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KEYWORDS Abstract

Body composition; Objective: To evaluate the influence of gestational and perinatal factors on body composition
Newborn; and birth weight of full-term newborns.

Adiposity; Method: This was a cross-sectional study, within a prospective cohort, consisting of 124 post-
Pregnancy partum women and their newborns. Data included the following: maternal age; ethnicity;

pre-gestational body mass index; gestational weight gain; parity; gestational morbidities (hyper-
tension and gestational diabetes mellitus); gestational age at birth; birth weight; and newborn’s
gender. Anthropometric and body composition data of the newborns were collected using air-
displacement plethysmography (PeaPod® Infant Body Composition System-LMI; Concord, CA,
USA). The stepwise technique was applied to a multiple linear regression model.

Results: The significant variables in the model that explained 84% of the variation in neonatal
fat-free mass were: birth weight; maternal age; newborn’s gender and gestational age. For
body fat mass: birth weight; newborn’s gender; gestational arterial hypertension; gestational
diabetes; and gestational weight gain. These variables explained 60% and 46% of fat mass, in
grams and as a percentage, respectively. Regarding birth weight, the significant factors were
gestational age, pre-gestational BMI, and gestational weight gain. Female newborns showed
higher body fat mass and male newborns had higher fat-free mass.

* Please cite this article as: Nehab SR, Villela LD, Abranches AD, Rocha DM, Silva LM, Amaral YN, et al. Influence of gestational and
perinatal factors on body composition of full-term newborns. J Pediatr (Rio J).2020;96:771-7.
* Corresponding author.
E-mail: sylvia.nehab@iff.fiocruz.br (S.R. Nehab).

https://doi.org/10.1016/j.jped.2019.09.006
0021-7557/© 2019 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.jped.2019.09.006
http://www.jped.com.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jped.2019.09.006&domain=pdf
https://orcid.org/0000-0003-0194-6060
https://orcid.org/0000-0002-7484-9352
https://orcid.org/0000-0002-9323-3297
https://orcid.org/0000-0001-6985-941X
https://orcid.org/0000-0001-6275-8392
https://orcid.org/0000-0001-8159-0564
https://orcid.org/0000-0002-1554-943X
https://orcid.org/0000-0001-5720-0482
https://orcid.org/0000-0002-7290-9091
https://orcid.org/0000-0002-2034-0294
mailto:sylvia.nehab@iff.fiocruz.br
https://doi.org/10.1016/j.jped.2019.09.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

772

Nehab SR et al.

PALAVRAS-CHAVE
Composicao corporal;
Recém-nascido;
Adiposidade;
Gravidez

Introduction

Conclusion: Gestational and perinatal factors influence neonatal body composition. Early iden-
tification of these gestational factors, which may be modifiable, is necessary to prevent obesity
and chronic noncommunicable diseases in the future.

© 2019 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Influéncia de fatores gestacionais e perinatais na composicdo corporal de
recém-nascidos a termo

Resumo

Objetivo: Avaliar a influéncia de fatores gestacionais e perinatais na composicao corporal e no
peso de nascimento de recém-nascidos a termo.

Método: Estudo transversal, dentro de uma coorte prospectiva, composto por 124 puérperas
e seus recém-nascidos. Os dados incluiram: idade materna; etnia; indice de massa corpdrea
pré-gestacional; ganho de peso gestacional; paridade; morbidades gestacionais, (hipertensao
arterial e diabetes mellitus gestacional); idade gestacional do nascimento; peso de nascimento;
e sexo do recém-nascido. Os dados antropométricos e de composicao corporal dos recém-
nascidos, foram coletados com a pletismografia por deslocamento de ar (PeaPod®). Foi aplicada
a técnica de stepwise no modelo de regressao linear mdltipla.

Resultados: As variaveis significativas do modelo que explicou 84% da variacdo da massa livre
de gordura neonatal foram: peso de nascimento; idade materna; sexo do recém-nascido; e
idade gestacional. Para a massa de gordura corporal: peso de nascimento; sexo do recém-
nascido; hipertensao arterial gestacional; diabetes gestacional; e ganho de peso gestacional.
Essas variaveis explicaram 60% e 46% da massa de gordura, em gramas e percentual, respecti-
vamente. Em relacao ao peso de nascimento os fatores significativos foram: idade gestacional;
IMC pré-gestacional; e ganho de peso gestacional. Os recém-nascidos do sexo feminino apresen-
taram maior massa de gordura corporal e os do sexo masculino maior massa livre de gordura.
Concluséo: Fatores gestacionais e perinatais influenciam a composicao corporal neonatal. A
identificacdo precoce desses fatores gestacionais, que podem ser modificaveis, é necessaria
para prevencdo de obesidade e de doencas cronicas nao transmissiveis no futuro.

© 2019 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este € um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

The aim of this study was to evaluate gestational and
perinatal factors that influence body composition and birth

In Brazil, the prevalence of obesity in children under 5 years
old is increasing in all regions of the country." The obesity
rate in Brazil in individuals older than 18 years increased
from 11.8% in 2006 to 18.9% in 2016, and is considered a
relevant public health issue.’?

The initial period of growth and development of the
fetus and the child demonstrates windows of sensitivity, also
known as critical periods, where environmental factors may
increase the risk of non-communicable chronic diseases,
such as obesity.>® Changes in neonatal adiposity are par-
tially explained by epigenetic mechanisms occurring in the
intrauterine period.®

Several studies have shown that neonatal adiposity may
be a better marker of adequate intrauterine growth and,
thus, may be a better predictor of future obesity.>*

Maternal gestational factors, such as pre-gestational
body mass index (BMI) and excess gestational weight gain,
have been associated with higher birth weight of newborns,
but little information is available abouttheir association with
neonatal body composition, and the datashow conflicting
results.>?""

weight of full-term newborns.
Material and methods

This study is a cross-section of a prospective cohort of new-
borns, carried out at InstitutoNacional da Satide da Mulher,
da Crianca e do Adolescente Fernandes Figueiras. A total of
124 postpartum women and 124 full-term newborns, born
from March 2016 to August 2017, admitted to the Insti-
tute under rooming-in care and followed after discharge at
the Pediatric Outpatient Clinic, were included in the study.
The study was approved by the IFF/Fiocruz Research Ethics
Committee (CAE 00754612.9.0000.5269) and registered at
clinicaltrials.gov (NCT00875251). An informed consent was
signed by all participants prior to data collection.

The number of pregnant women and newborns included
in the study was calculated considering the results observed
by Hull et al., "> who evaluated the body composition of new-
borns of pregnant women with excessive weight gain (mean
of 11.2 +5.3% fat mass for the adequate weight gain group
and 12.7 +4.6% fat mass for the excess weight gain group),
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with a difference between groups of at least 2.5%, power of
80%, and 95% confidence level.

Newborns with congenital malformations and genetic
syndromes exposed to congenital infections of the TORCH
group (toxoplasmosis, rubella, cytomegalovirus, herpes sim-
plex), human immunodeficiency virus, Zika virus, blood
incompatible with receiving phototherapy, and twin gesta-
tions were excluded from the study.

The maternal factors, collected through medical records
and interviews with the mothers, were as follows: maternal
age; ethnicity; marital status; working outside the home;
history of smoking during the pregnancy; pre-gestational
BMI; gestational weight gain; number of prenatal consulta-
tions; type of delivery; parity; and gestational morbidities,
such as arterial hypertension and gestational diabetes mel-
litus.

BMI was calculated by dividing pre-gestational maternal
weight by squared height (kg/m?), which was used to classify
nutritional status: low weight (BMI<18.5); normal weight

Table 1 General characteristics of the postpartum women
participating in the study (n=124).

Characteristics of postpartum women Mean (SD)
Maternal age (years) 29.0 (£7.22)
N Number of prenatal consultations 10.47 (£8.62)
Parity 1.92 (£1.09)

Pre-gestational BMI (kg/m?)
Gestational weight gain (kg)

25.34 (+£4.96)
13.45 (£6.79)

Overall characteristics of the postpartum womenn (%)

Skin color
White 48 (39.0%)
Brown 45 (36.6%)
Black 22 (17.9%)
Others 8 (6.5%)
Married 105 (85.4%)
Works outside the home 55 (44.4%)
Smoker 5 (4.0%)
Caesarean birth 61 (49.2%)
Gestational arterial hypertension 38 (30.6%)
Gestational Diabetes mellitus 20 (16.1%)
Pre-gestational maternal nutritional n (%)
status
Low weight (<18.5kg/m?) 5 (4.0%)
Normal weight (18.5-24.9 kg/m?) 61 (49.2%)
Overweight (25-29.9 kg/m?) 41 (33.1%)
Obesity (>30kg/m?) 17 (13.7%)
Gestational weight gain (according to n (%)
IOM 2009 criteria)®
Insufficient 31 (25.0%)
Adequate 42 (33.8%)
Excess 51 (41.1%)

BMI, body mass index; IOM, Institute of Medicine.

@ |OM 2009 recommendations for gestational weight gain:
low pre-gestational weight (12.5-18 kg); eutrophic (11.5-16 kg);
overweight (7-11.5kg); and obese (5-9kg).

Table 2 Anthropometrics and body composition of full-
term newborns (n=124).

Overall characteristics of the newborns Mean (SD)

38.77 (£1.29)

Gestational age (weeks)
Anthropometrics

Birth weight (g)

Head circumference (cm)
Length (cm)

Weight at evaluation (g)

3,281.61 (+£464.97)
34.57 (£1.12)
49.53 (£1.99)
3,084.31 (+£434.26)

Weight/age Z-score —0.48 (£0.95)
HC/age Z-score 0.12 (£0.95)
Length/age Z-score —0.23 (£1.06)

BMI (kg/m?)
Body composition
Fat-free mass (g)
Fat mass (g)

% Fat mass

% Fat-free mass

12.51 (£1.06)

2,775.26 (+£337.38)
307.56 (£165.44)
9.62 (+4.45)
90.37% (44.45)

BMI, body mass index; HC, head circumference.

(BMI = 18.5-24.9); overweight (BMI =25.0-29.9); and obesity
(BMI > 30.0)."

Gestational weight gain was calculated by subtracting the
weight measured at the last prenatal visit (38 weeks + 2
weeks) from the pre-gestational weight, and was classified
as insufficient, adequate, or excess weight. The following
ranges were considered adequate, according to the 2009
Institute of Medicine (IOM) recommendations: for under-
weight women, 12.5 to 18kg; for normal-weight women,
from 11.5 to 15.9kg; for overweight women, from 7 to
11.5kg; and for obese women, from 5 to 9kg."?

Gestational arterial hypertension was defined when
systolic blood pressure was >140mmHg and/or dias-
tolic pressure was >90mmHg at two different times of
gestation.'* Gestational diabetes mellitus was defined by
one of the following criteria: fasting glucose >92 mg/dL; one
hour after oral glucose tolerance test (OGTT) >180mg/dL;
two hours after OGTT >153mg/dL, at any time during
pregnancy.’®

Fat mass and fat-free mass (grams and %) were estimated
by air-displacement plethysmography (PeaPod® Infant Body
Composition System-LMI;Concord, CA, USA), a validated
method for evaluating neonatal body composition.'¢”

Weight in grams was obtained using the high-precision
PeaPod® scale; length, in centimeters, with the anthro-
pometric ruler recommended by the Brazilian Society of
Pediatrics, with the child lying on a flat surface, and head
circumference was obtained using a non-extensible measur-
ing tape fitted to the head anteriorly in the supraorbital
region and, posteriorly, on the occipital prominence.'®

BMI and Z-score indices (calculated for weight/age,
height/age, and head circumference/age) were obtained
based on the 2006 World Health Organization (WHO) growth
curves. The assessment of nutritional status was performed
using the WHO Anthros program (WHO Anthro for per-
sonal computers, version 3.2.2, 2011: Software for assessing
growth and development of the world’s children. Geneva:
WHO, 2010).
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Table 3  Stepwise multiple linear regression analysis (n=124).
Perinatal and gestational variables Beta coefficient 95% Cl p-value R?
Fat-free mass (g) 0.84
Birth weight (g) 0.60 [0.54; 0.66] 0.000
Maternalage (years) —4.55 [-8.13; —0.97] 0.013
Male gender 83.53 [32.44; 134.63] 0.002
Gestationalage (weeks) 26.41 [4.81; 48.01] 0.017
Fat mass (g) 0.60
Birth weight (g) 0.24 [0.19; 0.28] 0.000
Male gender —88.26 [—128.65; —47.87] 0.000
Gestational arterial hypertension 47.02 [2.57; 91.48] 0.038
Gestational diabetes mellitus 67.17 [12.66; 121.68] 0.016
Gestational weight gain (kg) 3.13 [0.14; 6.12] 0.040
Fat mass (%) 0.46
Birth weight (g) 0.005 [0.004; 0.006] 0.000
Male gender —2.78 [—4.01; —1.54] 0.000
Gestational arterial hypertension 1.31 [—0.05; 2.68] 0.059
Gestational diabetes mellitus 2.09 [0.41; 3.76] 0.015
Gestational weight gain (kg) 0.09 [0.00; 0.18] 0.041
Birth weight 0.26
Gestational age (weeks) 151.13 [94.35; 207.90] 0.000
Pre-gestational BMI (kg/m?) 20.94 [6.09; 35.78] 0.006
Gestational weight gain (kg) 11.62 [0.81; 22.43] 0.035

BMI, body mass index.

Neonatal variables such as gender, gestational age at
birth, and birth weight were obtained from medical records.
Anthropometric data and body composition of the newborns
were evaluated within 96 h of life. Gestational age at birth
was calculated using the first trimester ultrasound or by the
date of the last menstrual period.

The study data were stored in EpiData (EpiData - Com-
prehensive Data Management and Basic Statistical Analysis
System. V 3.1, Odense Denmark) and analyzed using SPSS.
(IBM SPSS Statistics for Windows, Version 22.0. NY, USA). A
significance level of 0.05 was adopted for all analyses.

Continuous variables were described as mean and
standard deviation, whereas categorical variables were
described as absolute frequency. A stepwise multiple lin-
ear regression model was used to assess the association of
outcomes (fat mass in grams and percentage, fat-free mass,
and birth weight) with the set of gestational and perina-
tal variables. Student’s t-test was used to assess significant
differences between the newborn’s gender and body compo-
sition outcomes.

Results

A total of 124 postpartum women and their newborns were
included at the beginning of the cohort and evaluated within
the first 96 h of life. Of these mothers, 41% had excess weight
gain during pregnancy; the prevalence of overweight and
obesity was 46%, whereas 30.6% and 16.1% had hypertension
and diabetes mellitus, respectively (Table 1).

The mean gestational age was 38.7 (+1.29) weeks; 52.4%
were males and all newborns had an Apgar score >7 in the
fifth minute of life. These newborns had a mean birth weight

of 3281.6g (+464.97) and fat mass of 307.56 (+165.44)
(Table 2).

The coefficients of the regression models were esti-
mated considering maternal age, ethnicity, pre-gestational
BMI, gestational weight gain, parity, gestational diabetes
mellitus, gestational hypertension, gestational age, birth
weight, and the newborn’s gender. Table 3 shows the
final adjustment of the models considering these varia-
bles.

For fat mass, in grams and percentage, the multivariate
models identified the following significant variables: birth
weight, gender, arterial hypertension, gestational diabetes,
and gestational weight gain. These variables explained
60.5% of the variation of the fat mass in grams and 46.8% as a
percentage.Birth weight, arterial hypertension, gestational
diabetes, and gestational weight gain contributed to the
increase in fat mass, whereas the male gender contributed
to the decrease (Table 3).

In the multivariate model for the analysis of fat-free
mass, significant variables were identified: gender, birth
weight, maternal age, and gestational age, explaining 84%
of the variation in fat-free mass. Maternal age contributed
to the reduction in fat-free mass, while birth weight, gesta-
tional age, and male gender contributed to the increase in
fat-free mass in grams (Table 3).

Gestational age, pre-gestational BMI, and gestational
weight gain together explained 26% of the birth weight vari-
ation (Table 3).

A significant difference was observed regarding the
assessed components of body composition in relation to
the newborn gender (p-value <0.01). Female newborns had
greater body fat mass at birth (Table 4).
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Table 4 Fat mass and fat-free mass of full-term newborns categorized by gender, mean, and standard deviation.
Body composition Female (n=60) Male (n=64) p-value
Body fat mass (%) 10.97 (+4.66) 9.70 (+4.46) 0.002
Fat-free mass (%) 89.03 (+4.67) 90.30 (+4.47) 0.002
Body fat mass (g) 345.42 (+172.85) 170.10 (£298.00) 0.022
Fat-free mass (g) 2694.75 (+£321.18) 2778.15 (+342.87) 0.009

Discussion

The present study showed that perinatal factors, such
as birth weight, gender, gestational age, and the preg-
nant woman’s characteristics, such as age, gestational
weight gain, pre-gestational BMI, and the presence of mor-
bidities (hypertension and diabetes mellitus) significantly
contributed to the variation in body composition of full-term
newborns.

In the studybyAu et al.,'® using a methodology similar to
that of the present study, a 19% variation in the percentage
of body fat mass was demonstrated, with female gender,
Caucasian ethnicity, and excess gestational weight gain
being the main factors associated with body fat increase.
These authors did not observe an association between gesta-
tional diabetes and neonatal adiposity, and described other
factors that influenced the variation in body fat percent-
age, such as gestational age, pre-gestational BMI, parity, and
maternal hypertension.’® The model of the present study
showed a 46% variation in the percentage of body fat mass,
with the following associated factors: birth weight, gender,
arterial hypertension, gestational diabetes, and gestational
weight gain.

Similar to the study of Au et al.,"? it was identified that
female gender and gestational weight gain were factors
associated with increased body fat mass. However, in con-
trast to this study, gestational arterial hypertension was one
of the model variables associated with increased body fat
mass. This may be explained by the fact that the group of
pregnant women with this morbidity also had excess weight
gain during pregnancy.

Logan et al., in a systematic review and meta-analysis,
showed that newborns of mothers with gestational diabetes
had a higher body fat mass when compared to newborns
of non-diabetic mothers." In the present study, gestational
diabetes was also a variable that was positively correlated
with neonatal adiposity. In contrast, the study by Au et al.?°
showed that newborns, children of pregnant women with
diabetes and good glycemic control, showed no difference
in the percentage of body fat mass when compared to those
born to non-diabetic mothers.

Other studies have shown that the newborn’s body
fat mass percentage increases with gestational age and
higher pre-gestational BMI.>'%2" In the current study, pre-
gestational BMI was positively associated with birth weight,
but not with body composition.

Catalano et al. observed that the best predictor for
higher birth weight was gestational age, followed by gesta-
tional weight gain, pre-gestational maternal weight, gender,
and parity. These factors together explained 29% of birth
weight variation.?” In the present study, gestational age,
pre-gestational BMI, and gestational weight gain were also
important factors, which contributed to 26% of birth weight
variation. However, in contrast to previous studies,'®?* par-
ity was not a factor influencing body composition and birth
weight variation.

Gender is described as a determining factor for body
composition in full-term newborns.'"2" The study by Simon
et al. showed that full-term, male newborns had more lean
mass than females, assuming that the difference in body
composition was explained by the action of intrauterine sex
steroids.?* Fields et al. evaluated the body composition of
1-month-old infants and observed that girls had a higher
percentage of body fat mass and lower fat-free mass than
boys. At 6 months of age, however, this difference was not
observed.? In the present study, gender was a factor that
contributed to the increase in body fat mass (female gender)
and fat-free mass (male gender).

Another relevant study finding is the high prevalence
of pre-gestational overweight/obesity (46%), similar to the
study by Starling et al., which showed a 45% prevalence of
pre-gestational overweight/obesity.?® The literature already
emphasizes the short- and long-term consequences of this
morbidity for both pregnant women and their children.>?7:28
The hypothesis of fetal overnutrition proposes that excess
glucose, free fatty acids, and triglycerides cross the pla-
centa, resulting in increased fetal insulin secretion, which
promotes adipogenesis and fat cell hypertrophy. Other
factors, such as the hypothalamic endocrine system dereg-
ulation — which regulates appetite and satiety — as well
as epigenetic alterations, are mechanisms that increase the
risk of obesity in the future.?”

However, it was observed that despite the adequate num-
ber of prenatal consultations, excess gestational weight gain
was observed in 41.1% of the study participants, and it was
also an important factor in the newborn’s body fat mass
variation, similar to previous studies.'>?%3* Goldstein et al.,
in a systematic review and meta-analysis, showed that 47%
of women showed weight gain above the 2009 IOM recom-
mendations, and that their newborns had a higher risk of
being born large for gestational age, with macrosomia, and
through a caesarean birth.’
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These results regarding gestational weight gain may indi-
cate that prenatal care is not being effective with regard
to raising awareness and providing recommendations about
adequate nutritional control. Moreover, the study site is a
tertiary referral hospital for fetal risk; this fact may also
explain the high number of individuals with overweight and
obesity in the included population.

The effects of long-term alterations in the newborn’s
body mass of overweight/obese mothers are not yet well
established. However, studies indicate that newborn adi-
posity may be associated with a higher risk of metabolic
syndrome at later ages.>® Thus, early detection of ges-
tational and perinatal factors related to increased body fat
mass in newborns has become relevant.

In the present study, preventable gestational factors
were more influential on the amount of neonatal fat mass,
whereas demographic characteristics (maternal age, gesta-
tional age, and newborn’s gender) were more influential on
the amount of fat-free mass at birth. This shows that mod-
ifiable factors, such as obesity and gestational weight gain,
must be highlighted. Additionally, although the assessment
was carried out in only one moment (up to 4 days of life),
it had the advantage of being close to birth, allowing the
evaluation of the association of perinatal factors with body
composition.

A better focus on adequate nutritional control, in addi-
tion to glycemic and blood pressure control during prenatal
care, can modify the newborns’ body composition, resulting
in lower future risks of obesity and chronic noncommu-
nicable diseases. Further studies are needed to clarify
the long-term effects of excess neonatal adiposity. Other
factors such as breastfeeding, complementary feeding,
microbiome, xenobiotic exposure, and activities that pro-
mote adequate child development, among others, may
influence this outcome and deserve to be included in acohort
study.
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