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Abstract

This study reviewed the evidence that assessed
the association between maternal pre-pregnan-
cy body mass index (BMI) and/or gestational
weight gain and offspring body composition in
childhood. A systematic review was conducted.
Cohort studies, case-control studies and ran-
domized controlled trials measuring offspring
body composition by indirect methods were in-
cluded. Meta-analyses of the effect of pre-preg-
nancy BMI on offspring fat-free mass, body fat
percent, and fat mass were conducted through
randome-effects models. 20 studies were includ-
ed, most of which reported a positive associa-
tion of pre-pregnancy BMI with offspring body
fat. Standardized mean differences in body fat
percent, fat mass and fat-free mass between
infants of women with normal pre-pregnancy
BMI and those of overweight/obese women were
0.31 percent points (95%CI: 0.19; 0.42), 0.38kg
(95%CI: 0.26; 0.50), and 0.18kg (95%CI: -0.07;
0.42), respectively. Evidence so far suggests that
pre-pregnancy maternal overweight is associ-
ated with higher offspring adiposity.
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Resumen

Esta revision evalud la asociacion entre el in-
dice de masa corporal (IMC) pregestacional y/o
el aumento de peso gestacional con la compo-
sicion corporal de los hijos en la infancia. Se
realizo una revision sistemdtica. Se incluyeron
estudios de cohorte, caso-control y ensayos ran-
domizados, que determinaron la composicion
corporal de los hijos mediante métodos indi-
rectos. Se realizaron metaandlisis del efecto del
IMC pregestacional sobre la masa libre de grasa,
porcentaje de grasa corporal y masa de grasa. Se
incluyeron 18 estudios, la mayoria de los cuales
reporto asociacion positiva entre el IMC mater-
no pregestacional y la adiposidad de los hijos.
Las diferencias de medias padronizadas de por-
centaje de grasa corporal, masa de grasa y ma-
sa libre de grasa entre hijos de mujeres con IMC
pregestacional normal, en comparacion con los
de mujeres con sobrepeso/obesidad fueron: 0,31
puntos porcentuales (IC95%: 0,19; 0,42), 0,38kg
(IC95%: 0,26; 0,50) y 0,18kg (IC95%: -0,07; 0,42),
respectivamente. Esta evidencia sugiere que el
sobrepeso materno pregestacional se asocia con
una elevada adiposidad en sus hijos.

Obesidad; Embarazo; Composicion Corporal;
Adiposidad
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Introduction

According to observational studies, carried out
in high income countries, maternal lifestyle, di-
etary habits, physical activity and work hours
could influence offspring size at birth, and
weight development in childhood 1.2.3. Pre-preg-
nancy and gestational maternal body composi-
tion may impact offspring body fat mass at birth,
in childhood and in adolescence, and may also
predict the risk of obesity in adulthood 456,78
The increase in the prevalence of maternal obe-
sity in recent decades 910 has occurred in parallel
with the increment of large for gestational age
newborns 11,1213 and an increased incidence of
childhood obesity 14. Female offspring of obese
women are most likely to be obese predisposing
their children to obesity, insulin resistance and
diabetes 615,16, Several studies have shown that
a high increment in maternal gestational weight
gain associated with increased offspring body
mass index (BMI) 17,1819 whereas other studies
have reported no such association 20.21. In con-
sequence, across a number of generations a po-
tential intergenerational cycle of increased risk of
obesity and metabolic sequelae in the offspring
of obese mothers is expected, with important im-
plications for public health policies 411,12,

In investigating the relationship of high ma-
ternal pre-pregnancy BMI or gestational weight
gain and increased offspring body composition
at various ages, the majority of studies have em-
ployed double indirect methods (bioelectrical
impedance and anthropometric measurements)
7,8,21,22 that use a two-component model, divid-
ing body weight into fat mass and fat free mass 23.
Recently indirect measuring methods including
air displacement plethysmography (ADP), dual
energy X-ray absorptiometry (DEXA), total body
water (TBW), and body electrical conductivity
(TOBEC) have been introduced to the assessment
of body composition. These indirect measuring
methods are based on a three- or four-compart-
ment model, providing accurate measurements
of body fat, lean mass, bone mass, and TBW 23,24,

This review aimed to: (a) identify studies that
investigated the relationship between maternal
pre-pregnancy BMI and/or gestational weight
gain and offspring fat mass, lean mass, fat-free
mass, fat mass index, fat free mass index, lean
mass index, body fat percent as measured by in-
direct methods; and (b) calculate a pooled mea-
sure of the strength of the association.
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Methods

This systematic review included studies pub-
lished between the beginning of the indexing
by databases until August 2015. The reporting
guidance included in the preferred reporting
items for systematic reviews and meta-analyses
(PRISMA) statement followed 25.

a) Eligibility criteria: prospective or retrospec-
tive cohorts, case-control studies, cross-sectional
and randomized controlled trials that evaluated
the association between maternal pre-pregnan-
cy BMI and/or gestational weight gain with off-
spring body composition by indirect methods
were eligible for the review. Participants included
mother-offspring pairs with the exception of out-
comes measured in adolescents and adult pop-
ulations. Measurements of the outcomes were
obtained by DEXA, ADP or TOBEC equipments
(indirect methods).

b) Search strategy: a search in the electronic
MEDLINE, LILACS and SciELO databases and
cited references of the select articles was per-
formed. The search was restricted to publications
in English, French, Portuguese, Spanish and Ital-
ian and original studies in humans. The Medical
Subject Headings (MeSH) descriptors used were:
“maternal weight, over-nutrition, anthropometry,
under-nutrition, body mass index, size, obesity,
nutritional status”; OR “prenatal body mass index,
obesity, weight, and height’; OR “pre-pregnancy
weight, obesity, body mass index”; OR “pregnancy
weight gain”; OR “gestational weight gain” com-
bined with “body composition”, “body fat”, “body
fat percentage”, “fat mass”, “lean mass”, “fat mass
index”, “lean mass index”, “fat free mass”, “adipos-
ity”, “ADP”, “TOBEC” and “DEXA’.

c) Data collection process: the study selection
was conducted in duplicate by two independent
evaluators in order to screen articles which were
stored in EndNote (http://www.endnote.com;
Thomson Reuters, USA). The screening stages
were: (1) reading study titles for potential inclu-
sion; (2) reading the abstracts of study titles with
potential inclusion and selected the full-text
articles; (3) full-text articles screening; and (4)
assessment of selected articles. Disagreements
among the evaluators regarding study eligibil-
ity following abstract and full-text review were
solved by consensus.

The criteria for selecting articles to be fully re-
viewed included: (1) prospective or retrospective
cohort or case-control design; (2) studies with
maternal pre-pregnancy BMI and/or gestational
weight gain as the main maternal exposures; and
(3) studies with at least one of the following out-
comes: lean mass, fat mass, fat-free mass, body



fat percent, lean mass index (LMI), fat mass index
(FMD), and high adiposity in children.

d) Data extraction: for data extraction, the two
independent evaluators were responsible for
collecting primary data from the selected stud-
ies, which were stored in Excel (Microsoft Corp.,
USA). Information related to study characteris-
tics, such as year, city/country, design, inclusion
and exclusion criteria, sample size or number of
participants, maternal exposure, age of outcome
measurement, indirect method of outcome mea-
surement, and analysis adjustment variables was
gathered. Outcome data was extracted indepen-
dently of the type of the measure of effect pre-
sented by the authors (mean, relative risk, odd
ratio, etc.). Disagreements among the evaluators
regarding data items were solved by consensus.
e) Risk of bias in individual studies: to assess
the quality of the randomized control trials the
27-items Downs and Black scale was employed 26.
19 items of the original scale were used to assess
the quality of observational studies: type of study,
hypothesis/aim, outcomes, exposures, partici-
pantselection, loss of follow-up, random variabil-
ity, statistical method, probability values, source
population, study sample, bias, data dredg-
ing, lengths of follow-up, precision, confound-
ing and power. According to Downs & Black 26,
randomized controlled trials could achieve a
score ranging from 0 to 27 points, and the obser-
vational studies 0 to 20 points. Study quality was
determined by the higher score.

f) Summary measures: for meta-analysis the
data extracted included the mean (M), standard
deviation (SD) or standard error of the mean
(SEM), and the sample size (N) for two groups of
women: underweight/normal-weight and over-
weight/obese, for each continuous outcome
(body fat percent, fat mass and fat-free mass).
The aggregated effect of pre-pregnancy BMI was
estimated by calculating the standardized mean
differences. The random-effects model for fat-
free mass (because heterogeneity between stud-
ies was detected) and the fixed-effects model
for body fat percent and fat mass, and the cor-
responding 95% confidence intervals (95%CI)
were estimated. The aggregated results for these
seven studies are presented in forest plot graph-
ics. Meta-regression and subgroup analysis
were conducted to examine the impact of mod-
erator variables on fat-free mass standardized
mean difference (SMD). Subgroup analysis was
considered and the subsets were study sample,
outcome age measurement, study design, in-
direct method to outcome measurement and
confounding control. Stata version 12.0 (Stata-
Corp LP, College Station, USA) was used for data
analyses.

MATERNAL OBESITY AND OFFSPRING BODY COMPOSITION

g) Risk of bias across studies: statistical hetero-
geneity among studies was assessed with the Q
and I2 statistics tests. Publication bias was in-
vestigated with Begg’s funnel plot and was fur-
ther assessed using the Egger’s linear regression
test method.

Results

A total of 6,561 articles were initially retrieved:
3,972 duplicate records were removed and 2,589
records screened. Studies on animals, basic sci-
ences, and chronic diseases (n = 2,178) were ex-
cluded after a first reading of titles, resulting in
411 abstracts to be analyzed. For 349 abstracts
in the review, the exclusion criteria considered
were: studies that investigated other distal, in-
termediate or proximal determinants of off-
spring’s body composition but not maternal pre-
pregnancy BMI or gestational weight gain (n =
72); studies investigating offspring growth pat-
terns using only anthropometric methods (n =
99); studies investigating the feeding patterns of
pregnant women, parents and children (n = 75);
studies analyzing specific groups of women in-
cluding mothers with gestational diabetes (n =
62); studies investigating fetal programming (n =
23); validation of body composition by indirect
methods (n = 18). Only studies that were clearly
irrelevant were excluded at the first stage. The full
text of identified articles including those where
there were disagreements in the initial title/ab-
stract scanning, were reviewed to ensure that the
inclusion criteria were met.

Ofthe 62 remaining articles, 42 were excluded
for the following reasons: studies that investi-
gated maternal exposure after pregnancy (n = 5);
outcome evaluated by doubly indirect methods
(n = 33); outcome in adulthood (n = 2); maternal
height and tricipital skinfold thickness exposures
(n = 1); exposure evaluated by indirect methods
(n = 1). The cited references of the 20 articles se-
lected were reviewed however no additional pub-
lications were found. Figure 1 shows the number
of articles retrieved, then excluded at each stage
of the review process and the corresponding rea-
sons for their exclusion.

Among the 20 articles that met the inclusion
criteria, six included both exposures 6,27,28,29,30,31,
The average score of the selected articles was
15.4, with a minimum of 13 and a maximum of
18. Table 1 displays a description of the select-
ed studies: first author’s name; city and country
where the study was conducted; study design;
number (n) of study participants; eligibility crite-
ria; maternal exposures; offspring’s age when the
outcome was assessed; indirect methods used
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Figure 1

Flowchart for the process of selection of articles on maternal pre-pregnancy body mass index (BMI) and gestational weight

gain offspring body composition in childhood, 2015.

Step 1: search
strategy
applied

MEDLINE, LILACS, SciELO
n = 6,561 records retrieved

Step 2: duplicate records
removed (n= 3,972)

Articles excluded: 2,178
Studies in animals, basic
sciences, and chronic disease

screened

Step 3: 2,589 records

Abstracts excluded: 349
a) Other determinants of offspring's

body composition (n = 72);
b) Offspring growth patterns with
anthropometric methods (n = 99);

reviewed
Articles excluded: 42

Step 4: 411 abstracts

c) Feeding patterns of pregnant women,
parents and children (n = 75);
d) Specific groups of women including

a) Maternal exposure after
pregnancy (n = 5);
b) Outcome evaluated by doubly

mothers with gestational diabetes
(n = 62);
e) Fetal programming (n = 23),

indirect methods (n = 33);
c) Outcome in adulthood (n = 2);
d) Maternal height and tricipital

Step 5: full-text articles
reviewed (n = 62)

validation of body composition indirect
methods (n = 18).

skinfold thickness exposures
(n="1);
e) Exposure evaluated by indirect

methods (n = 1)

Step 6: analysis of the 20
articles selected

for assessment of body composition of offspring;
and confounding variables used in the statistical
analyses according to maternal exposures.

Studies that assessed the effect of maternal
pre-pregnancy BMI

In 16 of the 20 articles selected, maternal pre-
pregnancy BMI was the main exposure investi-
gated. Ten studies were conducted in the United
States 56,29,30,32,33,34,35,36,37, two in the United
Kingdom 2838, two in Denmark 32.39, one in Aus-
tralia 27, one in Brazil 31, and one in Portugal 40
(Table 1). The number of participants in the
cohorts ranged from 78 34 to 3,263 38. Although
these studies applied different inclusion and ex-
clusion criteria, all consistently excluded prema-
ture newborns, those with congenital abnormali-
ties, offspring of mothers with a history of pre-
gestational or gestational diabetes, and children
with chronic diseases. With the exception of five
studies 27,29,31,35,36, all other studies included only
Caucasian participants.

Cad. Saude Publica, Rio de Janeiro, 31(10):2073-2092, out, 2015

All studies except for three 283037, stratified
maternal pre-pregnancy BMI to establish ma-
ternal overweight and/or obesity. Eight stud-
ies measured body composition in newborns
5,6,27,29,32,33,37,40, whilst all other studies measured
body composition in childhood (2-11 years of
age). The methods for the assessment of body
composition included DEXA in eight studies
28,30,32,34,35,36,38,39, ADP in seven 56.27,31,33,37,38 and
TOBEC in one 29 (Table 2).

* Pre-pregnancy BMI and offspring adiposity

Table 2 summarizes the main results of the 16
studies reviewed. 13 reported fat mass 5.6,29,30,
31,32,33,34,35,37,38,39,40 and two FMI 28,31 as the pri-
mary outcome. In nine studies 528,29,31,32,33,34,35,38
univariate analyses showed a statistically sig-
nificant positive association between maternal
pre-pregnancy BMI and fat mass in offspring.
This association remained significant after ad-
justing for confounders in six of the studies
28,29,31,32,34,38, The relationship between maternal
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Table 1

Methodological characteristic of articles assessing maternal pre-gestational BMI and/or gestational weight gain and offspring body composition in childhood.

Author (city, Design/N/Score Inclusion and exclusion criteria Maternal Indirect method Adjustment variables
country) Downs & Black 26 exposure /Outcome age

measurement
Berkowitz et Prospective cohort  Inclusion: maternal age > 18 years Maternal pre- DEXA, at 6 years Maternal: family income, obesity risk.
al. 34 N =78 old, caucasian. Offspring healthy, pregnancy of age Offspring: gender, weight at age two
(Philadelphia, Score = 14 uncomplicated full-term births. BMI
USA) Exclusion: maternal gestational

diabetes. Offspring: gestational age
< 36 or > 42 weeks, low or high birth

weight for gestational age

Burdette et al. 35 Prospective cohort  Inclusion: father and mother of same ~ Maternal pre- DEXA, at 5 years Maternal: race, age, education,
(Cincinnati, USA) N =313 race. Offspring: full-term birth, no pregnancy of age smoking during pregnancy, marital
Score = 15 chronic diseases BMI status, family income, nutrition

program. Offspring: gender, lean
mass, birth weight, breastfeeding,

overfeeding

Sewell et al. 29 Prospective cohort Inclusion: pregnant women with normal Maternal pre-  TOBEC, at 72 None
(Cleveland, USA) N =220 glucose tolerance, singleton pregnancy.  pregnancy hours after birth
Score = 15 Exclusion: maternally or gestational BMI
diabetes mellitus. Offspring: birth Gestational Maternal: glucose, smoking during
weight < 2,000g, congenital anomalies  weight gain pregnancy. Offspring: gestational
age, gender
Gale et al. 28 Prospective cohort Inclusion: maternal: caucasian, age > 16 Maternal pre- DEXA, at 9 years Maternal: height, gestational weight
(Southampton, N =216 years, singleton pregnancy. pregnancy of age gain, smoking during pregnancy.
UK) Score = 18 Exclusion: maternal gestational BMI Offspring: height, birth weight,
diabetes, hormonal therapy for breastfeeding, conditional
pregnancy. Offspring: gestational age weight gain
< 17 weeks Gestational Maternal: height, smoking during
weight gain pregnancy, pre-pregnancy BMI.

Offspring: height, birth weight,

breastfeeding, conditional

weight gain
Lawlor et al. 38 Prospective cohort Inclusion: singleton pregnancy Maternal pre-  DEXA, at 9-11 Height and height squared at time
(Avon, UK) N = 3,263 pregnancy years of age of DEXA assessment, gender,
Score = 17 BMI age, family social class, parental

education, parity, parental smoking at
time of pregnancy, offspring pubertal
status at time of DEXA assessment,

breastfeeding

Hull et al. 5 Prospective cohort  Inclusion: maternal: age at delivery ~ Maternal pre-  ADP, at first 35 Age of children at time of visit
(Oklahoma City, N =72 18-45 years old. Offspring: healthy, full-  pregnancy days of age
USA) Score = 15 term birth. BMI

Exclusion: maternal smoking and
excessive alcohol consumption
during pregnancy, diabetes type 1,
2 or gestational diabetes. Offspring:

congenital anomalies

(continues)
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Table 1 (continued)

Author (city, Design/N/Score Inclusion and exclusion criteria Maternal Indirect method Adjustment variables
country) Downs & Black 26 exposure /Outcome age
measurement
Crozier et al. 42 Prospective cohort Gestational ~ ADP, at birth, age Maternal: pre-pregnancy BMI,
(Southampton, N =948 weight gain 4 years, age 6 smoking during pregnancy, age,
UK) Score = 15 years of age height, parity, education. Offspring:
birth weight, height, duration of
breastfeeding, gender, age at time
of assessment
Hull et al. 6 Prospective cohort Inclusion: healthy, full-term birth, Maternal pre-  ADP, at 24-48 None
(New York, USA) N = 306 singleton pregnancy. pregnancy hours after birth
Score = 15 Exclusion: maternal diabetes, BMI
hypertension or pre-eclampsia. Gestational Maternal: skin color/race, age.
Offspring: congenital anomalies, weight gain Offspring: gender, gestational age,

admission to ICU

Au et al. 27 Retrospective Inclusion: full-term birth, living within the Maternal pre-
(Sydney, cohort geographical area of the health service.
Australia) N = 599 Exclusion: maternal gestational diabetes.

Score = 15 Offspring: congenital anomalies or

admission to ICU

Josefson etal. 41 Prospective cohort  Inclusion: maternal normal diabetes

(Chicago, USA) N =38 screening test in normal-weight
Score = 13

Henriksson et Prospective cohort  Inclusion: healthy offspring, singleton,

al. 44 (Linkoping, N =312 full-term.

Sweden) Score = 15 Exclusion: Maternal: pre-eclampsia, lack

of pregnancy weight, serious disease.

Carlsen et al. 32 Randomized Inclusion: offspring: singleton, full-term.

(Copenhagen, controlled trial Exclusion: maternal; chronic disease,

Denmark) N =311 pre-eclampsia. Offspring: congenital
Score = 24 malformations, admission to ICU

Estampador Prospective cohort Inclusion: singleton pregnancy

etal. 43 N =33

(Vasterbotten, Score = 23

Sweden)

Tanvig et al. 39 Randomized Inclusion: offspring: singleton, healthy,

(Odense, controlled trial caucasian mother.
Denmark) N = 86 Exclusion: maternal diabetes,
Score = 23 pre-existing hypertensive disorders,

mental illness
Perng et al. 30
(Boston, USA)

Prospective cohort
N = 848
Score = 16

Inclusion: singleton pregnancy.
Exclusion: maternal diabetes, gestation

length less than 34 weeks

Pereira-da-Silva Retrospective Inclusion: proper medical surveillance,

et al. 40 (Lisbon, cohort singleton full-term neonate, adequade
Portugal) N =100 gestational age *, healthy offspring
Score = 15 Exclusion: adverse conditions potentially

affecting fetal nutrition and growth,
reported consumption of alcohol,

tobacco, or illicit drugs

ADP, at 48 hours

pregnancy after birth
BMI

Gestational ~ ADP, at 72 hours

weight gain after birth

Gestational ADP, at 2 to 11

weight gain days of age

Maternal pre-  DEXA, within 48

pregnancy  hours after at birth
BMI
Rate of ADP, at 4 months
gestational of age
weight gain

DEXA, at2.5t0 3

years of age

Maternal pre-
pregnancy
BMI

DEXA, at 6-10

years of age

Maternal pre-
pregnancy
BMI
Gestational
weight gain
ADP, at 72 hours
after birth

Maternal pre-
pregnancy
BMI

age at the time of the assessment
Maternal: ethnicity, parity,
hypertension, gestational weight
gain, gestational diabetes mellitus
status. Offspring: gender,
gestational age

None

Maternal: smoking habits, parity,
educational level. Offspring: height

Maternal: age, education level,

smoking habits

None

None

Maternal race/ethnicity, parity

Percentage of total energy value

from carbohydrate or from protein

(continues)
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Author (city,
country)

Design/N/Score Inclusion and exclusion criteria Maternal

Downs & Black 26 exposure

Indirect method
/Outcome age

measurement

Adjustment variables

Shapiro et al. 33
(Denver, USA)

Starling et al. 37
(Denver, USA)

Castillo et al. 31

(Pelotas, Brazil)

Andrés et al. 36
(Kansas City,
USA)

Prospective cohort Exclusion: preexisting diabetes type 1 or Maternal pre-
N =951
Score = 16

2, a prior premature birth or fetal death, ~ pregnancy
asthma with steroid management, BMI
serious psychiatric illness or a current
multiple pregnancy
Prospective cohort Exclusion: preexisting diabetes type 1 or Maternal pre-
N =826

Score = 16

2, a prior premature birth or fetal death,  pregnancy-
asthma with steroid management, BMI
serious psychiatric illness or a current
multiple pregnancy
Prospective cohort

Inclusion: singleton pregnancy Maternal pre-

N = 3,156 pregnancy

Score = 18 BMI
Gestational
weight gain

Prospective cohort
N =325

Score = 17

Inclusion: pregnancy uncomplicated, ~ Maternal pre-

nonsmokers, who denied alcohol use pregnancy
during pregnancy. Singleton full-term BMI
offspring, exclusively breast-fed until at

least age 6 months

ADP, at 48 hours
after birth

ADP, at < 3 days

of age

ADP, at 6 years

DEXA, at 6 years

Maternal: family income, schooling
at birth, skin color, age, parity,
smoking and alcohol consumption
during pregnancy, history of arterial
hypertension, history of diabetes
mellitus, gestational age.
Offspring: birthweight and sex.
Maternal: race, gestational age.
Offspring: birthweight and mode of
infant feeding.

ADP: plethysmography; DEXA: dual-energy X-ray absorptiometry; ICU: intensive care unit; TOBEC: total body electrical conductivity.

* Birth weight > 3rd and 97th percentiles for gestational age and gender).

Note: rate of gestational weight gain in mid-pregnancy or in late-pregnancy (kg per week).

pre-pregnancy BMI and body fat mass in chil- e

dren was assessed in 13 studies 56,27,29,31,32,33,34,35,
36,37,39,40 and a positive association was reported
only following univariate analyses in six studies
529,31,32,33,34,

Eight studies included in the meta-analysis
5,627,29,31,32,33,39 assessed body fat percent and fat
mass in infants in the first months of life to six
years of age. The SMD between infants of normal
weight women and those of overweight or obese
women before pregnancy were relatively small:
0.31 (95%CI: 0.23; 0.39) and 0.38 (95%CI: 0.30;

Maternal pre-pregnancy BMI and
offspring lean mass or fat-free mass

The relationship of maternal pre-pregnancy BMI
with lean mass 34,38, fat-free mass 56.28,29,31,32,33,39,
fat-free mass percent 36 and LMI 28,31 was assessed
in 11 studies (Table 2). Four studies reported a
statistically significant positive association fol-
lowing a univariate analysis 28313438 and two
studies 31,36 after adjusted analysis. In contrast,
Gale et al. 28 reported a significant positive asso-

0.46) for body fat percent and fat mass, respec-
tively (I2 = 28% and 18.5%; and p value for test
of heterogeneity of 0.21 and 0.29, respectively)

(Figure 2).

Begg’s funnel plots and Egger’s publication
bias plots were used to assess the potential pub-
lication bias for body fat percent and fat mass.
No publication bias was detected by Egger’s test
(p-value = 0.49 for body fat percent and p-value =
0.60 for fat mass).

ciation between pre-pregnancy BMI and LMI in
only male offspring and this was no longer signif-
icant following adjusted analysis. Furthermore,
Hull et al.5reported an inverse association. In the
aggregate measure analysis, SMD in fat-free mass
between children of normal weight women and
those of overweight or obese women was signifi-
cant: 0.21 (95%CI: 0.02; 0.40), 12 = 84.9%, test for
heterogeneity p-value =0.000 (Figure 2). No publi-
cation bias was detected by Egger’s test, p-value =
0.12 for fat-free mass.

Inrelation to SMD in fat-free mass aggregated
analyses, heterogeneity was detected in the visu-

Cad. Saude Publica, Rio de Janeiro, 31(10):2073-2092, out, 2015
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Table 2

Maternal pre-pregnacy body mass index (BMI) and offspring body composition in childhood.

Author Maternal exposure Offspring outcome/Measures of effect Crude analyses Adjusted analyses

(pre-gestational BMI)

Studies that assessed

body fat percent

Berkowitz et al. 34 High risk Body fat % (percentage point) at 4 years, 21.0(6.2) -
mean (SD)
Low risk 20.3 (3.4) -
High risk Body fat % (percentage point) at 6 years, 24.7 (11.8) 112.3 (77.4)
mean (SD)/B (SE)
Low risk 18.8 (4.5)* Reference
Sewell et al. 29 < 25kg/m? Body fat % (percentage point) at 72 hours, 9.6 (4.3) -
mean (SD)
> 25kg/m? 11.0 (4.7)* -
Burdette et al. 35 > 30kg/m? Hight adiposity (%) at 6 years, %/OR (95%Cl) 30.8 0.95(0.4; 2.1)
< 30kg/m? 23.4 Reference
Hull et al. 5 < 25kg/m? Bodly fat % (percentage point) at 35 days, 12.5(4.2) -
mean (SD)
> 25kg/m? 13.6 (4.3)* -
Hull et al. é < 25kg/m? Body fat % (percentage point) at 24-48 hours, 11.7 (4.1) -
mean (SD)
25-30kg/m? 13.0 (4.7) -
> 30kg/m? 14.6 (4.3) -
Au et al. 27 <18.5kg/m? Body fat % (percentage point) at 48 hours, mean 8.8 (4.1) -0.2(-1.5;1.2)
(SD)/B (95%Cl)
18-24kg/m? 9.0(4.2) Reference
25-29kg/m? 9.9 (4.8) 1.2(0.3;2.1) *
30-34kg/m? 9.0(4.5) -0.9 (-2.8; 0.9)
> 35kg/m? - 3.1(0.7;5.5) *
Carlsen at al. 32 18-24kg/m? Body fat % (percentage point) at 48 hours, mean 8.8 (3.6) * Reference
(SD)/B (95%Cl)
> 30kg/m2 11.2 (4.3) 3.1 (2.0; 4.1)
Tanvig et al. 39 18-24kg/m? Body fat % (percentage point) at 2.5-3 years, 21.3(19.5; 23.1) -
mean (95%Cl)
> 30kg/m? 21.6(19.4; 23.8) -
Pereira-da-Silva et kg/m? Bodly fat % (percentage point) at 72 hours, 0.2 -
al. 40
> 25kg/m? Bady fat % (percentage point) at 72 hours, B 0.9 -
Shapiro et al. 33 < 25kg/m? Body fat % (percentage point) at 48 hours, 8.8 (3.8) -
mean (SD)
25-29kg/m? 9.4 (3.9) -
> 30kg/m2 10.1 (4.0) .
kg/m? Bodly fat % (percentage point) at 48 hours, 8 0.2(0.1;0.2) 0.1 (0.04;0.2)
(95%Cl)
Starling et al. 37 kg/m? Body fat % (percentage point) at 3 days, B - 0.1(0.1;0.2)
(95%Cl)
Castillo et al. 31 kg/m? Body fat % (percentage point) at 6 years, B 0.3(0.3;0.4) 0.18 (0.03; 0.3)
(95%Cl)
< 18.5kg/m2 Body fat % (percentage point) at 6 years, 20.1 (5.6) **
mean (SD)
18.5-24kg/m? 23.0 (7.5)
25-29kg/m? 24.7 (8.4)
> 30kg/m? 26.8 (9.5)

(continues)
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Table 2 (continued)

Author Maternal exposure Offspring outcome/Measures of effect Crude analyses Adjusted analyses

(pre-gestational BMI)

Studies that assessed

fat mass
Berkowitz et al. 34 High risk Fat mass (kg) at age 4 years, mean (SD) 3.7 (1.6) -
Low risk 3.2(0.8) -
High risk Fat mass (kg) at 6 years, mean (SD)/B (SE) 6.7 (5.7) 0.3(0.1)*
Low risk 3.8(1.2)* Reference
Sewell et al. 29 < 25kg/m? Fat mass (g) at 72 hours, mean (SD) 331(179) -
> 25kg/m? 406 (221) * -
Burdette et al. 35 > 30kg/m? Fat mass (kg) at 5 years, mean (SD)/B (95%Cl) 5.0(0.2) 0.5(0.02; 0.9)
< 30kg/m? 45 (0.1)* Reference
Gale et al. 28 kg/m? FMI (SDS) at 9 years, male, B (95%Cl) 0.2 (-0.04; 0.4) 0.3(0.04; 0.5)
FMI (SDS) at 9 years, female B (95%Cl) 0.4 (0.3;0.5) 0.4 (0.3; 0.6)
Lawlor et al. 38 SD Fat mass (z-score) at 9-11 years, 0.3(0.2;0.3) 0.3(0.2;0.3)
mean *** (95%Cl)
Hull et al. 5 < 25kg/m? Fat mass (g) at 35 days, mean (SD) 414.1 (264.2) -
> 25kg/m? 448.3 (262.2) * -
25-30kg/m? 450.9 (216.3) -
> 30kg/m? 489.6 (158.7) -
Carlsen at al. 32 18-24kg/m? Fat mass (g) at 48 hours, mean (SD)/B (95%Cl) 331 (163) * Reference
> 30kg/m? 443 (212) 135 (85; 186)
Pereira-da-Silva et kg/m? Fat mass (kg), at 72 hours, B 0.1 -
al. 40
> 25kg/m? Fat mass (kg), at 72 hours, B (95%Cl) 0.5 0.1 (0.03; 0.2) ****
Tanvig et al. 39 18-24kg/m? Fat mass (kg) at 2.5-3 years, mean (95%Cl) 2.3(2.1;2.5) -
> 30kg/m? 2.4(2.2;2.7) -
Perng et al. 30 per Skg/m? Fat mass (kg) at 6-10 years, B (95%Cl) 0.9 (0.7;1.1)
Shapiro et al. 33 < 25kg/m? Fat mass (g) at 48 hours, mean (SD) 280.5 (143.2) -
25-29kg/m? 306.7 (151.9) -
> 30kg/m? 332.6 (159.6) -
Starling et al. 37 kg/m? Fat mass (g) at 3 days, B (95%CI) 5.2 (3.5; 6.9)
Castillo et al. 31 kg/m? Fat mass (kg) at 6 years, B (?5%Cl) 0.02(0.1;0.2) 0.1(0.03;0.2)
kg/m? FMI (kg/m?) at 6 years, B (95%Cl) 0.1(0.1;0.1) 0.07 (0.02; 0.1)
< 18.5kg/m? Fat mass (kg) at 6 years, mean (SD) 4.5 (1.9) **
18.5-24kg/m? 59@3.2)
25-2%9kg/m? 6.9 (4.0)
> 30kg/m? FMI (kg/m?) at 6 years, mean (SD) 8.0(5.2)
< 18.5kg/m? 3.1(1.2) **
18.5-24kg/m? 4.0 (2.0)
25-29kg/m? 4.5(2.4)
> 30kg/m? 5.3(3.0

(continues)

al inspection of the forest plot of studies included
in the review, a finding that was supported by sta-
tistical evidence. Seeking for causes in the stud-
ies’ descriptions, although the eligibility criteria
in the seven studies were similar, there was het-
erogeneity due to variation in the study sample

(< 100, > 100) and in outcome age measurement
(< 1 week and > 1 week). Methodological hetero-
geneity was detected at study design (prospective
cohort and randomized controlled trial), indirect
method to outcome measurement (TOBEC, ADP
and DEXA) and at confounding control (crude
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Table 2 (continued)

Author

(pre-gestational BMI)

Maternal exposure

Offspring outcome/Measures of effect

Crude analyses

Adjusted analyses

Studies that assessed
lean mass or fat-free
mass

Berkowitz et al. 34

Sewell et al. 29

Gale et al. 28

Lawlor et al. 38

Hull et al. 5

Hull et al. 6

Carlsen et al. 32

Tanvig et al. 39

Pereira-da-Silva et
al. 40

Shapiro et al. 33

Starling et al. 37

Castillo et al. 31

High risk
Low risk
High risk

Low risk

< 25kg/m?
> 25kg/m?
kg/m?

SD

< 25kg/m?
> 25kg/m?
< 25kg/m?
25-30kg/m?
> 30kg/m?
18-24kg/m?

> 30kg/m?

18-24kg/m?

> 30kg/m?
kg/m?2

> 25kg/m?
< 25kg/m?
25-29kg/m?
> 30kg/m?
kg/m?
kg/m?
kg/m?
< 18.5kg/m?
18.5-24kg/m?
25-29kg/m?
> 30kg/m?
< 18.5kg/m?
18.5-24kg/m?
25-29kg/m?
> 30kg/m?

Lean mass (kg) at 4 years, mean (SD)

Lean mass (kg) at 6 years, mean (SD)

Fat-free mass (g) at 72 hours, mean (SD)

LMI (SDS) at 9 years, male, B (95%Cl)
LMI (SDS), at 9 years, female, B (95%Cl)
Lean mass (z-score) at 9-11 years,
mean *** (95% Cl)

Fat-free mass (g) at 35 days, mean (SD)

Fat-free mass (g) at 24-48 hours, mean (SD)

Fat-free mass (g) at 48 hours, mean (SD)/B
(95%Cl)

Fat-free mass (kg) at 2.5-3 years, mean (95%Cl)

Fat-free mass (kg), at 72 hours, B

Fat-free mass (kg), at 72 hours, B (95%Cl)
Fat-free mass (g) at 48 hours, mean (SD)

Fat-free mass (g) at 3 days, B (95%Cl)
Fat-free mass (kg) at 6 years, B (95%Cl)
FEMI (kg/m?2) at 6 years, B (95%Cl)

Fat-free mass (kg) at 6 years, mean (SD)

FFMI (kg/m?) at 6 years, mean (SD)

13.1 (1.5)
12.2(0.9) *
16.7 (1.9)
15.6 (1.3) *

2951 (406)
3023 (410)
0.2 (0.04; 0.4)
0.2(-0.1;0.3)
0.1(0.1; 0.1)

3,310.5 (344.6)
3,162.2 (313.4) *
2,826.5 (330.4)
2,903.3 (407.4)
2,833.6 (332.1)
3,322 (371)

3,332 (487)
10.9 (10.6; 11.2)
11.2(10.8; 11.7)

0.01

0.01
2,830.7 (324.8)
2,877.0 (366.7)
2,853.3(33.8)

0.1(0.1; 0.14)
0.05 (0.04; 0.1)
17.3(2.3)**
18.5(2.7)
19.3(2.9)
19.6 (3.3)
12.1(1.0) **
12.6 (1.1)
12.8 (1.1)
13.2(1.3)

0.2 (-0.02; 0.4)
0.1(-0.1;0.3)
0.1(0.1; 0.1)

Reference

28 (-69; 125)

0.3 (0.1; 0.4) ****

7.7 (4.5;10.9)
0.13(0.11;0.2)
0.06 (0.05; 0.1)

95%Cl: 95% confidence interval; B: beta coefficient; BMI: body mass index; FFMI: fat free mass index; FMI: fat mass index (kg/m2); LMI: lean mass index
(kg/m2); SD: standard deviation; SE: standard error; SDS: standard deviation score; OR: odds ratio.

Note: high risk group: pre-gestational BMI greater than the 66th percentile or lower than the 33rd percentile;

* p-value: statistically significant;
** Mean difference;

*** |n males.
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Figure 2

MATERNAL OBESITY AND OFFSPRING BODY COMPOSITION

Standardized mean differences in infant body composition by mother pre-pregnancy body mass index (BMI) group, 2015.

2a) Body fat percent/Maternal pre-pregnancy BMI

< 25.0kg/m? 2 25.0kg/m?
Study Year N Mean (SD) N Mean (SD) Body fat percent SMD (95%Cl) Weight (%)
Sewell et al. ? 2006 144 9.6(4.3) 76 11.04.7) 1 0.32(0.40; 0.59) 6.95
Hull etal. ® 2008 33 125(4.2) 39 13.6(4.3) =] 0.26 (-0.21;0.72) 276
Hull et al. ¢ 2011 210 11.7(@4.1) 96  13.6(4.6) —_— 0.45 (0.21; 0.69) 8.73
Auetal. 7 2013 426 9.04.2) 143 9747 B 0.16 (-0.03; 0.35) 12.95
Carlsen et al. *2 2014 80 8.8(3.6) 231 11.2(4.3) RN e 0.58(0.32; 0.84) 7.95
Tanvig et al. ¥ 2014 56 21.3(1.8) 67  21.6(1.9) | 0.15(-0.21; 0.50) 4.55
Shapiro et al. * 2015 516 8.8(3.8) 435 9.8(4.0 . 0.26 (0.13; 0.38) 21.59
Castillo et al. s 2015 2,053 22.8(7.4) 1,103 25.4(8.8) -Ea— 0.33(0.26; 0.41) 34.52
Overall (I = 28.0%, p = 0.205) 0.31(0.23; 0.39) 100.00
SMD (%) -0.2 0.0 0.2 0.4 0.6 0.8
2b) Fat mass/Maternal pre-pregnancy BMI

< 25.0kg/m? 2 25.0kg/m?
Study Year N Mean (SD) N Mean (SD) Fat Mass SMD (95%Cl) Weight (%)
Sewell etal. ? 2006 144 331.0(179.00 76  406.0(179.0) s 0.39(0.11; 0.67) 6.88
Hull et al. ® 2008 33 414.1(264.8) 39  448.3(262.2) =) 0.13(-0.33; 0.59) 2.66
Hull etal. ® 2011 210 382.4(165.7) 96  465.8(196.1) ——E— 0.47 (0.23;0.72) 8.79
Carlsenetal. 2014 80 331.0(163.0) 231 443.0(212.0) — 0.56 (0.30; 0.82) 7.98
Tanvig et al. * 2014 56 2,325.0(206.0) 67 2,452.5(286.4) = 0.50 (0.14; 0.86) 4.32
Shapiro et al. * 2015 516 280.5(143.2) 435 319.7 (156.3) —E— 0.26 (0.13; 0.39) 24.53
Castillo et al. ' 2015 2,053 5,781.8(3181.2) 1,103 7,231.1 (4451.8) E3 0.39 (0.32; 0.47) 44.84
Overall (2 =18.5%, p = 0.289) 0.38(0.30; 0.46) 100.00
SMD (%) -0.4 -0.2 0.0 02 04 0.6 0.8 1.0
2¢) Fat free mass/Maternal pre-pregnancy BMI

< 25.0kg/m? 2 25.0kg/m?
Study Year N Mean (SD) N Mean (SD) Fat free mass SMD (95%Cl) Weight (%)
Sewell etal. ? 2006 144 2,951.0(406.0) 76  3,032.0(410.0) i 0.20 (-0.05; 0.48) 13.80
Hull et al. ® 2008 33  3,310.5(344.6) 39  3,162.2(313.4) =) -0.45(-0.92;0.02)  9.02
Hull etal. ® 2011 210 2,826.5(330.4) 96 2,876.4(379.8) —11— 0.14 (-0.10; 0.39) 14.85
Carlsenetal.*> 2014 80 3,322.0(371.0) 231 3,332.0(407.0) ] 0.03 (-0.23; 0.28) 14.49
Tanvig et al. 2014 56 10,914.0(297.0) 67 11,286.0(420.1) —— 11— 1.01(0.63; 1.38) 11.14
Shapiro etal. ® 2015 516 2,830.7 (324.8) 435 2,865.2(352.6) +—— 0.10(-0.03; 0.23) 17.86
Castilloetal.® 2015 2,053 18,389.1(2715.1) 1,103 19,377.1 (3036.5) - 0.35(0.28; 0.42) 18.84
Overall (I = 84.9%, p = 0.000) <> 0.21 (0.02; 0.40) 100.00

SMD (%)

-04 02 00 02 04 06 08 1.0

Note: weight are from random effects analysis.
95%Cl: 95% confidence interval; SMD: standard mean difference (%).
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and adjusted analysis). The joint test for all five
covariates provided a p-value = 0.63, indicating
no evidence for an association of at least one of
the covariates with the size of the pre-pregnancy
effect on offspring fat-free mass. A high residual
heterogeneity was maintained in the subgroup
analyses with an exception of outcome age mea-
surement: SMD = 0.12 (95%CI: -0.03; 0.27), I2 =
0.00% in studies with < 1 week outcome age mea-
surement and SMD =0.27 (95%ClI: -0.03;0.57),12=
91.2% in studies with outcome age measurement
>1 week.

In summary, whilst some studies report a pos-
itive association between maternal pre-pregnan-
cy BMI and the body fat of children, the outcomes
have been variably assessed in terms of body fat
percent, fat mass or FMI. Therefore it is clear that
the majority of studies assessed the relation-
ship between pre-pregnancy BMI and the off-
spring’s body composition in terms of childhood
adiposity rather than the fat-free component.

Studies that assessed the effect of

gestational weight gain

Ten studies assessed the relationship between
gestational weight gain and offspring body
composition 6,27,28,29,30,31,41,42,43,44 Four studies
31,41,42,44 assessed gestational weight gain accord-
ing to pre-pregnancy BMI and divided it into
categories as recommended by the Institute of
Medicine of the U.S. National Academy of Sci-
ences 45. Sewell et al. 29 applied a pre-pregnancy
BMI cut-off > 25kg/m2. Seven studies assessed
gestational weight gain as a continuous variable
6,27,28,30,31,37,42, Six studies measured body com-
position in newborns 627,29,41,42,44) one in chil-
dren under a year in age 43 and five in children
from 3-10 years of age 2830,31,42,43,

e Maternal gestational weight gain and
offspring adiposity

The relationship between gestational weight
gain and body fat percent was evaluated in
seven studies 6,27,29,31,37,41,44  fat mass in nine
6,29,32,36,37,39,40,41,43 and FMI in two 28,31 (Table
3). Five studies reported a statistically significant
positive effect of gestational weight gain on body
fat percent in univariate analysis 6,29,31,41,44 and
three studies 27,31,37 reported a positive effect be-
tween gestational weight gain and body fat per-
cent in the multivariate analysis. In addition, a
significant direct association between gestation-
al weight gain and fat mass was found following
univariate analysis in four studies 6,31,41,42,

Cad. Saude Publica, Rio de Janeiro, 31(10):2073-2092, out, 2015

e Maternal gestational weight gain and
offspring lean mass or fat-free mass

The relationship of maternal gestational weight
gain and fat-free mass was evaluated in seven
studies 631,37,41,4243,44 and between maternal
gestational weight gain and LMI or FFMI (fat free
mass index) in two 2831 (Table 3). A positive ef-
fect of gestational weight gain on fat-free mass
was reported in six studies 6,29,31,41,42,44, and this
association was statistically significant in three
of them 6,29.31. Gale et al. 28 however reported an
inverse association of gestational weight gain
on LML

The crude analyses of the studies that catego-
rized gestational weight gain according to mater-
nal pre-pregnancy BMI showed that children of
overweight or obese mothers, with an adequate
or excessive gestational weight gain were more
likely to have a high fat mass 6.29,31,41,42,43, body
fat percent 6,29,31,41,44 and FFMI 2831 compared
to newborns of mothers with normal maternal
pre-pregnancy BMI with adequate or excessive
weight gain (Table 3).

Discussion

This review suggests that children born from
mothers with normal maternal pre-pregnancy
BMI have lower fat mass and body fat percent
than those born from overweight or obese moth-
ers 27,28,31,32,34,35,36,37,40, The aggregate measure
estimated a significantly small difference in mean
fat mass and body fat percent in the first months
of life between children of overweight or obese
mothers and those from mothers with normal
maternal pre-pregnancy BMI. The visual inspec-
tion of the forest plot showed that effect size and
direction of associations described by Hull et al. 5
and Tanvig et al. 39 are clearly different. In fact the
sample size of the studies can explain such a dis-
crepancy, since both studies have less than 100
participants. There was a significant difference
in terms of fat-free mass; random-effects model
of meta-analysis shows a significant association
of maternal pre-pregnancy BMI and offspring fat
mass, body fat percent and fat-free mass. The da-
tabases included studies conducted in high and
middle income countries, so the meta-analysis
lacks information from low income countries
populations. An aggregate analysis of gestational
weight gain and fat mass, body fat percent or fat-
free mass could not be performed.

There are few studies investigating the effect
of maternal pre-pregnancy BMI or gestational
weight gain on children’s body composition as
measured by indirect methods. Consequently,



Table 3

MATERNAL OBESITY AND OFFSPRING BODY COMPOSITION

Maternal gestational weight gain and offspring body composition in childhood.

Author Maternal exposure

Offspring outcome

Crude analyses

Adjusted analyses

Studies that assessed
body fat percent
Hull etal. 6 Gestational weight gain (kg)
Pre-gestational weight BMI 18-
24kg/m2/Gestational weight gain
Adequade
Excessive
Pre-gestational weight BMI 25-
29kg/m2/Gestational weight gain
Adequade
Excessive
Pre-gestational weight BMI >
30kg/m2/Gestational weight gain
Adequade
Excessive
Josefson et al. 41 Gestational weight gain

Adequate

Excessive
Henriksson et al. 44 Gestational weight gain

Inadequate

Adequate
Excessive
Sewell et al. 29 Gestational weight gain (Ib)/Pre-
gestational BMI > 25kg/m?
Au et al. 27 Gestational weight gain (kg)
Starling et al. 37 Gestational weight gain (kg)

Castillo et al. 31 Gestational weight gain (kg)

Insufficient

Sufficient

Excessive

Body fat % (percentage point) at 24-48 12.3 (4.4)
hours, mean (SD)

Bodly fat % (percentage point) at 24-48 11.7 (4.1)
hours, mean (SD)

13.0(4.7)

14.6 (4.3)

Body fat % (percentage point) at 72 10.7 (2.8)
hours, mean (SD)

13.9(3.3)

Body fat % (percentage point) at 2-11 11.1 (4.1)
days, mean (SD)

11.9 (4.1)

13.0(3.8)

Body fat % (percentage point) at 72 0.4

hours, r
Difference in body fat %, B (95%CI)
Body fat % (percentage point) at 3 days,
B (95%Cl)
Body fat % (percentage ppoint) at 6
years, B (95%Cl)

Body fat % (percentage point) at 6 years, 22.1(7.4)
mean (SD)

23.5(7.8)

25.4 (8.5)

0.16 (0.12; 0.21)

11.2(0.5)
11.8 (0.5)

9.2 (1.1)
13.7 (0.7)

14.6 (1.4)
14.2 (0.8)

0.1(0.1;0.2)
0.6 (0.4;0.7)

0.18 (0.13; 0.23)

(continues)

only 20 articles met the inclusion criteria for this
review, of which ten assessed the maternal pre-
pregnancy BMI, four the gestational weight gain
and six both exposures. No studies with negative
results were found. Therefore, publication bias
can be present 46. In addition, studies assessing
children’s body composition by indirect meth-
ods conducted in low-income countries were not
found in the literature search.

Several methodological aspects of the stud-
ies reviewed require consideration. Firstly, four

studies used pre-pregnancy BMI or gestational
weight gain information as determined by ma-
ternal weight data from medical records. Two
studies used maternal weight measurements and
four studies relied upon self-reported maternal
weight information allowing for recall bias. In-
deed, studies that evaluated the accuracy of self-
reported maternal weight found that women
underestimated their own weight 47 which may
result in a miscalculation of pre-pregnancy BMI
or gestational weight gain and biased categori-
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Table 3 (continued)

Author

Maternal exposure

Offspring outcome

Crude analyses

Adjusted analyses

Studies that assessed
fat mass

Crozier et al. 42

Gale et al. 28

Henriksson et al. 44

Perng et al. 30

Hull et al. 6

Josefson et al. 41

Henriksson et al. 44

Sewell et al. 29

Estampador et al. 43

Starling et al. 37

Gestational weight gain (kg)

Gestational weight gain
Inadequate
Excessive
Inadequate
Excessive
Inadequate
Excessive

Gestational weight gain (kg), SDS

Gestational weight gain
Inadequate
Excessive
Gestational weight gain BMI per
5kg/m?2
Gestational weight gain (kg)
Pre-gestational BMI 18-24kg/m2/
Gestational weight gain
Adequade
Excessive
Pre-gestational BMI 25-29kg/m2/
Gestational weight gain
Adequade
Excessive
Pre-gestational BMI > 30kg/m2/
Gestational weight gain
Adequade
Excessive
Gestational weight gain
Sufficient
Excessive
Gestational weight gain
Inadequate
Sufficient
Excessive
Gestational weight gain (Ib)/
Maternal pre-gestational BMI <
25kg/m?
Gestational weight gain
Midpregnancy
Late-pregnancy

Gestational weight gain (kg)

Fat mass (kg?), B (95%Cl)
At birth
At 4 years
At 6 years
Fat mass (kg?) at birth, B (95%Cl)
Fata mass (kg?) at 4 years, B (?5%Cl)

Fat mass (kg?) at 6 years, B (95%Cl)

FMI (SDS) male, B (95%Cl)
FMI (SDS) female, B (95%Cl)

Fat mass (g) at 2-11 days, B (?5%Cl)

Fat mass (kg) at 6-10 years, B (95%CIl)

Fat mass (g) at 24-48 hours, mean (SD)
Fat mass (g) at 24-48 hours, mean (SD)

Fat mass (g) at 72 hours, mean (SD)

Fat mass (g) at 2-11 days, mean (SD)

Fat mass (g) at 72 hours, r

Fat mass (z-score) at 4 months, r (95%Cl)

Fat mass (g) at 3 days, B ( 95%Cl)

0.1 (0.0; 0.1)
-0.01 (-0.1; 0.1)
0.1 (-0.0; 0.1)

-0.1(-0.3; 0.1)
0.1 (-0.0; 0.3)
0.2 (-0.1;0.4)
0.2 (0.0; 0.4)
0.2(-0.1;0.4)
0.4 (0.2; 0.5)
0.1 (-0.1; 0.3)
0.01(-0.2; 0.2)

-54 (-111; 4)
55 (10; 100)

408.5 (179.7)
382.4 (165.7)

450.9 (216.3)

489.6 (158.7)

348 (103)
525(178)

384 (178)

438 (186)

493 (177)
0.12*

0.4 (0.04;0.7) *
-0.02 (-0.4; 0.7)

0.0 (-0.1; 0.1)
0.1 (-0.0; 0.1)

-0.1(-0.3; 0.1)
0.2(0.0; 0.3)
0.2 (-0.1;0.4)
0.1 (-0.0; 0.3)
0.2(-0.1;0.4)
0.3(0.1;0.5)
0.1 (-0.1; 0.3)
0.1(-0.0;0.3)

-30(-78; 18)
37 (-1;75)

0.3(0.1; 0.5)

355.5(20.1)
388.90 (21.9)

303.6 (46.1)
484.40 (28.8)

472.9 (56.0)
486.40 (33.5)

24.0(17.4; 30.5)

(continues)
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Table 3 (continued)

MATERNAL OBESITY AND OFFSPRING BODY COMPOSITION

Author Maternal exposure

Offspring outcome

Crude analyses

Adjusted analyses

Studies that assessed
fat mass
Castillo et al. 31 Gestational weight gain (kg)
Gestational weight gain (kg)
Gestational weight gain
Insufficient
Sufficient
Excessive
Insufficient
Sufficient
Excessive
Studies that assessed
fat-free mass or lean
mass

Crozier et al. 42 Gestational weight gain (kg)

Gestational weight gain
Inadequate
Excessive
Inadequate
Excessive
Inadequate
Excessive

Gale et al. 28 Gestational weight gain (kg), SDS

Henriksson et al. 44 Gestational weight gain
Inadequate
Excessive

Hull et al. 6 Gestational weight gain (kg)

Pre-gestational BMI 18-24kg/m?/

Gestational weight gain
Adequade
Excessive

Pre-gestational BMI 25-29kg/m?/

Gestational weight gain
Adequade
Excessive

Pre-gestational BMI 30kg/m?%/

Gestational weight gain
Adequade
Excessive

Josefson et al. 41 Gestational weight gain

Sufficient

Excessive

Fat mass (kg) at 6 years, B (95%Cl)
FMI (kg/m2) at 6 years, B (95%Cl)

Fat mass (kg) at 6 years, mean (SD)

FMI (kg/m2) at 6 years, mean (SD)

Fat-free mass (kg), B (95%Cl)
at birth
at 4 years

at 6 years
Fat-free mass (kg) at birth, B (95%Cl)
Fat-free mass (kg) at 4 years, B (95%Cl)
Fat-free mass (kg) at 6 years, B (95%Cl)
LMI (SDS)
Male B (95%Cl)
Female B (95%Cl)
Fat-free mass (g) at 2-11 days, B (95%Cl)
Fat-free mass (g) at 24-48 hours, mean
(SD)

Fat-free mass (g) at 24-48 hours, mean
(SD)

Fat-free mass (g), at 72 hours, mean (SD)

0.08 (0.06; 0.10)
0.04 (0.03; 0.06)

5.5(3.1)
6.1(3.5)
7.2(4.3)
3.8(2.0)
4.1 (2.9
4.7 (2.5)

0.01(-0.03; 0.1)
0.01(-0.03; 0.1)
-0.01 (-0.1; 0.04)

-0.03 (-0.2; 0.1)
0.02 (-0.1; 0.1)
0.1(-0.1;0.2)
0.1(:0.1;0.2)
0.1(-0.1;0.2)
0.1(:0.1;0.2)

-0.1(-0.2; 0.1)
-0.02 (-0.2; 0.2)

-152 (-263; -41)
101 (15; 187)

2,842.2 (346.8)

2,826.5 (330.4)

2,903.3 (407.4)

2,833.6 (332.1)

2,898 (327)
3,174 (415)

0.08 (0.06; 0.11)
0.05 (0.04; 0.06)

0.04 (-0.01; 0.1)
-0.01 (-0.1; 0.1)

-0.04 (-0.2; 0.1)
0.1(:0.1;0.2)
0.2 (-0.1; 0.4)
0.1(-0.03; 0.3)
0.03 (-0.1; 0.2)
0.03 (-0.1; 0.2)

-0.1(-0.2; 0.1)
0.01(-0.2; 0.2)

-13(-77; 51)
39 (-12; 89)

2758.7 (32.8)
2856.60 (35.7)

2839.7 (75.3)
2968.80 (47.0)

2792.5 (91.5)
2913.20 (54.7)

(continues)
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Table 3 (continued)

Author

Maternal exposure

Offspring outcome

Crude analyses Adjusted analyses

Studies that assessed
fat-free mass or lean
mass

Henriksson et al. 44

Sewell et al. 29

Estampador et al. 43

Starting et al. 37

Castillo et al. 31

Gestational weight gain (kg)

Gestational weight gain (kg)
Gestational weight gain (kg)

Gestational weight gain

Insufficient
Sufficient
Excessive
Insufficient
Sufficient

Excessive

Fat-free mass (g) at 3 days, B (95%Cl)

Fat-free mass (kg) at 6 years, B (95%Cl)

FFMI (kg/m?2) at 6 years, B (95%Cl)

Fat-free mass (kg) at 6 years, mean (SD) 19.3

FFMI (kg/m?2) at 6 years, mean (SD) 13.0(

Inadequate Fat-free mass (g), at 2-11 days, mean 2,986 (343) -
(SD)

Sufficient 3,138 (328) -

Excessive 3,239 (364) -
Gestational weight gain (Ib)/
Maternal pre-gestational BMI

< 25kg/m? Fat-free mass (g) at 72 hours, r 0.20 0.19

> 25kg/m? 0.08 -
Gestational weight gain

Mid-pregnancy Fat-free mass (z-score) at 4 months, r 0.1(-0.3;0.4) *

(95%Cl) ’
Late-pregnancy 0.4 (0.01; 0.6) -

34.0 (21.4; 46.6)

0.06 (0.04; 0.07)
0.01 (0.006; 0.02)

0.04 (0.02; 0.05)
0.01 (0.01; 0.02)

95% Cl: 95% confidence interval; 3: beta coefficient; BMI: body mass index; FFMI: fat-free mass index; FMI: fat mass index (kg/m2); LBMI: lean body mass

index (kg/m?2); r = correlation; SD: standard deviation; SDS: standard deviation score; SE: standard error.

Note: in bold p-value statistically significant.

* Spearman partial correlation coefficients and 95%Cl.

zation of pregnant women, indicating exposure
bias 46,48,

Secondly, the recent publication period of the
20 articles (between 2005 and 2015) is probably
due to the outcomes definition employed. Pre-
viously validated studies of DEXA and ADP are
available in the literature from 1980 to 1990, res-
pectively. These are however, costly equipment
that require operation by trained personnel and
constant maintenance.

Thirdly, a lack of homogeneity in maternal
pre-pregnancy BMI categorization in two or
more groups using different cutoffs was found
in the literature search 5,6,27,29,32,33,35,39,40, Lack of
definition of cutoff points 3438 was also observed.
These may have unpredictably underestimated
or overestimated the effect of maternal pre-preg-
nancy BMI and gestational weight gain on off-
spring body composition.

Cad. Saude Publica, Rio de Janeiro, 31(10):2073-2092, out, 2015

Fourth, confounding variables showed a wide
heterogeneity. Child’s age, gender and breast-
feeding were not investigated as potential effect
modifiers, and some studies included these vari-
ables in the multivariate analysis. A single study
included an analysis stratified by gender 28 and
two others investigated current children’s weight
as an effect modifier 28,34,

Fifth, few studies included socioeconomic
characteristics as confounding variables in the
adjusted analysis. However, the effect of envi-
ronmental factors was present in the four studies
that adjusted for family income, education level,
race, and maternal smoking during pregnancy
31,34,35,38 strengthening the association (negative
confounding) 49. The history of maternal smok-
ing during pregnancy was considered in the ad-
justed analysis of eight studies 2829,31,32,35,38,42,44,
The maternal smoking during pregnancy is a



well-known cause of growth restriction and low
birth-weight and recent studies also suggested
that pre-natal smoking compromises infant
growth 221,49, The mechanism underlying this as-
sociation is unknown. Some speculate that this
association may result from confounding. Moth-
ers who smoke during pregnancy may provide
a different social environment for the offspring
than mothers who do not smoke 2142,

On the other hand, the inclusion of current
child characteristics such as height, weight,
conditional weight gain or birth weight as con-
founding variables seems to be inappropriate
28,34,35,36,38, These variables would more likely
have a mediating rather than a confounding ef-
fect on the relationship between pre-pregnancy
BMI and gestational weight gain with offspring
body composition 48,50,

Different studies have reported a positive
association between maternal pre-pregnancy
BMI and the weight of children born at full term
11,13,29_ Since the first study on the relationship
between children’s body composition and ma-
ternal pre-pregnancy BMI or gestational weight
gain as the exposure published in 2001 7, evi-
dence shows that the incidence of newborns
weighing more than 4,000g at birth increases as
pre-pregnancy BMI shifts from normal to obesi-
ty 51. Due to the availability of indirect methods
for body composition the fat mass and fat-free
mass arose as new components of birth weight.
Studies 56,29 have reported that in full-term
newborns, fat-free mass accounts for 70-87%
of the variation in birth weight. In the relation-
ship of pre-pregnancy BMI with children’s body
composition born at full-term to overweight/
obese mothers, fat-free mass accounts for 61-
75% variation on birth weight while it accounts
for 74-89% variation in those who are born from
mothers with normal pre-pregnancy BMI 56,29,
Thus, an increase in birth weight that is associ-
ated with maternal pre-pregnancy BMI may be
primarily attributed to an increase in FM rather
than fat-free mass 29.

Gale et al. 28 and Castillo et al. 31 were the
studies that provided data on FMI, FFMI and
LMI. Children can have different percentages of
fat mass due to different absolute amounts of fat
mass but equivalent amounts of fat-free mass or
different absolute amounts of fat-free mass and
same amounts of fat mass. Because of these re-
lations the normalization of fat mass and lean
mass measures for squared height (kg/m?2) is rec-
ommended to improve the sensitivity to detect
changes in body composition measurements 23.

Fetal over-nutrition hypothesis is one mecha-
nism that has been suggested to explain the rela-
tionship between maternal pre-pregnancy BMI

MATERNAL OBESITY AND OFFSPRING BODY COMPOSITION

and gestational body composition and offspring
body composition. So the relationship between
maternal gestational obesity and offspring obe-
sity could be explained by the effect of the expo-
sure to high maternal plasma glucose, free fatty
acid and amino acids concentration during preg-
nancy carrying lifelong changes in fetal appetite,
neuroendocrine function or energy metabolism
and an increased risk for metabolic and cardio-
vascular diseases after birth 1.4,

Studies on intergenerational heritability with
family members suggest a role of genetic factors
in determining individual differences in adipos-
ity 52. Therefore, a variant of the fat mass and
obesity associated gene in homozygous individu-
als appears to increase the risk of obesity, when
compared to individuals without the allele. The
same is seen for fat mass in children 53. Lawlor
et al. 38 investigated the effect of pre-pregnancy
BMI on adiposity in children aged 9-11 years and
found that the effect of maternal pre-pregnancy
BMI and of the fat mass and obesity associated
gene on children FM lost statistical significance
after adjusting for child’s fat mass and obesity as-
sociated as an instrumental variable. The mecha-
nisms involved in the association of the fat mass
and obesity associated gene and the high adipos-
ity are still unclear.

From a perspective of disease prevention and
health promotion, maternal obesity is a poten-
tially preventable cause to reduce the disease
and mortality burden in childhood. Yet prenatal
counseling should be cautious when advising
overweight or obese women to optimize their
weight before pregnancy. McDonald et al. 49 ar-
gued that maternal overweight/obesity may have
abeneficial effect on the survival of children born
with low birth weight in low-income countries
despite the increased risk of preterm birth in this
group.

To our knowledge, this is the first review in-
vestigating children’s body composition assessed
by indirect methods associated with maternal
pre-pregnancy BMI and gestational weight gain
and highlights the importance of new studies
with appropriate methodology. Given the small
number of publications with a number of meth-
odological limitations found in this systematic
review and meta-analysis, further investigations
are required to evidence causality criteria and to
strengthen the association between BMI and ges-
tational weight gain and children’s body compo-
sition. Therefore, fetal growth monitoring during
pregnancy with the assessment of pre-gestation-
al and gestational maternal body composition
(by other more accurate methods than maternal
weight) are required as well as the use of mater-
nal and children’s genetic instrumental variables.
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Resumo

Esta revisao avaliou a associa¢do entre o indice de
massa corporal (IMC) pré-gestacional e/ou ganho de
peso gestacional com a composigdo corporal dos filhos
na infdancia. Uma revisdo sistemdtica foi realizada.
Estudos de coorte, caso-controle e ensaios randomi-
zados, que determinaram a composi¢ao corporal dos
filhos mediante métodos indiretos, foram incluidos.
Meta-andlises do efeito do IMC pré-gestacional sobre
a massa livre de gordura, percentual de gordura corpo-
ral e massa gorda foram realizados. Incluiu-se 18 estu-
dos, a maioria dos quais reportou associagdo positiva
entre o IMC materno pré-gestacional e adiposidade
dos filhos. As diferencas de médias padronizadas de
percentual de gordura corporal, massa gorda e mas-
sa livre de gordura entre filhos de mulheres com IMC
pré-gestacional normal em comparagdo com os de
mulheres com sobrepeso/obesidade foram: 0,31 pontos
percentuais (IC95%: 0,19; 0,42), 0,38kg (IC95%: 0,26;
0,50) e 0,18kg (IC95%: -0,07; 0,42), respectivamente.
Esta evidéncia sugere que o sobrepeso materno pré-
-gestacional estd associado com a elevada adiposidade
em seus filhos.

Obesidade; Gravidez; Composi¢do Corporal;
Adiposidade
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