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Abstract

Objective: We aimed at evaluating the association of maternal pre-pregnancy
nutritional status with offspring anthropometry and body composition. We also
evaluated whether these associations were modified by gender, diet and physical
activity and mediated by birth weight.

Design: Birth cohort study.

Setting: Waist circumference was measured with an inextensible tape, and fat and
lean mass were measured using dual-energy X-ray absorptiometry. Multiple linear
regression was used to adjust for possible confounders and allele score of BMI. We
carried out mediation analysis using G-formula.

Participants: In 1982, 1993 and 2004, all maternity hospitals in Pelotas (South
Brazil) were visited daily and all live births whose families lived in the urban area
of the city were evaluated. These subjects have been followed up at different ages.
Results: Offspring of obese mothers had on average higher BMI, waist circumfer-
ence and fat mass index than those of normal weight mothers, and these
differences were higher among daughters. The magnitudes of the association were
similar in the cohorts, except for height, where the association pattern was not
clear. In the 1982 cohort, further adjustment for a BMI allele score had no material
influence on the magnitude of the associations. Mediation analyses showed that
birth weight captured part of this association.

Conclusions: Our findings suggest that maternal pre-pregnancy nutritional status is
positively associated with offspring BMI and adiposity in offspring. And this asso-
ciation is higher among daughters whose mother was overweight or obese and,
birth weight explains part of this association.
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Maternal pre-pregnancy overweight and obesity have
clear short-term effects, being associated with higher risk
of pre-eclampsia, gestational diabetes, premature birth,
caesarean section and large-for-gestational-age off-
spring”. In the long-term, it has been reported that
offspring of overweight mothers have a higher risk of
abdominal obesity, higher BMI, fat mass percentage and
lower lean mass®*. Furthermore, offspring of overweight

*Corresponding author: Email marianedias.md@gmail.com

mothers also present a worse metabolic cardiovascular
risk profile®?.

Paternal pre-gestational BMI has been used as a
negative control, and similar associations of parental pre-
pregnancy BMI with offspring body composition and
metabolic profile have been reported®®. Suggesting that
these associations could be due to familial and environ-
mental characteristics, such as diet, physical activity and
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genetic factors, or unmeasured confounders. Moreover,
Bond et al® observed that offspring genotype explains
43 % of the covariance between maternal pre-pregnancy
BMI and offspring BMI.

With respect to control for confounding, most of the stud-
ies have adjusted the estimates to post-conception variables,
such as gestational weight gain, birth weight and offspring
behavioural variables (eating habits and physical activity).
These variables should not be considered as confounders,
but mediators. By controlling for a possible mediator, a causal
pathway is blocked and the magnitude of the association of
maternal nutritional status with offspring body composition is
underestimated. Indeed, studies that adjusted for possible
mediators reported weaker association than the ones that
did not control. Furthermore, in the presence of common
causes between the mediator and offspring body composition
that were not included in the analysis, such adjustment intro-
duces collider bias, which magnitude and direction cannot be
estimated!?’, Therefore, only variables that are possible con-
founders of the associations should be adjusted for. To evalu-
ate the possible pathways in the association of maternal
anthropometry with offspring anthropometric measurements
and body composition, direct and indirect effects should be
estimated using appropriate statistical methods that adjust
for confounders of the mediator — outcome association and
take into consideration a possible interaction between expo-
sure and the mediator?,

Therefore, studies that assess the mediators or effect
modifiers of this association are needed. Diet and physical
activity would be possible mediators, because they are
associated with anthropometric measures and body com-
position, as well as these health behaviours are generally
shared with the family'?. Another variable to be consid-
ered as a possible mediator is birth weight, as it is deter-
mined by maternal weight during pregnancy and is a
predictor of the individual’s weight in other stages of life™!®.

It is also important to evaluate if gender modifies the
long-term consequence of maternal BMI in the pregnancy.
Women, in general, have higher body fat averages, and
some studies have observed that daughters of obese moth-
ers have worse body composition™?.

The current study was aimed at evaluating the associa-
tion of maternal pre-pregnancy nutritional status with
offspring anthropometric measurements and body compo-
sition in adolescence and early adulthood. We also
assessed if these associations were modified by gender,
diet and physical activity and mediated by offspring birth
weight, using data from three Brazilian Birth Cohorts.

Methods
Study design and participants
In 1982, 1993 and 2004, all maternity hospitals in Pelotas, a

southern Brazilian city, were daily visited and all births
identified. Those live births whose family lived in the urban
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area of Pelotas were examined, and their mothers inter-
viewed (19827 5914, 1993 n 5249 and 2004 7n 4231).
These subjects have been followed up for several times
at different ages. Further details on the cohorts methodol-
ogy have been previously published>-17,

In the present study, we used data from the last follow-
up of each cohort, which were carried out at 30, 22 and
11 years of age for the 1982, 1993 and 2004 cohorts, respec-
tively. Subjects were invited to visit the research clinic,
where they were interviewed and examined.

Maternal pre-pregnancy BMI

In the three cohorts, information on maternal pre-pregnancy
weight was extracted from prenatal card or when absent by
self-report, pre-gestational maternal weight was defined as
weight before becoming pregnant. With respect to maternal
height, in 1982 and 1993 the mothers were measured by the
hospital staff and the data were retrieved from the hospital
records, whereas in 2004 maternal height was measured at
home in the 3-month visit. In all cohorts, height was evalu-
ated using locally made portable stadiometers with a preci-
sion of 1 mm. As suggested by the WHO, those mothers
whose BMI was < 18:5kg/m? were considered as under-
weight, normal weight by a BMI between 185 and
24-9 kg/m? overweight was defined by a BMI > 25-0 and
<29:9kg/m? and a BMI > 30-0 kg/m? defined the presence
of obesity. In the linear regression, body mass index was
included as a categorical variable, in mediation analyses,
we used maternal pre-pregnancy BMI on continuous form,
because G-formula provide a total effect, natural direct and
natural indirect effects and, no provide these estimates for
each exposures category.

Offspring antbropometric measurements and

body composition

Concerning the assessment of offspring body composition,
weight was measured to the nearest 0-1kg using a scale
coupled to the BodPod (COSMED) with a maximum of
150 kg and height with a portable stadiometer (SECA 240;
SECA), BMI was calculated dividing the weight by the
squared height (kg/m?) and we used BMI z-score that
was standardised for the sample, calculating BMI minus
the mean, divided by the sp. Waist circumference was mea-
sured twice with an inextensible tape with an accuracy of
0-1 cm (CESCORF) and the average of these measures was
used. Fat and lean mass were measured using dual-energy
X-ray absorptiometry (Lunar Prodigy; GE Healthcare®), and
these measures were divided by squared height to estimate
the fat and lean mass index in kg/m?.

Confounders and mediators

In the multivariable analysis, maternal schooling in years
(04, 5-8, 9-11, >12), family income at birth in tercile,
maternal age (< 20, 20-25, 26-30, > 30), parity (1, 2, > 3)
and maternal smoking during pregnancy (no/yes) were
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considered as possible confounders. These variables were
evaluated in the perinatal studies. In the 1982 cohort, we
also adjusted the analysis for a BMI allele score. The score
was developed based on a genome-wide association study
through the GIANT consortium, which identified 97 inde-
pendent SNP associated with BMI at the genomic level of
statistical significance (P<5-0x 107®) in 322:154 individ-
uals of European ancestry™®. Each SNP was multiplied
by its per allele coefficient from a linear regression of
BMI on the given SNP reported by GIANT; subsequently,
a score was generated by the sum of these products for
all 97 SNP for a given individual from the 1982 cohort.

Birth weight, a possible mediator, was collected in the
perinatal study, live born was weighed soon after delivery
by the hospital staff, using paediatric scales that were
weekly calibrated by the research team, and information
on birth weight was retrieved from maternity records.
Physical activity and diet were considered as possible effect
modifier. Physical activity and diet were collected at age 11
(2004 cohort), 22 (1993 cohort) and 30 (1982 cohort).
Physical activity was measured using accelerometers,
GENEActiv accelerometer (Activinsights) for the 1982
cohort, and ActiGraph, wGT3X-BT, wGT3X and ActiSlee
models for the 1993 and 2004 cohort. Subjects worn the
accelerometers for seven consecutive days and, in the
present study, we only considered the time spent in mod-
erated and vigorous physical activity.

Offspring diet was assessed using a FFQ and was clas-
sified using different diet indexes, such as health eating
index"?, total kilocalories of diet, kilocalories and grams
of ultra-processed foods and block score®®. The block
score was the one that best explained the offspring diet.
This score evaluates the intake of foods high in fibre and
fat, assigning points for each frequency of consumption,
and then a score for fibre and fat content of the diet was
estimated®?. Score varied according to the consumption
of foods rich in fibre or fat and not according to the higher
or lower content of these components in foods®”; in the
present study, we used block score as a continuous
variable.

Statistical analysis

Analyses were carried out using Stata, version 14.0; descrip-
tive statistics such as means and standard deviations and
percentages with 95 % CI were used to summarise continu-
ous and categorical variables, respectively. ANOVA was
used to compare the means of the outcomes according
to maternal pre-pregnancy BMI category, and multiple lin-
ear regression to adjust for possible confounders, and the
analyses were stratified by gender, diet and physical activ-
ity. Mediation analysis was carried out using G-formula to
decompose the total effect into natural direct and natural
indirect effects of maternal pre-pregnancy BMI on offspring
anthropometric measurements and body composition.
sk for mediation analyses were calculated using bootstrap-
ping with 10 000 simulations. Separate models were fitted
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for each offspring outcome (BMI z-score, waist circumfer-
ence, fat mass index and lean mass index) and mediator
(birth weight). All models were adjusted for base con-
founders (family income at birth, maternal schooling,
maternal age, parity and maternal smoking during preg-
nancy) and post-confounders (offspring schooling and
family income at last visit).

In order to assess the impact of maternal diabetes or
hypertension on the magnitude of the association of mater-
nal pre-pregnancy BMI with offspring anthropometry, we
carried out sensitivity analyses, excluding those subjects
whose mother had diabetes or hypertension in the gesta-
tion (1982 72 203, 1993 1 614 and 2004 7 900).

Results

The present study included 3551, 3562 and 3467 partici-
pants of the 1982, 1993 and 2004 cohorts, respectively.
Table 1 shows the distribution of the studied individuals
according to baseline characteristics and offspring body
composition. The proportion of mothers with 4 or less years
of schooling decreased from 33:3 % in 1982 to 14-8 % in
2004. The prevalence of maternal smoking during preg-
nancy decreased from 35-6% in 1982 to 28:6 % in 2004,
whereas the proportion of preterm birth increased from
6:2% to 13:3% in the same period. The prevalence of
maternal pre-pregnancy obesity increased from 4-3 % in
1982 to 62 % in 2004.

Table 2 shows that offspring mean BMI, waist circum-
ference and fat mass index increased according to maternal
pre-pregnancy BMI category. Tables 3, 4 and 5 show that
adjustment for confounding slightly changed the magni-
tude of the associations, and the associations were similar
across the cohorts, irrespective of the age at anthropomet-
ric assessment. In relation to offspring of normal weight
mothers, BMI z-score was higher among those subjects
whose mother was obese before pregnancy, with a differ-
ence ranging from 0-65 to 0-83 z-score. For waist circumfer-
ence, the difference ranged from 6-57 to 7-46 cm, and for fat
mass index from 472 to 6:84. In the analysis stratified by
gender, the magnitude of the associations was higher
among female offspring, but even among males the asso-
ciations were statistically significant. Table 3 shows that
adjustment for allele score of BMI had no material effect
on the magnitude of the associations.

Concerning the mediation analysis, Table 6 shows that
birth weight captured part of the effect of maternal pre-
pregnancy BMI on offspring waist circumference in the
1993 cohort (0-72 (95 % CI 0-17, 1-27) and lean mass index
in 2004 cohort (~0-69 (95 % CI -1-26, —0-12), approximately
20 % for waist circumference and 16 % for lean mass index.
Concerning height, we observed that birth weight captured
the entire effect of maternal pre-pregnancy BMI. Showing
that birth weight has an influence on the height of children
and that the maternal pre-pregnancy BMI is a possible
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Table 1 Characteristics of the studied population of three Pelotas birth cohort studies
1982 cohort 1993 cohort 2004 cohort
n % n % n %
Maternal pre-pregnancy BMI category
Underweight 388 7-8 412 98 181 8-3
Normal weight 3486 70-3 2992 70-8 1470 67-5
Overweight 875 17-6 669 15-8 391 18-0
Obese 212 4.3 151 36 136 6-2
Socio-economic variables at birth
Maternal schooling in years
0-4 1959 333 1185 27-3 464 14.8
5-8 2444 414 2000 46-1 1269 40-6
9-11 652 1141 787 18-1 1053 337
>12 834 14.2 370 85 340 10-9
Maternal age in years
<20 912 155 788 181 619 19-6
20-25 2193 372 1470 338 1051 334
26-30 1485 25.2 1080 24.9 686 21.7
> 30 1305 221 1008 23.2 799 25.3
Maternal variables
Parity
1 2318 39-3 1561 359 1254 398
2 1653 281 1234 284 849 26-9
>3 1923 32-6 1552 35.7 1052 333
Maternal smoking during pregnancy
No 3797 64-4 2864 65-9 2253 71-4
Yes 2099 35-6 1483 341 903 28-6
Birth conditions
Gestational age
< 37 weeks 291 6-2 426 11-0 420 13-3
> 37 weeks 4367 93-8 3446 89.0 2727 86-7
Birth weight (g)
<2500 570 97 425 98 287 91
2500-< 3000 1517 25.8 1156 26-8 811 25.7
3000-< 3500 2190 371 1694 39.0 1264 40-1
> 3500 1614 27-4 1059 24.4 793 25-1
Offspring anthropometry and body composition
Mean age at body composition assessment (years)
Mean 30-2 226 109
SD 0-3 0-3 0-3
Mean BMI (kg/m?)
Mean 26-8 25-1 19-6
SD 5.5 52 4.2
Mean waist circumference (cm)
Mean 84.-8 857 66-2
Sb 126 11.9 95
Fat mass index (%)
Mean 31-8 29-8 27-6
SD 115 12-6 109
Lean mass index (%)
Mean 64-4 65-8 690
sSD 10-6 11.7 10-4
Height (cm)
Mean 167-7 167-5 145-4
SD 92 95 74

positive confounding factor of this association, because the
natural direct effect was negative for the 1982 cohort
(=0-61 (95% CI -1-32, 0-11) and 1993 cohort (-0-89
(95 % CI -1-55, -0-24).

Birth weight did not explain part of the association with
the other outcomes. However, it is possible to observe that
for offspring BMI the pattern of measures of effect was sim-
ilar between the cohorts, and birth weight decreased the
potential to explain this association, according to the off-
spring age increases. In relation to fat mass index in the
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1982 cohort, it was possible to observe that the natural
direct effect (3-98 (95% CI 3-06, 4-91) was greater than
the total effect (3-43 (95% CI 2:52, 4-35), indicating that
birth weight would be acting as a negative confounding
factor, underestimating the effect of maternal pre-
pregnancy BMI on offspring fat mass index. However, this
pattern of association was not evident in the other cohorts,
which may indicate that this association was due to random
variation, the same is observed for lean mass index in the
1993 cohort.
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Table 2 Anthropometric measurements and body composition according to maternal pre-pregnancy BMI category, in three Pelotas birth cohort studies

1982 cohort at 30 years 1993 cohort at 22 years 2004 cohort at 11 years

Maternal pre-pregnancy BMI category Maternal pre-pregnancy BMI category Maternal pre-pregnancy BMI category

Underweight Normal weight ~ Overweight Obese Underweight Normal weight Overweight Obese Underweight Normal weight Overweight Obese

BMI (kg/m?)

n 217 2119 552 143 282 2015 484 94 133 1211 336 116

Mean 24.8 26.4 28.2 29.7 22.8 249 27.0 28.0 17.5 194 20.6 22.6

95% Cl 242,255 26.1, 26.6 27.7,28.7 28.6, 30.9 22.3,23.3 247,251 26.4,27.5 26.8,29.2 16.9, 18.1 19.1,19.6 20.2,21.1 21.6,23.7
Waist circumference (cm)

n 218 2127 554 143 282 2015 487 95 133 1225 338 119

Mean 80.9 83.9 87.7 90.8 81.3 85.3 89.6 91.1 61.4 65.8 68.6 72.0

95% Cl 794,823 83.4,84.4 86.6, 88.8 88.4,93.2 80.1, 82.5 84.8, 85.8 88.4, 90.7 88.7,93.5 60.0, 62.7 65.3, 66.3 67.6, 69.7 69.9, 74.2
Fat mass index (%)

n 213 2053 518 131 271 1884 452 88 133 1212 366 114

Mean 29.2 31.2 341 35.3 25.2 29.7 32.6 35.5 22.2 27.3 30.7 33.3

95 % Cl  27.6,30.8 30.8, 31.8 33.3, 35.1 33.3,37.2 23.8, 26.7 29.2, 30.3 31.4,33.7 32.7, 38.2 20.6, 23.9 26.7,27.9 29.6, 31.9 31.4,35.9
Lean mass index (%)

n 213 2053 518 131 271 1879 451 88 133 1220 337 117

Mean 66.8 64.8 63.3 61.3 70.0 65.9 63.3 60.6 741 69.3 66.0 63.6

95 % Cl 65.3,68.3 64.4, 65.3 61.4,63.2 59.5, 63.1 68.7,71.4 65.4, 66.4 62.3, 64.3 58.0, 63.2 72.5,75.7 68.8, 69.9 64.9, 67.1 61.8, 65.3

Height (cm)
n 233 2154 558 146 283 2033 488 96 133 1214 336 116

Mean 167.8 167.9 1.67.9 167.6 167.9 167.5 167.5 167.1 143.7 145.4 146.9 146.3

95 % Cl 166.6, 168.9 1.67.5,168.3 167.1,168.7 166.1,169.2 166.8, 169.0 167.1,167.8 166.7,168.4 165.2, 169.1 142.5,145.0 145.0,145.9 146.1,147.7 145.0, 147.7

988
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Table 3 Crude and adjusted analyses of association of maternal pre-pregnancy BMI category with offspring body composition and anthropometric measurements by gender, in 1982 Pelotas birth cohort study

1982 cohort at 30 years 1982 cohort at 30 years — male

1982 cohort at 30 years — female

Maternal pre-pregnancy BMI category Maternal pre-pregnancy BMI category

Maternal pre-pregnancy BMI category

Underweight Overweight Obese Underweight Overweight Obese Underweight Overweight Obese
Normal Normal Normal
B 95% Cl weight B 95% Cl B 95% Cl B 95% Cl weight B 95% Cl B 95% Cl B 95% Cl weight B 95% Cl B 95% Cl

BMI (z-score)
Crude -0-28 -0-41,-0-14 Ref. 0 0-33 0-24, 0-42 0-61 0-44, 0-77 -0-35 -0-52,-0-18 Ref. 0 0-38 0-26, 0-49 0-32 0-10, 0-53 -020  -0-41,-0-0-01 Ref. 0-30 016, 0-43 0-88 063, 1-12
Adjusted*  -0-32 —045,-0-17 Ref. 0 0-36 0-27, 0-46 0-65 0-48, 0-81 -0-38 -0-55,-021 Ref. 0 042 0-30, 0-54 0-39 0-17, 0-61 -0-29 -0-50, —0-08 Ref. 0-33 0-19, 0-47 0-93 0-68,1-18
Adjustedt -0-30 -0-46,-0-15 Ref. 0 0-39 0-28, 0-49 0-69 0-50, 0-88 - - - - - - - -

Waist circumference (cm)
Crude -3.08 —4.79,-1.36 Ref. 0 379 264, 494 6-90 481, 8:99 -4.06 —6-27,-1.85 Ref. 0 462 3.08, 6-15 4.24 1-43, 7-05 —2:40 —4.72, -0-08 Ref. 3.32 1.82, 4-83 976 7-06, 12:46
Adjusted”  -354 -5.27,-1.82 Ref. 0 4.21 3.0, 539 7-46 5.33,9-58 -451 -6.70,-232 Ref. 0 502 3-46, 6-58 4.98 2.14,7-81 -3-42 -5.76, -1-08 Ref. 359 2.05, 5-14 1015 7-41,12:89
Adjustedt  -3-56 -5.55,-1.58 Ref. 0 4-40 3.08, 5:72 7-44 5.04, 9-83 - - - - - - - -

Fat mass index (%)
Crude -2:10  -3.70, -0-51 Ref. 0 2.78 1.69, 3-87 395 1.96, 5-95 -2.32 -4.02,-0-63 Ref. 0 2.53 1-30, 3-75 2.85 0-61, 5-09 -1.00 —2:71,0.72 Ref. 2:00 0-89, 3-11 4.03 1.99, 6-06
Adjusted* —244 -4.04,-084 Ref. 0 323 2.11,4.34 4.71 268, 6-74 —-264 -4.30,-097 Ref. 0 2.74 1.51,3.97 3-38 113, 5.62 -1.52 -3.25, 0-22 Ref. 246 1.32, 3-60 4.75 269, 6-82
Adjustedt  -2.08 -3-87,-0-20 Ref. 0 327 2.03, 4-51 4-81 253,710 - - - - - - - -

Lean mass index (%)
Crude 1.96 049, 3-42 Ref. 0 -255 -3.55,-1.55 -3-54 -5.37,-1.70 219 0-64, 375 Ref. 0 -229 -341,-116 -2.59 —4.65,-0-52 0-90 -0-71, 2:50 Ref. -1.87 -291,-083 -356 -5.46,-1.66
Adjusted* 2:26 0-80, 3-74 Ref. 0 -298 -4.01,-195 -426 -6-13,-239 249 0-96, 4-03 Ref. 0 -251 -364,-1.37 -310 -5.17,-1.04 1.36 -0-26, 2:98 Ref. -2:31  -3:38,-124 -4.25 -619,-2:32
Adjustedt 1.87 0-18, 3-56 Ref. 0 -3.01 —4-16, 3-56 —4.34  -6.44,-1.87 - - - - - - - -

Height (cm)
Crude -0-12 -1-39, 1-15 Ref. 0 0-04 -0-82, 0-90 -0-27 -1.82, 1.27 —048 —-1.81, 0-84 Ref. 0 0-36 —-0-56, 1-29 0-42 -1-27,2-10 -0-20 -1.41,1.02 Ref. 0-22 -0-58, 1-01 —-0-19 -1.60, 1-23
Adjusted”  -000 -1.27,126  Ref. 0 0-03  -0-84,0-90 -0-04 -1.60,1-52 -069 -1.96,059 Ref. 0 024 —0-67, 1-15 0-70 -0-94, 2:35 0-13 -1.07, 1-33 Ref. 0-39 -0-41,1-19 0-13 -1-28, 1:55
Adjustedt  —0-96 —2-47, 0-54 Ref. 0 003 -0-98,1.04 0-80 =110, 2.71 - - - - - - - -

*Adjusted: family income at birth, maternal schooling, maternal age, parity and maternal smoking during pregnancy.
tAdjusted for confounders and allelic score of BMI.
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Table 4 Crude and adjusted analyses of association of maternal pre-pregnancy BMI category with offspring body composition and anthropometric measurements by gender, in 1993 Pelotas birth cohort study

1993 cohort at 22 years 1993 cohort at 22 years — male 1993 cohort at 22 years — female
Maternal pre-pregnancy BMI category Maternal pre-pregnancy BMI category Maternal pre-pregnancy BMI category
Underweight Overweight Obese Underweight Overweight Obese Underweight Overweight Obese
Normal Normal Normal
B 95% Cl weight B 95% Cl B 95% Cl B 95% Cl weight B 95% Cl B 95% Cl B 95% Cl weight B 95% Cl B 95% Cl

BMI (z-score)

Crude —-0-40 0-52, -0-28 Ref. 0 0-39 0-29, 0-49 0-59 0-39, 0-79 -0-39  -0-54,-0-25 Ref. 0 0-35 0-23, 0-48 0-39 0-11, 0-68 -0-40 -0-59,-0-21 Ref. 0 0-42 0-28, 0-56 0-70 0-43, 0-98

Adjusted” -046  -0-58,-0-33 Ref. 0 045 0-35, 0-55 0-65 0-45, 0-85 —0-43 -0-58,-0-28 Ref. 0 0-40 0-27, 0-52 0-48 0-20, 0-77 -050 -069,-0-31 Ref. 0 0-44 0-29, 0-58 0-76 0-48, 1-04
Waist circumference (cm)

Crude -3-99 —-5.45, -2.54 Ref. 0 4.26 310, 5-42 5-85 344, 542 -4.13  -6:10,-2:16 Ref. 0 4-42 2:74,6-11 476 0-98, 8:54 -4.16 —-6-30, —2-01 Ref. 0 4.22 2-64, 5-80 6-86 375, 9-97

Adjusted’ —4.58 —6-07, -3-09 Ref. 0 4.66 348, 5-83 6-57 4-16, 9-00 -4.18  -6-18,-2.17 Ref. 0 4-80 3:10, 6-50 5-69 1.92, 9-45 —-5-39 —7-56, -3-23 Ref. 0 4.41 2-82, 6:01 7-37 4-27,10-47
Fat mass index (%)

Crude —4-49 —-6-08, —2.91 Ref. 0 2:83 1.55, 4-11 5.72 3-06, 8-38 -3.00 -4.74,-1.27 Ref. 0 3.01 1.49, 4.54 333 -0-01, 6:67 -3-32 —4.90, -1.74 Ref. 0 2:04 0-87, 3-21 5.55 3-20, 7-90

Adjusted” —4-66 —6-28, —3-04 Ref. 0 2:96 1.66, 4-27 5.97 329, 8-64 —-2:.92 —4-67,-1-17 Ref. 0 344 1.91, 4.97 421 0.91,7.51 -3-83 —5-44, -2.22 Ref. 0 218 0-99, 3-37 5.84 3.47, 8-20
Lean mass index (%)

Crude 414 267, 561 Ref. 0 -260 -3.79,-1.42 —-5.31 —7-78, —2-84 2.75 117, 4.34 Ref. 0 —2.74 —4.14, -1.35 -2:92 -5.97,0-14 3-06 1.57, 4.56 Ref. 0 -1.91 1.57, 4.56 -5.27  -7-50, -3-05

Adjusted’ 429 2.78,579 Ref. 0 —-2:73  -3:94,-1.52 —-5.54 —8-03, —3-06 2-66 1.06, 4-27 Ref. 0 -3-16 —4.55, -1.76 -3.74  -6.76,-0.72 3-59 2.01, 5.05 Ref. 0 -2:06 -3-19,-0.93 —5.55 -7-79, -3-32
Height (cm)

Crude 0-46 -0.73, 1-64 Ref. 0 0-07 -0-87, 1-01 —-0-36 —2:30, 1-58 —0-35 -1.55, 0-86 Ref. 0 111 0-08, 2:15 142  -0.90, 3.75 —-0-52 -1.70, 0-65 Ref. 0 —0-31 -1.18, 0-55 0-39 -1.30, 2-:08

Adjusted” 096  -0-23,2.16 Ref. 0 025  -0-69,1-20 -0-41 2.35,1.53 040  -0-80, 1-61 Ref. 0 096  —0-07,1.98 127  -1.00, 3-54 -026  —1-45,094 Ref. 0 -0-12 -1-00, 0-76 0-08 -1-62, 1.77

*Adjusted: family income at birth, maternal schooling, maternal age, parity and maternal smoking during pregnancy.


https://doi.org/10.1017/S1368980020004887

¢;

Public Health Nutrition

ssaud Aissaaun abplgquied Aq auluo payslignd /8870002008689 15/£101°0 |/B10"10p//:sdny

Table 5 Crude and adjusted analyses of association of maternal pre-pregnancy BMI category with offspring body composition and anthropometric measurements by gender, in 2004 Pelotas birth cohort study

2004 cohort at 11 years

2004 cohort at 11

years — male

2004 cohort at 11 years — female

Maternal pre-pregnancy BMI category

Maternal pre-pregnancy BMI category

Maternal pre-pregnancy BMI category

Underweight Overweight Obese Underweight Overweight Obese Underweight Overweight Obese
Normal Normal Normal
B 95% Cl weight B 95% Cl B 95% Cl B 95 %Cl weight B 95 %Cl B 95% Cl B 95% Cl weight B 95% Cl B 95% Cl

BMI (z-score)

Crude —0-43 —0-60, —0-26 Ref. 0-29 0-18, 0-41 075 0-57, 0-94 —0-54 —-0-76, -0-31 Ref. 0 0-31 0-16, 0-46 0-62 0-35, 0-89 -0-31 -0-57, -0-06 Ref. 0-28 0-11, 0-46 0-84 0-59, 1-09

Adjusted” —0-44 -0-61, -0-27 Ref. 0-33 0-22, 0-45 0-83 0-64, 1-01 —-0-53 -0-76, -0-31 Ref. 0 0-32 0-16, 0-47 0-63 0-36, 0-90 -0-35 -0-61, -0-09 Ref. 0-33 0-15, 0-52 0-94 0-69, 120
Waist circumference (cm)

Crude —4-42 —6-11, -2.74 Ref. 2-86 1.72, 3-99 6-25 4-48, 8-02 -5.72 —8.06, -3-38 Ref. 0 280 1-25, 4-36 5-85 310, 8-59 -3.03 —5.44, -0-62 Ref. 2:90 1-26, 4-54 6-90 4.59, 9-22

Adjusted” —4.55 -6-23, —2-87 Ref. 321 2.07,4-34 6-95 517,872 —5-68 -8-00, -3-37 Ref. 0 282 1-26, 4-37 5.93 321, 8:65 -3-33 -5.76, 0-89 Ref. 340 1.72, 5.07 7-82 5.47,10-18
Fat mass index (%)

Crude -5.04 —6-93, -3-14 Ref. 344 2:17,4.72 6-00 3.97, 8-03 -6-47 -9.21, -3.73 Ref. 0 4.21 238, 6:05 6-20 288, 9-51 -3-59 -6-12, -1.07 Ref. 2:64 092, 4.37 512 266, 7-57

Adjusted —4.93 —-6-81, -3-05 Ref. 3.83 256, 5:11 6-84 4-82, 8-87 —6-16 —8-85, -3-48 Ref. 0 411 2-30, 5-92 623 2.98, 9-47 -3:63 -6:17, -1-09 Ref. 324 1-48, 4-.99 6-22 374,871
Lean mass index (%)

Crude 4.76 295, 6-57 Ref. -3-36 —4.58, —2-14 —5-31 —7.78, —2-84 6-11 349, 873 Ref. 0 —4-10 -5.85, —2-35 —6-12 -9-19, -3.05 341 0-99, 5-83 Ref. —2:58 —4.23, -0-93 —4.86 -7-21, -2.50

Adjusted” 468 2-88, 6-48 Ref. -374 —4.95, —2.52 —6-58 —8-49, —4-67 582 3-26, 8-38 Ref. 0 —4-00 -5.72, 228 —6-16 -9-16, -3:15 347 1.04, 5:91 Ref. =317 —4.85, —1-49 -5.93 -8-32, -3:55
Height (cm)

Crude -1.70 -3.02, -0-37 Ref. 1.43 0-53, 2-33 0-87 —0-54, 2-29 -2.92 —2.92, -117 Ref. 0 1-04 —0-14,2:21 0-22 -1.91,2.34 -043 —2-42,1.56 Ref. 1-88 0-52, 3-23 1.06 —-0-85, 2:97

Adjusted” -1-39 -2.71, -0-07 Ref. 1-48 0-59, 2-38 1.31 -0-10, 2.72 —2.63 —4.35, -0-91 Ref. 0 0.92 -0-23, 2-08 0-20 -1.87,2:28 —0-00 —-2:00, 2:00 Ref. 1-84 0-46, 3-22 1.54 —-0-40, 3-47

*Adjusted: family income at birth, maternal schooling, maternal age, parity and maternal smoking during pregnancy.
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Table 6 Mediation analysis* of association of maternal pre-pregnancy BMI category with offspring body composition and anthropometric measurements, in three Pelotas birth cohort studies

1982 cohort

1993 cohort

2004 cohort

Natural indirect

Natural indirect

Natural indirect

Total effect Natural direct effect effect Mediated Total effect Natural direct effect effect Mediated Total effect Natural direct effect effect Mediated
Outcome B 95% Cl B 95% Cl B 95% Cl % B 95 % Cl B 95 % CI B 95 % CI % B 95% Cl 95% CI B 95% Cl %
BMI (z-score) 0-33 02,041 0-32  0-24, 0-40 0-01 —0-04, 0-06 30 039  0-32,0-46 036  0-28,0-43 0-03 -0-01,0-43 77 0-41  0-32,0-49 0-36  0-28, 0-45 0-04 -0-01,0-10 9-8
Waist circumference (cm) 398  2.97,4.98 355  2.54,4.56 043 -0-21,1.06 10-8 364  2:82,4.47 293 210,375 072 017,1.27 19-8 365 287,444 334 255,412 0-32 -0-23,0-86 88
Fat mass index (%) 343 252,435 398 3.06,491 -055 -1-11,0-01 -16-0 359 270, 4-48 317 229,406 042 -0-18,1-02 11.7 350 2-86,4-13 343 279, 4.08 0-07 -0-38, 0-51 20
Lean mass index (%) -2.36 -3-21,-1.562 -216 -3.01,-1.30 -0-21 -0-74,0-33 89 -332 414,250 -339 —4.21,-258 007 -0-47,062 -21 —4.24 -5.03,-345 -3.55 -4.35 276 -069 -1.26,-0-12 16-3
Height (cm) 0-26 -0-46,0-99 -0-61 -1-32,0-11 0-87  0-38,1-36 - 0-13 -0-53,0-79 —0-89 -1-55,-0-24 1-02  0-55,1,50 - 128 071,185 1.01 043,158 0-28 -0-14,0-69 -

*Birth weight (g) as a mediator.
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We also stratified the analysis by physical activity and
diet. With regard to physical activity, it is possible to
observe a reduction in the magnitude of association as
the physical activity increases, suggesting that physical
activity may attenuate the association of maternal pre-
pregnancy obesity with offspring anthropometric measure-
ments and body composition; however, these associations
were not statistically significant (see online supplementary
material, Supplemental Table 1). On the other hand, for
diet, we did not observe any clear pattern (see online sup-
plementary material, Supplemental Table 2).

The interaction analysis with the continuous variables
(physical activity, diet and maternal pre-pregnancy BMID)
showed that diet and physical activity moderated the asso-
ciation between maternal pre-pregnancy BMI and offspring
BMI in the 1993 and 2004 birth cohort. For offspring waist
circumference, diet moderated this association only in the
1993 cohort. For fat mass index, lean mass index and height
only physical activity moderated the associations in the
1993 cohort (see online supplementary material,
Supplemental Table 3).

We carried out a sensitivity analysis comparing the
results for the overall sample and that excluding those sub-
jects whose mothers presented diabetes or hypertension
during pregnancy. The magnitudes of associations were
similar. However, we chose to keep the analyses only with
mothers without previous morbidities, to maintain consis-
tency with other studies that excluded those offspring
whose mothers had previous morbidities (see online sup-
plementary material, Supplemental Table 1).

Discussion

In the present study, maternal pre-gestational BMI category
was positively associated with offspring BMI, waist circum-
ference, fat mass index and negatively with lean mass
index. In spite of the difference in the age at assessment
of the outcomes, the magnitude of the associations was
similar among the cohorts, suggesting that pre-gestational
maternal weight has a negative influence on offspring body
composition that last until adulthood. Our results suggest
that birth weight explains only a small portion of this
association.

Most of the studies on this subject have reported similar
associations”-%213% But, as previously mentioned, some
of these studies included possible mediators in the multi-
variable analysis, which blocked a causal pathway and
underestimated the magnitude of the associations.
Because we did not adjust for mediators in the regression
models, the present study was able to estimate the total
effect of maternal pre-pregnancy BMI category on offspring
anthropometry and body composition.
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The magnitude of the associations was modified by gen-
der, a strong association was observed among daughters of
obese mothers. It has been reported that women, in gen-
eral, have higher levels of obesity compared with men.
In addition to hormonal differences, this association is also
possibly due to social causes such as gender inequality?.

With regard to possible mechanisms for the association
of maternal pre-pregnancy BMI category with offspring
anthropometric measurements and body composition, it
has been suggested that this association could be due to
intrauterine programming, offspring DNA methylation,
shared genetic or confounding by familial lifestyle®6:39.

In the present study, mediation analysis showed that
birth weight captured a small part of the association.
Based on studies that observed similar associations for
maternal and paternal BMI category, we expected that off-
spring lifestyle such as physical activity and diet would cap-
ture part of the associations®®. Despite using different
methods to measure diet, these variables failed to capture
the association of maternal anthropometry with offspring
body composition. Regarding the interaction analysis, it
was only possible to observe moderation using the con-
tinuous variables. Diet was able to moderate the associa-
tion only for offspring BMI. On the other hand, physical
activity moderated the associations for offspring BMI, fat
mass index, lean mass index and height. However, the
results were not consistent among the cohorts.

These results may have been affected by measurement
error, which tends to attenuate the indirect effect measures
or interaction. Diet and physical activity are complex phe-
nomena that are difficult to measure because they have
several cultural and behavioural factors involved that we
cannot satisfactorily establish. Leading to a higher probabil-
ity of measurement error, which leads to an attenuation of
the direct effect and for this reason we believe that it was
not possible to observe part of the association captured
by these variables, or that these variables moderated these
associations.

Adane et al. evaluated the relationship between mater-
nal pre-pregnancy BMI and offspring anthropometric mea-
surements in childhood, and birth weight did not capture
the part of this association®. Such heterogeneity in the
results may be due to accuracy of the information on birth
weight. The current study gathered the data on birth weight
retrospectively, with a long recall period, which may have
introduced a misclassification error and underestimated the
associations®.

Concerning shared genetic factors, adjustment for a BMI
allele score had no impact on the magnitude of the associ-
ations. The allele score, based on the findings of a large
genome-wide association study, was strongly associated
with offspring BMI in our cohort, thus suggesting that it cap-
tures at least some of the genetic component, but not all,
given that BMI is a complex trait likely influenced by many
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genetic and environmental factors. Therefore, in the pres-
ence of genetic confounding, adjusting for the allele score
would be expected to only attenuate, but not eliminate, the
association. Because adjusting for the score did not attenu-
ate (not even slightly) the association, shared genetic fac-
tors should not be considered as the main explanation
for the long-term effect of maternal anthropometry in the
pregnancy.

Concerning the study strengths, the association of
maternal pre-pregnancy BMI category with offspring
anthropometric measurements and body composition
was evaluated using information from three Birth
Cohorts, carried out in a southern Brazilian city. The results
were largely consistent among the cohorts, which provides
strong support against the possibility that our findings were
due to chance. Moreover, confounders were assessed with
a short recall time, minimising measurement error and
reducing the probability of residual confounding. With
respect to the outcomes, body composition was assessed
using dual-energy X-ray absorptiometry, which is a method
with high accuracy, decreasing the probability of measure-
ment error and, therefore, of information bias®®. However,
it should be noted that the body composition measures
generated by dual-energy X-ray absorptiometry for people
with obesity have greater variability, thus generating a
lower accuracy compared to individuals with lower BMI
values. But we believe that this fact does not bias the mea-
sures of association of the study since the measures gener-
ated by dual-energy X-ray absorptiometry are in agreement
with the other anthropometric measures of the study®”.

As a limitation, we can point out that information on
maternal pre-pregnancy BMI category was based on self-
reported data for height and pre-pregnancy maternal
weight. However, a validation study carried out with data
from Brazilian National Health Survey found a high agree-
ment between self-reported and measured weight, height
and BMI values®®. Furthermore, information on maternal
pre-pregnancy BMI category was collected just after deliv-
ery, reducing the likelihood of recall bias. Therefore, there
is little risk of differential measurement error. Because this
error was independent of offspring anthropometry and
body composition, such error introduced a non-differential
misclassification that attenuates (rather than exaggerating)
the associations. Therefore, the observed associations are
not due to measurement error of maternal BMI.

In conclusion, our results suggest that maternal pre-
pregnancy BMI category is strongly associated with off-
spring anthropometric measurements and body composi-
tion at 11, 22 and 30 years old. Offspring whose mothers
were overweight or obese had a higher BMI, waist circum-
ference and fat mass index than those of normal weight
mothers, and the magnitude of the associations was greater
among the daughters, thus reinforcing the need for greater
nutritional attention to the offspring of overweight and
obese mothers. Prevalence of maternal overweight during
pregnancy has sharply increased®® and reinforces the

9/10.1017/51368980020004887 Published online by Cambridge University Press
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importance of implementing interventions aimed at reduc-
ing the BML.
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