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Abstract

Rapid prenatal and postnatal weight gain seem to alter appetite regulation and hypothalamic functions through different pathways; however, little is
known on how early life growth trajectories may influence appetitive traits in school-age. We aimed to explore the associations between weight
trajectories from birth to 5 years and appetitive traits at 7. Participants were from the Generation XXI birth cohort (7 3855). Four weight trajectories
were investigated: ‘normal weight gain’ (closely overlaps the 50th percentile in the weight-for-age curve), ‘weight gain during infancy (low birth
weight and weight gain mainly during infancy), ‘weight gain during childbhood’ (continuous weight gain since birth) and ‘persistent weight gain’
(always showing higher weight than the average). Appetitive traits were assessed through the Children’s Eating Behaviour Questionnaire.
Associations were tested using generalised linear models, adjusted for maternal and child characteristics. Compared with ‘normal weight gain’,
those in the other growth trajectories showed greater enjoyment of food and eating in response to food stimuli (i.e. Food Responsiveness) but were
less able to compensate for prior food intake and ate faster at 7 (i.e. less Satiety Responsiveness and Slowness in Eating). Also, those with ‘weight
gain during infancy showed to have greater Emotional Overeating and less Emotional Undereating and were fussier. Associations were stronger if
greater weight gain occurred during infancy. Early infancy seems to be a sensitive period in the development of later appetitive traits. The control of

rapid growth during infancy, besides strategies focused on the overall environment where children are living, is necessary.
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Early developmental experiences, including growth and weight
gain occurring during critical plasticity periods, have shown
to affect health throughout life’”. In this sense, the investigation
of weight trajectories could help in the recognition of individuals
with a higher risk of being affected by overweight in adulthood®.
Rapid weight gain intra-utero®, during infancy, early childhood“>
and overall during childhood®”, has been associated with adipos-
ity later in life. Recently, a study showed that early rapid growth in
infancy was associated with the combined effect of greater body
mass index (BMD), waist circumference and subcutaneous fat at
age 4®. In addition to the effects on adiposity, accelerated weight
gain during childhood seems to increase arterial stiffness in school-
age children® | leads to coronary events”’ and has a higher risk of
all-cause and cancer mortality in adulthood™?. In this sense, it is
important to identify sensitive periods in time that could lead to
the development of overweight/obesity and associated non-com-
municable diseases.

The association between rapid weight gain early in life and
adiposity may be explained by a variety of maternal and child
factors. Studies have speculated that the adverse effects of rapid
growth on adiposity may be, in part, explained by low birth
weight, following a period of growth restriction. Infants with
low birth weight are more likely to have higher renal androgen
levels, insulin resistance and central fat accumulation, increasing
the vulnerability to weight gain®. It has been described that
rapid prenatal and postnatal growth seem to program for later
obesity by altering hypothalamic function, as observed in animal
and human studies*?. It is also believed that energy balance and
its regulation may also be programmed, which may be explained
by a variety of factors, such as alterations on the predominant
appetite regulation site of the fetus, leading to hyperphagia
throughout life"®, and on the food-related orosensory circuit
development (i.e., the stimuli raised from palatable foods and
the positive feedback to the brain leading to increases in

Abbreviation: BMIz, BMI z-score.
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the rate and amount of food consumed)®, Additionally, the
effects of early life growth on appetite hormones need to be
mentioned>!9_ It has been described that intra-uterine growth
restriction may affect appetite control; low birth weight has been
associated with higher leptin> and ghrelin levels"®, and
greater odds of feeding difficulties and poorer eating in the first
4-6 months of life’”. One study with 2227 children in
Amsterdam showed that conditional weight gain, which was
defined as the difference between observed and predicted body
size, during early infancy (1-6 months) and preschool years (1-5
years of age) was associated with greater energy intake and
lower Satiety Responsiveness at age 5, that is, the ability to
reduce food intake to compensate for prior foods/snacks to
regulate one’s energy intake!'®. In another study, in a small
longitudinal sample (209 children in China), those with an early
infancy rapid growth showed larger appetite (i.e., greater Food
Responsiveness and lower Satiety Responsiveness and Food
Fussiness) at age 4 and were more likely to develop higher
adiposity, compared to those with steady growth and lower
appetite®. Considerable evidence of a bidirectional effect of
child weight and weight gain and eating self-regulation over time
has been described in a recent systematic review, suggesting that
children with excess weight in early life may be more susceptible
to develop food approach traits later in childhood®. However,
the effect of weight trajectories in the beginning of life on child
eating self-regulation was not accessed in this study and remains
unclear. Overall, these results may indicate that early life growth
and development could influence later appetitive traits, which
may have a mediating role in the development of overweight
and non-communicable diseases throughout life.

Lifestyles, such as appetitive traits, screen activity and sleep
duration, developed in early childhood are some of the main
modifiable factors influencing child weight status®”. As high-
lighted in recent studies, it seems that greater weight gain and
weight status early in life are associated with appetitive
traits; however, the effect of weight trajectories, occurring in
infancy and early childhood, on later appetitive food approach
(namely, Food Responsiveness, Enjoyment of Food, Emotional
Overeating and Desire to Drink) and food avoidant traits
(namely Food Fussiness, Satiety Responsiveness, Emotional
Undereating and Slowness in Eating) in school-age years is
not well established. The assessment of a wider range of appe-
titive traits, common in school-age, and the use of longitudinal
designs and larger sample sizes would strengthen previous evi-
dence. To explore this research gap, this study aims to explore
the association between weight trajectories from birth to 5 years
of age and appetitive traits at 7. We expect to find an association
between an accelerated weight gain in the first years of life and
food approaching appetitive traits in school-age.

Materials and methods
Study population

This study includes children from the population-based birth
cohort study Generation XXI. Mothers were invited to participate
in the study within 72 hours after delivery in all public maternities
of Porto, Northern Portugal. Of all eligible mothers, 91 % agreed

to participate (8495 mothers and 8647 children at baseline). All
families were invited for follow-ups at 4 years old (year) (1 7459)
and 7 years (n 6889). At baseline, mothers were mainly married
or living with a partner (94-0%); approximately 72 % were
employed at delivery and nearly a third of the participants
had a monthly income above 1500 € per month. Additional
details can be found elsewhere®!??. The present investigation
included 3855 children (study flow chart in Fig. 1). When com-
paring child and maternal characteristics from the study sample
(n 3855) with excluded participants (72 4792), we found that par-
ticipating mothers were slightly older (mean 29-89 (sp 5-15) years
v. 28-36 (sD 6-34), tyelch = 12-43, P < 0-001) and more educated
(median * interquartile range (IQR), 12-0 + 8-0 completed years
of education v. 9-0 £ 6:0, Mann—Whitney z=15-68, P<0-001).
No differences were found regarding maternal pre-pregnancy
BMI, child sex and child BMI z-scores (BMIz) at 4 and 7 years.
According to Cohen’s effect size values®, the magnitude of
differences was not high for maternal age and education
(Cohen’s d =0-26 and 0-35, respectively), suggesting that these
differences were due to the large sample size rather than due to
differences between participants’ characteristics.

Growth trajectories

At the 4-year follow-up, mothers were asked to bring their child
health book, that is, child anthropometric measurements record
performed and filled out by health professionals at every medical
visit, to extract data on the child’s weight measurements from
birth to current age. Even though follow-up started at 4 years,
child age varied from 3-6 to 6-4 years. Each child had, in median,
sixteen records. Weight trajectories were defined, in previous
studies within Generation XXI, by the intercept, slope, quadratic
and cubic random terms estimated by a mixed model (normal
mixture modelling for model-based clustering)®*?. Although
growth trajectories are sex-specific, in a sensitivity analysis, fixed
effect terms by sex were added to the model, but no significant
interaction was found; thus, growth trajectories were modelled
without sex stratification. As described by Fonseca et al., weight
trajectories for both sexes together were identified in 5225
participants®?. Models with the lowest Bayesian information cri-
terion values, allowing for the most homogeneous grouping of
individual pattern of growth, were considered appropriate®??.
Four weight trajectories were identified (Fig. 2). The denomina-
tion for ‘normal weight gain’ (trajectory A) was chosen because
the average weight in this weight trajectory closely overlapped the
50th percentile in the weight-for-age curve®”, according to the
World Health Organization (WHO)Y?>. ‘Weight gain during
infancy (trajectory B) included children who were born with
low birth weight and gained weight mainly during infancy, show-
ing a catch-up growth in the first year of life, ‘weight gain during
childbood (trajectory C), included those children with continuous
weight gain since birth and ‘persistent weight gain’ (trajectory D),
included those children who always showed higher weight than
the average®?,

Child appetitive traits

Appetitive traits were assessed at the 7-year follow-up, using a
parent-report questionnaire, the Children’s Eating Behaviour
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Baseline (2005/2006)

were enrolled at public maternities in the
metropolitan area of Porto, Portugal

8647 live newborns and their mothers (n=8495)

3422 subjects excluded
o (1188 losses of follow-up + 2234 no

v

Weight trajectories from birth to 5y
5225 children

data for weight trajectory
assignment)

EXCLUDED:
- Children with no available data on
eating behaviors at 7y (n= 984);
- Congenital malformations and

Final sample size:
3855 children

Fig. 1. Study flow chart of participants from the Generation XXI birth cohort.

> food allergies and twins (n=33);

- Children with no available data on
variables of interest (maternal BMI,
age, education, gestational age,
smoking during pregnancy, child
BMIz at 4 and 7y) (n=353).
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Fig. 2. Weight trajectories from birth (month 0) to 70 months in the Generation XXI birth cohort. Lines represent ‘normal weight gain’ trajectory (A); ‘weight gain during
infancy’ trajectory (B); ‘weight gain during childhood’ trajectory (C) and ‘persistent weight gain’ trajectory (D), as described previously(®-24).

Questionnaire®”, mainly responded to by mothers (88-4 %).

This questionnaire was previously validated in this same
cohort®” and includes thirty-five items, divided into eight
subscales: four of these subscales, namely Enjoyment of
Food, Food Responsiveness, Desire to Drink and Emotional
Overeating, assess children’s general appetite and interest
for food and drinks and are therefore labelled as ‘food
approach behaviours’. The remaining subscales, Satiety

Responsiveness, Slowness in Eating, Food Fussiness and
Emotional Undereating, assess child avoidance and lack of
interest towards foods and are therefore labelled as ‘food avoi-
dant behaviours’. Responses are given in a 5-point Likert
scale, ranging from ‘Never to ‘Always’. Higher subscale mean
scores indicate greater levels of each behaviour. In accor-
dance to the original scale®®, five of the items were
reverse-coded due to opposite phrasing. In questionnaires
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with < 50 % of missing items (approximately 3 %), data were
imputed. Adequate psychometric properties of the Children’s
Eating Behaviour Questionnaire were observed at 7 years
(Cronbach’s a = 0-74-0-85)%7.

Other maternal and child characteristics

At 4 and 7 years, anthropometric measurements were performed
by trained examiners according to standard procedures®®. BMI
was calculated and age- and sex-adjusted BMIz were generated,
following the WHO (for descriptive purposes only)®?%. For
those children younger than 5 years, BMIz values below -2 sp
were considered as ‘underweight’, between > —2 sp and <1
sp as ‘normal weight’, between > 1 sp and <2 sp as ‘at risk of
overweight’, between > 2 sp and < 3 sp ‘overweight’ and BMIz
values > 3 sp as having ‘obesity"®>. For children above 5 years,
‘underweight’ was defined for z-scores < —2 sp, ‘normal weight’
for z-scores > =2 sp and <1 sp, ‘overweight’ for z-scores >1
and < 2 sp and ‘obesity” for z-scores above 2 sp®. Prematurity
was calculated based on the gestational weeks at delivery,
and premature children were defined as those born with less
than 37 weeks. Children born with less than 1500 g were defined
as having ‘very low birth weight’, between 1500 g and less than
2500 g as ‘low birth weight’, and equal and above 2500 g as nor-
mal birth weight©3?,

Maternal age, education, smoking habits during pregnancy,
pre-pregnancy BMI and household monthly income were obtained
by face-to-face interviews conducted by trained researchers.
Mother’s pre-pregnancy weight status was classified as follows:
BMI < 18-5 kg/m? for ‘underweight’, between > 18-5 and < 25-0
kg/m? for ‘normal weight, between>25-0 and<30-0
kg/m? for ‘overweight’ and>30-0 kg/m? for ‘obesity’®V.
Smoking habits during pregnancy were dichotomised in
‘never smoked’ and ‘smoked’ and were also included in the
adjustments.

Statistical analysis

Continuous data were expressed as mean and standard devia-
tions or median and interquartile ranges, and frequency distribu-
tions (72 (%)) were expressed for categorical data. Distribution of
variables was evaluated using Kolmogorov-Smirnov test and Q-
Q plots. The first approach to test associations between weight
trajectories (independent variable/exposure) and appetitive
traits at 7 (outcome variable) was through one-way ANOVA
for each appetitive trait. Crude means of each behaviour
and 95 % confidence interval (CD in each weight trajectory were
described. Homogeneity was investigated through the Levene’s
test®? and Welch corrections®® were performed when unequal
variances were identified. Lastly, Dunnett’s post-hoc testing was
performed in order to identify significant differences between
weight trajectories and ‘normal weight gain’ trajectory. A second
approach was through adjusted generalised linear models, with
the calculation of p-regression coefticients and the respective
confidence intervals.

The inclusion of confounders was based on literature
review on factors possibly associated with both child early life
growth(40.343% (3637 Since

crude models were very similar to the first adjusted models, these

and appetitive traits at school-age

are presented as supplementary material only (online
Supplementary Table 1). Model 1 was adjusted for maternal
characteristics only: pre-pregnancy BMI, maternal smoking
during pregnancy, age, and education. Model 2 was further
adjusted for child characteristics: child sex and prematurity.
Finally, the final adjusted model further included child height
(in cm) at the time of appetitive trait measurement (i.e. 7
years). As in the first approach, the ‘normal weight gain’ tra-
jectory was considered the reference category. Since we
hypothesised that child prenatal life could affect the develop-
ment of appetitive traits®”’, and based on the P-interaction
terms among maternal pre-pregnancy BMI and the weight tra-
jectories (e.g. weight gain during childhood trajectory X pre-
pregnancy normal weight and obesity) (2 =0-030 and 0-39 in
Children’s  Eating Questionnaire-Emotional
Overeating model), we performed a sensitivity analysis by strati-
fying for maternal pre-pregnancy BMI (underweight X normal
weight X overweight/obesity). Models were adjusted for mater-
nal age, maternal smoking during pregnancy, education, child
sex and prematurity (model 1) and child height at 7 years (model
2) (online Supplementary Tables 2a-c).

Linear regression assumption checks were performed, by
testing homoscedasticity, residuals’ symmetric distribution
through Q-Q plots and Cook’s distance, and multicollinearity
between independent variables using variance inflation factor.
Bonferroni’s correction, which is the most common method used
to adjust for multiple comparisons by adapting the significant
threshold for the number of tests that are performed (i.e. a
(0-05)/tests for eight appetitive traits)*®, was used and an a of
0-006 was considered for statistical significance in the multivari-
able models. Statistical analyses were carried out using Stata/SE
version 15 (StataCorp. 2017. Stata Statistical Software: Release 15.
StataCorp LLO).

Behaviour

Ethical approval

Generation XXI was approved by the University of Porto Medical
School/Sio Joao Hospital Centre Ethics Committee (27 April
2005) and by the Portuguese Data Protection Authority
(Protocol code 5833, approved on 30 May 2011). All the phases
of the study complied with the Ethical Principles for Medical
Research Involving Human Subjects expressed in the
Declaration of Helsinki. Accordingly, written informed consent
from the parents (or legal substitute) and oral assent from the
children were obtained at each evaluation.

Results

Mother and child characteristics are described in Table 1.
Unadjusted mean differences and the respective 95% CI
between the different weight trajectories are shown graphically
in Fig. 3. Compared with the ‘normal weight gain trajectory’,
children with ‘weight gain during infancy’, ‘weight gain during
childbood’ and ‘persistent weight gain’ in the first years of life
showed significantly higher scores on the food approach behav-
iours Enjoyment of Food (£ < 0-001) and Food Responsiveness
(P < 0-001) at 7 years. Higher scores on Emotional Overeating at
7 years, compared with the normal weight gain trajectory, were
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Table 1. Mother and child characteristics at baseline, 4 and 7 years of age, Generation XXI birth cohort (n 3855) (Numbers and percentages; mean values

and standard deviations; medians and interquartile ranges)

Baseline

4 years

n(%), M(SD) or Md(IQR)*

7 years

Mother characteristics
Age at baseline (years), M (sp)
Education at baseline (years), Md (IQR)
BMI before pregnancy (kg/m?), Md (IQR)
Weight status, n (%)t
Underweight (< 18-5 kg/m?)
Normal weight (18-5-24-9 kg/m?)
Overweight (25-0-29-9 kg/m?)
Obesity (> 30-0 kg/m?)
Household monthly income (€), n (%)
<1000
1001-2000
> 2000
Smoking during pregnancy, n (%)
Never smoked
Smoked
Child characteristics
Sex: boys, n (%)
Birth weight (g), Md (IQR)
Birth weight, n (%)%
Very low birth weight 22
Low birth weight 223
Normal birth weight 3610
Gestational age at birth (week), Md (IQR) 390
Prematurity, n (%)
< 37 weeks
> 37 weeks
Age (years), Md (IQR)
Height (cm), M (sp)
BMI z-score, M (sD)
Weight status, n (%)§
Underweight
Normal weight
At risk of overweight (for < 5 years only)
Overweight
Obesity
Weight trajectory, n(%)
Normal weight gain
Weight gain during infancy
Weight gain during childhood
Persistent weight gain
Child appetitive traits (CEBQ), M (sp) (possible range 1-5)
Satiety Responsiveness
Slowness in Eating
Food Fussiness
Emotional Undereating
Desire to Drink
Food Responsiveness
Enjoyment of Food
Emotional Overeating

29-89
12.0
23-05

144
2497
879
335

923
1878
1054

3473
382

1939
3220 G

256
3599

4.21
1050
0-62

7-05
123.65
0.72

14 ©

4 12 (0-3)
2603 675

]

b

0

2447
851 (22
273 @

844 (21-9)
114 @3 14.3

5562

2462
417
616
360

2.71 (0-69)
2.92 (0-87)
2.96 (0-76)
2.47 (0-76)
2.21 (0-81)
2.04 (0-79)
3.02 (0-80)
1.84 (0-64)

Md, median; IQR, interquartile range; CEBQ, Children’s Eating Behaviour Questionnaire.
* Values are counts and percentages for categorical variables, means and standard deviations for continuous normally distributed variables, medians and interquartile ranges) for

continuous, non-normally distributed variables.
1 Mother weight status was calculated according to WHO.
1 Birth weight was defined according to WHO.

§ Child weight status was calculated according to WHO. ‘At risk of overweight’ is only calculated for children below 5 years of age.

observed among those with ‘weight gain during infancy and
‘weight gain during childhood (P < 0-001). Regarding food avoi-
dant behaviours and compared with the ‘normal weight gain’ tra-
jectory, children with ‘weight gain during infancy’, ‘weight gain
during childbood’ and ‘persistent weight gain’ scored less on
Satiety Responsiveness (P<0-001) and Slowness in Eating

(P<0-001) at 7 years. Compared with children in the ‘normal
weight gain’ trajectory, those children gaining weight during
infancy and childhood showed lower scores of Food Fussiness
at 7 years (P<0-001). Those children with ‘weight gain during
infancy’ also showed lower scores on Emotional Undereating,
compared to those with normal weight gain (P < 0-001).

ssaud Ais1anun abpriquie) Ag auljuo paystiand z/z000€ZS L LL000S/£L0L 0 L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114523000272

o

British Journal of Nutrition

Weight trajectories and school-age appetite

F(2.2081) = 12788, pe0 001 PR3, 067

Normal weight gain

Weight gain during infancy

Weight gain during childhoad i "

Pessistent weight gain * et

=973, comi

1283

FI2,3051) 7 646, p0 0002

1 2 3 4 5 2 3

Enjoyment of Food at 7y - Mean (85%Cl)

13.0881) = 1366, p<0 001

Nommal weight gain - »
Weight gain during infancy 1ot .l
Wieight gain during chitdhaod i "
Persistent weight gain e "
' v ' v Ly '
1 2 3 4 5 z

Food Fussiness at 7y - Mean (95%C1)

4

Food Responsiveness at Ty - Mean (85%Cl

AN 995 58) = 1€ 56, p<0 001 £(3.3851) = 7509, ped 031

4

Salisty Responsivensss at Ty - Mean (95%C1)

5 1 2 3 4 5 1 2 3 4 5

Desire to Drink at 7y - Mean (95%CH) Emctional Overeating at 7y - Mean (95%C1)

Flech(3 836 75) =610, p3 201

@ L

5 2 3 4 6 1 2 3 4 5

Slowness in Eating at 7y - Mean (96%C1) Emetional Undereating at 7y - Mean (95%G1)

Fig. 3. Crude mean scores of each child appetitive trait at 7 years, according to weight trajectories from birth to 5 years (n 3855). Asterisks indicate statistically significant
differences, compared with ‘normal weight gain’, according to Dunnett’s post-hoc testing.

In the final adjusted model of the multivariable linear regres-
sion analyses, children in the ‘weight gain during childbhood,
‘persistent weight gain’ and especially those in the ‘weight gain
during infancy’ trajectory, compared with those in the ‘normal
weight gain’, showed significantly lower scores on Slowness
in Eating, that is, ate faster at 7 years, and lower on Satiety
Responsiveness, that is, were less able to compensate for prior
food intake at 7 years, and higher scores on Food Responsiveness
and Enjoyment of Food, indicating a greater interest towards
foods (Table 2). Gaining weight during infancy was also
significantly associated with lower scores on Food Fussiness
and Emotional Undereating and higher scores on Emotional
Overeating at 7 years. Those children gaining weight during
infancy showed also higher scores in Desire to Drink at 7 years
(models 1 and 2); however, the association lost significance
when further adjusting the model for child height at 7 years.

In the sensitivity analyses, we found that among mothers with
underweight before pregnancy (7 144) and whose children
gained weight during infancy, compared with those in the
normal weight gain trajectory, children scored higher on Food
Responsiveness at age 7 (online Supplementary Table 2a).
Those children gaining weight during infancy, childhood and
persistently showed greater scores on Food Responsiveness
and Enjoyment of Food, and lower scores on Satiety
Responsiveness and Slowness in Eating among mothers with
normal weight before pregnancy (n 2497), after adjusting for
confounders (online Supplementary Table 2b). The previ-
ously found association between gaining weight during
infancy and higher scores on Emotional Overeating was also
maintained significant in the stratified analyses, among mothers
with normal weight before pregnancy. In addition, being less
responsive to internal satiety cues (i.e. Satiety Responsiveness)
and eating faster (i.e. lower scores on Slowness in Eating) at

7 years was found among those mothers with excess weight
before pregnancy (1 1214) and whose children gained weight
mainly during infancy and childhood, compared with those in
the normal weight gain trajectory. Regarding food approach
behaviours, those children gaining weight during infancy and
childhood showed higher scores on Food Responsiveness and
Enjoyment of Food at 7. Finally, gaining weight mainly during
infancy was associated with greater scores on Emotional
Overeating, compared with those in the normal weight gain tra-
jectory (online Supplementary Table 2c).

Discussion

Overall, we found that weight trajectories during the first 5 years,
deviating from normal weight gain, were associated with a more
avid appetite in school-age years. Associations were stronger if
greater weight gain occurred during infancy, rather than during
childhood or persistently across the first 5 years; however, for all
weight trajectories, significant effects were found for food
approach and food avoidant behaviours. For those children
gaining weight during infancy, significant lower scores for
Food Fussiness and Emotional Undereating, and higher scores
for Emotional Overeating were found, indicating that these chil-
dren tend to eat more due to negative emotional states and be
less fussy, independently of confounders.

To our knowledge, only a few studies investigated the asso-
ciation between weight trajectories in the first years of life and
later appetitive traits. Deutekom and colleagues™® described
that conditional weight gain (i.e. the difference between
observed and predicted body size) in the first months of life
(1-3 and 3-6 months) and from 1 to 5 years was associated with
an increased daily energetic intake and decreased Satiety
Responsiveness at 5 years, even after adjusting for child BMIz.
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Table 2. Generalised linear regression analyses for the associations between weight trajectories from birth to 5 years, and appetitive traits at age 7 (n 3855) (Beta-coefficients and 99-4 % confidence intervals)

Satiety Responsiveness Slowness in Eating Food Fussiness Emotional Undereating
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
p 99-4% CI* p 99-4% CI* p 99-4% CI* p 99-4% CI* p 99-4% CI* B 99-4% CI* p 99-4% CI* p 99-4% CI* p 99-4% CI* ] 99-4% CI* B 99-4% CI* p 99-4% CI*
Normal weight Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
gain
Weight gain —0-441 —0-54, —0-451 —0-55, -0-311 —0-42, —0-63" -0.76, -0651 078,  -049" 062, —0-19" -0-31, -019t  —031, 014t —0-26, —0-02 o016t  -027, -o016t  -027, -014f 026,
during infancy —-0-34 -035 -020 -051 -0-53 -0-36 -0:08 -0:08 -0-05 -0-05 -0-02
Weight gain during —0-241 -033, -0-26t -0:34, -0-19t -0-28, -0-24t -0-35, -0-29* -0-40, -0-21t -0-32, -o0-12t -0-22, -0-12t -022, -0-10 -0-19, 0-00 -007 -017,002 -0-07 -0-17,002 -006 -0-16,0-04
childhood -0-16 -0-17 -0-10 -0-14 -0-19 -0-10 -003 -0.03
Persistent weight —0-19t -0-30, —0-22f -0-33, -0-16" -0-27, —0-241 -037, -027t 041, -020"  -0.34, —0-141 -025, -0141 026, -0-11 -0-24, 002 -003 -014,009 -002 -0-15,010 -001 -0-14,0-11
gain —0-09 -0-11 —0-04 -0-10 013 —0-06 -0.02 -0.01
Desire to Drink Food Responsiveness Enjoyment of Food Emotional Overeating
Normal weight Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
gain
Weight gain o12f 000, 0-24 o-13t 001,024 011 -0-02, 023 o076t 065,087 o076t 065087 064" 053,076 071t 059,082 071t 060,082 o058 0-46, 0-70 0300 021,040 0317 021,040 024t 014,034
during infancy
Weight gain -0.06 -0-16, 004 -0.05 -0-15, 006 -0.05 -0-16, 0-05 0-241 015,033 025" 016,034 0191  0.09, 029 0-28" 019,038 030" 020,040 023 0-13,033 009" 001,017 010" 002,018 007 -002 014
during
childhood
Persistent weight -003 -0-16, 0:09 -0.03 -016, 0-10 -0.04 -017,0:09 o021t 010,033 024t 012,037 019t 0.07,031 0-25t 014,037 029t 016,041 020 008, 0-32 009 001,019 010t 000,021 007 -0-03 018
gain

* Cl with Bonferroni’s correction, T P < 0.006. Model 1 is adjusted for maternal BMI, maternal smoking during pregnancy, age and education; model 2 is adjusted for model 1 plus child sex and prematurity; model 3 is adjusted for model 2 plus child height at 7 years.
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Our results corroborate with these findings, since we also
showed an association between weight gain during infancy,
childhood and persistent weight gain and lower scores on
Satiety Responsiveness at 7 years. Since this study only investi-
gated the effect on Satiety Responsiveness, we are not able to
compare results with the other appetitive traits. Besides this
study, in a recent study in China®, researchers found that those
children that showed a rapid growth during early infancy (using
weight-for-age z-score) had higher BMI, waist circumference
and subcutaneous fat at age of 4 and, additionally, higher scores
on Food Responsiveness and Enjoyment of Food and lower
scores on Satiety Responsiveness and Food Fussiness, corrobo-
rating with our results in this younger age group. We observed
that the effect on Food Fussiness was only observed among chil-
dren gaining weight during infancy. Parents’ perception of a
child Food Fussiness may, therefore, be because children are
perceived as being thin'”; however, more studies to assess this
relationship are necessary. Additionally, the lower scores on
Satiety Responsiveness, which is an inhibitory mechanism
driven by interoceptive satiety cues, and higher food cue respon-
siveness (Enjoyment of Food, Food Responsiveness and
Emotional Overeating (among those gaining weight in infancy)),
which are product of both genetic and environmental influences,
at age 7 may be a risk factor for a higher weight in the future, as
shown by others®?.

One possible mechanism that could explain the association
between weight trajectories and appetite is fetal programming.
Prenatal undernutrition and growth restriction (leading to low
birth weight) have shown to increase the release of dopamine
and serotonin leading to hyperphagia, greater consumption of
palatable foods“? and weight gain® in animal studies. In
humans, individuals that experienced intra-uterine growth
restriction showed altered food preferences in infancy and adult-
hood, mainly driven by hedonic eating, with increased dopa-
mine signalling®?, greater preference for sweet tastes“? and/
or high-fat foods“?. This phenomenon can be explained by fetal
programming that occurs in utero as an attempt of the fetus to
adapt to poor intra-uterine conditions. This attempt may be ben-
eficial if the prenatal conditions would prevail in postnatal life;
however, they become detrimental in the case of postnatal life
differing from the prenatal life“?, increasing the risk of weight
gain and overeating®>. As premature children often experience
challenging eating behaviours and eating difficulties in child-
hood®”, child prematurity was also tested in the adjustment
of models, together with child sex. However, we believe that
since a little percentage of children were born premature in
the current sample (6-84 %), effects between weight trajectories
and child appetitive traits at 7 years did not change significantly.
Additional research with greater sample of preterm children is
necessary to confirm the mechanism of fetal programming
and later appetite in childhood.

Another possible mechanism is the effect of appetite regula-
tory hormones, as described briefly above, which may be pro-
grammed in early postnatal life and could influence later
appetitive traits. Weight gain during infancy (first 9 months of
life) was shown to be negatively related to ghrelin corrected
to adiposity and adiponectin concentrations (i.e. hormone con-
centration/body fat and body fat percentage) at 17 years, but no

effect was observed on leptin levels“?. It has also been sug-

gested that children born with low weight might develop high
leptin levels during catch-up growth, leading to leptin resis-
tance later in life“”. Leptin resistance would, in this sense,
produce a weakened anorexigenic effect of leptin and thus
promote a heightened food approach and lower food avoi-
dant behaviours, as also previously observed by our research
group™®. However, our study aims did not include the inves-
tigation of hormones in the association between weight trajec-
tories and appetitive traits. Future research is necessary
aiming to examine the associations between appetitive hor-
mones and appetitive traits from early infancy on weight tra-
jectories later in life.

Lastly, it is worth mentioning the potential effect of genetic
predisposition on appetitive traits. The behavioural susceptibil-
ity to obesity theory™® proposes a gene-environment interac-
tion, in which individuals with greater obesogenic appetitive
traits, such as higher Food Responsiveness and lower Satiety
Responsiveness, are more likely to overeat in situations
when high palatable foods are available, thus increasing
weight gain. Therefore, it is plausible to assume that children
who experience a rapid weight gain in early life live in more
obesogenic environments, for example, having parents with
overweight®” a high consumption of unhealthy foods®"
and lower breast-feeding duration®?, and this fact would trig-
ger the expression of genes on these appetitive traits®?. As
described in the sensitivity analysis, maternal pre-pregnancy
BMI seem to influence the development of later appetitive
traits, especially food approaching behaviours.

Limitations of this study include the assessment of child appe-
titive traits through parent-reports, which may introduce mea-
surement error due to its subjectivity and social desirability
bias. However, the Children’s Eating Behaviour Questionnaire
has demonstrated good internal consistency and reliability in this
sample of 7-year-olds®” and good correspondence with objec-
tive behavioural measures of child’s eating®®. Weight measure-
ment procedures recorded in health books could be subjected to
some variability, since these were performed by different health
professionals, in different health units, which may have
increased measurement errors??. On the other hand, weight
measurements were performed by a health professional or a
trained examiner, which eliminates recall bias®®. The current
study also has a large proportion of missing data due to losses
of follow-up and no data for weight trajectory assignment, and
weight trajectories from analysed children were significantly
different from those excluded (¥*(3)=19-77, P<0-001)).
Additionally, although we have adjusted associations for several
maternal characteristics, we did not have data on maternal own
eating behaviours, which would be interesting to include in the
adjustment of models as a possible confounder on child eating
behaviours. Finally, our study findings may not be generalised to
other populations with different socio-economic and cultural
backgrounds. Strengths include the population-based prospec-
tive design, which allowed several weight measurements from
birth to age 5 years, comprising a large number of repeated
observations. In addition, we were able to adjust for many poten-
tial confounders. To our knowledge, this is the first study that
investigated, using a large population-based birth cohort, the
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associations of weight trajectories at the beginning of life on
appetitive traits in school-age years.

In sum, our results suggest that trajectories of weight during
infancy and childhood play a role in the development of later
appetitive traits, at school-age among Portuguese children.
Gaining weight during infancy, childhood and persistently were
associated with both food approach (Enjoyment of Food, Food
Responsiveness) and food avoidant traits  (Satiety
Responsiveness and Slowness in Eating), at age 7, independently
of maternal and child characteristics. Additionally, children gain-
ing weight during infancy showed to be less fussy and had lower
scores on Emotional Undereating but eat more in response to
negative emotions (Emotional Overeating) at age 7. Finally, cur-
rent results suggest that maternal pre-pregnancy BMI may influ-
ence appetitive traits in childhood, for example, decreasing
responsiveness towards foods among those children whose
mothers had excess weight before pregnancy. Intra-utero life
and early infancy seem to be a sensitive period in the develop-
ment of later appetitive traits, given the high susceptibility for
environmental cues of the hypothalamic centres at the beginning
of life. The control of rapid growth during infancy, in addition to
strategies focused on the overall environment where children
are living during pre-school and school-age years, period in
which children are becoming more autonomous eaters and have
a greater social life® are warranted. More prospective studies
are necessary in order to replicate these findings, determine
whether the noted appetitive traits track throughout life along
with specific weight trajectories and support the hypotheses that
appetitive traits that followed low birth weight and catch-up
growth during infancy may be mediating the well-known effect
between prenatal and postnatal growth and the development of
excessive weight and non-communicable diseases in adulthood.

Acknowledgements

The authors gratefully acknowledge the families enrolled in
Generation XXI for their kindness, all members of the research
team for their enthusiasm and perseverance and the participating
hospitals and their staff for their help and support.

Generation XXI was funded by the Health Operational
Programme — Satide XXI, Community Support Framework III
and the Regional Department of Ministry of Health. This study
was supported through FEDER from the Operational Programme
Factors of Competitiveness — COMPETE and through national
funding from the Foundation for Science and Technology —
FCT (Portuguese Ministry of Education and Science) under the
projects ‘Appetite regulation and obesity in childhood: a com-
prehensive approach towards understanding genetic and behav-
ioural influences’ (PTDC/SAU-EP1/30334/2017/ POCI-01-0145-
FEDER-030334), ‘Appetite and adiposity — evidence for gene-
environment interplay in children’ (IF/01350/2015 — Andreia
Oliveira) and ‘Pathways from early life to cardiometabolic risk
during childhood’ (IF/01060/2015 — Ana Cristina Santos). This
research was also supported by the Calouste Gulbenkian
Foundation, Portugal. The authors would also stand out the sup-
port of the Epidemiology Research Unit (EPI-Unit: UIDB/04750/
2020; LA/P/0064/2020; POCI-01-0145-FEDER-006862).

S. W. was responsible for study concept, data analysis and
interpretation; drafting of the manuscript and final approval of
the version to be published. A. C. S. was responsible for manage-
ment of data collection; interpretation of data; critical revision of
the manuscript and final approval of the version to be published.
A. O. was co-responsible for study concept; interpretation of
data; critical revision of the manuscript and final approval of
the version to be published. All authors read and approved
the final manuscript.

There are no conflicts of interest.

Supplementary material

To view supplementary material for this article, please visit
https://doi.org/10.1017/50007114523000272.

References

1. Barker DJP (2007) The origins of the developmental origins
theory. J Intern Med 261, 412-417.

2. Ward ZJ, Long MW, Resch SC, et al. (2017) Simulation of growth
trajectories of childhood obesity into adulthood. N Engl J Med
377, 2145-2153.

3. Evensen E, Emaus N, Kokkvoll A, et al. (2017) The relation
between birthweight, childhood body mass index, and over-
weight and obesity in late adolescence: a longitudinal cohort
study from Norway, the Tromsg Study, Fit Futures. BMJ Open
7, €015576.

4. Munthali RJ, Kagura J, Lombard Z, et al. (2017) Early life growth
predictors of childhood adiposity trajectories and future risk for
obesity: birth to twenty cohort. Child Obes 13, 384-391.

5. Zheng M, Lamb KE, Grimes C, et al. (2018) Rapid weight gain
during infancy and subsequent adiposity: a systematic review
and meta-analysis of evidence. Obes Rev 19, 321-332.

6. Giles LC, Whitrow MJ, Davies MJ, et al. (2015) Growth trajecto-
ries in early childhood, their relationship with antenatal and
postnatal factors, and development of obesity by age 9 years:
results from an Australian birth cohort study. Int J Obes 39,
1049-1056.

7. Rzehak P, Oddy WH, Mearin ML, et al. (2017) Infant feeding
and growth trajectory patterns in childhood and body compo-
sition in young adulthood. Am J Clin Nutr 106, 568-580.

8. Lin Q, Jiang Y, Wang G, et al. (2021) Combined effects of
weight change trajectories and eating behaviors on childhood
adiposity status: a birth cohort study. Appetite 162, 105174.

9. Pais C, Correia-Costa L, Moura C, et al. (2016) Accelerated
growth during childhood is associated with increased arterial
stiffness in prepubertal children. Int J Cardiol 204, 83-85.

10. Barker DJP, Osmond C, Forsén TJ, et al. (2005) Trajectories
of growth among children who have coronary events as adults.
N Engl ] Med 353, 1802-18009.

11. Von Bonsdorff MB, Térmikangas T, Rantanen T, et al. (2015)
Early life body mass trajectories and mortality in older age:
findings from the Helsinki Birth Cohort Study. Ann Med 47,
34-39.

12. Remmers F & Delemarre-van de Waal HA (2011)
Developmental programming of energy balance and its hypo-
thalamic regulation. Endocr Rev 32, 272-311.

13. Desai M & Ross MG (2020) Maternal-infant nutrition and devel-
opment programming of offspring appetite and obesity. Nutr
Rev 78, 25-31.

ssaud Ais1anun abpriquie) Ag auljuo paystiand z/z000€ZS L LL000S/£L0L 0 L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114523000272
https://doi.org/10.1017/S0007114523000272

o

British Journal of Nutrition

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Weight trajectories and school-age appetite

Zeltser LM (2018) Feeding circuit development and early-life
influences on future feeding behaviour. Nat Rev Neurosci 19,
302-316.

Jornayvaz FR, Vollenweider P, Bochud M, et al. (2016) Low
birth weight leads to obesity, diabetes and increased leptin
levels in adults: the CoLaus study. Cardiovasc Diabetol 15,
1-10.

Onal EE, Cinaz P, Atalay Y, et al. (2004) Umbilical cord ghrelin
concentrations in small- and appropriate-for-gestational age
newborn infants: relationship to anthropometric markers. J
Endocrinol 180, 267-271.

Oliveira A, De Lauzon-Guillain B, Jones L, et al. (2015) Birth
weight and eating behaviors of young children. J Pediatr
166, 59-65.

van Deutekom AW, Chinapaw MJM, Vrijkotte TGM, et al.
(2016) The association of birth weight and postnatal growth
with energy intake and eating behavior at 5 years of age — a
birth cohort study. Int J Behav Nutr Phys Act 13, 1-10.
Grammer AC, Balantekin KN, Barch DM, et al. (2022)
Parent-child influences on child eating self-regulation and
weight in early childhood: a systematic review. Appetite
168, 105733.

Larqué E, Labayen I, Flodmark C-E, et al. (2019) From concep-
tion to infancy — early risk factors for childhood obesity. Nar
Rev Endocrinol 15, 456-478.

Alves E, Correia S, Barros H, et al. (2012) Prevalence of self-
reported cardiovascular risk factors in Portuguese women: a
survey after delivery. Int J Public Health 57, 837-847.

Larsen PS, Kamper-Jorgensen M, Adamson A, et al. (2013)
Pregnancy and birth cohort resources in Europe: a large oppor-
tunity for aetiological child health research. Paediatr Perinat
Epidemiol 27, 393—414.

Cohen J (1988) Statistical Power Analysis for the Bebavioral
Sciences, 2nd ed. New York: Lawrence Erlbaum Associates.
pp. 567.

Fonseca MJ, Durdo C, Lopes C, et al. (2017) Weight following
birth and childhood dietary intake: a prospective cohort study.
Nutrition 33, 58-64.

World Health Organization (2006) WHO Child Growth
Standards: Length/Height-for-Age, Weight-for-Age, Weight
Sfor-Length, Weight-for-Height and Body Mass Index for-Age:
Methods and Development. Geneva: WHO. pp. 223-227.
Wardle J, Guthrie CA, Sanderson S, et al. (2001) Development
of the children’s eating behaviour questionnaire. J Child
Psychol Psychiatr 42, 963-970.

Albuquerque G, Severo M & Oliveira A (2017) Early life char-
acteristics associated with appetite-related eating behaviors
in 7-year-old children. J Pediatr 180, 38-46.

Gibson RS (2005) Principles of Nutritional Assessment, 2nd ed.
Dunedin: Oxford University Press. pp. 908.

de Onis M, Onyango AW, Borghi E, et al. (2007) Development
of a WHO growth reference for school-aged children and ado-
lescents. Bull World Health Organ 85, 660-667.

World Health Organization (WHO) (2004) International
Statistical Classification of Diseases and Related Health
Problems. Geneva: WHO.

World Health Organization (WHO) (1999) Obesity: Preventing
and Managing the Global Epidemic. Geneva: WHO.

Levene H (1960) Contributions to probability and statistics:
essays in Honor of Harold Hotelling. In Stanford Studies in
Mathematics and Statistics, pp. 278-292 [I Olkin, editor].
Stanford, CA: Stanford University Press.

Welch M (2011) Corrections: a Critical Approach. London:
Routledge. pp. 768.

34.

35.

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

40.

47.

48.

49.

50.

51

1287

Mattsson M, Maher GM, Boland F, et al. (2019) Group-based
trajectory modelling for BMI trajectories in childhood: a system-
atic review. Obes Rev 20, 998-1015.

Walton K, Daniel Al, Mahood Q, et al. (2022) Eating behaviors,
caregiver feeding interactions, and dietary patterns of children
born preterm: a systematic review and meta-analysis. Adv Nutr
13, 875-912.

Carnell S, Pryor K, Mais LA, et al. (2016) Lunch-time
food choices in preschoolers: relationships between abso-
lute and relative intakes of different food categories, and
appetitive characteristics and weight. Physiol Bebhav 162,
151-160.

Fildes A, Mallan KM, Cooke L, et al. (2015) The relationship
between appetite and food preferences in British and
Australian children. Int J Bebav Nutr Phys Act 12, 1-10.
Vasilopoulos T, Morey TE, Dhatariya K, et al. (2016) Limitations
of significance testing in clinical research. Anesth Analg 122,
825-830.

Boutelle KN, Manzano MA & Eichen DM (2020) Appetitive traits
as targets for weight loss: the role of food cue responsiveness
and satiety responsiveness. Physiol Behav 224, 113018.
Laureano DP, Alves MB, Miguel PM, et al. (2019) Intrauterine
growth restriction modifies the accumbal dopaminergic
response to palatable food intake. Neuroscience 400,
184-195.

Manuel-Apolinar L, Rocha L, Damasio L, et al. (2014) Role of
prenatal undernutrition in the expression of serotonin, dopa-
mine and leptin receptors in adult mice: implications of food
intake. Mol Med Rep 9, 407-412.

Silveira PP, Pokhvisneva I, Gaudreau H, et al. (2018) Fetal
growth interacts with multilocus genetic score reflecting dopa-
mine signaling capacity to predict spontaneous sugar intake in
children. Appetite 120, 596-601.

Lussana F, Painter RC, Ocke MC, et al. (2008) Prenatal exposure
to the Dutch famine is associated with a preference for fatty
foods and a more atherogenic lipid profile. Am J Clin Nutr
88, 1648-1652.

Hales CN & Barker DJP (2001) The thrifty phenotype hypoth-
esis. Br Med Bull 60, 5-20.

Dalle Molle R, Bischoff AR, Portella AK, et al. (2016) The fetal
programming of food preferences: current clinical and experi-
mental evidence. J Dev Orig Health Dis 7, 222-230.
Larnkjeer A, Schack-Nielsen L, Mglgaard C, et al. (2010) Effect of
growth in infancy on body composition, insulin resistance, and
concentration of appetite hormones in adolescence. Am J Clin
Nutr 91, 1675-1683.

Jaquet D, Leger J, Tabone MD, et al. (1999) High serum leptin
concentrations during catch-up growth of children born with
intrauterine growth retardation. J Clin Endocrinol Metab 84,
1949-1953.

Warkentin S, Carnell S & Oliveira A (2020) Leptin at birth and at
age 7 in relation to appetitive behaviors at age 7 and age 10.
Horm Bebav 126, 104842.

Carnell S & Wardle J (2008) Appetite and adiposity in children:
evidence for a behavioral susceptibility theory of obesity. Am J
Clin Nutr 88, 22-29.

Griffiths LJ, Hawkins SS, Cole TJ, et al. (2010) Millennium
Cohort Study Child Health Group. Risk factors for rapid weight
gain in preschool children: findings from a UK-wide prospec-
tive study. Int J Obes 34, 624—632.

Guerrero AD, Mao C, Fuller B, et al. (2015) Racial and
ethnic disparities in early childhood obesity: growth trajecto-
ries in body mass index. J Racial Ethn Heal Disparities 3,
129-137.

ssaud Ais1anun abpriquie) Ag auljuo paystiand z/z000€ZS L LL000S/£L0L 0 L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114523000272

N{, British Journal of Nutrition

1288

52.

53.

S. Warkentin et al.

Carling SJ, Demment MM, Kjolhede CL, et al. (2015)
Breastfeeding duration and weight gain trajectory in infancy.
Pediatrics 135, 111-119.

Llewellyn C & Wardle J (2015) Behavioral susceptibility to
obesity: gene-environment interplay in the development of
weight. Physiol Bebav 152, 494-501.

54.

55.

Carnell S & Wardle J (2007) Measuring behavioural susceptibil-
ity to obesity: validation of the child eating behaviour question-
naire. Appetite 48, 104-113.

Rahill S, Kennedy A & Kearney J (2020) A review of the influ-
ence of fathers on children’s eating behaviours and dietary
intake. Appetite 147, 104540.

ssald Aussanun abprqued Ag auljuo paysiiand z£2000£2S L L£000S/L1L0L 0 L/Bi0"10p//:sdny


https://doi.org/10.1017/S0007114523000272

	Weight trajectories from birth to 5 years and child appetitive traits at 7 years of age: a prospective birth cohort study
	Materials and methods
	Study population
	Growth trajectories
	Child appetitive traits
	Other maternal and child characteristics
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Acknowledgements
	Supplementary material
	References


