could describe techniques how to communicate with low
health literate patients. Observations showed that the least used
communication techniques were: retrieving knowledge, out-
lining an agenda and using the teach-back method. Most cli-
ents were satisfied about the consultation and the information
they received, however the understanding of the information
was not always clear.
Conclusions: Awareness of health literacy is low. To improve
communication skills a health literacy focused learning strate-
gies in preconception care can raise awareness, adjust percep-
tions, encourage the identification of low health literacy and
increase the application of communication strategies.

S386 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


PO3.03.11

POHaD - Paternal Origins of Health and Disease: Paternal
obesity and early embryonic development.
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Several studies showed that female obesity has a negative
impact on pregnancy, embryonic development, live birth rates
and offspring’s health. However, only a limited number of
studies have investigated the impact of paternal lifestyle or
obesity on these fertility and birth-related outcomes. In human,
a link between Body Mass Index (BMI) of future fathers and
the number of successful live births has been shown. Studies in
animals have demonstrated that diet-induced obese males have
impaired preimplantation embryo physiology and delayed
embryonic development. Hence, we hypothesize that paternal
periconception lifestyle and obesity can impair sperm quality
and embryonic development in humans. As such, the aim of
this study is to investigate the impact of paternal anthropo-
metric characteristics on early embryonic development. We set-
up a longitudinal study in Belgian couples attending the Leu-
ven University Fertility Center (LUFC). In this “Epigenetic
Legacy of Paternal Obesity” (ELPO) study we will combine
three consecutive stages of human development, including the
male gametes, embryos and offspring. Our aim is to include at
least 120 couples between 18-45 years old. We exclude patients
with a history of cancer, radiation or chemotherapy, patients
with pre-implantation genetic diagnosis, patients with sub-
normal sperm parameters or ICSI treatment, and use of frozen/
thawed sperm samples or donor gametes. Anthropometric data,
including BMI, lean and fat %, and waist circumference are
measured at the time of recruitment. Socio-demographic
characteristics and information regarding lifestyle and dietary/
nutritional intake are collected through standardized ques-
tionnaires. Embryo growth is assessed through a computer
assisted scoring system. In brief, number of blastomeres, sym-
metry and degree of fragmentation are recorded on day 1, day 2
and day 3, after insemination. From our preliminary data, we
expect to have 60% overweight/obese men and 40% normal
weight men in our study sample. Taking into account age, lean
and fat mass are within the expected ranges; respectively 80%
and 20%. It is our aim to explore potential associations
between these anthropometric characteristics and early
embryonic development, using mixed models accounting for
clustering and control for potential confounding. In conclu-
sion, this epidemiological study will improve our under-
standing of inheritance of paternal lifestyle factors. We believe
that the current concept of the DOHaD needs an extension.
Besides known maternal contributions to offspring’s health, it

is important to include preconceptional paternal exposures as
well. Therefore, we suggest adding a POHaD (Paternal Origins
of Health and Disease) theory in this Society of DOHaD.

PO3.03.12

Pre-pregnancy dietary, lifestyle and reproductive risk
factors of gestational diabetes in an Australian
population-based cohort

M. Looman1, D.A.J.M. Schoenaker2, S. Soedamah-Muthu1,
E.J.M. Feskens1, A. Geelen1, G.D. Mishra2

1Wageningen University, WAGENINGEN, The Netherlands;
2University of Queensland, BRISBANE, Australia

Background: Gestational diabetes mellitus (GDM) is one of
the most common metabolic complication during pregnancy.
The most well-known pre-pregnancy risk factor for GDM is
being overweight or obese, but other risk factors are less well-
known. The objective of this study is to identify pre-pregnancy
risk factors for GDM by comparing pre-pregnancy dietary
intake, lifestyle and reproductive factors between women who
developed GDM and those who did not.
Methods: The Australian Longitudinal Study on Women’s
Health included 4,198 women aged 25 to 30 years at baseline
without pre-existing diabetes who were followed-up between
2003 and 2015. Dietary intake was assessed with a 101-item
validated food frequency questionnaire at baseline in 2003.
General characteristics (age, area of residence, country of birth,
highest completed education, work status and marital status),
family history of type 2 diabetes, lifestyle factors (BMI, physical
activity level, smoking and alcohol), and reproductive factors
(polycystic ovarian syndrome (PCOS), parity, weight at age
ten) were assessed with self-administered questionnaires sent
out every three to four years. GDM was self-reported for each
pregnancy at every survey round and validated in a subsample.
Risk factors between women with GDM and no GDM were
tested with independent samples t-test for continuous variables,
chi-square test for categorical variables and Mann-Whitney U
test for dietary intake variables. Significantly different variables
were included in a multivariable log-Poisson regression model
using generalised estimating equations to account for correla-
tions in repeated pregnancies contributed by a single woman
and changes in risk factors over time. Prevalence of meeting
nutrient recommendations were estimated using the estimated
average requirements cut-point method.
Results: During 12 years of follow-up there were 335 cases of
GDM (4.5%) in 7,433 pregnancies (4,198 women). Women
who were overweight or obese, born in Asia, older at preg-
nancy, nulliparous, had a family history of type 2 diabetes, had
PCOS or often drank alchohol were at higher risk of developing
GDM (relative risks (95% confidence interval) ranged from
1.10 (1.08-1.16) to 2.72 (1.43-5.16), p< 0.05). Work status
was associated with development of GDM in the crude ana-
lyses, but not in the adjusted model. Age at baseline, area of
residence, physical acitivity, smoking, education, marital status
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and weight at age 10 did not differ between women with GDM
and those without.
Carbohydrate, sugar, fibre, vitamin C and folate intake was
lower in women with GDM than those without GDM (all
p< 0.05), but not for other macro- and micronutrients. Pre-
valence of riboflavin deficiency (2.7% in women without
GDM vs. 0.8% women who developed GDM, p= 0.04),
vitamin A (27.7% vs. 32.9%, p= 0.04) and calcium (54.2 vs.
60.0, p= 0.04) was lower in women with GDM than those
without, but not for other micronutrient deficiencies.
Conclusion: Besides overweight and obesity, older age at
pregnancy, having PCOS, family history of type 2 diabetes,
being Asian and nulliparous are risk factors for development of
GDM. Carbohydrate, sugar and fibre intake was lower in
women with GDM than women without GDM, whereas for
micronutrient intake and deficiencies only small differences
were found.

PO3.03.13

Reproductive parameters and oxidative stress biomarkers of
male Wistar rats prenatally exposed to cigarette smoke

O. Obembe, F. Olatoke

Osun State University, OSOGBO, Nigeria

Background: The negative influence of cigarette smoking on
developing fetus is well documented, amongst which are
retarded fetal growth, intrauterine hormonal disruption and
pregnancy complications. Reports of prenatal cigarette smok-
ing on male reproductive hormones are controversial but
shortened anogenital distance has been established to be an
indicator of potential male infertility. This study was therefore
designed to investigate the effects of prenatal exposure to pas-
sive cigarette smoke on anogenital distance, reproductive hor-
mones and oxidative stress biomarkers of Wistar rats.
Methods: Female Wistar rats were randomly divided into two
groups (n= 5) and cohabited with matured male rats. Group 1
was exposed to smoke from an idling cigarette for 30 minues
per day in an exposure chamber from day 1 of gestation till
parturition while Group 2 served as control (no exposure).
Morphometric variables of the litters were recorded using
digital caliper on postnatal day 1 (PND1) and at the end of 6th

week of postnatal life. The male offspring were then sacrificed
by cervical dislocation. Blood serum was collected for assay of
testosterone, luteinizing hormone (LH) and follicle stimulating
hormone (FSH) using ELISA technique. Serum levels of Cat-
alase, sodium dismutase (SOD), malondialdehyde (MDA),
lipid profile and liver function biomarkers were examined
spectrophotometrically.
Results: On PND1, crown rump length and total body length
of rats prenatally exposed to cigarette smoke were significantly
shorter. Significantly shorter anogenital distance and crown
rump length were also observed at 6th week. An apparent
decrease in serum levels of testosterone, LH and FSH were
observed, but these decline were not statistically significant.

Serum catalase and SOD significantly declined while MDA
significantly increased. Liver function biomarkers, HDL and
LDL were not affected but serum levels of total cholesterol and
triglyceride significantly increased.
Conclusion: The observed decline in anogenital distance
and precipitation of oxidative stress by intrauterine cigarette
smoke exposure may predispose rats to male infertility at
adulthood.

Oxidative stress biomarkers of male rats exposed to cigarette
smoke in-utero

PO3.03.14

Lack of insulin response in human umbilical vein
endothelial cells from pregestational maternal obesity may
result from endoplasmic reticulum stress

R. Villalobos Labra, R. Salsoso, M. Subiabre, L. Silva,
M. Farías-Jofré, L. Sobrevia

Pontificia Universidad Católica de Chile, SANTIAGO, Chile

Pregestational maternal obesity (PGMO) is associated with
adverse cardio-metabolic newborn outcome. PGMO also cau-
ses insulin-desensitization in human umbilical vein endothelial
cells (HUVECs). The endoplasmic reticulum stress (ERS) has
been related to the development of obesity-associated insulin
resistance. However, whether ERS is present and involved in
insulin-desensitization in HUVECs from PGMO is unknown.
Objective: (1) To assay whether HUVECs from women with
PGMO show increased ERS markers, and (2) to evaluate the
involvement of ERS in insulin-induced nitric oxide (NO)
synthesis in HUVECs.
Methods: HUVECs were isolated from normal or PGMO
pregnancies from the Hospital Clínico UC-CHRISTUS
(Chile). Cells were incubated (8 hours) in absence or presence
of tunicamycin (5 μmol/L, ERS inducer), tauroursodeoxy-
cholic acid (TUDCA, 100 μmol/L, ERS reducer), or both. We
evaluated the protein level of CCAAT-enhancer-binding pro-
tein homologous protein (CHOP), tribbles-like protein 3
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(TRB3), and phosphorylation and total protein level of protein
kinase RNA-like endoplasmic reticulum kinase (PERK),
eukaryotic translation initiator factor 2-alpha (eIF2α), inositol-
requiring enzyme 1-alpha (IRE1α), and c-jun N-terminal
kinase 1 (JNK1) by western blot. X-box binding protein 1
(XBP1) mRNA processing was evaluated by PCR. Synthesis of
NO was induced by incubation of cells with insulin (1 nmol/L,
20min) and measured by 4-amino-5-methylamino-2’, 7’-
difluorofluorescein diacetate (DAF-FM) fluorescence.
Results: Activator phosphorylation of PERK (1.7 ± 0.3 fold)
and eIF2α (1.6 ± 0.3 fold), and protein abundance of CHOP
(2.5 ± 0.5 fold) and TRB3 (1.5 ± 0.2 fold) were increased
(P< 0.05) in HUVECs from PGMO compared with normal
pregnancies. Tunicamycin increased the levels of all ERS mar-
kers in cells from normal but not from PGMO pregnancies.
Conversely, TUDCA reversed PGMO-increased levels of ERS
markers, but did not alter the levels of all ERS markers in
HUVECs from normal. Activator phosphorylation of IRE1α
and JNK1 were unaltered, and there was not splicing of XBP1
mRNA. Finally, NO synthesis was increased (2.9 ± 0.2 fold,
P< 0.05) in response to insulin by HUVECs from normal, but
not from PGMO pregnancies. Tunicamiycin reduced insulin-
increased NO synthesis in cells from normal, but not from
PGMO pregnancies. TUDCA did not alter insulin-induced
NO synthesis neither in normal nor in PGMO pregnancies.
Conclusions: HUVECs from women with PGMO show ERS
by activation of PERK branch, suggesting that PERK branch-
associated ERS could results in PGMO reduced insulin sensi-
tization. The increase of TRB3 protein level suggests a potential
role for this protein as inductor of insulin desensitization in this
type of foetoplacental endothelium. Finally, ERS is a PGMO-
associated condition that induces insulin desensitization in
HUVECs.
Funding: FONDECYT 1150377, 1121145, CONICYT
(RV-L, RS, MS, LSi), Faculty of Medicine, PUC (RS, LSi)
PhD fellowships (Chile), UMCG, U Groningen (LSi) PhD
fellowship (The Netherlands).

PO3.04 – Maternal obesity and physical activity

PO3.04.01

Association between maternal gestational weight gain and
fetal growth in Japanese underweight women

Y. Kasuga, K. Miyakoshi, Y. Sato, Y. Akiba, T. Otani,
M. Fukutake, S. Ikenoue, D. Ochiai, T.M. Matsumoto,
M. Tanaka

Keio University, TOKYO, Japan

Background: In Japan, there are greater number of under-
weight (body mass index [BMI]< 18.5kg/m2) women, com-
pared with other developed counties. The association between
pregravid underweight and fetal growth has been shown in
other countries, however, there was a paucity of data on
Japanese women. To investigate the association between

gestational weight gain (GWG) and fetal growth in Japanese
underweight women.
Methods: We retrospectively reviewed 391 Japanese women
with singleton pregnancy who underwent perinatal care and
delivered babies at term at Keio University Hospital from
January 2011 to December 2015. GWG was sub-grouped into
three categories based on the guideline of the Japanese Ministry
of Health, Labour andWelfare (JMHLW) (Group A: GWG <
9 kg, Group B: GWG ≥ 9 kg and ≤ 12 kg, Group C: GWG >
12 kg). Birth weight was adjusted for gestational age using the
guideline of Japanese Society for Obstetrics and Gynecology
(JSOG). Continuous data were compared among the three
groups by ANOVA, and categorical variables were analyzed by
the chi-square test. The correlation between GWG and birth
weight was calculated using Spearman’s correlation coefficient,
and p< 0.05 was considered statistically significant.
Result:Of 391 women, 149 (38%) were classified as Group A,
142 (36%) as Group B and 100 (26%) as Group C (GWG:
6.1 ± 2.4kg (mean ± SD), 10.5 ± 0.9kg and 14.2 ± 2.1kg,
respectively). Thirty-seven (9.5%) developed gestational dia-
betes mellitus (GDM) and five (1.3%) developed pregnancy
induced hypertension (PIH). Maternal age at delivery, pre-
gravid BMI and parity were not statistically different among the
three groups. Birth weight was significantly different among the
three groups (2796 ± 324g v.s. 2940 ± 327g v.s. 3018 ± 361g,
respectively, p< 0.0001), and greater GWG was associated
with increased birth weight (r= 0.26, p< 0.001). However, the
incidence of small for gestational age (SGA) was not different
among the three groups (9.3%, 7.0%, 5.0%, respectively,
p= 0.45).
Conclusions: In Japanese underweight women, greater GWG
was associated with increased birth weight. Lower GWG did
not affect the incidence of SGA.

PO3.04.02

The joint effect of maternal smoking during pregnancy and
pre-pregnancy overweight on term birth weight of the
offspring

T. Chattrapiban1, H.A. Smit1, A.H. Wijga2, B. Brunekreef3,
J.M. Vonk4, U. Gehring3, L. van Rossem1

1UMC Utrecht, UTRECHT, The Netherlands; 2National
Institute of Public Health and the Environment, BILTHOVEN,
The Netherlands; 3Institute for Risk Assessment Science, Utrecht
University, UTRECHT, The Netherlands; 4University Medical
Center Groningen, GRONINGEN, The Netherlands

Background: Maternal smoking during pregnancy is asso-
ciated with decreased birth weight, and an increased risk of
being born small-for-gestational age (SGA), whereas pre-
pregnancy overweight is associated with increased birth
weight, and an increased risk of being born large-for-gestational
age (LGA). However, the effect of both maternal risk factors
simultaneously on birth weight is unknown.
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Methods: In the PIAMA birth cohort we studied 3,241 term
infants. Maternal smoking during pregnancy and pre-
pregnancy height and weight were self-reported. We used
multivariable regression analysis to compare term birth weight,
risk of being SGA and LGA between infants of mothers who
smoked during pregnancy, who had pre-pregnancy overweight,
or who had both risk factors, to infants of non-overweight,
non-smoking mothers.
Results: Compared to infants of non-overweight, non-
smoking mothers, infants of mothers who only smoked, had
lower term birth weight (-163.8 g, 95% CI: -214.4, -113.1)
and greater risk of being SGA (OR = 1.94, 95% CI: 1.39,
2.69). Infants of mothers with pre-pregnancy overweight only,
had higher term birth weight (120.4 g, 95% CI: 74.1, 166.8),
and greater risk of being LGA (OR = 1.81, 95% CI: 1.38,
2.37). Infants of mothers with pre-pregnancy overweight who
also smoked during pregnancy had similar term birth weight
(-26.6 g, 95% CI: -113.0, 59.8), SGA risk (OR= 1.06, 95%
CI: 0.56, 2.04), and LGA risk (OR= 1.09, 95% CI: 0.61,
1.96) to those of mothers without both risk factors.
Conclusions: Infants of mothers with pre-pregnancy over-
weight who also smoked during pregnancy had similar term
birth weight and risk of SGA and LGA as infants of mothers
without these risk factors. Using birth weight as a health indi-
cator in perinatal care may be misleading in infants of over-
weight and smoking mothers since it may mask potential long-
term health risks due to either or both maternal risk factors in
those infants.

PO3.04.03

Maternal obesity in pregnancy is associated with reduced
heart rate variability in neonates

S. Sahid, D. Taylor

King’s College London, LONDON, United Kingdom

Mother-child cohort studies and investigations in experimental
animals suggest that maternal obesity may adversely influence
development of the central regulatory pathways controlling
offspring blood pressure (BP). Non-invasive measures of heart
rate variability (HRV) provide insights into development of the
autonomic nervous system (ANS). Fetuses of obese mothers
have decreased HRV antenatally, associated with adverse
neuro-developmental outcomes in childhood. We hypothe-
sised that there would be evidence of cardiovascular autonomic
dysfunction in newborn infants of obese women. In a case-
cohort study of neonates born to obese women (BMI ≥ 30kg/
m2, n= 34) recruited into the UPBEAT RCT, we evaluated
parameters of cardiovascular function in comparison with
newborn infants of lean control women (BMI, 20-25kg/m2,
n= 26) recruited contemporaneously, and matched for age and
ethnicity. BP and continuous ECG recordings (20mins) were
made in sleeping swaddled neonates after feeding and within
72 hours of delivery. ECG traces were manually edited using
MediLog (SCHILLER AG, Baar CH) and LabChart (ADI

Oxford UK) software and HRV, time and frequency
domain parameters, were computed blinded to maternal BMI.
In the HRV time domain, standard deviation of normal-to-
normal R-R interval (SDNN) was significantly reduced in
neonates born to obese compared to lean women (SDNN [ms]:
median (IQR) 27.7 (19.9-37.8) versus. 37.2 (27.4-53.0)
P= 0.04). Neonatal blood pressure (SBP, DBP and MAP)
correlated with the sum of triceps and subscapular skin fold
thicknesses (P < 0.05) and SBP also correlated with HR
(P= 0.037) and the ratio of low to high frequency bands of the
power spectral analysis of beat-to-beat HRV (LF/HF,
P< 0.011). BP and LF/HF ratio was not different between
neonates born to obese and lean women (SBP [mmHg]: mean
(SD) 68.8 (13.2) versus 69.7 (9.9) P= 0.79). Maternal obesity
was associated with depressed activity of the ANS in newborns
independent of neonatal adiposity. Decreased SDNN, indica-
tive of reduced global heart rate variability, increased sympa-
thetic tone and vagal withdrawal, is a potent cardiovascular risk
factor and may contribute to the development of hypertension
and systolic dysfunction in infancy. Analyses by Cardiac MRI
are discussed.
References: Voegtline, K.M., et al.,. Int J Gynaecol Obstet,
2016. 133(1): p. 103-7.Di Pietro, J.A., et al.,. Child Dev,
2007. 78(6): p. 1788-98. Funded by the British Heart Foun-
dation and EU FP7 Project EarlyNutrition.

PO3.04.04

Mothers’ weight before pregnancy alters newborns’
telomere-related gene expression at birth

B. Cox1, M. Plusquin1, T.M. de Kok2, D.S. Martens1,
E. Winckelmans1, A. Vriens1, J.C. Kleinjans2, T.S. Nawrot1

1Hasselt University, DIEPENBEEK, Belgium; 2Maastricht
University, MAASTRICHT, The Netherlands

Background: Telomere length may be predictive of life span
and is highly variable among newborns. We recently found that
newborn telomere length is inversely associated with maternal
pre-pregnancy BMI. Telomere transcriptome profiles might
therefore be a relevant mechanism of maternal overweight/
obesity on molecular ageing of the next generation.
Objectives: To unravel potential underlying molecular
mechanisms in the association between maternal pre-
pregnancy BMI and newborn telomere length, we investi-
gated the influence of pre-pregnancy BMI on the expression of
telomere-related genes in umbilical cord blood. Further, we
examined whether differentially expressed genes were asso-
ciated with cord blood telomere length.
Methods:We used cord blood microarray gene expression data
of 180 newborns in the ENVIRONAGE (ENVIRonmental
influence ON AGEing in early life) birth cohort in Belgium.
Average relative telomere length in cord blood was measured
using a real-time PCR method. Expression levels of 212
selected telomere-related genes were analyzed in relation to

S390 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


maternal pre-pregnancy BMI and newborn telomere length
using regression models adjusted for potential confounders.
Results: 14 out of 212 telomere-related transcripts were found
to be significantly associated with pre-pregnancy BMI (false-
discovery rate (FDR)-corrected P-value< 0.05). 13 genes
(RTEL1, PARN, NSMCE1, RAD54L2, TELO2, NHP2,
SMG1, HNRNPU, DKC1, PARP1, YLPM1, LEMD2,
WRAP53) were downregulated, whereas WRN showed upre-
gulation with increasing BMI. Expression levels of RTEL1,
PARN, RAD54L2, TELO2, DKC1, and YLPM1 were posi-
tively correlated with relative telomere length.
Conclusions: Our findings suggest that maternal overweight/
obesity before pregnancy may affect offspring health by
alterations in genes involved in telomere maintenance and/or
telomere damage.

PO3.04.05

Psychological distress, body mass index and weight gain in
pregnant women

F.O.L. Vehmeijer1, S. Balkaran2, R. Gaillard2, H. El
Marroun2, J. Felix2, V.W.V. Jaddoe2

1Erasmus MC, ROTTERDAM, The Netherlands; 2The
Generation R Study Group, Erasmus MC - University Medical
Center, ROTTERDAM, The Netherlands

Background: Observational studies suggest an association
between psychological distress and an increased body mass
index (BMI). Both are common in pregnant women and may
affect maternal and offspring outcomes. We examined whether
psychological distress during pregnancy is associated with BMI
and gestational weight gain (GWG).
Methods: We performed linear regression models in a
population-based prospective cohort study among 6,545
pregnant women. Information about psychological distress was
obtained in the second trimester of pregnancy using the vali-
dated Brief Symptom Inventory questionnaire. The psycholo-
gical distress, depression and anxiety scores were dichotomized.
Pre-pregnancy BMI was assessed by questionnaire in early
pregnancy. GWG was estimated as the difference between
weight in the third trimester and weight before pregnancy.
Results: In total, 10.8% of all women experienced psycholo-
gical distress. Psychological distress and anxiety were positively
associated with pre-pregnancy BMI (differences in BMI were
0.65 kg/m2 (95% Confidence Interval (CI) 0.28, 1.03) and
0.49 kg/m2 (95% CI (0.13, 0.84) for women with psycholo-
gical distress and anxiety, respectively, as compared to women
without). These associations attenuated to non-significance
after adjusting for confounders, mainly caused by adjustment
for maternal education and ethnicity. Overall psychological
distress, anxiety and depression were not associated
with GWG.
Conclusions: In the current study, our results suggest that
socioeconomic factors may play an important role in the asso-
ciation between psychological distress and BMI during

pregnancy. Our results do not strongly support the hypothesis
that psychological distress affects BMI and weight gain during
pregnancy.

PO3.04.06

Pregnancy exercise and nutrition research study (PEARs)
with smartphone app support

M.A. Kennelly1, K. Ainscough1, K.L. Lindsay1, J. O’Sullivan1,
L. Gibney2, M. McCarthy3, R. Segurado4, G. DeVito5,
O. Maguire6, T. Smith6, M. Hatunic7, F. McAuliffe1

1UCD Perinatal Research Centre, DUBLIN, Ireland; 2UCD
Institute of Food and Health, University College Dublin,
DUBLIN, Ireland; 3Dept of Management & Marketing,
University College Cork National University o, CORK, Ireland;
4School of Public Health, Phys & Sports Sci, University College
Dublin, DUBLIN, Ireland; 5School Of Public Health, Phys &
Sports Sci, Health Sciences Centre, Universit, DUBLIN, Ireland;
6Dept of Endocrinology, St Vincent’s University Hospital,
DUBLIN, Ireland; 7Dept of Endocrinology, National Maternity
Hospital, DUBLIN, Ireland

Background: Interventions focusing on changing lifestyle
behaviors may improve pregnancy outcomes. Mobile health
(mHealth) technologies hold potential to support such inter-
ventions. This study aimed to assess the impact of a ‘healthy
lifestyle package’; an antenatal behavior-change intervention
supported by smartphone-app technology, compared with
usual care, on the incidence of gestational diabetes mellitus
(GDM) in overweight and obese pregnancy.
Methods: This was a single centre randomized controlled trial
conducted at a tertiary referral hospital in Dublin, Ireland.
Pregnant women (BMI 25–39.9kg/m2, between 10- 15 weeks)
were randomized to usual care, or a ‘healthy lifestyle package’
using a computer-generated sequence in a ratio of 1:1 in
sequentially-numbered, sealed opaque envelopes with said
sequence. This package consisted of low glycemic index dietary
advice and daily exercise prescriptions addressing behavior
change, supported by a tailor-designed app. Primary outcome
was the incidence of GDM (per the International Association
of Diabetes in Pregnancy Study Groups criteria) at 28-30
weeks’ gestation. This trial is registered with Current Con-
trolled trials, ISRCTN29316280. Recruitment and pregnancy
outcomes are complete.
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Results: Between March 2013 and February 2016, 1858
women were assessed for eligibility and 565 recruited. 278 were
assigned to the intervention and 287 to usual care of which 241
and 257 women respectively, completed an OGTT. The inci-
dence of GDM did not differ between the two groups (15.4%
vs. 14.1%, RR 1.1 95% CI 0.71—1.66 P= 0.71). However,
the intervention group experienced a greater reduction in fast-
ing glucose from baseline to 28-30 weeks, (-0.12 vs.
0.05mmol/L, P= 0.02), and an attenuation in mean rise in
insulin (3.49 vs. 5.17 mU/L, P= 0.03), and HOMA2-IR (0.41
vs. 0.54 P= 0.04). The intervention group also had sig-
nificantly less GWG (11.3kg vs. 12.6 kg, P= 0.027), lower
dietary glycemic index and higher physical activity compared to
controls. No difference in mean birthweight was noted, how-
ever, the intervention resulted in fewer infants born LGA
(4.1% vs. 8.7%, P= 0.03). Adverse events included one neo-
natal death and one stillbirth in the intervention group. No
maternal deaths were reported. There was no significant dif-
ference in infants born small for gestational age (birthweight
<10th centile).
Conclusions: An mHealth-supported behavioral intervention
did not decrease incidence of GDM. It did, however, have a
positive impact on maternal GWG, glycemic index, physical
activity, glucose homeostasis, and the number of infants
born LGA.

PO3.04.07

Exercise before and during pregnancy alters the
microbiome and glucose intolerance in females born
growth restricted fed a high-fat diet

M.E. Wlodek1, J.L. Wood2, E. Hill2, D. Mahizir1, K.
Anevska1, A.E. Franks2, J. Briffa1

1The University of Melbourne, MELBOURNE, Australia; 2La
Trobe University, BUNDOORA, VICTORIA, Australia

Intrauterine growth restriction programs adult metabolic disease,
which is reported to be alleviated by exercise. Additional physio-
logical challenges, such as pregnancy and obesity, reveal and
exacerbate metabolic disease, respectively, in females born small.
The gut microbiome has also been implicated in modulating
metabolic health. This study aimed to determine whether exercise
before and during pregnancy is more beneficial in preventing
metabolic dysfunction than exercise initiated during pregnancy
alone and whether these outcomes are exacerbated with high-fat
feeding. We additionally characterized the maternal gut micro-
biome to elucidate the role it may play in the metabolic pheno-
type in females born growth restricted. Uteroplacental
insufficiency was induced by bilateral uterine vessel ligation
(Restricted) or sham (Control) surgery on E18 in Wistar-Kyoto
rats. Female offspring were fed a standard chow or high fat diet
(HFD; 23% fat) from 5 weeks andmated at 20 weeks. Rats either
exercised on treadmills for 4 weeks before and throughout preg-
nancy, during the final two thirds of pregnancy only or were
Sedentary. A glucose tolerance test was performed (E18) and

pancreatic β-cell and islet mass measured at E20. Rats were
individually placed in metabolic cages for 24 hrs (E18) and feces
collected for 16S rRNA microbiome profiling. Control and
Restricted female rats exposed to a HFDwere heavier with greater
adiposity compared to Chow-fed rats, irrespective of exercise
interventions. HFD exacerbated pregnancy-induced glucose
intolerance in Restricted Sedentary rats. Exercise before and
during pregnancy, prevented the development and exacerbation
of glucose intolerance in Restricted and HFD rats. HFD rats
exercised before and during pregnancy had increased β-cell and
islet mass. Metabolic dysfunction was unchanged with exercise
during pregnancy alone. Diet was the major driver of changes to
the gut microbiome, with bacterial communities from HFD rats
exhibiting a higher Firmicutes:Bacteroidetes ratio. Exercise had
the largest impact on Chow-fed Restricted rat microbiota. Gut
microbial communities from Chow-fed Control and Restricted
rats were taxonomically and structurally indistinguishable in
Sedentary mothers. However, exercise initiated prior to and
during pregnancy specifically affected microbial communities in
Chow-fed Restricted rats. Exercise altered community beta-
diversity and decreased the abundance of bacterial orders (Lac-
tobacillales and Enterobacteriales) and several genus’ of the order
Clostridia. Additionally, correlations between the abundance of
microbial taxa and glucose intolerance measures were detected in
Restricted, but not Control rats. In conclusion, females rats born
growth restricted are at an exacerbated risk of glucose intolerance
when exposed to a HFD, which is prevented by exercise prior to
and during pregnancy associated with improved β-cell mass. Our
observation that identical microbial communities from Control
and Restricted rats respond differently to exercise suggests that
there is an interaction between exercise, the microbiome and
physiological changes in mothers born growth restricted, which
may be linked to metabolic disease. This study also suggests that
exercise prior to and during pregnancy is more beneficial in pre-
venting metabolic disease and dysbiosis than exercise during
pregnancy only. Our findings have implications for maternal
metabolic and microbiome dysfunction in growth restricted
females, which may impact offspring health.

PO3.04.08

Gestational weight gain and its relationship with the
birthweight of offspring

J.D. Dong1, F.F.C. Chen2, W.P.W. Wang2, J.M. Mi2

1Peking Union Medical College, Capital Institute of pediatrics,
BEIJING, China; 2Capital Institute of Pediatrics, BEIJING, China

Objective: To explore the appropriate weight gain in preg-
nancy and its relationship with the birthweight of offspring.
Methods: A total of 16 460 healthy pregnant women who
delivered in Beijing Obstetrics and Gynecology Hospital and
Haidian Maternity and Child Health Care Hospital in 2010
were recruited. All are singleton pregnancies. Conditions of
babies and mothers were recorded, including maternal age,
height, prepregnant weight, pregnant weight, gestational weeks
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on delivery, delivery mode and new born birthweight. All the
pregnant women were divided into underweight, normal weight
and overweight group according to their prepregnant body mass
index and the criteria of overweight and obesity for Chinese
adults. Birth weight between 2500 g and 4000 was defined as
normal birthweight, and 2900 g to 3499g was defined as
appropriate birthweight. Logistic regression model and receiver
operating characteristics (ROC) curve analysis were used to
explore the recommended gestational weight gain (GWG).
Results: (1)The average of GWG of the 16 460 women was
(17.1± 4.9) kg, and the average birthweight of the babies was
(3406± 400) g. Prevalence of low birthweight and macrosomia
was 0.92% (152/16 460) and 7.55% (1 242/16 460), respec-
tively. GWG of underweight (n= 3089), normal weight (n= 11
478) and overweight group (n= 1893) was (17.4± 4.6) kg,
(17.3± 4.8) kg and (15.6± 5.3) kg, respectively. And GWG was
positively related with the birthweight of the offpsring (P<0.01).
The differences of GWG, neonatal birthweight and macrosomia
prevalence among the three groups are statistically significant
(P<0.01). (2). There are 8449 apprpriate birthweight babies in
the three groups. For their mothers in the underweight, normal
weight and overweight group, the recommended GWG for all
women was 16.0 kg. (3) According to the recommended GWG,
low GWG will increase the risk of low birthweight (OR=1.589,
95% CI: 1.085-2.326) and reduce the risk of macrosomia
(OR=0.200, 95% CI: 0.102-0.624). Excessive GWG will
increase the risk of macrosomia (OR= 2.031, 95% CI: 1.789-
2.306), but will not lower the risk of low birthweight (OR=
1.168, 95% CI: 0.774-1.764). (4) For the underweight, normal
and overweight group, the range of GWG obtained by the
receiver operating characteristics (ROC) curve analysis were 16.3-
16.7 kg, 15.6-17.8 kg and 14.6-15.1 kg. For all the three groups,
the range was 15.6-16.7 kg. The ranges obtained by the ROC
curve were all within the recommended range.
Conclusion: The GWG was positively associated with the
birthweight of offspring, and the appropriate GWG was
around 16.0 kg.

PO3.04.09

Can voluntary exercise in rat offspring reverse renal changes
caused by maternal obesity ?

S.C. Chowdhury1, H.B. Bahari2, V.C. Caruso3,
C.M. Maloney1, M.M. Morris1

1University of New South Wales, SYDNEY, Australia;
2Universiti Putra Malaysia, SERDANG, Malaysia; 3University of
Tasmania, HOBART, Australia

Background and aims:Maternal nutrition is implicated in the
development of adult metabolic diseases, and children of obese
mothers have 22% increased risk of developing kidney disease.
This suggests that impairments in kidney function may be
programmed prenatally. However the link between maternal
obesity and offspring kidney disease remains unclear. We

studied whether running wheel exercise impacted kidney
changes in rats born to lean or obese mothers.
Methods and results: Adult female Sprague Dawley rats were
fed either normal chow or HFD ad libitum for 5 weeks, then
mated with chow fed male rats. Dams continued on their
assigned diet during lactation. Female offspring were weaned
onto either chow or HFD and half of the offspring were exer-
cised from 10-15 weeks of age prior to cull. Body weight,
kidney mass, and kidney triglyceride levels were measured and
kidney mRNA extracted for gene expressions. Offspring of
obese mothers had significantly increased body weight and fat
mass which were reduced by offspring exercise. Kidney weight
was significantly increased by both maternal and offspring
HFD. Maternal obesity was associated with increased renal
triglyceride in both chow-fed (20%) and HFD-fed (28%) off-
spring (P< 0.01). It was also increased in offspring consuming
HFD from both lean and obese mothers (P< 0.01). However,
exercise increased renal triglyceride accumulation across all
groups and reached significance only in HFD fed offspring
from both mothers (P< 0.01). This accumulation was asso-
ciated with altered renal expression of genes involved in lipid
metabolism induced by maternal and postweaning HFD. Sig-
nificant upregulation of the kidney injury markers Kim 1 and
Ngal suggests evidence of early renal imjury.
Conclusions: Our study suggests that exposure to maternal
and postnatal obesity may alter offspring kidney function
which might not be reversed by voluntary exercise.

PO3.04.10

Influence of maternal obesity during pregnancy on
offspring cardio-metabolic health and disease

R. Gaillard, S. Santos, L. Duijts, J. Felix, V.W.V. Jaddoe

Erasmus MC, ROTTERDAM, The Netherlands

Maternal obesity during pregnancy is a major public health
problem worldwide. In Western countries, obesity prevalence
rates in pregnant women are estimated to be as high as 30%. In
addition, it is estimated that in these countries approximately
40% of women gain an excessive amount of gestational weight.
Accumulating evidence strongly suggests a long-term impact of
maternal obesity and excessive weight gain during pregnancy
on adiposity and cardio-metabolic related health outcomes in
the offspring throughout the life course. Stronger associations
tend to be present for maternal prepregnancy body mass index
than maternal weight gain during pregnancy. Thus far, it
remains unclear whether these associations are explained by
causal underlying mechanisms, or reflect confounding by
various family-based socio-demographic, nutritional, lifestyle-
related and genetic characteristics. The underlying mechanisms
have mainly been assessed in animal studies and small human
studies, and remain to be further explored in large human
studies. Further research to explore the causality, underlying
mechanisms and potential for prevention of cardio-metabolic
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disease in future generations by reducing maternal obesity and
excessive weight gain during pregnancy is needed.

PO3.04.11

Maternal obesity, pro-inflammatory cytokines and
offspring blood pressure and obesity

R.L.M. Maguire1, A.M.R. Mohamed Raffi1, D.A.S. Skaar1,
S.S.P. Park1, L.E.M. McCullough2, B.F.F. Fuemmeler3,
S.H.K. Kollins4, S.D.B. Bilbo5, A.P.M. Murtha4,
S.K.M. Murphy4, K.M.G. Gowdy6, C.H. Hoyo1

1North Carolina State University, RALEIGH, United States of
America; 2Emory University, ATLANTA, United States of
America; 3Virginia Commonwealth University, RICHMOND,
United States of America; 4Duke University, DURHAM, United
States of America; 5Harvard Medical School, BOSTON, United
States of America; 6East Carolina University, GREENVILLE,
United States of America

Background: Approximately one third of women of child-
bearing age in the United States are obese and ~ 20% of con-
ceptions occur in obese women. Among women with an ideal
pre-pregnancy weight, ~ 40% gain excessive weight during
gestation. Both pre-pregnancy obesity and excessive gestational
weight gain (GWG), collectively referred to as gestational
obesity, are risk factors for childhood obesity and other cardi-
ometabolic dysfunctions. While chronic systemic inflamma-
tion is hypothesized to be a link from gestational obesity to
cardiometabolic dysfunction in affected offspring, empirical
data are limited in humans.
Methods: Logistic regression models were employed to examine
associations between maternal systemic inflammatory cytokines/
chemokines involved in inflammatory (TNF-α, IL-6, IL-8,
IL-1β) and adaptive immune response (IL-4, IFNγ, IL-12 p70,
IL-17) and pre-pregnancy obesity (BMI> 30), excessive GWG,
and indicators of offspring cardiometabolic function in 356
mother-infant pairs. Maternal obesity, child blood pressure, and
obesity at 5 years were ascertained via questionnaires and medical
records. Child obesity status was determined using growth charts
from the Centers for Disease Control. Blood pressure percentiles
were calculated according to the National Education Program
Working Group on High Blood Pressure in Children and Ado-
lescents and then dichotomized at >90th percentile. Cytokines/
chemokines were measured in maternal first trimester plasma
using human cytokine EMD Milliplex MAP kits and then
dichotomized by the top third as well as top two thirds compared
to the rest of the distribution. Models were adjusted for: maternal
smoking, age, race, and education, with the addition of child sex
for child obesity and blood pressure.
Results: The majority (89%) of participants were less than 35
years of age and a little over half were African-American.
Among African Americans but not Caucasians, women with a
pre-pregnancy BMI ≥ 30 had more TNF-α levels in the top
third of the distribution (OR= 2.72, 95% CI= 1.38-5.38)
compared to those with a BMI < 30 (Figure 1 a). Maternal

TNF-α levels in the top third of the distribution were also
associated with pre-hypertension in African American offspring
(OR= 1.32, 95% CI= 1.04-1.66, Figure 1d). Maternal IL-4
levels in the top two thirds of the distribution were associated
with excessive GWG (OR= 2.88, 95% CI= 1.20-6.94) in
African Americans (not shown). IL-4 in the top two thirds of
the distribution was associated with a lower risk of obesity at
age five years, associations being somewhat stronger in male
offspring (not shown). In addition to IL-4 and TNF-α, there is
evidence of associations between levels of other cytokines,
including IL-8, IL-6, and IL-12, during the first trimester and
risk of childhood obesity or blood pressure (Figures 1c and 1d).
Conclusions: Despite a limited number of cytokines/chemo-
kines examined, these data are consistent with an influence of
pre-pregnancy obesity on immune responses, with race and sex-
specific effects. It is also possible that the affected immune
responses are distinct from those influenced by excessive
GWG. Confirmation of these findings will require replication
with larger sample sets.

PO3.04.12

Association between maternal weight gain during
pregnancy and offspring anthropometric outcomes during
the first 18 months of life

A.M. Arias1, A. Nieto-Ruiz1, F. Herrmann1, M.T. Miranda2,
M. Rodríguez-Palmero3, J. Jiménez3, C. Campoy1

1EURISTIKOS Excellence Centre for Paediatric Research,
University of Granada, Spa, GRANADA, Spain; 2Department of
Biostatistics, School of Medicine, University of Granada,

S394 Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


GRANADA, Spain; 3Ordesa Laboratories, S.L., BARCELONA,
Spain

Background: Maternal gestational weight gain (GWG) seems
to have an impact on offspring’s body weight. We aimed to
analyse the influences of maternal GWG on their infants’
growth during the first 18 months of life.
Methods: 170 healthy term infants between 0-2 months of age
were randomized in a double-blind study to receive either
standard infant formula (F1: n= 85) or formula supplemented
containing LC-PUFAs, milk fat globule membrane compo-
nents and synbiotics (Nutriexpert® factor) (F2: n= 85). As
control, a cohort of 50 breast-fed infants (BF) was also enrolled.
Anthropometric data and percentiles were obtained and
z-scores were calculated based on WHO standards of growth;
the infants were classified as: risk of deficit, possible risk of
deficit, normal, possible risk of excess and risk of excess
regarding anthropometric measurements. Mothers were classi-
fied into 3 groups depending on their compliance with the
American Institute of Medicine (IOM) recommendations for
GWG according to pre-conceptional body mass index (BMI)
(underweight: 12.5–18.0 kg; normal weight: 11.5–16.0 kg,
overweight: 7.0–11.5 kg; obese: 5.0–9.0 kg), being classified as
below, comply or exceeded the IOM recommendations. Nor-
mal distribution was assumed using Kolmogorov-Smirnov, and
Chi-Square test and ANOVA test were performed using
SPSS 22.0.
Results: No differences were found in maternal GWG
according to the 3 infants-fed study groups. There were dif-
ferences in anthropometric measures in the offspring during the
first 6 months of life depending on their maternal GWG, but
these differences disappeared at 18 months of age.
Conclusions: Worse growth trajectories were observed in the
first months of life in infants born to mothers who didn’t
reached the recommended GWG according to their pre-
conceptional BMI, in comparison to those infants whose
mothers complied the recommended GWG. Abnormal growth
trajectories have been found that are important predictors for
the onset and development of a wide range of later diseases.

PO3.04.13

Breastfeeding durations relate to maternal body size and
infant care help across 21 small-scale human populations:
Implications for public health

L.J. McKerracher1, M. Collard2

1McMaster University, HAMILTON, Canada; 2Simon Fraser
University, BURNABY, Canada

Research question: The duration for which infants are exclu-
sively breastfed (exBF) and the total duration for which infants
are breastfed (exBF plus supplemented breastfeeding or TBF)
influence numerous health outcomes over the lifecourse. In
particular, a growing body of epidemiological evidence indi-
cates that shorter durations of exBF and TBF are associated
with increased risks of developing obesity-related non-
communicable diseases such as diabetes and heart disease in
adulthood, making the promotion of appropriate exBF and
TBF durations a public health priority. The available evidence,
derived almost entirely from industrialized, state-level popula-
tions with strong socio-cultural stigmas against overweight and
obesity, indicates that bigger mothers are less likely to breast-
feed at all and are likely to end exBF and TBF earlier, compared
to other mothers. It is currently unclear whether this is a general
human pattern with a physiological explanation or whether it is
unique to industrialized populations in which overweight and
obese mothers breastfeed less for cultural reasons (e.g. stigma-
tization, lack of body confidence, lack of help with infant care).
Methods: With this in mind, we used published data from
anthropological literature to investigate whether population
mean durations of exBF and TBF are associated with coarse
indicators of maternal adiposity and amount of help with infant
care across a sample of 21 small-scale human populations from
16 countries on four continents; adult female adiposity is not
stigmatized and is even viewed as desirable in most of these
populations. Our adiposity indicator was population’s mean
adult female Body Mass Index (BMI; weight/height2). Our
infant care help indicator was a dummy score of whether or not
mothers in a given population were generally reported to be
holding their infants at least 65% of the time during infants’
first year of life. We fit linear mixed models by maximum
likelihood to the data, allowing intercepts to vary randomly
among continents.
Results: We found that population’s mean duration of exBF
was longer in populations in which mothers received relatively
little help with infant care; exBF duration was not associated
with population’s mean adult female BMI. In contrast, popu-
lation’s mean duration of TBF was not associated with amount
of help mothers received but was significantly negatively asso-
ciated with population’s mean adult female BMI. Specifically,
each one-point increase in BMI was associated with approxi-
mately 1.6 months reduction in TBF duration.
Conclusions: Our results suggest that the negative association
between duration of exBF and maternal adiposity reported in
epidemiological studies may be socio-culturally driven and
unique to industrialized, state-level populations. They further
suggest that the previously documented negative association
between TBF duration and maternal body size likely reflects a
more general human pattern. These findings imply that pro-
motion of extended exBF duration should perhaps focus on
cultural factors (e.g. reducing stigma, improving self-efficacy
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and body confidence for bigger mothers in industrialized popu-
lations; considering the role of infant care structure in small-scale
populations). Promoting longer durations of TBF may require
deep understandings of the physiological tradeoffs it involves for
mothers of all sizes and in a wide variety of contexts.

PO3.04.14

Low physical activity is associated with lower birth weight
among rural pregnant women in Central Malaysia.

S.K. Nachatar Singh1, D. Maykanathan1, H.S. Yim1, R. Abdul
Jalil2, H.J. Jan Mohamed2

1UCSI University, KUALA LUMPUR, Malaysia; 2Universiti
Sains Malaysia, KOTA BHARU, Malaysia

Physical activity (PA) among pregnant women has been attrib-
uted to help improve birth outcomes. Living in different socio-
demographic settings may contribute to differences in types of PA
performed daily. Hence, this study was planned to identify the
differences in types of PA between urban pregnant women
(UPW) and rural pregnant women (RPW) in Central Malaysia.
In addition, physical activity factors associated with birth weight
was also studied. A prospective cross sectional study design was
carried out among 498 pregnant women (at 24 weeks’ gestation
and above) attending government maternal clinics in urban and
rural districts. A validated Pregnancy Physical Activity Ques-
tionnaire was utilized for physical activity assessment meanwhile
anthropometric measurement was determined using Tanita
SC-330.Mean (SD) age of UPW andRPWwas 29 (4.76) and 29
(5.23) years old, respectively. Most pregnant women in both
counterparts fall into the overweight and obese pre-pregnancy
body mass index category with RPW (52.6%) having higher
percentage thanUPW (45.3%). RPWwere found to significantly
conduct more light intensity PA (p= 0.04) and household/car-
egiving PA (p= 0.03) while UPW were significantly more
sedentary (p<0.05) than RPW. Prevalence of low birth weight
was higher among RPW (10%) as compared to UPW (2%).
Meanwhile, the prevalence of high birth weight was 4% for UPW
and 1.5% for RPW. Multivariate analysis showed that sedentary
PA (β=0.23, p =0.03) was positively associated meanwhile
occupational PA (β= -0.29, p= 0.01) had inverse association
with infants’ birth weight among RPW. No significant associa-
tion was found for the UPW. In conclusion, sedentary activity
among rural pregnant women may contribute to higher infant
birth thus, recommending physical activity should be advocated
during pregnancy.

PO3.04.15

Breastfeeding and exclusive breastfeeding are associated
with maternal body mass index and social status among
Norwegian mothers

C.H. Helle, V.K. Bjørset, E.R. Hillesund, N.C. Øverby

University of Agder, KRISTIANSAND, Norway

Background: Exclusive breastfeeding is recommended to
secure adequate nutrition for infants. Long-term benefits from
breastfeeding include reduced risk of noncommunicable dis-
eases as obesity and diabetes type 2 in later life. The Norwegian
Health authorities recommend exclusive breastfeeding the first
4 to 6 months of life, followed by a gradual introduction of
food with continued breastfeeding. Despite a long payed
maternity leave, exclusive breastfeeding rates at six months are
low in Norway. In the latest national cross-sectional study on
infant nutrition (2013), only 17% were exclusively breastfed at
5,5 month.
Previous studies have shown that mothers with higher socio-
economic status breastfeed longer than mothers with lower
SES. This contributes to maintaining the social gradient in
health. There is also a negative association between high
maternal BMI and breastfeeding/exclusive breastfeeding,
which is worrying considering the growing epidemic of over-
weight. We wanted to explore whether there is a social gradient
in length of exclusive breastfeeding among Norwegian mothers
in 2016, and if there is any association with maternal body
mass index.
Methods: In 2016, a total of 715 infant/mother-dyads in the
Norwegian randomized controlled trial Early Food for Future
Health, completed the baseline questionnaire when the child
was between 5 and 6 months. The baseline data were used to
explore associations between length of breastfeeding/exclusive
breastfeeding and socioeconomic factors and maternal body
mass index during the first 5 months of life. Data concerning
breastfeeding were collected by a Food Frequency Ques-
tionnaire. Predictor variables were selected based on earlier
studies, and socioeconomic variables that were thought to affect
breastfeeding and exclusive breastfeeding were included. Uni-
variate tests with p-value less than 0.1 were considered candi-
date for the adjusted model. These were included: Maternal
age, maternal education, marital status, parity, maternal BMI,
degree of urbanization, geographic region, ability to pay an
unforeseen expense of 3000 NOK, difficulties with running
expenses and smoking status. Binary logistic regression analyses
were used to examine factors that contributed to breast feeding
and exclusive breastfeeding. A two tailed 5% level of sig-
nificance was used.
Results: 16.4% of the infants were exclusively breastfed at
5 months of age. Infants of mothers with overweight or obesity
had reduced odds of being exclusive breastfed the first 4 months
of age. Infants of mothers with high parity had higher odds of
being exclusively breastfed the first 5 months of age. Infants with
higher educated mothers had increased odds of being breastfed at
1,2 and 5 months of age, compared to infants with lower edu-
cated mothers. Infants of mothers with overweight or obesity had
lower odds of being breastfed at 3 and 4 months of age.
Conclusions: Our results confirm the negative trend in
exclusive breastfeeding after 4 months of age and the social
inequalities in breastfeeding/exclusive breastfeeding duration in
Norway. Norwegian health authorities aim to increase the
duration of breastfeeding. Targeting low SES-groups and
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mothers with overweight or obesity is important, as they are less
likely to breastfed within the recommendations.

PO3.05 - Microbiome

PO3.05.01

Dairy lipids and probiotic L. fermentum in infant formulas
differently program gut microbiota and physiology in a
minipig model

M. Lemaire1, S. Dou2, C. Canlet3, M. Tremblay-Franco3,
G. Boudry4, S. Ferret-Bernard4, M. Rhimi5, I. Cuinet6, P.L. Le
Ruyet6, C. Baudry6, D. Dupont7, A. Deglaire7, P. Gérard5,
S. Blat4, I.L. Le Huërou-Luron4
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Even though breast milk is the gold standard in neonatal nutri-
tion, most infants are at least partly formula-fed. Improving infant
formulas (IF) to better approach the physiologic effects of breast
milk is therefore of great importance. Human milk contains lipids
with a very specific and complex structure and a diversified bac-
terial ecosystem that may be key factors in nutritional imprinting.
However, very few IF contains dairy lipids (DL) rather than plant
lipids (PL), or a probiotic component. Whereas short-term ben-
efits of DL and Lactobacillus fermentum CECT 5716 (Lf, a pro-
biotic strain isolated from breast milk), supplied separately have
previously been demonstrated on gut physiology, their long-term
effects remain unknown. We hypothesized that the addition of
DL and Lf in IF may impact gut microbiota and physiology in the
neonate and that these early changes may have long-term con-
sequences. The objective of this study was therefore to investigate,
in a Yucatan minipig model, the short- and long-term effects of
the addition of both DL and Lf in IF on gut physiology and
microbiota. Forty-eight male and female piglets received a formula
containing as lipids, only plant lipids (PL), a half-half mixture of
PL and DL (DL), or a half-half mixture of PL and DL supple-
mented with Lf (DL+Lf) from postnatal day (PND) 2 to 28.
Twenty-two piglets were euthanized at PND28 to investigate the

short-term effects on digestion, gut microbiota (16S rRNA
sequencing, 1H NMR metabolomic analysis) and lipid metabo-
lism. Twenty-six pigs were weaned on a standard diet for 1month,
then challenged with a hyperenergetic diet for 3 months and
euthanized at PND140 to investigate the long-term effects on gut
microbiota, intestinal barrier, immune and endocrine functions,
and glucose metabolism. On the short-term (PND28), the addi-
tion of DL and Lf led to an increased gastric proteolysis, jejunal
density of goblet cells and ileal lipolysis compared to PL. DL (±Lf)
piglets displayed lower free fatty acids and triglycerides plasma
concentrations compared to PL piglets. Gut microbiota compo-
sition was different between groups, the top 5 differentially
impacted bacterial families being Ruminococcaceae, Lachnospir-
aceae, Bacteroidales S24-7 group, Prevotellaceae and Porphyr-
omonadaceae. Accordingly, microbiota metabolism differed by 20
metabolites such as short-chain fatty acids, carbohydrates and
amino acids. These early effects were associated with long-term
consequences (PND140). Gut microbiota composition was dif-
ferent between groups, implicating the same top 5 families but
with more differentiating families induced by Lf. DL+Lf
increased intestinal GLP-1 basal and meal-stimulated secretory
capacities, ileal trans- and paracellular permeabilites and decreased
jejunal passage of LPS. DL (±Lf) decreased LPS-induced pro-
inflammatory cytokine (TNFα and IL-8) secretions of ileal
explants. The metabolic adaptations to the HE diet were similar
between groups. This work clearly demonstrates a long-term
programming effect of the addition of DL and Lf in IF, mainly
targeting gut physiology and microbiota. DL have a beneficial
impact on intestinal immune function whereas Lf is mainly of
benefit to the endocrine function and impacts intestinal perme-
ability. The role of the early gut microbiota modulation will be
highlighted with integrative approaches that are currently
underway.

PO3.05.02

Birth mode and infant gut microbiota sequentially mediate
the association of maternal overweight with childhood
overweight

H.M. Tun1, S.L. Bridgman1, R. Chari1, C.J. Field1,
D.S. Guttman2, A. Becker3, P.J. Mandhane1, S.E. Turvey4,
P. Subbarao2, M.R. Sears5, J.A. Scott2, A.L. Kozyrskyj1, On
behalf Of The CHILD6

1University of Alberta, EDMONTON, Canada; 2University of
Toronto, TORONTO, Canada; 3University of Manitoba,
WINNIPEG, Canada; 4University of British Columbia,
VANCOUVER, Canada; 5McMaster University, HAMILTON,
Canada; 6Then CHILD - McMaster University, HAMILTON,
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Background: Childhood overweight is a global public health
concern. In Canada, over 20% of preschool children are over-
weight. Also on the rise is maternal obesity during pregnancy.
Although children born to obese mothers are at higher risk for
obesity, the mechanisms behind this association are not fully
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delineated. The transmission of obesogenic microbiota is
recently hypothesized as a novel possible pathway. The current
study examined whether birth mode and infant gut microbial
diversity are sequential mediators in the association between
maternal and childhood obesity.
Methods: The study population comprised a large sub-sample of
999 infants enrolled in the Canadian Healthy Infant Longitudinal
Development (CHILD) population-based birth cohort. Maternal
BMI [body mass index = weight (kg)/height (m2)] was calculated
from data taken from hospital records or pre-pregnancy recall, or
measurements taken at 1 year if the former were not available.
Maternal overweight/obesity was classified as > BMI 25.0. Gut
microbial diversity and composition of 3-month old infants was
assessed using high-throughput 16S rRNA sequencing. At age 3
years, age-gender BMI-z scores were generated from measured
weight and height according to WHO criteria. Child overweight/
obesity was defined as >97th centile BMI z score. Data on
maternal smoking, birth mode, breastfeeding and antibiotic expo-
sure were retrieved from administered questionnaires or birth charts.
A multiple mediator path model was evaluated to examine the
indirect effects of birth mode (M1) and infant gut microbial
diversity (M2) as mediators of the maternal –childhood obesity
association. Statistical analyses were performed in SAS V9.4.
Results: One in 5 toddlers born to overweight/obese mothers
were overweight at age 3 years versus 5% of children born to
normal weight mothers. This translated into a 5-fold increased
risk of overweight/obese at age 3 years (OR: 4.9, 95%CI: 2.8-
8.7). Maternal overweight was associated with increased infant
gut microbial indices at 3 months of age including total
microbiota species richness, Firmicutes richness and diversity
(P< 0.01). Increases in these indices elevated risk of overweight
in toddlers more than two times. Moreover, overweight
mothers were more likely to give birth by CS (OR 1.4, 95%CI:
1.1-1.9). CS-delivered infants had high total microbiota species
richness but low Firmicutes richness and diversity at 3 months
(P< 0.05). The multiple mediator path modeling revealed that
birth mode and infant gut microbiota (especially total species
and Firmicutes richness) sequentially mediated the association
of maternal overweight with childhood overweight (P< 0.05).
Conclusion: This study provides evidence of a novel sequential
mediator pathway involving mode of delivery and infant gut
microbiota for the association between maternal overweight
and childhood overweight.

Sequential mediation model for the association between
maternal overweight and childhood overweight.

PO3.05.03

Absence of intestinal microbiota in early life does not
critically affect cholesterol metabolism in mouse offspring

M.A.M. Lohuis, U. Tietge, H.J. Verkade

University of Groningen, University Medical Center Groningen,
GRONINGEN, The Netherlands

Background: Microbiota influences the development of the
metabolic system and impacts on efficiency of food uptake,
diet-induced obesity, cholesterol absorption and excretion and
bile acid composition. Antibiotic treatment during early
development of mice perturbs the microbiota only transiently,
but nevertheless causes long-lasting metabolic changes. We
aimed to identify potential mechanisms underlying such long-
lasting changes in metabolism. Therefore, we determined the
effects of a germ-free versus conventional state during gestation
and lactation on cholesterol metabolism in the offspring at
adult age.
Methods: We used germ-free C57BL/6J mice and germ-free
mice that were conventionalized 5 weeks before mating them
for breeding. Male and female offspring of the germ-free group
were conventionalized at weaning. At weaning, offspring ori-
ginating from the germ-free (former GF) and the conventional
(CV) group were individually housed. Between age 10 and
30 weeks, mice were challenged with a Western-type diet. We
repeatedly measured body weight and performed glucose and
insulin tolerance tests (GTT and ITT) before and after the
dietary challenge. At age 28-30 weeks, we assessed the follow-
ing cholesterol homeostasis parameters: dietary cholesterol
intake, intestinal absorption, de novo synthesis, biliary secretion
rate, and finally, bile composition and fecal excretion rate. We
terminated mice at 30 weeks and harvested blood and organs.
Results: Surprisingly, body weight did not differ between CV
and Former GF mice for both males and females over their
whole lifetime. Similarly, the germ-free condition in early life
did not affect either the GTT or the ITT, before and after the
dietary challenge with Western-type diet. Interestingly, liver
weight, lipoprotein distribution, food intake, fecal neutral
sterol excretion, total biliary bile acid concentration, and
intestinal cholesterol homeostasis were similar between the
former GF and CV group. Former GF mice had a lower bile
flow than CV mice (males -19%, p< 0.05; females -23%,
p< 0.01), while lower biliary cholesterol secretion was only
observed in Former GF males compared to CV males (-56%,
p< 0.05). However, a consistent and strong gender effect was
found for many of the parameters studied: males had a higher
body and liver weight, plasma lipoprotein-cholesterol content,
and fecal neutral sterol excretion; females had a higher choles-
terol absorption and biliary bile acid concentration.
Conclusions: This study demonstrates that complete absence
of intestinal bacteria in mother and offspring during gestation
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and lactation does not influence glucose and cholesterol meta-
bolism of the offspring in adulthood. The present germ-free
and previous antibiotic results indicate that, in early life, a
germ-free condition or administration of antibiotics differently
affect adult metabolism. We hypothesize the presence of a
specific microbiota composition mediates these programming
effects.

PO3.05.04

Role of breastmilk microbiome in colonisation of the infant
gut: a systematic review

C. Edwards1, A. Gil2, E.M. van der Beek3, M.H. Schoemaker4,
S. Ozanne5, C. Belzer6, C. Stanton7,
C.A. van Loo-Bouwman8, V. Marinello1, R. Rueda9

1University of Glasgow, GLASGOW, United Kingdom;
2University of Granada, GRANADA, Spain; 3Nutricia Research,
UTRECHT, The Netherlands; 4Mead Johnson Pediatric
Nutrition Institute, NIJMEGEN, The Netherlands; 5University
of Cambridge, CAMBRIDGE, United Kingdom; 6University of
Wageningen, WAGENINGEN, The Netherlands; 7Teagasc,
DUBLIN, Ireland; 8Yili Innovation Center Europe,
WAGENINGEN, The Netherlands; 9Abbott Nutrition,
GRANADA, Spain

Background: Characterisation of the human gut microbiome
has led to much interest in its role in the development of
chronic diseases from obesity and cardiovascular disease to
inflammatory and neurological diseases. Early colonisation of
the infant gastrointestinal tract is likely to be a key determinant
in the establishment of the gut microbiome in later life. The
breastmilk microbiome may contribute significantly but it is
unclear how the bacteria detected in human milk are derived
and if they are transferred to and survive in the infant gut. A
systematic review was carried out to evaluate the published
evidence.
Methods: Searches were carried out using PUBMED, OVID,
LILACS and PROQUEST and search terms included:
((“Microbiota”[Mesh] OR “Metagenome”[Mesh] OR “Dys-
biosis”[Mesh]) AND “Anti-Bacterial Agents”[Mesh]) AND
(“Infant”[Mesh] OR “Infant, Extremely Premature”[Mesh]
OR “Infant, Extremely Low Birth Weight”[Mesh] OR “Infant,
Low Birth Weight”[Mesh] OR “Infant, Very Low Birth
Weight”[Mesh] OR “Infant, Small for Gestational Age”[Mesh]
OR “Infant, Premature”[Mesh] OR “Infant, Postmature”[-
Mesh] OR “Infant, Newborn”[Mesh] OR “Infant, Premature,
Diseases”[Mesh])and (microbiota OR bacteria OR microflora
OR microbes) AND (dysbiosis) AND (infant OR neonate OR
baby) AND (health) AND (disease) AND (birth OR parturi-
tion) AND (breastmilk OR breast milk OR humanmilk) AND
(breastfeeding OR breast feeding OR breastfed) AND (formula
fed OR infant formula OR bottle fed OR bottle feed) AND
(lactation). After initial removal of duplicates and not-relevant
papers, sixty six papers were scutinised by three authors before
final evaluation of the evidence. Papers were considered for

information on sample collection, avoidance of contamination
procedures, specified bacterial analysis methods and kits used,
and if they discussed maternal and infant events that may
influence colonisation including mastitis and antibiotic use.
Results: Many studies considered the breastmilk microbiome
and a small proportion of these considered the transfer of the
bacteria to the infant and measured populations in infant fae-
ces. Some studies followed transfer of probiotic organisms in
interventional trials. Collection of breastmilk samples varied in
timing (from colostrum to samples collected up to 6 months
after birth) and in the method of collection (manual expression
vs pump). Breasts were cleaned before sampling in many dif-
ferent ways including with water only, soap, saline, iodine, or
chlorhexidine or some rejected foremilk before main sampling.
The numbers of samples collected per study ranged from 5 to
220 and some studies looked at the whole bacterial profile
whereas other concentrated on individual species. The sample
storage conditions and times varied between studies along with
the methods and kits used for DNA extraction and bacterial
identification. In many studies there was little information on
maternal health and antibiotic use.
Conclusions: Many studies reported a range of different bac-
teria in breast milk, however, the variation in methodology may
have influenced the results. Standardisation of techniques
would enhance the reliability of breastmilk microbiome
research. More research is required to establish the factors
determining the composition and impact of the microbiome of
human milk on the colonisation of the infant
gastrointestinal tract.

PO3.05.05

Diet-induced cholestasis modifies the maternal gut
metabolome and microbiota, resulting in offspring
metabolic impairment, altered intestinal metabolites and
bacteria.

C. Ovadia1, K. Spagou2, A. Perdones-Montero2, A. Smith3,
G. Papacleovoulou1, P.H. Dixon1, E. Holmes2, J. Marchesi2,
C. Williamson1

1King’s College London, LONDON, United Kingdom; 2Imperial
College London, LONDON, United Kingdom; 3Cardiff
University, CARDIFF, United Kingdom

Background: Pregnancy is associated with a change in the gut
microbiome by the third trimester. Gut microbiota influence
enterocyte signals that impact susceptibility to metabolic dis-
orders, for example diabetes mellitus. Bile acids influence
microbial growth, thus intestinal bile acid exposure in preg-
nancy may contribute to metabolic impairments observed in
cholestatic pregnancy. The initial offspring microbiota is lar-
gely determined by the maternal microbiota, with inheritance
in utero, at delivery, via lactation and in the shared environment
of early neonatal life.
The offspring of cholestatic pregnancies demonstrate metabolic
impairments; in a mouse model of cholestasis, female pups had
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impaired glucose tolerance and dyslipidaemia when challenged
with a Western diet. Similarly, the 16 year old children of
mothers with intrahepatic cholestasis of pregnancy had raised
BMI and fasting insulin (boys), higher hip and waist girth
(girls), and lower fasting HDL cholesterol (girls) than the
children of uncomplicated pregnancies in the North Finland
Birth Cohort. We hypothesise that the offspring of cholestatic
pregnancies develop an abnormal gut microbial and metabolite
composition secondary to maternal alterations, contributing to
phenotype of the offspring.
Methods: C57BL/6 female mice were fed normal chow or
0.5% cholic acid-supplemented diets and subsequently mated.
Their offspring were fed normal chow or Western diets. Ultra-
performance liquid chromatography – mass spectrometry was
used to assess the caecal metabolome. 16S rRNA sequencing
was performed to determine the caecal microbiota. Results were
compared using OPLS-DA, PCA, NMDS, and t-tests with
Benjamini-Hochberg correction for multiple measures.
Results: Supplementation of the maternal diet with cholic acid
significantly alters the maternal microbiota with a similar effect
to that of normal pregnancy, enhancing the abundance of
Bacteroidetes and sulphur-utilising bacteria, with an associated
reduction in microbial richness and diversity. Adult offspring of
cholic acid fed mothers, when challenged with a Western diet,
had increased susceptibility to obesity, impaired glucose toler-
ance, dyslipidaemia and hepatosteatosis. This phenotype was
more marked in the female offspring. The offspring microbiota
was significantly affected by maternal and neonatal diet, with a
gender difference in the microbial composition revealed in the
pups of mothers fed cholic acid when fed a Western diet. The
female offspring of cholic acid fed mothers had a higher
abundance of Alistipes, a bile-resistant member of the Bacter-
oidetes phylum, than males. Interestingly, this group had lower
caecal bile acids (p= 0.036) than from normally-fed mothers
when challenged with a Western diet, particularly deoxycholic
acid, cholic acid and ω-muricholic acid.
Conclusions: Pregnancy and cholic acid feeding have similar
impacts upon the composition of the gut microbiome and
metabolome. Maternal cholic acid feeding results in increases
in bile-resistant bacteria in the caecum of female offspring. A
gender difference in the microbiome and bile acid content of
the caecum is revealed by a Western diet.
Together, these findings demonstrate how the establishment of
the offspring gut microbiome, and associated metabolome is
influenced by an altered maternal environment, contributing to
an increased long-term risk of metabolic impairment.

PO3.05.06

Gut microbiota and overweight at the age of 3 years
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ST. LOUIS, United States of America; 4Boston University School
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Background: Intestinal microbiota has been associated with
overweight in adults, but the evidence with children is limited.
The objective of the study was to explore whether composition
of the gut microbiota at the age of 3 years is associated with
overweight and obesity in children in this cross-sectional
data set.
Methods: Children, who participated in the Vitamin D
Antenatal Asthma Reduction Trial (VDAART), underwent
standardized height and weight measurements, and collection
of stool samples three years of age. 16S rRNA sequencing (V4
region) of the stool samples were performed with Illumina
MiSeq. Overweight or obesity was defined as body mass index
z-scores greater than the 85th percentile.
Results: Out of 502 children, 146 (29%) were categorized as
overweight or obese. Maternal pre pregnancy BMI, high birth
weight and length, formula feeding during the first year, high
frequency of fast food consumption, and time watching
TV at 3 years were the risk factors for overweight or obesity.
From the top of the 20 abundant genera, high relative
abundance of Parabacteroidetes (Bacteroidetes; Bacteroidales)
(aOR 0.69, 95%CI 0.53, 0.90 per interquartile increase) and
unassigned genus within Peptostreptococcae (Firmicutes; Clos-
tridiales) (aOR 0.83, 95%CI 0.69, 0.99 per interquartile
increase) were inversely associated with overweight or obesity,
whereas high relative abundance of Dorea (Firmicutes; Clos-
tridiales) (aOR 1.23, 95%CI 1.05, 1.43 per interquartile
increase) was positively associated. None of the associations
were significant after multiple testing corrections. No associa-
tions were found with Shannon index or richness and over-
weight or obesity.
Conclusions: Our data suggest that gut composition of
microbes at the age of 3 years are starting to show similar
effects on the development of overweight as have been found in
adults. Further follow-up is needed to discover long-term
effects.

PO3.05.07

Males born growth restricted and fed a high-fat diet have
altered microbiome and metabolic dysfunction

M.E. Wlodek1, J.L. Wood2, E. Hill2, J. Briffa1, C. Bell2,
A. Jefferies1, K. Anevska1, A.E. Franks2

1The University of Melbourne, MELBOURNE, Australia; 2La
Trobe University, BUNDOORA, VICTORIA, Australia

Obesity is associated with an increased risk of developing dis-
eases including diabetes. One subset of the population who are
at an increased risk of obesity are individuals who were born
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growth restricted. Growth restricted males have reduced pan-
creatic β-cell mass and are prone to developing diabetes, which
may be exacerbated if they become obese. The gut microbiome
has also been suggested to modulate metabolic health. This
study investigated the effect of obesity on metabolic health and
the gut microbiome of growth restricted male rats. Uter-
oplacental insufficiency was induced by bilateral uterine vessel
ligation (Restricted) or sham (Control) surgery in Wistar-
Kyoto rats on embryonic day 18 (term= 22 days). Male Con-
trol and Restricted offspring were randomly allocated to a
Chow or high-fat diet (HFD; 43% kcals from fat) from
5 weeks. Rats at 4-5 months underwent an insulin challenge
(IC), intraperitoneal glucose tolerance testing (IPGTT), were
individually placed in an indirect open-circuit calorimeter
chamber (CLAMS for 36h) to determine their energy expen-
diture and spontaneous physical activity, and placed in a
metabolic cage for 24h (feces collected for 16S rRNA micro-
biome profiling). Restricted males were born small but reached
a similar size to Control males by 6 months. Consumption of a
HFD increased body weight from 3 months, irrespective of
birth weight. HFD males had increased basal insulin, insulin
area under the curve (AUC), first phase insulin secretion and
homeostatic model assessment of insulin resistance (HOMA-
IR) during IPGTT, despite no changes in basal glucose and
glucose AUC. Glucose AUC following IC was increased in
Restricted HFD males compared to Chow-fed, indicating
insulin resistance. Restricted males had a higher VO2, VCO2,
and produced more heat during the dark cycle despite lower
activity demonstrated by fewer stereotypy movements such as
grooming and scratching. A HFD reduced VO2, VCO2 and
also reduced stereotypy. There were no changes in rearing or
jumping movements across any groups. Neither diet nor
Restriction altered the operational taxonomic unit (OTU)
richness of gut microbial communities, however diet altered the
structure and OTU composition of gut communities. In both
Control and Restricted rats, HFD increased the abundance of
the phylum Proteobacteria and decreased the phyla Bacter-
oidetes and Candidatus Saccharibacteria. Although Restriction
did not impact OTU richness of community structure,
Restricted microbial communities had phylum-level increases
in Desferribacterales.
These data suggest that growth restricted male rats, whose
body weight caught up to Control, have an increased resting
metabolic rate despite being less active, which may protect
them from developing glucose intolerance and insulin resis-
tance on a Chow diet at 6 months of age. Restricted males
have an altered baseline gut microflora which may contribute
to, or be an indicator of, their altered metabolism. HFD results
in insulin resistance, which may be linked to the major
changes observed in the gut microbial community. Aging
Restricted rats further or challenging them with an greater
HFD may promote metabolic dysfunction. Our findings may
indicate an association between metabolic and microbiome
function, which may benefit from interventions to improve
metabolic health.

PO3.05.08

Vitamin D dietary intakes is among the most potent
modifiers of gut microbiota in pregnant women- the
prospective NoMIC cohort

M. Eggesboe1, S. Mandal2, R. Knight3, S. Peddada4, V. Lenters5
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Background: Although diet is known to have a major mod-
ulatory influence on gut microbiota, knowledge of the specific
roles of particular vitamins, minerals and other nutrients is
limited. Modulation of the composition of the microbiota in
pregnant women is especially important as maternal microbes
are transferred during delivery and initiate the colonization
process in the infant. We study the associations between intake
of specific dietary nutrients during pregnancy and gut micro-
biota composition.
Methods: Utilizing the Norwegian NoMIC cohort, we exam-
ined the relations between intakes of 28 dietary macro- and
micronutrients during pregnancy, derived from food frequency
questionnaires administered to 60 women in the second tri-
mester, and observed taxonomic differences in their gut
microbiota four days after delivery (assessed through Illumina
16 S rRNA amplicon analysis).
Results: Higher dietary intakes of fat-soluble vitamins, espe-
cially Vitamin D, were associated with reduced microbial alpha
diversity (p-value < 0.001). Furthermore using recently
developed statistical methodology, we discovered that the var-
iations in fat-soluble vitamins, saturated and mono-unsaturated
fat, and cholesterol intake, were associated with changes in
phyla composition. Specifically, Vitamin D, mono-unsaturated
fat, cholesterol and Retinol were associated with relative
increases in Proteobacteria, which is a phyla known to encom-
pass multiple low-pathogens and to have pro-inflammatory
properties. In contrast, saturated fat, Vitamin E and protein
were associated with relative decreases in Proteobacteria.
Conclusion: The results in this article indicate that fats and fat-
soluble vitamins, and especially Vitamin D, are among the
most potent dietary modulators of gut microbiota in mothers.
These results are supported by a recent Nature paper, where
genome-wide association analysis identifies variation in vitamin
D receptor influencing the gut microbiota. The shifts in
microbiota due to diet need to be further studied to understand
their implication for health.

PO3.05.09

Gut microbiota in healthy Japanese infants and young
adults born by C-section

Y. Yamashiro, R.N. Nagpal
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Our intestinal microbiota plays a fundamental role in numer-
ous aspects of our health and many diseases. The bacterial
colonization in human gut starts heavily immediately at birth
or perhaps even before that i.e. in-utero, and the array and
magnitude of this colonization which can influence several
aspects of infant’s long-term health is impacted by many factors
such as birth mode, feeding type etc. The frequency of caesar-
ean delivery is increasing worldwide and this upsurge has been
speculated to partly underlie the concurrent rise in the pre-
valence of diseases such as allergy, obesity, diabetes etc. among
young population. However, quantitative and longitudinal
data on this early-life gut microbiota spectrum is relatively
limited and disparate. Herein, using a highly sensitive analytical
approach based on reverse-transcription-quantitative-PCR tar-
geting bacterial rRNA molecules, we examined the dynamics of
the gut microbiota development in more than 150 healthy term
infants from birth till 3 years of age. About 95% of babies were
found to carry one or more bacteria in their first intestinal
discharge i.e. meconium obtained within 24h after birth.
Interestingly, a comparable array of bacteria including Bacter-
oides fragilis group, enterobacteria, enterococci, staphylococci
and bifidobacteria was observed in the meconium of both
vaginally- and cesarean-born infants, suggesting that several
bacteria might be already present before birth in term infants’
gut. However, the meconium of cesarean-born babies were
significantly less often colonized with Lactobacillus genus (6%
vs. 37%) and L. gasseri subgroup (6% vs. 31%), as compared to
vaginally-born counterparts, and this difference persisted up to
3-6 months of life, suggesting that the primary source of lac-
tobacilli in infant gut is mainly from maternal vaginal/ perianal
flora during vaginal delivery and that cesarean-born infants
might experience deprived/ delayed colonization of some
important Lactobacillus species. Further analyses revealed that
cesarean-born babies also had significantly lower carriage of B.
fragilis group, bifidobacteria and lactobacilli and lower fecal
organic acids concentration and alternatively showed higher
carriage of alpha-toxigenic Clostridium perfringens and a higher
fecal pH at one or more time-points from day 7 to 6 months of
age, thereby indicating a state of gut dysbiosis in cesarean-born
babies. Intriguingly, in a concomitant study, we analyzed the
gut microbiota of healthy young adults (n= 165) wherein we
found significantly lower detection rate of Bacteroides fragilis
group, Lactobacillus sakei subgroup and fecal propionic acid in
subjects that were born via C-section as compared with
vaginally-born counterparts, suggesting that several birth
mode-related differences in gut microbiota might persist even
beyond teenage. Further studies should evaluate and validate
these findings in different population cohorts. Overall, the data
clearly demonstrate that early-life gut microbiota is significantly
influenced by birth mode and that the elements of cesarean-
mediated gut dysbiosis might persist much longer than pre-
viously believed. Studies are clearly needed to probe the precise
sources/ significance of various gut bacteria in the neonatal gut
as well as to scrutinize the connection, if any, of these early life
bacterial encounters with host’s long-term health and diseases.

PO3.05.10

Differences in breast milk microbiomes between
HIV-infected women on ART and non-infected women
living in South Africa
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Background: The human breast milk (HBM) microbiome is
known to vary according to several factors such as genetics,
maternal health (including HIV status) and nutrition, mode of
delivery, lactation stage and geographic location. Globally,
more than 1 million HIV-exposed, uninfected infants are born
annually. Given that HIV-infected mothers on ART are
encouraged to exclusively breast feed their infant for the first
6 months of life, a disrupted infant gut microbiota may ensue,
resulting in increased morbidity and mortality of HIV-exposed,
uninfected infants. Little is known about the effect of HIV
infection combined with the use of antiretroviral treatment
(ART) on the HBM microbiome, however it has been shown
to cause significant shifts in the rectal microbiome and the
function it carries out. Nested in The Drakenstein Child
Health Study, our study embarked on an investigation into any
changes in the compositional and functional components of the
HBMmicrobiome of South African women infected with HIV
currently on ART.
Methodology: This was a cross sectional study of 128 HBM
samples: HIV-infected women on ART (n= 64) and HIV-
uninfected women (n= 64). Breast milk samples were collected
7 – 10 weeks postpartum. Nucleic acids were extracted on the
QIAsymphony SP instrument using the QIAsymphony®

Virus/Bacteria mini kit (Qiagen, Hilden, Germany). HBM
microbiome profiles were determined by Illumina MiSeq
(Illumina, Inc. Madison WI) sequencing of bacterial 16S
rRNA gene amplicons at the Centre for Proteomic & Genomic
Research (CPGR, Cape Town, South Africa) and the function
profile inferred using PICRUST.
Preliminary Results: Changes in the HBM microbiota are
associated with maternal physiological status, including obe-
sity, celiac disease and HIV status. González et al. (2013)
showed that HIV-infected women in Mozambique had higher
bacterial diversity and higher prevalence of Lactobacillus spp. in
their HBM compared to the non-infected women. However,
this study did not take into account the use of ART. In addi-
tion, this study used culture-dependent methods for the
microbiota description. Another study by McHardy et al.
(2013) showed significant functional and compositional shifts
in the rectal microbiota between HIV-infected subjects on
ART and healthy controls and concluded that HIV infection
altered the rectal ecosystem and selected for different microbial
metagenomic functions.
Conclusion: We hypothesize that there will be significant
shifts in the HBM microbiota composition and imputed
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function between HIV-infected women on ART compared to
their non-infected controls. This work may lead to targeted
therapeutic supplementation of breast feeding, HIV-infected
mothers. The lactation period may provide a new target for
devising novel dietary and nutritional tools to modulate the
milk microbiota and thereby reduce the risk of non-
communicable diseases, while at the same time promoting
breast feeding. We will have our results available by the end of
May 2017.

PO3.05.11

Delivery type is associated with microbiota composition
and body adiposity in young adults of the Nutritionists
Health Study

A. Pititto1, A.M.M. Valente2, I.T. Silva2, G. Fernandes3,
A.A. Ferraro2, S.R.G. Ferreira2

1UNIFESP, SAO PAULO, Brazil; 2University of Sao Paulo,
SAO PAULO, Brazil; 3Oswaldo Cruz Foundation, BELO
HORIZONTE, Brazil

Background: Studies have reported that eutrophic and obese
adults have diverse histories of early life events and microbiota
composition. The association of caesarian delivery with obesity
in adulthood raised a hypothesis that the newborn gut coloni-
zation might be an underlying mechanism favoring the body fat
accumulation. Despite the observation that delivery type and
characteristics of gut microbiota were associated, investigations
in young adults who became or not obese are scarce. The
Nutritionists Health Study – NutriHS is a cohort of under-
graduates and graduates fromNutrition College, and represents
a unique opportunity to identify early cardiometabolic risk
markers. We hypothesized that microbiota composition
established in early postnatal life persists until adulthood with
impact in body adiposity. We examined the association of gut
microbiota composition in young adults, with or without
weight excess, according to their delivery type.
Methods: The current cross-sectional analysis was conducted
in 151 healthy participants (90% women, 18-40 yrs) of the
NutriHS. After completing self-administered questionnaires (e-
NutriHS), they were invited to a clinical visit for physical
examination and lab procedures. The profile of the fecal
microbiota was obtained by sequencing the V4 region of the
16S rRNA gene (Illumina®MiSeq platform). Participants were
stratified by BMI (< or ≥25 kg/m2) and by delivery type;
cardiometabolic variables and bacterial abundances were com-
pared using Student t test or Mann-Whitney U test.
Results:Mean age(SD) of the participants was 24.8(5.9) years;
28.5% had BMI≥ 25kg/m2. Similar proportions of normal-
weight (48%) and excessive-weight individuals (49%) reported
a cesarean delivery. As expected, individuals with BMI≥ 25kg/
m2 had greater mean (SD) values of abdominal circumference
[91.7(11.3) vs. 71.9(5.1) cm, p< 0.001], systolic blood pres-
sure [115(11) vs. 106(13) mmHg, p< 0.001], fasting plasma
glucose [84.0(10.4) vs. 80.1(8.4) mg/dl, p< 0.001] than those

with BMI< 25kg/m2, but they did not differ regarding insulin,
HOMA-IR, C-reactive protein and lipopolysaccharides values,
and microbiota composition. The comparison of these vari-
ables after sub-stratification of BMI groups by delivery type
showed no differences within groups. Comparing the micro-
biota composition according to delivery type within the
BMI< 25kg/m2 group, genera abundance rates did not differ.
However, within the BMI≥ 25kg/m2 group, lower abundance
of Blautia (p= 0.016) and a higher of Bacteroides (p= 0.024)
were found in individuals who had cesarean delivery compared
to those born by natural delivery.
Discussion and conclusion: Differences in abundances of
certain genera in gut microbiota of cesarean-born overweight
participants are in agreement with literature: Blautia genus was
more abundantly reported in children who had early gut colo-
nization after exposure to vaginal delivery. These results favors
the hypothesis that microbiome, defined early in the cycle of
life, can persist until adulthood. On the other hand, Bacter-
oides genus includes gram-negative bacteria with lipopoly-
saccharides in their outer surface, which are able to trigger
inflammation. Since low-grade inflammation represents a
pathophysiological basis for cardiometabolic diseases, our
findings help understanding how early life event could confer
risk in adulthood mediated by the gut microbiota.

PO3.05.12

Gut microbiota composition in children and adults:
Ruminicoccaceae vs Lachnospiraceae

D. Radjabzadeh

Erasmus MC, ROTTERDAM, The Netherlands

Introduction: In the past decades we have begun to realize the
importance of trillions of microbes living in our guts, collec-
tively termed gut microbiota. It is known that microbiome is
dynamic through the life course and is still in developing phase
during the childhood, but it was not studied yet in large
population-based cohort studies. In order to examine the shifts
in gut microbiome in children and elderly in relation to health
and disease, we profiled the gut microbiome of two extensively
phenotyped cohorts: the Rotterdam Study (RS, elderly) and the
Generation R birth cohort (GenR).
Materials & Methods: Over 1,700 faecal stool samples in the
RS cohort (n= 14,000 elderly; mean age= 57; range = 46 to
88) and over 3,000 in the multi ethnic GenR cohort (n= 9,000
children; mean age = 10; range = 9 to 12) were collected
through regular mail and stored at -20°C. The 16S ribosomal
RNA gene (variable regions V3 and V4) was amplified and
sequenced using Illumina MiSeq technology. Reads were
clustered into Operational Taxonomic Units (OTUs). Com-
parative analysis of microbiome diversities of the two cohorts
was done in R and R packages vegan and MaAsLin. In both
cohorts only samples from subjects with North-European
ancestry were considered for analysis. In RS cohort only sam-
ples with age range of 51-62 years were considered in analysis.
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During analysis we adjusted for age, sex, technical covariates,
and multiple testing by FDR (q< 0.05).
Results: In total, 1,081 RS and 1,463 GenR samples were
included in the analysis (n= 2,544). After quality filtering 770
genus-level OTUs were obtained. Our results showed sig-
nificant clustering of both cohorts based on Bray-Curtis dis-
similarity metric (PERMANOVA, p= 0.001) and a higher
alpha diversity (Shannon Index) in RS (Mean= 4.01) than in
GenR(Mean= 3.8; ANOVA, p< 2.2e-16). Our analysis
revealed that 175 OTUs were more abundant in RS as com-
pared to GenR, while 137 OTUs were more abundant in
GenR as compared to RS (q< 0.05). Largest differences were
observed for genera from family Lachnospiraceae including
Anaerostipes and Blautia that were more abundant in RS, and
genera from family Ruminococcaceae including Faecalibacterium
and Subdoligranulum that were more abundant in GenR.
Conclusion: Comparing the gut microbiome compositions in
2,544 children and adults showed significant clustering of the
cohorts based on beta diversity and significantly different
alpha-diversities between children and adults. A total of 312
OTUs were found to have differential abundances between the
two cohorts with genera from the Lachnospiraceae family being
more abundant in adults and genera from the Ruminoccocaceae
familybeing more abundant in children.

PO3.05.13

Functionality and structure of neonatal gut microbiota
community depend on pre-pregnancy maternal weight

T. Cerdó1, A. Ruiz1, R. Jáuregui2, A. Suárez1, C. Campoy1

1University of Granada, ARMILLA, GRANADA, Spain;
2AgResearch Grasslands, PALMERSTON NORTH, New
Zealand

Background and objectives: The human gut microbiota has
become the subject of extensive research in recent years and our
knowledge about its influence in different diseases is rapidly
growing1. Until now, studies focused on the origins of obesity
were oriented towards dietary excesses (processed sugars, fat, and
proteins)2 or host genes3. But recent studies have shown changes
in gut microbiota associated to different diseases, like obesity4.
The aim of this study was to analyze the gut microbial commu-
nity composition and functionality in children born to mothers
with different body mass index (BMI) at 6 months old.
Methods: The PREOBE project is an observational cohort
study on healthy normo-, overweight and obese women. We
analysed associations between the gut microbiota of 46 children
of 6 months old, assessed by 16S rRNA gene sequencing and
metaproteomics, with mother’s BMI.
Results: We analyzed the gut microbiota structure using Uni-
frac distance and we observed three diferent clusters depending
on whether the mother was normalweight, overweight or obese.
The obese group presented a significant over-abundance of
Firmicutes compared to overweight group, which presented a
significant over-abundance of Proteobacteria. Conversely, the

normoweight group didn´t present a significant over-
abundance in a specific group at phylum level. On the other
hand, regarding metabolic performance, gut microbial func-
tionality in children from obese mothers was significantly
enriched in Carbohydrate transport and metabolism, within
this category, we observed an over-representation of proteins
belonging to glycosidases, β-glucuronidase and α-galactosidase
compared to overweight group, which presented a significant
enrichment in cell wall membrane envelope biogenesis category
and the normalweight group, which presented significant
enrichments in more diverse pathways.
Conclusions: These results suggest that the composition and
metabolic performance of the gut microbiota in the child may
depend on maternal metabolic state during pregnancy. Children
born to obese mothers, may present a gut microbiota community
specialized in getting greater energy from foods compared to
children born to healthy normalweight or overweight mothers.
Funding: This study was funded by Spanish Ministry of
Innovation and Science. Junta de Andalucía: Excellence
Projects (P06-CTS-02341); Spanish Ministry of Economy &
Competitiveness (BFU2012-40254-C03-01); and MyNew-
Gut FP7 EU Project (n° 613979).
References
1 Tagliabue A, Elli M. The role of gut microbiota in human
obesity: recent findings and future perspectives. Nutrition,
Metabolism, and Cardiovascular Diseases: NMCD. 2013;23
(3):160–168. 2 Spreadbury I. Comparison with ancestral diets
suggests dense acellular carbohydrates promote an inflamma-
tory microbiota, and may be the primary dietary cause of leptin
resistance and obesity. Diabetes, Metabolic Syndrome and
Obesity: Targets and Therapy.2012;5:175–189. 3 Hollopeter
G, Erickson J, Palmiter R. Role of neuropeptide Y in diet-,
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García, F.,Margolles, A., Ferrer, C., Campoy, C. & Suárez, A.
One-year calorie restriction impacts gut microbial composition
but not its metabolic performance in obese adolescents.
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Influences of maternal obesity on gut microbiome and
brain structure and function

T. Cerdó1, A. Ruiz1, R. Jáuregui2, H. Azaryah1,
F.J. Torres-Espínola1, A. Suárez1, C. Campoy1

1University of Granada, ARMILLA, GRANADA, Spain;
2AgResearch Grasslands, PALMERSTON NORTH, New Zealand

Background and objectives: It is well known the existence of
critical early periods for neural development1. Recent experi-
mental evidence suggests a link between gut microbiota and
brain function and behaviour. Maternal dysbiosis during
pregnancy, as occurs in obesity, could have an important role in
the early colonization of the gut microbiota in early stages of
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life, impacting on the future health, behaviour and cognitive
functions of the offspring.
The aim of this study was to analyze the influence of mother´s
body mass index (BMI) on the gut microbial community
composition in children and their nerurodevelopment.
Methods: The PREOBE project is an observational cohort
study on healthy normoweight and obese women, among
others parameters. We analysed associations between the gut
microbiota of 122 children of 6- (n= 46) and 18 months
(n= 76) of age, assessed by 16S rRNA gene sequencing and
their neurodevelopment, evaluated by Bayley Scales of Infant
and Toddler Development III, according to mother’s BMI.
Results: We observed an important shift in gut microbiota
composition from 6 to 18 months old, with a significant
enrichment in Bacilli, Proteobacteria and Actinobacteria at
6 months, and a significant enrichment in Clostridia, Bacter-
oidetes and Verrucomicrobia at 18 months. We also observed
differences on infants gut microbiota structure based on mothers’
BMI using Unifrac distance. Moreover, at 6 months, we found
significant group differences in cognition composite language,
expressive language and composite cognitive scores being higher
in the obese group, compared to children botn to normal weight
mothers. These higher scores were related to a higher abundance
of Flavonifractor and Clostridium XIVa. At 18 months, the off-
spring born to obese mothers had lower scores in language
composite and the previous differences in language and cognition
was replaced by a suggestive trend of lower gross motor scores in
the obese groups. Lower motor scores were associated to a sig-
nificant overabundance of Lactobacillus. These results suggest that
there are clear differences in the offspring gut microbiota com-
position between 6 to 18 months and depend on maternal
metabolic status. Flavonifractor andClostridium XIVawere related
to better language development in offspring born to obese
mothers at 6 months. Lactobacillus seems to be related to better
language and cognitive development in offspring born to obese
mothers at 18 months.
Conclusions: In the present study, significant associations
between gut microbiota and neurodevelopment (language,
cognition, motricity and socioemotional development) have
been demonstrated; these associations are different depending
on mother’s pre-pregnancy BMI.
Funding: This study was funded by Spanish Ministry of
Innovation and Science. Junta de Andalucía: Excellence Pro-
jects (P06-CTS-02341); Spanish Ministry of Economy &
Competitiveness (BFU2012-40254-C03-01); and MyNew-
Gut FP7 EU Project (n° 613979).

PO3.05.15

Prevalence of pathogenic bacteria in open and surgical
wounds of patients attending hospitals in Buea
municipality

N.A. Sati

St. Luke’s Medical Center Buea, BUEA, Cameroon

Wound infections often cause harmful and costly clinical
complications to our health care systems. Infected wounds
impose a significantly negative effect on patient care and
recovery as infection hinders wound healing, resulting in
increased patient morbidity and mortality. We screened 212
wound specimens from patients in some health institution in
Buea municipality and analyzed for common bacteria patho-
gens using standard microbiological and biochemical methods.
Antimicrobial susceptibility of isolates was determined using
the disc diffusion assay.
A total of 169 (79.9%) samples were infected. The frequencies
of isolation from various sources were as follows; Burns 100%,
Ulcers 86.7%, Postoperative wounds 79.3% and Open
wounds 78.8%. Twelve bacteria species were identified; Sta-
phylococcus aureus, Escherichia coli, Enterobacter cloacae, Enter-
obacter aerogenes, Proteus mirabilis, Klebsiella pneumoniae.
Hafnia alvei, Pseudomonas aeruginosa, Serratia marcescens,
Serratia rubideae Serratia sakazakii and Streptococcus sp. Results
of antibiotic sensitivity tests revealed the most active drugs
against these infectious agents to be ofloxacin (100%) and
perfloxacin (100%), followed by ceftriaxone (94.2%) and
gentamicin (92%). Isolate exhibited complete resistance to
oxacillin (100%). Multi-drug resistance (resistance to five or
more drugs) was exhibited by over 71.7% of isolates. Multi-
drug resistance was commonly encountered in Staphylococcus
aureus with 31.5% of this organism being resistant to
seven drugs.

PO3.06 – Neurodevelopment - Nutrition

PO3.06.01

Early diet with improved LCPUFA content
protects the brain against the early-life-stress induced
deficit by modulating hippocampal neurogenesis and
microglia

K. Reemst1, K.Y. Yam1, L. Hoeijmakers1, E.F.G. Naninck1,
L. Schipper2, E.M. van der Beek3, A. Oosting2, P.J. Lucassen1,
A. Korosi1

1University of Amsterdam, AMSTERDAM, The Netherlands;
2Nutricia Research, UTRECHT, The Netherlands; 3Nutricia
Research, UMCG, UTRECHT, GRONINGEN, The
Netherlands

Early-life stress (ES) affects brain function for life. Clinical
and pre-clinical evidence shows that ES, malnutrition and
infection can lead to cognitive impairment and increased
vulnerability to develop psychopathologies later in life. We
have previously shown that chronic ES exposure induces cog-
nitive decline in mice, which correlates with a reduction in
hippocampal neurogenesis in adulthood. Also, ES affects neu-
roimmune cell function, as ES-exposed mice display more
IBA1 and CD68 expressing hippocampal microglia compared
to control mice. Given the high nutritional demand of
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the brain during development, the quality of early nutrition is
critical. Long-chain polyunsaturated fatty acids (LCPUFA’s)
provided by the diet are crucial building blocks for brain
development and function, and also have metabolic and
immunomodulatory properties. We hypothesised that an
early dietary intervention with an improved LCPUFA quality is
protective against ES-induced functional deficits. We investi-
gated if a dietary intervention with essential LCPUFA’s
can modulate ES-induced effects and which are the neurobio-
logical substrates for the beneficial effects of the diet. ES
exposed C57BL6J mice dams and their offspring were exposed
to a diet with either low or high n-6/n-3 LCPUFA ratio
(accomplished with modulating LA/ALA content of the diet)
from postnatal (P) 2 to P42. At P42 all offspring was switched
to a semisynthetic rodent chow (AIN93-M), and mice
were tested for cognitive function at 4 month. At 6 months of
age mice were sacrificed and we assessed how ES w/wo diet
affected fatty acid composition, levels of neurogenesis and
microglia in the hippocampus. We found that early life
exposure to a diet with low n-6/n-3 ratio is able to prevent ES-
induced cognitive decline. This dietary rescue was accom-
panied by restoration of ES-induced reductions in hippocampal
newborn cell survival and increased hippocampal CD68
expression, suggesting that the beneficial effect of the diet
could, at least in part, be mediated by modulating hippocampal
neurogenesis and microglia functioning. To what extent altered
neurogenesis and microglia activity contribute to the beneficial
effects of the diet is currently under investigation. In conclu-
sion, ES-induced cognitive decline can be prevented by an early
postnatal dietary intervention with an improved LCPUFA
quality, and affects neurogenesis and neuroimmune cell func-
tion. The current data may provide useful insights for the
development of targeted dietary interventions in vulnerable
populations.

PO3.06.03

Maternal seafood intake during pregnancy and child
neurodevelopment until age 5 years: a prospective cohort
study in Norway

A.L. Brantsaeter1, E. Papadopoulou1, M. Haugen1,
H. Meltzer1, K. Vejrup1, T.C. Borge1, F. Jacka2, H. Knutsen1,
I.H. Caspersen1

1Norwegian Institute of Public Health, OSLO, Norway;
2Food & Mood Centre, IMPACT Strategic
Research Centre, Deakin University, GEELONG,
Australia

Background: Seafood is an important source of nutrients vital
for foetal and child neurodevelopment. However, seafood is
also a source of environmental pollutants. Guidelines uni-
versally encourage fish consumption during pregnancy, but
include country-specific warnings to avoid contaminated
species.

The aim of this study was to examine the associations between
maternal seafood intake during pregnancy and neurodevelop-
mental outcomes in the offspring.
Methods: We used data from the Norwegian Mother and
Child Cohort Study (MoBa), a prospective nationwide preg-
nancy cohort. Maternal food intake during the first half of
pregnancy was assessed by a validated food frequency ques-
tionnaire (FFQ).The exposure variables comprised: i) total
seafood and ii) subcategories of lean and fatty fish. The expo-
sure variables were examined both as continuous and catego-
rical variables.
Child neurodevelopment was assessed by a selection of ques-
tionnaire items from the Child Behavior Check List (CBCL)
and Ages and Stages Questionnaire (ASQ) at child’s age
18 months, 36 months and 5 years. These outcome variables
comprised: i) emotional problems (internalizing behavior) ii)
behavioral problems (externalizing behavior), iii) communica-
tion skills, and iv) motor skills. Externalizing and internalizing
behavior scores (range 0-1) were extracted using exploratory
factor analysis, and communication and motor skills scores
were mean item scores (0-1). Lower scores reflect less cognitive,
motor and behavioral difficulties. In total, 46,423 mothers
were eligible for inclusion, i.e. had delivered singleton, term
babies, had answered the baseline questionnaire and provided
valid dietary information from the FFQ and had data for at
least one of the outcomes. For the children, outcome data were
available for 36,850 at 18 months, 30,447 at 36 months, and
25,142 at 5 years. We examined associations between seafood
exposure and the neurodevelopment outcomes at each of the
time points with regression models and adjusted for the fol-
lowing covariates: maternal age, parity, education, BMI,
Hopkins score for maternal depression, n-3 fatty acid supple-
ment use, and total energy intake. Models with continuous
exposure variables included a quadratic term to account for
non-linear associations. Mixed models were used to check for
interaction with sex.
Results: Median maternal seafood intake was 235 g/week (5th,
95th percentile: 55, 520), of which lean fish constituted 56%
and fatty fish 34%. Fourteen percent of the mothers had low
intake (<100g seafood/week), 75% had moderate intake (100-
400g/week) and 11% had high intake (>400 g/week).
Increasing maternal seafood intake, whether modelled as a
continuous variable or by categories, was associated with
reduced difficulties on all outcomes, but the effect estimates
were small. Figure 1 illustrates associations between maternal
seafood with internalizing and externalizing behaviour scores at
18 and 36 months, and 5 years. Associations did not differ
between boys and girls. When examining lean and fatty fish
separately, the associations were stronger for lean than for
fatty fish.
Conclusions: In this large cohort of mothers and children,
maternal intake of seafood during pregnancy, and particularly
lean fish, was consistently associated with reduced symptoms of
neurodevelopmental problems in children at 18 months,
36 months and 5 years.
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Maternal seafood intake (g/week), internalizing and externa-
lizing problems in children. Cubic splines from GAMs; y=
change in score (range 0-1)

PO3.06.04

Maternal use of iodine containing supplements in
pregnancy is associated with increased risk of child
attention-deficit/hyperactivity disorder

M.H. Abel1, E. Ystrom2, I.H. Caspersen2, H. Aase2,
L.E. Torheim3, H.M.Meltzer2, R.B. Askeland2, T. Reichborn-
Kjennerud2, A.L. Brantsaeter2

1Norwegian Institute of Public Health/Tine SA, OSLO, Norway;
2Norwegian Institute of Public Health, OSLO, Norway; 3Oslo
and Akershus University College of Applied Sciences, OSLO,
Norway

Background: Mild- to moderate iodine deficiency is highly
prevalent in pregnant women worldwide, including in several
European countries. Iodine supplements are recommended for
pregnant women in many countries, also by the WHO if diets
are insufficient in iodine. However, little evidence exist on the
potential effects of supplemental iodine for pregnant women in
populations characterized with mild- to moderate iodine defi-
ciency. The aim of this study was to explore the association
between maternal iodine supplement use and risk of child
ADHD in a population with high prevalence of inadequate
iodine intakes in pregnant women and with no official
recommendation for supplementation.
Methods: This study includes 75,832 mother-child pairs par-
ticipating in the Norwegian Mother and Child Cohort Study
(recruited 2002-08). Maternal iodine intake was assessed using
an extensive and validated food frequency questionnaire cov-
ering food and supplement intakes during the first half of

pregnancy. Inclusion criteria comprised available data on
exposure and covariates, singleton birth, no reported use of
thyroid medication in pregnancy, and child living in Norway
by December 2015. Participants who reported a very high
intake of iodine from supplements (>250μg/day) were exclu-
ded (1.7%). Outcomes were i) ADHD diagnosis registered in
the Norwegian Patient Registry by Dec. 2015 (n= 1696
(2.2%) children, mean age at diagnosis: 8.3y; interquartile
range (IQR): 7.0, 9.5), and ii) Symptom score >1.5SD (in a
subsample of n= 27,509) on maternally reported child ADHD
symptoms at age 8y (nine items on inattention and nine on
hyperactivity/impulsivity from the ADHD Rating Scale).
Associations were explored by multivariable Cox and logistic
regression, and models included interaction terms between
iodine from food (below/above the estimated average require-
ment for pregnant women by the Institute of Medicine; 160μg/
day) and iodine from supplements. Covariates were maternal
age, BMI, parity, education, energy intake, fiber intake, n-3
fatty acids EPA and DHA from food and supplements, folic
acid supplement use, smoking in pregnancy, birth season, and
child sex.
Results: Use of iodine-containing multisupplements was
reported in 30% of pregnancies (median supplemental iodine:
86 μg/day; IQR: 54-150; range 0.7-250), and only nine
women reported taking an isolated iodine supplement.
Use of supplemental iodine in pregnancy was associated
with an increased risk of child ADHD diagnosis, both
when the maternal diet was low in iodine (<160μg/day) (HR:
1.13; 95% CI: 1.00, 1.29 compared to children of non-users),
and when maternal diet contained ≥160μg iodine/day (HR:
1.47; 95% CI: 1.17, 1.85)(Table 1). The negative impact of
supplemental iodine on ADHD diagnosis was primarily
seen in participants who initiated use of iodine-containing
supplements in the first trimester of pregnancy. The results
were in agreement with associations with high levels of mater-
nally reported ADHD symptoms at child age 8y, both for
>1.5SDs symptoms of inattention, and of hyperactivity.
Adjusting for any maternal supplement use did not change the
results.
Conclusions: In this large pregnancy cohort, iodine supple-
ment use in pregnancy was associated with an increased risk of
child ADHD. The negative impact was most pronounced in
children of women who initiated iodine supplement use in the
first trimester of pregnancy.

10th World Congress S407

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


Maternal iodine supplement use and risk of child ADHD by
maternal iodine intake from food (<160μg/day or ≥160μg/day)

PO3.06.07

Micronutrients during pregnancy and child psychomotor
development: opposite effects of Zinc and Selenium

K. Polanska1, W. Hanke1, A. Krol1, J. Gromadzinska1,
R. Kuras1, B. Janasik1, W. Wasowicz1, F. Mirabella2,
F. Chiarotti2, G. Calamandrei2

1Nofer Institute of Occupational Medicine, LODZ, Poland;
2National Institute of Health, ROME, Italy

Background: Studies on the impact of micronutrient levels
during different pregnancy periods on child psychomotor
functions are limited. The aim of this study was to evaluate the
association between maternal plasma concentrations of selected
micronutrients, such as: copper (Cu), zinc (Zn), selenium (Se),
and child neurodevelopment.
Methods: The study population consisted of 539 mother-child
pairs from Polish Mother and Child Cohort (REPRO_PL).
The micronutrient levels were measured in each trimester of
pregnancy, at delivery and in the cord blood. Psychomotor
development was assessed in children at the age of 1 and 2 years
using the Bayley Scales of Infant and Toddler Development.
Results: The mean cord plasma Zn, Cu and Se concentrations
were 1.1± 0.3mg/l, 0.6± 0.3mg/l and 31.1± 8.2 ug/l, respec-
tively. There were no statistically significant associations between
Cu levels and any of the analyzed domains of child development.
A positive association was observed between Se level in the 1st

trimester of pregnancy and child language and motor skills
(β= 0.2, p= 0.03 and β= 0.3, p= 0.005, respectively) at one
year of age. Motor score among one-year-old children decreased
along with increasing Zn levels in the 1st trimester of pregnancy
and in the cord blood (β= -12.1, p= 0.003 and β= -6.5,
p= 0.03, respectively). A similar pattern was observed for the
association between Zn level in the 1st trimester of pregnancy and
language abilities at one year of age (β= -7.4, p= 0.05).
Conclusions: Prenatal Zn and Se status was associated with
lower and higher child psychomotor abilities, respectively,
within the first year of life. Further epidemiological and pre-
clinical studies are necessary to confirm the associations
between micronutrient levels and child development as well as
to elucidate the underlying mechanisms of their effects.

PO3.06.08

Effect of early life dietary supplementation with prebiotic
and omega-3 poly-unsaturated fatty acids on behaviour and
immunomodulation in healthy mice

K. Szklany1, J. Garssen2, L.M.J. Knippels2, A.D. Kraneveld1

1Utrecht University, UTRECHT, The Netherlands; 2Utrecht
University, Utrecht, The Netherlands; Nutricia Research,
UTRECHT, The Netherlands

Introduction: Prebiotics and omega 3 poly-unsaturated fatty
acids (n-3 PUFA) have microbiota modulating properties that
can lead to immuno- and neuromodulation. The objective of
this study was to evaluate the dietary effect of a combination of
short chain galacto- and long chain fructo-oligosaccharides
(scGOS:lcFOS) and n-3 PUFA on behaviour and the immune
system in mice.
Method: Postnatal dietary supplementation with 3% scGOS:
lcFOS (9:1) and/or n-3 PUFA was tested in healthy male
BALB/c mice. Explorative behaviour and anxiety were assessed
by an open field and a marble burying test, respectively, at 4, 6
and 8 weeks of age (n= 8-10 per group). In addition, caecal
short chain fatty acids (SCFA) and splenic and mesenteric
lymph node (MLN) levels of CD4+ subsets (Th1, Th2, Th17
and regulatory T cells) were measured. All dietary groups
including a control diet were compared using two-way or one-
way ANOVA analysis.
Results: At 6 weeks of age scGOS:lcFOS and n-3 PUFA
separately did not significantly change explorative behaviour of
mice. Combination of scGOS:lcFOS with n-3 PUFA resulted
in reduced explorative behaviour of mice when compared to the
scGOS:lcFOS diet alone. At 8 weeks of age all enriched dietary
groups showed a trend towards more explorative behaviour
compared with the control group. In addition, the scGOS:
lcFOS group buried less marbles compared with the control. In
the n-3 PUFA and in the combination diet groups no differ-
ences in number of buried marbles were observed compared
with the control group. Caecal SCFA levels were only sig-
nificantly increased in the scGOS:lcFOS group compared with
the control group. Although no significant difference was
detected in caecal iso-SCFA levels in the scGOS:lcFOS and the
n-3 PUFA groups compared with the control group, the levels
were decreased by the combination diet. Furthermore, the
levels of Th1, Th2, Th17 and regulatory T cells in the spleen
and in the MLN were not significantly different between the
dietary groups.
Conclusions: Early life dietary supplementation with scGOS:
lcFOS had the highest beneficial effect on explorative beha-
viour and reduction of anxiety. In addition, only scGOS:lcFOS
enhanced the levels of caecal SCFA and none of the diets
showed significant differences in the levels of Th1, Th2, Th17
and regulatory T cells in spleen and MLN in healthy mice.
Further studies are needed to investigate the possible interac-
tion between the dietary components.

PO3.06.09

Does DHA supplementation in preterm infants in the
neonatal period improve attention at 18 months’
corrected age?

E. Hewawasam1, B.S. Mulhausler1, C.T. Collins2, J. Gould2

1The University of Adelaide, ADELAIDE, Australia; 2South
Australian Health and Medical Research Institute, NORTH
ADELAIDE, SOUTH AUSTRALIA, Australia
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Background: Docosahexaenoic acid (DHA) is an
omega-3 (n-3) long chain polyunsaturated fatty acid that is
essential for the development of the brain and the central ner-
vous system. DHA is particularly concentrated in the frontal
lobe of the brain that controls higher order cognitive functions,
including attention. Preterm infants, particularly those born
very preterm (<29 weeks’ gestation) miss out on the peak
period of DHA accretion into the brain in the last trimester of
pregnancy, and this may contribute to the higher incidence of
attention-related disorders in children born preterm. The
objective of this study was to determine the effect of
DHA supplementation in infants born very preterm in the
early postnatal period on attention measures at 18 months’
corrected age.
Methods: This study was a follow-up study of children who
participated in the N3RO (N-3 fatty acids for improvement in
Respiratory Outcomes) trial. In N3RO, infants born
<29 weeks’ gestation were randomly assigned to receive either a
DHA-rich emulsion (60mg/kg/day DHA) or soy-oil emulsion
(control group) within three days of their first enteral feed until
36 weeks’ post menstrual age (PMA) or discharge, whichever
occurred first [#_ENREF_1].
A subset of N3RO infants enrolled in Adelaide were
invited to participate in the attention follow up study, and to
attend an assessment at 18 months’ corrected age. Three
assessment tasks were administered: a single object task, a
multiple object task and a distractibility task, all of which
required the child to maintain attention on specific toy/s
for 3 or 5 minutes in either the presence or absence of a
distractor. Each test session was video-taped. The key outcomes
assessed in these tasks included the percentage of time spent
looking at the toy, the number of times attention shifted
between toys and the average latency to turn to the distractor
(primary outcome).
Results: 116 families were approached and 78 agreed
to participate in the N3RO attention follow up study at
18 months’ corrected age. A total of 77 children (57% males
and 43% females), completed the attention study at
18 months’ corrected age. These children had a mean gesta-
tional age of 26 ± 1.3 weeks. In the N3RO cohort, total blood
DHA concentrations were higher in the intervention group
compared to the control group. All 77 assessments have been
scored and final analysis is nearing completion when group
analysis and unblinding will occur. In the single object task,
children spent 86% (95% CI, 83% - 89%) of the 5 minutes
assessment looking at the toy. In the multiple object task the
children shifted their attention between the 5 different toys
40 ± 14 times (range 2 – 83 times).
Conclusions: There is a wide variation in the attention
parameters assessed in this population between individual
children. Unblinded group analyses are in progress and will be
presented.
References: Collins, C.T., et al., Docosahexaenoic acid and
bronchopulmonary dysplasia in preterm infants. N Engl
J Med, 2017. 376(13): p. 1245-55.

PO3.06.10

Developmental programming of hippocampal adult
neurogenesis to maternal high fructose diet: focus on
HDAC4-associated neuroinflammation

K.L.H. Wu, C.H. Lee, C. Wu, J.Y.H. Chan, Y.L. Tain,
W.C. Lee, S. Leu, C.Y. Hung

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Our previous study demonstrated that maternal
high fructose diet (HFD) intake impairs the spatial learning and
memory in the later life of female offspring. Histone deacetylase 4
(HDAC4) plays a critical role in down-regulation of brain-derived
neurotrophic factor (BDNF) and cognitive decline. Adult neu-
rogenesis in the hippocampus has been demonstrated to play
functional roles in the maintenance of cognition.
Methods: In this study, female Spray-Dawley rats were fed
with regular diet (ND) or HFD during gestation and lactation.
After weaning, female offspring from each group were fed with
ND till 3-month-old. The levels of hippocampal adult neuro-
genesis and microglia activation were evaluated by immuno-
histochemistry. Western blot analyses were applied to
investigate the expression of NF-κB and peroxisome
proliferator-activated receptor γ (PPARγ), the upstream reg-
ulators of neuroinflammation. At 2-month-old, these female
offspring were assigned to standard or enriched housing to
investigate the protective effect on adult neurogenesis and on
anti-neuroinflammation from HDAC4 in the hippocampus.
To evaluate the involvement of HDAC4 in the regulation of
programmed adult neurogenesis and microglia activation, some
post-weaning female offspring were further separated into
vehicle and MC1568, a selective inhibitor of HDAC4, groups
and treated by intracerebral infusion for 4 weeks. The expres-
sion of nuclear HDAC4 and the neuroinflammatory-associated
signals were dissected by Western blotting. The adult neuro-
genesis was detected by immunohistochemical methods.
Results: We found that the indexes of adult neurogenesis,
including cell proliferation (Ki67) and neuronal differentiation
(DCX), were suppressed in the hippocampus of HFD off-
spring. The increment of microglia activation was detected
concurrently with up-regulation of nuclear NF-κB p65, a pre-
inflammatory transcription factor. On the other hand, PPARγ
which inhibits the expression of NF-κB was significantly sup-
pressed in HFD animal. Environmental enrichment, which
effectively redistributes HDAC4, decreased NF-κB p65 in the
nucleus. Microglia activation was relieved and the level of adult
neurogenesis was reversed. Intracerebral infusion with
MC1568 effectively enhanced PPARγ expression, suppressed
NF-κB p65 level, relieved microglia activation and reversed the
level of adult neurogenesis in the hippocampus.
Conclusion: These results suggested that HDAC4 mediates
the programmed microglia activation via the decreasing PPARγ
and increasing NF-κB p65 resulting in the suppression of adult
neurogenesis in the hippocampus of HFD female offspring.
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PO3.06.11

Cord serum concentrations of 25-hydroxy vitamin D with
growth and neurodevelopment during infancy

H. Wang, X.D. Yu, L.S. Huang, Q. Chen, J.J. Zhang

Shanghai Jiao Tong University School of Medicine, SHANGHAI,
China

Background: Vitamin D deficiency in the newborn has been
proposed as a risk factor for multiple chronic conditions.
Whether umbilical cord serum 25-hydroxyvitamin D3 (25
(OH)D3) deficiency is associated with infant growth and
neurodevelopment is unclear.
Methods: We examined the associations of 25(OH)D3 mea-
sured using the liquid chromatography tandemmass spectrometry
(LC-MS/MS) with weight-for-age, length-for-age, body mass
index (BMI)-for-age, head circumference-for-age z-scores (World
Health Organization Standard) and neurodevelopment assessed
from Ages and Stages Questionnaire using linear or logistic
regressions in the Shanghai Allergy Cohort study (n=1,030).
Results: 25(OH)D3 deficit (< 20 ng/ml) was associated with
higher weight-for-age z-score (mean difference = 0.217, 95%
confidence interval (CI) (0.022 to 0.412) and BMI-for-age
z-score (mean difference = 0.278, 95% CI (0.078 to 0.480),
but not length-for-age z-score, head circumstance-for-age
z-score or neurodevelopment at 2 years, adjusted for sex,
socio-economic position, parents’ age at birth, gestational age,
season of birth, and Vitamin D supplementation.
Conclusion: In a population from a non-Western setting, 25
(OH)D3 deficit is associated with higher weight and BMI
z-score during infancy. More evidence is warranted to deter-
mine the role of 25(OH)D3 in the early origins of adiposity.

PO3.06.12

Maternal Nutritional Status and Fetal Brain Development

X.P. Koh1, M. Chong2, P. Calder3, M.C. Chua4, K.H. Tan4,
K.M. Godfrey3, M. Fortier4, Y.A.P.S.E Chong5,
P.D. Gluckman6, A.N. Qiu7, M. Meaney8, N. Karnani1

1Singapore Institute for Clinical Sciences, SINGAPORE, Singapore;
2Saw Swee Hock School of Public Health, National University of
Singapore, SINGAPORE, Singapore; 3Faculty of Medicine,
University of Southhampton, SOUTHHAMPTON, United
Kingdom; 4Department of Diagnostic Imaging, KK Women’s and
Children’s Hospital, SINGAPORE, Singapore; 5Yong Loo Lin
School of Medicine, National University of Singapor, SINGAPORE,
Singapore; 6Liggins Institute, University of Auckland,
AUCKLAND, New Zealand; 7Department of Biomedical
Engineering and Clinical Imaging Research Center, NUS,
SINGAPORE, Singapore; 8Ludmer Centre for Neuroinformatics
and Mental Health, McGill University, MONTREAL, Canada

Background: Maternal health during pregnancy can influence
fetal brain development and subsequently the cognitive-
emotional outcomes in offspring. Despite the importance of

antenatal environment in neurodevelopment, the origins of
inter-individual variation in fetal brain development are largely
unknown. In the present study we assessed the relative
importance of several maternal factors such as the maternal
mental health, metabolism and nutritional status in defining
individual variation in fetal neural development.
Methods: MRI and DTI measures of 9 brain regions were
obtained from 189 neonates from the Growing Up in Singa-
pore Towards Healthy Outcomes (GUSTO) cohort. Linear
regression models were used to determine associations between
61 measures of the intrauterine environment (reflecting
maternal stress, metabolism and nutrition) and inter-individual
variation in fetal brain development.
Results: Our findings suggest profound, region-specific influ-
ence of maternal nutrition over maternal metabolism and
mental health on neonatal brain structure and organization.
Conclusions: This study gives an overview of how different
maternal variables influence in utero brain development and
emphasizes the importance of maternal nutrition.

PO3.06.13

Associations between maternal diet during pregnancy and
early childhood development in urban South Africa: A
proposal

C. Conradie1, M. Rothman1, E. Symington2, C. Ricci1,
L. Malan1, J. Baumgartner1, C.M. Smuts1

1North West University, POTCHEFSTROOM, South Africa;
2University of South Africa, JOHANNESBURG, South Africa

Background and rationale: Approximately 250 million chil-
dren in low- and middle income countries are at risk of not
reaching their developmental potential. This is worrisome as
suboptimal development concludes to less productive adults
earning less in wages, exaggerating an intergenerational
cycle of poverty. As the trajectories for later health and devel-
opment are determined during the first 1000 days of life, both
the World Health Assembly Nutrition Targets and the
Sustainable Developmental Goals call for action to, amongst
others, improve maternal, infant and young child nutrition in
an effort to ensure sustainable social and economic progress.
The South African government has, as part of the country’s
National Development Plan 2030, equally committed to
reducing poverty by ensuring adequate nutrition during preg-
nancy to enhance early childhood development (ECD).
Nutrition support for pregnant women in South Africa is,
however, solely provided as iron, folic acid and calcium sup-
plementation. Although information of the dietary intake of
this vulnerable group is limited, the levels of food insecurity,
even in urban areas, remain high. Little is yet known of the
association of the maternal diet with foetal growth, and how
this translates to fine- and gross motor, and social-emotional
development during early childhood. Research in this area is
thus warranted.
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Aim: To assess associations between the maternal diet during
pregnancy and early development of their offspring in urban
South Africa.
Objectives: To (1) describe the maternal diet throughout
pregnancy in terms of nutrient intake and dietary patterns; (2)
assess ECD by means of foetal growth, anthropometrical
measurements, and fine- and gross motor, and social-emotional
development; (3) assess the associations of maternal diet during
pregnancy with foetal growth, as well as development at age six
months; and (4) determine the associations of maternal diet-
related factors, including food security, with ECD.
Design/ Methods: This study forms part of the Nutrition in
Pregnancy and Early Development (NuPED) study (NWU-
-00186-15-A1; NWU-00049-16-A1), which is a longitudinal
cohort study. A minimum of 250 women (18–39 years, living
in Johannesburg, South Africa) with a singleton pregnancy, not
using illicit drugs or smoking, and with no known non-
communicable disease or other serious illnesses, are currently
being enrolled prior to 18 weeks’ gestation. Maternal follow-up
and data collection takes place at weeks <18, 22 and 36
gestation, as well as at birth. Data collection of offspring occurs
at birth and 6 months of age. Figure 1 depicts data collection
and collection time-points.
Conclusion:Understanding the associations between maternal
nutrition during pregnancy and ECD will contribute to the
knowledge base informing gestational interventions to ensure
optimal childhood development.

PO3.06.14

Association of psychomotor development with feeding
practices and nutritional status of 6-month-old infants in a
peri-urban community of South Africa

C.M. Smuts1, M. Rothman1, T.M. Matsungo1,
M. Cockeran1, M. Faber2

1North-West University, POTCHEFSTROOM, South Africa;
2South African Medical Research Council, CAPE TOWN, South
Africa

Background: Inadequate nutrition during the first thousand
days has long-term effects on growth and cognitive develop-
ment. Stunted children usually experience delayed cognitive
development, increased morbidity and mortality. Anaemia and
iron deficiency as a result of micronutrient undernutrition

remain problems of public health importance worldwide as it
effects mental, motor and sociol-emotional development
Methods: This study used baseline data of a randomized con-
trolled trial to evaluate psychomotor development in relation to
feeding practices and nutritional status of 6-month-old infants
(n= 750) from a peri-urban community of South Africa.
Psychomotor development was assessed by Kilifi Develop-
mental Inventory and a South African parent rating scale. The
weight-for-length (WLZ), length-for-age (LAZ) and weight-
for-age z-scores (WAZ) were based on the WHO classification.
Blood samples were analysed for haemoglobin (Hb), plasma
ferritin (PF), and soluble transferrin receptor (sTfR). Socio-
economic, breastfeeding and complementary feeding practices
were assessed by questionnaire.
Results: Stunting was prevalent in 28.5%, of infants. Multi-
variable binary logistic regression showed that lower birth
weight (OR 0.12, 95%CI 0.07 to 0.20, P< 0.001) and shorter
maternal height (OR 0.94, 95%CI 0.91 to 0.98, P= 0.001)
were inversely associated with stunting. The other factors
associated with stunting were higher sTfR (mg/L) concentra-
tions, lower Hb (g/dL) and low education level of the mother/
caregiver. Anaemic infants (36.5%) had lower scores for both
eye-hand coordination (P< 0.001; d= 0.497) and locomotor
activities (P< 0.001; d= 0.463). Scores for eye-hand coordi-
nation activities were also lower for infants suffering from iron
deficiency anaemia. Stunted infants had significant lower par-
ent rating scores (P= 0.001; d= 0.231).
Conclusions: Multi linear regression analysis showed a sig-
nificant positive correlation between haemoglobin concentra-
tion and eye-hand coordination, locomotor and combined
psychomotor scores. Psychomotor development in relation to
nutritional status and growth provide a more conclusive
representation of infant psycho-motor development.
Funding: This study was sponsored by GAIN with co-funders
DSM and UNilever.

PO3.06.15

Exposure to maternal high fat diet programs reward
behavior in the offspring

M.D. Johnson1, Z.A. Cordner1, L. Song2, S.G. Khambadkone1,
A. Chaturvedi1, T.H. Moran1, K.L. Tamashiro1

1Johns Hopkins University, BALTIMORE, United States of
America; 2Xi’an Jiaotong University, XI’AN, China

Background: Offspring of Sprague-Dawley rat dams fed a
60% high-fat (HF) diet during gestation and lactation (HF
offspring) display increased body weight and adiposity com-
pared to offspring of dams fed chow diet (CH offspring). Fur-
thermore, male and female HF offspring have a greater
preference ratio for HF diet, display a blunted locomotor
response to amphetamine (2mg/kg, i.p.), and do not develop a
conditioned place preference (CPP) for food reward compared
to CH offspring. Collectively, these data suggest that dysregu-
lation of the reward system results in changes in reward-
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motivated behaviors. Here, we assessed their behavioral
response to cocaine using a CPP paradigm, as well as their
cocaine-induced locomotor response. Next to determine a
potential mechanism which may contribute to the manifesta-
tion of these behaviors, we assessed ΔFosB immunoreactivity
in the nucleus accumbens (NAc) as it has been shown to be
elevated after exposure to drugs of abuse and natural rewards.
Methods: Timed-pregnant Sprague-Dawley rat dams were
placed on either standard laboratory CH diet (Purina 5001) or
a purified HF diet (60%, Research Diets) on gestation day 2
and remained on these diets throughout gestation and lacta-
tion. On P21, all offspring were weaned onto CH diet and
behavioral testing began at 6 weeks of age. For the CPP para-
digm, male and female offspring (n= 8/diet/sex) were trained
to associate a chamber with cocaine (10mg/kg, i.p.) or saline.
Initial preference was determined prior to conditioning, and
the non-preferred chamber was paired with cocaine treatment.
After the 8 day conditioning period, rats were tested for their
preference during a 15-min test. Two-days later we assessed
locomotor activity in response to an injection of cocaine
(10mg/kg, i.p). For the assessment of cocaine-induced ΔFosB,
a separate group of female CH and HF offspring were exposed
to saline or cocaine (10mg/kg, i.p.) for 5 consecutive days
(CH-Saline, CH-Cocaine, HF-Saline, HF-Cocine; n= 3/
group) and brains were processed for ΔFosB immunohis-
tochemistry (IHC) in the NAc core and shell.
Results:Male HF offspring did not develop a CPP for cocaine
compared to male CH offspring, though both dietary groups
displayed a cocaine-induced locomotor response. In contrast,
both female CH and HF offspring preferred the cocaine-
associated chamber. Furthermore, female HF offspring dis-
played increased ΔFosB immunoreactivity in both the NAc
core and shell after 5 days of cocaine treatment, compared HF
controls, but cocaine-treated CH offspring did not.
Conclusions: While both male and female HF offspring are
hyporesponsive to amphetamine, CH and HF female offspring
do not differ in their response to cocaine. Therefore, behavioral
impairments may be dependent upon the rewarding stimuli,
suggestive of different mechanistic changes to the reward sys-
tem. Taken together, these data demonstrate that exposure to
HF diet during early life results in long-term behavioral deficits
to drugs of abuse and natural rewards.

PO3.06.16

The effect of maternal vitamin D depleted diet during
gestation on the behaviour and activity of young adult
mouse offspring.

E. Jones1, L. Newland1, F.R. Cagampang1, R. Poore1,
K. Cleal1, D. Fraser2, R. Green1

1University of Southampton, SOUTHAMPTON, United Kingdom;
2University of East Anglia, NORWICH, United Kingdom

Background: The fetus is reliant on maternal vitamin D, and
vitamin D deficiency (VDD) affects a substantial proportion of

the population. Maternal pregnancy VDD is linked to altered
offspring brain development, impaired skeletal muscle struc-
ture and function, and to increased risk of being overweight in
early postnatal life. We hypothesised that a maternal VDD diet
would impair activity in young adult mouse offspring.
Methods: Female C57BL/6J mice were fed a control (C; 1 IU/
g vitamin D3) or VDD (0 IU/g vitamin D3) diet 6 weeks prior
to mating and throughout pregnancy and lactation. Offspring
were weaned onto the C diet. 25- hydroxyvitamin-D3 con-
centration ([25(OH)D3]pl) was measured by HPLC tandem
mass spectrometry in maternal E16 (C, n= 6; VDD, n= 6),
maternal weaning (C, n= 5; VDD, n= 6), and 15wk offspring
(C, n= 5; VDD, n= 7) plasma. Open-field activity was asses-
sed for five minutes in female 15wk offspring (C, n= 5; VDD,
n= 7). Distance travelled, time ambulatory (crossing more
than three photo-beams in two seconds), vertical counts (rear-
ing onto hind limbs) and number of jumps were recorded. Data
were analysed by independent t-test.
Results: Maternal E16 and weaning [25(OH)D3]pl was sig-
nificantly lower in the VDD group compared with C group
(P< 0.001). There was no difference in [25(OH)D3]pl
between groups in 15wk offspring. VDD group female off-
spring displayed a reduction in distance travelled (P< 0.001)
and time spent in ambulatory behaviour (P< 0.01) compared
with C group offspring. Vertical counts and number of jumps
in this time period were also significantly lower in the VDD
group compared with C group offspring (P< 0.01).
Conclusions: The reduction in offspring activity with a
maternal VDD diet may reflect altered brain function or hind
limb strength. Underlying mechanisms could include impaired
neurological development and altered skeletal muscle fibre type
composition, respectively. These changes could impact on
offspring adiposity in a subsequently obesogenic postnatal
environment or age-related degeneration in neurological func-
tion and skeletal muscle strength.
Funding: Supported by The Gerald Kerkut Charitable Trust.

PO3.07 – Neurodevelopment – Population health

PO3.07.01

Hearing loss among 9- to 11-year-old children in the
Netherlands: the Generation R Study

C.M.P. le Clercq, M.P. van der Schroeff

Erasmus MC, ROTTERDAM, The Netherlands

Background: Adequate hearing is essential for communica-
tion, and accordingly for development of any growing child.
Perceptive, permanent hearing loss can occur due to a variety of
factors, including factors that are modifiable, such as exposure
to noise. As a condition without primary treatment options –
only hearing aids or cochlear implantation so far – primary
prevention is of great importance, and should start as early as
possible. To develop optimal prevention strategies, knowledge
of the current epidemiology of childhood permanent hearing
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loss must be extended and the specific relation with presumed
risk factors must be studied.
Methods: These studies are conducted as part of The Gen-
eration R Study, a prospective cohort study that commenced
during pregnancy and follows the offspring until young adult-
hood. The participating children were all born between 2002
and 2006 in Rotterdam, the second largest city in the Neth-
erlands, and form a representative birth cohort. Hearing eva-
luation was performed between the ages 9 and 11 years old.
Information of exposure variables were collected at time of
relevance, i.e. during pregnancy, postnatal, during early child-
hood, or at age 9 to 11.
Results: An overview will be presented of hearing acuity within
this representative Dutch 9- to 11-year-old study cohort. Spe-
cific risk factors will be discussed regarding their relation with
hearing loss, such as maternal thyroid function during preg-
nancy, otitis media during childhood, and the use of personal
music players with headphones.
Conclusions: Using the large Generation R study cohort we
were able to determine the first representative hearing results
for 9- to 11-year-old children in the Netherlands. We were able
to identify associations with several factors, that include
recurrent otitis media and use of personal music players. The
ongoing character of the study will provide the possibility to
strengthen these first (cross-sectional) results.

PO3.07.02

Social network as a health tool to promote child
development

A.M.U. Escobar1, J.V.A. Ribeiro2, K. Barros3, M. Wadt4,
A.C. Covic4

1University of São Paulo Medical School, SÃO PAULO, Brazil;
2UNA Educação e Saúde, SÃO PAULO, Brazil; 3Danone, SAO
PAULO, Brazil; 4University of Campinas, CAMPINAS, Brazil

Background: According to the World Health Organization
(WHO) Brazil is the country with the largest number of people
with Anxiety Disorder in the world. This means that 18.6
million Brazilians presented some form of anxiety disorder in
2015. Depression affects approximately 5.8% of the Brazilian
population; what means 11.5 million people in Brazil. The first
2 years of life are essential for the child to establish an affective
bond with parents, mothers and / or caregivers. A strengthened
affective bond is expected to decrease the risk of neurological or
psychiatric disorders in the future.
Methods: The Welcome Baby Project, the first virtual cohort in
Brazil, aims to demonstrate that a social network can be used as a
tool to promote health, clarify important issues and encourage the
need to stimulate child development in the first 2 years of life. We
are following 642 women and their babies since the first trimester
of pregnancy, in a closed group within Facebook, which is the
social network used. Participation was on a voluntary basis. The
children are now about 2 years old. All women who were inter-
ested, accepted the terms and conditions, and filled out an online

form. Every day we provide online behaviour-changing health
information about many issues, reinforcing the importance of the
affective bond between parents and caregivers. The instrument
used to assess the risk of psychiatric disorders in childhood was the
IRDI, (Indicadores Clínicos de Desenvolvimento Infantil, witch
means, in portuguese language, Clinical Indicators of Risk for
Child Development), developed by Kupfer in 2009.
Results: The questionnaire with questions referents to the
Clinical Indicators of Risk for Child Development was
answered by 148 mothers. We observed that in our sample
16,2% of children between 0 and 4 months old ( group 1) were
at risk for child development; 25% of children aged between 4
and 8 months ( group 2) ; 32,7% between 8 and 12 months
(group 3) and 37,2% aged between 12 and 18 months old
(group 4 ). These children received a score compatible with risk
for infantile development. In the Brazilian population studied
by Kupfer this risk was around 40% in all groups. We did not
find a relationship between higher or lower risk for child
development and maternal level of education or socioeconomic
level in groups 1, 2 or 3 ( Pearson > 0,05). However, in group
4, mothers with lower educational level had an Odds Ratio of
2.3 of having a child at risk and mothers whose family income
was 5 minimum wages or less had an Odds Ratio of 2.2 of
having a child at risk for child development.
Conclusion: this is an innovative project in its form and con-
tent. The social network can be used as a tool to promote
health, clarify important issues and promote neurodevelop-
ment in all educational and social groups.

PO3.07.03

Perinatal vulnerability leads to multiple poor health and
development outcomes in the first 1000 days of life.

M.B. Morton

Centre for Longitudinal Research, AUCKLAND, New Zealand

Background:New Zealand is regarded as a “great place to raise
kids”, but international rankings of child health tell a different
story. New Zealand children rank bottom of 24 OECD
countries for non-intentional injury, infant mortality and
immunisation rates. Hospitalization rates for respiratory and
skin infections are twice those of Australian children. Overall
population statistics hide large health inequalities, with Māori
and Pacific children most vulnerable to a poor start to life.
Method: Growing Up in New Zealand is the contemporary
longitudinal cohort study that tracks the health and develop-
ment of 6853 NZ children from born in 2009 and 2010, in the
context of their diverse families and their wider social envir-
onments. The longitudinal study was explicitly established to
provide population relevant evidence to inform new cross-
sectorial policies that could improve population wellbeing and
reduce inequalities in health and development from birth.
Information is currently available from children, families and
routine record linkage over their first five years of life. Factor
analysis and stepwise multivariable regression were used to
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examine the capacity of twelve routinely available antenatal
maternal factors to define population sub-groups of NZ chil-
dren most vulnerable to poor health and development from
before they were born. Risk factors included teenage mother-
hood, lower socioeconomic status, partnership status for
mothers, antenatal maternal depression and maternal smoking.
Results: Risk factors for vulnerability clustered with no single risk
factor being sufficient alone to efficiently identify vulnerable
population sub-groups of pregnant mothers. Three common
clusters occurred however which together explained just less than
50% of the population distribution of all factors. Using long-
itudinal exposure data over the first 1000 days of life we noted
that cumulative exposure identified vulnerability more efficiently
than any single time point, and also that Māori and Pacific
mothers and children experienced the greatest cumulative burden
of adversity. Exposure to a greater cumulative exposure in the
perinatal period in particular was associated with lower birth
weight, reduced breastfeeding duration more childhood infec-
tions and admissions to hospital as well as with more likelihood of
abnormal behaviours in the pre-school period.
Conclusions: Identifying vulnerable children effectively from
before their birth using clusters of routinely available maternal
risk factors offers an opportunity to optimise life course well-
being and give all NZ children the best start in life. Using
multi-disciplinary population relevant evidence on a cohort of
almost 7000 NZ pre-school children it is clear that cumulative
exposure to disadvantaged environments from before birth
leads to some population subgroups in New Zealand falling
behind before they can even begin life’s race. Additionally the
information from the cohort about “what works” for children
who are resilient in the face of this cumulative adversity can
provide us with novel ways to support all NZ children and
families better right from the start.

PO3.07.04

Risk factors for social-emotional development and behavior
problems at age two: Results from the All Our Families
pregnancy cohort

C. Tough

University of Calgary, CALGARY, Canada

Significance: Research has demonstrated that early social-
emotional delays and behavioral problems at preschool age are
associated with ongoing behavior problems at school age (Briggs-
Gowan & Carter, 2008; Lavigne, Cicchetti, Gibbons, & Binns,
2001), psychiatric disorders (Campbell, Shaw, & Gilliom, 2000;
Campbell, Spieker, Burchinal & Poe, 2006) and poorer academic
achievement (Campbell et al., 2006; Gray, Carter, Briggs-
Gowan, Jones, & Wagmiller, 2014). The development of social-
emotional competencies have important social outcomes for
young children, including the ability to make friends, friendship
maintenance and friendship quality (Dunn & Cutting, 1999;
Rubin, Bukowski, & Parker, 1998; Walden, Lemerise, & Smith,
1999) and social acceptance among peers (Coie, Dodge, &

Kupersmidt, 1990). Understanding modifiable risk factors for
sub-optimal development requires consideration of contemporary
family circumstances, including demographics, birth outcomes,
mental health, social support, parental relationship, parenting and
engagement with community to determine areas for effective
early intervention to optimize development. This study sought to
identify risk factors for delayed social-emotional development and
behavior problems at age two among a contemporary population
based cohort.
Methods: The All Our Families (AOF) study is a population
based pregnancy cohort in Calgary, Alberta, Canada. Women
were recruited in 2008 and 76% (n= 1595) completed five
comprehensive questionnaires from mid-pregnancy to two
years postpartum. At age two, social-emotional competence
and behavioral problems were measured using the Brief Infant-
Toddler Social and Emotional Assessment (BITSEA). Chi-
square analysis and multivariable logistic regression modeling
was used to identify key risk factors for delayed social-
emotional development and behavior problems at age two.
Results: At age two, 13% (n= 210) of children had delayed
social-emotional development and 15% (n= 236) had beha-
vioral problems. Risk factors for delayed social-emotional
development included maternal depression (OR 2.46 95% CI
1.63-3.72), lower parenting self-efficacy (OR 2.76, 95%CI
1.51-5.06), the child not being engaged in daily imitation play
(OR 1.43, 95% CI 1.02-1.99), the child experiencing sleep
onset delays (OR 1.58 95% CI 1.05-2.37) and not attending
an informal play group (1.43 95% CI 1.03-1.99). The prob-
ability of socio-emotional delay at age 2 is 65% for children
exposed to all risk factors. Risk factors for behavior problems
included lower maternal optimism (OR 2.02 95% CI 1.36-
2.99), maternal depression (OR 2.19 95% CI 1.46-3.27)
having a mother who reported more difficulty balancing
responsibilities (OR 2.32 95% CI 1.55-3/47), the child being
exposed to a second language (OR 1.88 95% CI 1.37-2.58),
the child experiencing sleep onset delays (OR 1.55 95% CI
1.06-2.26), the child experiencing frequent night wakings (OR
2.95 95% CI 2.13-4.10) and the child having daily screen time
of at least one hour (OR 1.85 95% CI 1.34-2.54). The prob-
ability of behavior problems at age 2 is 88% if a child is exposed
to all 6 risk factors.
Conclusions: Strategies that enable parents of newborns in
establishing healthy sleep habits, engagement in daily play,
attending informal playgroups and limiting screen time show
promise as preventative strategies to positively impact chil-
dren’s psychosocial development. Strategies aimed at identify-
ing and supporting mothers of young children experiencing
poor mental health may also improve children’s development.

PO3.07.05

The role of perinatal essential fatty acids in attention deficit
and hyperactivity disorder symptoms

M. López-Vicente1, N. Ribas Fitó2, N. Vilor-Tejedor1, R.
Garcia-Esteban1, S. Alemany1, M. Murcia3, M. Rebagliato3,
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J. Ibarluzea4, A. Lertxundi4, A. Fernández-Somoano5,
A. Tardón5, M. Vrijheid1, J. Sunyer1, J. Júlvez1

1ISGlobal, BARCELONA, Spain; 2Fundació Orienta CSMIJ,
GAVÀ, Spain; 3FISABIO, VALENCIA, Spain; 4Biodonostia,
SAN SEBASTIÁN, Spain; 5IUOPA, OVIEDO, Spain

Background: A balanced level of omega-6 (n-6) and omega-3
(n-3) fatty acids during pregnancy is critical for foetus brain
development. Deficient n-3 intake may be associated with
neurodevelopmental disorders in a long-term, such as Atten-
tion Deficit and Hyperactivity Disorder (ADHD). In the
general population, these deficiencies can be linked to sub-
clinical ADHD symptoms. This study aims to explore a
potential longitudinal association between perinatal n-6:n-3
ratio concentration and child ADHD symptom scores at four
to five years old.
Methods: This study is based on INMA project, a population-
based birth cohort in Spain. The sample size was of 523 chil-
dren, based on biomarker availability and ADHD symptom
measured. The n-6 and n-3 concentrations were measured in
cord blood samples. ADHD symptoms were reported by pre-
school teachers through the ADHD DSM-IV checklist. Child
and family general characteristics were prospectively collected
through parental and in person questionnaires during yearly
clinical visits. For the association models, pooled zero-inflated
negative binomial regressions and inverse probability weighting
were applied. All the analyses were stratified by child sex.
Results: We found associations between n-6:n-3 ratio and
ADHD symptom score [Incidence Rate Ratio (IRR)= 1.20;
95%Confidence Interval (CI)= 1.01, 1.42] in child males, but
not in females (IRR= 0.89; 95%CI= 0.74, 1.08). After spe-
cifying the type of symptoms, the associations were observed
both in Inattention-subtype symptoms (IRR= 1.21; 95%
CI= 1.03, 1.42) and Hyperactivity-subtype symptoms
(IRR= 1.18; 95%CI= 0.96, 1.44) in males.
Conclusions: Each n-6:n-3 ratio unit in cord blood con-
centration increased a twenty percent the ADHD symptom
score in child males. These findings represent a proof of con-
cept for the prevention of subclinical symptoms of neurode-
velopmental disorders in the general population by reinforcing
the importance of having a fatty acid balanced diet during
pregnancy.

PO3.07.06

Children’s leisure activities are associated with their
behavioural characteristics aged Five: Lifeways Cross-
Generation Cohort Study, Republic of Ireland

C. Mejia-Lancheros, J. Mathews, J. Mehegan, C. Murrin,
R. Tremblay, C. Kelleher

University College Dublin, DUBLIN, Ireland

Background:Mental and behavioural disorders not only affect
adults’ wellbeing, but also present serious social and public

health concerns for children and young people. The effect of
traditional leisure-related activities such as drawing, reading
books or socialising with other children has been less studied in
relation to children’s behavioural problems in early childhood,
in an era of a more online-connected activities and technolo-
gies. The present analysis aimed to examine the relationship
between the time spent by five-year-old children in traditional
leisure activities and their social behavioural patterns.
Methods: Participants were 461 children and their mothers
from a prospective cohort study, followed from pregnancy.
Children’s factors at birth and when five years old, as well as
maternal circumstances during the first-second trimester of
pregnancy, were also included in the analysis. Six domains from
the Preschooler Social Behaviour questionnaire, Physical
Aggression, Opposition, Hyperactivity, Inattention, Anxiety
and Prosocial behaviour, as reported by the mother, were the
main outcomes. The average daily time (hours(hrs)) spent on
each of the following activities were considered as main pre-
dictors and analysed separately, using multivariate linear
regression models: time spent in a car/bus, reading/looking at
books, drawing or making constructions, watching television
(TV), being in the company of other children, and
playing alone.
Results: The mean score (± SD) for the behavioural patterns in
the children aged 5 were: Physical Aggression: 1.79(1.37);
Opposition: 1.79(1.36); Inattention: 1.38(1.43); Anxiety:
1.36(1.31); Prosocial: 4.22(1.66). Regarding leisure activities,
children spent an average (per day) 0.84(0.56) hrs in a car/bus,
1.04(0.66) hrs reading/looking at books, 1.44(0.78) hrs
drawing/making constructions, 1.63(0.76) watching TV, 2.37
(0.77) with other children, and 1.19(1.19) hrs playing alone.
After adjustment for child’s and maternal characteristics at
birth and pregnancy respectively, as well as child’s sleep dis-
ruptions and region of residence, time spent on a car/bus was
positively associated with anxiety behaviour (Linear Coefficient
(β) (95% CI): 0.25(0.01, 0.49); time spent reading/looking at
books was inversely associated with both physical aggression (β:
-0.25 (-0.43,-0.06) and inattention (β: -0.29 (-047,-0.10).
Drawing or making constructions was inversely associated with
physical aggression (β: -0.26(-0.43,-0.09)), opposition (β:-0.22
(0.40,-0.04) and inattention (β: -0.25(-0.42,-0.07)). Time
spent with other children was inversely associated with hyper-
activity (β: -0.19(-0.36, -0.02) and inattention (β: -0.23
(-0.41,-0.05). Watching television and playing alone showed
no association with any of the behaviours. Being a male-child
and having sleep disruptions, as well as having a mother with
higher parity and third-level education status and having
means-tested General Medical Services Eligibility were each
consistently and positively associated with several of the beha-
vioural characteristics.
Conclusion: Children spending greater time on positive
activities were in general less likely to have reported behaviour
problems, employing a standardised scale. Maternal parity and
socioeconomic circumstances during the pregnancy were also
associated with their offspring’s behaviour problems. Positive
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parenting strategies are appropriate from pregnancy period
onwards, based on these findings.

PO3.07.07

Differential effects of maternal and postnatal obesity on
activity, anxiety and memory in adult mouse offspring

A. Rasool, L.R. Green, J.L. Teeling, F.R. Cagampang,
K.R. Poore

University of Southampton, SOUTHAMPTON, United
Kingdom

Background: Obesity during pregnancy is becoming more
common in many populations, which has implications for the
health and wellbeing of offspring. Maternal obesity influences
offspring behaviour such as activity, anxiety/stress and memory
in adult life, which may be due to the effects of low-grade
inflammation on the developing brain. This study investigated
behaviour in adult offspring from high fat-fed obese mothers,
who were themselves also challenged with a postnatal high
fat diet.
Methods: Female C57BL/6 mice were fed either a high fat diet
(HF; 45% kcal fat) or control diet (C; 7% kcal fat) 6 weeks
before mating, throughout pregnancy and lactation. Offspring
were fed C or HF diet from weaning onwards creating 4 groups
of male and female offspring: (CC, n= 8–12; CHF, n= 7–13;
HFC, n= 10–12; HF, n= 10–11). In 15-week-old offspring,
activity was assessed by open field (OF) testing, anxiety beha-
viour was assess using the elevated plus maze (EPM) and short-
term memory was tested by novel object recognition (NOR).
Data were analysed by ANOVA.
Results: Male, but not female, offspring activity (distance tra-
velled and time spent and number of ambulatory episodes) was
increased (P<0.05) following exposure to prenatal HF diet
then postnatal C diet (HFC group), but not in the pre- and
postnatal HF exposed (HFHF) group. Prenatal HF diet also
tended to reduce short-term memory in male offspring
(P< 0.1), as shown by reduced discrimination between novel
and familiar objects in the NOR test. Offspring fed a postnatal
HF diet, regardless of prenatal diet, particularly males, tended
(P< 0.1) to exhibit reduced anxiety behaviour, spending more
time in the open arms of the EPM. In addition, postnatal HF
diet tended to reduce time spent resting (males, P< 0.1),
reduced velocity (males, P< 0.07) and reduced number of
jumps (both sexes, P< 0.05) during OF testing.
Conclusions: This study has shown differential effects of
exposure to high fat diets in either pre- or postnatal life on
offspring behaviour and memory, in a sex-specific manner.
Maternal high fat diet did not increase offspring anxiety at this
age, in contrast to other studies, but tended to reduce memory
and was associated with hyperactivity in males, a feature of
attention deficit hyperactivity disorder (ADHD) in children
that has been observed following maternal obesity. Long-term
exposure to a postnatal high fat diet reduced locomotor activity,
modifying the effects of maternal high fat diet on offspring

activity. Behavioural studies of these offspring at 52 weeks will
determine whether these effects persist and/or worsen with age
and are associated with inflammation in key brain regions.

PO3.07.08

Maternal lipid profiles during early pregnancy and eating
behaviour in the offspring

A.M. Dieberger1, S.R. de Rooij2, A. Korosi3,
T.G.M. Vrijkotte1

1Academic Medical Centre, AMSTERDAM, The Netherlands;
2Department of Clinical Epidemiology, Biostatistics and Bio
informatics, AMC, AMSTERDAM, The Netherlands;
3Swammerdam Institute for Life Sciences, Centre for
Neurosciences, UvA, AMSTERDAM, The Netherlands

Background: Maternal obesity is an important risk factor for
overweight and obesity in the offspring. As the foetus is com-
pletely dependent on maternal nutrient supply, the maternal
diet has a substantial influence on foetal development. Several
animal studies have shown that a maternal diet rich in fat and
sugar permanently alters the offspring’s eating behaviour;
decreased satiety and increased food responsiveness caused
increased food intake and consequently obesity in the offspring.
A possible underlying pathway could be the maternal lipid
profile. Intra-uterine exposure to adverse lipids, negatively
influenced by an unhealthy maternal diet, could program foetal
brain structures and thereby program satiety and food respon-
siveness. Human studies have already shown associations
between in utero starvation and altered eating behaviour in the
offspring. However, human research on maternal overnutrition
and offspring’s eating behaviour is scarce. This study therefore
aims to investigate whether there is an association between the
maternal non-fasting prenatal lipid profile and eating behaviour
of the offspring at age 5.
Methods: This study is part of the Amsterdam Born Children
and Their Development (ABCD) study. 2318 nondiabetic
women with singleton pregnancies were eligible for further
analysis. A maternal non-fasting blood sample was taken during
early gestation (mean;13 weeks) to determine total cholesterol
(TC), triglycerides (TG), free fatty acids (FFA), Apolipoprotein
A1 (ApoA1) and Apolipoprotein B (ApoB) levels. Eating
behaviour of the offspring was measured at age 5, using the
maternally reported Children’s Eating Behaviour Ques-
tionnaire (CEBQ). High scores on the food responsiveness
scales (food responsiveness, enjoyment of food) and low scores
on the satiety scales (satiety responsiveness, slowness of eating)
suggest increased food intake. Associations were analysed using
multivariable linear regression, adjusting for covariates in dif-
ferent models. Missing values of covariates (<19.7%) were
imputed by multiple imputations (20 datasets). Model 1
included the potential confounders maternal age, ethnicity,
educational level, pregravid BMI, smoking, parity and off-
spring’s sex. In model 2, additional adjustments were made for
postnatal factors (exclusive breastfeeding, accelerated postnatal
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growth). In model 3, maternal weight gain since pregnancy was
added to indicate the child’s family environment. Effect mod-
ification by child’s sex was considered.
Results: In all models, a high maternal TC level was associated
with lower enjoyment of food (β: -0.039 [95%CI: 0.065;-0.021])
and higher satiety responsiveness (0.040 [0.013;0.067]), and
slowness of eating (0.051 [0.020;0.081]) in the offspring. ApoB
showed similar associations (-0.139 [-0.274;-0.004]), however,
not all models yielded significant results. A high ApoA1 was
associated with lower enjoyment of food (-0.103 [-0.205;-
0.001]). Increased TG was associated with higher scores on food
responsiveness (0.055 [0.012;0.098]) and enjoyment of food
(0.068 [0.025;0.112]). Maternal FFA was not significantly asso-
ciated with eating behaviour in the offspring. Interactions with
gender were not significant in the models (p>0.10).
Conclusion: The results indicate a significant association
between the early maternal prenatal lipid profile and offspring’s
eating behaviour at the age of 5. TG results were showing a
positive association as expected, however, other associations
were contrarily inversed to expectations. Further research is
needed to confirm these results and investigate underlying
mechanisms.

Association between prenatal maternal lipid profile and
offspring’s eating behaviour at age 5

PO3.07.09

Longitudinal study of the effect of maternal and postnatal
obesity on motivation for appetitive reward in male and
female offspring

C.A. Hawkes, L.C. Contu, C.J. Heath

The Open University, MILTON KEYNES, United Kingdom

Background: Increasing numbers of children are born to
overweight and obese women and are themselves at greater risk
of developing metabolic and related diseases in early adulthood.
Increased risk of obesity in the offspring may be due to prenatal
changes that increase motivation for consumption of palatable
food. However, few studies have tested this hypothesis in the
context of both pre- and postnatal obesity. Moreover, there is

currently no data about how obesity impacts on motivation in
aged animals. The purpose of this study was to investigate the
impact of maternal and postnatal obesity on the motivation of
young and aged offspring for appetitive reward.
Methods: Female C576Bl/6 mice were fed a control (C, 10%
fat) or high fat (HF, 45% fat) diet for 4 weeks before mating
and during gestation and lactation. At weaning, male and
female offspring were fed a C or HF diet, generating 4 experi-
mental groups: C/C, C/HF, HF/C and HF/HF (n= 11/group)
representing the pre- and postnatal diet respectively. The
rodent touchscreen apparatus was used to assess the motivation
of the offspring for strawberry milkshake reward using the
progressive ratio task. All offspring were assessed at 6 months of
age and a subset of male offspring were re-evaluated at
12 months of age. Statistical analyses were carried out using the
Kruskal-Wallis test with Dunn’s post-hoc test.
Results: Dams and offspring fed the HF diet weighed sig-
nificantly more than animals fed the C diet. 6-month old male
C/HF and HF/HF offspring had significantly lower break-
points and fewer total presses compared to C/C mice. No dif-
ferences in breakpoints were observed between C/C and
HF/C or between HF/C and HF/HF offspring groups. A
similar pattern of response was observed for young adult female
C/HF and HF/HF offspring. Female offspring also showed
lower breakpoints compared to male offspring in all diet
groups except those born to obese mothers. Preliminary com-
parisons of breakpoint in young vs. aged male offspring
suggest an increase in the total presses and a higher breakpoint
of C/HF and HF/HF, but not C/C or HF/C offspring at
12 months of age compared to their performance at 6 months
of age.
Conclusions: These results suggest that post-natal obesity,
irrespective of exposure to gestational obesity, significantly
decreased motivation of young adult animals for an appetitive
reward. This effect was observed in both male and female off-
spring, although females had a lower motivation for the reward.
Interestingly, the motivation for appetitive rewards seems to
increase in obese, but not lean male offspring with age, sug-
gesting that reward pathways may be differentially affected by
obesity over the lifecourse.

PO3.07.10

Developmental paths of healthy term infants in the I-Chat
study. Is plagiocephaly causing developmental delay?

E. Beaton1, V. Travlos2, B. Hands2

1The University of Notre Dame Australia, Fremantle, Australia,
FREMANTLE, Australia; 2The University of Notre Dame
Australia, FREMANTLE, Australia

Background: Infant physical development emerges through a
continuous series of dynamic interactions between innate
characteristics, environmental conditions and the experiences
of daily interactions with others. Non-synostotic plagiocephaly
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(NSP) has become one of the most prevalent developmental
conditions reported in healthy children. Despite universal
parent education programs, the pervasiveness of NSP in
healthy, low risk infants continues to create resource distribu-
tion issues for public health services. Increased awareness and
reports linking NSP with potential adverse developmental
outcomes accentuates parental and clinician anxiety about
the risk the condition poses and heightens the need for
prospective birth cohort studies to determine if NSP causes
developmental delay or developmental delay causes NSP. The
purpose of this study was to examine the developmental profiles
of typical healthy term infants and the influence of parent
handling in the first 10 months of life on these developmental
trajectories.
Methods: A prospective longitudinal study design was used to
observe 52 (26 male) healthy, term (37-41 weeks) infant-
mother dyads at infant’s age one, three and ten months within
their home. Head shape was measured by plagiocephalometry
and motor development was assessed using the Test of Infant
Motor Performance at 1 and 3 months, Alberta Infant Motor
Scale and the Peabody Developmental Motor Scale at 1, 3 and
10 months. Parent handling was assessed by the Infant Hand-
ling Score, a valid and reliable tool developed specifically for the
project. The infants were classified into 4 groups as typical
development (TD), suspect motor delay (SMD), atypical head
shape (AHS), or both (SMD-AHS) based on the cut scores of
the motor measures and plagiocephalometry.
Results: Of the 52 infants, 36 (69.2%) demonstrated devel-
opmental concerns (13, SMD, 16, AHS, 7, SMD-AHS).
Developmental concerns were more likely in first born infants
(n= 24, 66.7%) (TD First born = 25%; SMD = 76.9%;
AHS = 62.5%; SMD-AHS = 57.1%). Male gender dis-
tribution varied within groups (TD = 56.25%; SMD =
46.2%; AHS = 37.5%; SMD-AHS = 71.4%). Of the 23
infants with AHS, resolution of head shape occurred for 15
(65.2%) including 6 (85.7%) of the SMD-AHS group by
10 months. Mothers of SMD infants had lower recall of
handling education than those with TD infants (p = .015).
Significant differences for infant handling scores were found at
1 month between TD and AHS (p= .007) and SMD-AHS (p
= .001). At 10 months, 8 (15.4%) infants still demonstrated
motor delay, 3 (23%) within SMD and 5 (71.4%) within
SMD-AHS groups.
Conclusions: Typical term infants demonstrate variations in
motor and head shape development over time. For most
infants, SMD and NSP are transient in nature and resolve with
time. Even though a proportion of infants with SMD devel-
oped NSP, there is probably not a causative link. Infant
handling techniques appear important. Powered birth cohorts
of diverse socio-educational backgrounds are required to vali-
date these results and identify the key parent handling beha-
viours that prevent NSP. Revision of early parenting programs
is recommended to develop parent confidence, enhance infant
handling abilities and improve the developmental outcomes for
all infants.

PO3.07.11

Antecedents of worry in mothers of children who are choosy
at 15 months of age

P.M. Emmett1, N.P. Hays2, C.M. Taylor1

1University of Bristol, BRISTOL, United Kingdom; 2Nestle
nutrition R&D, KING OF PRUSSIA, United States of America

Background: Picky eating is a common problem in childhood
which is sometimes associated with low intake of some important
dietary components and often concerns parents. The peak age for
picky eating is at around 3 years, but parents can worry about it
well before that age. In a previous analysis in the Avon Long-
itudinal Study of Parents and Children (ALSPAC) 56% of chil-
dren were described as choosy with food at 15 months, and these
children were three times more likely than non-choosy children to
be picky eaters at 3 years. Many mothers expressed worry about
their child’s choosiness at 15 months and this was associated with
an enhanced likelihood of the child being picky at 3 years. The
aim of the present study was to identify areas where support to
parents may be effective in reducing the level of maternal worry
and subsequent picky eating behaviour in children.
Methods: Children who were choosy with food (n= 3210)
were identified from a questionnaire completed by the caregiver
(usually the mother) when the child was 15 months old. The
mother was asked if this behaviour worried her greatly, a bit or
not at all. Questionnaires during pregnancy and the early life of
the child covered many aspects of feeding the child as well as
symptoms of anxiety and depression in the mother.
Results: At 15 months of age, 5.0% of mothers of children who
were choosy with food were greatly worried about this behaviour,
with 27.1% a bit worried. The mother was twice as likely to be
worried if the child was first-born compared with third-born or
more (Table 1). The worry of the mother at 15 months post-
partum was associated with the child refusing solid foods (mother
92%more likely to be greatly worried) and being difficult to feed
(53% more likely) by 6 months of age. There were also associa-
tions between worry and feeding practices. If the child was
introduced to lumpy foods from 10 months onwards compared
with between 6 and 9 months the mother was 2.3 times more
likely to indicate that she was greatly worried about the child’s
choosiness at 15 months. Mothers who had fed vegetables to their
child daily at 6 months were 49% less likely to be greatly worried
at 15 months. There was no association between the presence of
maternal depressive or anxiety symptoms (during pregnancy or
the first year of the child’s life) and worry about the child’s
choosiness at 15 months postpartum.
Conclusion: The strongest associations with maternal worry
about child choosiness at 15 months were the child being first-
born, and the child refusing solid foods and the mother finding
the child difficult to feed in the first 6 months. Maternal worry
was associated with the later introduction of lumpy/chewy
foods and less vegetables being fed to the child. Supporting
parents, particularly of first-born children, during the stage at
which solid foods are introduced is likely to be beneficial in
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reducing maternal worry and may avert picky eating behaviour
during later childhood.

PO3.07.12

Prenatal programming by maternal age: Fetal
neurobehavior and birth outcomes

C.A. McCormack1, T. Feng1, S. Lee1, G. Liu1, C. Trumpff2,
C.E. Monk1

1Columbia University, NEW YORK, United States of America;
2New York State Psychiatric Institute, NEW YORK, United
States of America

Background: According to the prenatal programming hypoth-
esis, aspects of the intrauterine environment play a critical role in
shaping offspring development that persist into later life. Mater-
nal age is predictive of birth and developmental outcomes:
advanced maternal age is a risk factor for a number of develop-
mental disorders, yet young maternal age is associated with
heightened risk for adverse birth outcomes such as preterm birth.
Identifying variation in fetal development across the maternal age
span would be beneficial for prenatal programming research.
Demographic differences between younger and older mothers
make specifically isolating effects of maternal age challenging. The
aim of this study was to assess the role of maternal age in fetal
neurobehavioral development, as well as infant birth outcomes.
Methods:Data were drawn from two cohort studies conducted
in the same setting in New York City. Participants were healthy
pregnant women (n= 487) recruited during either first of
second trimester of their pregnancies from antenatal clinics.
Ages of mothers ranged from 14 to 45 (M= 22), with teenage
women specifically over-sampled as this was the target popu-
lation of one study. Fetal behavioral monitoring sessions
occurred in a laboratory twice: in weeks 24-27 (session 1), and
34-37 of pregnancy (session 2). **

Results: Higher levels of stress were independently associated
with reduced fetal movement across all subjects in session 1
(r= -0.304, p< 0.001) but not session 2. Maternal age showed
inverse associations with maternal prenatal stress and with fetal
neurobehavior: older age was associated with lower perceived
stress in sessions 1 (r= -0.354, p< 0.001) and 2 (r= -0.219,
p< 0.001) and increased fetal movement in sessions 1
(r= 0.510, p< 0.001) and 2 (r= 0.485, p< 0.001). Finally,
older age was also associated with higher birth weight
(r= 0.035, p< 0.05). Some sex differences in fetal develop-
ment by maternal age were observed: in female fetuses only,
older maternal age was associated with lower mean fetal heart
rate during (r= -0.239, p< 0.05) and after (r= -0.239,
p< 0.05) lab-induced stressor tasks in session 2; and older age
was associated with a greater degree of correlation between fetal
heart rate and movement (an indicator of more advanced
neurodevelopment) in session 1 (r= 0.238, p< 0.05).
Conclusions: Paradoxical associations between maternal stress,
maternal age, and fetal neurobehaviour were observed: higher
stress was associated with reduced fetal movement, yet older
pregnant women had both lower levels of perceived stress
throughout pregnancy, and greater fetal movement. Fetal motor
activity is thought to be a positive indicator of overall fetal well-
being, and is positively associated with measures of emotional and
behavioural regulation in early childhood. Older age also was
associated with higher birth weight. Taken together, these data
suggest that babies born to younger mothers have a more at risk
profile: reducedmovement and lower birth weight, suggesting the
increased risk for behavioral problems in offspring of young
mothers may have early origins, even before birth.

PO3.07.13

Sex of older siblings and cognitive function

S.M. Scott1, C.B. Bergh2, R.U. Udumyan2, M.E. Eriksson3,
K.F. Fall2, A.H. Hiyoshi2

1Örebro University, Örebro, Sweden ‘,’. University College
London, UK., ÖREBRO, Sweden; 2Clinical Epidemiology and
Biostatistics, Örebro University, ÖREBRO, Sweden; 3School of
Health Sciences, Örebro University, ÖREBRO, Sweden

Background: Number of older siblings is associated with lower
cognitive function, possibly as marker of material disadvantage. Sex
differences may signal an influence of inter-sibling interactions.
Methods: The study used a national Swedish register-based
cohort of men (n= 644,603), born between 1970 and 1992
who undertook military conscription assessments in adoles-
cence that included cognitive function measured on a
normally-distributed scale of 1-9. Associations with siblings
were investigated using linear regression.
Results: After adjustment for numbers of younger siblings, year
of conscription assessment, age/year of birth, sex, European
socioeconomic classification for parents and maternal age at
delivery; the regression coefficients (and 95% confidence
intervals) for cognitive function are -0.26 (-0.27, -0.25), -0.42
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(-0.44, -0.40), and -0.72 (-0.76, -0.67) for one, two and three
or more male older siblings, respectively, compared with none;
and -0.22 (-0.23, -0.21), -0.39 (-.41, -0.37), -0.62 (-0.67,
-0.58) for one two and three or more female older siblings,
respectively, compared with none. A larger number of younger
siblings is not associated with lower cognitive function in the
adjusted model.
Conclusions: Family size is associated with cognitive function:
older male siblings may have greater implications than females
due to their demands on familial resources or through inter-
sibling interactions.

PO3.07.14

Neurodevelopmental delay associated with infancy weight
gain among Chinese term-born infants

X.Z. Zhao1, JR.H. He2, JH.L. Lu2, LF.Z. Zhang2, X.L. Liu2,
Y.H. Hu2, F.H. Hu2, FJ.Z. Zhou2, HM.X. Xia1, X.Q. Qiu2

1Guangzhou Women and Children’s Medical Center,
GUANGZHOU, China; 2Division of Birth Cohort Study,
Guangzhou Women and Children’s Medical Center,
GUANGZHOU, China

Background: Infancy is one of the foremost periods of neu-
rodevelopment, and early development plays a key role on
health status in later life, which is partially irreversible. Studies
focusing on term-born infants did not reach a consensus on the
association between early growth and neurodevelopment.
Absolute weight gain as an indicator of infancy growth is easily
available and understandable for parents. This study aimed to
investigate the association in Chinese population in order to
generate advices easy to access.
Methods: 5244 term-born children born from 1 February, 2012
to 31 December, 2015 in Guangzhou, China were included in
the analyses. Neurodevelopment examinations of children were
conducted at one year old at child care clinics in Guangzhou
Women and Children Medical Center using the Chinese revised
Gesell Developmental Schedule (GDS) including 5 developing
domains: adaptive behavior, gross motor, fine motor skills, lan-
guage, and social function. The association between infancy
weight gain and neurodevelopmental delay (defined as Gesell
score < 85) at one year old was assessed in generalized linear
mixed models with logit functions adjusted for potential con-
founders. Analyses were further stratified by infant sex.
Results: A U-shaped relationship was found between weight
gain from birth to one year old and neurodevelopmental delay
in gross motor and social domain among term-born infants.
Regarding development delay in gross motor at one year old,
compared with less than 5kg weight gain in infancy, 5-6kg
[effect estimate (95% CI): 0.64 (0.48,0.85)], 6-7kg [0.54
(0.41,0.72)] and 7-8kg[0.63(0.46,0.87)] was associated with a
lower risk, while this association disappeared if the children
gained more than 8kg[0.76(0.50,1.15)]. The association was
similar in domain of social to motor gross, while no association
was found in adaptive, fine motor and language. As for delay in

any of the developing domains, children with 6-7kg infancy
weight gain [0.76(0.60, 0.96)] had the lowest risk compared
with less than 5kg weight gain, and children gained more than
8kg [1.04(0.74,1.46)] were at same risk level as less than 5kg.
Furthermore, we found that female infants tended to be more
sensitive than males to the effect of weight gain on develop-
mental delay in the domain of language although the interac-
tion was not statistical significant.
Conclusions: This study suggests that either too slow or too
fast infant growth may increase the risk of development delay,
which partially differs from conventional perspectives that only
limited growth influence early neurodevelopment. So far, most
previous studies employed standardized indicators such as Z
score or SD score to investigate the association between infancy
weight gain and neurodevelopment. For the reason that parents
in developing areas may have limited access to healthcare and
hardly understand the meaning of standardized values, also
standardized indicators have their own limitations, we
employed absolute weight gain itself as the main indicator
though children diverse in respect of sex and gestational weeks.
In the future, further studies are needed to verifying the accu-
racy of this method considering application on clinic.

Weight gain in infancy and risk on Gesell fails at one year old
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PO3.07.15

Developing brain function for age curves from birth using
novel biomarkers of neurocognitive development: The
BRIGHT Study

M. Rozhko1, S.E. Moore2, M.K. Darboe3, A. Blasi4, L. Kischkel4,
L. Mason5, S. McCann3, S.L. Lloyd-Fox5, C.E. Elwell4

1MRC Elsie Widdowson Laboratory, CAMBRIDGE, United
Kingdom; 2King’s College London, LONDON, United Kingdom;
3MRC Unit, The Gambia, KENEBA, Gambia; 4University
College London, LONDON, United Kingdom; 5Birkbeck,
University of London, LONDON, United Kingdom

Background: In Sub-Saharan Africa one third of children fail to
reach their full cognitive potential by three years of age. This is
hypothesized to be due to poverty, disease and malnutrition.
However, there is a lack of data from such settings to explain the
neural basis leading to these outcomes. The BRIGHTproject will
longitudinally examine associations between cognitive function,
behavioural performance and physical growth in infants from the
Gambia, West Africa and the UK over the first two years of life.
Methods: Pregnant women are recruited in late gestation and
infants seen at 1, 5, 8, 12, 18 and 24 months of age. At each time
point brain function is measured by an optical imaging (fNIRS),
electrophysiological markers (EEG, at months 1, 18 and 24) and
behavioural assessments. Information on parental mental health,
maternal and infant diet, infant sleep and home environment is
collected to supplement the assessments of infants’ development.
Results: Recruitment into the BRIGHT commenced in May
2016 and the study will be completed in late 2019. We aim to
recruit 200 mother-infant pairs in rural Gambia and 60 mother-
infant pairs in the UK (Cambridge). The detailed, longitudinal
data we will collect will allow us to chart typical and atypical brain
development. With the larger sample size in the Gambia we will
additionally investigate the impact of undernutrition during the
first two years of life on infant brain development.
Conclusion: The BRIGHT study is the first ever longitudinal
brain imaging study of infants in sub-Saharan Africa. The use
of novel brain imaging methodologies in this setting will enable
us to establish brain function for age curves of infants in both
settings. This will offer insight into the effects that malnutri-
tion, social or environmental factors and increased risk of dis-
ease have on infant cognitive development, which will be the
first step towards targeted interventions.

PO3.07.16

Pregnancy risk factors in autism: a sibling matched case-
control study in Italy

L. Migliore1, A. Lopomo1, A. Narzisi2, F. Muratori2,
F. Coppede'1, E. Grossi3

1University of Pisa, PISA, Italy; 2IRCCS Fondazione Stella
Maris, TIRRENIA (PISA), Italy; 3Autism Research Unit - Villa
Santa Maria Institute, TAVERNERIO (COMO), Italy

Background: Autism Spectrum Disorder (ASD) is a multi-
factorial disease, where a single risk factor unlikely can provide
comprehensive information. Recent epidemiological studies have
pointed out a number of pregnancy and peri-post natal factors
which, contributing to focal brain inflammation, predispose to
ASD development. In a previous study we have shown a sig-
nificantly higher prevalence of six potential risk factors in autistic
group in comparison with external control group. The aim of this
study was to assess the frequency of 12 potential environmental
risk factors derived from a careful interview about pregnancy and
peri/post history of mothers having had both one child with
autism and one or two typically developing siblings observed in
two Institutions in Italy adopting the same protocol.
Methods: The clinical sample included a cases group of 35
autistic children and adolescents (mean age 8.22, S.D. 6.35)
compared to an internal control group formed by 42 siblings
(mean age 8.98 years, S.D. 6.66). It is important to note that
the latter group represented all the siblings available.
Mothers of autistic children who met the inclusion criteria were
invited to an individual structured interview about early risk fac-
tors in separate sessions (two or three) each dedicated to a specific
pregnancy after having signed an informed consent. The first
interview was always dedicated to the child with the disorder.
Twelve risk factors were taken into account: solvents/paints
exposure during pregnancy; living in apartments with PCV
flooring; drinking tap water during pregnancy; pregnancy com-
plications; dystocic delivery; cesarean delivery; perinatal compli-
cations; low gestational age at delivery; no breast feeding; child
early antibiotic therapy; number of life stressful events during
pregnancy; use of pharmaceutical drugs during pregnancy.
Results: A higher prevalence of environmental risk factors was
observed in 11 out of 12 risk factors in autistic group in com-
parison with siblings control group (sign test: p< 0.003). For
seven of them the odds ratio was higher than 1.5: solvents-
paints exposure/pregnancy (OR 2.56); drinking tap water (OR
2.19); pregnancy complications (OR 1.81); cesarean delivery
(OR 2.75) perinatal complications (OR 1.94); low gestational
age (OR 1.96) and early antibiotic treatment after delivery
(OR 2.03).
Conclusions: Pregnancies related to autism development show
a different pattern of pregnancy risk factors in the same mother,
with an higher prevalence in 11 out of 12 of them. This suggest
that environmental and incidental phenomena can influence
pregnancy outcome in predisposed subjects.

PO3.08 - Nutrition

PO3.08.02

Effects of maternal fatty acids patterns during pregnancy on
prospectively measured circulating blood lymphocytes in
children: the Generation R Study.

K.I.M. Looman1, J.C. Kiefte-de Jong1, M.A.E. Jansen1,
M.J. Tielemans1, V.W.V. Jaddoe1, H. Tiemeier1,
M.C. van Zelm2, H.A. Moll1
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1Erasmus MC, ROTTERDAM, The Netherlands; 2Central
Clinical School, Monash University and Alfred Hospital,
MELBOURNE, Australia

Background: Various types of circulating fatty acids affect the
functioning of the immune system. For example, long-chain
polyunsaturated fatty acids (PUFAs) modulate inflammatory
responses of the immune system via signal transduction, gene
expression and modulation of cell membrane fluidity. The
development of the immune system starts prenatally. Because
maternal fatty acids are transferred to the fetus via the placenta,
we hypothesized that maternal blood fatty acid levels in preg-
nancy affect blood T cells in the infant. Hence, we studied the
association between maternal fatty acid compositions during
pregnancy and the child’s T lymphocyte numbers between
birth and two years of age.
Methods: In this prospective cohort study, embedded within
the Generation R Study, we included a subgroup of 350
mother-child pairs. At the second trimester of pregnancy three
maternal circulating fatty acid patterns were identified using
principle component analysis: (1) A pattern high in n-6 PUFA,
with the highest factor loadings for C22:4-n6, C22:5-n-6,
C18:3-n6; (2) A pattern high in mono-unsaturated fatty acids
(MUFA) and saturated fatty acids (SFA), with the highest fac-
tor loading for C16:0, C16:1-n7, C20:4-n6; (3) A pattern high
in n-3 PUFA; with the highest factor loading for C20:5-n3,
C22:5-n3, C22:6-n3. At birth, 6 months, 14 months and
24 months 6-color detailed immune-phenotyping of naive and
memory T lymphocytes was performed. We used linear mixed
effect models to estimate the association between maternal fatty
acid patterns and circulating blood T lymphocytes over the first
two years of life in children, independent of maternal and child
confounders.
Results: Over the first two years of life, the maternal fatty acid
pattern high in n-3 PUFA mainly affected child CD4+ and
CD8+ effector memory RA+ T lymphocyte (TemRA)
numbers over time, as illustrated in figure 1. No significant
effects of maternal fatty acid patterns were observed for average
T lymphocyte numbers at baseline. Overall, the trend was
observed that children exposed to relatively high maternal n-6
PUFA patterns had higher absolute numbers of T lymphocytes
than children exposed to relatively low maternal n-6 PUFA
patterns over the course of two years. In contrast, for children
exposed to high maternal n-3 PUFA or high maternal MUFA
and SA patterns, a trend of higher absolute T lymphocyte
numbers was observed than for children exposed to low
maternal n-3 PUFA or low maternal MUFA and SA patterns.
Conclusion: The dynamics of T lymphocytes in the first two
years of life are affected by specific maternal fatty acid patterns
during pregnancy. A maternal fatty acid pattern high in n-3
PUFA was associated with lower CD4+ and CD8+ TemRA
cells in children over time. This suggests a potential anti-
inflammatory effect of the maternal fatty acid pattern high in
n-3 PUFA. Further studies are necessary to relate our findings
to the onset of inflammatory diseases.

Effect of maternal FA patterns high in n-3 PUFA during
pregnancy on effector RA+ T cells in children during the first
two years of life.

PO3.08.03

Protocol to determine effects of maternal iron and n-3 fatty
acid deficiency on the epigenome and gut microbiome in
rats

J. Baumgartner, P.J. Alley, L. Malan, C.M. Smuts,
L. Zandberg

North-West University, POTCHEFSTROOM, South Africa

Background: Both iron and n-3 fatty acids (FAs) are crucial
nutrients for optimal early childhood development. Nutrient
deficiencies seldom occur in isolation and many women of
reproductive age are likely to suffer from both iron deficiency
(ID) and inadequate n-3 FA status due to poor-quality diets.
Maternal ID and n-3 FA deficiency (n-3 FAD) may irreversibly
affect offspring neurodevelopment. Studies using rat models of
perinatal ID or n-3 FAD have resulted in persistent neuroa-
natomical and neurochemical changes, accompanied by cog-
nitive and behavioural impairments. Recent studies highlight
the influence of maternal nutrition on the offspring’s epigen-
ome, which may results in neurodevelopmental deficits and
increases the vulnerability to neuropsychiatric manifestations
later in life.
There is increasing evidence for the role of nutrition in altering
the gut microbiota, which in turn was shown to cross-talk with
the brain – also referred to as the microbiota-gut-brain-axis.
Both, dietary iron intake and n-3 FA status were shown to
modulate the host’s gut microbiome. It was further suggested
that the modulation of the gut microbiota by dietary factors
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may influence epigenetic regulation of gene expression. Our
previous rat study suggests that combined deficiency in iron
(induced post weaning) and n-3 FAs disrupts brain neuro-
transmitter metabolism to a greater extent and leads to more
severe deficits in cognitive performance than ID or n-3 FAD
alone. Currently we are executing a rat model with the primary
aim to investigate the consequences of maternal ID and n-3
FAD, alone and in combination, on offspring neurodevelop-
ment and function. The proposed study serves to elucidate
molecular mechanisms underlying the functional outcomes.
Objectives: 1) To determine the effects of ID and n-3 FAD,
alone and in combination, during gestation and lactation on
the epigenome and gut microbiome of the offspring in the
context of neurodevelopment; 2) to investigate whether effects
are sex-specific; and 3) to explore potential associations
between the offspring’s epigenome and gut microbiome.
Methods: Using a 2× 2-factorial design, 32 female Wistar rats
will be randomly allocated to one of four diet groups: Control,
ID, n-3 FAD, or ID+ n-3 FAD. Female rats will be maintained
on allocated diets throughout the periconceptional period,
pregnancy and lactation. At weaning [post-natal day (PND)
21], offspring (n= 24/group; male:female= 1:1) will receive a
control diet for three weeks until euthanasia at PND 42–45
(adolescence). From PND 34–40, offspring will undergo cog-
nitive and behavioural testing. Iron and n-3 fatty acid status, as
well as kynurenine pathway metabolites will be determine in
blood samples. Neurotransmitter analysis will be performed
in different brain areas, and epigenetic effects will be assessed in
brain and liver tissue using genome-wide DNA methylation
profiling. The gut microbiome will be analysed in faeces
samples using next-generation sequencing.
Conclusions: The long-term goal is to translate the findings
from the proposed animal study to the human situation by
performing randomized-controlled trials in pregnant and non-
pregnant women. This will ultimately contribute to the design
of effective intervention strategies for women of reproductive
age in an effort to ensure optimal brain development and
function in their children.

PO3.08.04

Infant milk feeding and incidence of food allergies in the
first eight years of life in the EDEN mother-child cohort

C. Davisse-Paturet

Inserm, VILLEJUIF, France

Background: There is no clear evidence for protective effect of
breastfeeding against allergic disorders, except in at risk infants,
i.e. with a familial history of allergy. As primary preventive
strategy for these at risk infants, the European Agency of
Allergy and Clinical Immunology recommends the use of
partially hydrolyzed formula for non-breastfed infant or at
breastfeeding cessation. However, the evidence of the protec-
tive effect of hydrolyzed formula on allergy is low. In this
context, our study aim was to investigate the link between the

type of milk consumed in the first year of life and food allergy.
Firstly, we examined the role of breast milk duration/exclusivity
and, secondly, the role of the type of formula (regular infant
formula vs hydrolyzed) provided at breastfeeding cessation, or
to non-breastfed infants.
Methods: Our analysis included 1375 children from the
EDENmother-child cohort. Infant feeding mode was reported
by self-questionnaires at the age of 4, 8 and 12 months. In each
questionnaire, when concerned, mothers could list up to 5
infant formulas used during the 4 previous months and their
duration of use. An exposure variable summarizing the type of
milk consumed during the 4 previous months was constructed:
mostly hydrolyzed infant formula, mostly other formula, no
type documented and breastmilk exclusively. Medical diagnosis
of food allergy reported at 8 and 12 months and then every year
up to 8 years, amounted to 160 cases. Associations between
infant feeding and food allergy were tested by Cox regression
models adjusted for recruitment center, maternal education
level, maternal age, maternal smoking status, family income,
sex, gestational age, caesarean birth and familial history of
allergy (parents or siblings). For the analysis on type of milk
consumed, we excluded food allergy cases reported at 8 months
(n= 54) to limit reverse causality issues.
Results: In our birth cohort, exclusive breastfeeding duration
was not related to the risk of food allergy from birth to 8 years
(HR per additional month: 1.02 [0.96–1.08]). In this model,
the only significant association between selected variables and
incidence of food allergy was the familial history of allergy (HR
= 1.45 [1.06–2.00]). The use of hydrolyzed formula as the
main formula from birth to 4 months (n= 161) was not related
to the incidence of food allergy (HR = 0.85 [0.44–1.62]). No
interaction between infant feeding and familial history of
allergy was found (all p for interaction > 0.10).
Conclusions: Our results showed an association between
familial history of allergy and incidence of food allergy cases
from birth to 8 years. The association persisted when adjusted
on breastfeeding duration. However it disappeared when cases
from birth to 8 months were excluded. We were not able to
highlight any protective effect of breastfeeding or hydrolyzed
infant formula on incidence of food allergy in our study. These
results need to be replicated in other cohorts.

PO3.08.05

Effects of pre- and postnatal iron and n-3 fatty acid
depletion, alone and in combination, on bone development
in rats

E. Strydom, E.T. Kemp, P.V.Z. Venter, H.S. Kruger,
C.M. Smuts, J. Baumgartner

North-West University, POTCHEFSTROOM, South Africa

Background: Adequate iron (Fe) and omega-3 (n-3) poly-
unsaturated fatty acid (PUFA) status during early development
may play an important role in the development of bones. The
aim of this study is to investigate the effects of pre- and
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postnatal Fe and n-3 PUFA depletion, alone and in combina-
tion, on bone development in rats, and to determine whether
effects are reversible and sex-specific.
Methods:Using a 2× 2-factorial design, fifty-six female Wistar
rats were randomly allocated to one of 4 diet groups: Control,
iron deficiency (ID), n-3 fatty acid deficiency (n-3 FAD), or
ID+ n-3 FAD. Rats were maintained on allocated diets
throughout mating, pregnancy and lactation. At weaning [post-
natal day (PND) 21], offspring either continued on their
respective experimental diet (n= 24 per diet group; male:
female= 1:1) or received a control diet until adolescence (PND
42 – 45). Bone mineral density (BMD) was measured in the
lumbar spine and right femur using dual X-ray absorptiometry,
while three-point bending tests were used in the left femurs to
determine biomechanical bone strength.
Results: Preliminary results show a significant effect of n-3
FAD for lower BMD in the lumbar spine at PND 42 – 45;
Offspring in the n-3 FAD and ID+ n-3 FAD groups had sig-
nificantly lower BMD in the lumbar spine than rats the control
group. The effect of n-3 FAD for lower BMD in the lumbar
spine was maintained in the rats that were switched to a control
diet at weaning. There were no differences in the spinal BMD
at PND 42 – 45 when comparing offspring that were placed on
the control diet at weaning to those that continued on the n-3
FAD diet. We found no effect of ID on BMD.
Conclusion: These results indicate that n-3 FAD during early
development might affect BMD of rats. It further seems as if
this effect is irreversible, even if rats are switched to an n-3 FA
sufficient diet post-weaning.
By the time of the DOHaD 2017 Congress all results will be
available, including biomechanical testing of the left femurs to
further investigate bone strength.

PO3.08.06

Multiple prenatal exposures and airway inflammation in
early adolescence

J.E. Sordillo1, K.M. Switkowski2, B.A. Coull3, J. Schwartz3,
I. Kloog4, H. Gibson4, A.A. Litonjua5, J. Bobb6, P. Koutrakis4,
S.L. Rifas-Shiman2, E. Oken2, D.R. Gold4

1Harvard Pilgrim Health Care Institute, BOSTON, United
States of America; 2Harvard Medical School and Harvard Pilgrim
Health Care Institute, BOSTON, United States of America;
3Department of Biostatistics, Harvard T.H. Chan School of Public
Health, BOSTON, United States of America; 4Department of
Environmental Health, Harvard T.H. Chan School of Public
Health, BOSTON, United States of America; 5Channing
Division of Network Medicine, Brigham and Women’s Hospital,
Harvard Med, BOSTON, United States of America; 6Kaiser
Permanente Washington Health Research Institute, SEATTLE,
United States of America

Background: Exposures encountered in utero may be critical
for shaping immune system development, with potential con-
sequences for allergic disease susceptibility in childhood.

Methods: We aimed to examine multiple prenatal exposures
(nutrient intakes and air pollutants), to determine their associa-
tions with airway inflammation in adolescence, as measured by
Fractional Exhaled Nitric Oxide (FENO). We used data from
856 mother-child pairs in Project Viva, a Massachusetts-based
longitudinal pre-birth cohort study. Exposures of interest were air
pollutants (residence-specific 3rd trimester black carbon estimated
by kriging models with land use covariates or PM2.5, frommodels
using remote sensing satellite data and land use terms) and pre-
natal nutrients (1st and 2nd trimester averaged energy-adjusted
dietary intakes of vitamins D, C, and E, β-carotene, folate, cho-
line, and omega-3 and omega-6 polyunsaturated fatty acids
derived from food frequency questionnaires); we conducted sen-
sitivity analyses with intakes derived from supplements and diet
combined. We applied Bayesian Kernel Machine Regression
(BKMR) to test for non-linear dose responses, to detect exposure
interactions, and to rank the significance of hierarchical exposure
groups in association with FENO at a median age of 12.9 years
(range 11.9-16.6). We modelled all nutrients within the same
hierarchical group except vitamin E and β-Carotene, which
demonstrated associations with FENO in the direction opposite
to that observed for other nutrients. We used posterior inclusion
probabilities to rank hierarchical exposure groups. Models were
adjusted for maternal education, hayfever, pre-pregnancy BMI,
and smoking in pregnancy and child sex, season of birth, and
race/ethnicity. Exposures were expressed as z-scores of log-
transformed data and we report effects in % change in FENO
z-score per SD increase in log exposure.
Results: FENO levels (ppb) were 18.9 ± 2.07 (geometric
mean, standard deviation), 50% of participants were male, and
racial/ethnic distribution was 66% white, 14% black, 4%
Hispanic, 4% Asian and 12% other race/ethnicity. Prenatal
dietary intakes of vitamin D and folate were each associated
with lower FENO in adolescence (-5.5% (95% CI: -11.2% to
0.5%) for vitamin D, (-6.0%, 95% CI: -15.8% to 0.2%) for
folate). Conversely, higher vitamin E intake (diet + supple-
mentation) was associated with higher FENO (5.5%, 95% CI:
-1.6% to 13.0%). Prenatal air pollutant exposures were also
associated with increased FENO: 6.7% (95% CI -0.4% to
19.8%) for black carbon and 7.2% (95%CI -1.1 to 16.3%) for
PM2.5. We identified a potential interaction between vitamin E
(diet + supplementation) and PM2.5, demonstrating an even
greater increase in FENO with increasing prenatal vitamin E
intake when PM2.5 was elevated (figure). This interaction was
reproduced in a linear regression (p< 0.05). The main hier-
archical nutrient group was ranked highest for posterior inclu-
sion probability, followed by air pollutants, and lastly the group
including vitamin E and β-carotene.
Conclusions: Our findings suggest that prenatal exposure to
some nutrients (vitamin D, folate) may diminish airway
inflammation in adolescence, while other nutrients (vitamin
E), and air pollutants may increase it. Interactions between
prenatal exposures may play an important role in airway
inflammation, as evidenced by the potential synergy between
vitamin E and PM2.5. Funding:R01AI102960
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Prenatal Vitamin E may interact with prenatal PM 2.5 expo-
sure to further increase FENO levels in adolescence

PO3.08.07

Folic acid supplementation during different periods of the
life course induces distinct effects on the mammary gland
transcriptome

A. Lillycrop, M.A. Burton, E. Antoun, G.C. Burdge

University of Southampton, SOUTHAMPTON, United
Kingdom

Introduction: Folate and folic acid (FA), have been implicated
in cancer development and progression, however, the role of
this water soluble B vitamin and its synthetic form (FA) in the
etiology of cancer is highly controversial, with a number of
studies although not all, suggesting a U shaped relationship
between dietary folate intake and breast cancer risk. As Folic
acid (FA) intake has increased over the last decade, here we have
used an animal model to test whether FA intake during specific
periods of the life-course leads to persistent effects on the
transcriptome and morphology of the mammary gland.
Methods: Female C57BL/6 mice were fed a modified
AIN93M semi-purified diet containing either 1mg/kg FA
(Reference diet containing 1x basal daily recommendation
(BDR) of FA) or a folic acid supplemented diet containing
5mg/kg FA (5 x BDR) for 4 weeks during either the juvenile-
pubertal (JP) period (PND 28-56) or adulthood (PND 74-
102). After this period, mice were fed the reference diet for a
further 4 weeks and the 2nd and 3rd thoracic mammary glands
isolated. Mammary gland epithelial morphology was assessed
using carmine red staining and mammary epithelial cell dif-
ferentiation by immunohistochemistry (α-smooth muscle actin
(α-SMA), basal/myoepithelial differentiation marker: GATA3,
luminal cell marker and Ki67, a marker of cell proliferation).
Total RNA-seq (20 million reads, 75PE) was carried out on
RNA extracted from the mammary glands of control and FA
supplemented mice. DeSEQ2 was used to identify differen-
tially expressed (false discovery rate < 0.05) genes and Gene
Set Enrichment Analysis (GSEA v2.2.2 software) to identify
the pathways enriched by FA supplementation.
Results: There was no change in mammary gland epithelial
morphology in the JP mice supplemented with FA. However
FA supplementation during adulthood led to an increase in
epithelial density, and increased expression of the cell pro-
liferation marker Ki67 and the luminal cell marker GATA3.

RNA_seq analysis also showed that FA supplementation
induced differential changes compared to the reference diet in
the mammary gland transcriptome contingent on the time of
supplementation. There were 1819 genes differentially
expressed in the mammary gland of JP mice supplemented with
FA compared to controls, while in the adult mice supple-
mented with FA only 222 genes were differentially expressed.
Only 9 transcripts were commonly changed in response to FA
supplementation during the two time periods. In JP mice, high
FA induced differential expression in genes associated with
mitochondrial function and adipogenesis, while in adult mice
supplemented with FA, genes associated with epithelial
mesenchymal transition (EMT) and cancer were changed.
Conclusion: These findings show that increasing dietary FA
can induce changes in the mammary gland transcriptome and
morphology, contingent upon the time of supplementation.
The finding that pathways associated cancer development are
up-regulated in adult mice supplemented with folic acid sug-
gests that adult mammary glands may be more susceptible to
increased dietary FA than developing mammary tissue. An
understanding of which will be critical in determining the
persistent effect of FA on mammary gland development and for
current dietary recommendations for FA intake in women.

PO3.08.08

Prevalence of B12 deficiency is common in early pregnancy
in a multi-ethnic UK population

C. Bagias1, N. Sukumar1, S. Wilson2, P. Saravanan1

1Warwick University, WARWICK, United Kingdom; 2GEORGE
ELIOT HOSPITAL, NUNEATON, United Kingdom

Research question:Vitamin B12 (B12), along with folic acid is
essential for DNA synthesis and repair as well as vital for several
metabolic processes for the developing foetus in pregnancy.
B12 deficiency during pregnancy is associated with obesity,
insulin resistance and gestational diabetes in Indian women.
Studies in India have shown that vitamin B12 deficiency is very
common and is thought to be due to vegetarianism. B12 defi-
ciency in mid and late pregnancy is associated with gestational
diabetes and offspring metabolic risk. Our recent systematic
review showed that B12 deficiency is widely prevalent among
pregnant women across many populations. However, there are
no prospective studies which measured B12 and folate levels in
early pregnancy in a UK multi-ethnic cohort in early preg-
nancy. Purpose of the study is to assess the prevalence of B12
deficiency and identify the maternal predictors of B12
deficiency.
Methods: Micronutrients in Pregnancy as a Risk factor for
gestational Diabetes and Effects on mother and baby (PRiDE)
study is an ongoing longitudinal cohort study of multi-ethnic
women in early pregnancy who are at high risk of developing
gestational diabetes (GDM) in the UK. Maternal character-
istics, anthropometric measurements and plasma B12 and
folate levels were collected during first trimester and
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multivariate regression models applied. The first 2901 partici-
pants B12 and folate levels were analysed.
Results: Mean gestational age at the time of recruitment was
13 weeks. Mean ± sd of B12 was 347 ± 161 pg/ml. 508
(17.5%) had B12 deficiency, defined as levels <202pg/ml
(<150pmol/L). 16.3% were South Asians, 70.2% White
Caucasians and 13.5% other ethnic origin. Multivariate linear
regression analysis showed that BMI (β= -1.7, p< 0.001), age
(β= 1.5, p= 0.02) and annual household income (β= 18,
p= 0.03) independently predicted B12 levels after adjusting for
ethnicity, marital, employment status and smoking. All 2901
participants had folate levels within normal range, with a mean
value of 18.2 ± 11.8. 19.3% had folate levels above the normal
range. Age (β= 0.27, p< 0.001) was the only predictor for
folate levels after adjusting for the above factors.
Conclusion: Maternal B12 deficiency was common in early
pregnancy in the UK. On the contrary, folate deficiency was
rare and worryingly 560 had supraphysiological levels of folate.
Maternal BMI, age and annual household income indepen-
dently predicted B12 levels in a multi-ethnic group. The role of
early pregnancy B12 deficiency and the imbalance of low B12
and high folate on the metabolic risk of the mother and off-
spring is important to explore. PRiDE study’s recruitment is
just completed (n= 4500) and will answer some of these
questions.

PO3.08.09

The associations between maternal nutrition
and lifestyle knowledge and a healthy eating index in
pregnancy

R.A. Kennedy1, C.M.E. Reynolds2, S. Cawley1, L. Mullaney1,
D.M.A. McCartney1, M.J. Turner2

1Dublin Institute of Technology, DUBLIN, Ireland; 2UCD
Centre for Human Reproduction, Coombe Women and Infants
University Hospital, DUBLIN, Ireland

Introduction: Maternal nutrition impacts the health of both
the woman and her offspring. Pregnancy is a unique opportu-
nity for health intervention and to potentially improve health
outcomes post-partum and long-term for the woman and the
neonate. The aim of this study is to determine contemporary
maternal, nutritional and lifestyle knowledge levels in early
pregnancy and the association with maternal nutritional intakes
in a developed country.
Methods: Women were recruited at their convenience after
sonographic confirmation of a singleton pregnancy. Women’s
demographic details were recorded. Weight and height were
measured and body mass index was calculated. Women com-
pleted a nutritional knowledge and lifestyle questionnaire
adapted for pregnancy from a validated nutritional knowledge
questionnaire. Nutrition knowledge scores were calculated and
categorised as low level (< mean - 1 standard deviation),
medium level (mean ± 1 standard deviation) or high level (>
mean + 1 standard deviation) for descriptive statistics.

Maternal diet was assessed using a supervised four-day retro-
spective food diary. Dietary analysis was carried out using the
nutritional software package Nutritics version 4.3 Academic
Edition. Black’s equation was used to exclude dietary mis-
reproters. A healthy eating index in pregnancy was devised
based on meeting recommended intakes for important nutri-
ents in pregnancy.
Results: A total of 225 women returned the knowledge and
lifestyle questionnaire. The mean age was 32.1 ±5.0 years,
mean body mass index was 26.0 ± 6.1 kg/m2, and 44.4% were
nulliparous. Of the women, 74.7% (n= 160) had a third level
educational qualification and 9.6% were in relative deprivation
(n= 20). A total of 188 women completed a food diary and
corresponding individual physical activity level, of these 22.2%
(n= 50) were energy under-reporters and removed from ana-
lysis. A total sample of 138 women who completed the
knowledge questionnaire had a corresponding dietary data,
excluding women who were dietary mis-reporters. Of those
with a low level of nutrition knowledge, 22.6% of women were
less than 30 years (14/62) compared to 7.4% of those greater
than 30 years (12/163) (p= 0.001). Additionally, of those with
a low nutrition knowledge, 22.6% (12/53) did not have a third
level education qualification compared to 6.9% (11/160) of
those with a third level qualification (p= 0.001). There were no
differences in the proportion of women with low levels of
nutrition knowledge in terms of obesity, parity, planned preg-
nancy, or relative deprivation (p> 0.05). There was a positive
correlation between women’s nutrition and lifestyle knowledge
scores and their Healthy Eating Index in Pregnancy scores
(rho= 0.26, p= 0.002).
Conclusion: The findings of this study suggest that improving
dietary knowledge scores in early pregnancy may improve the
number of women meeting recommended nutrient intakes. It
also suggests that pregnancy dietary and lifestyle educational
interventions may benefit from prioritising women who do not
have a third level education and who are less than 30 years of
age as these women are more likely to fall in the category of a
low level of nutrition and lifestyle knowledge in early
pregnancy.

PO3.08.10

Influences on where women learn about what to eat during
pregnancy: Preliminary evidence from the Mothers to
Babies (M2B) study

L.J. McKerracher1, S. Rao1, C.S. Moffat1, M.E. Barker2, On
behalf Of the M2B consortium3, D.M. Sloboda1

1McMaster University, HAMILTON, Canada; 2Southampton
University, SOUTHAMPTON, United Kingdom; 3Mothers to
Babies (M2B) Research Consortium, X, Canada

Research Question: The Developmental Origins of Health
and Disease (DOHaD) hypothesis holds that early life envir-
onmental cues influence a child’s development and her disease
risks throughout life. Maternal adiposity and diet during
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pregnancy are crucial among these cues, strongly predicting a
baby’s risks of developing obesity-related diseases later in life.
While a mother’s adiposity is largely outside of her control,
mothers (with appropriate supports) may be able to change
their diets during critical windows in pregnancy so as to
attenuate risks to children. Knowledge about which dietary
changes to make and when may affect women’s ability to make
these changes. Currently, however, little is known about: 1)
where pregnant women acquire such knowledge, 2) whether
sources of this knowledge vary among sub-populations of
women, and 3) whether knowledge sources influence women’s
familiarity with concepts underpinning the DOHaD hypoth-
esis (e.g. knowledge of long-term effects of pregnancy diet).
Methods: To begin to address these three questions, we con-
ducted a pilot survey of pregnant women living in Hamilton,
Canada. Complete data were obtained for 73 women through a
questionnaire on sources of information about what to eat
during pregnancy, basic socio-demographic factors, and
DOHaD knowledge (DOHaDK). We used participants’
responses to investigate whether women received pregnancy
diet information from any of twelve sources and tabulated the
number and type of sources from which women received
information. We then plotted sources of pregnancy diet infor-
mation by socio-demographic factors known to influence
health. We also plotted DOHaDK by number/type of preg-
nancy diet informational sources. Lastly, we used general mixed
modeling to assess whether number of informational sources
was associated with socio-demographic factors and whether
DOHaDK was independently associated with number/type of
informational sources.
Results: Most participants identified pregnancy health care
provider(s) (midwives, doctors) and print media as important
sources of pregnancy diet information. Whether other source
types were also reported as important varied systematically
among sub-populations. In particular, 100% of both indigen-
ous participants (n= 5) and refugee and temporary resident
participants (n= 7) identified family members and friends as
key informational sources, but this was the case for only for
59% of other participants (n= 61). Women with pre-
pregnancy Body Mass Indexes (BMIs; weight/height2) greater
than 30, nulliparous women, younger women and temporary
residents reported receiving information from more sources
than other women. While inspection of uncorrected plots
suggested that DOHaDK varies with number and type of
informational sources, multivariate analyses show that these
effects are not independent of socio-demographic factors.
Conclusions: Our findings suggest that where women report
obtaining pregnancy diet information varies socio-demo-
graphically, with personal social support networks emphasized
by indigenous and new Canadians. Additionally, women from
some sub-populations report receiving information from more
sources than women from others. Notably, though, informa-
tion from more sources is not associated with more DOHaDK,
suggesting that having more information sources does not
directly increase knowledge bases.

Efforts to improve pregnancy diet and thus reduce children’s
later-life disease risks should account for variation among sub-
populations in number/type of information sources and should
aim to facilitate navigation of complicated information
landscapes.

PO3.08.11

Governance of WASH in sub-Saharan Africa and
associations with nutritional status in children under five
years: A systematic review.

D.J. Momberg1, C. Ngandu1, J. May2, S.A. Norris1, R. Said-
Mohamed1

1University of the Witwatersrand, JOHANNESBURG, South
Africa; 2DST-NRF Centre of Excellence in Food Security, CAPE
TOWN, South Africa

Background: In 2011 global estimates put the number of
children in the developing world that were stunted at 165
million. African prevalences have stagnated since 1990 at about
40%, with little improvement expected. Stunting emanates
from a variety of determinants, including antenatal, intra-
uterine, and postnatal malnutrition and is a major public health
concern because of associations with adult health and disease
risk later in life. Focus on the first 1000 days of life and early-
life programming is important in this regard. Observational
studies have found associations between the frequency of open
defecation and prevalence of stunting, thus linkages between
different forms of malnutrition and environmental conditions,
including WASH, may contribute towards persistently poor
child health outcomes. The realisation that physical growth
cannot completely be improved by optimized diet and reduced
diarrhoea has led to the hypothesis that another underlying
cause of stunting is early exposure to poor WASH and recur-
rent infectious episodes leading to immune impairment across
the lifecourse.
Methods: A systematic review is underway to examine the
governance of WASH in sub-Saharan settings and associations
with nutritional status in children under five years of age. All
combinations of the following keywords are being used to select
publications from PubMed Central, Science Direct, and Pro-
Quest Social Science databases published between 1990 and
2017: Governance, Policy, Management; Water, Sanitation,
Hygiene, WASH; Undernutrition, Malnutrition, Stunt-ed/
ing, Underweight, Wast-ed/ing; Children, Infant, Under Five
Years of Age, Preschool; Africa. The PRISMA Statement,
evidence-based guidelines that provide a set of items to report
in systematic reviews and meta-analyses, is being utilised while
this systematic review will also be registered with PROSPERO.
Results: Initial searches and preliminary results have yielded
<50 items per search-string indicating a limited body of
knowledge on the nexus between governance, water, sanitation,
hygiene, and nutritional status in children in the African con-
text. Of importance are gaps in financing, with SSA countries
on average committing a mere 0.52% GDP to WASH
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expenditure. Furthermore, aid commitments for WASH to
SSA have declined from US$ 3.8 billion to US$ 1.7 billion
from 2012 to 2015. While actors and stakeholders at various
levels in the policy and governance arena advocate for
multi- and inter-sectoral approaches most indicators show
disappointing results. Promotion of breastfeeding, food for-
tification, as well as micronutrient supplementation during
pregnancy and infancy, has not been sufficient to shift the
prevalence of stunting. Further analysis of the literature is being
undertaken.
Conclusion: Undernutrition has a complex set of political,
social, and economic causes, none of which are amenable to
easy solutions. Important knowledge gaps still remain con-
cerning critical aspects of child malnutrition, including envir-
onmental risks in the neonatal and infant periods, in the SSA
context. Reflecting on the governance of WASH by disen-
tangling the various actors, role players and stakeholders at
various levels, while unravelling the policy environment in
comparison to particular health related outcomes in terms of
nutritional status and growth in children is imperative to the
understanding, design and implementation of WASH initia-
tives targeted at addressing the burden of maternal and child
malnutrition.

PO3.08.12

Early life biomarkers in the context of a nutrition
transition: a cohort study from the Bolivian Amazon

E.E. Masterson, P.P. Hujoel

University of Washington, SEATTLE, United States of America

Background: Nutrition transitions are characterized by shifts
to a cash economy, a “Western” diet, and eventually, an
increase in the prevalence of overweight/obesity and chronic
diseases. This trend can be observed worldwide, particularly
within low and middle income populations. We sought to
evaluate multilevel factors that influence two biomarkers of
early life exposures, stunted growth and dental enamel hypo-
plasia (EH), in the context of a population in transition from a
subsistence to market economy. These biomarkers are often
relied upon in low-resource settings to predict subsequent
health status, when childhood exposures are not known.
Methods: This cohort study of 349 Amerindian adolescents
(10-17 years of age) in rural Bolivia was derived from the young
children included in the 9-year Tsimane’ Amazonian Panel
Study. We considered the influence of community character-
istics (including distance from the nearest town), household
wealth (a locally-developed sum of 23 traditional and modern
capital measured by value in the local currency, bolivianos (Bs))
and weekly food consumption, such as that of sugar (measured
in kg.) during early childhood on growth stunting and EH. The
outcomes of interest included: stunted growth (height-for-age
z-score < -2.0) and EH extent (none, < 1/3, 1/3-2/3, >2/3 of
the tooth surface affected). Log-binomial regression with
robust standard errors will be used to estimate the prevalence

ratio and 95% confidence intervals of stunted growth and EH
extent associated with dietary consumption, household wealth
and community characteristics, adjusted for potential con-
founders. Mediation and hierarchical analyses will be used to
better understand the inter-connected relationship of EH and
growth stunting with dietary consumption and social factors,
including household wealth and community characteristics
(Figure 1).
Results: The study sample has a high prevalence of biomarkers
that reflect a physiologically stressful childhood environment:
growth stunting (75%) and dental enamel defects (92%). The
study sample had wide variation in community distance from
the nearest market town (mean: 4.5 hours walking ± 4.7),
household wealth (mean: 3,424 Bs ± 2,344) and sugar con-
sumption (mean: 1.46 kg ± 0.97). Greater community dis-
tance from the nearest market town was associated with greater
household wealth (p< 0.01) but less sugar consumption
(p< 0.01). Yet, greater household wealth during childhood was
associated with greater childhood sugar consumption
(p< 0.001). Greater childhood sugar consumption was asso-
ciated with greater EH extent (p< 0.01) but not stunted
growth.
Conclusions: This study will describe the inter-connected
relationships of two childhood stressor biomarkers with dietary
consumption and social factors within the context of an
Amerindian population during a nutrition transition in the
Bolivian Amazon. We will describe the extent to which dietary
consumption mediates the effect of social factors on EH and
growth stunting. We will also investigate whether community
level characteristics modify dietary consumption patterns.
These findings will be important for understanding what two
childhood biomarkers reflect when relying on them to indicate
health risk later in life.

PO3.08.13

Iodine status of complementary-fed infants receiving lipid-
based nutrient supplements in South Africa: a randomized
controlled trial

J. Osei1, J. Baumgartner2, T.M. Matsungo2, M.A. Rothman2,
M. Faber3, C.M. Smuts2

1University of the Free State, BLOEMFONTEIN, South Africa;
2North-West University, POTCHEFSTROOM, South Africa;
3South African Medical Research Council, CAPE TOWN, South
Africa

Background: The transition to complementary feeding from
exclusive breastfeeding poses serious risk for deteriorating
iodine status. This can be managed through iodine fortification
of complementary foods. The objectives of this study were to
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assess iodine status of peri-urban complementary-fed South
African infants and to test the efficacy of small-quantity lipid-
based nutrient supplements (SQ-LNS) in maintaining ade-
quate iodine status.
Methods: In a randomized controlled trial, infants aged six
months (n= 750) were assigned to one of two SQ-LNS
per day, both fortified with 45μg iodine, or a control group not
receiving SQ-LNS. Urinary iodine concentrations (UIC) were
measured at baseline (n= 386) and at 12 months (n= 262).
Results: The geometric mean (95%CI) urinary iodine con-
centration (UIC) at baseline was 333.8 (310.5,358.9) μg/L and
decreased to 214.9 (189.2,242.6) μg/L at 12 months.
Infants who were no longer breastfed had lower UIC
(159.6 [65.9,397.5] μg/L) and greater odds (OR= 4.9 [2.5,
9.3]) for being deficient (UIC <100 μg/L), than infants who
continued to be breastfed (373.2 [202.6,522.9] μg/L) at
12 months. Infants receiving SQ-LNS (combined group) had
higher UIC (P= 0.025) and lower odds (OR= 0.289 [0.11,
0.75]) for deficiency at 12 months than controls; adjusting for
maternal baseline UIC, age, sex and continued breastfeeding.
In sub-group analysis, the effect of SQ-LNS for higher UIC at
12 months was only apparent in non-breastfed infants
(P= 0.039). These effects were no longer significant after
adjusting for infant baseline UIC, reducing the sample size to
n= 124.
Conclusions: Iodine status of infants decreased from six to
12 months; however, this was only evident in infants that were
no longer breastfed. In these infants, the provision of 45 μg
iodine per day as SQ-LNS resulted in higher or improved UIC
at 12 months, but was not efficacious in counteracting an
overall decline in iodine status. This trial is registered at clin-
icaltrials.gov as NCT01845610.

PO3.08.14

The Effect of Periconceptional Multi Micronutrient
Supplementation in Preventing Maternal DNA Damage

S.A. As’ad Armyn

Hasanuddin University, MAKASSAR, Indonesia

The current study was aimed to evaluate the effect of peri-
conceptional multi micronutrient supplementation in pre-
venting maternal DNA damage. The research was conducted in
four subdistricts in the city of Makassar, South Sulawesi,
Indonesia with double blind randomized controlled trial
design. Of 240 preconception women recruited, 43 of them
were pregnant and they were divided into intervention group
(n= 23), and control group (n= 20). The intervention group
received multi micronutrient (MMN) capsules until they were
declared pregnant by urine pregnancy test. DNA damage was
examined using Enzyme Linked Immunosorbent Essay
(ELISA) to measure the level of 8 hydroxy deoxyguanosine
(8OHdG). The Statistical analysis was conducted using Wil-
coxon and Mann-Whitney test. The results showed that the
average level of *oHdG decreased not significantly in the

intervention group (-70.6 ± 249.3 pg/ml; p= 0.47) and control
group (-86.2 ± 234.6 pg/ml; p= 0.10). The difference between
the two groups was not significant (p= 0.57). Periconceptional
MMN supplementation can prevent maternal DNA damage
even though it was not significant compared to the iron
folic acid.

PO3.08.15

Materno-fetal transfer of stable isotopes labelled fatty acids
in obese pregnant women

A. Gázquez1, M. Ruíz-Palacios2, M. Prieto-Sánchez3,
C.M. García-Hernández3, J.E. Blanco-Carnero3, A. Nieto3,
D. van Harskamp4, J.E. Oosterink4, H. Schierbeek4, J.B. van
Goudoever4, H. Demmelmair1, B. Koletzko1, E. Larqué2

1Ludwig-Maximilians-Universität Munich, MUNICH,
Germany; 2Department of Physiology, School of Biology,
University of Murcia, MURCIA, Spain; 3Obstetrics and
Gynecology Service, University of Murcia., MURCIA, Spain;
4Department of Paediatrics, Emma Children’s Hospital,
University of Amsterdam, AMSTERDAM, The Netherlands

Background: Prepregnancy obesity is considered a major pre-
dictor of offspring obesity. The pathophysiological mechanisms
involved in the early programming of obesity are not fully
understood. We aimed to investigating the role of materno-
fetal transfer of fatty acids (FA) in pregnant women with and
without maternal obesity.
Methods: Ten normal weight and ten pregnant women with
obesity since prepregnancy (pre-pregnancy Body Mass Index
(BMI) >30 kg/m2) received orally 13C-labelled FA 12h before
elective caesarean section: oleic acid (OA) 0.5mg/kg, linoleic
acid (LA) 0.5mg/kg and docosahexaenoic acid (DHA) 0.1mg/
kg. Maternal plasma was sampled before tracer administration
and every 4h until delivery, when cord blood and placenta
samples were taken as well. 13C enrichment and FA
concentrations were determined by gas chromatography com-
bustion isotope ratio mass spectrometry (GC-C-IRMS). Values
are statistically different at P< 0.05. Data are expressed as
means ± SEM.
Results: The BMI of obese women was higher than the control
at delivery (35.6 ± 1.1 kg/m2 vs. 28.2 ± 0.6 kg/m2, P< 0.001).
Placental weight and plasma insulin tended to be higher in
obese women. Serum triglycerides and cholesterol levels were
similar in both groups. Incorporation of labelled FA into
maternal plasma lipids was similar in control and obese group,
but, higher concentrations of 13C-LA and 13C-DHA were
found in non-esterified FA fraction of obese mothers. Placental
tracer FA composition was similar in obese and normal
weight women (OA: 0.69 ± 0.03 nmoL/g vs. 0.74 ± 0.04
nmoL/g, P= 0.322, LA: 1.69 ± 0.09 nmoL/g vs. 1.66 ± 0.16
nmoL/g, P= 0.854, DHA: 0.35 ± 0.04 nmoL/g vs.
0.38 ± 0.04 nmoL/g, P= 0.545). However, when considering
placenta weight, obese subjects tended to accumulate more
labelled FA in placenta than controls (OA: 502.52 ± 40.34
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nmoL vs. 412.37 ± 38.58 nmoL control P= 0.109, LA:
1302.70 ± 81.49 nmoL vs. 1002.89 ± 209.33 nmoL control
P= 0.154, DHA: 227.42 ± 22.54 nmoL vs. 203.09 ± 21.65
nmoL control P= 0.422). This higher accumulation in pla-
centa might limit FA transfer to the fetus. In fact, there was a
trend towards lower 13C-FA concentrations in total lipids of
venous cord blood in the obese group, especially for DHA
(P= 0.07).
Conclusions: Materno-fetal transfer of polyunsaturated FA is
reduced in obese pregnant women.
Funding: This study was supported by the European Union’s 7th
Framework Programme Early Nutrition project (grant agreement
No. 289346), the European Research Council Advanced Grant
META-GROWTH (ERC-2012-AdG 322605), and the Excel-
lence Network for Maternal and Child Health and Development
(RED SAMID III, RD 16/0022/0009).

PO3.08.16

Gene expression profile changes in mice fatty liver induced
by undernourishment in utero with or without
endoplasmic reticulum stress alleviation

J.F. Urmi1, K. Muramatsu-Kato1, Y. Kohmura-Kobayashi1,
K. Mochizuki2, K. Kubota3, H. Itoh1, N. Kanayama1

1Hamamatsu University School of Medicine, HAMAMATSU,
Japan; 2University of Yamanashi, KOFU, Japan; 3Seitoku
University, MATSUDO, Japan

Background: Increasing evidence suggests that prevalence of
NAFLD (Non Alcoholic Fatty Liver Disease) is rising not only
in western developed countries but also in developing countries
implying maternal malnutrition might be responsible. Emer-
ging concept of the DOHaD (Developmental Origins of
Health and Disease) asserts that adverse early-life exposures -
most notably unbalanced nutrition - lead to an increased risk
for a range of NCDs (Non-Communicable disease). In our
prior studies we reported that the undernourishment in utero
prime hepatic steatosis under obesogenic diet and alleviation of
ER (Endoplasmic Reticulum) stress by a chemical chaperon
improved the adversity in mouse model (Scie Reports;
16867,2015) however the underlying cellular mechanism is
unclear. We speculate that maternal diet programs fatty liver
disease in offspring by genetic regulation. Therefore for further
evaluation we performed Microarray to determine changes in
gene expression profile.
Method: The study included sampling of blood and liver of
CN57Bl mice (n= 16) aged 22 weeks, pups (group A; n= 8)
obtained from dams with free access to food with normal
nutrition (NN) and pups (group B; n= 8) from dams with
40% caloric restriction with undernutrition (UN). After
weaning (upto 8 weeks) pups were fed high fat diet (HFD)
through 22weeks and from 17weeks onward we have sub-
divided both group to vehicle (Veh) and Tauroursodeoxycholic
acid (TUDCA, a chemical chaperon of ER stress) admini-
strated group. Then we randomly selected 4 pups per each

group and extracted RNA from their liver tissues by QIAGEN
RNeasy Lipid Tissue Mini Kit (50) and performed Microarray
Analysis using Affymetrix Gene Chip® WT PLUS Reagent Kit
and Transcriptome analysis software for statistical analysis.
Result: Among 30 thousand genes investigated, under-
nourishment in utero significantly up-regulated 38 genes while
significantly down-regulated 15 genes (group A [NN] vs group
B [UN]; Fold change ≥2 or ≤ -2, Anova p< 0.05, respec-
tively). Administration of chemical chaperon TUDCA down-
regulated 22 genes and up-regulated 18 genes (group A [NN]
vs group B [UN]; Fold change ≥2 or ≤ -2, Anova p< 0.05,
respectively).
Conclusion: These results suggest that undernourishment in
utero causes some significant changes in genetic profile yet
identification of genes are required. Future analysis of these
genes might shed a light upon molecular and physiologic
mechanism leading to fatty liver in not only the current gen-
eration, but also in the next generations, especially concerning
the regulation of local ER stress integration in the liver.

Volcano plot of genetic expression profile in undernourishment
in utero before (A) and after (B) ER stress alleviation

PO3.08.17

Dandropanax Morbifera Extracts reduced the
inflammation of digestive-related disease in animal models

W.K. Lee, P. Pyao, T.H. Ko, A. Memon

Inha University, INCHEON, South-Korea

Background: Dandropanax morbifera Lev. is belongs to ara-
liaceous and can be found only along the southern coast of
South Korea and islands around. It has been reported its
extracts have function on anti-oxidation as well as reducing
liver damage. There are numerous potential for this natural
compound in terms of its application such as medicine and
functional food. But, its efficacy does not evaluated and con-
firmed on scientific methods such as in vivo approach with
animal models. In the present study we have investigated its
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function on anti-inflammation in digestive-related disease
model in animals.
Methods: We divided the animals group as following: (1)
vehicle control, (2) disease control (3) 1.7ml/kg Dandropanax
morbifera extracts, (4) 8.3ml/kg Dandropanax morbifera
extracts, (5) positive drug control (gastritis model only). To
make gastritis model, indomethacin was given at 30 minutes
after Dandropanax morbifera extracts administration. 25mg/
kg indomethacin was given to all rats (n= 10) by oral gavage in
3% sodium bicarbonate. Seven hours after, the entire rats were
sacrificed and confirmed gastrointestinal erosions and ulcers,
and then verified further using histological analysis. To make
colitis model, 6-8 weeks mice (n= 10) was given 2% DSS in
distilled water ad-libitum during 7days following replaced
regular drinking water for 1day. Mice were daily checked the
body weight, bleeding and diarrhea for DAI index. At the
autopsy, the rectum was photographed, measured the length
and then further progressed the Swiss roll for histological
analysis.
Results:Dandropanax morbifera extracts decreased the score of
gastric damage in gastritis disease model (P< 0.05) as well as
reduced the colon length shortening in colitis animal model
(P< 0.05) as a dose dependent manner. It is confirmed on
histological index data with H&E staining with gut and colon
mucosal damage as well as DAI index in colitis model. And
also, the entire tissue section of each group treated the extracts
showed decreasing the expression of inflammation markers
such as COX2, TNF-a, iNOS.
Conclusions: Our data suggests that Dandropanax morbifera
extracts functions the decreasing effect on the inflammation of
digestive-related disease such as gastritis and colitis. It may
useful to applicate as a medicine or functional food with further
progressed.

PO3.09 - Interventions

PO3.09.01

How can we improve recruitment to clinical trials during
pregnancy? A mixed methods investigation.

T. Lawrence, S. Strommer, T. Rose, C. Vogel, D. Watson,
J. Botell, H. Nicholas, C. Cooper, H.M. Inskip, J. Baird,
M.E. Barker

University of Southampton, SOUTHAMPTON, United Kingdom

Background: Nutrition in pregnancy has far reaching health
implications for both mothers and babies, and clinical trials
provide the best evidence for ways to improve their health.
Clinical trials involving pregnant women face specific enrol-
ment challenges: they often require large sample sizes to detect
significant differences in clinical outcomes for the mother or
baby. Recruitment rates for pregnancy trials are consistently
low, with only 30% of eligible women agreeing to participate.
This risks unrepresentative samples, jeopardising external
validity of the trials. Such trials are also unusual in that they

involve paired participants, the mother and the unborn baby,
which may complicate the decision to participate. Little is
known about why some women decline to participate. This
study aimed to examine the reasons underlying women’s
agreement or refusal to participate in a pregnancy trial and thus
identify ways of increasing recruitment.
Methods: The study recruited women who had participated or
declined to participate in one of two clinical trials of vitamin D
supplementation. A questionnaire asking them to indicate the
main reasons for their decision was completed by 296 women
who declined to participate in one of the two trials. Qualitative
interview data were collected from two samples of women: 1)
30 pregnant women who declined to participate but completed
the questionnaire; and 2) 44 women who participated in one of
the two clinical trials. Thematic analysis was conducted to
explore what influences women’s decisions to take part in
clinical trials during pregnancy and identify ways of improving
recruitment. This was done by contrasting the experiences of
women who took part with those of women who declined.
Results: The most common reasons reported in questionnaires
by women who declined to participate in a trial were being too
busy or concerned about study requirements, such as not
wanting to take the study medication, have a bone scan or extra
blood tests. Thematic analysis identified that women who
declined and women who participated had similar practical
barriers to participation, but women who participated were
willing and able to find ways of overcoming these barriers,
whereas for those who declined, these barriers appeared insur-
mountable. What seemed fundamental in determining whe-
ther or not women took part in the trials was their level of trust
in medical research. Participants believed that the research
would cause no harm, while those who declined felt they would
be taking a risk.
Conclusions and Recommendations: Recruitment methods
for pregnancy trials should focus on building women’s trust in
the trial and research team, perhaps through improving visibi-
lity and credibility of the research team pre-recruitment by
providing testimonials from previous participants and adver-
tising study safety and ethical conduct. Women’s confidence to
meet the trial requirements could also be enhanced. One
approach would be to train staff in an empowering style of
communication enabling women to feel heard; addressing their
concerns and supporting them to overcome practical barriers
associated with participation. These strategies could be imple-
mented relatively easily into pregnancy trial protocols, and
effectiveness tested through their impact on recruitment rates.

PO3.09.02

Why do some pregnant women engage more than others
with interventions to improve diet and increase physical
activity?

T. Rose1, S. Strömmer1, C. Vogel1, N.C. Harvey1,
C. Cooper1, H. Inskip1, K. Woods-Townsend2, J. Baird1,
M. Barker1, W. Lawrence1
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1MRC Lifecourse Epidemiology Unit (University of
Southampton), SOUTHAMPTON, United Kingdom;
2Southampton Education School, Faculty of Social and Human
Sciences, SOUTHAMPTON, United Kingdom

Background: Women who are overweight or obese in preg-
nancy are at increased risk of developing non-communicable
diseases and of having children with increased risk of these in
later life. Interventions that support pregnant women to adopt
and maintain a healthy diet and be sufficiently physically active
are needed. In response, myriad interventions have been trial-
led, most with only small or moderate short-term changes.
Interventions are usually designed for a general population of
pregnant women, and trial outcomes represent an average
impact that does not capture the impact on individuals who
may respond differently to the same intervention. Interventions
should be more personalised to maximise improvement in
population health and the health of the next generation. To
inform the development of future interventions, this study
explored how women responded to a pregnancy intervention
and the factors that influenced their diet and physical activity,
and aimed to identify their needs with regards to further sup-
port for maintaining healthy behaviours.
Methods: Women who completed the SPRING (South-
ampton PRegnancy Intervention for the Next Generation) trial
of vitamin D supplementation and nurse support in pregnancy
were invited to be interviewed by a member of the research
team. Seventeen women were interviewed about their lifestyles
during pregnancy, the support they had in the study for eating
well and exercising, and the additional support they would have
liked. Transcripts were analysed thematically to capture how
women prioritised their diets and physical activity in preg-
nancy, how they engaged with the support offered by the
research nurses, and what further support they wanted.
Results: Women identified barriers to eating well or being
physically active, with pregnancy-specific issues like nausea and
pain common amongst most participants. Other issues varied
between participants and appeared to place them on a con-
tinuum of motivation that affected their engagement with diet
and physical activity support. At one end, women struggled to
identify significant barriers as they self-identified as being
generally healthy. Women at the other end of this spectrum
struggled to identify barriers or facilitators to improving their
health behaviours because they were not interested in making
changes; they believed that their diets and levels of physical
activity were not very important. Women who were between
these extremes often stated that it was important to exercise or
eat well, but identified many barriers such as lack of time or
access to services.
Conclusions: Lifestyle support interventions in pregnancy
should be adaptable to meet the needs of individuals. Some
women do not require much support, some believe that their
lifestyle in pregnancy is important, but struggle to change.
Other women’s health behaviours will be harder to improve
because they are not motivated to change. It is important to

support these women to engage with and reflect on messages
that highlight the potential impact of their health behaviours
on the lifelong health of their offspring. Adaptive multi-
component interventions are therefore needed to address spe-
cific barriers and more effectively support women at all points
on the continuum to adopt and/or maintain healthier beha-
viours during pregnancy.

PO3.09.03

Effects of a lifestyle intervention during pregnancy and first
postpartum year - 1-year follow-up of the RADIEL study

H.E. Huvinen1, S.B. Koivusalo1, B. Stach-Lempinen2,
H. Kautiainen1, J.G. Eriksson1

1University of Helsinki and Helsinki University Hospital,
Helsinki, Finland; 2South-Karelia Central Hospital,
LAPPEENRANTA, Finland

Background: The incidence of type 2 diabetes is increasing
worldwide causing an extensive burden on the health care sys-
tem as well as on those suffering from the disease. Women with
a history of GDM form an important risk group because they
have a seven-fold risk of developing type 2 diabetes and they
also are at a higher risk for other metabolic disturbances later in
life. There is strong evidence showing that type 2 diabetes can
be prevented by lifestyle intervention. However, only limited
data exist on how a lifestyle intervention during pregnancy will
affect the future risk of type 2 diabetes and cardiovascular risk
among women at high GDM risk. In the present study our aim
was to evaluate the effects of a lifestyle intervention initiated in
early pregnancy and continued up to one year postpartum on
glucose regulation during the first postpartum year, as well as
on weight retention, and other metabolic characteristics.
Methods: This is a 1-year follow-up of the women recruited in
early pregnancy, with normal glucose tolerance at recruitment,
in the Finnish Gestational Diabetes (GDM) Prevention study
(RADIEL). In total 269 women with a previous history of
GDM and/or a pre-pregnancy BMI ≥ 30 kg/m2 were enrolled
before 20 weeks of gestation and allocated to either a control or
an intervention group. Lifestyle counseling provided by study
nurses and dietitians was carried out in each trimester of preg-
nancy and 6 weeks, 6 months, and 12 months postpartum.
This study includes the 200 participants who attended study
visits 6 weeks and/or 12 months after delivery. The main out-
come was incidence of impaired glucose regulation (impaired
fasting glucose, impaired glucose tolerance, or type 2 diabetes).
Results: At six weeks postpartum impaired glucose regulation
was diagnosed in 7.2% of the study participants in the control
group and in 1.0% in the intervention group [OR 0.13 (95%
CI 0.02, 0.99) p= 0.050]. At twelve months postpartum the
corresponding numbers were 9.5% and 2.4%, respectively
[OR 0.23 (95% CI 0.05, 1.09) p= 0.064]. Over time post-
partum impaired glucose regulation was present in 13.3% of
the participants in the control group and in 2.7% in the
intervention group [crude OR 0.18 (95% CI 0.05, 0.69),
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p= 0.012]. There were no differences between the groups in
weight retention, physical activity, or diet at one year
postpartum.
Conclusions: A lifestyle intervention during pregnancy and the
first postpartum year was successful in reducing the incidence
of postpartum impairment in glucose regulation by 82%. This
may also have positive long-term effects on future risk of type 2
diabetes.

PO3.09.04

Mobile health technology-based lifestyle coaching during
the (pre)pregnancy window is less effective in women living
in a deprived neighbourhood

D.V. Gootjes, M.R. van Dijk, M.P.H. Koster, S.P. Willemsen,
E.A.P. Steegers, R.P.M. Steegers-Theunissen

Erasmus MC, ROTTERDAM, The Netherlands

Background: In the Netherlands, a country with excellent
access to health care, there are inequalities in perinatal health
with the highest perinatal morbidity and mortality rates in
deprived neighbourhoods. Residents of deprived neighbour-
hoods are often less educated and have a lower health literacy.
Consequently, they have less knowledge about the effects
of nutrition and lifestyle behaviours on fertility, pregnancy
course and outcome. In order to empower (pre)pregnant
couples to enhance poor lifestyle behaviours, we developed
the mobile health (mHealth) coaching platform Smarter
Pregnancy (http://www.smarterpregnancy.co.uk or http://
www.slimmerzwanger.nl). Results of our large survey showed
that this platform indeed stimulates (pre)pregnant couples to
improve poor lifestyle behaviours and subsequently increases
pregnancy chances of (sub)fertile couples. The aim of the current
study was to investigate whether the compliance and effectiveness
of this platform on lifestyle behaviours differs between residents
from deprived and non-deprived neighbourhoods.
Methods: The Smarter Pregnancy platform consists of five
screening moments (at baseline, 6, 12, 18 and 24 weeks) and
personalised coaching on lifestyle behaviours known for their
impact on pregnancy course and outcome (vegetable-, fruit-,
and folic acid supplement intake, smoking and alcohol con-
sumption). Data of 3,075 participants (521 men and 2,554
women of whom 1,254 preconceptional and 1,300 already
pregnant) who subscribed to the Smarter Pregnancy platform
were analysed. Adequate vegetable and fruit intake were
defined according to the guidelines of the Netherlands Nutri-
tion Centre. Recommendations of the Dutch Society of
Obstetrics and Gynaecology were followed for folic acid sup-
plement use, smoking and alcohol cessation. Neighbourhood
deprivation status was assessed according to the index of the
Dutch Institute for Health Services Research (NIVEL). Asso-
ciations between neighbourhood deprivation and lifestyle
behaviours were assessed using multivariable logistic regression
and generalized estimating equation models, adjusted for age,
BMI, ethnicity, pregnancy status and participation as a couple.

Interaction tests were performed for ethnicity, pregnancy status
and participation as a couple.
Results: At baseline, significant differences were observed
between women from deprived (n= 467; 18.3%) and non-
deprived neighbourhoods (n= 2,087; 81.7%) for inadequate
vegetable intake [71.9% vs. 79.0% respectively; OR 0.72; 95%
CI 0.56–0.92] and folic acid supplement use [13.3% vs. 12.2%
respectively; OR 1.55; 95%CI 1.09–2.23]. These associations
only persisted in Western and pregnant women. Although
residents from deprived neighbourhoods are in general difficult
to reach, they showed a significantly higher compliance to the
platform than residents from non-deprived neighbourhoods
(74.1% versus 66.8% respectively; p< 0.01). Women from
deprived neighbourhoods were less likely to improve inade-
quate behaviours, especially vegetable intake (Figure 1).
Conclusions: More women from deprived compared to non-
deprived neighbourhoods had less inadequate vegetable intake,
although their improvement of inadequate lifestyle behaviours
in general was less. These findings suggest that personalisation
of the platform according to the needs and health literacy of
residents of deprived neighbourhoods has to be addressed in the
further implementation of mHealth coaching on lifestyle
behaviours of (pre)pregnant women.

Group subscribers with inadequate vegetable intake at baseline.

PO3.09.05

A realist review of pregnancy lifestyle interventions: What
are the features of an effective pregnancy intervention?

R.C. Huang1, K. Sim2, A. Gordon2, M.R. Skilton2,
K.M. Godfrey3, K.J. Guelfi1, W. Lawrence3, L.Y. Gibson1,
A. McNamara1, R. Pearce1, A. Shivarev1, J.C. Willcox4,
L. Poston5, L.J. Beilin1, M.E. Barker3

1University of Western Australia, PERTH, Australia; 2University
of Sydney, SYDNEY, Australia; 3MRC Lifecourse Epidemiology
Unit and NIHR Southampton BRC, University of Southa,
SOUTHAMPTON, United Kingdom; 4Deakin University,
MELBOURNE, Australia; 5King’s College, LONDON, United
Kingdom

Background: Maternal obesity, and its transmission to the
next generation, highlight a need for effective lifestyle
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interventions during pregnancy for overweight/obese women.
Despite an increasing number of randomized controlled trials
(RCTs) and systematic reviews, which traditionally provide the
highest level of evidence for informing practice, practical chal-
lenges persist in stipulating the “ideal” lifestyle intervention(s).
This is attributable to the multifaceted nature of interventions
within complex social structures, where success depends heavily
on an indi-vidual’s response within a specific social environ-
ment. Assessment of such complex inter-ventions have been
purported to be more amenable to a realist review, generating a
conceptual framework, which can then be tested in different
contexts.
Methods: Best quality evidence was deemed to be well-
designed RCTs. Inclusion criteria were (1) a RCT with inter-
vention during pregnancy; (2) inclusion of overweight/obese
participants (BMI> 25kg/m2 or BMI> 23kg/m2 if high-risk
ethnicity); and (3) efficacy in achieving improvement(s) in at
least one primary or secondary outcome. Exclusion criteria
were: (1) observational studies; (2) interventions using medi-
cation and designed to treat gestational diabetes. Pre-agreed
data were extracted on 5 domains by independent assessment of
at least two trained reviewers: 1) general characteristics
(drop-outs, adherence); 2) outcomes (primary and secondary);
3) behavior change techniques (Michie taxonomy); 4) targeted
aspects of diet (adherence to general nutritional guidelines,
macronutrient proportions, glycemic index, energy restriction,
specific food item recommendations, personalization); and
5) physical activity (mode, intensity, personalization etc)
intervention. Standardized effect-sizes and weighting by study
size were calculated for each outcome that was reported as
significant.
Results: Sixteen trials were included. Sample sizes varied
greatly (n= 60 to >2000). Drop-out ranged from 0.5%-26%
(median ± IQR 5 ± 12%). On average (when reported), 84% of
participants adhered to the intervention. Behavior change
techniques used in successful interventions in order of
decreasing frequency were social support (93%), self-
monitoring (75%), goal-setting (62.5%) and instruction on
performance (56%) of behaviors, problem-solving (38%) and
action planning (38%). Studies offering personalized (com-
pared to generic) nutritional advice had a greater standardized
effect-size (0.38 versus 0.06 SD, p= 0.007). Greater effect-size
was also associated with interventions focused on diet alone
compared with a combined diet/physical activity intervention
(0.66 versus 0.13 SD, p< 0.001).
Conclusions: Common components in most effective trials
included high adherence, low withdrawal rates and use of beha-
vioral change techniques (social support, paired with self-
monitoring of behavior). We propose a framework with a hier-
archy of essential components, namely mandatory achievement of
intervention fidelity and high engagement, through the use of
behavior change techniques focused on behaviors (not outcomes)
and a dietary component. Supplementary components which
may aid effectiveness are additional behavioral change techniques
which promote self-efficacy (such as goal-setting and instruction

on performance of the behavior) and personalization of nutri-
tional advice. This framework developed through a realist review
requires iterations and reevalu-ation as future trials provide addi-
tional data. Concepts within it should be tested for real-life
applicability using context-specific methods of delivery.

PO3.09.06

Improving periconception nutrition using the mHealth
program Smarter Pregnancy: a randomized controlled trial.

M.R. van Dijk, M.P.H. Koster, E.C. Oostingh,
S.P. Willemsen, J. Raat, J.L. Severens, E.A.P. Steegers,
R.P.M. Steegers-Theunissen

Erasmus MC, ROTTERDAM, The Netherlands

Background: The evidence is overwhelming that healthy
maternal nutrition and lifestyle improve fertility as well as
pregnancy course and outcome. Therefore, we developed the
successful mHealth coachingprogram Smarter Pregnancy’
(http://www.slimmerzwanger.nl/, English version: www.smar-
terpregnancy.co.uk) to empower couples to increase intakes of
folic acid, fruits and vegetables and to quit smoking and alcohol
consumption before and during pregnancy. The primary
objective of this study was to investigate the compliance and
effectiveness of ‘Smarter Pregnancy’ in adopting healthy
nutrition in women after 24 weeks of coaching.
Methods: Women between 18 and 45 years of age, trying to
conceive or pregnant (<13 weeks of gestational age) were eli-
gible for inclusion in a randomized controlled trial. The inter-
vention group received personal online coaching based on the
identified nutrition and lifestyle risk factors at baseline.
Coaching comprises recipes, incentives, additional questions
including feedback and text and e-mail messages, with a max-
imum of three per week and aimed on vegetable intake, fruit
intake, folic acid supplement use, smoking and alcohol con-
sumption. The control group did not receive coaching or
feedback, but did receive one recipe per week to maintain
adherence to the program. Screening questionnaires were sent
in both groups at 6, 12, 18, and 24 weeks of the program to
monitor the change in the identified risk factors. These risk
factors were translated into a dietary risk score (DRS), which
was calculated as the sum of vegetable intake (0= ≥ 200 gram
per day, 1= 150-200 gram per day, 2= <150gram per day),
fruit intake (0= ≥ 2 pieces per day, 1= 1,5-2,0 pieces per day,
2= <1,5 piece per day and folic acid supplement use
(0= adequaat, 2= inadequate), ranging from 0 to 6 in which a
higher DRS depicts unhealthy behavior. We used a linear
regression model, based on the intention-to-treat principle,
including the baseline value of the DRS and randomization, to
measure the primary outcome: improvement of the DRS after
24 weeks compared to baseline.
Results: A total of 218 women was analyzed of which 177
(intervention: n= 91, control: n= 86) completed the program,
resulting in a compliance of 83% in the intervention group and
79% in the control group. After 24 weeks, we observed a
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significantly larger improvement of the DRS in the interven-
tion group compared to the control group (β= 0.42 95%CI:
0.08; 0.76). This improvement was mainly due to increased
vegetable intake (β= 0.30 95%CI: 0.98; 0.51) and not due to
folic acid supplement use and fruit intake (β= 0.05 95%CI:
-0.07; 0.18 and β= 0.06 95%CI: -0.15; 0.27, respectively).
Conclusions: The high compliance of more than 80% and
effectiveness of improving nutrition, especially of vegetable
intake, in women contemplating pregnancy or already pregnant,
emphasizes the potential of the mHealth program Smarter Preg-
nancy to contribute to normal pregnancy course, pregnancy
outcome, health in later life and the health of future generations.

PO3.09.07

A systematic review of school-based educational
interventions to improve diet, physical activity, BMI and
body composition in adolescents (aged 10-19)

P.L. Langdon1, C.M. Jacob2, J. Baird3, K. Woods-Townsend4,
H. Inskip3, T. Rose3, M. Hanson2

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2Institute of Developmental Sciences, University of
Southampton, SOUTHAMPTON, United Kingdom; 3MRC
Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom; 4NIHR Southampton
Biomedical Research Centre, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: Adolescence is a transitionary period, marked by
critical changes in body composition, insulin sensitivity, phy-
sical activity (PA), sedentary and dietary behaviours, and psy-
chological issues that place adolescents at an increased risk of
becoming overweight and maintaining obesity in adulthood.
Health education in school may improve health literacy by
encouraging adolescents to think critically about these issues.
To develop effective interventions, it is necessary to understand
which elements are effective. We conducted a systematic review
of school-based educational interventions to increase PA,
improve diet and achieve a healthy body mass index (BMI) in
adolescents (aged 10 to 19).
Methods: In October 2016 a search of MEDLINE, Psy-
cINFO, CINAHL, and ERIC was conducted using a combi-
nation of MeSH and free text terms. The searches and
screening for diet and PA outcomes were conducted separately.
Titles and abstracts were assessed by two independent
researchers. Review inclusion criteria were: a) intervention
studies conducted in schools in high income countries with a
control or comparison group, b) participants aged 10-19 years,
c) interventions that included a health education component,
d) studies that measured a diet, PA or BMI/ body composition
related outcome at baseline and follow-up. We defined health
education as: ‘any combination of learning experiences
designed to facilitate voluntary adaptations of behaviour con-
ducive to health’ (Green, 1982). Studies focusing on over-
weight/obese populations, LMICs and without a health

education component were excluded. Data were extracted from
included studies and were assessed, using a form developed for
capturing key information to address the research question.
Results: Searches identified 20,213 publications for PA and
8961 for diet interventions, of which 312 full texts were
selected as potentially meeting the inclusion criteria. 226 of
these studies were excluded based on the following: a) studies
did not include a control or comparison group, b) sampling was
limited to a specific ethnic group, and c) studies did not
investigate the effectiveness of health education within the
specified age group. Finally, 86 studies met inclusion criteria
for this review, 10 of which include a digital component. Pre-
liminary findings suggest that school-based interventions are
effective in producing significant health behaviour change in
adolescents, and that the use of emerging technology such as
mobile applications shows promise along with multi compo-
nent interventions, including parents and/or family members
and incorporating goal setting strategies and improving self-
efficacy to enable behaviour change.
Conclusions: This systematic review of school-based educa-
tional interventions demonstrates the features associated with
effectiveness in improving diet, PA, and BMI outcomes. It also
supports the use of emerging technologies as a means of deli-
vering interventions to adolescents. Our findings are in line
with previous reviews, but we have included recent publica-
tions that have extended the evidence base. Our review rein-
forces the evidence base that shows the need for school-based
interventions to link with other components targeting indivi-
dual adolescents and their families.
References: Green LW, Iverson DC. School health education.
Annual review of public health 1982;3(1):321-38.

PO3.09.08

Postpartum support: an existing gap in prenatal and
postpartum care

L.M. Adam1, M. Jarman1, W. Lawrence2, R.C. Bell1

1University of Alberta, EDMONTON, Canada; 2MRC
Lifecourse Epidemiology Unit, University of Southampton,
SOUTHAMPTON, United Kingdom

Background: The postpartum period is emerging as an impor-
tant target for promoting optimal preconception health for sub-
sequent pregnancies. Studies suggest the need for more mother-
centered support in the postpartum period. However, there is
little information on the types of support mothers’ feel are needed
in this time. The purpose of this analysis was to further under-
stand mothers’ perceptions of gaps in postpartum care.
Methods: Seventy medically low-risk pregnant women,
≤ 20 weeks gestation were recruited for a prenatal study in
Edmonton, Alberta, Canada. Recruitment occurred through
traditional recruitment approaches in addition to Facebook
advertisements. Upon study entry, women were randomized
into one of two study groups in which they received differing
amounts of additional lifestyle support from a Registered
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Dietitian. During pregnancy, women completed 4 ques-
tionnaires. One to three months after delivery, women com-
pleted a postpartum questionnaire and could optionally
participate in a focus group. A third study group consisted of
women ≤1 year postpartum who were recruited through
similar approaches. This postpartum study group only com-
pleted a postpartum questionnaire. Data for this analysis were
generated from 104 postpartum questionnaires and two focus
groups (n= 6). The postpartum questionnaire had two open-
ended questions from which data was withdrawn from. The
questions asked women to reflect on what additional supports
they would have liked from their healthcare provider to have a
healthy pregnancy. Comments regarding postpartum (n= 19)
were combined from 18 mothers. Subsequently, themes were
identified. Focus groups were audio recorded, and data were
transcribed verbatim and double coded by two researchers.
Following which themes and sub-themes were identified.
Results: There was overlap in the emerging themes from the
questionnaires and focus groups regarding postpartum. Four
gaps in postpartum care were identified and included: (1) a
need for preparation, (2) a need for support, (3) a need for more
information, and (4) a need for more maternal support.
Mothers described a desire for healthcare providers to better
prepare women for the postpartum period through discussions
during pregnancy. The mothers specifically requested more
support and information for breastfeeding and mental health
(postpartum depression and anxiety). Lactation consultants,
registered dietitians, and registered nurses were all mentioned
as healthcare providers that could provide support. Mothers
voiced a lack of support for their own health as “the focus is all
on the baby”. Interactions with healthcare providers at the
pediatric check-ups were mentioned as a good opportunity for
discussions to occur about their own health and nutrition.
Conclusion: Overall, mothers in our study mentioned gaps in
their postpartum care that could be improved upon. An
opportunity exists to improve the preparation, information,
and support women receive in relation to the postpartum per-
iod. The development and evaluation of interventions that
improve postpartum care are warranted. Future findings may
inform policy or practice change to further support improve-
ments in maternal health. Supporting maternal health in pre-
paration for, and during the postpartum period, could be an
important priority to improve women’s health, in addition to
improving the health of possible future pregnancies.

PO3.09.09

How do government policies from England andWales meet
the international standard for preventing non-
communicable diseases through nutrition/physical activity
initiatives?

C. Vogel1, D. Penn-Newman1, S. Shaw1, D. Congalton2,
T. Rose1, S.T. Strommer1, W. Lawrence1, C. Cooper1,
M. Barker1, J. Baird1, H. Inskip1

1University of Southampton, SOUTHAMPTON, United
Kingdom; 2University of Auckland, AUCKLAND, New Zealand

Background: Non-communicable diseases (NCDs) are the
primary cause of death globally. Although mortality and mor-
bidity from NCDs occur in later life, exposure to risk factors
begins in early life. Investing in initiatives that support young
women and children to improve their dietary and physical
activity behaviours are important for improved health across
generations. The WHO Global Action Plan for the Prevention
and Control of NCDs highlights the primary role of govern-
ments in responding to the NCD challenge and sets out a range
of policy options at an international standard. The policy
options work across the ecological model of health and target
individual behaviour change, organisational environments, and
macro environmental fiscal and infrastructure initiatives. This
study identified the extent that national government policies in
England and Wales meet the international standards of the
WHO Action Plan for maternal and infant/child health.
Methods: The policy appraisal process involved three steps: i)
identifying national policy documents in England and Wales
relevant to maternal and infant health, ii) developing a policy
appraisal framework using the WHO Action Plan, and iii)
analysing policies using the framework. Government depart-
ment and agency websites were searched for Acts, white papers
and evidence-based guidelines. To create the appraisal frame-
work, three researchers independently reviewed the WHO
Action Plan and agreed on 20 policy options that covered six
priority areas (see Figure 1). Inclusion and exclusion criteria
were set for each policy option to aid analysis. One researcher
analysed all polices; a random selection of 50% were assessed by
the second researcher and the few discrepancies agreed with the
third researcher.
Results: 44 national policy documents relevant to maternal and
infant/child health, published between December 2003 and
April 2017, were identified. Evidence-based guidance docu-
ments (n= 19, 43%) represented almost half of all identified
policies and the Department of Health was the most prolific
author (n= 17, 39%). The most common policy options were
evidence-based practice (84%) and strengthening the evidence
base (61%) (Figure 1). Policy options for multistakeholder
collaboration, community participation and accountability
frameworks also featured in more than half of the policies.
Fewer than half the policies included one of the four infant/
child policy options (45%). The least common maternal policy
options were economic tools to improve diet (16%) and phy-
sical activity urban planning (18%); the least common health
systems policy option was workforce empowerment skills
(18%). Policy options to improve the macro environment were
present in just over half the policies (52%). Those supporting
healthy organisational environments featured slightly more
frequently (57%), while those targeting individual behaviour
change were most common (73%).
Conclusions: Policy options supporting public health pro-
cesses were more frequent in English and Welsh policies than
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action-orientated options targeting maternal health, infant/
child health or health systems. Future action should focus on
implementing policy options to optimise infant/child and
maternal health such as complementary feeding guidance, food
marketing restrictions and economic tools to improve diet.

Percentage that each policy option for the six priority areas in
the policy appraisal framework was present across all 44 policy
documents

PO3.09.10

Reducing growth and developmental problems in children,
design of a postnatal risk assessment in preventive child
healthcare

M.R.C. van Minde1, L.M.G. Blanchette2, H. Raat3,
E.A.P. Steegers4, M.L.A. de Kroon3

1Erasmus MC, ROTTERDAM, The Netherlands; 2Department
of Social Development, city of Rotterdam, ROTTERDAM, The
Netherlands; 3Department of Public Health, Erasmus Medical
Center, ROTTERDAM, The Netherlands; 4Department of
Obstetrics and Gynecology, Erasmus Medical Center,
ROTTERDAM, The Netherlands

Background: In the past decade global awareness of medical
and non-medical risk factors influencing growth and develop-
ment of children has been increasing. Considerable research has
been done to improve risk assessment in obstetric and neonatal
healthcare. However, a postnatal risk assessment focusing on
both medical and non-medical risk factors has, to our knowl-
edge, not yet been developed. Our aim was to develop a post-
natal risk assessment to be used by the Preventive Child
Healthcare (PCHC) centres to identify at an early stage, chil-
dren at risk for growth and developmental problems.
Methods: To design this unique assessment, we used the
Intervention Mapping process steps one until four. An exten-
sive review of the literature was performed. In addition, focus
group interviews were held amongst a wide range of healthcare
professionals, such as paediatricians, gynaecologists, scientists,
and PCHC physicians and nurses. When available, odds ratios

from the literature review were used to calculate the scores of
the postnatal risk assessment.
Results: The 43 item postnatal risk assessment (the postnatal
R4U) was developed. Hence, a project for implementation was
designed in Preventive Child Healthcare centres. We aim to
assess the predictive value of the assessment and its effectiveness
in combination with the corresponding care pathways.
Conclusions: We successfully designed a postnatal risk assess-
ment (the postnatal R4U) using the Intervention Mapping
process. We were able to implement the postnatal R4U, which
is currently being piloted in four PCHC organisations.

PO3.09.11

Preliminary results from a multi component kindergarten-
based intervention to promote healthy diet in toddlers.
A cluster randomized trial.

S.H. Helland, N.C. Øverby

University of Agder, KRISTIANSAND, Norway

Background: Concern has arisen due to the lack of diversity in
children’s diet with corresponding low intake of fruit and
vegetables and high intakes of unhealthy processed food which
may be a factor in the rising prevalence of obesity. One reason
for the lack of diversity may be food neophobia. The primary
aim of the “Food for preschoolers”-intervention was to reduce
levels of food neophobia in toddlers, aged 2 years, and promote
healthy feeding practices among kindergarten staff and parents.
The purpose of this presentation is to present effect of the
intervention on dietary intake.
Methods: Food for toddlers is a cluster randomized trial.
Eighteen randomly selected kindergartens located in two
counties in Norway with enrolled children born in 2012 par-
ticipated. The kindergartens were randomly assigned to the
intervention or control groups. A 9-week multi-component
intervention was implemented, with four main elements: 1)
kindergarten staff implemented a pedagogical tool (Sapere
method) in daily sessions to promote willingness to try new
food; 2) kindergarten staff prepared and served the toddlers a
cooked lunch; 3) kindergarten staff were encouraged to follow
10 meal principles on modeling, responsive feeding, repeated
exposure; and 4) parents were encouraged to apply relevant
feeding practices. The control group continued their usual
practices. Dietary intake was assessed with food frequency
questions. A sum score of healthy food; milk, water, fruits
(2 items), berries (2 items), vegetables (4 items), potatoes, fish
and seafood (3 items), whole grain bread (2 items) and oat meal
porridge was calculated. Frequency for each item ranged from
0-10 times per week yielding a possible sum score range from
0-170.
Results: Data was analyzed by a multilevel linear mixed model
with the sum score as the dependent variable. The model was
adjusted for gender and parental education. The model was
adjusted for kindergarten as a random effect. There was no
significant difference in the healthy food sum score after the
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intervention (Intervention group: 56.5 (SD: 1.9) vs. control
group: 60.4 (2.4), p= 0.219).
Conclusion:Our results suggest that there was no intervention
effect on child dietary intake measured just after the interven-
tion. There is an ongoing data collection at age four, two years
after the intervention to measure possible long term effect.
Further analyses are needed to understand why there was no
effect on child diet.

PO3.09.12

A cluster randomized web-based intervention trial among
one-year-old children in kindergarten to reduce neophobia
and promote healthy diets. A description.

E.A.M. Blomkvist, N.C. Øverby, S.H. Helland,
E.R. Hillesund

University of Agder, KRISTIANSAND, Norway

Background: A child’s first years of life are crucial for cognitive
development and future health. Studies show that a varied diet
with a high intake of vegetables is positive for weight develop-
ment, mental health and cognitive development. A low intake
of vegetables is considered one of the greatest challenges in
children’s diets in Norway. Researchers suggest that one barrier
for vegetable intake among children is food neophobia. Food
neophobia is defined as a reluctance to taste and eat new foods.
Food neophobia increases from the age of 2 years and decreases
later in childhood. Our hypothesis is that interventions that can
increase children’s intake of vegetables should be introduced
early in life to overcome children’s neophobia.
This study aims to develop and measure the effect of two dif-
ferent interventions among one-year-old children in kinder-
gartens to reduce neophobia and promote healthy diets. This
abstract gives a short description of the study design and plan.
Methods: The kindergartens are randomized to one of three
groups: two different intervention groups and one control
group. A total of 306 children will be included in the study.
The first intervention group will be served a warm lunch meal
with a variety of vegetables, three days a week during the
intervention period that will last for three months. The second
intervention group will also be served the same meals and in
addition implement pedagogical tools including sensory lessons
(the Sapere method) and advices on meal practice and feeding
practices. The control group will continue their usual meal
practices. To evaluate effect of the interventions on the given
outcomes, parents and kindergarten staff will complete ques-
tionnaires at baseline and post intervention. There will be
follow-up-questionnaires when the children are 36 and
48 months old. A similar intervention among 2-year-old chil-
dren in kindergarten has been implemented and evaluated
earlier (Preschoolers’ Food Courage), and we will now investi-
gate whether a digital version of this intervention has an effect,
because a digital intervention can be easily implemented
nationwide. We will also investigate whether there are benefits
of conducting such interventions in younger children, before

the onset of food neophobia. Questionnaires, information
videos and receipes will be included in a study web page.
Results: The intervention period of three months will start
during autumn 2017. The primary outcomes are child level of
food neophobia and child dietary habits, food variety and
vegetable liking. Secondary outcomes are child cognitive
development, parental and kindergarten staff feeding practices,
and child weight and height.
Conclusions: Results of this study will provide new knowledge
about whether or not a Sapere-sensory education and a healthy
meal intervention targeting children, kindergarten staff and
parents will reduce levels of food neophobia in toddlers,
improve parental and kindergarten feeding practices, improve
children’s dietary variety, improve children’s cognitive devel-
opment and reduce childhood overweight.

PO3.09.13

Longitudinal child-oriented dietary intervention-
association with parental diet and cardio-metabolic risk
factors. The Special Turku Coronary Risk Factor
Intervention Project

J.M. Jaakkola

University of Turku, TURKU, Finland

Background: The child-oriented dietary intervention given in
the prospective Special Turku Coronary Risk Factor Interven-
tion Project (STRIP) has been effective in decreasing saturated
fat intake and lowering serum cholesterol concentration in
children from infancy until early adulthood. The aim of this
study was to investigate the long-term effects of the interven-
tion on parental diet and cardio-metabolic risk factors.
Design: The STRIP study is a longitudinal, randomized
infancy-onset atherosclerosis prevention trial where repeated
dietary counselling with the main aim to reduce intake of
saturated fat in the child’s diet was given for 20 years. Parental
dietary intake assessed by a one-day food record and cardio-
metabolic risk factors were analysed between the child’s ages of
9-19 years.
Results: Saturated fat intake of parents in the intervention
group was lower (mothers: 12.0 vs 13.9 E%, p< 0.0001;
fathers: 12.5 vs 13.9 E%, p< 0.0001) and polyunsaturated fat
intake was higher (mothers: 6.1 vs 5.4 E%, p< 0.0001; fathers:
6.3 vs 5.9 E%, p= 0.0003) compared to parents in the control
group. Maternal total and low-density lipoprotein cholesterol
concentrations were lower in the intervention compared to the
control group (mean ± SE 5.02 ± 0.04 vs 5.14 ± 0.04mmol/l,
p= 0.04 and 3.19 ± 0.04 vs. 3.30 ± 0.03mmol/l, p= 0.03,
respectively). Paternal cholesterol values did not differ between
the intervention and control groups. Other cardio-metabolic
risk factors were similar in the study groups.
Conclusion: Child-oriented dietary intervention shifted the
dietary fat intakes of parents closer to the recommendations
and tended to decrease total and low-density lipoprotein
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cholesterol in the intervention mothers. Dietary intervention
directed to children benefits also parents.

PO3.09.14

Music therapy may increase breastfeeding rates among
mothers of premature newborns: a randomized
controlled trial.

J.L.A. Cunha, A. Prata-Barbosa, M.N. Vianna, A.S. Carvalhaes

Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

Objective: To evaluate the impact of music therapy on
breastfeeding rates among mothers of premature newborns.
Method: In this open randomized controlled trial, mothers of
premature neonates weighting ≤ 1,750 g were submitted to
music therapy sessions three times a week for 60 minutes. The
endpoints were breastfeeding rates at the moment of infant
hospital discharge and at follow-up visits (7-15 days, 30 and
60 days after discharge).
Results: A total of 94 mothers (48 in the music therapy group
and 46 in the comparison group) were studied. Breastfeeding
was significantly more frequent in the music therapy group at
the first follow-up visit [relative risk (RR)= 1.26; 95% con-
fidence interval (95%CI)= 1.01-1.57; p= 0.03; number nee-
ded to treat (NNT)= 5.6]. Moreover, this group showed
higher breastfeeding rates at the moment of infant discharge
(RR = 1.22; 95%CI = 0.99-1.51; p= 0.06; NNT = 6.3)
and at days 30 and 60 after discharge (RR = 1.21; 95%CI =
0.73-5.6; p= 0.13 and RR = 1.28; 95%CI = 0.95-1.71;
p= 0.09, respectively), but those results were not statistically
significant.
Conclusions: This study demonstrated that music therapy had
a significant effect in increasing breastfeeding rates among
mothers of premature newborns at the first follow-up visit, and
also a positive influence (although not significant) that lasted
up to 60 days after infant discharge. Music therapy may be
useful for increasing breastfeeding rates among mothers of
premature newborns.

PO3.09.15

Effects of enteral glutamine supplementation on
neurodevelopmental outcomes in very preterm
children at thirteen years of age

E.S. Twilhaar1, J.F. De Kieviet1, J Oosterlaan2,
R.M. Van Elburg3

1Vrije Universiteit Amsterdam, AMSTERDAM, The
Netherlands; 2Emma Children’s Hospital AMC, AMSTERDAM,
The Netherlands; 3Emma Children’s Hospital AMC; Nutricia
Research, AMSTERDAM; UTRECHT, The Netherlands

Background: Children born very preterm are highly suscep-
tible for infection and inflammation and there is clear evidence
that serious neonatal infection is associated with impaired brain

development and poor neurodevelopmental outcome in this
population. Enteral supplementation of the amino acid gluta-
mine has been shown to positively affect neonatal infection
rates and brain development in very preterm at school age. The
objective of this follow-up study was to evaluate the long-term
effects of enteral glutamine supplementation on neurodeve-
lopmental outcomes in a cohort of very preterm children at
thirteen years of age.
Methods: The current cohort was enrolled in a randomized
placebo-controlled trial on glutamine-enriched enteral nutri-
tion between day 3 and 30 after birth. Sixty-one very preterm
children were assessed at a mean age of 13.30 years on measures
of motor, intellectual, attentional, visuospatial working mem-
ory, academic, and behavioural functioning.
Results: No differences were found between the glutamine-
supplemented and control group on motor, intellectual, aca-
demic, and behavioural functioning. Forward span visuospatial
working memory performance was better in controls (crude/
adjusted model: d= 0.67/0.64, p= .02/.02), whereas no dif-
ference was found on backward span. After adjustment for
confounders, a difference between groups was found on parent-
rated attention (crude/adjusted model: d= 0.47/0.73, p= .07/
.003). However, scores of both groups were within the
normal range.
Conclusions: This is the first study on the long-term effects of
enteral glutamine supplementation on neurodevelopmental
outcomes. Our study provides no evidence for beneficial or
adverse effects of enteral glutamine supplementation in very
preterm children on motor, neurocognitive, academic, and
behavioural outcomes at thirteen years of age. The positive
effects of enteral glutamine supplementation on neonatal
infections, time to full enteral feeding, and brain volume as
shown at earlier ages are nevertheless promising. Future studies
may therefore clarify under which conditions enteral glutamine
supplementation is most beneficial.

PO3.09.16

Women’s engagement with an evidence-based nutrition
and lifestyle website during pregnancy and the impact on
neonatal outcomes: A pilot study.

R.A. Kennedy1, C.M.E. Reynolds2, S. Cawley1, L. Mullaney1,
D.M.A. McCartney1, M.J. Turner2

1Dublin Institute of Technology, DUBLIN, Ireland; 2UCD
Centre for Human Reproduction, Coombe Women and Infants
University Hospital, DUBLIN, Ireland

Background: Maternal nutrition intakes during pregnancy
may influence the growth and development of the fetus. It may
also programme the health status of the offspring later in life.
Technology based dietary interventions may be a cost effective
means to deliver evidenced-based nutrition information.
However, to date, high attrition rates have been reported
among web-based health interventions. This study aimed to

10th World Congress S439

https://doi.org/10.1017/S2040174417000848 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000848


determine women’s engagement with an evidence-based online
nutrition and lifestyle website during pregnancy and the sub-
sequent impact on neonatal outcomes.
Methods: Women were recruited at their convenience after
sonographic confirmation of a singleton pregnancy less than
18 weeks gestation and enrolled in a randomised controlled
trial. Women were allocated to either the control group, which
received standard care or the intervention group, which also
received access to an evidence-based nutrition and lifestyle
website from their first antenatal visit. Women’s demographic
details were recorded in addition to their weight and height.
Body mass index was calculated. Engagement and user inter-
action with the intervention website between November 2015
and January 2017 was assessed.
Results: A total of 240 women were included. The mean age
was 31.9 ± 5.1 years and 44.2% (n= 106) were nulliparous.
The mean BMI was 26.0 ± 6.0 kg/m2 with 21.0% obese. There
were no differences between the intervention or control group
for BMI (p= 0.43), nulliparity (p= 0.06), planned pregnancy
(p= 0.87), or the proportion of women < 30 years (p= 0.55)
or 30 years or more (p= 0.06). However, the mean age was
higher in the control group (32.6 ± 5.1 years) compared to the
intervention group (31.2 ± 5.0) (p= 0.03), which is unex-
plained. All women completed the initial website login
registration. Figure 1 demonstrates women’s engagement with
the website throughout the period between November 2015
and January 2017. On preliminary analysis, excluding the
landing page, page views ranged from 1-35. Average length of
stay ranged from 0.41–17.0 minutes. The time of day the site
was most accessed at was 11:00–13:00 with the highest number
of 38 visitors. This was followed by 16:00-18:00 which
received the highest number of 26 visitors. On preliminary
analysis, there was no difference in birthweight between the
intervention (3.56 ± 0.57 kg) and control group (3.48 ±
0.62 kg) (p= 0.42).
Conclusion: This study found that access to an evidence-based
nutrition and lifestyle website from the first antenatal
visit, did not result in consistent levels engagement throughout
the study period. The most common time of day in
which women engaged with the site was 11:00-13:00. Further
studies are needed to determine the efficacy of existing,
engaging online nutrition based resources on neonatal outcomes,
prior to investment of public resources in development of
technology-based dietary interventions in maternity
services.

PO3.10 – Growth and aging

PO3.10.01

Predictors of Stunting among Children Aged 6 to 59
Months in Aksum Town, North Ethiopia: Matched Case
Control Study

K.H. Misgina1, A.S. Senay2, A.M. Bezabih3, N.B.
Weldehawaria4, H.B. Alema4, M.G. Weldu4, B.G. Aregawi4

1University Medical centre Groningen, GRONINGEN, The
Netherlands; 2Woreda Education office, AKSUM, Ethiopia;
3Mekele University, MEKELE, Ethiopia; 4Aksum University,
AKSUM, Ethiopia

Background: Childhood under-nutrition continues to be a
major public health problem in Ethiopia. As earlier studies are
limited, this study aims to assess predictors of stunting among
6 to 59 months old children visiting health facilities in Aksum
town, Tigray region, North Ethiopia.
Methods: Facility based sex matched case control study design was
conducted on 330 (165 cases and 165 controls) who visited health
facilities fromOctober 2015 to January 2016. All 6 - 59months old
children who visited health facilities for various services during the
study period were included until the required sample attained. The
cases were stunted under five children and controls were normal
non-stunted under five children. Data were collected by interview
using pretested structured questionnaire and anthropometric mea-
surements. Finally, conditional logistic regression model was used
for analysis.
Results: The mean (±SD) age of cases and controls was 35.27
(±16.1) and 27.5 (±17.9) months respectively. The main predictors
of stunting among 6 to 59 months old children were household
monthly income of less than 1000.00 ETB [AOR= 3.1, 95% CI:
1.1-8.9], being two or more years old [AOR = 1.9, 95% CI: 1.1-
3.4] and low dietary diversity [AOR = 2.6, 95% CI: 1.1- 6.0].
Though the association was marginal, the findings of the present
study also showed that children whose mothers always wash their
hands with water only [AOR=2, 95% CI: 1.0–4.4] and those
whose mothers sometimes wash their hands with soap and water
[AOR=1.8, 95%CI: 1.0–3.4] after visiting toilet were more likely
to be stunted compared to those whose mothers always wash their
hands with soap and water after visiting toilet
Conclusion: Lower household monthly income, being two or
more than two years old and low dietary diversity were the
independent predictors of stunting among 6 - 59 months old
children in the study area. Policies and programmes aiming to
address child stunting should focus on feeding practices,
hygiene and other nutrition-sensitive interventions.

PO3.10.02

Associations between antenatal glucocorticoid treatment
and child growth at 3 years of age

E. Wolford1, M. Lahti1, S. Tuovinen1, J. Lahti1,
K. Heinonen1, E. Hämäläinen2, E. Kajantie3, A.K. Pesonen1,
P.M. Villa2, H. Laivuori2, R.M. Reynolds4, K. Räikkönen1
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1University of Helsinki, HELSINKI, Finland; 2University of
Helsinki and Helsinki University Hospital, HELSINKI, Finland;
3National Institute for Health andWelfare, HELSINKI, Finland;
4University of Edinburgh, EDINBURGH, United Kingdom

Background: Previous studies have shown that exposure to
antenatal synthetic glucocorticoids may be associated with
small body size at birth. Small body size at birth and faster
growth after birth are well known to increase the risk for obesity
and cardio-metabolic diseases later in life. Yet, the association
between antenatal synthetic glucocorticoid exposure and body
size in early childhood remains less clear especially in those who
were born at term (≥37 gestational weeks). In this study, we
compared weight, height and weight-for-height ratios for age
and sex of children who were or were not antenatally exposed to
the synthetic glucocorticoid, betamethasone, and who were
born term or preterm (<37 gestational weeks).
Methods: Participants come from the Prediction and Preven-
tion of Pre-eclampsia and Intrauterine Growth Restriction
(PREDO) study comprising 4777 women and their singleton
children born between 2006-2010. Data on weight, height and
weight-for-height ratios for age and sex according to Finnish
growth charts were derived from child welfare cards in follow-
ups conducted at the age of 0.7 to 6.1 years (mean= 3.1,
SD= 0.8) in 2071 of these children (51.0% boys; 49 exposed
to betamethasone); Weight and height at birth were derived
from Finnish Medical Birth Register. We studied associations
between prenatal betamethasone exposure and body size and
growth from birth by linear regression.
Results: Children exposed to betamethasone had higher
weight-for-height SD scores than controls (B= 0.61, 95%
CI= 0.33-0.89, p< .001) in early childhood. This associations
was only significant in the group born at term (B= 0.54, 95%
CI= 0.15-0.93, p= .007 for term-borns; B= 0.36, 95%CI= -
0.11-0.84, p= .13 for preterms; Figure 1 panel A). This asso-
ciation was explained by faster growth in weight-for-height
from birth to early childhood in the betamethasone exposed
group in comparison to those not exposed (Figure 1 panel B).
Betamethasone exposed and non-exposed did not differ in
height or ponderal index at birth.
Conclusions: Our findings suggest that exposure to antenatal
synthetic glucocorticoids is associated with higher weight-for-
height in childhood and faster growth in weight-for-height
from birth to early childhood. This is true for those born at
term in whom the harms of antenatal synthetic glucocorticoid
may not outweigh the potential benefits.

Weight-for-height standard deviation scores for children born
term or preterm and exposed or not exposed to betamethasone.

PO3.10.03

Comparison of total nephron number in normotensive
Japanese born during and after World War 2

G. Kanzaki1, V. Puelles2, L. Cullen-McEwen1,
Y. Okabayashi3, N. Tsuboi3, A. Shimizu4, T. Yokoo3, J. Bertram1

1Monash University, CLAYTON, Australia; 2RWTH Aachen
University, AACHEN, Germany; 3The Jikei University School of
Medicine, TOKYO, Japan; 4Nippon Medical School, TOKYO,
Japan

Background: Japan has the second highest rate of chronic
kidney disease (CKD) in the world. The reason for this is not
known, but we have previously shown that normotensive
Japanese subjects have one of the lowest nephron counts ever
reported (Kanzaki G. et al. Proc Am Soc Nephrology Kidney
Week 2016) and hypertensive subjects have fewer nephrons per
kidney than normotensive subjects. These subjects were born
in the 1920’s-1940’s, a period of harsh conditions in Japan that
included World War 2 (WW2, 1939-1945). It is possible that
these subjects were born with low birth weight and low
nephron number. However, following WW2, maternal pre-
natal nutrition in Japan was improved due to post-war eco-
nomic growth which commenced in 1950. In this study we
compared nephron number in subjects born in the 1920’s-
1940’s with that in subjects born during or after 1950 in order
to determine whether nephron number was increased in those
subjects born in a period of improved nutrition and social
conditions.
Methods: A total of 24 Japanese non-CKD (eGFR >62.1ml/
min/1.73m2) autopsy kidneys without hypertension were col-
lected at Nippon Medical School, Tokyo, Japan. We analyzed
kidney findings in the post-WW2 group (born 1950-1981;
n= 10), and compared these findings with our pre- and during
WW2 group (born 1925-1948; n= 14). Total nephron num-
ber and mean glomerular volume (Vglom) were estimated
using design-based stereology. Cortical volume was estimated
using the Cavalieri Principle on histological sections. Glomer-
ulosclerosis was determined using a standardized
glomerulosclerotic index.
Results: Physical characteristics and kidney data of the two
groups are presented in Table 1. The 1920’s-1940’ group had
significantly lower kidney weight than the post-1950 group
(P< 0.05). Nephron number was 45% higher in the post-
1950s group than in the 1920’s-1940’s group (P< 0.05), even
though there were no significant differences in body size or
eGFR between the groups (P= 0.09, P= 0.23, respectively).
Conclusions: Nephron number was significantly higher in
Japanese subjects born post-1950 in the period of post-WW2
economic growth than those born in the 1920s-1940s. This
difference in nephron number may be due to differences in
nephron endowment at birth and/or greater nephron loss in the
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older subjects. Studies in subjects from both periods who died
at the same age will be required to determine the relative con-
tributions of nephron endowment at birth and nephron loss
with age on these final nephron counts.

Physical characteristics and kidney data in 24 Japanese subjects

PO3.10.04

New views on breast cancer through the pubertal window

C. Houghton1, S. Jung2, R. Troisi3, N.M. Hylton4, C. Klifa5,
L. van Horn6, L.G. Snetselaar7, E.S. Le Blanc8, N. Lasser9,
J.A. Shepherd10, K. Paris11, R.N. Hoover3, J.F. Dorgan2

1Columbia University Mailman School of Public Health, NEW
YORK, United States of America; 2University of Maryland School
of Medicine, BALTIMORE, United States of America; 3National
Cancer Institute, BETHESDA, United States of America;
4Department of Radiology, University of California, SAN
FRANCISCO, United States of America; 5KCJA, LUYNES,
France; 6Feinberg School of Medicine, Northwestern University,
CHICAGO, United States of America; 7University of Iowa,
IOWA CITY, United States of America; 8Kaiser Permanente
Center for Health Research, PORTLAND, United States of
America; 9New Jersey Medical School, NEWARK, United States
of America; 10University of California San Francisco, SAN
FRANCISCO, United States of America; 11Louisiana State
University School of Medicine, NEWORLEANS, United States of
America

Background: Earlier age at onset of pubertal events and a
longer interval between them (tempo) have been associated
with increased breast cancer risk. It is unknown whether the
timing and tempo of puberty are associated with adult breast
density, which could mediate the increased risk.
Methods: Between 1988 and 1997, girls participating in the
Dietary Intervention Study in Children were clinically assessed
annually between ages 8 and 17 years for Tanner Stages of
breast development (thelarche) and pubic hair (pubarche), and
onset of menarche was self-reported. In 2006, 182 women aged
25-29 years were followed up and the percent dense breast
volume (%DBV) was measured by magnetic resonance ima-
ging. Multivariable, linear mixed-effects regression models were
used to evaluate the associations of age and tempo of puberty
events with %DBV.

Results: Our preliminary results suggest that though ages at
thelarche and menarche were not associated with %DBV, the
duration between thelarche and menarche was significantly
positively associated with %DBV in a multivariable model
adjusted for reproductive factors (parity and oral contraceptive
use), demographics (race, education) and childhood and adult
body size (p-trend= 0.003). %DBV was 39% higher in
women whose thelarche-to-menarche tempo was 2.9 years or
longer (geometric mean (95%CI)= 22.7% (17.0-30.3%))
compared to women whose thelarche-to-menarche tempo was
less than 1.6 years (geometric mean (95%CI)= 16.3% (15.2-
17.4%)). Age at pubarche was not associated with %DBV.
Conclusions:Our results suggest that a longer pubertal tempo,
i.e. greater number of months between thelarche and
menarche, is associated with higher percent breast density in
young women. Future research should examine whether breast
density mediates the association between longer tempo and
increased breast cancer risk.

PO3.10.05

Trajectories of life course circulating corticosterone levels in
the rat are determined by developmental programming and
influence length of lifespan

E. Zambrano1, G.L. Rodríguez-González1,
L.A. Reyes-Castro1, P.W. Nathanielsz2

1Instituto Nacional de Ciencias Medicas y Nutricion SZ,
MEXICO DISTRITO FEDERAL, Mexico; 2University of
Wyoming, LARAMIE, United States of America

Background:We recently demonstrated a fall in rat circulating
corticosterone in males and females between postnatal day
(PND) 450 and 650 in offspring of obese rat mothers fed a high
fat diet (MO) (PMID 25953670). Corticosterone was higher
than control (CTR) in offspring whose mothers ate a high fat
diet and were obese. Although corticosterone levels were dif-
ferent in these two groups the fall in levels that occurred with
aging occurred within the same age windows in MO and CTR
(Fig 1 A and B). In the study reported here we examined life
course changes in response to another programming challenge
– maternal low protein (LP) diet.
Methods: We measured basal fasting corticosterone to deter-
mine life course profiles in male and female offspring of
mothers fed a LP diet (10% casein) compared with CTR (20%
casein) diet.
Results: In male and female LP offspring there was a fall in
corticosterone between 220 and 650 days (Fig 1 C and D). In
relation to programming of longevity, in our colony control
and LP offspring survived longer than 850 days whilst MO
offspring started to die around 650 days. Data presented as
mean ± SEM, n= 5-14. *P< 0.05 vs control.
Conclusion: Although the time windows differ slightly in these
studies in the MO and LP models, the importance of these data
are 1) they provide further evidence that when sampled at
multiple ages over a wide period of the life course, circulating
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corticosterone in control animals falls; 2) programming by both
LP andMO increases the circulating levels but within the range
of ages studied, the fall in corticosterone occurs at similar ages.
The life course fall in corticosterone may be a) causing aging, b)
protecting against aging, c) responding to aging, or d) an epi-
phenomenon with a fortuitously related time course to aging.
The actual levels of corticosterone may be important in deter-
mining the length of the lifespan with the potential for effects
of both high and low corticosterone levels.
Funding: RCUK-CONACyT

Corticosterone fall in £ control (open) and ¥ LP (grey) or MO
(black). A) MO males; B) MO females; C) LP males; D) LP
females.

PO3.10.06

Associations between birth weight and adult outcomes in a
large population sample: the UK Biobank

M.C. Restrepo Mendez1, A.L. Soares1, N. Pearce2, A. Fraser1,
D. Lawlor1

1University of Bristol, BRISTOL, United Kingdom; 2London
School of Hygiene and Tropical Medicine, LONDON,
United Kingdom

Background: Birth weight (BW) has shown to be associated
with a large number of disease and well-being related outcomes
in adulthood. It has been suggested that these associations
reflect the long-term effects of intrauterine exposures on foetal
growth, as well as organ and physiological development. However,
exact mechanisms are still unclear. Using data from a large popu-
lation sample, we aimed to assess the association of BWwith a wide
range of outcomes in middle- and old-aged adults. This may pro-
vide new insights of key mechanisms of the association of birth
weight with health outcomes later in life.
Methods: We carried out a cross-sectional analysis of baseline
(2006-2010) and posterior assessments (2012-13 and 2014+ )
data of UK Biobank cohort study. Adults aged 40–69 with
information on self-reported BW were included (n=
280,322). Generalized linear and fractional polynomial mod-
elling was performed to examine the association between BW

and adult outcomes related to body composition (n= 16 out-
comes), cardiometabolic health (n= 10), musculoskeletal
health (n= 3), cancer (n= 12), mental health (n= 6), physical
activity (n= 2), cognitive performance (n= 6), and reproduc-
tive health (n= 3), adjusting for age, sex, household income,
educational level, development index, and maternal smoking.
We explored sex and age interactions.
Results: After adjusting for confounding factors, we found
consistent associations of BW across a range of outcomes rela-
ted to body composition. BW had an inverse association with
some adiposity measures (BMI, body fat (%), trunk fat mass,
arm fat), whilst showed a J-shaped distribution with other
measures (fat mass, trunk fat (%), leg fat (%), leg fat mass, arm
fat mass). BW was positively associated with menopause age,
better cognition and some types of cancer (bone & skin, non-
smoking related cancers), however some of these associations
were not linear. A reverse J-shaped association was observed for
Diabetes mellitus, especially type 2, whilst a J-shaped associa-
tion was observed for other conditions, such as systolic and
diastolic blood pressure. In general, the direction and shapes of
the associations were similar among males and females, differ-
ing only in magnitude. For few cases associations with BW
were present in only one sex: i.e. diabetes type 1, heel bone
mineral density, reproductive cancer, lifetime bipolar disorder,
and numeric memory were evident only in females, and arm fat
(%) and physical activity only in males. There was no strong
evidence of cohort effect.
Conclusions: These findings suggest that lower and higher
birth weight are both related to outcomes later in life which
support the evidence that intrauterine factors might have a role
in adult health. Sex-differences were observed for few out-
comes. Although BW distribution may vary along time, evi-
dence of cohort effect was not found. The findings show that
most associations are consistent to those observed in other
studies.

PO3.10.07

Do universal plagiocephaly prevention strategies influence
head shape development in healthy term infants?: A
Western Australian experience.

E. Beaton1, V. Travlos2, B. Hands2

1The University of Notre Dame Australia, Fremantle, Australia,
FREMANTLE, Australia; 2The University of Notre Dame
Australia, FREMANTLE, Australia

Background: Infant physical development results from a
dynamic interplay between innate genetic characteristics,
environmental conditions and the quality of daily interactions
with others. Non-synostotic plagiocephaly (NSP) is a prevalent
developmental condition. Reports linking NSP with adverse
developmental outcomes accentuate parental and clinician
anxiety about the risk the condition poses and a demand for
preventive solutions. Intervention studies have shown that NSP
can be successfully resolved or prevented using plagiocephaly
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prevention behaviours (PPB) such as infant positioning,
handling, and motor play. The purpose of this study was to
examine if parent exposure to universal-PPB education reduced
the development of NSP in infants.
Methods: A prospective longitudinal study design was used to
observe 52 (26 male) healthy, term (37-41 weeks) infant-
mother dyads at infant’s age one, three and ten months within
their home. Infant handling behaviours were scored from video
filmed during routine care activities using the Infant Handling
Score, a valid and reliable tool developed specifically for the
project. Head shape was measured by plagiocephalometry and
motor development was assessed using the Test of Infant
Motor Performance, Alberta Infant Motor Scale and the Pea-
body Developmental Motor Scale. Interviews were used to
gather the mother’s recall of education about infant sleep, wake
time and infant handling activities at one and three months.
The infants were grouped into typical head shape (THS) or
NSP based on the cut score for plagiocephalometry.
Results: All mothers received universal PPB brochures at delivery
discharge, of these 42 (80.8%) recalled the material. Recall of
direct instruction from health professionals on infant sleep posi-
tioning was moderate (61.5%), but low for wake time activity
(36.5%) and infant handling (15.4%). Of the 52 infants, 33
(63.5%) had THS and 19 (36.5%) developed NSP. The dis-
tribution of males and females (THS males = 48.5%; NSP
= 52.65%) and birth order (THS First born = 51.5%; NSP
= 57.9%) were similar. By age 10 months, head shape became
typical for 10 (66%) of NSP group. More infants in THS group
had delayed motor development at 1 month (THS Delay =
48.4%; NSP = 26.3%), but were similar at 3 months (THS
Delay = 18.2%; NSP = 10.5%) and 10 months (THS Delay
= 15.6%; NSP = 16.7%). At 1 month more mothers (54.5%)
of the THS group were competent infant handlers compared to
the mothers of the NSP group (36.8%), but at 3 months scores
were similar. However, mothers of THS group expressed greater
confidence in handling compared to mothers of NSP at 3 months
(p= .010).
Conclusions: Current universal PPB strategies used in WA do
not prevent infants from acquiring NSP. Most infants who
acquired NSP had typical motor abilities and head shape
resolved with time. Maternal infant handling competencies
improved over time but did not predict infants who developed
NSP. It is possible that handling competence may be protective
and assist in the alleviation of early developmental concerns.
Revision of early parenting programs is recommended to
develop parent confidence, enhance infant handling abilities
and improve developmental outcomes for all young babies.

PO3.10.08

Determinants of birth weight associated with
transgenerational effect

M. Kinoshita

Hokkaido University, SAPPORO, Japan

Background: Number of low birth weight (LBW
< 2,500g) has increased in Japan over past decades, despite of
universal coverage of maternity check-ups and low infant
mortality. However, reason of high rates of LBW and how to
control of maternal body weight (BW) during gestation still
remains.
Methods: Thirty three women (32.0 ± 4.6 year-old, 19 pri-
mipara, 14 multipara) with singleton birth (6 late pre-term
birth, 27 term birth) were followed by echography till delivery
(18 vaginal delivery, 14 caesarian section) including echo-
graphy. A total of maternal weigh gain just before delivery were
subdivided into 4 major elements such as newborn birth
weight (NBW), amnion fluid (AF), placenta (PL) and sub-
stantial maternal body gain (sMBG=maternal BW just after
delivery minus pre-pregnant BW) by measurement and
calculating. Partial correlation coefficient of factors associated
with NBW were calculated after adjustment for maternal age,
length of gestation (weeks), number of delivery, baby
sex and others. Data of weight gain were presented as per weeks
divided by number of gestational weeks (38.3 ± 1.5 weeks).
Additionally, to attest a concept of transgenerational effect, we
inspected 448 term-birth paired (2-generations) maternal
handbooks that are designed to record both mother and child
health condition during total length of gestation and infant
phase. Based on adjustment for influential factors, partial
correlation coefficient analysis was adopted to elucidate the
relationship of birth weights between mother and her child
across generations.
Results: NBW per weeks (75.4 ± 8.5g) were significantly
associated with pre-pregnant maternal weights (51.0 ± 7.8kg;
r= 0.42, P< 0.05), BMI (20.9 ± 3.2; r= 0.41, P< 0.05) and
sMBG per weeks (141.9 ± 47.6g; r= 0.50, P< 0.01), but not
related to total BW of mother (257.2 ± 90.3g; r= -0.09, ns).
PL weight per weeks (15.2 ± 3.1g) was also associated with
NBW per weeks (r= 0.59,P< 0.01), height gain per weeks
(r= 0.51, P< 0.05), head circumference (r= 0.43, P< 0.05)
and chest girth (r= 0.61, P< 0.01), but not related to sMBG
(r= 0.25, ns). From the inspection of mother handbooks across
2-generations, NBW (250 boys; 3,195 ± 386g, 198 girls;
3,091 ± 377g ) were significantly correlated to pre-pregnant
BW of mother (boys; r= 0.293, P< 0.01, girls; r= 0.302,
P< 0.01, respectively), BW just before delivery (r= 0.339,
P< 0.01, r= 441, P< 0.01), length of gestation (r= 0.370,
P< 0.01, r= 0.309, P< 0.01) and birth weights of their
mother recorded in grandmother’s handbook (r= 0.279,
P< 0.01, r= 0.293, P< 0.01) after adjustment for maternal
age, gestation, number of delivery, pregnant complications and
obstetric interventions.
Conclusions: Fetal growth depends on pre-pregnant
maternal BW and substantial sMBG during gestation, indi-
cating maternal nutritional reserve for nursing is quite
important to prevent LBW. Transgenerational effect is still
working in Japan, suggesting successful obstetric interventions
and that young women of child-bearing age have been
slimming.
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Correlation of birth weights between mothers and children

PO3.10.09

Does grandmaternal smoking during pregnancy have an
effect on her grandchild’s birth weight?

C. Lundholm, C. Almqvist

Karolinska Institutet, STOCKHOLM, Sweden

Background: Smoking during pregnancy (SDP) is believed to
increase the risk of low birth weight and preterm birth1. Recent
studies have shown that the grandmother’s SDP may also have
an effect on the offspring’s birth weight2suggesting that it
causes epigenetic changes that are inherited by subsequent
generations. However, maternal smoking during pregnancy
may be an important factor on the causal pathway (mediator).
Moreover, previous studies have shown different associations
depending on whether the mother smoked during her preg-
nancy or not. Thus maternal SDP may also interact with
grandmaternal SDP on her grandchild’s birth weight.
The Swedish Medical Birth Register (MBR) covers almost all
births in Sweden, with some information on socio-economic
factors, and since 1982 it also includes information on SDP.
The Swedish personal identity number allows for unambiguous
linkage to registers with information on family relationships
(the Multi-Generation Register, MGR) .
Our aim was to estimate the total, direct and indirect effects of
grandmaternal SDP on birth weight considering the mediation and
interaction effect of maternal SDP, based on Swedish registry data.
Methods: To estimate the association between grand-maternal
SDP with offspring birth size and potential mediation and
modification of maternal SDP we performed a study based on
the Swedish registers. In this study we included all children
born since 1982, who had had a child of their own by Dec 31st

2013, by linkage of MBR and MGR.
Further we used VanderWeele’s approach to mediation with
interaction between exposure and mediator, which is a 4-way
decomposition of the total effect3

1) Controlled direct effect, the effect of grandmothers’ SDP if
the mothers didn’t smoke (CDE)
2) Reference interaction, the difference in effect if both
grandmother and mother smoked, compared to the effect of
only one of them did, if there (IntRef)
3) Mediated interaction, the difference in effect if both grand-
mother and mother smoked, compared to the effect of only one
of them did (MedRef)
4) A pure indirect effect, the effect of the mothers’ smoking if
the grandmothers didn’t (PIE)
Results: In total, 37% of the children were exposed to grand-
maternal SDP (n=186 937 maternal and n=109 485 paternal
grandmothers) and 13% were exposed to maternal SDP. Figure 1
shows that the total effect of maternal grandmothers’ smoking on
their grandchildren’s birth weight was slightly positive, while it was
negative for paternal grandmothers. For maternal grandmothers’
SDP the most important components were the controlled direct
effect and the pure indirect effect, i.e. the main effects, while for
paternal grandmothers’ SDP there was no significant CDE. In both
cases there were significant, but small, negative interaction effects.
Conclusions: The effect of paternal grandmothers’ SDP seems
to be mediated by maternal SDP while there seems to be a direct
effect in the opposite direction for maternal grandmothers’ SDP.
However, the interaction effects were very small.
References: 1Cnattingius PMID 15203816. 2Hyppönen
PMID 14563745, Miller PMID 24504157, Misra PMID .
5824542 Pembrey PMID 25015471, Rillamas-Sun PMID
24337862. 3VanderWeele PMID 25000145

Decomposition of effects of grandmaternal smoking during
pregnacy and grandchild’s birth weight

PO3.10.10

Maternal diseases and life-style risk factors during pregnancy
and newborn head circumference in a Brazilian birth cohort.

V.D.S. Cunha1, H. Bettiol1, V. Cardoso1, P.R.H. Rocha1,
M.A. Barbieri1, M.C.P. Saraiva2

1Ribeirao Preto Medical School, University of Sao Paulo,
RIBEIRAO PRETO, Brazil; 2School of Dentistry of Ribeirao
Preto, University of Sao Paulo, RIBEIRAO PRETO, Brazil
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Background: Anthropometric measures are important tools for
assessing and monitoring the child’s development. Among them
head circumference is fundamental for the screening of several
pathological disorders. During the peak of intrauterine brain
growth, harmful exposures such as tobacco and drugs used by the
mother and maternal diseases may have a high impact on the
development of the central nervous system.
Objective: To assess the association between head cir-
cumference at birth and some diseases, maternal habits during
pregnancy and type of delivery.
Methods:This study used data from a birth cohort evaluated in
2010 including all singleton live births in Ribeirão Preto, São
Paulo State, Brazil, comprising 7402 children. Stillborn
infants, twins, triplets, and those who had no information on
the head circumference at birth were not included. Head cir-
cumference was measured soon after the birth with an inex-
tensible tape by trained personnel. After the delivery, still at the
hospitals, mothers were interviewed by using a pre-tested
structured questionnaire about their socioeconomic profile,
health and lifestyle behavior during pregnancy. Information on
exposure of interest was diseases during pregnancy (gestational
hypertension and diabetes), alcohol and tobacco consumption
and type of delivery. Linear regression model was applied to
evaluate the association of the exposures of interest with head
circumference, adjusted by gestational age.
Results: The mean value of head circumference was
34.3 cm (Standard Deviation, SD, 1.95) and the median was
34.5 cm. Children from mothers who had gestational hyperten-
sion showed head circumference 0.21 cm smaller (95% Con-
fidence Interval -95%CI -0.32 to -0.08) than those from
normotensive mothers; gestational diabetes was associated with a
head circumference 0.28 cm higher (95%CI 0.11 to 0.45) when
compared to children from non-diabetic mothers. Smoker
mothers during pregnancy had children with head circumference
0.44 cm smaller (95%CI -0.57 to -0.31) than those from non-
smokers. Children born by cesarean section showed a head cir-
cumference 0.72 cm higher (95%CI 0.32 to 0.36) than those
born by vaginal delivery. One week increase in gestational age was
associated with an increase of 0.34 cm (95%CI 0.32 to 0.36) in
head circumference. Alcohol consumption during pregnancy was
not associated with head circumference.
Conclusions: Gestational hypertension and tobacco con-
sumption during pregnancy had a negative effect on newborn’s
head circumference, whilst gestational diabetes, cesarean
delivery and increasing gestational age were associated with
higher values of this measurement.

PO3.10.11

Growth Patterns from Birth to 24 Months in Chinese
Children: Findings Based onMulticenter Birth Cohort Studies

F. Ouyang1, F. Jiang2, F. Tao3, S. Xu4, Y. Xia5, X. Qiu6, J. Zhang1

1Xinhua Hospital, Shanghai Jiao Tong University School of
Medicine, SHANGHAI, China; 2Shanghai Children’s Medical

Center affiliated with Shanghai Jiao Tong University,
SHANGHAI, China; 3Anhui Medical University, HEFEI,
China; 4Central China University of Science and Technology,
WUHAN, China; 5Nanjing Medical University, NANJING,
China; 6Guangzhou Maternal and Child Hospital,
GUANGZHOU, China

Physical growth during the first 2 years of life has profound
impact on child and adult health and diseases. While the
assessment of child growth is important for detecting poor
growth, identifying normal growth patterns in early life is of
fundamental importance. We evaluate the longitudinal growth
pattern for Chinese children from birth to 24 months through
pooling individual level data from 6 recent prospective birth
cohorts in various regions across China up to the end of year
2016. The reference value is based on a total of 24231 follow-
up anthropometric measures of 4251 children who were born
term to mothers without any of the following metabolic dis-
order conditions: GDM, chronic hypertension, preeclamsia,
and eclamsia. The LMS method is used to generate smoothing
z-score curves for growth pattern. We also compared the gen-
erated growth curves with WHO growth standards and current
Chinese growth reference. The growth curve in this study
represents the growth pattern of today’s Chinese children, and
may provide reference for evaluation of the individual growth
status.

PO3.10.12

The impact of caesarean section inflammation on infant´s
length

P.H.C. Rondó1, N.P. Castro1, V.V. Euclydes2, F.A. Simões2,
L.A. Liania2, A.M.C. Ana2

1University of Sao Paulo, School of Public Health, SAO PAULO,
Brazil; 2University of Sao Paulo, School fo Public Health, SÃO
PAULO, Brazil

Background and objective: The overuse of caesarean section is
a public health problem particularly in middle to high-income
settings. As this is a major surgical procedure, it elicits an
inflammatory response that may affect infant´s health through
breastfeeding. This longitudinal study involved 64 apparently
healthy mother-infant pairs to investigate the association
between maternal inflammation and infant´s anthropometry at
one month of age, according to type of delivery.
Methods: Exclusion criteria were adolescence, multiple preg-
nancies, diabetes, hypertension, hormonal disorders, infectious
diseases, drug and/or alcohol consumption, preterm
(<37 weeks) and post-term (≥42 weeks) delivery, low birth-
weight (<2500g), Apgar score < 3, and genetic disorders of the
newborn. Maternal inflammation was assessed by postpartum
high-sensitivity C-Reactive Protein (hs-CRP), which was
determined by a direct enzymatic method. Infant´s weight,
length, head, chest and abdominal circumferences were mea-
sured 24-72 hours and one month after delivery. Gestational
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age was determined by a combination of ultrasonography per-
formed up to the 20th week of gestation, the Capurro method
determined between 12 and 48 hours of birth, and the last
menstrual period. Multiple regression analysis was used con-
sidering hs-CRP as the exposure variable and newborns
anthropometric measurements as outcomes.
Results: hs-CRP was inversely associated with breastfed infants
length (p= 0.033) at one month of age and change in length
from birth to one month of age (p< 0.001), controlling for
maternal pre-pregnancy body mass index, sex and age (hours)
of the newborn.
Conclusion: The inverse association observed between hs-
CRP and length in the first month of life is possibly due to
elevated pro-inflammatory cytokines in breast milk. Pro-
inflammatory cytokines may interfere with bone develop-
ment, and can affect growth hormone concentrations in
breast milk.

PO3.10.13

Ethnic differences in height growth trajectories in
contemporary children and adolescents: findings from the
UK Millennium Cohort Study

L. Li, Y Lu, A Pearce

University College London, LONDON, United Kingdom

Background: Height is an important biomarker for early life
exposures that influence adult disease risk. Recent evidence
suggests that height of UK children differs by ethnicity.
Research to date on this subject was mostly based on cross-
sectional data. The few available studies using longitudinal data
focused on growth in the first few years in life, or for a short
period during early childhood. We investigated whether height
trajectories from early childhood into adolescence differed
between ethnic groups, and the role of early life covariates.
Methods:We used the data from 15 317 (White, South Asian,
Black African and Black Caribbean) singletons in the UK
Millennium Cohort Study. Mixed effects fractional polynomial
models were applied to height repeatedly measured between 3
and 14 years.
Results: Compared with White counterparts, South Asians
(9% of study sample) were taller at 3 years by 0.5cm, had
similar childhood trajectories, but became shorter in adoles-
cence, particularly in girls, by 0.7cm (95% CI: 0.1, 1.2) at 11
years, increasing to 3.2cm (2.7, 3.7) at 14 years in girls. Boys
were shorter by 0.5cm (0.2, 1.2) at 14 years. Height of South
Asians relative to White children increased after adjusting for
parental height and further for birthweight, but changed little
with additional adjustment for prenatal and socioeconomic
factors. Black African/Caribbean boys and girls (3.3% of sam-
ple) were taller at 3 years by 2.2cm (1.7, 2.7) and 3.2cm (2.6,
3.8), respectively. Differences increased to 3.8cm (3.0, 4.7) and
5.5cm (4.5, 6.4) at 11 years, but reduced to 3.1cm (2.0, 4.2)
and 2.5cm (1.7, 3.4) at 14 years. Adjustment for early life
covariates did not alter these differences.

Conclusions: South Asians had shorter parents and lower
birthweight. When adjusting for these factors height differ-
ences (relative to White children) increased, indicating greater
intergenerational height gains and early life growth in South
Asians. South Asians were slightly taller in early life, but shorter
by adolescence. Black African and Black Caribbean children
were the tallest, with smaller differences in adolescence. Dis-
tinct child-to-adolescence height trajectories may partly be due
to their different growth tempo.

PO3.10.14

Growth across life course and cardiometabolic
risk markers in 18 years old adolescents: the 1993 Pelotas
Birth Cohort

R.B. Buffarini, M.C.R.-M. Restrepo-Méndez, V.M.S. Silveira,
H.D.G. Gonçalves, I.O.O. Oliveira, A.M.M. Menezes, M.C.
F.A. Formoso Assunção

Federal University of Pelotas, PELOTAS, Brazil

Background: Growth trajectories may have effects on meta-
bolic risk profile later in life. It has been suggested that weight
gain and linear growth may have different consequences,
therefore, it is important to disentangle the effect of weight gain
from that of height gain. We aimed to evaluate the associations
of height growth independent of weight gain, and weight gain
independent of height growth (relative weight gain) through-
out infancy, childhood and adolescence, with several cardio-
metabolic risk markers at age 18 years in a birth population
based cohort.
Methods: Conditional relative weight (CWh) and conditional
length/height (CH) were assessed using data from six follows-
ups of the 1993 Pelotas Birth Cohort (at birth, 1, 4, 11, 15 and
18 years). The outcomes, measured at age 18 years, were:
C-reactive protein (CRP), total cholesterol (TC), LDL-C,
HDL-C, TGL, systolic and diastolic blood pressure (SBP and
DBP), BMI and waist circumference (WC).
Results: In both sexes, greater CWh at 1 year was positively
associated with BMI and WC, whereas greater CWh at most
age periods in childhood and adolescence predicted increased
values of CRP, TC, LDL-C, TGL, SBP, DBP, BMI and WC,
and decreased HDL-C. Higher CH during infancy and child-
hood was positively related with SBP in boys and girls, and with
BMI and WC only in boys.
Conclusion: In a population-based cohort of a middle-income
country, adolescents who gain weight more rapidly than theirs
pairs after the first year of life had a worse cardiometabolic risk
profile at 18 years old. The lack of anthropometric data at two
years is a limitation in our study, since there is evidence sug-
gesting that the hazards of rapid weight gain appear particularly
after the two first years of life. Overall, our study support the
“first 1000 days initiative” suggesting that prevention of
excessive weight gain after age two years might be important in
reducing subsequent cardiometabolic risk.
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PO3.10.15

The effect on early life growth on the size, tempo and
velocity of adolescent growth

H.L. Nyati

MRC/WITS Developmental Pathways for Health Research Unit,
PARKTOWN, South Africa

Background: Modelling adolescent growth could assist in
studying factors that influence the timing and magnitude of the
growth spurt and its potential influence on adult body size and
composition. Growth in early life is associated with the timing
of puberty. Using the superimposition by translation and
rotation (SITAR) we assessed (i) ethnic differences in the size,
tempo and velocity of adolescent growth, and (ii) the associa-
tion between early life size and adolescent growth.
Methods: Data were obtained from the prospective Birth to
Twenty birth cohort, which followed 3273 children born between
April and June 1990 in the Greater JohannesburgMunicipality. A
total of 2107 black and white, females andmales with serial height
and weight measurements between 7 to 23 years were included in
the study. Growth was modelled using sitar, a shape invariant
model which allows for comparison of individual growth on size,
tempo and velocity. The World Health Organization (WHO)
2006 growth standards for children between birth and 5 years
were used to develop height-for-age (HAZ), weight-for-age
(WAZ), BMI-for-age (BMIZ) and weight-for-height (WHZ)
z-scores. Models were refitted for black children only to include
stunting in infancy and at 1 year for height, and undernutrition at
birth, infancy and waz change between birth and infancy for BMI.
Results: White children were taller than black children and
white boys heavier than black boys. In girls, there were no
differences in weight and BMI. Black boys reached peak height
velocity later than white boys while the reverse was true in girls
for height. Peak BMI velocity was earlier in white than black
children. Stunting at both ages was associated with the size but
not the tempo and velocity of height growth in boys. In girls,
stunting at 1 year was associated with size. Change in weight-
for-age z scores was negatively associated with the tempo of
BMI accrual in boys but not in girls
Conclusion: Ethnic differences in the tempo of height growth
are sexually dimorphic. An increment is weight-for-age z scores
from birth to infancy is associated with an earlier tempo in BMI
for boys.

PO3.10.16

Direct comparisons of relative morbidity caused by various
disorders in the populations of Chile and one of Brazil’s
southern states

V.I. Goudochnikov

International Society for DOHaD, SANTA MARIA - RS, Brazil

Earlier we have studied age-related dynamics of morbidity and
mortality and their gender differences in brazilian states of

southern region, as well as in the populations of Chile and
Argentina. In the present work direct comparisons of relative
morbidity índices were performed in the populations of Chile
and southern brazilian state of Rio-Grande-do-Sul (RS). In
order to do this, we have used the data from the official site of
chilean Ministry of Health and from brazilian national database
called DataSus, employing methodological approaches descri-
bed earlier, but with adjustment of the age categories: 0-19,
20-24, 25-44, 45-64 and > 65 years, and in two chronological
periods (2006-2008 and 2009-2011). The reasons for such
direct comparisons included ethnical similarity of pre-
dominantly european origins in both geographical areas stu-
died, as well as similar total numbers of inhabitants. The results
obtained indicate, for example, the postponement of morbidity
from arterial hypertension, renal insufficiency and femoral
fraction to more advanced age category in chilean population,
as compared to southern brasilian state of RS. On the other
hand, population of Chile had higher morbidity from rheu-
matoid arthritis in younger age categories, in comparison to
southern brazilian state of RS. No differences were observed
between two chronological periods examined. On our opinion,
such comparative data are quite important to be considered in
the frame of DOHaD concept, and the next step would be
obviously the comparisons of more distant geographical regions
of similar ethnical profile (for example, some Latin-American
and european countries). The gender differences must be also
carefully interpreted, including the pubertal and menopausal
transitions. In conclusion, such epidemiological comparisons
should be continued, aiming finally at construction of detailed
geographical maps for age-related dynamics of morbidity and
mortality, as well as their gender differences.

PO3.10.17

Direct comparisons of relative mortality caused by various
disorders in the populations of Argentina and southern
region of Brazil

V.I. Goudochnikov

International Society for DOHaD, SANTA MARIA - RS, Brazil

Earlier we have studied age-related dynamics and gender differ-
ences of morbidity andmortality in three southern Brazilian states
and in the populations of Argentina and Chile. In presented work
direct comparisons of relative mortality parameters were made in
the populations of Argentina and southern region of Brazil,
including three states: Rio-Grande-do-Sul, Santa-Catarina and
Paraná. For realization of this task we have utilized the data from
official site belonging to the Ministry of Health of Argentina and
from Brazilian national database called DataSus, employing
methodological principles that were described in our previous
publications, however with adjustment of age categories to 0-24,
25-44, 45-64 and >65 years and in two chronological periods
(2001-2003 and 2005-2007). The main reason for such direct
comparisons was ethnical similarity of predominantly European
origins in both geographical areas studied. Besides, we have
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decided to compare the population of Argentina with the whole
southern region of Brazil, rather than with any single southern
Brazilian state separately, in order to employ more comparable
numbers of inhabitants in two geographical areas examined. We
have observed the postponement of relative mortality caused by
septicemia and tuberculosis to more advanced age categories in
the population of Argentina, as compared to southern region of
Brazil. On the other hand, relative mortality caused by suicides
was rather homogeneously distributed along the age scale in
Argentina, whereas it was highly concentrated in the intermediate
age categories in Brazil’s southern region. What for gender dif-
ferences, our study has established that feminine fraction of
mortality was lower in Argentina, as compared to southern region

of Brazil, for diabetes mellitus, arterial hypertension and ischemic
myocardial disease, at least for some age categories. However,
feminine fraction was higher in Argentina, as compared to
Brazil’s southern region, for mortality caused by tuberculosis.
There were no marked differences in parameters of mortality
between the two chronologic 3-year periods examined in both
geographical areas studied. The results obtained in this and our
parallel work allow to conclude that caution should be made in
discussions related to developmental programming on the basis of
epidemiological data, due to inherent differences between the
countries or their regional parts, as referred to age-related
dynamics and gender differences of relative morbidity and
mortality.
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	LM2.02.03Body composition during infancy and childhood and cardiometabolic health throughout the lifespan: a systematic review
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	LM2.02.05Associations of maternal physical activity and sedentary behavior with offspring growth in infancy
	S. Badon1, A.J. Littman1, K.C.G. Chan1, M.A. Williams2, D.A. Enquobahrie1
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	LM2.02.10Breaking the myths: Bidirectional associations between parent perception of child overweight and children&#x2019;s BMI from ages 2-3 to 14-15 years
	M. Wake1, W. Jansen2, K. Kerr3
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	1University of Exeter, EXETER, United Kingdom; 2University of Bristol, BRISTOL, United Kingdom

	PA2.09.04A genome-wide association meta-analysis implicates adrenal steroidogenesis in the process of skeletal maturation
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	PA2.10.07Influence of fetal blood flow redistribution on fetal and childhood growth and fat distribution: the Generation R Study
	M.N. Kooijman, R. Gaillard, I.K.M. Reiss, A. Hofman, E.A.P. Steegers, V.W.V. Jaddoe
	Erasmus MC, ROTTERDAM, The Netherlands


	PA2.12 - Reproduction outcomes
	PA2.12.01The effect of culture on embryo&#x2019;s DNA methylation and post natal phenotype
	M.A. andre Sirard
	Universit&#x00E9; Laval, QU&#x00C9;BEC, Canada

	PA2.12.03Influence of maternal diabetes on the DNA methylation and first embryonic lineages in the rabbit preimplantation embryos
	K.J.G. Grybel1, E. Canon2, J. Knelangen3, D. Kradolfer2, M. Pendzialek4, M Schindler1, J. G&#x00FC;rke1, T. Blach&#x00E8;re5, M. Godet5, R. Obeid6, S. Ulbrich7, B. Fischer1, V. Duranthon2, A. Navarrete Santos1
	1Martin Luther University Halle-Wittenberg, HALLE (SAALE), Germany; 2INRA, Jouy-en Josas, France; 3Martin Luther University, Halle, Germany; 4Martin Luter University Halle-Wittenberg, HALLE (SAALE), Germany; 5University of Lyon&#x002F;Stem-cell and Brain 

	PA2.12.04IVF&#x002F;ICSI treatment enhances first trimester growth trajectories of human embryonic brain structures
	S.C. Husen, I.V. Koning, A.T.J.I. Go, R.P.M. Steegers-Theunissen
	Erasmus MC, ROTTERDAM, The Netherlands

	PA2.12.05Neonatal outcomes of transferring of Frozen-thawed Cleavage Embryos with Blastomere Loss
	Y. Wu, L.I. Cheng, H. He-Feng
	International Peace Maternity and Child Health Hospital, SHANGHAI, China

	PA2.12.06The effect of supplementation with folic acid in non-pregnant and pregnant mice on the ovarian morphology and embryo development
	R.S. Penailillo-Escarate, J.J. Eckert, G.C. Burdge, T.P. Fleming, K.A. Lillycrop
	University of Southampton, SOUTHAMPTON, United Kingdom

	PA2.12.07Gestational exercise prevents cognitive impairment in rat offspring exposed to maternal high-fat diet
	S.G. Khambadkone, Z.A. Cordner, M.D. Johnson, R.S. Lee, T.H. Moran, K.L. Tamashiro
	Johns Hopkins University School of Medicine, BALTIMORE, United States of America


	PA2.13 - How to turn your cohort into an intervention study
	PA2.13.01How to turn your cohort into an intervention study
	E. Barker1, C. Bell2, C. Vogel1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2University of Alberta, EDMONTON, Canada


	PA2.14 - Pregnancy and Childhood Epigenetics consortium
	PA2.14.01Epigenome-wide association studies in the pregnancy and childhood epigenetics consortium
	J.F. Felix
	Erasmus MC, ROTTERDAM, The Netherlands

	PA2.14.02Maternal smoking in pregnancy and offspring methylation
	S.J. London
	NIEHS, RTP, United States of America

	PA2.14.03Pre-pregnancy maternal BMI and offspring epigenome-wide DNA methylation: Findings from the Pregnancy and Childhood Epigenetics (PACE) Consortium
	C. Sharp1, L.A. Salas2, C. Monnereau3, C. Allard4, P. Yousefi1, T.M. Everson5, On behalf Of the PACE Consortium6, S.J. London7, J Felix3, C.L. Relton8
	1University of Bristol, BRISTOL, United Kingdom; 2ISGlobal, Centre for Research in Environmental Epidemiology (CREAL), BARCELONA, Spain; 3Erasmus MC, ROTTERDAM, The Netherlands; 4Universite de Sherbrooke, SHERBROOKE, Canada; 5Emory University, ATLANTA, Un

	PA2.14.04A genome-wide meta-analysis of cord blood DNA methylation and birth weight in 8365 newborns reveals over 1000 differentially methylated sites
	L.K. K&#x00FC;pers1, C. Monnereau2, G.C. Sharp3, P. Yousefi1, L.A. Salas4, A. Ghantous5, J. Heimovaara6, On behalf Of the PACE Consortium7
	1MRC IEU, School of Social and Community Medicine, University of Bristol, BRISTOL, United Kingdom; 2The Generation R Study Group, Erasmus MC, University Medical Center Rotterdam, ROTTERDAM, The Netherlands; 3MRC IEU, School of Oral and Dental Health, Univ

	PA2.14.05Gestational age and DNA methylation profiles of newborns and children; a PACE meta-analysis
	S.K. Merid1, E.M. Mel&#x00E9;n1, On behalf Of the PACE Consortium2
	1Karolinska Institutet, STOCKHOLM, Sweden; 2Pregnancy And Childhood Epigenetics Consortium

	PA2.14.06DNA methylation and childhood body-mass index
	F.O.L. Vehmeijer1, L.K. K&#x00FC;pers2, G.C. Sharp2, A.A. Baccarelli3, C.L. Relton2, H. Snieder4, V.W.V. Jaddoe5, J.F. Felix5, On behalf Of the PACE Consortium6
	1Erasmus MC, ROTTERDAM, The Netherlands; 2MRC Integrative Epidemiology Unit, University of Bristol, BRISTOL, United Kingdom; 3Department of Environmental Health Sciences, Columbia University Mailman School, COLUMBIA, United States of America; 4Department 

	PA2.14.07DNA methylation signature of smoking in adult lung tissue is enriched for in utero smoke exposure signature
	K.M. Bakulski, N. Lin, A. Teodorescu, J.A. Colacino
	University of Michigan, ANN ARBOR, United States of America


	PA2.15 - Environmental chemicals
	PA2.15.01Synthetic chemical exposures in early life as obesogens and metabolic risks
	L. Trasande
	NYU School of Medicine, NEW YORK, United States of America

	PA2.15.05Environmental chemicals and early childhood growth in the Upstate KIDS Study
	E.H. Yeung1, E. Bell2, R. Sundaram1, A. Ghassabian3, K. Kannan4, G.M. Buck Louis1
	1NICHD, BETHESDA, United States of America; 2University at Albany School of Public Health, ALBANY, United States of America; 3NYU School of Medicine, NEW YORK CITY, United States of America; 4New York State Department of Health, ALBANY, United States of A

	PA2.15.07Non-A bisphenol exposures widely prevalent in pregnant women in a population-based cohort in the Netherlands, 2004-5
	E.M. Philips1, V.W.V. Jaddoe1, A.G. Asimakopoulos2, K. Kannan2, E.A.P. Steegers1, S.M. Moreira Da Silva Santos1, L. Trasande3
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Wadsworth Center, New York State Department of Health, ALBANY, United States of America; 3New York University School of Medicine, NEW YORK CITY, United States of America

	PA2.15.06Prenatal exposure to perfluoroalkyl substances, immune-related outcomes, and lung function in children from a Spanish birth cohort study
	C.B. Manzano-Salgado1, B. Granum2, M.J. Lopez-Espinosa3, F. Ballester3, M. Gascon1, D. Martinez1, M. Guxens1, M. Basterretxea4, C. Zabaleta5, C. Iniguez3, T. Schettgen6, J. Sunyer1, M. Vrijheid1, M. Casas1
	1ISGlobal, BARCELONA, Spain; 2Norwegian Institue of Public Health, OSLO, Norway; 3Epidemiology and Environmental Health Joint Research Unit, FISABIO-Universitat, VALENCIA, Spain; 4Public Health Department of Gipuzkoa, SAN SEBASTIAN, Spain; 5Department of 


	PL2.02 - Global population impact
	PL2.02.01The vicious cycle of pregnancy induced complications and NCDs; it all starts in utero - FIGO GLOBAL VISION
	C.N. Purandare1
	1International Federation of Gynecology and Obstetrics

	PL2.02.02DOHAD - addressing the science-policy nexus
	P.D. Gluckman
	Office of the Prime Ministers Science Advisor, AUCKLAND, New Zealand

	PL2.02.03Interaction between infection and obesity and gestational diabetes during pregnancy
	S.A. Norris1
	1MRC Developmental Pathways for Health Research Unit, Department of Paediatrics, University of the Witwatersrand, Johannesburg, South Africa


	PA2.17�&#x2013; DOHaD Trainees Meeting
	PA2.17.01DOHaD Trainees Meeting
	A. Bansal, S. Feuer


	Tuesday October 17th Abstracts poster presentationsPO2.01�&#x2013; Adiposity &#x2013; life course
	PO2.01.01Sex differences in the association between adverse childhood experiences (ACEs) and adiposity measures in adolescents
	A.L.G.S. Goncalves Soares1, A.M. Matijasevich2, A.M.B.M. Menezes3, M.C.A. Assun&#x00E7;&#x00E3;o3, F.C.W. Wehrmeister3, L.D.W. Howe1, H.G. Gon&#x00E7;alves3
	1School of Social &#x0026; Community Medicine, University of Bristol, BRISTOL, United Kingdom; 2University of S&#x00E3;o Paulo, S&#x00C3;O PAULO, Brazil; 3Federal University of Pelotas, PELOTAS, Brazil

	PO2.01.02Changes in trajectories of adult body mass index in China 1991-2011: evidence from the China Health and Nutrition Survey
	L. Li1, N. Zhang2
	1University College London, LONDON, United Kingdom; 2The University of Manchester, MANCHESTER, United Kingdom

	PO2.01.03ROLO Kids Step Test; A simple method of estimating cardiovascular fitness and adiposity in 5 year old children
	A.A. Geraghty1, E.C. O&#x2019;Brien2, M.K. Horan2, F.M. McAuliffe2
	1University College Dublin, DUBLIN, Ireland; 2UCD Perinatal Research Centre, School of Medicine, University College Dublin, DUBLIN, Ireland

	PO2.01.04Air pollution, noise, green space and overweight in children aged 12 years: the PIAMA birth cohort study
	L.D. Bloemsma1, U. Gehring2, J.O. Klompmaker1, H.A. Smit3, J.C. de Jongste4, J.M. Vonk5, G. Hoek2, N.A.H. Janssen1, B. Brunekreef2, E. Lebret1, A.H. Wijga1
	1National Institute for Public Health and the Environment (RIVM), BILTHOVEN, The Netherlands; 2Utrecht University, UTRECHT, The Netherlands; 3University Medical Center Utrecht, UTRECHT, The Netherlands; 4Erasmus MC, ROTTERDAM, The Netherlands; 5University

	PO2.01.05Infant subcutaneous fat and abdominal, pericardial and liver fat assessed by Magnetic Resonance Imaging at the age of 10 years
	B.A. Patro Golab, E. Voerman, S. Santos, V.W.V. Jaddoe
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.01.06Growth in early life and the risk of obesity among children in Aruba: a retrospective population-wide cohort study
	A.J. Oudshoorn1, D.E. Bakker2, J. van Heyningen3, J.H. van der Lee4, R.M. van Elburg5
	1Dr. Horacio E. Oduber Hospital, ORANJESTAD, Aruba; 2VU University Medical Center, AMSTERDAM, The Netherlands; 3Jeugd Gezondheidszorg Aruba, ORANJESTAD, Aruba; 4Paediatric clinical Research Office, Woman-Child center, AMC, AMSTERDAM, The Netherlands; 5Emm

	PO2.01.07Neonatal chronic pain, analgesia and obesity in adulthood : experimental study in rat
	I. Dutriez-Casteloot, V. Bot-Robin, F. Mathon, S. Aurientis, V. Emmanuelli, A. Tavernier, B. Pusniak, C. Besengez, L. Storme, V. Houfflin-Debarge
	University of Lille, LILLE, France

	PO2.01.08Early weight gain, childhood adiposity and risk factors for type 2 diabetes in children aged 10-12 years: the QUALITY cohort
	A. van Hulst1, G. Paradis2, A. Benedetti2, M. Henderson3
	1CHU Sainte-Justine Research Center and McGill University, MONTREAL, Canada; 2McGill University, MONTREAL, Canada; 3CHU Sainte-Justine and University of Montr&#x00E9;al, MONTREAL, Canada

	PO2.01.09Individual rearing of mice impairs adolescent growth and increases adult obesity risk
	L. Schipper1, S. van Heijningen2, A. Baars1, E.M. van der Beek1, G. van Dijk2
	1Nutricia Research, UTRECHT, The Netherlands; 2GELIFES, University of Groningen, GRONINGEN, The Netherlands

	PO2.01.10Lifecourse developmental trajectories of body mass index - A 46 years follow-up of the NFBC1966
	R. Nedelec1, E. Lowry2, I. Uusitalo1, V. Karhunen1, M. M&#x00E4;nnikk&#x00F6;1, J. Miettunen1, S. Sebert1, M.R. J&#x00E4;rvelin1
	1Centre for Life-Course Health Research, UNIVERSITY OF OULU, Finland; 2Biocenter Oulu, UNIVERSITY OF OULU, OULU, Finland

	PO2.01.11Infancy growth and BMI at 21 years: the role of home environment in infancy
	E.D. Delker1, E.B. Blanco1, B.L. Lozoff2, M.C. Cayazzo3, S.G. Gahagan1
	1University of California, San Diego, SAN DIEGO, United States of America; 2University of Michigan, ANN ARBOR, United States of America; 3University of Chile - INTA, SANTIAGO, Chile

	PO2.01.12Low insulin levels during lactation in rats can protects against obesity in adult life
	C.C.I. Matiusso, I.P. Martins, A.M.P.M. Moraes, A. Pavanello, L.P. T&#x00F3;follo, L. Lima, K.G.B. Machado, L. Saavedra, R.V. Venci, C. Previate, S. Piovan, M.N.C. Peres, A. Malta, P.C.F. Mathias
	Universidade Estadual de Maring&#x00E1;, MARING&#x00C1;, Brazil

	PO2.01.13Exploring the relationship between early and later life exposures and obesity in middle-age: Findings from the Newcastle Thousand Families study
	N. Robinson, H. Brown, M.S. Pearce, V.J. Albani, J.A. McKay
	Newcastle University, NEWCASTLE UPON TYNE, United Kingdom

	PO2.01.14A systematic review of the life course determinants of metabolically healthy obesity
	E.M. Robson1, S. Costa2, M. Hamer1, W. Johnson1
	1Loughborough University, LOUGHBOROUGH, United Kingdom; 2University of Cambridge School of Clinical Medicine, CAMBRIDGE, United Kingdom

	PO2.01.15Faster infancy growth and waist circumference and blood pressure at 21 years
	E. Blanco1, E. Delker1, B. Lozoff2, M. Cayazzo3, S. Gahagan1
	1UC San Diego, LA JOLLA, United States of America; 2Center for Human Growth and Development, University of Michigan, ANN ARBOR, United States of America; 3INTA, University of Chile, SANTIAGO, Chile

	PO2.01.16Differential associations of subcutaneous adiposity size and shape with all-cause mortality among NHANES III adult population
	H. Kim1, E. Petherick1, M.I.O. Varela-Silva1
	1Centre for Global Health and Human Development, School of Sports, Exercise and Health Sciences, Loughborough University, Loughborough, United Kingdom


	PO2.02�&#x2013; Cardiometabolic health - Nutrition
	PO2.02.01Resistance exercise combined with regular insulin supplementation alter hepatic glucose and lactate metabolism in healthy swiss mice
	V. Roncaglia, S. Piovan, M.M.D. Pedrosa, V.A. Godoi
	State University Of Maring&#x00E1;, MARING&#x00C1;, Brazil

	PO2.02.02Vitamin B12 deficiency triggers adipocyte dysfunction by enhancing triglyceride biosynthesis and pro-inflammatory cytokine production: a new agonist in metabolic disease?
	J. Samavat, A. Adaikalakoteswari, J. Boachie, V. Zammit, P. Saravanan
	University of Warwick, COVENTRY, United Kingdom

	PO2.02.03Insulin resistance and liver fat assessed by Magnetic Resonance Imaging in children
	M.L. Geurtsen1, S. Santos2, L. Duijts2, J. Felix2, V.W.V. Jaddoe1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2The Generation R Study Group, Erasmus MC, ROTTERDAM, The Netherlands

	PO2.02.04Associations of maternal pregnancy, social and lifestyle characteristics and blood pressure at age 4&#x002F;5 in White British and Pakistani children
	J. West1, G. Santorelli1, P. Collings1, J.P. Wright1, D.A. Lawlor2
	1Bradford Institute for Health Research, BRADFORD, United Kingdom; 2MRC Integrative Epidemiology Unit, University of Bristol, BRISTOL, United Kingdom

	PO2.02.05Paternal cholestasis alters offspring metabolic phenotype and predisposes to hypertension
	V.F. Pataia1, G. Papacleovoulou1, A.M. Samulesson1, E. Jansen2, P.D. Taylor1, L. Poston1, C. Williamson1
	1King&#x2019;s College London, LONDON, United Kingdom; 2National Institute for Public Health and the Environment, BILTHOVEN, The Netherlands

	PO2.02.06In Utero Caffeine Exposure Induces Transgenerational Effects on the Adult Heart
	C. Wendler, R. Poulsen
	University of Florida, GAINESVILLE, United States of America

	PO2.02.07Metformin treatment in obese pregnant mice modulates hepatic fat accumulation and mitochondrial electron transport chain activity in adult offspring livers
	A. Mahesh, H.N.B. Thomas, K. Lovell, C.D. Byrne, F.R. Cagampang
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO2.02.08Perinatal maternal high-fat diet affects the metabolic response to fructose intake during adolescence period of male offspring
	C.C. Pazos-Moura1, L. Soares Oliveira1, B.G. Caetano1, A.F.P. Souza1, R.A. Miranda1, J. Woyames1, A. Cordeiro1, I.H. Trevenzoli1, L.L. Souza1
	1Federal Universtity of Rio de Janeiro, RIO DE JANEIRO, Brazil

	PO2.02.09Maximizing Precision using Quantitative Certification Programs
	S. P. M. Alkek, S.D. Flamm
	Precision Image Analysis, KIRKLAND, United States of America

	PO2.02.10Effect of maternal high fructose and offspring &!QJ;high fat intake on programmed hypertension in young adult rats
	Y.M. Chao, C.N. Weng, C.C. Yang, J.Y.H. Chan
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG CITY, Taiwan

	PO2.02.11Brain oxidative stress in the programming of &!QJ;hypertension in young offspring to maternal high &!QJ;fructose diet
	J.Y.H. Chan, K.L.H. Wu, Y.M. Chao, Y.L. Tain, S. Leu, W.C. Lee
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan

	PO2.02.12Mechanisms involved in the increase of insulin secretion stimulated by a fraction rich in sterebins extracted of Stevia rebaudiana
	S. Piovan, A. Pavanello, I. Peixoto Martins, A.M. Praxedes de Moraes, C.C. Matiusso, A. Malta, G.M. Ledesma Peixoto, Y.C. Carvalho Lima, V. Roncaglia, P. Milani Gimenez, S.C. Da Costa, P.C. de Freitas Mathias, C.E. Mareze da Costa
	State University of Maringa, PAI&#x00C7;ANDU, Brazil

	PO2.02.13High fat diet during adolescence induces increased blood pressure in adult rats
	S.S. Silveira1, V. Alves1, L. T&#x00F3;folo1, T.A. Ribeiro1, &!QJ;L. Saavedra1, K. Machado1, A.M. Moraes1, M.N. Peres1, C. Matiusso1, I. Martins1, J. Armitage2, P. Mathias1, K. Palma-Rigo1
	1Universidade Estadual de Maring&#x00E1;, MARING&#x00C1;, Brazil; 2Deakin University, VITORIA, Australia

	PO2.02.14Maternal fructose exposure further increases myocardial remodeling and impaired cardiac function in rat offspring with doxorubicin-induced cardiomyopathy
	S.L. Leu, K.L.H. Wu, Y.L. Tain, W.C. Lee, J.Y.H. Chan
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan

	PO2.02.15Maternal Mediterranean diet during pregnancy and offspring longitudinal growth trajectories and cardiometabolic risk in early childhood
	S. Fern&#x00E1;ndez-Barr&#x00E9;s1, M. Vrijheid1, C.B. Manzano-Salgado1, D. Valvi2, D. Mart&#x00ED;nez1, P. Amiano3, C. I&#x00F1;iguez4, E.M. Navarrete Mu&#x00F1;oz5, I. Ria&#x00F1;o-Gal&#x00E1;n6, L. Santa Marina7, A. Tard&#x00F3;n8, V. Arija9, J. Sunyer
	1ISGlobal, BARCELONA, Spain; 2Harvard T.H. Chan School of Public Health, BOSTON, United States of America; 3Departamento de Salud del Gobierno Vasco, SAN SEBASTI&#x00C1;N, Spain; 4FISABIO, VALENCIA, Spain; 5Universidad Miguel Hern&#x00E1;ndez, ELCHE, Spai


	PO2.03�&#x2013; Epigenetics &#x2013; Environmental exposures and neurodevelopment
	PO2.03.01Epigenetic differences in cord blood of newborns exposed to antidepressant medication during pregnancy. A study in the Aarhus Birth Cohort
	A.C. Viuff1, G. Sharp2, L.H. Pedersen1, N.H. Staunstrup3, K.J. Kyng1, D. Raj4, C.L. Relton2, T.B. Henriksen1
	1Aarhus University, AARHUS N, Denmark; 2MRC IEU, School of Social and Community Medicine, Bristol University, BRISTOL, United Kingdom; 3The Lundbeck Foundation Initiative for Integrative Psychiatric Research, iPSYCH, AARHUS, Denmark; 4School of Social and

	PO2.03.02Identification of genes susceptible to epigenetic change in response to maternal folate supply and in childhood acute lymphoblastic leukaemia
	J.A. McKay1, C.L. Relton2, J.C. Mathers1, D. Ford3, M. Adriaens4, C.T. Evelo4, A.V. Moorman1, G. Strathdee1
	1Newcastle University, NEWCASTLE UPON TYNE, United Kingdom; 2University of Bristol, BRISTOL, United Kingdom; 3Northumbria University, NEWCASTLE UPON TYNE, United Kingdom; 4Maastricht University, MAASTRICHT, The Netherlands

	PO2.03.03Duration of breastfeeding is associated with leptin DNA methylation in 6�months old children
	S. Pauwels1, E. Vanautgaerden1, M. Ghosh1, R.C. Duca1, B. Bekaert1, I.H. Huybrechts2, S.A.S. Langie3, G. Koppen3, R. Devlieger1, L. Godderis1
	1KU Leuven, LEUVEN, Belgium; 2IARC, LYON, France; 3VITO, MOL, Belgium

	PO2.03.04Sex differences in neonatal DNA methylation of imprinted genes and executive functioning in early childhood
	S. Hill1, Y. Sheng2, S. Murphy3, S.K. Kollins3, C. Hoyo4, B. Fuemmeler2
	1University of North Carolina at Chapel Hill, CHAPEL HILL, United States of America; 2Virginia Commonwealth University, RICHMOND, United States of America; 3Duke University, DURHAM, United States of America; 4North Carolina State University, RALEIGH, Unit

	PO2.03.05Like father, like son: Investigating the molecular underpinnings by which environmental contaminants change sperm miRNA expression intergenerationally
	P.M. Herst1, M. Lessard1, P.L. Charest1, M. Vall&#x00E9;e2, A. Droit2, M. Dalvai1, J.L. Bailey1
	1Laval University, QUEBEC CITY, Canada; 2Laval University, Computational Biology Laboratory Research Centre, QUEBEC CITY, Canada

	PO2.03.06DNA methylation mediates the association of prenatal adversity with risk factors for metabolic disease
	E.W. Tobi1, R.C. Slieker2, R. Luijk2, K.F. Dekkers2, A.D. Stein3, K.M. Xu2, BIOS consortium2, P.E. Slagboom2, E.W. van Zwet2, L.H. Lumey4, B.T. Heijmans2
	1Wageningen University and Research, WAGENINGEN, The Netherlands; 2Leiden University Medical Center, LEIDEN, The Netherlands; 3Emory University, ATLANTA, United States of America; 4Columbia University Medical Center, NEW YORK, United States of America

	PO2.03.07Paternal diet may leave imprinting marks in sperm that persist in offspring: Results from the TIEGER study
	R.Z. Zoffoli1, G.M. Molenberghs2, T.P. Price3, S.K.M. Murphy4, C.H. Hoyo5, A.S. Soubry1
	1KU Leuven - Epidemiology Research Unit, Dep. of Public Health and Primary Care, LEUVEN, Belgium; 2KU Leuven - 2 I-�Biostat, Department of Public Health and Primary Care, LEUVEN, Belgium; 3Duke University - Dep. of Obstetrics and Gynecology, Endocrinology

	PO2.03.08The effect of peri-conceptional maternal folate on DNA methylation at the ZFP57 locus in Gambian offspring
	A.R. Carter
	MRC Integrative Epidemiology Unit, BRISTOL, United Kingdom

	PO2.03.09The response of the DNA methylome to maternal overnutrition in the brain of rat offspring in early life and adulthood
	W.C. de Vega, S. Abuaish, P.O. McGowan
	University of Toronto, TORONTO, Canada

	PO2.03.10Epigenetic markers of the intergenerational transmission of stress
	M.S. Tollenaar1, K.J. O&#x2019;Donnell2, R Beijers3, C De Weerth3
	1Leiden University, LEIDEN, The Netherlands; 2Douglas Mental Health University Institute, MONTREAL, Canada; 3Radboud University, NIJMEGEN, The Netherlands

	PO2.03.11Epigenetic signatures associated with prenatal socio-economic status
	M.Z.L. Kee1, P.F. Tan1, N. Proven&#x00E7;al2, M.L. Ong1, Y. Awaloff2, H. Chen3, Y.S. Chong1, P.D. Gluckman1, K.J. O&#x2019;Donnell4, E.B. Binder2, M.S. Kobor5, N. Karnani1, M.J. Meaney1
	1Singapore Institute for Clincal Sciences, A&#x002A;STAR, SINGAPORE, Singapore; 2Dept of Translational Research in Psychiatry, Max Planck Institute of Psychiatry, MUNICH, Germany; 3Department of Maternal Fetal Medicine, KK Hospital, SINGAPORE, Singapore; 

	PO2.03.12Comparison of Agilent SureSelectXT Human Methyl and Illumina HumanMethylation Infinium arrays
	P. Titcombe1, J.D. Holbrook2, R. Murray2, S.J. Barton3, N.T. Kitaba2, H.M. Inskip3, K.A. Lillycrop4, K.M. Godfrey5, M. Hanson6
	1MRC LEU &#x002F; University of Southampton, SOUTHAMPTON, United Kingdom; 2Human Development and Health Academic Unit, University of Southampton, SOUTHAMPTON, United Kingdom; 3Medical Research Council Lifecourse Epidemiology Unit, University of Southampto

	PO2.03.13Epigenetic mechanisms linking pre-conceptional nutrition and health assessed in India and Sub-Saharan Africa- the EMPHASIS study
	M. Betts1, M.J. Silver2, G.R. Chandak3, S.A. Sahariah4, A.M. Prentice2, C.H.D. Fall5
	1Queen Mary University of London, LONDON, United Kingdom; 2London School of Hygiene and Tropical Medicine, LONDON, United Kingdom; 3CSIR Centre for Cellular and Molecular Biology, HYDERABAD, India; 4Centre for the Study of Social Change, MUMBAI, India; 5M

	PO2.03.14Epigenetics of developmental conditions and later life ovarian function: A pilot study among British-Bangladeshis
	R. St&#x00F6;ger1, K. Begum2, R.D. Emes1, P. Melamed3, G.R. Bentley2
	1University of Nottingham, SUTTON BONINGTON, United Kingdom; 2Durham University, DURHAM, United Kingdom; 3Technion-Israel Institute of Technology, HAIFA, Israel

	PO2.03.15Homocysteine levels associate with subtle changes in leukocyte DNA methylation: an epigenome-wide analysis
	P.R. Mandaviya
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.03.16Epigenetics in early life: placental promoter methylation in DNA repair genes and prenatal exposure to particulate air pollution
	K.Y. Neven1, N.D. Saenen1, L. Tarantini2, B.G. Janssen1, V. Bollati2, T.S. Nawrot1
	1Universiteit Hasselt, DIEPENBEEK, Belgium; 2Universit&#x00E0; degli Studi di Milano, MILAN, Italy

	PO2.03.17DNA methylation analysis of neurodevelopmental disorders using disease-discordant monozygotic twins
	M. Craig, N. Mohandas, K. Crompton, S. Reid, J. Walstab, D. Amor, Y.J. Loke, S Bass-Stringer, D Reddihough
	Murdoch Childrens Research Institute, MELBOURNE, &!QJ;Australia

	PO2.03.18Neonatal patterns of DNA methylation differentiate between children who develop early-onset vs low conduct problems: Findings from a prospective, epidemiological birth-cohort
	C.A.M. Cecil1, E Walton2, ED Barker1
	1King&#x2019;s College London, LONDON, United Kingdom; 2Bristol University, LONDON, United Kingdom


	PO2.04�&#x2013; Pregnancy complications and prematurity
	PO2.04.01Adult pre-pregnancy weight change and risk of developing hypertensive disorders during pregnancy
	A. Adane, G. Mishra, L. Tooth
	The University of Queensland, BRISBANE, Australia

	PO2.04.02The value of the 24-hour proteinuria in evaluating the severity of preeclampsia and predicting its adverse maternal outcomes
	B. Li1, L. Lin1, Y. Zhu1, Y. Wei1, X. Li2, D. Chen3, X. Zhao4, S. Cui5, D.G. Ding6, D. Ding7, M.H. Meng8, H. Wei9, X. Sun10, H. Xin11, H. Yang1
	1Peking university first hospital, BEIJING, China; 2Obstetrics and Gynecology Hospital of Fudan University, SHANGHAI, China; 3The Third affiliated Hospital of Guangzhou Medical University, GUANGZHOU, China; 4The First Affiliated Hospital of Zhengzhou Univ

	PO2.04.03Maternal infections and preeclampsia: a systematic review of epidemiological literature
	A. Wajid1, N. Paneth2, M. Saeed2, M. Reeves2
	1University of Calgary, CALGARY, Canada; 2Michigan State University, EAST LANSING, United States of America

	PO2.04.04Low birth weight and prematurity trends from 2005 to 2014: experience from a public maternity hospital in Athens, Greece
	E. Sdona1, D.D. Briana2, E. Ragkou2, D. Papamichail3, T. Panagiotopoulos3, A. Malamitsi-Puchner2
	1Aretaieion hospital, University of Athens medical school, ATHENS, Greece; 2Department of Neonatology, National and Kapodistrian University of Athens, ATHENS, Greece; 3Department of Child Health, National School of Public Health, ATHENS, Greece

	PO2.04.05Z-score differences for assessment of growth based on cross-sectional growth charts do not reflect weight gain in preterm infants
	N. Rochow1, E. Landau-Crangle2, A. Alkhoraidly3, G. Fusch1, P. Muppidi1, W. G&#x00F6;pel4, C. Fusch5
	1McMaster University, HAMILTON, Canada; 2Queen&#x2019;s University, KINGSTON, ONTARIO, Canada; 3King Fahd University of Petroleum and Minerals, DHAHRAN, Saudi Arabia; 4University Hospital Schleswig-Holstein, L&#x00DC;BECK, Germany; 5Paracelsus Medical Uni

	PO2.04.06Child protection actions among children born preterm - the contribution of developmental disorders and intellectual disability
	S. Alenius1, E. Kajantie1, P. N&#x00E4;s&#x00E4;nen-Gilmore1, M. V&#x00E4;&#x00E4;r&#x00E4;sm&#x00E4;ki2, M. Gissler1, P. Hovi1
	1National Institute for Health and Welfare, HELSINKI, &!QJ;Finland; 2National Institute for Health an Welfare, OULU, Finland

	PO2.04.07First trimester bisphenol and phthalate urine concentrations, placental dysfynction, blood pressure patterns during pregnancy and risks of gestational hypertensive disorders
	E.M. Philips1, L. Trasande2, E.A.P. Steegers1, R. Gaillard1, V.W.V. Jaddoe1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2New York University School of Medicine, NEW YORK CITY, United States of America

	PO2.04.08Evaluation of the single or the combined impact of prematurity and IUGR on renal development in paired Twins
	A. Barbati, M.C. Aisa, B. Cappuccini, C. Grasselli, M.R. Zamarra, S. Troiani, G.C. Di Renzo
	Medical School University of Perugia, PERUGIA, Italy

	PO2.04.09On the consequences of adapting pregnancy to adverse environments: implications of ancestral placental malaria for pregnancy complications and cardiovascular disease
	S. Timpka
	Lund University, MALM&#x00D6;, Sweden

	PO2.04.10Role of maternal infections in the development of preeclampsia in Michigan USA
	A. Wajid1, D. Todem2, M. Schleiss3, D. Colombo4, N. Paneth2
	1University of Calgary, CALGARY, Canada; 2Michigan State University, EAST LANSING, United States of America; 3University of Minnesota, MINNEAPOLIS, United States of America; 4Spectrum Health, GRAND RAPIDS, United States of America

	PO2.04.11Morphometrical placental analysis of maternal hypertensive disorders of pregnancy in a Latin American population
	C.A. Grandi1, M.A. Barbieri2, L. Nascente2, R. Cavalli3, R. Marques2, V. Cardoso2
	1University of S&#x00E3;o Paulo, RIBEIR&#x00C3;O PRETO, S&#x00C3;O PAULO, Brazil; 2Department of Pediatrics. Ribeir&#x00E3;o Preto Medical School - University of S&#x00E3;o Paul, RIBEIR&#x00C3;O PRETO, S&#x00C3;O PAULO, Brazil; 3Department of Ginecology&#

	PO2.04.12Preeclampsia: Prevalence and perinatal repercussions in a University Hospital in Rio de Janeiro, Brazil
	J.L.A. Cunha, K.B. Rezende, R.G. Bornia, A.P.V.S. Esteves, J. Amim Junior
	Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

	PO2.04.13Postnatal growth of preterm infants &#x003C;32�weeks of gestation until 3 years of age
	K. Suzuki
	Tokai University, ISEHARA, Japan

	PO2.04.14Associations between dietary behavior and preterm birth in the Norwegian Fit for Delivery study - interaction with offspring gender
	E.R. Hillesund1, E. Bere1, L.R. Sagedal2, I. Vistad2, N.C. &#x00D8;verby1
	1University of Agder, GRIMSTAD, Norway; 2Sorlandet Hospital HF, KRISTIANSAND, Norway

	PO2.04.15Maternal exposure to alcohol and nicotine: Is there an effect on chronic disease development at 5-6 years?
	J.J.A. De Smidt1, H.J. Odendaal2, C.A. Groenewald2, H. Nolan2, C. du Plessis2, A. Oelofse1
	1University of the Western Cape, CAPE TOWN, South Africa; 2Stellenbosch University, CAPE TOWN, South Africa

	PO2.04.16Loss of intrinsic tone and impaired vasodilatative reaction in Aa. interlobares may contribute to prospective nephron damage in IUGR rats
	F. Lechner, L. Lubomirov, E. N&#x00FC;sken, G. Lippach, M. Wolfahrt, L.T. Weber, J. D&#x00F6;tsch, K.D. N&#x00FC;sken
	University hospital of cologne, COLOGNE, Germany


	PO2.05�&#x2013; Mental health and socio-economic factors
	PO2.05.01Emotional Status of non-Indigenous Australians from adolescence to young adulthood
	B. Davison, T. Nagel, G.R. Singh
	Menzies School of Health Research, CASUARINA, Australia

	PO2.05.02Association of Depression and Life Satisfaction with Low Resilience among married women of Karachi, Pakistan
	S.S. Bhamani, N. Zahid, I. Azam, N. Asad, R. Karmaliani, O. Pasha
	Aga Khan University, KARACHI, Pakistan

	PO2.05.03The associations of maternal mental health and stress in pregnancy with offspring wheezing and infections
	F. Rusconi1, L. Gagliargi2, E. Fanti3, E. Gori4, D. Porta5, M. Popovic6, L. Richiardi6, L. Ronfani7, S. Farchi5, A. Stazi8, F. Forastiere5
	1Meyer University Hospital, Florence, Italy, FLORENCE, Italy; 2Ospedale Versilia, VIAREGGIO, Italy; 3Regional Health Agency, FLORENCE, Italy; 4Meyer University Hospital, FLORENCE, Italy; 5Lazio Regional Health Service, ROME, Italy; 6University of Turin, T

	PO2.05.04Adversity in childhood and maternal depression in pregnancy
	A. Wajid1, A. Biringer2, M. Austi3, L. Vermeyden1, D. Kingston1
	1University of Calgary, CALGARY, Canada; 2University of Toronto, TORONTO, Canada; 3University of New South Wales, SYDNEY, Australia

	PO2.05.05Through the voice of children: narratives of third generation survivors of maternal death on the Arabian Peninsula
	A. Kempe1, S.A. Taher2, R. Alsaaidi3, F. Al-Baydhani4, F.N.A. Alwazer5
	1Karolinska Institutet, STOCKHOLM, Sweden; 2Ministry of Public Health &#x0026; Population (MoPH&#x0026;P), SANA&#x2019;A, Yemen; 3Swedish-Yemeni Friendship Association, STOCKHOLM, Sweden; 4Idanoot Foundation for Folklore, SANA&#x2019;A, Yemen; 5National Y

	PO2.05.06Socioeconomic inequalities in psychosocial problems &!QJ;in young children: mediation analysis of maternal depressive symptoms during pregnancy, infancy and early childhood
	S.A.A. de Laat1, A.C. Huizink2, M. Hof3, T.G.M. Vrijkotte1
	1Academic Medical Centre, AMSTERDAM, The Netherlands; 2Department of Clinical, Neuro- &#x0026; Developmental Psychology, Vrije Universiteit, AMSTERDAM, The Netherlands; 3Department of Clinical Epidemiology, Biostatistics and Bioinformatics, AMC, AMSTERDAM

	PO2.05.07Maternal employment, parental socioeconomic status, and the risk of adverse pregnancy outcomes
	F. Sata
	Chuo University, TOKYO, Japan

	PO2.05.08Perceptions of pregnancy preparation in socioeconomically vulnerable women: a qualitative study
	M.K. Sijpkens, H. Ismaili M&#x2019;hamdi, I.D. de Beaufort, A.N. Rosman, E.A.P. Steegers
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.05.09Beyond early adversity: Parenting predicts infant health in a community sample
	J.A. Stern1, R. Beijers2, K.B. Ehrlich3, J. Cassidy1, &!QJ;C. de Weerth2
	1University of Maryland, COLLEGE PARK, &!QJ;United States of America; 2Radboud University, NIJMEGEN, The Netherlands; 3University of Georgia, ATHENS, United States of America

	PO2.05.10A structured approach to compare different theoretical models in the context of childhood adversity and depressive symptoms
	L.C. Houtepen, M.J. Suderman, J. Heron, K. Tilling, L.D. Howe
	University of Bristol, BRISTOL, United Kingdom

	PO2.05.11The association between prenatal alcohol exposure and offspring mental health
	K. Easey, M.R. Munaf&#x00F2;, N. Timpson
	University of Bristol, AVON, United Kingdom

	PO2.05.12Impact of parental cancer on intellectual performance, stress resilience, and physical fitness in late adolescence among boys
	R. Chen1, K. Fall2, K. Czene1, B. Kennedy2, U. Valdimarsd&#x00F3;ttir3, F. Fang1
	1Karolinska Institutet, STOCKHOLM, Sweden; 2School of Medical Sciences, &#x00D6;rebro University, &#x00D6;REBRO, Sweden; 3Faculty of Medicine, University of Iceland, REYKJAV&#x00CD;K, Iceland

	PO2.05.13Maternal prenatal anxiety and stress is associated with children&#x2019;s health: a longitudinal study
	M.A.C. Zijlmans, R. Beijers, M.J. Riksen-Walraven, C. de Weerth
	Radboud University &#x002F; Behavioural Science Institute, NIJMEGEN, The Netherlands

	PO2.05.14Trajectories of maternal anxiety and child development at three years
	M.K. Mughal1, R. Giallo2, K. Benzies1, K.B. Bright1, P. Harvalik1, H. Kehler1, S. McDonald3, D. Kingston1
	1University of Calgary, CALGARY, Canada; 2Murdoch Childrens Research Institute, VICTORIA, Australia; 3Alberta Health Services, CALGARY, Canada

	PO2.05.15First trimester antenatal depression and anxiety: prevalence and associated factors in an urban population in Soweto, South Africa
	S.E. Redinger1, S.A. Norris1, R.M. Pearson2, L.M. Richter1, T.J. Rochat3
	1University of Witwatersrand, JOHANNESBURG, South Africa; 2Bristol University, BRISTOL, United Kingdom; 3Human Sciences Research Council, DURBAN, South Africa


	PO2.06�&#x2013; Environmental exposures
	PO2.06.01Mechanisms of childhood cadmium toxicity
	A. Malin Igra1, R. Raqib2, M. Vahter1, M. Kippler1
	1Karolinska Institutet, STOCKHOLM, Sweden; 2International Centre for Diarrhoeal Disease Research, Bangladesh, DHAKA, Bangladesh

	PO2.06.02Puberty onset in children environmentally exposed to organochlorine compounds
	L. Palkovicova Murinova1, T. Trnovec1, S. Wimmerova1, V. Kostiakova1, D. Richterova1, B. Drobna1, D. Jureckova2, I. Hertz-Picciotto3
	1Slovak Medical University, BRATISLAVA, Slovak Republic; 2The Stefan Kukura Hospital and Policlinic, MICHALOVCE, Slovak Republic; 3University of California Davis, DAVIS, United States of America

	PO2.06.03Prenatal acrylamide exposure, birth outcomes and IGF2, and interaction with single nucleotide polymorphisms in acrylamide-metabolizing genes
	J.G.F. Hogervorst, T.S. Nawrot
	Hasselt University, DIEPENBEEK, Belgium

	PO2.06.04The outdoor exposome and birth weight association in the HELIX cohort
	L. Agier1, M. Nieuwenhuijsen2, X. Basaga&#x00F1;a2, J. Urquiza2, I. Tamayo Uria2, L. Giorgis-Allemand1, O. Robinson3, L. Maitre2, M. de Castro2, G.M. Aasvang4, L. Chatzi5, R. Grazuleviciene6, J. Wright7, M. Vrijheid2, R. Slama1
	1INSERM, LA TRONCHE, France; 2ISGlobal, BARCELONA, Spain; 3Imperial College London, LONDON, United Kingdom; 4Norwegian Institute of Public Health, OSLO, Norway; 5University of Crete, HERAKLION, Greece; 6Vytauto Did&#x017E;iojo Universitetas, KAUNAS, Lithu

	PO2.06.05Prenatal exposure to perfluoroalkyl substances and birth outcomes in a Spanish birth cohort: assessing confounding by maternal glomerular filtration rate
	C.B. Manzano-Salgado1, M. Casas1, M.J. Lopez-Espinosa2, F. Ballester2, C. Iniguez2, D. Martinez1, L. Santa-Marina3, E. Pereda4, H. Begiristain3, T. Schettgen5, J. Sunyer1, M. Vrijheid1
	1ISGlobal, BARCELONA, Spain; 2Epidemiology and Environmental Health Joint Research Unit, FISABIO-Universitat, VALENCIA, Spain; 3Public Health Department of Gipuzkoa, SAN SEBASTIAN, Spain; 4Facultad de Psicolog&#x00ED;a, Universidad del Pa&#x00ED;s, Vasco-

	PO2.06.06Exposure to ambient air pollution predicts telomere length in 8-year old children
	D. Clemente Batalha Pardal1, M. Vrijheid2, D.S. Martens3, L. Chatzi4, M. Cirach1, A. Danileviciute5, R. Grazuleviciene5, L. Maitre1, R.R.C. McEachan6, H. Meltzer7, I. Tamayo1, C. Thomsen7, M. Vafeiadi4, J. Wright6, R. Slama8, M. Nieuwenhuijsen1, T.S. Nawr
	1ISGlobal, BARCELONA, Spain; 2ISGlobal (CREAL), BARCELONA, Spain; 3Hasselt University, DIEPENBEEK, Belgium; 4University of Crete, CRETE, Greece; 5Vytauto Didziojo Universitetas, KAUNAS, Lithuania; 6Bradford Institute for Health Research, BRADFORD, United 

	PO2.06.07Temporal and spatial variability of personal exposure to radio frequency electromagnetic fields in children in Europe
	L. Birks1, M. Eeftens2, B. Struchen2, F. Ballester3, M. Fernandez4, P. Gajsek5, M. Gallastegi6, L. Gonz&#x00E1;lez7, A. Jim&#x00E9;nez-Zabala6, L. Kheifets8, I.K. Meder9, J. Olsen9, M. Torrent10, B. Valic5, L. van Wel11, R. Vermeulen11, T. Vrijkotte12, E
	1ISGlobal Center for Research in Environmental Epidemiology, BARCELONA, Spain; 2Department of Epidemiology and Public Health, Swiss Tropical and Public Health, BASEL, Switzerland; 3Spanish Consortium for Research on Epidemiology and Public Health (CIBERES

	PO2.06.08Prenatal particulate air pollution exposure and cord blood homocysteine in newborns; results from the ENVIRONAGE birth cohort
	J.G.F. Hogervorst1, N. Madhloum1, N.D. Saenen1, B.G. Janssen1, W. Gyselaers2, J. Penders3, C. Vanpoucke4, W. Lefebvre5, I. De Vivo6, K. Vrijens1, T.S. Nawrot1
	1Hasselt University, DIEPENBEEK, Belgium; 2Department of Obstetrics, East-Limburg Hospital, GENK, Belgium; 3Laboratory of Clinical Biology, East-Limburg Hospital, GENK, Belgium; 4Belgian Interregional Environment Agency, BRUSSELS, Belgium; 5Flemish Instit

	PO2.06.09Prenatal exposure to perfluoroalkyl and polyfluoroalkyl substances affects leukocyte telomere length in female newborns
	D. Chen
	MOE-Shanghai Key Laboratory of Children&#x2019;s Environmental Health, Xinhua Hospital, SHANGHAI, China

	PO2.06.10Socioeconomic and dietary predictors of BPA, paraben and benzophenone blood levels in a subcohort of EPIC-Spain
	A. Irizar1, A. Molinuevo2, J. Ibarluzea3, F.V. Vela-Soria4, L.M. Iribarne4, M.D. Chirlaque5, E. Ardanaz6, M.J. Sanchez4, P. Amiano7, N. Larra&#x00F1;aga7
	1Biodonostia, SAN SEBASTIAN, Spain; 2CIBER Epidemiology and Public Health, MADRID, Spain; 3Public Health Division of Gipuzkoa; CIBER Epidemiology and Health Public, MADRID, Spain; 4Inst. Investigacion Biosanitaria,Granada; CIBER Epidemiology and Public He

	PO2.06.11Fine particulate air pollution exposure and maternal oxidative stress during pregnancy: the IPANEMA cohort
	J.D. Verheyen1, N. Lambrechts2, L. Van den Eeden3, Y. Jacquemyn4, S. Remy5, G. Schoeters6
	1Flemish Institute for Technological Research (VITO)&#x002F;University of Antwerp, MOL, Belgium; 2VITO, MOL, Belgium; 3University of Antwerp&#x002F;Thomas More University College, ANTWERP, Belgium; 4Antwerp University Hospital&#x002F;University of Antwerp

	PO2.06.12Newborn sex-specific transcriptome signatures and gestational exposure to fine particles: findings from the ENVIRONAGE birth cohort
	E.W. Winckelmans1, K. Vrijens1, M. Tsamou1, B.G. Janssen1, N.D. Saenen1, H.A. Roels1, J. Kleinjans2, W. Lefebvre3, C. Vanpoucke4, T.M. de Kok2, T.S. Nawrot1
	1Hasselt University, DIEPENBEEK, Belgium; 2Maastricht University, MAASTRICHT, The Netherlands; 3Flemish Institute for Technical Research, MOL, Belgium; 4Belgian Interregional Environment Agency, BRUSSELS, Belgium

	PO2.06.13Nickel boride nanoparticle toxicity and microarray analysis on human pulmonary alveolar cells
	M.E. ARSLAN
	Erzurum Technical University, ERZURUM, Turkey

	PO2.06.14Aflatoxin exposure is correlated with child stunting while distance between water and sanitation infrastructure is correlated with child enteric dysfunction
	L.E. Voth-Gaeddert, D.B. Oerther
	University of Missouri, ROLLA, United States of America

	PO2.06.15The influence of park features on park satisfaction and park use in a multi-ethnic deprived urban area
	H. Roberts1, I. Kellar1, M. Conner1, C. Gidlow2, B. Kelly3, M. Nieuwenhuijsen4, R. McEachan3
	1 University of Leeds, LEEDS, United Kingdom; 2 Staffordshire University, STOKE-ON-TRENT, United Kingdom; 3 Bradford Institute for Health Research, BRADFORD, United Kingdom; 4 Centre for Research in Environmental Epidemiology (CREAL), BARCELONA, Spain


	PO2.07�&#x2013; Neurodevelopment &#x2013; Pregnancy and growth
	PO2.07.01Influence of intrauterine growth restriction and preterm birth on motor performance in childhood: evidence from a cohort study
	P.R.H. Rocha1, H. Bettiol1, A. Ferraro2, M.A. Barbieri1, V. Cardoso1, M.C. Saraiva3
	1Ribeir&#x00E3;o Preto Medical School - University of S&#x00E3;o Paulo, RIBEIR&#x00C3;O PRETO, Brazil; 2Medical School - University of S&#x00E3;o Paulo, S&#x00C3;O PAULO, Brazil; 3School of Dentistry of Ribeir&#x00E3;o Preto, RIBEIR&#x00C3;O PRETO, Brazil

	PO2.07.02Fetal growth and cognitive development in the Born in Bradford (BiB) cohort
	T. Norris1, W.O. Johnson2, E. Petherick2, J. Wright3, E.S. Draper1, P.N. Baker1
	1University of Leicester, LEICESTER, United Kingdom; 2Loughborough University, LEICESTERSHIRE, United Kingdom; 3Bradford Institute for Health Research, BRADFORD, United Kingdom

	PO2.07.03The association of maternal thyroperoxidase antibodies during pregnancy with offspring IQ and brain morphology
	A. Derakhshan1, H. Tiemeier1, P.N. Taylor2, D. Levie3, M. Guxens3, S.M. Nelson4, R. Peeters1, T.I.M. Korevaar1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2School of Medicine, Cardiff University, CARDIFF, United Kingdom; 3ISGlobal, Centre for Research in Environmental Epidemiology (CREAL), BARCELONA, Spain; 4School of Medicine, University of Glasgow, GLASGOW, United 

	PO2.07.04Key neurocognitive domains in adults born preterm
	J. Suikkanen1, S. Miettola1, K. Heinonen2, M. V&#x00E4;&#x00E4;r&#x00E4;sm&#x00E4;ki1, M. Tikanm&#x00E4;ki1, M. Sipola-Lepp&#x00E4;nen1, H. Matinolli1, M.R. J&#x00E4;rvelin3, K. R&#x00E4;ikk&#x00F6;nen2, P. Hovi1, E. Kajantie1
	1National Institute for Health and Welfare, HELSINKI, Finland; 2Department of Psychology and Logopedics, University of Helsinki, HELSINKI, Finland; 3Faculty of Medicine, School of Public Health, Imperial College London, LONDON, United Kingdom

	PO2.07.05Assessing causality in the association between maternal pre-pregnancy obesity and child neurodevelopment: observational and mendelian randomization analyses
	M. Casas1, S. Alemany1, D. Mart&#x00ED;nez1, M. Bustamante1, D. Lawlor2, M. Vrijheid1
	1Barcelona Institute for Global Health (ISGlobal), BARCELONA, Spain; 2University of Bristol, BRISTOL, United Kingdom

	PO2.07.06Seasonality of maternal plasma tryptophan levels in early pregnancy: Implications for fetal brain development
	D. Levitan1, M. Sqapi2, D. Bocking3, N. Young4, E. Murphy3, G. Matthews5
	1University of Toronto, CAMH, TORONTO, Canada; 2University of Toronto, TORONTO, Canada; 3Lunenfeld-Tanenbaum Research Institute, Mt. Sinai Hospital, TORONTO, Canada; 4McGill University, MONTREAL, Canada; 5University of Toronto, Department of Physiology, T

	PO2.07.07Birth weight, gestational age and cognitive functions over the life-course in the Generation Scotland subsample of the Aberdeen Children of the 1950s
	D.C. Chapko, C.B. Black, A.D.M. Murray
	University of Aberdeen, ABERDEEN, United Kingdom

	PO2.07.08Early postnatal growth and neurodevelopmental outcome in individuals born with moderately low birth weight: a systematic review
	M. Taine1, M.A. Charles1, J. Beltrand2, J.C. Roz&#x00E9;3, J. L&#x00E9;ger4, J. Botton1, B. Heude1
	1Inserm umr1153, VILLEJUIF, France; 2Department of Paediatric endocrinology, Necker Enfants Malades Hospital, PARIS, France; 3Department of Paediatric Medicine, Nantes University Hospital, NANTES, France; 4Department of Paediatric endocrinology, Robert De

	PO2.07.09Perinatal risk factors associated with visual processing dysfunctions at 1 y of age in children born between 26-32 weeks
	M.J.G. Kooiker, J.J.M. Pel, I.K.M. Reiss, J. van der Steen
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.07.10Helicobacter pylori infection and childhood neurodevelopment, the Rhea birth cohort in Crete, Greece
	M. Karachaliou1, L. Chatzi1, A. Michel2, A. Kyriklaki1, M. Kampouri1, K. Koutra1, T. Roumeliotaki1, G. Chalkiadaki1, E. Stiakaki3, M. Pawlita2, T. Waterboer2, M. Kogevinas4, S. Sanjose5, D. Ierodiakonou1
	1University of Crete, HERAKLION, Greece; 2Molecular Diagnostics of Oncogenic Infections Division, Infection, Inflammation, HEIDELBERG, Germany; 3Department of Pediatric Hematology-Oncology University of Crete, University Hos, HERAKLION, Greece; 4ISGlobal,

	PO2.07.11Assessing The Impact of Growth Trajectory of Very Low Birth Weight Infants on Executive Functions at 11 Years of Age
	S. Vivas, A. Dinerstein, C. Solana, N. Aspres, M. Casale, G. Granovsky, R. Conti, M.L. Cuneo Libarona, I. Schapira
	Hospital Materno Infantil R. Sarda, CIUDAD AUT&#x00D3;NOMA DE BUENOS AIRES, Argentina

	PO2.07.12Using phase contrast X-�ray computed tomography imaging for valproic acid rat model of autistic brain
	T.T. Lwin1, A. Yoneyama1, T.T. Win Shwe2, H. Watanabe2, M. Imai1, H. Maruyama1, K. Hyodo3, T. Takeda1
	1KItasato University, KANAGAWA, Japan; 2National Institute for Environmental Studies, TSUKUBA, Japan; 3High Energy Accelerator Research Organization, TSUKUBA, Japan

	PO2.07.13Vaccine-preventable childhood disease and adult educational attainment - Evidence from the 1967 measles eradication campaign in the United States
	M. Olkkola1, P. Barteska2, S. Dobkowitz3, M. Rieser4
	1Aalto University, HELSINKI, Finland; 2Universitat Pompeu Fabra, BARCELONA, Spain; 3Bonn Graduate School of Economics, BONN, Germany; 4University of Basel, BASEL, Switzerland

	PO2.07.14Exploring disorganized attachment: unravelling outcomes and mechanisms&#x002F;pathways using data mining
	S. Reijman1, R.C.A. Rippe2, R. Duschinsky1, A. Tharner3, M.P.C.M. Luijk3, H. Tiemeier4, M.J. Bakermans-Kranenburg2, M.H. van IJzendoorn2
	1University of Cambridge, CAMBRIDGE, United Kingdom; 2Centre for Child and Family Studies, Leiden University, LEIDEN, The Netherlands; 3Dep. of Psychology, Education and Child Studies, Erasmus University Rotterdam, ROTTERDAM, The Netherlands; 4Dep. of Chi

	PO2.07.15Alteration of social behavior and glutamic acid decarboxylase level in the valproic acid-induced autism rat model
	T.T. Win-Shwe1, M. Imai2, N.C. Nway3, T.T. Lwin2, O. Mar3, H. Maruyama2, F. Kawakami2, H. Watanabe1
	1National Institute for Environmental Studies, TSUKUBA, Japan; 2Graduate School of Medical Sciences, Kitasato University, SAGAMIHARA, Japan; 3University of Medicine 1, YANGON, Myanmar (Burma)

	PO2.07.16Understanding mechanistic effects of early life exposures on neurodevelopment: Role of brain structural functional connectivity in DOHaD studies
	V. Behere1, G. Deshpande2, C.S. Yajnik1
	1KEM hospital research center, PUNE, India; 2Auburn University, ALABAMA, United States of America

	PO2.07.17Dietary Inflammatory Index of mothers during pregnancy and ADHD symptoms in the child at preschool age: INMA and RHEA cohorts
	N. Lertxundi1, A. Molinuevo2, A. Gorostiaga1, N. Balluerka1, D. Valvi3, J. Ibarluzea2
	1UPV&#x002F;EHU University of the Basque Country, DONOSTIA&#x002F;SAN SEBASTIAN, Spain; 2Public Health Division of Gipuzkoa, DONOSTIA-SAN SEBASTIAN, Spain; 3Department of Environmental Health, Harvard T.H. Chan School of Public Health, BOSTON, United Stat


	PO2.08�&#x2013; Nutrition &#x2013; Growth and cardiovascular health
	PO2.08.01Nutritional intervention in early life influences by sex the growth velocity during the first 18�months of age
	S. Sep&#x00FA;lveda-Valbuena1, A. Nieto-Ruiz1, F. Herrmann1, M.T. Miranda2, M. Rodr&#x00ED;guez-Palmero3, J. Jim&#x00E9;nez3, C. Campoy1
	1EURISTIKOS Excellence Centre for Paediatric Research, GRANADA, Spain; 2Department of Biostatistics, School of Medicine, University of Granada, GRANADA, Spain; 3Ordesa Laboratories, S.L., BARCELONA, Spain

	PO2.08.03Maternal high-fat diet�alleviates detrimental impact of early life stress
	M. Darnaudery1, M. Rincel2, A.L. Lepinay2, V.S. Th&#x00E9;odorou3, S. Lay&#x00E9;2
	1University Bordeaux, BORDEAUX TEL: 33(0), France; 2Universit&#x00E9; de Bordeaux, Nutrition et Neurobiologie Int&#x00E9;gr&#x00E9;e, UMR1286, BORDEAUX, France; 3INRA, Toxalim, UMR1331, TOULOUSE, France

	PO2.08.04Maternal protein restriction increases duodenal enteroendocrine cells in young rats
	M. Ndjim1, R. Meriaux2, L. Falcon2, J.P. Segain2, S. Remy3, L. Tesson3, G. Le Drean2
	1INRA, NANTES CEDEX 1, France; 2INRA UMR 1280, NANTES, France; 3INSERM UMR 1064, NANTES, France

	PO2.08.05Pre-pregnancy dietary patterns and associations with socio-demographic characteristics, maternal gestational weight gain and infant birthweight
	M. Jarman1, N. Mathe1, M. Pakseresht1, P.J. Robson2, S. Johnson3, R.C. Bell1
	1University of Alberta, EDMONTON, Canada; 2Alberta Health Services, EDMONTON, Canada; 3University of Athabasca, EDMONTON, Canada

	PO2.08.06Early D-�cysteine or L-�cysteine supplementation prevents later-life hypertension and kidney damage in spontaneously hypertensive rats exposed to high-salt intake
	Y. Tain, C. Hsu
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan

	PO2.08.07Maternal factors associated with antenatal breastfeeding self-efficacy and infant feeding outcomes at 6�weeks postpartum
	E.J. O&#x2019;Sullivan1, G. Alberdi1, H. Scully1, D. McGuinness2, M. Brosnan2, F. McAuliffe1
	1University College Dublin, DUBLIN, Ireland; 2The National Maternity Hospital, DUBLIN 2, Ireland

	PO2.08.08Effect of maternal low quality protein diet on plasma biochemical parameters in adult male and female offspring
	A. Kabasakal &#x00C7;etin1, A. G&#x00FC;le&#x00E7;2, I. Onbasilar3, A. Akyol Mutlu2
	1Hacettepe University, ANKARA, Turkey; 2Hacettepe &!QJ;University Department of Nutrition and Dietetics, ANKARA, Turkey; 3Hacettepe University Transgenic Animal Technology Research Center, ANKARA, Turkey

	PO2.08.09Inadequate Dietary Intake during Complementary Feeding at 12 and 18 Months of Age: PREOBE study
	M. Garc&#x00ED;a-Ricobaraza1, E. Parejo-Laudicina1, L. Ladino2, M.T. Segura Moreno1, M. Garc&#x00ED;a-Bermudez1, M. Escudero-Mar&#x00ED;n1, C. Campoy Folgoso1
	1Excellence Centre for Paedriatic Research, GRANADA, Spain; 2Institute of Research in Nutrition, Genetics and Metabolism (IINGM)El Bosque Uni, BOGOT&#x00C1;, Colombia

	PO2.08.10Effects of maternal coconut oil supplementation during lactation upon their male rat offspring
	E.G. de Moura, F.T. Quitete, P.C. Lisboa, E. Oliveira
	State University of Rio de Janeiro, RIO DE JANEIRO, Brazil

	PO2.08.11The nutrition transition in the rural and urban Free State province, South Africa
	C.M. Walsh
	University of the Free State, BLOEMFONTEIN, South Africa

	PO2.08.12Assessment and determinants of compliance to vitamin supplementation in the Pune Rural Intervention in Young Adolescents (PRIYA) trial
	D.P. Suryawanshi1, A. Shidore1, R. Ladkat1, P. Yajnik1, A. Bhalerao1, S. Chougule1, T. Deokar2, V. Solat1, J. Kalokhe1, M. Raut1, M. Gaikwad1, R. Dendge1, S. Bagate1, S. Jagtap2, C.H.D. Fall3, C.S. Yajnik1
	1King Edward Memorial Hospital &#x0026; Research Centre, PUNE, India; 2K.E.M Hospital and Research Centre, PUNE, India; 3MRC Environmental Epidemiology Unit, University of Southampton, SOUTHAMPTON, United Kingdom

	PO2.08.13Barriers and facilitators to fruit and vegetable consumption among rural Indian women of reproductive age
	S.H. Kehoe1, V. Dhurde2, S. Bhaise2, R. Kale2, K. Kumaran1, A. Gelli3, R. Rengalakshmi4, S. Sahariah2, H. Sane2, R.D. Potdar2, C.H.D. Fall1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2Centre for Study of Social Change, MUMBAI, India; 3International Food Policy Research Institute, WASHINGTON DC, United States of America; 4MS Swaminathan Research Foundation, CHENNAI, India

	PO2.08.14Mixed environmental exposures and early childhood nutrition status among children in Bangladesh and rural New Hampshire
	K.M. Gleason1, L. Valeri1, A.H. Shankar1, M.O. Sharif Ibne Hasan2, Q. Quamruzzaman2, D. Christiani1, R.O. Wright3, D.C. Bellinger1, M.R. Karagas4, M. Mazumdar1
	1Harvard T.H. Chan School of Public Health, BOSTON, United States of America; 2Dhaka Community Hospital, DHAKA, Bangladesh; 3Mt. Sinai School of Medicine, NEW YORK, United States of America; 4Geisel School of Medicine, Dartmouth College, HANOVER, United S

	PO2.08.15Understanding the role of cell cycle in the fetal programming response to undernutrition
	N. Ertugrul Bilgili, S.C. Langley-Evans, S.J.M. Welham
	Division of Nutritional Science, School of Biosciences, University of Nottingham, NOTTINGHAM, United Kingdom

	PO2.08.16Maternal omega-3 supplementation and endotoxin challenge in late gestation and their effects on piglet health
	A.V. Lee, L. You, S. Oh, R.E. Fisher-Heffernan, C.F.M. de Lange, N.A. Karrow
	University of Guelph, GUELPH, Canada

	PO2.08.17Maternal dietary patterns and associations of having a small-for-gestational-age or a large-for-gestational-age baby
	M.D. Englund &#x00D6;gge1, A.E. Brantsaeter2, J. Juodakis1, M. Haugen2, H. Meltzer2, B. Jacobsson1, V. Sengpiel3
	1&#x00D6;stra Hospital, G&#x00D6;TEBORG, Sweden; 2Norwegian Institute of Public Health, OSLO, Norway; 3&#x00D6;stra Hosptial, G&#x00D6;TEBORG, Sweden


	PO2.09�&#x2013; Embryonic, fetal and placental health
	PO2.09.01First trimester embryonic posture using 4D ultrasonography and Virtual Reality: a pilot study
	A. Frudiger1, M. Rousian1, A.G.M.G.J Mulders1, S.C.N. Plasschaert1, A.H.J. Koning1, S.P. Willemsen1, R.P.M. Steegers - Theunissen1, J.I.P. de Vries2, E.A.P. Steegers1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2VU University Medical Center, AMSTERDAM, The Netherlands

	PO2.09.02Fetal fractional thigh volume: a 3D-ultrasound marker of neonatal adiposity
	J.A. Roelants1, M.J. Vermeulen1, I.V. Koning1, I.A.L. Groenenberg2, S.P. Willemsen2, A.C. Hokken - Koelega1, K.F.M. Joosten1, I.K.M. Reiss1, R.P.M. Steegers - Theunissen2
	1Erasmus MC Sophia Children&#x2019;s Hospital, ROTTERDAM, The Netherlands; 2Erasmus MC, ROTTERDAM, The Netherlands

	PO2.09.03Prenatal salivary hormone levels and the risk of small-for-gestational age
	K. Svensson1, A.C. Just1, A. Fleisch2, A. Sanders1, M. Tamayo y Ortiz3, A.A. Baccarelli4, R.J.W. Wright1, M.M. Tellez-Rojo5, R.O. Wright1, H.H. Burris6
	1Icahn School of Medicine at Mount Sinai, NEW YORK, United States of America; 2Maine Medical Center Research Institute, PORTLAND, United States of America; 3CONACyT, National Institute of Public Health, CUERNAVACA, Mexico; 4Mailman School of Public Health

	PO2.09.04The association of maternal age with fetal growth and newborn measures: the Mumbai Maternal Nutrition Project (MMNP)
	C. di Gravio
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO2.09.05Antenatal fetal size, birth weight and maternal deprivation - not so straight forward after all?
	S.W. Turner, L.A. Aucott
	University of Aberdeen, ABERDEEN, United Kingdom

	PO2.09.06Maternal PlGF is positively correlated to cord blood leptin concentrations in infants born small-for-gestational-age
	Z.C. Luo1, H. He2
	1Xin Hua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, SHANGHAI, China; 2Shanghai Jiao Tong University, Xin Hua Hospital, Shanghai, China, SHANGHAI, China

	PO2.09.07Gender-specific differences in the association between first-trimester HbA1c and placental volume
	J. Goletzke, M. Pagenkemper, F. Stahl, F. R&#x00FC;ber, A. Sirico, H. Becher, K. Hecher, A. Diemert, P. Arck
	University Medical Center Hamburg Eppendorf, HAMBURG, Germany

	PO2.09.08Sex-specific changes in placental glucocorticoid barrier at term after a single course of antenatal betamethasone in preterm pregnancies
	F. Braun1, A.K. Gramzow1, L. Ehrlich1, A. Husar1, D. M. Sloboda2, W. Henrich1, A. Plagemann1, T. Braun1
	1Charit&#x00E9;, BERLIN, Germany; 2McMaster University, MCMASTER UNIVERSITY, HAMILTON, Canada

	PO2.09.09Occupational exposure to cosmetics is associated with excessive fetal growth and preterm birth. Results from the Elfe and Epipage2 cohorts
	M.A. Charles
	Inserm, VILLEJUIF, France

	PO2.09.10Assessment of embryonic growth using 3D ultrasound and virtual reality in a population based prospective cohort study
	J.S. Erkamp, L. Duijts, E.A.P. Steegers, A.H.J. Koning, I.K.M. Reiss, V.W.V. Jaddoe
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.09.11The effects of glucocorticoid exposure on the preimplantation human embryo
	S.P. Petropoulos1, A.B. Bjorklund2, S.G. Giacomello2, F.L. Lanner1
	1Karolinska Institutet, HUDDINGE, Sweden; 2National Bioinformatics Infrastructure Sweden, Science for Life Laboratory, UPPSALA, Sweden

	PO2.09.12Measurement of pulmonary vascular volume using virtual reality three-dimensional ultrasound in fetus with an increased risk of chronic lung disease
	N.C.J. Peters, A.J. Eggink, A.H. Koning, D. Tibboel, T.E. Cohen-Overbeek
	Erasmus MC, ROTTERDAM, The Netherlands

	PO2.09.13Intrauterine growth restriction alters gene expression in white adipose tissue in aged female mice
	D.J. Dijkstra1, V. Stojanovska1, N. Sharma2, S.A. Scherjon1, H. Schorle2, T. Pl&#x00F6;sch1
	1University Medical Center Groningen, GRONINGEN, The Netherlands; 2Institute of Pathology, University of Bonn, BONN, Germany

	PO2.09.14The different response of male and female fetuses to Vibratory Acoustic Stimulation test
	T.S.D. Seyed Danesh1, V.S. Shafti2
	1Islamic Azad University, Qom Branch, RASHT, Iran; 2Tonekabon University of Medical Sciences, TONEKABON, Iran

	PO2.09.15Maternal high-fat diet programs sex-specific alterations of the endocannabinoid system and antioxidant activity in liver of adult rats
	I.H. Trevenzoli, R.A. Miranda, M.M. Almeida, C.P. Dias-Rocha, L.L. Souza, A.F.P. Souza, R.S. Fortunato, C.C. Pazos-Moura
	Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

	PO2.09.16Sex-specific alterations in materno-fetal endocrinological&#x002F; metabolic state after a single course of BET
	A.K. Gramzow1, F. Braun1, L. Ehrlich1, A. Husar1, D. M. Sloboda2, W. Henrich1, A. Plagemann1, T. Braun1
	1Charit&#x00E9; University Berlin, BERLIN, Germany; 2McMaster University, HAMILTON, Canada

	PO2.09.17Sex-specific associations between parental factors and fetal growth and body proportions from mid pregnancy until birth; a multi-ethnic cohort study
	L.S. Sletner1, M.A. Hanson2, A.K. Jenum3
	1Akershus University Hospital, L&#x00D8;RENSKOG, Norway; 2University of Southampton, Institute of Developmental Sciences, SOUTHAMPTON, United Kingdom; 3University of Oslo, Dept. of General Practice, Institute of Health and Society, OSLO, Norway


	PO2.10�&#x2013; Endocrine health
	PO2.10.01Genome-wide association meta-analysis identifies eight novel loci influencing the 2D:4D digit ratio, a presumptive marker of prenatal androgen exposure
	E.S. Shevroja1, N.M. Warrington2, G. Hemani3, P.G. Hysi4, M. Mangino4, G. McMahon3, M. Hickey5, D. Wolke6, A. Ikram1, G.W. Montgomery7, M.J. Wright7, D.A. Mackey8, N.G. Martin9, V.W.V. Jaddoe1, G. Davey Smith3, C.E. Pennell9, T.D. Spector4, S.E. Medland9,
	1Erasmus MC, ROTTERDAM, The Netherlands; 2The University of Queensland, QUEENSLAND, Australia; 3University of Bristol, BRISTOL, United Kingdom; 4Department of Twin Research and Genetic Epidemiology, King&#x2019;s College London, LONDON, United Kingdom; 5D

	PO2.10.02Early-life stress permanently alters the adult neuro-immune phenotype within the HPA axis in female Japanese quail
	D.J. Walker1, C. Zimmer2, S.D. Healy1, K.A. Spencer1
	1University of St Andrews, ST ANDREWS, United Kingdom; 2Cornell University, ITHACA, NY, United States of America

	PO2.10.03Cortisol in fingernails and hair: a predictor of chronic stress in young Australian Indigenous and non-Indigenous adults (pilot study)
	B. Davison1, G.R. Singh1, J. McFarlane2
	1Menzies School of Health Research, CASUARINA, Australia; 2University of New England, ARMIDALE, Australia

	PO2.10.04Prevalence and experiences of food insecurity among migrant women connected to a community-based organization in Edmonton, Canada
	M. Quintanilha1, M. Mayan1, M. Jarman1, S. Ngo1, Y. Chiu2, R. Bell1
	1University of Alberta, EDMONTON, Canada; 2Multicultural Health Brokers Cooperative, EDMONTON, Canada

	PO2.10.05Principal component-derived pediatric bone density phenotypes and genetic regulation of the developing skeleton
	J.A. Mitchell1, A. Chesi1, S.E. McCormack1, D.L. Cousminer1, H.J. Kalkwarf2, J.M. Lappe3, V. Gilsanz4, S.E. Oberfield5, J.A. Shepherd6, A. Kelly1, B.S. Zemel1, S.F.A. Grant1
	1Children&#x2019;s Hospital of Philadelphia, PHILADELPHIA, United States of America; 2Cincinnati Children&#x2019;s Hospital Medical Center, CINCINNATI, United States of America; 3Creighton University, OMAHA, United States of America; 4Children&#x2019;s Ho

	PO2.10.06Common adult height variants influence pediatric bone mineral density: a longitudinal candidate gene analysis
	J.A. Mitchell1, A. Chesi1, S.E. McCormack1, D.L. Cousminer1, H.J. Kalkwarf2, J.M. Lappe3, V. Gilsanz4, S.E. Oberfield5, J.A. Shepherd6, A. Kelly1, B.S. Zemel1, S.F.A. Grant1
	1Children&#x2019;s Hospital of Philadelphia, PHILADELPHIA, United States of America; 2Cincinnati Children&#x2019;s Hospital Medical Center, CINCINNATI, United States of America; 3Creighton University, OMAHA, United States of America; 4Children&#x2019;s Ho

	PO2.10.07Finger dermatoglyphics and reproductive success in women
	M.K. Klimek, A.G. Galbarczyk, I.N. Nenko, G.J. Jasienska
	Jagiellonian University Medical College, KRAKOW, Poland

	PO2.10.08Stress early in life and child stress responses at age 6
	S.S.H. Simons, M.A.C. Zijlmans, A.H.N. Cillessen, C. de Weerth
	Radboud University, NIJMEGEN, The Netherlands

	PO2.10.09Birth weight is associated with lean and bone mass in healthy young adults from the Nutritionists&#x2019; Health Study - NutriHS
	A. Marques Martins Valente1, A. Archanjo Ferraro2, B. Almeida-Pititto3, L.G.D. Folchetti1, I. Tande da Silva1, I. Eshriqui Oliveira1, S. Roberta Gouvea Ferreira1
	1School of Public Health - University of S&#x00E3;o Paulo, Brazil, S&#x00C3;O PAULO, Brazil; 2Medicine School - University of S&#x00E3;o Paulo, Brazil, S&#x00C3;O PAULO, Brazil; 3Federal University of S&#x00E3;o Paulo, Brazil, S&#x00C3;O PAULO, Brazil

	PO2.10.10Basal cortisol concentrations and growth in children of Mexico City
	J.A. de la Rosa Parra
	National Institute of Public Health, CUERNAVACA, Mexico

	PO2.10.11Fetal protection from maternal cortisol: How early is 11-beta hydroxysteroid dehydrogenase type 2 (11&#x03B2;-HSD2) expressed in the human placenta
	P.A. Nepomnaschy1, K.G. Salvante1, K. Milano2, H. Kliman2
	1Simon Fraser University, BURNABY, Canada; 2Yale University, NEW HAVEN, United States of America

	PO2.10.12Neonatal TSH: A controversial biomarker of iodine and selenium status
	M.I. Velasco1, E. Garc&#x00ED;a-Fuentes2, S.C. Bath3, M.P. Rayman4
	1Riotinto Hospital. Andalusian Health Service, MINAS DE RIOTINTO, Spain; 2Institute of Biomedical Research of M&#x00E1;laga (IBIMA), M&#x00C1;LAGA, Spain; 3Faculty of Health and Medical Sciences, GUILDFORD, United Kingdom; 4University of Surrey, GUILDFORD

	PO2.10.13Cortisol concentrations in breast milk: associations with infant crying
	C. Hechler, R. Beijers, J.M.A. Riksen-Walraven, C. de Weerth
	Radboud University, NIJMEGEN, The Netherlands

	PO2.10.14Adolescence-malnutrition in rats disrupts testosterone homeostasis leading to metabolic and pancreatic-function impairment at adulthood
	C. de Oliveira1, E.G. de Moura2, R.A. Miranda3, L.F. Barella4, E.P.S. Concei&#x00E7;&#x00E3;o2, R.M. Gomes5, T.A. Ribeiro4, A. Malta4, I.P. Martins4, C.C.S. Franco4, P.C. Lisboa2, P.C.F. Mathias4
	1Universidade Federal de Mato Grosso - (UFMT), SINOP, Brazil; 2Universidade do Estado do Rio de Janeiro - (UERJ), RIO DE JANEIRO, RJ, Brazil; 3Universidade Federal do Rio de Janeiro - (UFRJ), RIO DE JANEIRO, RJ, Brazil; 4Universidade Estadual de Maring&#x

	PO2.10.15Cortisol&#x002F;cortisone ratio in early childhood in very-low-birth-weight infants and term born infants
	M. de Jong1, A. Cranendonk2, J.W.R. Twisk2, M.M. van Weissenbruch2
	1Albert Schweitzer Hospital, DORDRECHT, The Netherlands; 2VU University Medical Center, AMSTERDAM, The Netherlands

	PO2.10.16Stress and Inflammation in Children
	T.G. O&#x2019;Connor1, M.T. Wlloughby2, J. Williams2, C.B. Blair3, A.V. Sefair1, J.A. Moynihan1, J. Carnahan1, M.T. Caserta1
	1University of Rochester, ROCHESTER, United States of America; 2RTI, CHAPEL HILL, United States of America; 3NYU, NEW YORK, United States of America


	Wednesday October 18th Abstracts oral presentationsPA3.01 - Early origins of aging
	PA3.01.01Life-course paths to metabolic health
	M.R. J&#x00E4;rvelin
	Imperial College London, LONDON, United Kingdom

	PA3.01.03Developmental origins of &#x201C;aging&#x201D;: an epidemiological perspective
	A. Hofman1,2
	1Stephen B. Kay Family Professor of Public Health and Clinical Epidemiology; 2Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA

	PA3.01.05Child maltreatment as a predictor of adult physical functioning in a prospective British birth cohort
	G. Archer, S. Pinto Pereira, C. Power
	University College London, LONDON, United Kingdom

	PA3.01.06Skin fibroblasts enable study of life course developmental programming mechanisms in a baboon model of intrauterine growth restriction (IUGR)
	A. Salmon1, H.F. Huber2, C. Li2, P.W. Nathanielsz2
	1University of Texas Health Science Center, SAN ANTONIO, United States of America; 2University of Wyoming, LARAMIE, United States of America

	PA3.01.07Accelerated age-related life-course changes in plasma lipids in offspring of poorly nourished baboons: biological (programmed) versus chronological age
	A.H. Kuo1, C. Li2, G.D. Clarke1, V. Mattern3, H.F. Huber2, A. Comuzzie3, L. Cox3, P.W. Nathanielsz2
	1University of Texas Health Science Center, SAN ANTONIO, United States of America; 2University of Wyoming, LARAMIE, United States of America; 3Texas Biomedical Research Institute, SAN ANTONIO, United States of America

	PA3.01.08Caloric restriction at adulthood reverses hepatic dysfunction induced by transient postnatal overfeeding in mice. A possible role of SIRT�-�1
	C. Yzydorczyk1, N. Li1, D. Mosig1, M. Bidho1, B. Keshavjee1, F. P&#x00E9;-Curto1, J.B. Armengaud1, A.C. Peyter1, C. Vergely2, U. Simeoni1
	1CHUV, LAUSANNE, Switzerland; 2Physiopathologie et Epid&#x00E9;miologie C&#x00E9;r&#x00E9;bro-Cardiovasculaires, DIJON, France

	PA3.01.09Influence of nutritional intervention in early life behaviour in healthy children at 2.5 years
	A. Nieto-Ruiz1, M. Arias1, E. Di&#x00E9;guez1, F. Herrmann1, M.T. Miranda2, M. Rodr&#x00ED;guez-Palmero3, J. Jim&#x00E9;nez3, C. Campoy1
	1EURISTIKOS Excellence Centre for Paediatric Research, GRANADA, Spain; 2Department of Biostatistics, School of Medicine, University of Granada, GRANADA, Spain; 3Ordesa Laboratories, S.L., BARCELONA, Spain


	PA3.02 - Specific nutrients
	PA3.02.01Gestational vitamin D supplementation and offspring bone development: translation from observation to intervention
	N. C. W. Harvey
	MRC Lifecourse Epidemiology Unit, SOUTHAMPTON, United Kingdom

	PA3.02.03Influence of maternal fatty acids status on offspring cardio-metabolic health
	R. Gaillard1,2,3
	1The Generation R Study Group, Erasmus University Medical Center, Rotterdam, The Netherlands; 2Department of Pediatrics, Erasmus University Medical Center, Rotterdam, The Netherlands; 3Department of Epidemiology, Erasmus University Medical Center, Rotterd

	PA3.02.05Perinatal RXRA DNA methylation is altered by maternal gestational vitamin D supplementation: findings from the MAVIDOS trial
	E.M. Curtis1, N. Krstic1, E. Cook2, S. d&#x2019;Angelo3, S.R. Crozier3, R.J. Moon3, R. Murray2, E. Garratt2, P. Costello2, N.J. Bishop4, S. Kennedy5, A.T. Papageorghiou5, I. Schoenmakers6, R. Fraser7, S.V. Gandhi7, A. Prentice6, M.K. Javaid8, H.M. Inskip3
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2Institute of Developmental Sciences, University of Southampton, SOUTHAMPTON, United Kingdom; 3MRC Lifecourse Epidemiology Unit, University of Southampton, SOUTHAMPTON, United Kingdom; 4University o

	PA3.02.06Placental uptake and metabolism of vitamin D; a potential mediator of fetal growth?
	J.K. Cleal, C.L. Simner, B. Ashley, C. Cooper, R.M. Lewis, N.C. Harvey
	University of Southampton, SOUTHAMPTON, United Kingdom

	PA3.02.07Improving nutritional status in pregnant teenagers: The Babies, Eating and LifestyLe in Adolescence Study (BELLA)
	S. Str&#x00F6;mmer1, L. Morrison2, H. Soltani3, J. Stephenson4, M. Whitworth5, R. Rundle6, J. Brewin7, L. Poston8, M. Barker1
	1MRC Lifecourse Epidemiology Unit (University of Southampton), SOUTHAMPTON, United Kingdom; 2School of Psychology, University of Southampton, SOUTHAMPTON, United Kingdom; 3Faculty of Health and Wellbeing, Sheffield Hallam University, SHEFFIELD, United Kin

	PA3.02.08Maternal protein restriction around conception increases foetal neuronal differentiation and is associated with adult memory deficits
	J. Willaime-Morawek, P. Fleming, M. Gould
	University of Southampton, SOUTHAMPTON, United Kingdom


	PA3.03 - Innovative DOHaD Experiments
	PA3.03.01Novel animal models of placental dysfunction in DOHaD research
	T. Pl&#x00F6;sch
	University Medical Center Groningen, GRONINGEN, The Netherlands

	PA3.03.03Early life impacts on reproductive programming: effects in female ovarian development and function
	D.M. Sloboda
	Farncombe Family Digestives Diseases Research Institute, McMaster University, HAMILTON, Canada

	PA3.03.05Time-dependent evolution of non-alcoholic fatty liver disease in young-to-adult MSG-obese mice
	C.F.F. Ferreira Coelho, L.M. Fran&#x00E7;a, A.M.A. Paes
	Federal University of Maranh&#x00E3;o, S&#x00C3;O LU&#x00CD;S - MA, Brazil

	PA3.03.06Maternal undernutrition increases fibrosis in heart of the late gestation sheep fetus
	R. Darby, C. Lock, C. Mcmillen, L. Morrison
	University of South Australia, NORWOOD, Australia

	PA3.03.07Maternal low intensity physical exercise changes insulin milk composition and prevents obesity in offspring rats exposed to early overnutrition
	T.A. Ribeiro1, A. Malta1, L.P. T&#x00F3;folo1, A. Pavanello1, I.P. Martins1, J.C. de Oliveira1, K.V. Prates1, C.C.S. Franco1, R.M. Gomes2, F.A. Francisco1, V.S. Alves1, V.M. Moreira1, K. Palma-Rigo1, W. Rinaldi1, P.C. de Freitas Mathias1
	1Universidade Estadual de Maring&#x00E1;, MANDAGUA&#x00C7;U, Brazil; 2Universidade Federal de Goi&#x00E1;s, GOI&#x00C2;NIA, Brazil

	PA3.03.08The impact of altered IL�-�1 signalling on metabolic dysfunction during pregnancy
	C.M. Reynolds, M.H. Vickers, T.P. Ganapathy, J.L. Stanley, J.F. Plows
	University of Auckland, AUCKLAND, New Zealand

	PA3.03.09Resveratrol prevents the development of hypertension programmed by maternal plus post-weaning high-fat consumption in male offspring
	Y. Tain, C. Hsu, L. Huang
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan


	PA3.04�&#x2013; Maternal gestational disorders
	PA3.04.01Maternal gestational exposures and offspring cardio-metabolic health
	D. A. Lawlor1
	1MRC Integrative Epidemiology Unit at the University of Bristol

	PA3.04.04Association of pre-pregnancy body mass index with future offspring metabolic profile: findings from three independent European cohorts
	D.L. dos Santos Ferreira1, D.M. Williams2, A.J. Kangas3, P. Soininen4, M. Ala-Korpela5, G. Davey Smith5, M.R. J&#x00E4;rvelin6, D.A. Lawlor5
	1University of Bristol, BRISTOL, United Kingdom; 2Department of Medical Epidemiology &#x0026; Biostatistics, Karolinska Institutet, STOCKHOLM, Sweden; 3Computational Medicine, Faculty of Medicine, University of Oulu, OULU, Finland; 4Computational Medicine

	PA3.04.05The role of maternal obesity in the associations of pregnancy complications with childhood overweight and obesity. Individual participant data meta-analysis
	B.A. Patro Golab1, On behalf Of the MOCO Collaboration2
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Maternal Obesity Childhood Outcomes (MOCO) Collaboration

	PA3.04.06Influence of maternal vomiting during early pregnancy on lung function and asthma at school-age
	S.D. Bahadoer, E.R. van Meel, R. Gaillard, H.T. den Dekker, V.W.V. Jaddoe, E.A.P. Steegers, L. Duijts
	Erasmus MC, ROTTERDAM, The Netherlands

	PA3.04.07Maternal obesity influences offspring obesogenic adipogenesis but not developmental adipogenesis in mice
	D. Sellayah1, H. Thomas2, L. Dib3, J. Morris1, R.D. Cox4, F.R. Cagampang2
	1University of Reading, READING, United Kingdom; 2University of Southampton, SOUTHAMPTON, United Kingdom; 3University of Birmingham, BIRMINGHAM, United Kingdom; 4MRC Harwell, HARWELL, United Kingdom

	PA3.04.08Glycaemic load and index in pregnancy are associated with postnatal, but not pre-pregnancy, depressive symptoms; Southampton Women&#x2019;s Survey longitudinal data
	H.M. Inskip1, H. Okubo2, S.R. Crozier1, C. Cooper1, K.M. Godfrey1, S.M. Robinson1, J. Baird1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2National Institute of Public Health, SAITAMA, Japan

	PA3.04.09Maternal fish intake during pregnancy and child growth: a prospective cohort study in Norway
	E. Papadopoulou, I.H. Caspersen, M. Haugen, H. Meltzer, H. Knutsen, N. Iszatt, M. Eggesb&#x00F8;, A.L. Brantsaeter
	Norwegian Institute of Public Health, OSLO, Norway


	PA3.05 - DOHaD and Society: Responsibility, Participation and Public Health symposium
	PA3.05.01DOHaD and Society: Responsibility, Participation and Public Health
	A. Hanson1
	1Institute of Developmental Sciences, SOUTHAMPTON, United Kingdom


	PA3.06 - Maternal and paternal health
	PA3.06.01Effects of pre-pregnancy BMI and current adiposity on cardiometabolic and leptin profiles during early pregnancy
	N.H. Fink1, S.A. Atkinson1, V. Bertram1, C.J. Moore1, M.F. Mottola2, BHIP1
	1McMaster University, HAMILTON, Canada; 2Western University, LONDON, Canada

	PA3.06.02Effect of a lifestyle intervention in obese infertile women on cardiometabolic health and quality of life: A randomized controlled trial
	L. van Dammen1, V Wekker2, A.M. van Oers1, M.A.Q. Mutsaerts3, R.C. Painter2, A.H. Zwinderman2, H. Groen1, C. van de Beek2, A.C. Muller Kobold1, J.A. Land1, W.K.H. Kuchenbecker4, R. van Golde5, G.J.E Oosterhuis6, N.E.A. Vogel7, B.W.J. Mol2, T.J. Roseboom2,
	1UMCG, GRONINGEN, The Netherlands; 2AMC, AMSTERDAM, The Netherlands; 3UMCU, UTRECHT, The Netherlands; 4Isala, ZWOLLE, The Netherlands; 5MUMC, MAASTRICHT, The Netherlands; 6Antonius ziekenhuis, NIEUWEGEIN, The Netherlands; 7Martini ziekenhuis, GRONINGEN, T

	PA3.06.03A double hit preeclampsia model results in sex specific growth restriction patterns
	V. Stojanovska
	UMCG, GRONIGNEN, The Netherlands

	PA3.06.04Early age at menarche as a risk factor for developing gestational diabetes: the mediating role of preconception body mass index
	D.A.J.M. Schoenaker, G.D. Mishra
	University of Queensland, BRISBANE, Australia

	PA3.06.05Maternal weight at birth and risk of pregnancy complications
	P.H. Andraweera1, G.A. Dekker1, S. Leemaqz1, L.M.E. Mccowan2, J. Myers3, L. Kenny4, J. Walker5, C.T. Roberts1
	1The University of Adelaide, ADELAIDE, Australia; 2The University of Auckland, AUCKLAND, New Zealand; 3University of Manchester, MANCHESTER, United Kingdom; 4University College Cork, CORK, Ireland; 5University of Leeds, LEEDS, United Kingdom

	PA3.06.06Second trimester serum metabolomic profiles can predict excessive gestational weight gain
	M. Klein1, J.E. Shearer1, S. Mohammad2, Z.M. Ferraro2, M. Holcik3, S. Bainbridge2, K.B. Adamo2
	1University of Calgary, CALGARY, Canada; 2University of Ottawa, OTTAWA, Canada; 3Children&#x2019;s Hospital of Eastern Ontario, OTTAWA, Canada

	PA3.06.07Developmental origins of perimenopausal disorders: evidence from a Swedish cohort
	M. Gao1, A. Goodman2, G. Mishra3, I. Koupil4
	1Karolinska Institutet, STOCKHOLM, Sweden; 2London School of Hygiene and Tropical Medicine, LONDON, United Kingdom; 3University of Queensland, BRISBANE, Australia; 4Stockholm University, Karolinska Institutet, STOCKHOLM, Sweden

	PA3.06.08Preconceptional maternal anxiety is associated with childhood emotional problems, independent of the effect of post-natal depression
	J. Baird1, M.R. Jarman2, S.M. Robinson1, W.T. Lawrence1, M.E. Barker1, K.M. Godfrey1, C. Cooper1, H.M. Inskip1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2Li Ka Shing Centre for Health Research Innovation, University of Alberta, ALBERTA, Canada

	PA3.06.09Antenatal synthetic glucocorticoid exposure modifies gene expression at the post-natal blood-testis barrier
	M. Eng, A. Mouratidis, A. Kostaki
	University of Toronto, TORONTO, Canada


	PA3.07�&#x2013; Infant Nutrition
	PA3.07.01Optimal nutrition for the preterm infant
	H. van Goudoever
	Academic Pediatric Hospitals, Amsterdam

	PA3.07.03Breast milk exosomal microRNA: A method of listening-on on the dialogue between mother and infant
	J.D. Kraft1, I. Altosaar1, E. Ferretti2
	1University of Ottawa, OTTAWA, Canada; 2The Ottawa Hospital&#x002F;Children&#x2019;s Hospital of Eastern Ontario, OTTAWA, Canada

	PA3.07.04Early life a priori and a posteriori dietary patterns and celiac disease autoimmunity in children from the Generation R Study
	M. Barroso1, S.A. Beth1, V.W.V. Jaddoe1, T. Voortman1, M.C. van Zelm2, H.A. Moll1, J.C. Kiefte-de Jong1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Monash University and Alfred Hospital, MELBOURNE, Australia

	PA3.07.05Duration and exclusiveness of breastfeeding and risk of childhood atopic diseases
	N.J. Elbert, E.R. van Meel, H.T. den Dekker, N.W. de Jong, T.E.C. Nijsten, V.W.V. Jaddoe, J.C. de Jongste, S.G.M.A. Pasmans, L. Duijts
	Erasmus MC, ROTTERDAM, The Netherlands

	PA3.07.06Role of breastfeeding on epigenetic mechanisms underlying early-life growth development and the development origin of obesity
	L. Briollais
	Lunenfeld-Tanenbaum Research Institute, TORONTO, Canada

	PA3.07.07Breast milk concentrations of brominated flame retardants and perfluorooctane sulfonate are associated with decreased gut microbiota diversity in infants
	N. Iszatt1, S. Dahl2, V. Lenters1, S. Mandal3, H. Stigum1, R. Knight4, M. Eggesb&#x00F8;1
	1Norwegian Institute of Public Health, OSLO, Norway; 2University of Oslo, OSLO, Norway; 3Public Health Foundation of India, GURGAON, India; 4Knight Laboratory, University of California, SAN DIEGO, United States of America


	PA3.09 - New intervention strategies
	PA3.09.01Designing complex behavior change interventions
	M.E. Barker
	Southampton University, SOUTHAMPTON, United Kingdom

	PA3.09.03Shortcuts to randomised evidence: Using existing trials in early life for follow-up studies
	S.O. Shaheen
	Queen Mary University of London, LONDON, United Kingdom

	PA3.09.05Vitamin D supplementation in pregnancy to prevent asthma in offspring - Results from the Vitamin D Antenatal Asthma Reduction Trial
	A. Litonjua1, M. Wolsk2, J. Carey1, T. O&#x2019;Connor3, T. Sandel4, B. Bacharier5, A. Beigelman5, S. Zeiger6, X. Schatz6, T. Weiss1
	1Channing Division of Network Medicine, BOSTON, United States of America; 2COPSAC, Copenhagen Prospective Studies on Asthma in Childhood, Herlev and Gento, COPENHAGEN, Denmark; 3The Pulmonary Center, Boston University School of Medicine, BOSTON, United St

	PA3.09.06A transient gestation-specific mouse model of hyperglycemia offers unique opportunities for nutritional and pharmacological interventions in dams and offspring
	H.Y. Li1, Y.X. Liu1, L. Harvey2, S. Shafaeizadeh2, E.M. van der Beek3, W. Han1
	1Singapore Bioimagning Consortium, SINGPAORE, Singapore; 2Nutricia Research, Danone Nutricia Early Life Nutrition, SINGAPORE, Singapore; 3Nutricia Research, UTRECHT, The Netherlands

	PA3.09.07Does supplementation of the postweaning diet reverse offspring metabolic and immune dysfunction due to poor maternal nutrition in mice?
	K.L. Connor
	Carleton University, Lunenfeld-Tanenbaum Research Institute, OTTAWA, TORONTO, Canada

	PA3.09.08Antenatal non-medical risk assessment and care pathways to improve pregnancy outcomes: a cluster randomized controlled trial
	J. Lagendijk1, A.A. Vos1, L.C.M. Bertens1, S. Denktas1, G.J. Bonsel2, E.W. Steyerberg1, J.V. Been1, E.A.P. Steegers1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2University Medical Centre Utrecht, UTRECHT, The Netherlands

	PA3.09.09LifeLab Southampton: Improving science literacy as a tool for increasing health literacy in teenagers - a pilot cluster-randomised controlled trial
	K. Woods-Townsend1, H. Leat2, J. Bay3, L.J. Bagust4, H. Davey4, D. Lovelock4, A. Christodoulou4, B. Griffiths4, M. Grace4, M. Godfrey5, A. Hanson6, M. Inskip7
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2St Anne&#x2019;s Catholic School, SOUTHAMPTON, United Kingdom; 3Liggins Institute, University of Auckland, AUCKLAND, New Zealand; 4Southampton Education School, University of Southampton, SOUTHAMPT


	PA3.10�&#x2013; Early origins of asthma
	PA3.10.01Early risk factors for respiratory morbidity
	L. Duijts1,2,3
	1Department of Pediatrics, division of Respiratory Medicine and Allergology, Erasmus MC, University Medical Center Rotterdam; 2Department of Epidemiology, Erasmus MC, University Medical Center Rotterdam; 3Department of Pediatrics, division of Neonatology,

	PA3.10.03Fatty acids in pregnancy and childhood asthma
	H Bisgaard1, J Stokholm2, BL Chawes2, N Vissing2, E Bjarnad&#x00F3;ttir2, AM Schoos2, H Wolsk2, TM Pedersen2, R Vinding2, S Thorsteinsd&#x00F3;ttir2, N F&#x00F8;lsgaard2, N Fink2, J Thorsen2, AG Pedersen3, J Waage2, MA Rasmussen2, KD Stark4, SF Olsen5, K
	1University of Copenhagen, GENTOFTE, Denmark; 2COPSAC, COPENHAGEN, Denmark; 3DTU Bioinformatics, Technical University of Denmark, LYNGBY, Denmark; 4Department of Kinesiology, University of Waterloo, WATERLOO, Canada; 5Centre for Fetal Programming, Statens

	PA3.10.05Early-life respiratory tract infections and the risk of school-age lower lung function and asthma: a meta-analysis of 37 European cohorts
	E.R. van Meel, H.T. den Dekker, J.C. de Jongste, V.W.V. Jaddoe, L. Duijts
	Erasmus MC, ROTTERDAM, The Netherlands

	PA3.10.06Prenatal omega-3 LCPUFA supplementation and longitudinal allergic disease symptoms and sensitisation in offspring to 6 years of age
	K.P. Best1, T. Sullivan2, D. Palmer3, M. Gold4, J. Martin5, J. Kennedy5, M. Makrides1
	1South Australian Health &#x0026; Medical Research Inst., NORTH ADELAIDE, Australia; 2School of Population Health, University of Adelaide, ADELAIDE, Australia; 3School of Paediatrics and Child Health, University of Western Australia, SUBIACO, Australia; 4

	PA3.10.07Epigenome wide meta-analysis reveals association of reduced DNA methylation at 14 CpG sites with childhood asthma
	C. Xu1, C. Soderhall2, M. Bustamante3, N. Baiz4, J. Wright5, L. Chatzi6, K.L. Carlse7, M. Torrent8, S. Llop9, D. Porta10, M. Pia Fantini11, H. Alenius12, J. Kere12, J.M. Anto3, J. Bousquet13, S. Guerra3, I. Annesi-Maesano4, J. Sunyer3, E. Melen12, G.H. Ko
	1University Medical Center Groningen, GRONINGEN, The Netherlands; 2Department of Biosciences and Nutrition, Karolinska Institutet, STOCKHOLM, Sweden; 3ISGlobal, Centre for Research in Environmental Epidemiology, BARCELONA, Spain; 4Sorbonne Universit&#x00E

	PA3.10.08Individuals born preterm more likely to be admitted for pneumonia - follow-up until adulthood of the Finnish 1987-1990 birth cohort
	B. Ayeboa-Sallah1, O. Helve2, P. N&#x00E4;s&#x00E4;nen-Gilmore1, S. Alenius2, P. Haaramo1, M. Gissler1, E. Kajantie1, P. Hovi1
	1National Institute for Health and Welfare, HELSINKI, Finland; 2National Institute for Health and Welfare, Children&#x2019;s Hospital, HELSINKI, Finland

	PA3.10.09Assessment of lung function among adult members of the New Delhi Birth Cohort, India
	P. Prabhakaran1, A. Dutta1, H. Tiwari2, A. Singh2, S. Sinha3, B. Singh2, D. Gupta2, S. Sachdev3, N. Tandon4, H.D. Fall5
	1Public Health Foundation of India, GURGAON, India; 2Sunderlal Jain Hospital, NEW DELHI, India; 3Sitaram Bhartia Institute of Research and Science, NEW DELHI, India; 4All India Institute of Medical Sciences, NEW DELHI, India; 5MRC Lifecourse Epidemiology 


	PA3.11�&#x2013; Brain and neurodevelopment
	PA3.11.01Early adversity, brain development and childhood behavioural problems. Research findings from the Generation R Study
	H. Tiemeier1
	Erasmus University Medical Center, Rotterdam, The Netherlands

	PA3.11.03Traffic air pollution, APOE e4 status and neurodevelopment in school children
	J. Sunyer1, S. Alemany1, N. Vilor-Tejedor1, M. Bustamante1, I. Rivas1, J. Pujol2
	1Barcelona Institute for Global Health (ISGlobal), BARCELONA, Spain; 2MRI Research Unit, Hospital del Mar, BARCELONA, Spain

	PA3.11.05Maternal plasma mineral concentrations and children&#x2019;s neurocognitive development in the first two years of life: the GUSTO study
	J.S. Lai1, S. Cai2, M.N. Mohamad Ayob1, P.L. Quah1, P.D. Gluckman1, L.P.C. Shek1, F.K.P. Yap3, K.H. Tan4, M.J. Meaney1, K.M. Godfrey5, Y.S. Chong1, A. Rifkin-Graboi1, M.F.F. Chong6
	1Singapore Institute for Clinical Sciences, A&#x002A;STAR, SINGAPORE, Singapore; 2Department of Obstetrics and Gynaecology, National University of Singapore, SINGAPORE, Singapore; 3Duke-NUS Medical School, SINGAPORE, Singapore; 4Department of Maternal Fet

	PA3.11.06IGF2 DNA methylation is associated with externalizing behaviours in adolescence independent of BMI
	R.C. Huang1, J.M. Craig2, L.J. Beilin1, T.A. Mori1, W.H. Oddy3, C.E. Pennell1, M. Robinson1
	1University of Western Australia, PERTH, Australia; 2Murdoch Children&#x2019;s Research Institute, MELBOURNE, Australia; 3Menzies Institute for Medical Research, University of Tasmania, HOBART, Australia

	PA3.11.07Effect of inadequate iodine status in pregnant women on infant developmental skills: results from the Little in Norway cohort
	M.W. Markhus1, L. Dahl1, V. Moe2, A.L. Brantsaeter3, J. &#x00D8;yen1, H.M. Meltzer3, K.M. Stormark4, I.E. Graff1, M. Kjellevold1, L. Smith2
	1National Institute of Nutrition and Seafood Research (NIFES), BERGEN, Norway; 2Department of Psychology, OSLO, Norway; 3Department of Exposure and Epidemiology, Norwegian Institute of Public Health, OSLO, Norway; 4Center for Child and Adolescent Mental H

	PA3.11.08Prenatal and postnatal exposure to air pollution and white matter integrity in school-age children
	M.J. Lubczynska1, H. El Marroun2, R.L. Muetzel2, M. Strak3, V.W.V. Jaddoe2, F.C. Verhulst2, G. Hoek3, T. White2, B. Brunekreef3, H.W. Tiemeier2, M. Guxens1
	1ISGlobal, BARCELONA, Spain; 2Erasmus MC, ROTTERDAM, The Netherlands; 3Utrecht University, UTRECHT, The Netherlands

	PA3.11.09Prenatal and postnatal acetaminophen use and autism spectrum symptoms in childhood
	S. Alemany1, R. Garc&#x00ED;a-Esteban1, M. Casas1, J. J&#x00FA;lvez1, C. Avella-Garc&#x00ED;a1, I. Ria&#x00F1;o Gal&#x00E1;n2, A. Tard&#x00F3;n2, A. Andiarena3, L. Santa-Marina4, L.L. Gonz&#x00E1;lez5, C. I&#x00F1;iguez5, Z. Liew6, K. Strandberg-Larsen7, 
	1Barcelona Institute for Global Health, BARCELONA, Spain; 2Hospital Universitario Central de Asturias, OVIEDO, Spain; 3Faculty of Psychology, University of the Basque Country, GIPUZKOA, Spain; 4Health Research Institute, Biodonostia, SAN SEBASTIAN, Spain;


	PA3.12 - Analytical approaches in DOHaD
	PA3.12.01Longitudinal models to examine changes in exposure
	K. Tilling, D. A. Lawlor, ADAC Smith
	University of Bristol, BRISTOL, United Kingdom

	PA3.12.03Individualized growth trajectories for preterm infants using a growth trajectory calculator tool
	E. Landau-Crangle1, N. Rochow1, T.R. Fenton2, K. Liu3, G. Fusch1, A. Ali1, M.L. Marrin1, C. Fusch1
	1McMaster University, HAMILTON, Canada; 2Alberta Children&#x2019;s Hospital Research Institute, CALGARY, Canada; 3McMaster University Mathematics &#x0026; Statistics, HAMILTON, Canada

	PA3.12.04Assessing the merits and limitations of using fathers as a negative control exposure to test DOHaD using a Swedish case-study
	B.K. Brew, T. Gong, D.M. Williams, H. Larsson, C. Almqvist
	Karolinska Institutet, STOCKHOLM, Sweden

	PA3.12.05Postnatal growth velocity calculation: accuracy of different methods
	A. Ali1, N. Rochow1, A. Alkhoraidly1, R. Iskander1, G. Fusch1, C. Fusch2
	1McMaster University, HAMILTON, Canada; 2Paracelsus Medical University Nuremberg, NUREMBERG, Germany

	PA3.12.06Effect of gestational age correction on association between length-for-age z-�scores during infancy and cognitive development at 6 years of age
	N. Perumal1, D.G. Bassani2, D.C. Cole1, S.H. Zlotkin2, A.J. Barros3, I.S. Santos3, A. Matijasevich4, F.C. Barros3, D.E. Roth2
	1University of Toronto, TORONTO, Canada; 2Hospital for Sick Children, TORONTO, Canada; 3Federal University of Pelotas, PELOTAS, Brazil; 4University of Sao Paolo, SAO PAOLO, Brazil

	PA3.12.07A Comparison of Early Infancy Weight Velocities in Relation To Childhood Cardio-metabolic Risk Markers: Significance of Infant Peak Weight Velocity
	I.M. Aris1, L.W. Chen2, M.T. Tint2, S.E. Soh1, S.M. Saw3, L. Shek2, K.H. Tan4, P.D. Gluckman5, Y.S. Chong2, Y. Yap4, K.M. Godfrey6, M.S. Kramer7, Y.S. Lee2
	1Singapore Institute for Clinical Sciences, SINGAPORE, Singapore; 2Yong Loo Lin School of Medicine, SINGAPORE, Singapore; 3Saw Swee Hock School of Public Health, National University of Singapore, SINGAPORE, Singapore; 4KK Women&#x2019;s and Children Hospi

	PA3.12.08Understanding the direct and BMI-mediated association between birth weight and childhood cardio-metabolic health - findings from a prospective birth cohort
	M.J. Fonseca1, M. Severo2, D.A. Lawlor3, H. Barros2, A.C. Santos2
	1University of Porto, PORTO, Portugal; 2EPIUnit - Instituto de Sa&#x00FA;de P&#x00FA;blica, Universidade do Porto, PORTO, Portugal; 3Medical Research Council Integrative Epidemiology Unit - University of Bristol, BRISTOL, United Kingdom


	PA3.14 - Epigenetic programming
	PA3.14.01Programmed Hyperphagia in Small for Gestational Age Offspring via Epigenetic DNA Methylation-mediated Neuronal Differentiation
	G. Ross, G.H. Han, M.D. Desai
	LA BioMed at Harbor UCLA Medical Center, LOS ANGELES, United States of America

	PA3.14.02Maternal alcohol consumption during pregnancy and offspring epigenome-wide DNA methylation: findings from the Pregnancy and Childhood Epigenetics (PACE) Consortium
	L.Z. Zuccolo1, G.C.S. Sharp2, R.A. Arathimos2, J. Felix3, C.R. Relton2, On behalf Of The PACE Consortium4
	1University of Bristol, BRISTOL, United Kingdom; 2MRC Integrative Epidemiology Unit, University of Bristol, BRISTOL, United Kingdom; 3The Generation R Study Group, Erasmus MC, University Medical Center Rotterdam, ROTTERDAM, The Netherlands; 4The Pregnancy

	PA3.14.03DNA methylation of Musashi RNA binding protein 2 (MSI2) associates with subcutaneous fatness, early life environment and childhood growth trajectories
	R.C. Huang1, K.M. Godfrey2, R. Clarke-Harris3, P.E. Melton1, L.J. Beilin1, G.C. Burdge4, J.D. Holbrook2, D.A. Anderson1, M.S. Kobor5, J.M. Craig6, T.A. Mori1, W.H. Oddy7, C.E. Pennell1, K.A. Lillycrop3
	1University of Western Australia, PERTH, Australia; 2MRC Lifecourse Epidemiology Unit and NIHR Southampton BRC, University of Southa, SOUTHAMPTON, United Kingdom; 3Human Development &#x0026; Health Academic Unit, University of Southampton, SOUTHAMPTON, Un

	PA3.14.04Long-term effect of breastfeeding on DNA methylation profiles in adults
	W.B. Sherwood1, P. Losol1, G.A. Lockett1, N. Graham1, N. Soto-Ramirez2, H. Zhang3, S. Ewart4, S.H. Arshad1, W. Karmaus3, F.I. Rezwan1, J.W. Holloway1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2University of South Carolina, COLUMBIA, United States of America; 3University of Memphis, MEMPHIS, United States of America; 4Michigan State University, MI, United States of America

	PA3.14.05Horvarth DNA methylation biological age at the transition from adolescence to adulthood: A measure of dynamic response to environmental stress
	R.C. Huang1, D.A. Anderson1, J.D. Holbrook2, P.E. Melton1, K.M. Godfrey2, T.A. Mori1, L.J. Beilin1, G.C. Burdge3, W.H. Oddy4, K.A. Lillycrop5
	1University of Western Australia, PERTH, Australia; 2MRC Lifecourse Epidemiology Unit and NIHR Southampton BRC, University of Southa, SOUTHAMPTON, United Kingdom; 3School of Medicine, University of Southampton, SOUTHAMPTON, United Kingdom; 4Menzies Instit

	PA3.14.06Telomere length: Population epidemiology and concordance in 11-12 year old Australians and their parents
	M.T.N. Nguyen1, D.B. Burgner1, S.R. Ranganathan2, K.L. Lycett1, R.V. Vryer1, M.W. Wake (joint senior author)3, R.S. Saffery (joint senior author)1
	1Murdoch Children&#x2019;s Research Institute, MELBOURNE, Australia; 2The Royal Children&#x2019;s Hospital, MELBOURNE, Australia; 3The Liggins Institute, AUCKLAND, New Zealand; &#x002A;M.W. and R.S. are joint senior authors

	PA3.14.07A case&#x002F;control study of epigenome-wide DNA methylation in infants with cleft lip and palate in California
	S.G. Gonseth Nussle1, R.R. Roy2, M.S. Segal2, A. De Smith2, H. Hansen2, X. Asrani1, L. McCoy2, W. Wei3, G. Shaw3, J.L. Wiemels2, N. Marini1
	1UC Berkeley, BERKELEY, CA, United States of America; 2University of California, San Francisco, SAN FRANCISCO, United States of America; 3Stanford University, STANFORD, CA, United States of America

	PA3.14.08Hypertensive disorder of pregnancy and DNA methylation of newborns: Findings from the Pregnancy and Childhood Epigenetics (PACE) Consortium
	N. Kazmi1, M.F. Hivert2, On behalf Of the PACE Consortium3
	1University of Bristol, BRISTOL, United Kingdom; 2Harvard Medical School, Department of Population Medicine, BOSTON, United States of America; 3The Pregnancy and Childhood Epigenetics (PACE) Consortium

	PA3.14.09Epigenetic marks in neonates are associated with BMI and insulin sensitivity in early childhood
	B.S. Muhlhausler1, S.J. van Dijk2, T.J. Peters2, M. Buckley2, J. Zhou1, R.A. Gibson1, M. Makrides3, P.L. Molloy2
	1The University of Adelaide, ADELAIDE, Australia; 2CSIRO, SYDNEY, Australia; 3South Australian Health and Medical Research Institute, ADELAIDE, Australia


	PA3.15 - Cardiovascular and diabetes risk
	PA3.15.01Cardiac remodeling in preadolescents who suffered fetal growth restriction
	M.R. Rodriguez-Lopez1, S.I. Sarvari2, A. Sepulveda-Martinez1, M. Sitges3, E. Gratacos4, B. Bijnens5, F. Crispi4
	1BCNatal (Hospitals Clinic and Sant Joan de Deu) Universitat de Barcelona, BARCELONA, Spain; 2Department of Cardiology, Oslo University Hospital, OSLO, Norway; 3Cardiovascular Institute, Hospital Clinic, IDIBAPS, University of Barcelona, BARCELONA, Spain;

	PA3.15.02GLP�-�1 profile during glucose tolerance test in gestational diabetes: a prospective case-control study
	N. Sukumar1, C. Bagias1, I.A.G. Goljan2, J.J. Holst3, P. Saravanan1
	1University of Warwick, COVENTRY, United Kingdom; 2George Eliot Hospital NHS Trust, NUNEATON, United Kingdom; 3University of Copenhagen, COPENHAGEN, Denmark

	PA3.15.03The role of maternal and offspring lifestyle behaviours in the relationship between depression and adiposity in young adults
	T.A. Mori1, S.K. Bhat1, M. Robinson2, S. Burrows1, L.J. Beilin1
	1University of Western Australia, PERTH, Australia; 2Telethon Kids Institute, University of Western Australia, PERTH, Australia

	PA3.15.04Life course evolution of body fat and its association with insulin resistance among rural Indian boys and girls
	A.V. Ganpule-Rao1, C.H.D. Fall2, C.S. Yajnik1
	1King Edward Memorial Hospital Research Centre, PUNE, India; 2MRC Environmental Epidemiology Unit, University of Southampton, Southampton Gen, SOUTHAMPTON, United Kingdom

	PA3.15.05Maternal circulating PlGF levels in relation to insulin sensitivity and &#x03B2;-cell function in infants born small-for-gestational-age
	H. He
	Shanghai Jiao Tong University, Xin Hua Hospital, Shanghai, China, SHANGHAI, China

	PA3.15.06Prenatal environmental exposure and child blood pressure: an exposome-wide approach in HELIX project
	C. Warembourg1, I. Tamayo1, L. Maitre1, T. Roumeliotaki2, S. Fossati1, C. Hernandez-Ferrer1, C. Thomsen3, M. Nieuwenhuijsen1, R. Slama4, L. Chatzi2, J. Wright5, R. Grazuleviciene6, J.R. Gonzalez1, M. Vrijheid1, X. Basagana1
	1ISGlobal, BARCELONA, Spain; 2University of Crete, HERAKLION, Greece; 3Norwegian Institute of Public Health, OSLO, Norway; 4INSERM, GRENOBLE, France; 5Bradford Institute for Health Research, BRADFORD, United Kingdom; 6Vytauto Didziojo Universitetas, KAUNU

	PA3.15.07Ideal cardiovascular health and intermediate risk phenotypes in child-parent dyads: the Longitudinal Study of Australian Children
	S. Liu1, P. Burgner1, M. Wake2, M. Juonala3
	1Murdoch Children&#x2019;s Research Institute, PARKVILLE, Australia; 2Liggins Institute, AUCKLAND, New Zealand; 3Department of Medicine, University of Turku, TURKU, Finland

	PA3.15.08Maternal treatment with the mitochondria-targeted antioxidant MitoQ prevents the programming of cardiac dysfunction in adult offspring by developmental hypoxia
	Y. Niu, A.M. Spiroski, C. Beck, Z. Wang, S. Austin-Willimans, M.P. Murphy, D.A. Giussani
	University of Cambridge, CAMBRIDGE, United Kingdom

	PA3.15.09Fish-oil supplementation in pregnancy causes a proportional increase in body bone- fat-, and lean- mass at 6 years: Randomized, Controlled, Double-Blind, Clinical Trial
	R.K. Vinding1, J. Stokholm2, A. Sevelsted2, T. Sejersen1, B. Chawes2, K. B&#x00F8;nnelykke2, L. Howe3, M. Krakauer4, T. Buhl4, H. Bisgaard2
	1University of Copenhagen, GENTOFTE, Denmark; 2COPSAC, university of Copenhagen, GENTOFTE, Denmark; 3MRC Integrative Epidemiology Unit at the University of Bristol, School of Social, BRISTOL, United Kingdom; 4Department of Clinical Physiology and Nuclear 


	LM3.1 - Trainee lunch workshop
	LM3.01.01How to write a paper for a high impact journal
	J.R. Ingelfinger1,2,3
	1Harvard Medical School; 2Pediatric Nephrology, MassGeneral Hospital for Children at MGH; 3the New England Journal of Medicine


	LM3.02 - Oral slam session neurodevelopment
	LM3.02.01Klotho&#x2019;s effects on cognition and brain in early life
	C.F. de Vries1, R.T. Staff2, G.D. Waiter1, A.D. Murray1, K.G. Noble3
	1University of Aberdeen, ABERDEEN, United Kingdom; 2Imaging Physics, Aberdeen Royal Infirmary, NHS Grampian, ABERDEEN, United Kingdom; 3Teachers College, Columbia University, NEW YORK, United States of America

	LM3.02.02Maternal prenatal aggression and sex differences in offspring externalizing behavior and substance use
	M. Horner1, M. Cornelius2, N.D. De Genna2
	1Johns Hopkins Medicine, BALTIMORE, United States of America; 2University of Pittsburgh School of Medicine, PITTSBURGH, United States of America

	LM3.02.03Timing of natural menopause remains associated with verbal memory across adult life after controlling for childhood cognitive ability
	D. Kuh, R. Cooper, A. Moore, M. Richards, R.J. Hardy
	UCL, LONDON, United Kingdom

	LM3.02.04Too small to sleep : The longitudinal associations between maternal depressive symptoms and child sleep in SGA children
	A.A. Bouvette-Turcot1, H. Gaudreau1, M. Steiner2, M.J. Meaney1, P. Pelufo Siveira1
	1McGill University, MONTREAL, Canada; 2McMaster University, HAMILTON, Canada

	LM3.02.05The genetic architecture of differential susceptibility to childhood adversity; a genome-wide approach
	S.A. Hari Dass
	McGill University, MONTREAL, Canada

	LM3.02.06Psychological distress and suicidal ideation in Indigenous Australians from adolescence to young adulthood
	B. Davison, T. Nagel, G.R. Singh
	Menzies School of Health Research, CASUARINA, Australia

	LM3.02.07Associations of maternal lifetime exposure to violence and gestational cortisol, with offspring mitochondrial-DNA copy number
	M. Tamayo y Ortiz1, M.M. T&#x00E9;llez-Rojo2, B. Trejo-Valdivia2, I. Pantic3, L. Schnaas3, M. S&#x00E1;nchez-Guerra3, A. Baccarelli4, D. Deepjyoti5, R. Wright6, R. Wright6
	1CONACYT-INSP, CUERNAVACA, Mexico; 2INSP, CUERNAVACA, Mexico; 3INPER, MEXICO, Mexico; 4Columbia University Mailman School of Public Health, NEW YORK, United States of America; 5HSPH, BOSTON, United States of America; 6Icahn School of Medicine at Mount Sin

	LM3.02.08A two-step Mendelian randomization study of DNA methylation as intermediate between maternal vitamin B12 during pregnancy and offspring&#x2019;s cognition
	D. Caramaschi1, G.C. Sharp2, E.A. Nohr3, K. Berryman2, S.J. Lewis2, G. Davey Smith2, C.L. Relton2
	1University of Bristol, BRISTOL, United Kingdom; 2MRC Integrative Epidemiology Unit, University of Bristol, BRISTOL, United Kingdom; 3University of Southern Denmark, ODENSE, Denmark

	LM3.02.09The association between obesogenic eating behavior and body composition across childhood: evidence for reversed causality
	I.P.M. Derks, H. Tiemeier, V.W.V. Jaddoe, P.W. Jansen
	Erasmus MC, ROTTERDAM, The Netherlands

	LM3.02.10Robust Early Life Determinants of Neurocognitive Development in Children: Evidence from the Pune Maternal Nutrition Study (PMNS)
	C.S. Yajnik1, C.M. Tan2, V. Bhate1, S. Bandyopadhyay3, A. Sankar4
	1King Edward Memorial Hospital Research Centre, PUNE, India; 2Department of Economics, University of North Dakota, GRAND FORKS, NORTH DAKOTA, United States of America; 3Indian Institute of Public Health, HYDERABAD, India; 4University of Minnesota, MINNESO

	LM3.02.11How body composition influence hearing status at two important life stages: early adolescence and mid-life
	J. Wang1, K. Lycett1, C.M.P. Le Clercq2, P. Carew3, V. Sung1, R.A. Burt1, M. Wake4
	1Murdoch Childrens Research Institute, MELBOURNE, Australia; 2Erasmus MC, ROTTERDAM, The Netherlands; 3The University of Melbourne, MELBOURNE, Australia; 4The University of Auckland, AUCKLAND, New Zealand


	LM3.03 - DOHaD Associated Groups
	LM3.03.01DOHaD Associated Groups
	D. Sloboda


	LM3.04 - Slam session: Cardiovascular development
	LM3.04.01Altered catecholamines in the right atrium of fetuses of obese baboons at term
	C. Li1, M.A. Javors2, P.W. Nathanielsz1
	1University of Wyoming, LARAMIE, United States of America; 2University of Texas Health Science Center, SAN ANTONIO, United States of America

	LM3.04.02Human clinically relevant antenatal glucocorticoid therapy programmes cardiac dysfunction and fibrosis in adult offspring
	K.J. Botting, Y. Niu, J.M. Schoonejans, S. Austin-Williams, K.L. Skeffington, B.J. Allison, K.L. Brain, N. Itani, C. Beck, D.A. Giussani
	University of Cambridge, CAMBRIDGE, United Kingdom

	LM3.04.03Maternal verbal aggressive behavior in infancy is associated with higher systolic blood pressure in the child at age 5-6
	L.J.C.A. Smarius1, T.G.A. Strieder2, T.A.H. Doreleijers3, T.G.M. Vrijkotte1, R.J.B.J. Gemke3, S. de Rooij1
	1Academic Medical Center, AMSTERDAM, The Netherlands; 2Arkin, AMSTERDAM, The Netherlands; 3VU University Medical Center, AMSTERDAM, The Netherlands

	LM3.04.04Preterm birth and cardiovascular risk factors in young adulthood: prospective and sibling studies in the Norwegian HUNT Study
	A. Fraser1, M.C. Magnus1, J. Horn2, L.J. Vatten2, J. Rich-Edwards3, J.M. Catov4, P.R. Romundstad2, B.O. Asvold2
	1University of Bristol, BRISTOL, United Kingdom; 2NTNU, TRONDHEIM, Norway; 3Harvard, BOSTON, United States of America; 4University of Pittsburgh, PITTSBURGH, United States of America

	LM3.04.05Maternal early-pregnancy BMI and determinants of childhood heart rate variability and blood pressure at 6 years: Children of SCOPE
	L. Yamanouchi1, M.C. Vieria1, P.T. Seed1, L. Poston1, P.D. Taylor1, K.M. Godfrey2, J.M.D. Thompson3, E.A. Mitchell3, L.M.E. McCowan3
	1King&#x2019;s College London, LONDON, United Kingdom; 2University of Southampton, SOUTHAMPTON, United Kingdom; 3University of Auckland, AUCKLAND, New Zealand

	LM3.04.06Coronary artery disease genetic risk and the metabolome in adolescence
	T.M. Battram1, L. Hoskins1, D.A. Hughes1, J. Kettunen2, S.M. Ring1, G.D. Smith1, N.J. Timpson1
	1University of Bristol, BRISTOL, United Kingdom; 2University of Oulu and Biocenter Oulu, OULU, Finland

	LM3.04.07Childhood stature and linear growth in relation to first ever ischemic or intracerebral hemorrhagic stroke
	L.K. Gj&#x00E6;rde1, T.C. Truelsen2, J.L. Baker3
	1University of Copenhagen, FREDERIKSBERG, Denmark; 2Rigshospitalet &#x002F; Department of Neurology, COPENHAGEN, Denmark; 3Bispebjerg and Frederiksberg Hospital &#x002F; Department of Clinical Epidemiology, FREDERIKSBERG, Denmark

	LM3.04.08The prediction of adult dyslipidemia using genetic and childhood clinical risk factors: The Cardiovascular Risk in Young Finns Study
	N. Pitk&#x00E4;nen1, J. Nuotio2, C.G. Magnussen3, M.J. Buscot3, M.S. Ven&#x00E4;l&#x00E4;inen4, L.L. Elo4, E. Jokinen5, T. Laitinen6, L. Taittonen7, N. Hutri-K&#x00E4;h&#x00F6;nen8, L.P. Lyytik&#x00E4;inen9, T. Lehtim&#x00E4;ki9, J.S. Viikari10, M. Juonal
	1University of Turku, TURKU, Finland; 2CAPC, University of Turku, TURKU, Finland; 3Menzies Institute for Medical Research, University of Tasmania, HOBART, Australia; 4Turku Centre for Biotechnology, University of Turku and &#x00C5;bo Akademi University, T

	LM3.04.09Long-term effect of early programming factors on childhood metabolism: is there an impact on the metabolome?
	F.F. Kirchberg1, E. Verduci2, A. Xhonneux3, B. Koletzko4, C. Hellmuth5, D. Gruszfeld6, V. Luque7
	1Ludwig Maximilians Universit&#x00E4;t M&#x00FC;nchen, MUNICH, Germany; 2Department of Paediatrics, San Paolo Hospital, University of Milan, MILAN, Italy; 3Centre Hospitalier Chr&#x00E9;tien St Vincent, LI&#x00C8;GE-ROCOURT, Belgium; 4Ludwig Maximilians U

	LM3.04.10Characterization of breast milk macronutrient content and its association with infant body composition
	E. Casta&#x00F1;eda-Guti&#x00E9;rrez1, J. Sauser1, T.M. Samuel1, C. Garc&#x00ED;a-Rodenas1, S.K. Thakkar1, M. Domell&#x00F6;f2, J.C. Picaud3, C. Billeaud4
	1Nestl&#x00E9; Research Center, LAUSANNE, Switzerland; 2Ume&#x00E5; universitet, Institutionen f&#x00F6;r klinisk vetenskap - Pediatrik Ume&#x00E5;, Sweden, UMEA, Sweden; 3Lactarium de Lyon, LYON, France; 4CIC P&#x00E9;diatrique Inserm 1401, CHU Pellegrin

	LM3.04.11Longitudinal fetal and childhood growth patterns associated with cardiac outcomes measured by cardiac Magnetic Resonance Imaging. The Generation R Study
	L. Toemen1, R. Gaillard1, A.A. Roest2, R.J. van der Geest2, E.A.P. Steegers1, W.A. Helbing1, V.W.V. Jaddoe1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Leiden University Medical Center, LEIDEN, The Netherlands

	LM3.04.12Sexual dimorphism in the programming of altered pancreatic islet function in offspring exposed to maternal obesity
	L.M. Nicholas, L.C. Kusinski, D.S. Fernandez-Twinn, S.E. Ozanne
	University of Cambridge, CAMBRIDGE, United Kingdom


	Wednesday October 18th Abstracts poster presentationsPO3.01�&#x2013; Adiposity &#x2013; Nutrition and physical activity
	PO3.01.01Adiponectin in breast milk and childhood anthropometrics and cardio-metabolic health
	L. van Rossem1, H.A. Smit1, G.H. Koppelman2, A.H. Wijga3
	1UMC Utrecht, UTRECHT, The Netherlands; 2UMC Groningen, GRONINGEN, The Netherlands; 3National Institute for Public Health and the Environment, BILTHOVEN, The Netherlands

	PO3.01.02Infant breastfeeding and childhood general, abdominal, liver and pericardial fat measures assessed by magnetic resonance imaging. The Generation R Study
	S. Vogelezang, S. Santos, A. van der Lugt, J. Felix, V.W.V. Jaddoe
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.01.03Infant feeding practices and the prospective relation with childhood BMI: results from the Generation R Study
	P.W. Jansen, I.P.M. Derks, V.W.V. Jaddoe, O.H. Franco, F.C. Verhulst, H. Tiemeier
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.01.04Dietary glycemic load and glycemic index during infancy with growth and body composition trajectories in childhood: The Generation R Study
	V. Jen1, A.N. Nguyen1, K.V.E. Braun1, E.C. Guti&#x00E9;rrez2, V.W.V. Jaddoe1, J.D. Schoufour1, O.H. Franco1, T. Voortman1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Nestl&#x00E9;, LAUSANNE, Switzerland

	PO3.01.05Association between age of introduction of complementary feeding, exclusive breast feeding duration and BMI at 5-6 years: the ABCD study
	O.E. Sirkka
	VU University Medical Center, AMSTERDAM, The Netherlands

	PO3.01.06Infant protein supply and adiposity risk at 6 years: secondary analysis of a randomized clinical trial
	M. Weber1, V. Luque2, E. Verduci3, J.P. Langhendries4, D. Gruszfeld5, B. Koletzko1, V. Grote1
	1Hauner Childrens&#x2019; Hospital, LMU Medical Center, University of Munich, MUNICH, Germany; 2Universitat Rovira i Virgili, REUS, Spain; 3University of Milan, MILAN, Italy; 4CHC St. Vincent, LI&#x00C8;GE-ROCOURT, Belgium; 5Children&#x2019;s Memorial Hea

	PO3.01.07Perinatal exposure to sucrose or high fructose corn syrup (HFCS�-�55) alters adiposity and hepatic lipid composition in rat offspring
	B.S. Muhlhausler1, C.R. Toop2, K. O&#x2019;Dea2, S. Gentili2
	1The University of Adelaide, ADELAIDE, Australia; 2University of South Australia, ADELAIDE, Australia

	PO3.01.08Maternal high-fat diet during lactation programs adult offspring obesity and increased adipose tissue Stearoyl-CoA Desaturase-1 activity in a depot-specific manner
	L. Butruille-Madjid1, L. Marousez2, C. Pourpe2, F. Oger2, D. Catheline3, S. Lecoutre2, S. G&#x00F6;rs4, A. Dickes-Coopman2, C. Guinez2, C. Laborie2, C.C. Metges4, P. Deruelle2, C. Breton2, P. Legrand3, J. Lesage2, D. Eberle2
	1Lille University, VILLENEUVE D&#x2019;ASCQ, France; 2Lille University, EA4489 Environnement P&#x00E9;rinatal et Sant&#x00E9;, LILLE, France; 3Laboratoire de Biochimie et Nutrition Humaine INRA 1378, Agrocampus Ouest, RENNES, France; 4Leibniz Institute fo

	PO3.01.09Monosaccharides in post-weaning diet of young mice program body composition and feeding behaviour in adulthood
	J.M.S. Fern&#x00E1;ndez-Calleja1, L.M.S. Bouwman1, H.J. Swarts1, A. Oosting2, J. Keijer1, E.M. van Schothorst1
	1Wageningen University, WAGENINGEN, The Netherlands; 2Nutricia Research, UTRECHT, The Netherlands

	PO3.01.10Describing objectively measured and maternal reported infant and toddler physical activity levels and patterns at 3, 6, 12, 18, and 24�months
	A. Prioreschi1, S. Brage2, J. Hnatiuk3, K.D. Hesketh3, K. Westgate2, L.K. Micklesfield1
	1University of the Witwatersrand, JOHANNESBURG, South Africa; 2University of Cambridge, CAMBRIDGE, United Kingdom; 3Deakin University, MELBOURNE, Australia

	PO3.01.11Voluntary exercise during development can improve eating behavior and metabolism in intrauterine growth-restricted animals
	R. Dalle Molle1, F.S. Cunha1, T.D. Machado1, D.P. Laureano1, A.B. Mucellini1, M.B. Alves1, P.J.C. Marostica1, &!QJ;P.P. Silveira2
	1Universidade Federal do Rio Grande do Sul, PORTO ALEGRE, Brazil; 2McGill University, MONTREAL, Canada

	PO3.01.12Early nutrition and subsequent risk of overweight and obesity in 8-year old children - a MoBa cohort study
	N. Agnihotri1, N.C. &#x00D8;verby1, E. Bere1, A.K. Wills2, M. Haugen3, E.R. Hillesund1
	1University of Agder, KRISTIANSAND, Norway; 2University of Bristol, BRISTOL, United Kingdom; 3Norwegian Institute of Public Health, OSLO, Norway

	PO3.01.13Association of vitamin D status in pregnancy with adiposity and cardiometabolic traits in childhood: the Rhea pregnancy cohort, Crete, Greece
	V. Daraki1, T. Roumeliotaki2, G. Chalkiadaki2, M. Katrinaki3, M. Karachaliou2, V. Leventakou2, M. Vafeiadi2, K. Sarri2, M. Vassilaki4, S. Papavasiliou5, M. Kogevinas6, L. Chatzi2, A.A. Margetaki7
	1Faculty of Medicine, University of Crete, HERAKLION, CRETE, Greece; 2Department of Social Medicine, Faculty of Medicine, University of Crete, HERAKLION,CRETE, Greece; 3Department of Laboratory Medicine, School of Medicine, University of Crete, HERAKLION,

	PO3.01.14Dietary protein intake in infancy with growth and body composition throughout childhood: longitudinal cohort study
	V. Jen1, K.V.E. K.Braun2, L.G.K. Karagounis3, A.N. Nguyen1, V.W.V. Jaddoe1, J.D. Schoufour1, O.H. Franco1, T. Voortman4
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Erasmus Medical Center, ROTTERDAM, The Netherlands; 3Nestl&#x00E9;, LAUSANNE, Switzerland; 4rasmus MC, ROTTERDAM, The Netherlands

	PO3.01.15Malnutrition in late-pregnancy malprograms to hyperphagia-pattern and obese-phenotype in adult rat-offspring
	C. de Oliveira, L. Ryba, T.A.L. de Lima, D.M.C. Bonatto, J.C. Facchi
	Universidade Federal de Mato Grosso - (UFMT), SINOP, Brazil


	PO3.02 - Genetics
	PO3.02.01Placental hypoxia-regulating network in relation to birth weight and ponderal index: the ENVIRONAGE Birth Cohort Study
	K. Vrijens, M. Tsamou, N. Madhloum, T.S. Nawrot
	Hasselt University, DIEPENBEEK, Belgium

	PO3.02.02Association of rs11708067 polymorphism in ADCY5 with birth weight, glucose, insulin and neonatal insulin resistance
	I.G. Aguilera Venegas1, J. Mora1, M. Vel&#x00E1;zquez1, G. Barbosa1, H. G&#x00F3;mez2, M. Lazo de la Vega1
	1University of Guanajuato, LEON, Mexico; 2UMAE No. 48 IMSS, LEON, Mexico

	PO3.02.03Influence of known genetic variants associated with adiposity on childhood abdominal, liver and pericardial fat assessed by Magnetic Resonance Imaging
	C. Monnereau, S. Santos, A. van der Lugt, V.W.V. Jaddoe, J. Felix
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.02.04Interaction between birth weight and the PLIN4 variant rs8887 on impulsivity at 5 years old children
	D.M.R. Marcos Rodrigues1, G.G.M. Gus Manfro1, H.G. Gaudreau2, R.D.L. Levitan3, M.J.M. Meaney2, P.P.S. Pelufo Silveira2
	1Federal University of Rio Grande do Sul, PORTO ALEGRE, Brazil; 2McGill University, MONTREAL, Canada; 3University of Toronto, TORONTO, Canada

	PO3.02.05Effects of FTO and PPAR? variants on intrauterine growth restriction in a Brazilian birth cohort
	M.R. Barbieri1, M.A. Barbieri1, K.J. Abraham2, A.M. Fontes1, M.C.P. Saraiva3, H. Bettiol1
	1Ribeirao Preto Medical School, University of Sao Paulo, RIBEIRAO PRETO, Brazil; 2Estacio-Uniseb Medical School, Estacio-Uniseb University, RIBEIRAO PRETO, Brazil; 3Department of Pediatric Dentistry, School of Dentistry of Ribeirao Preto, RIBEIRAO PRETO, 

	PO3.02.06The postnatal renal transcriptome is differentially affected by various intrauterine deficiencies in male rats
	E. N&#x00FC;sken, F. Lechner, G. Lippach, M. Wohlfarth, N. Mehdiani, B. Brachvogel, L.T. Weber, J. D&#x00F6;tsch, K.D. N&#x00FC;sken
	University of Cologne, Medical Faculty, COLOGNE, Germany

	PO3.02.07Effects of cumulative childhood cardiovascular risk factor exposure on transcriptomics in adulthood: The Cardiovascular Risk in Young Finns Study
	J. Mykk&#x00E4;nen1, A. Ahola-Olli2, E. Raitoharju3, S.P. Rovio2, T. Lehtim&#x00E4;ki3, O.T. Raitakari2
	1University of Turku, TURKU, Finland; 2CAPC, University of Turku, TURKU, Finland; 3Department of Clinical Chemistry, University of Tampere, TAMPERE, Finland

	PO3.02.08Cord blood leptin and insulin in association with mitochondrial DNA content in newborns
	A. Vriens1, M. Plusquin1, W. Baeyens2, L. Bruckers1, E. Den Hond3, I. Loots4, V. Nelen3, G. Schoeters5, T.S. Nawrot1
	1Hasselt University, DIEPENBEEK, Belgium; 2Vrije Universiteit Brussel, BRUSSELS, Belgium; 3Provincial Institute for Hygiene, ANTWERP, Belgium; 4University of Antwerp, ANTWERP, Belgium; 5Flemish Institute for Technological Research (VITO), MOL, Belgium

	PO3.02.09Influence of in utero metal exposure on human placental gene networks and fetal growth
	M.A. Deyssenroth1, S. Peng1, K. Hao1, C. Gennings1, B.P. Jackson2, M.R. Karagas2, L. Lambertini1, C.J. Marsit3, J. Chen1
	1Icahn School of Medicine at Mount Sinai, NEW YORK, United States of America; 2Dartmouth College, HANOVER, United States of America; 3Emory University, ATLANTA, United States of America

	PO3.02.10Widespread prevalence of a CREBRF variant associated with weight and height in Polynesian children
	S.D. Berry, C.G. Walker, K. Ly, C.C. Grant, R.G. Snell, S.M.B. Morton
	University of Auckland, AUCKLAND, New Zealand

	PO3.02.11Perinatal over- or undernutrition programs adipogenesis: Mechanism of a common Wnt10b&#x002F;PPAR&#x03B3; pathway mediated via differential &#x03B2;-Catenin signaling
	G. ROSS1, MD Desai1, G.H. Han1, R.L. Lane2
	1LA BioMed at Harbor UCLA Medical Center, LOS ANGELES, United States of America; 2Medical College Wisconsin, MILWAUKEE, United States of America

	PO3.02.12Molecular determinants of design optimality in cardiopulmonary systems: Sprouty2 coordinates airway and vascular branching programmes in mammalian lung development
	D. J. Walker1, S.C. Land2
	1University of St Andrews, DUNDEE, United Kingdom; 2University of Dundee, School of Life Sciences, DUNDEE, United Kingdom

	PO3.02.13FUT2 gene variants are associated with reported gastrointestinal and respiratory illnesses during infancy in the Southampton Women&#x2019;s Survey (SWS)
	S.J. Barton1, R. Murray1, K.A. Lillycrop1, H.M. Inskip1, N.C. Harvey1, C. Cooper1, I. Silva Zolezzi2, N. Sprenger2, K.M. Godfrey1, A. Binia2
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2Nestl&#x00E9; Research Center, LAUSANNE, Switzerland

	PO3.02.14Prospective study of PPARG2 Pro12Ala polymorphism effect on immune system in pregnant women and their offspring: The PREOBE study
	M. Garc&#x00ED;a-Ricobaraza1, M.N. Bleyere2, F.J. Torres-Espinola1, D. Campos Consuegra1, A. Marcos3, C. Campoy Folgoso1
	1Excellence Centre for Paedriatic Research, GRANADA, Spain; 2Department of Physiology, Haematology and Immunology, Nangui Abrogoua University, ABIDJAN, Ivory Coast; 3Inmunonutrition Group, Institute of Food Science and Technology and Nutrition. I, MADRID,

	PO3.02.15Genetics of birth weight and other anthropometric traits and their influence on future risk of cardio-metabolic traits in Indians
	S. Nongmaithem1, V. Ghattu2, R. Shukla3, K. Ahmad4, A. Dedaniya4, K. Kalyanaraman2, H.D. Fall5, S. Yajnik6, R. Chandak4
	1Centre for Cellular and Molecular Biology, HYDERABAD, India; 2Epidemiology Research Unit, CSI Holdsworth Memorial Hospital, MYSORE, India; 3Symbiosis Institute of Health Sciences, PUNE, India; 4CSIR-Centre for Cellular and Molecular Biology, HYDERABAD, I

	PO3.02.16Polymorphism frequency of vitamin D receptor in pregnant women: impact on vitamin D plasma concentration and antropometric parameters of newborn
	F. Alves Affonso Kaufman, F.I. Suano-Souza, F. Ramires Cafeo, L. Ver&#x00ED;ssimo Dutra, R.O. Saccardo Sarni, B. Bianco
	Faculdade de Medicina do ABC, SANTO ANDRE, Brazil

	PO3.02.17AMPK pathway in placenta and its relationship with birth weight alterations and maternal nutrition status
	K.A. Mata1, G. Barbosa1, M. Lazo1, J. Malacara1, H. Gomez2, M. Gonzalez3, L. Daza2
	1University of Guanajuato, LEON, Mexico; 2IMSS 48, LEON, Mexico; 3University of Cienega Michoac&#x00E1;n State, OCAMPO, Mexico


	PO3.03�&#x2013; Reproduction and periconception
	PO3.03.01Understanding barriers and enablers of a complex pre-conception intervention in Malaysia - preliminary findings from a process evaluation
	A.N. Mohd Hanafiah1, M.Z. Zulkepli1, N. Muharam1, D.W.Q. Chong1, S. Md Sharif1, N.H. Abdul Halim1, N.A. Zainuddin1, N.S. Abu Bakar1, S.F.A. Zulbahari1, J. Aagaard-Hansen2, R. Biesma3, S. Norris4, M. Hanson5
	1Institute for Health Systems Research, SETIA ALAM, SHAH ALAM, Malaysia; 2Steno Diabetes Center Copenhagen, GENTOFTE, Denmark; 3Royal College of Surgeons Ireland, DUBLIN, Ireland; 4DPHRU, Faculty of Health Sciences, University of the Witwatersrand, JOHANN

	PO3.03.02Effects of a preconception lifestyle intervention in obese infertile women on diet and physical activity: results of a randomized trial
	T.M. van Elten1, M.D.A. Karsten2, A. Geelen3, A.M. van Oers2, M.N.M. van Poppel1, H. Groen2, R.J.B.J. Gemke1, B.W. Mol4, M.A.Q. Mutsaerts2, T.J. Roseboom5, A. Hoek2
	1VU University Medical Center, AMSTERDAM, The Netherlands; 2University Medical Center Groningen, GRONINGEN, The Netherlands; 3Wageningen University &#x0026; Research, WAGENINGEN, The Netherlands; 4University of Adelaide, ADELAIDE, Australia; 5Academic Med

	PO3.03.03Narrative review of reviews of preconceptional interventions to prevent increased risk of obesity and non-communicable diseases in children
	C.M. Jacob, M.L. Newell, M.A. Hanson
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO3.03.04Childhood and adulthood preconception exposures influence smoking cessation during pregnancy and in midlife
	D.A.J.M. Schoenaker1, G.B. Ploubidis2, A. Goodman2, G.D. Mishra1
	1University of Queensland, BRISBANE, Australia; 2Centre for Longitudinal Studies, UCL - Institute of Education, University Colleg, LONDON, United Kingdom

	PO3.03.05Effects of Antibiotic-Disruption of the Seminal Fluid Microbiome on Male Reproductive Health and DOHaD Changes in Resulting Offspring
	C.S. Rosenfeld1, S.A. Johnson1, S.A. Givan1, T. Trupti1, Y. Liu1, R.A. Hess2, Z. Lei1, L.W. Sumner1
	1University of Missouri, COLUMBIA, United States of America; 2University of Illinois Urbana-Champaign, URBANA-CHAMPAIGN, United States of America

	PO3.03.07Beneficial effects of sympathomimetics on semen quality in humans
	E.C. Oostingh
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.03.08Insertion alternative splicing variant of androgen receptor suppresses human ovarian granolusa cells apoptosis via up-regulating miR�-�125b expression independent of androgen
	Q. Yang1, C.L. Zhou2, L.X. Liu3, L. Jin3, H.F. Huang3
	1Karolinska Institute, STOCKHOLM, Sweden; 2Woman&#x2019;s Hospital, School of Medicine, Zhejiang University, Zhejiang,China, ZHEJIANG, China; 3International Peace Maternal and Child Health Hospital, School of Medicine, Shan, SHANGHAI, China

	PO3.03.09The effects of a preconception lifestyle intervention in obese women on offspring development and behavior
	M.D. Menting1, C. van de Beek1, A. Hoek2, H. Groen2, R.C. Painter1, T.J. Roseboom1
	1Amsterdam Medical Center, AMSTERDAM, The Netherlands; 2University Medical Center Groningen, GRONINGEN, The Netherlands

	PO3.03.10Awareness and communication with low health literate clients in preconception care: a problem analysis
	A.N. Rosman1, E.C. Kamphuis2, B.J. Myren2, M.P. Fransen2
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Academic Medical Center, AMSTERDAM, The Netherlands

	PO3.03.11POHaD - Paternal Origins of Health and Disease: Paternal obesity and early embryonic development
	S. Romanus1, M. Welkenhuysen2, D. Vanderschueren3, C. Spiessens2, A. Soubry1
	1Epidemiology Research Unit, University of Leuven, LEUVEN, Belgium; 2Leuven University Fertility Center, University Hospitals Leuven, LEUVEN, Belgium; 3Clinical and Experimental Endocrinology, University of Leuven, LEUVEN, Belgium

	PO3.03.12Pre-pregnancy dietary, lifestyle and reproductive risk factors of gestational diabetes in an Australian population-based cohort
	M. Looman1, D.A.J.M. Schoenaker2, S. Soedamah-Muthu1, E.J.M. Feskens1, A. Geelen1, G.D. Mishra2
	1Wageningen University, WAGENINGEN, The Netherlands; 2University of Queensland, BRISBANE, Australia

	PO3.03.13Reproductive parameters and oxidative stress biomarkers of male Wistar rats prenatally exposed to cigarette smoke
	O. Obembe, F. Olatoke
	Osun State University, OSOGBO, Nigeria

	PO3.03.14Lack of insulin response in human umbilical vein endothelial cells from pregestational maternal obesity may result from endoplasmic reticulum stress
	R. Villalobos Labra, R. Salsoso, M. Subiabre, L. Silva, M. Far&#x00ED;as-Jofr&#x00E9;, L. Sobrevia
	Pontificia Universidad Cat&#x00F3;lica de Chile, SANTIAGO, Chile


	PO3.04�&#x2013; Maternal obesity and physical activity
	PO3.04.01Association between maternal gestational weight gain and fetal growth in Japanese underweight women
	Y. Kasuga, K. Miyakoshi, Y. Sato, Y. Akiba, T. Otani, M. Fukutake, S. Ikenoue, D. Ochiai, T.M. Matsumoto, M. Tanaka
	Keio University, TOKYO, Japan

	PO3.04.02The joint effect of maternal smoking during pregnancy and pre-pregnancy overweight on term birth weight of the offspring
	T. Chattrapiban1, H.A. Smit1, A.H. Wijga2, B. Brunekreef3, J.M. Vonk4, U. Gehring3, L. van Rossem1
	1UMC Utrecht, UTRECHT, The Netherlands; 2National Institute of Public Health and the Environment, BILTHOVEN, The Netherlands; 3Institute for Risk Assessment Science, Utrecht University, UTRECHT, The Netherlands; 4University Medical Center Groningen, GRONI

	PO3.04.03Maternal obesity in pregnancy is associated with reduced heart rate variability in neonates
	S. Sahid, D. Taylor
	King&#x2019;s College London, LONDON, United Kingdom

	PO3.04.04Mothers&#x2019; weight before pregnancy alters newborns&#x2019; telomere-related gene expression at birth
	B. Cox1, M. Plusquin1, T.M. de Kok2, D.S. Martens1, E. Winckelmans1, A. Vriens1, J.C. Kleinjans2, T.S. Nawrot1
	1Hasselt University, DIEPENBEEK, Belgium; 2Maastricht University, MAASTRICHT, The Netherlands

	PO3.04.05Psychological distress, body mass index and weight gain in pregnant women
	F.O.L. Vehmeijer1, S. Balkaran2, R. Gaillard2, H. El Marroun2, J. Felix2, V.W.V. Jaddoe2
	1Erasmus MC, ROTTERDAM, The Netherlands; 2The Generation R Study Group, Erasmus MC - University Medical Center, ROTTERDAM, The Netherlands

	PO3.04.06Pregnancy exercise and nutrition research study (PEARs) with smartphone app support
	M.A. Kennelly1, K. Ainscough1, K.L. Lindsay1, J. O&#x2019;Sullivan1, L. Gibney2, M. McCarthy3, R. Segurado4, G. DeVito5, O. Maguire6, T. Smith6, M. Hatunic7, F. McAuliffe1
	1UCD Perinatal Research Centre, DUBLIN, Ireland; 2UCD Institute of Food and Health, University College Dublin, DUBLIN, Ireland; 3Dept of Management &#x0026; Marketing, University College Cork National University o, CORK, Ireland; 4School of Public Health,

	PO3.04.07Exercise before and during pregnancy alters the microbiome and glucose intolerance in females born growth restricted fed a high-fat diet
	M.E. Wlodek1, J.L. Wood2, E. Hill2, D. Mahizir1, K. Anevska1, A.E. Franks2, J. Briffa1
	1The University of Melbourne, MELBOURNE, Australia; 2La Trobe University, BUNDOORA, VICTORIA, Australia

	PO3.04.08Gestational weight gain and its relationship with the birthweight of offspring
	J.D. Dong1, F.F.C. Chen2, W.P.W. Wang2, J.M. Mi2
	1Peking Union Medical College, Capital Institute of pediatrics, BEIJING, China; 2Capital Institute of Pediatrics, BEIJING, China

	PO3.04.09Can voluntary exercise in rat offspring reverse renal changes caused by maternal obesity ?
	S.C. Chowdhury1, H.B. Bahari2, V.C. Caruso3, C.M. Maloney1, M.M. Morris1
	1University of New South Wales, SYDNEY, Australia; 2Universiti Putra Malaysia, SERDANG, Malaysia; 3University of Tasmania, HOBART, Australia

	PO3.04.10Influence of maternal obesity during pregnancy on offspring cardio-metabolic health and disease
	R. Gaillard, S. Santos, L. Duijts, J. Felix, V.W.V. Jaddoe
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.04.11Maternal obesity, pro-inflammatory cytokines and offspring blood pressure and obesity
	R.L.M. Maguire1, A.M.R. Mohamed Raffi1, D.A.S. Skaar1, S.S.P. Park1, L.E.M. McCullough2, B.F.F. Fuemmeler3, S.H.K. Kollins4, S.D.B. Bilbo5, A.P.M. Murtha4, S.K.M. Murphy4, K.M.G. Gowdy6, C.H. Hoyo1
	1North Carolina State University, RALEIGH, United States of America; 2Emory University, ATLANTA, United States of America; 3Virginia Commonwealth University, RICHMOND, United States of America; 4Duke University, DURHAM, United States of America; 5Harvard 

	PO3.04.12Association between maternal weight gain during pregnancy and offspring anthropometric outcomes during the first 18�months of life
	A.M. Arias1, A. Nieto-Ruiz1, F. Herrmann1, M.T. Miranda2, M. Rodr&#x00ED;guez-Palmero3, J. Jim&#x00E9;nez3, C. Campoy1
	1EURISTIKOS Excellence Centre for Paediatric Research, University of Granada, Spa, GRANADA, Spain; 2Department of Biostatistics, School of Medicine, University of Granada, GRANADA, Spain; 3Ordesa Laboratories, S.L., BARCELONA, Spain

	PO3.04.13Breastfeeding durations relate to maternal body size and infant care help across 21 small-scale human populations: Implications for public health
	L.J. McKerracher1, M. Collard2
	1McMaster University, HAMILTON, Canada; 2Simon Fraser University, BURNABY, Canada

	PO3.04.14Low physical activity is associated with lower birth weight among rural pregnant women in Central Malaysia
	S.K. Nachatar Singh1, D. Maykanathan1, H.S. Yim1, R. Abdul Jalil2, H.J. Jan Mohamed2
	1UCSI University, KUALA LUMPUR, Malaysia; 2Universiti Sains Malaysia, KOTA BHARU, Malaysia

	PO3.04.15Breastfeeding and exclusive breastfeeding are associated with maternal body mass index and social status among Norwegian mothers
	C.H. Helle, V.K. Bj&#x00F8;rset, E.R. Hillesund, N.C. &#x00D8;verby
	University of Agder, KRISTIANSAND, Norway


	PO3.05 - Microbiome
	PO3.05.01Dairy lipids and probiotic L. fermentum in infant formulas differently program gut microbiota and physiology in a minipig model
	M. Lemaire1, S. Dou2, C. Canlet3, M. Tremblay-Franco3, G. Boudry4, S. Ferret-Bernard4, M. Rhimi5, I. Cuinet6, P.L. Le Ruyet6, C. Baudry6, D. Dupont7, A. Deglaire7, P. G&#x00E9;rard5, S. Blat4, I.L. Le Hu&#x00EB;rou-Luron4
	1INRA, INSERM, Univ Rennes 1, Univ Bretagne Loire, NuMeCan , Lactalis R&#x0026;D, SAINT-GILLES, France; 2INRA, UMR1348 PEGASE, SAINT-GILLES, France; 3INRA, ToxAlim, UMR1331, TOULOUSE, France; 4INRA, INSERM, Univ Rennes 1, Univ Bretagne Loire, NuMeCan, SAI

	PO3.05.02Birth mode and infant gut microbiota sequentially mediate the association of maternal overweight with childhood overweight
	H.M. Tun1, S.L. Bridgman1, R. Chari1, C.J. Field1, D.S. Guttman2, A. Becker3, P.J. Mandhane1, S.E. Turvey4, P. Subbarao2, M.R. Sears5, J.A. Scott2, A.L. Kozyrskyj1, On behalf Of The CHILD6
	1University of Alberta, EDMONTON, Canada; 2University of Toronto, TORONTO, Canada; 3University of Manitoba, WINNIPEG, Canada; 4University of British Columbia, VANCOUVER, Canada; 5McMaster University, HAMILTON, Canada; 6Then CHILD - McMaster University, HA

	PO3.05.03Absence of intestinal microbiota in early life does not critically affect cholesterol metabolism in mouse offspring
	M.A.M. Lohuis, U. Tietge, H.J. Verkade
	University of Groningen, University Medical Center Groningen, GRONINGEN, The Netherlands

	PO3.05.04Role of breastmilk microbiome in colonisation of the infant gut: a systematic review
	C. Edwards1, A. Gil2, E.M. van der Beek3, M.H. Schoemaker4, S. Ozanne5, C. Belzer6, C. Stanton7, C.A. van Loo-Bouwman8, V. Marinello1, R. Rueda9
	1University of Glasgow, GLASGOW, United Kingdom; 2University of Granada, GRANADA, Spain; 3Nutricia Research, UTRECHT, The Netherlands; 4Mead Johnson Pediatric Nutrition Institute, NIJMEGEN, The Netherlands; 5University of Cambridge, CAMBRIDGE, United King

	PO3.05.05Diet-induced cholestasis modifies the maternal gut metabolome and microbiota, resulting in offspring metabolic impairment, altered intestinal metabolites and bacteria
	C. Ovadia1, K. Spagou2, A. Perdones-Montero2, A. Smith3, G. Papacleovoulou1, P.H. Dixon1, E. Holmes2, J. Marchesi2, C. Williamson1
	1King&#x2019;s College London, LONDON, United Kingdom; 2Imperial College London, LONDON, United Kingdom; 3Cardiff University, CARDIFF, United Kingdom

	PO3.05.06Gut microbiota and overweight at the age of 3 years
	M. Karvonen1, J.E. Sordillo2, D.R. Gold2, L. Bacharier3, G.T. O&#x2019;Connor4, R.S. Zeiger5, S.T. Weiss2, A.A. Litonjua2
	1National Institute for Health and Welfare (THL), KUOPIO, Finland; 2Brigham and Women&#x2019;s Hospital and Harvard Medical School, BOSTON, United States of America; 3Washington University School of Medicine and St. Louis Children&#x2019;s Hospital, ST. L

	PO3.05.07Males born growth restricted and fed a high-fat diet have altered microbiome and metabolic dysfunction
	M.E. Wlodek1, J.L. Wood2, E. Hill2, J. Briffa1, C. Bell2, A. Jefferies1, K. Anevska1, A.E. Franks2
	1The University of Melbourne, MELBOURNE, Australia; 2La Trobe University, BUNDOORA, VICTORIA, Australia

	PO3.05.08Vitamin D dietary intakes is among the most potent modifiers of gut microbiota in pregnant women- the prospective NoMIC cohort
	M. Eggesboe1, S. Mandal2, R. Knight3, S. Peddada4, V. Lenters5
	1NIPH, OSLO, Norway; 2Public Health Foundation of India, NEW DEHLI, India; 3University of California San Diego, SAN DIEGO, United States of America; 4NIEHS, RTP, United States of America; 5Norwegian Institute of Public Health, OSLO, Norway

	PO3.05.09Gut microbiota in healthy Japanese infants and young adults born by C-�section
	Y. Yamashiro, R.N. Nagpal
	Juntendo University Graduate School of Medicine, TOKYO, Japan

	PO3.05.10Differences in breast milk microbiomes between HIV-infected women on ART and non-infected women living in South Africa
	E. du Toit1, M.P. Nicol1, A. Ojo2
	1University of Cape Town, CAPE TOWN, South Africa; 2University of Cape Town, Cape Town, South Africa, CAPE TOWN, South Africa

	PO3.05.11Delivery type is associated with microbiota composition and body adiposity in young adults of the Nutritionists Health Study
	A. Pititto1, A.M.M. Valente2, I.T. Silva2, G. Fernandes3, A.A. Ferraro2, S.R.G. Ferreira2
	1UNIFESP, SAO PAULO, Brazil; 2University of Sao Paulo, SAO PAULO, Brazil; 3Oswaldo Cruz Foundation, BELO HORIZONTE, Brazil

	PO3.05.12Gut microbiota composition in children and adults: Ruminicoccaceae vs Lachnospiraceae
	D. Radjabzadeh
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.05.13Functionality and structure of neonatal gut microbiota community depend on pre-pregnancy maternal weight
	T. Cerd&#x00F3;1, A. Ruiz1, R. J&#x00E1;uregui2, A. Su&#x00E1;rez1, C. Campoy1
	1University of Granada, ARMILLA, GRANADA, Spain; 2AgResearch Grasslands, PALMERSTON NORTH, New Zealand

	PO3.05.14Influences of maternal obesity on gut microbiome and brain structure and function
	T. Cerd&#x00F3;1, A. Ruiz1, R. J&#x00E1;uregui2, H. Azaryah1, F.J. Torres-Esp&#x00ED;nola1, A. Su&#x00E1;rez1, C. Campoy1
	1University of Granada, ARMILLA, GRANADA, Spain; 2AgResearch Grasslands, PALMERSTON NORTH, New Zealand

	PO3.05.15Prevalence of pathogenic bacteria in open and surgical wounds of patients attending hospitals in Buea municipality
	N.A. Sati
	St. Luke&#x2019;s Medical Center Buea, BUEA, Cameroon


	PO3.06�&#x2013; Neurodevelopment - Nutrition
	PO3.06.01Early diet with improved LCPUFA content protects the brain against the early-life-stress induced deficit by modulating hippocampal neurogenesis and microglia
	K. Reemst1, K.Y. Yam1, L. Hoeijmakers1, E.F.G. Naninck1, L. Schipper2, E.M. van der Beek3, A. Oosting2, P.J. Lucassen1, A. Korosi1
	1University of Amsterdam, AMSTERDAM, The Netherlands; 2Nutricia Research, UTRECHT, The Netherlands; 3Nutricia Research, UMCG, UTRECHT, GRONINGEN, The Netherlands

	PO3.06.03Maternal seafood intake during pregnancy and child neurodevelopment until age 5 years: a prospective cohort study in Norway
	A.L. Brantsaeter1, E. Papadopoulou1, M. Haugen1, H. Meltzer1, K. Vejrup1, T.C. Borge1, F. Jacka2, H. Knutsen1, I.H. Caspersen1
	1Norwegian Institute of Public Health, OSLO, Norway; 2Food &#x0026; Mood Centre, IMPACT Strategic Research Centre, Deakin University, GEELONG, Australia

	PO3.06.04Maternal use of iodine containing supplements in pregnancy is associated with increased risk of child attention-deficit&#x002F;hyperactivity disorder
	M.H. Abel1, E. Ystrom2, I.H. Caspersen2, H. Aase2, L.E. Torheim3, H.M. Meltzer2, R.B. Askeland2, T. Reichborn-Kjennerud2, A.L. Brantsaeter2
	1Norwegian Institute of Public Health&#x002F;Tine SA, OSLO, Norway; 2Norwegian Institute of Public Health, OSLO, Norway; 3Oslo and Akershus University College of Applied Sciences, OSLO, Norway

	PO3.06.07Micronutrients during pregnancy and child psychomotor development: opposite effects of Zinc and Selenium
	K. Polanska1, W. Hanke1, A. Krol1, J. Gromadzinska1, R. Kuras1, B. Janasik1, W. Wasowicz1, F. Mirabella2, F. Chiarotti2, G. Calamandrei2
	1Nofer Institute of Occupational Medicine, LODZ, Poland; 2National Institute of Health, ROME, Italy

	PO3.06.08Effect of early life dietary supplementation with prebiotic and omega-3 poly-unsaturated fatty acids on behaviour and immunomodulation in healthy mice
	K. Szklany1, J. Garssen2, L.M.J. Knippels2, A.D. Kraneveld1
	1Utrecht University, UTRECHT, The Netherlands; 2Utrecht University, Utrecht, The Netherlands; Nutricia Research, UTRECHT, The Netherlands

	PO3.06.09Does DHA supplementation in preterm infants in the neonatal period improve attention at 18�months&#x2019; corrected age?
	E. Hewawasam1, B.S. Mulhausler1, C.T. Collins2, J. Gould2
	1The University of Adelaide, ADELAIDE, Australia; 2South Australian Health and Medical Research Institute, NORTH ADELAIDE, SOUTH AUSTRALIA, Australia

	PO3.06.10Developmental programming of hippocampal adult neurogenesis to maternal high fructose diet: focus on HDAC4-associated neuroinflammation
	K.L.H. Wu, C.H. Lee, C. Wu, J.Y.H. Chan, Y.L. Tain, W.C. Lee, S. Leu, C.Y. Hung
	Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG, Taiwan

	PO3.06.11Cord serum concentrations of 25-hydroxy vitamin D with growth and neurodevelopment during infancy
	H. Wang, X.D. Yu, L.S. Huang, Q. Chen, J.J. Zhang
	Shanghai Jiao Tong University School of Medicine, SHANGHAI, China

	PO3.06.12Maternal Nutritional Status and Fetal Brain Development
	X.P. Koh1, M. Chong2, P. Calder3, M.C. Chua4, K.H. Tan4, K.M. Godfrey3, M. Fortier4, Y.A.P.S.E Chong5, P.D. Gluckman6, A.N. Qiu7, M. Meaney8, N. Karnani1
	1Singapore Institute for Clinical Sciences, SINGAPORE, Singapore; 2Saw Swee Hock School of Public Health, National University of Singapore, SINGAPORE, Singapore; 3Faculty of Medicine, University of Southhampton, SOUTHHAMPTON, United Kingdom; 4Department o

	PO3.06.13Associations between maternal diet during pregnancy and early childhood development in urban South Africa: A proposal
	C. Conradie1, M. Rothman1, E. Symington2, C. Ricci1, L. Malan1, J. Baumgartner1, C.M. Smuts1
	1North West University, POTCHEFSTROOM, South Africa; 2University of South Africa, JOHANNESBURG, South Africa

	PO3.06.14Association of psychomotor development with feeding practices and nutritional status of 6-month-old infants in a peri-urban community of South Africa
	C.M. Smuts1, M. Rothman1, T.M. Matsungo1, M. Cockeran1, M. Faber2
	1North-West University, POTCHEFSTROOM, South Africa; 2South African Medical Research Council, CAPE TOWN, South Africa

	PO3.06.15Exposure to maternal high fat diet programs reward behavior in the offspring
	M.D. Johnson1, Z.A. Cordner1, L. Song2, S.G. Khambadkone1, A. Chaturvedi1, T.H. Moran1, K.L. Tamashiro1
	1Johns Hopkins University, BALTIMORE, United States of America; 2Xi&#x2019;an Jiaotong University, XI&#x2019;AN, China

	PO3.06.16The effect of maternal vitamin D depleted diet during gestation on the behaviour and activity of young adult mouse offspring
	E. Jones1, L. Newland1, F.R. Cagampang1, R. Poore1, K. Cleal1, D. Fraser2, R. Green1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2University of East Anglia, NORWICH, United Kingdom


	PO3.07�&#x2013; Neurodevelopment &#x2013; Population health
	PO3.07.01Hearing loss among 9- to 11-year-old children in the Netherlands: the Generation R Study
	C.M.P. le Clercq, M.P. van der Schroeff
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.07.02Social network as a health tool to promote child development
	A.M.U. Escobar1, J.V.A. Ribeiro2, K. Barros3, M. Wadt4, A.C. Covic4
	1University of S&#x00E3;o Paulo Medical School, S&#x00C3;O PAULO, Brazil; 2UNA Educa&#x00E7;&#x00E3;o e Sa&#x00FA;de, S&#x00C3;O PAULO, Brazil; 3Danone, SAO PAULO, Brazil; 4University of Campinas, CAMPINAS, Brazil

	PO3.07.03Perinatal vulnerability leads to multiple poor health and development outcomes in the first 1000�days of life
	M.B. Morton
	Centre for Longitudinal Research, AUCKLAND, New Zealand

	PO3.07.04Risk factors for social-emotional development and behavior problems at age two: Results from the All Our Families pregnancy cohort
	C. Tough
	University of Calgary, CALGARY, Canada

	PO3.07.05The role of perinatal essential fatty acids in attention deficit and hyperactivity disorder symptoms
	M. L&#x00F3;pez-Vicente1, N. Ribas Fit&#x00F3;2, N. Vilor-Tejedor1, R. Garcia-Esteban1, S. Alemany1, M. Murcia3, M. Rebagliato3, J. Ibarluzea4, A. Lertxundi4, A. Fern&#x00E1;ndez-Somoano5, A. Tard&#x00F3;n5, M. Vrijheid1, J. Sunyer1, J. J&#x00FA;lvez1
	1ISGlobal, BARCELONA, Spain; 2Fundaci&#x00F3; Orienta CSMIJ, GAV&#x00C0;, Spain; 3FISABIO, VALENCIA, Spain; 4Biodonostia, SAN SEBASTI&#x00C1;N, Spain; 5IUOPA, OVIEDO, Spain

	PO3.07.06Children&#x2019;s leisure activities are associated with their behavioural characteristics aged Five: Lifeways Cross-Generation Cohort Study, Republic of Ireland
	C. Mejia-Lancheros, J. Mathews, J. Mehegan, C. Murrin, R. Tremblay, C. Kelleher
	University College Dublin, DUBLIN, Ireland

	PO3.07.07Differential effects of maternal and postnatal obesity on activity, anxiety and memory in adult mouse offspring
	A. Rasool, L.R. Green, J.L. Teeling, F.R. Cagampang, K.R. Poore
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO3.07.08Maternal lipid profiles during early pregnancy and eating behaviour in the offspring
	A.M. Dieberger1, S.R. de Rooij2, A. Korosi3, T.G.M. Vrijkotte1
	1Academic Medical Centre, AMSTERDAM, The Netherlands; 2Department of Clinical Epidemiology, Biostatistics and Bio informatics, AMC, AMSTERDAM, The Netherlands; 3Swammerdam Institute for Life Sciences, Centre for Neurosciences, UvA, AMSTERDAM, The Netherla

	PO3.07.09Longitudinal study of the effect of maternal and postnatal obesity on motivation for appetitive reward in male and female offspring
	C.A. Hawkes, L.C. Contu, C.J. Heath
	The Open University, MILTON KEYNES, United Kingdom

	PO3.07.10Developmental paths of healthy term infants in the I-�Chat study. Is plagiocephaly causing developmental delay?
	E. Beaton1, V. Travlos2, B. Hands2
	1The University of Notre Dame Australia, Fremantle, Australia, FREMANTLE, Australia; 2The University of Notre Dame Australia, FREMANTLE, Australia

	PO3.07.11Antecedents of worry in mothers of children who are choosy at 15�months of age
	P.M. Emmett1, N.P. Hays2, C.M. Taylor1
	1University of Bristol, BRISTOL, United Kingdom; 2Nestle nutrition R&#x0026;D, KING OF PRUSSIA, United States of America

	PO3.07.12Prenatal programming by maternal age: Fetal neurobehavior and birth outcomes
	C.A. McCormack1, T. Feng1, S. Lee1, G. Liu1, C. Trumpff2, C.E. Monk1
	1Columbia University, NEW YORK, United States of America; 2New York State Psychiatric Institute, NEW YORK, United States of America

	PO3.07.13Sex of older siblings and cognitive function
	S.M. Scott1, C.B. Bergh2, R.U. Udumyan2, M.E. Eriksson3, K.F. Fall2, A.H. Hiyoshi2
	1&#x00D6;rebro University, &#x00D6;rebro, Sweden &#x2018;,&#x2019;. University College London, UK., &#x00D6;REBRO, Sweden; 2Clinical Epidemiology and Biostatistics, &#x00D6;rebro University, &#x00D6;REBRO, Sweden; 3School of Health Sciences, &#x00D6;rebro

	PO3.07.14Neurodevelopmental delay associated with infancy weight gain among Chinese term-born infants
	X.Z. Zhao1, JR.H. He2, JH.L. Lu2, LF.Z. Zhang2, X.L. Liu2, Y.H. Hu2, F.H. Hu2, FJ.Z. Zhou2, HM.X. Xia1, X.Q. Qiu2
	1Guangzhou Women and Children&#x2019;s Medical Center, GUANGZHOU, China; 2Division of Birth Cohort Study, Guangzhou Women and Children&#x2019;s Medical Center, GUANGZHOU, China

	PO3.07.15Developing brain function for age curves from birth using novel biomarkers of neurocognitive development: The BRIGHT Study
	M. Rozhko1, S.E. Moore2, M.K. Darboe3, A. Blasi4, L. Kischkel4, L. Mason5, S. McCann3, S.L. Lloyd-Fox5, C.E. Elwell4
	1MRC Elsie Widdowson Laboratory, CAMBRIDGE, United Kingdom; 2King&#x2019;s College London, LONDON, United Kingdom; 3MRC Unit, The Gambia, KENEBA, Gambia; 4University College London, LONDON, United Kingdom; 5Birkbeck, University of London, LONDON, United K

	PO3.07.16Pregnancy risk factors in autism: a sibling matched case-control study in Italy
	L. Migliore1, A. Lopomo1, A. Narzisi2, F. Muratori2, F. Coppede&#x0027;1, E. Grossi3
	1University of Pisa, PISA, Italy; 2IRCCS Fondazione Stella Maris, TIRRENIA (PISA), Italy; 3Autism Research Unit - Villa Santa Maria Institute, TAVERNERIO (COMO), Italy


	PO3.08 - Nutrition
	PO3.08.02Effects of maternal fatty acids patterns during pregnancy on prospectively measured circulating blood lymphocytes in children: the Generation R Study
	K.I.M. Looman1, J.C. Kiefte-de Jong1, M.A.E. Jansen1, M.J. Tielemans1, V.W.V. Jaddoe1, H. Tiemeier1, M.C. van Zelm2, H.A. Moll1
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Central Clinical School, Monash University and Alfred Hospital, MELBOURNE, Australia

	PO3.08.03Protocol to determine effects of maternal iron and n-�3 fatty acid deficiency on the epigenome and gut microbiome in rats
	J. Baumgartner, P.J. Alley, L. Malan, C.M. Smuts, L. Zandberg
	North-West University, POTCHEFSTROOM, South Africa

	PO3.08.04Infant milk feeding and incidence of food allergies in the first eight years of life in the EDEN mother-child cohort
	C. Davisse-Paturet
	Inserm, VILLEJUIF, France

	PO3.08.05Effects of pre- and postnatal iron and n-�3 fatty acid depletion, alone and in combination, on bone development in rats
	E. Strydom, E.T. Kemp, P.V.Z. Venter, H.S. Kruger, C.M. Smuts, J. Baumgartner
	North-West University, POTCHEFSTROOM, South Africa

	PO3.08.06Multiple prenatal exposures and airway inflammation in early adolescence
	J.E. Sordillo1, K.M. Switkowski2, B.A. Coull3, J. Schwartz3, I. Kloog4, H. Gibson4, A.A. Litonjua5, J. Bobb6, P. Koutrakis4, S.L. Rifas-Shiman2, E. Oken2, D.R. Gold4
	1Harvard Pilgrim Health Care Institute, BOSTON, United States of America; 2Harvard Medical School and Harvard Pilgrim Health Care Institute, BOSTON, United States of America; 3Department of Biostatistics, Harvard T.H. Chan School of Public Health, BOSTON,

	PO3.08.07Folic acid supplementation during different periods of the life course induces distinct effects on the mammary gland transcriptome
	A. Lillycrop, M.A. Burton, E. Antoun, G.C. Burdge
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO3.08.08Prevalence of B12 deficiency is common in early pregnancy in a multi-ethnic UK population
	C. Bagias1, N. Sukumar1, S. Wilson2, P. Saravanan1
	1Warwick University, WARWICK, United Kingdom; 2GEORGE ELIOT HOSPITAL, NUNEATON, United Kingdom

	PO3.08.09The associations between maternal nutrition and lifestyle knowledge and a healthy eating index in pregnancy
	R.A. Kennedy1, C.M.E. Reynolds2, S. Cawley1, L. Mullaney1, D.M.A. McCartney1, M.J. Turner2
	1Dublin Institute of Technology, DUBLIN, Ireland; 2UCD Centre for Human Reproduction, Coombe Women and Infants University Hospital, DUBLIN, Ireland

	PO3.08.10Influences on where women learn about what to eat during pregnancy: Preliminary evidence from the Mothers to Babies (M2B) study
	L.J. McKerracher1, S. Rao1, C.S. Moffat1, M.E. Barker2, On behalf Of the M2B consortium3, D.M. Sloboda1
	1McMaster University, HAMILTON, Canada; 2Southampton University, SOUTHAMPTON, United Kingdom; 3Mothers to Babies (M2B) Research Consortium, X, Canada

	PO3.08.11Governance of WASH in sub-Saharan Africa and associations with nutritional status in children under five years: A systematic review
	D.J. Momberg1, C. Ngandu1, J. May2, S.A. Norris1, R. Said-Mohamed1
	1University of the Witwatersrand, JOHANNESBURG, South Africa; 2DST-NRF Centre of Excellence in Food Security, CAPE TOWN, South Africa

	PO3.08.12Early life biomarkers in the context of a nutrition transition: a cohort study from the Bolivian Amazon
	E.E. Masterson, P.P. Hujoel
	University of Washington, SEATTLE, United States of America

	PO3.08.13Iodine status of complementary-fed infants receiving lipid-based nutrient supplements in South Africa: a randomized controlled trial
	J. Osei1, J. Baumgartner2, T.M. Matsungo2, M.A. Rothman2, M. Faber3, C.M. Smuts2
	1University of the Free State, BLOEMFONTEIN, South Africa; 2North-West University, POTCHEFSTROOM, South Africa; 3South African Medical Research Council, CAPE TOWN, South Africa

	PO3.08.14The Effect of Periconceptional Multi Micronutrient Supplementation in Preventing Maternal DNA Damage
	S.A. As&#x2019;ad Armyn
	Hasanuddin University, MAKASSAR, Indonesia

	PO3.08.15Materno-fetal transfer of stable isotopes labelled fatty acids in obese pregnant women
	A. G&#x00E1;zquez1, M. Ru&#x00ED;z-Palacios2, M. Prieto-S&#x00E1;nchez3, C.M. Garc&#x00ED;a-Hern&#x00E1;ndez3, J.E. Blanco-Carnero3, A. Nieto3, D. van Harskamp4, J.E. Oosterink4, H. Schierbeek4, J.B. van Goudoever4, H. Demmelmair1, B. Koletzko1, E. Larqu&
	1Ludwig-Maximilians-Universit&#x00E4;t Munich, MUNICH, Germany; 2Department of Physiology, School of Biology, University of Murcia, MURCIA, Spain; 3Obstetrics and Gynecology Service, University of Murcia., MURCIA, Spain; 4Department of Paediatrics, Emma C

	PO3.08.16Gene expression profile changes in mice fatty liver induced by undernourishment in utero with or without endoplasmic reticulum stress alleviation
	J.F. Urmi1, K. Muramatsu-Kato1, Y. Kohmura-Kobayashi1, K. Mochizuki2, K. Kubota3, H. Itoh1, N. Kanayama1
	1Hamamatsu University School of Medicine, HAMAMATSU, Japan; 2University of Yamanashi, KOFU, Japan; 3Seitoku University, MATSUDO, Japan

	PO3.08.17Dandropanax Morbifera Extracts reduced the inflammation of digestive-related disease in animal models
	W.K. Lee, P. Pyao, T.H. Ko, A. Memon
	Inha University, INCHEON, South-Korea


	PO3.09 - Interventions
	PO3.09.01How can we improve recruitment to clinical trials during pregnancy? A mixed methods investigation
	T. Lawrence, S. Strommer, T. Rose, C. Vogel, D. Watson, J. Botell, H. Nicholas, C. Cooper, H.M. Inskip, J. Baird, M.E. Barker
	University of Southampton, SOUTHAMPTON, United Kingdom

	PO3.09.02Why do some pregnant women engage more than others with interventions to improve diet and increase physical activity?
	T. Rose1, S. Str&#x00F6;mmer1, C. Vogel1, N.C. Harvey1, C. Cooper1, H. Inskip1, K. Woods-Townsend2, J. Baird1, M. Barker1, W. Lawrence1
	1MRC Lifecourse Epidemiology Unit (University of Southampton), SOUTHAMPTON, United Kingdom; 2Southampton Education School, Faculty of Social and Human Sciences, SOUTHAMPTON, United Kingdom

	PO3.09.03Effects of a lifestyle intervention during pregnancy and first postpartum year - 1-year follow-up of the RADIEL study
	H.E. Huvinen1, S.B. Koivusalo1, B. Stach-Lempinen2, H. Kautiainen1, J.G. Eriksson1
	1University of Helsinki and Helsinki University Hospital, Helsinki, Finland; 2South-Karelia Central Hospital, LAPPEENRANTA, Finland

	PO3.09.04Mobile health technology-based lifestyle coaching during the (pre)pregnancy window is less effective in women living in a deprived neighbourhood
	D.V. Gootjes, M.R. van Dijk, M.P.H. Koster, S.P. Willemsen, E.A.P. Steegers, R.P.M. Steegers-Theunissen
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.09.05A realist review of pregnancy lifestyle interventions: What are the features of an effective pregnancy intervention?
	R.C. Huang1, K. Sim2, A. Gordon2, M.R. Skilton2, K.M. Godfrey3, K.J. Guelfi1, W. Lawrence3, L.Y. Gibson1, A. McNamara1, R. Pearce1, A. Shivarev1, J.C. Willcox4, L. Poston5, L.J. Beilin1, M.E. Barker3
	1University of Western Australia, PERTH, Australia; 2University of Sydney, SYDNEY, Australia; 3MRC Lifecourse Epidemiology Unit and NIHR Southampton BRC, University of Southa, SOUTHAMPTON, United Kingdom; 4Deakin University, MELBOURNE, Australia; 5King&#x

	PO3.09.06Improving periconception nutrition using the mHealth program Smarter Pregnancy: a randomized controlled trial
	M.R. van Dijk, M.P.H. Koster, E.C. Oostingh, S.P. Willemsen, J. Raat, J.L. Severens, E.A.P. Steegers, R.P.M. Steegers-Theunissen
	Erasmus MC, ROTTERDAM, The Netherlands

	PO3.09.07A systematic review of school-based educational interventions to improve diet, physical activity, BMI and body composition in adolescents (aged 10-19)
	P.L. Langdon1, C.M. Jacob2, J. Baird3, K. Woods-Townsend4, H. Inskip3, T. Rose3, M. Hanson2
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2Institute of Developmental Sciences, University of Southampton, SOUTHAMPTON, United Kingdom; 3MRC Lifecourse Epidemiology Unit, University of Southampton, SOUTHAMPTON, United Kingdom; 4NIHR Southam

	PO3.09.08Postpartum support: an existing gap in prenatal and postpartum care
	L.M. Adam1, M. Jarman1, W. Lawrence2, R.C. Bell1
	1University of Alberta, EDMONTON, Canada; 2MRC Lifecourse Epidemiology Unit, University of Southampton, SOUTHAMPTON, United Kingdom

	PO3.09.09How do government policies from England and Wales meet the international standard for preventing non-communicable diseases through nutrition&#x002F;physical activity initiatives?
	C. Vogel1, D. Penn-Newman1, S. Shaw1, D. Congalton2, T. Rose1, S.T. Strommer1, W. Lawrence1, C. Cooper1, M. Barker1, J. Baird1, H. Inskip1
	1University of Southampton, SOUTHAMPTON, United Kingdom; 2University of Auckland, AUCKLAND, New Zealand

	PO3.09.10Reducing growth and developmental problems in children, design of a postnatal risk assessment in preventive child healthcare
	M.R.C. van Minde1, L.M.G. Blanchette2, H. Raat3, E.A.P. Steegers4, M.L.A. de Kroon3
	1Erasmus MC, ROTTERDAM, The Netherlands; 2Department of Social Development, city of Rotterdam, ROTTERDAM, The Netherlands; 3Department of Public Health, Erasmus Medical Center, ROTTERDAM, The Netherlands; 4Department of Obstetrics and Gynecology, Erasmus 

	PO3.09.11Preliminary results from a multi component kindergarten-based intervention to promote healthy diet in toddlers. A cluster randomized trial
	S.H. Helland, N.C. &#x00D8;verby
	University of Agder, KRISTIANSAND, Norway

	PO3.09.12A cluster randomized web-based intervention trial among one-year-old children in kindergarten to reduce neophobia and promote healthy diets. A description
	E.A.M. Blomkvist, N.C. &#x00D8;verby, S.H. Helland, E.R. Hillesund
	University of Agder, KRISTIANSAND, Norway

	PO3.09.13Longitudinal child-oriented dietary intervention-association with parental diet and cardio-metabolic risk factors. The Special Turku Coronary Risk Factor Intervention Project
	J.M. Jaakkola
	University of Turku, TURKU, Finland

	PO3.09.14Music therapy may increase breastfeeding rates among mothers of premature newborns: a randomized controlled trial
	J.L.A. Cunha, A. Prata-Barbosa, M.N. Vianna, A.S. Carvalhaes
	Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

	PO3.09.15Effects of enteral glutamine supplementation on neurodevelopmental outcomes in very preterm children at thirteen years of age
	E.S. Twilhaar1, J.F. De Kieviet1, J Oosterlaan2, R.M. Van Elburg3
	1Vrije Universiteit Amsterdam, AMSTERDAM, The Netherlands; 2Emma Children&#x2019;s Hospital AMC, AMSTERDAM, The Netherlands; 3Emma Children&#x2019;s Hospital AMC; Nutricia Research, AMSTERDAM; UTRECHT, The Netherlands

	PO3.09.16Women&#x2019;s engagement with an evidence-based nutrition and lifestyle website during pregnancy and the impact on neonatal outcomes: A pilot study
	R.A. Kennedy1, C.M.E. Reynolds2, S. Cawley1, L. Mullaney1, D.M.A. McCartney1, M.J. Turner2
	1Dublin Institute of Technology, DUBLIN, Ireland; 2UCD Centre for Human Reproduction, Coombe Women and Infants University Hospital, DUBLIN, Ireland


	PO3.10�&#x2013; Growth and aging
	PO3.10.01Predictors of Stunting among Children Aged 6 to 59 Months in Aksum Town, North Ethiopia: Matched Case Control Study
	K.H. Misgina1, A.S. Senay2, A.M. Bezabih3,&!QJ; N.B. Weldehawaria4, H.B. Alema4, M.G. Weldu4, B.G. Aregawi4
	1University Medical centre Groningen, GRONINGEN, The Netherlands; 2Woreda Education office, AKSUM, Ethiopia; 3Mekele University, MEKELE, Ethiopia; 4Aksum University, AKSUM, Ethiopia

	PO3.10.02Associations between antenatal glucocorticoid treatment and child growth at 3 years of age
	E. Wolford1, M. Lahti1, S. Tuovinen1, J. Lahti1, K. Heinonen1, E. H&#x00E4;m&#x00E4;l&#x00E4;inen2, E. Kajantie3, A.K. Pesonen1, P.M. Villa2, H. Laivuori2, R.M. Reynolds4, K. R&#x00E4;ikk&#x00F6;nen1
	1University of Helsinki, HELSINKI, Finland; 2University of Helsinki and Helsinki University Hospital, HELSINKI, Finland; 3National Institute for Health and Welfare, HELSINKI, Finland; 4University of Edinburgh, EDINBURGH, United Kingdom

	PO3.10.03Comparison of total nephron number in normotensive Japanese born during and after World War 2
	G. Kanzaki1, V. Puelles2, L. Cullen-McEwen1, Y. Okabayashi3, N. Tsuboi3, A. Shimizu4, T. Yokoo3, J. Bertram1
	1Monash University, CLAYTON, Australia; 2RWTH Aachen University, AACHEN, Germany; 3The Jikei University School of Medicine, TOKYO, Japan; 4Nippon Medical School, TOKYO, Japan

	PO3.10.04New views on breast cancer through the pubertal window
	C. Houghton1, S. Jung2, R. Troisi3, N.M. Hylton4, C. Klifa5, L. van Horn6, L.G. Snetselaar7, E.S. Le Blanc8, N. Lasser9, J.A. Shepherd10, K. Paris11, R.N. Hoover3, J.F. Dorgan2
	1Columbia University Mailman School of Public Health, NEW YORK, United States of America; 2University of Maryland School of Medicine, BALTIMORE, United States of America; 3National Cancer Institute, BETHESDA, United States of America; 4Department of Radio

	PO3.10.05Trajectories of life course circulating corticosterone levels in the rat are determined by developmental programming and influence length of lifespan
	E. Zambrano1, G.L. Rodr&#x00ED;guez-Gonz&#x00E1;lez1, L.A. Reyes-Castro1, P.W. Nathanielsz2
	1Instituto Nacional de Ciencias Medicas y Nutricion SZ, MEXICO DISTRITO FEDERAL, Mexico; 2University of Wyoming, LARAMIE, United States of America

	PO3.10.06Associations between birth weight and adult outcomes in a large population sample: the UK Biobank
	M.C. Restrepo Mendez1, A.L. Soares1, N. Pearce2, A. Fraser1, D. Lawlor1
	1University of Bristol, BRISTOL, United Kingdom; 2London School of Hygiene and Tropical Medicine, LONDON, United Kingdom

	PO3.10.07Do universal plagiocephaly prevention strategies influence head shape development in healthy term infants?: A Western Australian experience
	E. Beaton1, V. Travlos2, B. Hands2
	1The University of Notre Dame Australia, Fremantle, Australia, FREMANTLE, Australia; 2The University of Notre Dame Australia, FREMANTLE, Australia

	PO3.10.08Determinants of birth weight associated with transgenerational effect
	M. Kinoshita
	Hokkaido University, SAPPORO, Japan

	PO3.10.09Does grandmaternal smoking during pregnancy have an effect on her grandchild&#x2019;s birth weight?
	C. Lundholm, C. Almqvist
	Karolinska Institutet, STOCKHOLM, Sweden

	PO3.10.10Maternal diseases and life-style risk factors during pregnancy and newborn head circumference in a Brazilian birth cohort
	V.D.S. Cunha1, H. Bettiol1, V. Cardoso1, P.R.H. Rocha1, M.A. Barbieri1, M.C.P. Saraiva2
	1Ribeirao Preto Medical School, University of &!QJ;Sao Paulo, RIBEIRAO PRETO, Brazil; 2School of Dentistry of Ribeirao Preto, University of Sao Paulo, RIBEIRAO PRETO, Brazil

	PO3.10.11Growth Patterns from Birth to 24 Months in Chinese Children: Findings Based on Multicenter Birth Cohort Studies
	F. Ouyang1, F. Jiang2, F. Tao3, S. Xu4, Y. Xia5, X. Qiu6, J. Zhang1
	1Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, SHANGHAI, China; 2Shanghai Children&#x2019;s Medical Center affiliated with Shanghai Jiao Tong University, SHANGHAI, China; 3Anhui Medical University, HEFEI, China; 4Central China Univers

	PO3.10.12The impact of caesarean section inflammation on infant&#x00B4;s length
	P.H.C. Rond&#x00F3;1, N.P. Castro1, V.V. Euclydes2, F.A. Sim&#x00F5;es2, L.A. Liania2, A.M.C. Ana2
	1University of Sao Paulo, School of Public Health, SAO PAULO, Brazil; 2University of Sao Paulo, School fo Public Health, S&#x00C3;O PAULO, Brazil

	PO3.10.13Ethnic differences in height growth trajectories in contemporary children and adolescents: findings from the UK Millennium Cohort Study
	L. Li, Y Lu, A Pearce
	University College London, LONDON, United Kingdom

	PO3.10.14Growth across life course and cardiometabolic risk markers in 18 years old adolescents: the 1993 Pelotas Birth Cohort
	R.B. Buffarini, M.C.R.-M. Restrepo-M&#x00E9;ndez, V.M.S. Silveira, H.D.G. Gon&#x00E7;alves, I.O.O. Oliveira, A.M.M. Menezes, M.C.F.A. Formoso Assun&#x00E7;&#x00E3;o
	Federal University of Pelotas, PELOTAS, Brazil

	PO3.10.15The effect on early life growth on the size, tempo and velocity of adolescent growth
	H.L. Nyati
	MRC&#x002F;WITS Developmental Pathways for Health Research Unit, PARKTOWN, South Africa

	PO3.10.16Direct comparisons of relative morbidity caused by various disorders in the populations of Chile and one of Brazil&#x2019;s southern states
	V.I. Goudochnikov
	International Society for DOHaD, SANTA MARIA - RS, Brazil

	PO3.10.17Direct comparisons of relative mortality caused by various disorders in the populations of Argentina and southern region of Brazil
	V.I. Goudochnikov
	International Society for DOHaD, SANTA MARIA - RS, Brazil




