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Abstract

Maternal pre-pregnancy body mass index is positively associated with offspring obesity, even at
adulthood, whereas breastfeeding decreases the risk of obesity. The present study was aimed at
assessing whether breastfeeding moderates the association of maternal pre-pregnancy body
mass index with offspring body composition at adulthood, using data from 3439 subjects
enrolled in a southern Brazilian birth cohort. At 30 years of age, maternal pre-pregnancy body
mass index was positively associated with offspring prevalence of obesity, abdominal obesity, as
well as body mass index and fat and lean mass index. Breastfeeding moderated the association of
maternal pre-pregnancy obesity with offspring adiposity at 30 years of age. For those
breastfed<6 months, body mass index was 4.13 kg/m* (95% confidence interval: 2.98; 5.28)
higher among offspring of obese mothers, in relation to offspring of normal weight mothers,
whereas among those breastfed>6 months the magnitude of the difference was small
[2.95 kg/m? (95% confidence interval: 1.17; 4.73)], p-value for interaction = 0.03. Concerning
obesity, among those who had been breastfed < 6 months, the prevalence of obesity was 2.56
(95% confidence interval: 1.98; 3.31) times higher among offspring of obese mothers. On the
other hand, among those who were breastfed > 6 months, the prevalence of obesity was 1.82
(95% confidence interval: 1.09; 3.04) times higher among offspring of obese mothers. Therefore,
among overweight mothers breastfeeding for more than 6 months should be supported, as it
may mitigate the consequences of maternal overweight on offspring body composition.

Introduction

Evidence suggests that maternal overweight during pregnancy has long-term consequences on
offspring body composition, increasing the risk of obesity.!® Although most of the studies
evaluated children,*%% it has also been®* reported that offspring of overweight mothers have
higher body mass index, fat mass index and waist circumference, even at adulthood. As
childhood obesity is a strong predictor of adolescent and adult obesity’ the lifelong impact is not
unexpected.

The mechanisms associated with the developmental programing of offspring obesity by
maternal overweight during pregnancy are multifactorial.! It has been suggested that this
association could be due do shared family characteristics, environmental characteristics, or
genetic factors because it has been observed that the magnitude of the association of maternal
and paternal pre-pregnancy body mass index with offspring body mass index is similar.!#-10
Indeed, Bond et al'! observed that genotype explained 43% of the association of maternal pre-
pregnancy body mass index with offspring body mass index. With respect to shared family and
environmental characteristics, it has been suggested that factors such as diet and physical
activity could explain this association between maternal and offspring body composition.
Indeed, Burgess et al'? reported that overweight or obese mothers were more likely to offer foods
or beverages with added sugar to their infants, and that the intake of added sugar was a mediator
of the association of maternal pre-pregnancy body mass index with rapid weight gain in infancy.
In contrast, studies have failed to observe an association between maternal pre-pregnancy body
mass index and offspring leisure time physical activity in childhood.!*!4

Furthermore, animal studies have reported that intrauterine exposure to maternal
overweight may be associated with changes in the hypothalamic axis, impaired appetite
control and altered adipogenic regulation that would also be associated with the programing of
overweight/obesity.'>!¢
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Factors which may mitigate the impact of maternal overweight
on offspring include responsive parenting,'” improved sleep,'® and
breastfeeding.!” Specifically, evidence suggests that breastfeeding
protects against overweight,'”” and the better appetite control
among breastfed subjects is a possible mechanism that would
explain the association between breastfeeding and overweight.?’
Indeed, it has been reported that breastfeeding moderates the effect
of variants in the fat mass and obesity-associated gene (FTO),?!2*
which is related to the development of overweight via a
compromised appetite control.>* Assuming that breastfeeding is
associated with improved satiety control, we hypothesized that it
could also moderate the association of maternal pre-pregnancy
body mass index with offspring body composition.

In this study, we evaluated the hypothesis that breastfeeding
moderates the association of maternal pre-pregnancy body mass
index with offspring body composition at adulthood.

Methods

In 1982, the maternity hospitals located in Pelotas, a southern
Brazilian city, were daily visited and the births were identified from
labor ward records. Those livebirths (1 = 5914) whose family lived
in the urban area of the city were examined and their mothers
interviewed soon after delivery. These subjects have been
prospectively followed at different ages. In 1984 and 1986, a
census was carried in the urban area of the city and those children
enrolled in the cohort were identified, examined, and their mothers
interviewed. From June 2012 to February 2013 (mean age of 30.4
years), study participants were invited to visit the research clinic to
be interviewed and examined. The study methodology has been
described in detail elsewhere.?>?® The Ethical Review Board of the
Faculty of Medicine of the Federal University of Pelotas approved
the study protocol (Of. 16/12), and written informed consent was
obtained from all subjects.

For the assessment of maternal pre-pregnancy body mass index
in kg/m?, information on maternal weight at the beginning of the
pregnancy was extracted from antenatal card or, when absent, by
self-report. For maternal height, mothers were measured by
hospital staff, using locally made portable stadiometers, and this
information was retrieved from the hospital records. Overweight
was defined by a body mass index at the beginning of the
pregnancy > 25 and < 30 kg/m?, and obesity by a body mass index
> 30 kg/m2%’

Information on duration of breastfeeding and age at intro-
duction of complementary foods was collected in the 1984 and
1986 visits and the information collected closest to the age of
weaning was used to minimize recall bias. Standard World Health
Organization definitions were used to assess duration of
predominant and total breastfeeding.?® Predominant breastfeeding
was defined as the age at which foods other than breastmilk, teas, or
water were introduced, and total breastfeeding as birth to the age at
which breastfeeding completely stopped.

With respect to body composition assessment at 30 years of age,
body mass index was estimated dividing the weight (in kg) by the
squared height in meters. Weight was measured once to the nearest
0.1 kg using a scale coupled to the BodPod (COSMED, Rome, Italy)
and height was also measured once with a portable stadiometer -
SECA 240 (SECA Instruments, Hamburg, Germany). Waist
circumference was measured twice, after a gentle expiration, using
an inextensible tape with an accuracy of 0.1 cm (CESCOREF, Brazil)
at the narrowest part of the trunk, identified as the midpoint
between the lowest rib margin and the iliac crest. We used the
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average of two waist circumference measurements. Fat and lean
mass were estimated using dual X-ray absorptiometry (Lunar
Prodigy; GE Healthcare®, Madison, Wisconsin, USA), and fat and
lean mass index were calculated by dividing these measurements
by squared height in meters. Overweight and obesity were defined
by a body mass index > 25 to < 30 and > 30 kg/m?2,?’ respectively,
and abdominal obesity by a waist circumference > 102 cm in men
and > 88 cm in women.”

The following variables that had been assessed in the perinatal
study were considered as possible confounders:

o Family income, the mothers were asked about the total
income, in five categories of minimum wages (<1, 1.1-3,
3.1-6; 6.1-10, > 10), earned by the family members;

o Parental schooling, years of schooling successfully
completed;

o Household asset index was based on the ownership of
household goods and estimated using factor analysis;

o Maternal skin color was rated by the interviewer;

o Maternal smoking during the pregnancy, those mothers who
reported smoking cigarettes at any time during pregnancy
were considered as smokers;

o Parity, the number of time that the mother had given birth to
a live neonate;

o Birthweight, hospital staff weighed the newborns, using
pediatric scales (Filizola, Sao Paulo, Brazil) that were weekly
calibrated by the research team.

Analyses were carried out using Stata version 15.0. ANOVA was
used to compare means and chi-square test for proportions,
according to categories of maternal pre-pregnancy body mass
index and breastfeeding duration. In the multivariate analyses,
confounding variables were selected based on known character-
istics that were associated with maternal pre-pregnancy body mass
index and offspring body composition. For continuous outcomes
(body mass index, fat mass index, and waist circumference)
multiple linear regression was used to adjust the estimate for
possible confounding variables. The adjusted prevalence ratio of
obesity was estimated using Poisson regression with robust
adjustment of the variance.> In order to evaluate whether duration
of breastfeeding modified the association of maternal pre-
pregnancy body mass index with offspring body composition at
30 years of age, we stratified the analysis according to categories of
breastfeeding duration and tested for interaction between maternal
pre-pregnancy body mass index and duration of breastfeeding.
With respect to the interaction between maternal pre-pregnancy
body mass index and breastfeeding duration, the statistical
evidence was clear when breastfeeding was categorized as <6 vs.
> 6 months, and a more detailed categorization of breastfeeding
did not result in a stronger association, whereas the precision of the
estimates decreased.

Results

In the 2012-13 follow-up visit, we were able to evaluate 3701
participants of the cohort, which corresponded to a follow-up rate
of 68.1%, after adding the 325 deaths identified among the cohort
members. Information on duration of breastfeeding and body
composition outcomes was available for 3439 subjects. Table 1
shows that about one of every three mothers had four or less years
of schooling, the prevalence of maternal pre-pregnancy overweight
and obesity was 18.5 and 4.7%, respectively, and the prevalence of
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Table 1. Characteristics of the participants included in the analysis

N (%)
Gender
Male 1694 (49.3)
Female 1745 (50.7)
Family income at birth(minimum wage)
<1 676 (19.7)
1.1-3 1700 (49.6)
31-6 670 (19.6)
6.1-10 198 (5.8)
> 10 180 (5.3)
Maternal schooling (in years)
<4 1097 (31.9)
5-8 1488 (43.3)
9-11 376 (11.0)
>12 474 (13.8)
Maternal pre-pregnancy body mass index
Normal weight 2266 (76.8)
Overweight 546 (18.5)
Obese 138 (4.7)
Birthweight (in grams)
<2500 245 (7.1)
2500-2999 812 (23.6)
3000-3499 1298 (37.8)
3500-3999 874 (25.4)
> 4000 209 (6.1)
Duration of breastfeeding (in months)
<1 729 (21.2)
1-2.9 884 (25.7)
3-5.9 794 (23.1)
>6 1032 (30.0)
Duration of predominant breastfeeding (in months)
<1 882 (26.5)
1-1.9 454 (13.6)
2-2.9 676 (20.3)
>3 1319 (39.6)
Variables measured at 30 years
Body mass index in kg/m?, mean (SD) 26.8 (5.5)
Fat mass index in kg/m?, mean (SD) 8.73 (4.55)
Lean mass index in kg/m?, mean (SD) 18.12 (2.69)
Prevalence of abdominal obesity (%) 657 (19.0)
Body mass index in categories
Normal 1460 (42.5)
Overweight 1191 (34.6)
Obese 788 (22.9)
Total 3439 #

#The total of some variables does not sum to 3439 because of missing data.

low birthweight was 7.1%. With respect to duration of
breastfeeding, 30.0% of offspring were breastfed for at least 6
months, whereas duration of predominant breastfeeding was
short, with about six of every ten subjects predominantly breastfed
for less than three months. At 30 years of age, mean body mass
index was 26.8 kg/m?, and the prevalence of obesity and abdominal
obesity was 22.9% and 19.0%, respectively.

Table 2 shows that in the unadjusted analyses, maternal pre-
pregnancy body mass index was positively associated with
offspring body mass index, fat mass index, lean mass index, and
the prevalence of obesity and abdominal obesity at 30 years of age.
On the other hand, breastfeeding duration was not associated with
body composition at 30 years of age.
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When controlled for possible confounding variables, maternal
pre-pregnancy body mass index was positively associated with
offspring body mass index, fat mass index, lean mass index, and
prevalence of obesity and abdominal obesity. The prevalence of
obesity was 2.31 (95% confidence interval: 1.84; 2.92) times higher
among offspring of obese mothers in relation to those of normal
weight mothers, whereas body mass index was 3.75 kg/m? (95%
confidence interval: 2.79; 4.72) higher among offspring of obese
mothers in comparison with those of normal weight mothers.
Maternal pre-pregnancy body mass index was also associated with
offspring overweight (Data not shown) (Table 3).

Despite the lack of impact of breastfeeding on body
composition at 30 years of age, breastfeeding significantly
moderated the association of maternal pre-pregnancy body mass
index with offspring adiposity at 30 years of age. Fig 1 shows that
the association of maternal pre-pregnancy body mass index with
offspring outcomes (prevalence of obesity and abdominal obesity,
body mass index, and fat mass index) was stronger among those
breastfed for less than 6 months, with p-values for interaction
ranging from 0.03 to 0.13. For those breastfed for less than 6
months, body mass index was 4.13kg/m? (95% confidence
interval: 2.98; 5.28) higher among those subjects whose mother
was obese before the pregnancy, in relation to offspring of normal
weight mothers, whereas among those breastfed for 6 or more
months the magnitude of the difference was small [2.95 kg/m?
(95% confidence interval: 1.17; 4.73)], p-value for interaction
=0.03. With relation to obesity, among those who had been
breastfed for less than 6 months, the prevalence of obesity was 2.56
(95% confidence interval: 1.98; 3.31) times higher among offspring
of obese mothers. On the other hand, among those who were
breastfed for 6 months or more, the prevalence of obesity was 1.82
(95% confidence interval: 1.09; 3.04) times higher among offspring
of obese mothers. The formal test for interaction was statistically
significant (p-value =0.04). For predominant breastfeeding, we
did not observe any clear pattern of effect modification (Fig 2).

Discussion

In our study, based on a cohort that has been prospectively
followed since birth in a southern Brazilian city, we observed that
maternal pre-pregnancy overweight and obesity is strongly
associated with offspring obesity, BMI, fat mass index, lean mass
index and abdominal obesity at 30 years of age. We further
observed that breastfeeding moderates the impact of maternal pre-
pregnancy body mass index on offspring body composition at 30
years of age. Among those subjects who had been breastfeed for 6
months or more, the association of maternal pre-pregnancy
overweight and obesity with offspring body mass index and obesity
was weaker than among those who had been breastfed for less than
6 months. For abdominal obesity and fat mass index the magnitude
of the associations was also smaller among those breastfed for more
than 6 months, but we could not rule out that these differences
were due to the chance. Our findings suggests that breastfeeding
may help to reduce the long-term consequences of maternal pre-
pregnancy overweight on offspring body composition, decreasing
the “transmission” of obesity across generations.

The studied population is experiencing a rapid nutrition
transition; the prevalence of obesity among the daughters at
30 years of age (23.4%) was about 5 times higher than that observed
in the mothers at the beginning of the pregnancy (4.7%). In Pelotas,
the prevalence of maternal obesity at the beginning of the
pregnancy, increased from 4.4% in 1982 Pelotas Birth Cohort to
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Table 2. Prevalence of obesity, and mean body mass index, fat mass index and abdominal obesity at 30 years according to maternal pre-pregnancy body mass index

and duration of breastfeeding

Prevalence
ratio of obesity at

Body mass index
(kg/m?) at 30 years -

Prevalence of
abdominal obesity

Lean mass index
(kg/m?) at 30 years -

Fat mass index
(kg/m?) at 30 years -

30 years (%) Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) (%)

Maternal pre-pregnancy body P<0.001 # P <0.001 # P <0.001 # P <0.001 # P <0.001 #
mass index

Normal 19.0 26.2 (26.0; 26.4) 8.28 (8.11; 8.46) 17.95 (17.85; 18.06) 15.6

Overweight 31.8 28.2 (27.7; 28.7) 9.70 (9.31; 10.08) 18.50 (18.27; 18.73) 26.2

Obese 413 29.7 (28.5; 30.8) 11.02 (10.07; 11.97) 18.82 (18.38; 19.27) 34.7
Duration of total P=0.62 ## P =0.88 #i# P=0.54 #i# P=0.21# P=0.99 #
breastfeeding (months)

<1l 23.9 26.9 (26.5; 27.3) 8.84 (8.51; 9.17) 18.07 (17.88; 18.27) 19.1

1- 2.9 235 26.8 (26.4; 27.1) 8.68 (8.40; 8.96) 18.05 (17.87; 18.22) 18.9

3-5.9 233 27.0 (26.6; 27.3) 8.86 (8.54; 9.19) 18.11 (17.93; 18.29) 19.2

>6 215 26.8 (26.4; 27.2) 8.59 (8.30; 8.88) 18.21 (18.04; 18.38) 19.0
Duration of predominant P=0.79 ## P=0.94 ## P=0.99 ## P=0.71 ## P=0.37 ##
breastfeeding (months)

<1 238 26.9 (26.5; 27.3) 8.76 (8.46; 9.06) 18.16 (17.98; 18.34) 19.8

1-1.9 24.0 26.9 (26.4; 27.4) 8.81 (8.40; 9.21) 18.14 (17.90; 18.39) 20.2

2-2'9 23.7 26.8 (26.4; 27.2) 8.71 (8.38; 9.04) 18.01 (17.81; 18.21) 19.3

>=3 223 26.9 (26.6; 27.2) 8.78 (8.52; 9.03) 18.14 (18.00; 18.29) 18.5

#test of linear trend.
#i#test of heterogeneity.

Table 3. Association of body composition at 30 years (Obesity, Body mass index, fat mass index and abdominal obesity) according to maternal pre-pregnancy body

mass index and infant feeding. Estimates were adjusted for confounding variables

Adjusted regression coefficient

Prevalence ratio of
obesity at 30 years

Body mass index (kg/

m?) at 30 years

Prevalence ratio of
abdominal obesity
at 30 years

Lean mass index
(kg/m?) at 30 years

Fat mass index
(kg/m?) at 30 years

Maternal pre-pregnancy P <0.001 #

body mass index !

P <0.001 #

P <0.001 # P <0.001 # P <0.001 #

Normal Reference (1) Reference (0) Reference (0) Reference (0) Reference (1)

Overweight 1.79 (1.53; 2.10) 2.24 (1.71; 2.78) 1.56 (1.11; 2.00) 0.67 (0.41; 0.94) 1.79 (1.50; 2.14)

Obese 2.31 (1.84; 2.92) 3.75 (2.79; 4.72) 3.04 (2.23; 3.84) 0.89 (0.41; 1.37) 2.39 (1.83; 3.11)
Duration of total P =0.66 ## P =0.68 ## P =0.50 ## P=0.95 ## P =0.98 ##

breastfeeding (months) 2
<1 Reference (1)

Reference (0)

Reference (0)

Reference (0)

Reference (1)

1-29 0.96 (0.79; 1.17) —0.07 (~0.66; 0.52) —0.04 (~0.53; 0.45) —0.06 (~0.35; 0.23) 0.97 (0.78; 1.22)

3-59 0.99 (0.81; 1.21) 0.17 (=0.42; 0.77) 0.16 (—0.34; 0.66) 0.00 (=0.30; 0.29) 1.01 (0.80; 1.27)

>6 0.89 (0.74; 1.09) —0.16 (~0.73; 0.41) —0.19 (~0.67; 0.28) 0.02 (0.26; 0.30) 1.01 (0.81; 1.26)
Duration of P=0.96 ## P=0.99 ## P=0.93 ## P=0.84 ## P=0.90 ##

predominant
breastfeeding (months) 2
<1 Reference (1)

1-1.9 1.02 (0.81; 1.28)
2-29 1.01 (0.82; 1.23)
>3 0.97 (0.82; 1.15)

Reference (0)
0.09 (=0.57; 0.76)
—0.02 (—0.61; 0.58)
0.06 (—0.45; 0.56)

Reference (0)
0.17 (—0.38; 0.73)
0.08 (—0.41; 0.57)
0.12 (—0.30; 0.53)

Reference (0)
—0.05 (=0.37; 0.28)
—0.13 (—0.42; 0.16)
—0.08 (—0.33; 0.17)

Reference (1)
1.07 (0.84; 1.38)
1.01 (0.80; 1.27)
0.98 (0.81; 1.19)

Adjusted for: family income at birth, parental schooling, household asset index, maternal skin color, maternal smoking during pregnancy, and parity.

2Adjusted for 1 and birthweight.
#test of linear trend.
#itest of heterogeneity.

18.7% in 2015 Birth Cohort.*! In spite of such rapid increase in the
prevalence of obesity, we observed that breastfeeding decreased the
magnitude of the association of maternal pre-pregnancy over-
weight/obesity with offspring body mass index and obesity.
Overweight is positively associated with the development of
metabolic disorders,** and it has been reported that maternal pre-
pregnancy body mass index is also associated with offspring
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metabolic cardiovascular risk factors.>** Furthermore, Dias et al**
observed that offspring body mass index at adulthood captured all
the association of maternal pre-pregnancy body mass index with
offspring systolic blood pressure and non-high-density lipoprotein
(non-HDL) cholesterol. Suggesting, therefore, that by moderating
the association between maternal pre-pregnancy body mass index
and offspring adiposity, breastfeeding may also have a long-term
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Figure 1. Association of body composition at 30 years with maternal pre-pregnancy body mass index, according to breastfeeding duration. Estimates were adjusted for
confounding by: family income at birth, parental schooling, household asset index, maternal skin color, maternal smoking during pregnancy, and parity.
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Figure 2. Association of body composition at 30 years with maternal pre-pregnancy body mass index, according to duration of predominant breastfeeding. Estimates were
adjusted for confounding by: family income at birth, parental schooling, household asset index, maternal skin color, maternal smoking during pregnancy, and parity.
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impact on the development of metabolic cardiovascular disorders
among offspring of obese mothers. Furthermore, the rapid increase
in the prevalence of maternal pre-pregnancy overweight/obesity
reinforces the relevance of identifying factors that mitigate its long-
term consequences on the offspring.

To our knowledge this is the first study to report that
breastfeeding moderates the association of maternal pre-preg-
nancy body mass index with offspring body composition.
Concerning the validity of our findings, as previously reported,
attrition rate was low and independent of breastfeeding duration
and socioeconomic status,’® among those subjects who had been
breastfed for 6 or more months, 71.7% were followed up at years of
age, whereas among those breastfed for<1 month this proportion
was 69.4% Therefore, it is unlikely that the observed associations
were due to selection bias. Residual confounding is also unlikely
because estimates were adjusted for several variables that were
measured in early childhood, decreasing the likelihood of
measurement error due to recall bias. Moreover, in the studied
population breastfeeding duration was independent of socioeco-
nomic status.*® Because low birthweight is positively associated
with obesity®” and negatively with breastfeeding duration,*® it
could be argued that the observed association could be due to
confounding by birthweight. On the other hand, birthweight is
impacted by maternal body mass index, and therefore a basic
requisite for confounding is not fulfilled. In spite of that,
breastfeeding significantly moderated the association of maternal
pre-pregnancy body mass index with offspring body composition,
even after controlling for birthweight. Interviewer bias is unlikely
because anthropometrical assessment at 30 years of age was carried
out by trained assessors that were unaware of the subject exposure
to maternal overweight during pregnancy, as well as infant feeding.
On the other hand, for some mothers, data on maternal pre-
pregnancy weight was not available at the antenatal card and it was
self-reported by the mothers. Therefore, a measurement error is
likely, and duration of breastfeeding may have been misclassified.
A study that validated the maternal recall of breastfeeding duration
observed that about 25% of the mothers tended to misclassify the
duration of breastfeeding, but usually to the nearest category.*®
Because these measurement errors are unrelated to offspring body
composition, the misclassification was non-differential, which
tends to underestimate the magnitude of the association.
Consequently, it is unlikely that the observed associations were
caused by classification errors.

Type-1 error inflation could be considered as another
explanation for the observed associations because we carried out
several tests to assess the effect modification by infant feeding.>* On
the other hand, the inflation is smaller than the expected because
the body composition outcomes are correlated.*® Furthermore,
breastfeeding duration decreased the magnitude of the association
of maternal pre-pregnancy overweight with the four outcomes
evaluated, and the number of tests of interaction that reached the
level of statistical significance was higher than that would be
expected by chance.

With respect to the biological mechanisms that would explain
the observed associations, as previously mentioned, intrauterine
exposure to maternal overweight is associated with changes in the
hypothalamic axis that would contribute to hyperphagia and
impaired appetite control.!>!® On the other hand, it has been
reported that breastfeeding is associated with an improved appetite
control,?® and breastfeeding moderates the effect of a gene that is
associated with an impaired appetite control.2!?* By increasing
satiety control, breastfeeding would moderate the association of
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intrauterine exposure to maternal overweight with offspring
adiposity. Additionally, breast milk oligosaccharides and satiety-
inducing short chain fatty acids may have contributory impact.*!

Because the duration of breastfeeding in the studied population
was short, we were unable to assess the impact of being breastfed as
recommended by international agencies.*? Our findings reinforce
the relevance of promoting and specifically supporting breast-
feeding among overweight mothers, since breastfeeding may
mitigate the consequences of intrauterine exposure to maternal
overweight on offspring body composition.
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