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Abstract

Objectives: to investigate the association between prepregnancy body mass index (BMI) and

newborns’ (NB) BMI.

Methods: cohort study with 1,365 pregnant women and their newborns from the BRISA survey
(Brazilian Ribeirdo Preto and Sdo Luis Birth Cohort Studies) in Sdo Luis-MA. Prepregnancy BMI
was self-reported, and newborns’ BMI was estimated using the weight and length measured at birth.
A directed acyclic graph (DAG) was developed to identify the adjustment variables. The association
between the prepregnancy BMI and newborns’ BMI were analyzed using multiple linear and Poisson
regression with robust variance estimation.

Results: NBs had 13.4+1.7kg/m? average BMI at birth. In the linear analysis, we observed that as
the prepregnancy BMI increases, the NBs BMI also increases ($=0.07; CI195%=0.05-0.09,;p<0.001).

Newborns of mothers with prepregnancy overweight were 3.58 times more likely to be overweight.

Conclusion: prepregnancy BMI can affect newborn'’s BMI early. Thus, women planning to become
pregnant should consider conducting nutritional planning to maintain or obtain a healthy weight to
minimize the risk of overweight for the newborn.
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Introduction

An adequate prepregnancy nutritional status is an
essential factor to get a positive outcome in pregnancy
and to maintain both mother and child healthy.! Its
inadequacy is a public health problem sinceit increases
the risk of gestational complications and influences
fetuses’ health conditions and maternal health in
postpartum period.??

According to the Committee on the Impact of
Pregnancy Weight on Maternal and Child Health,’
prepregnancy nutritional status is one of the strongest
predictors of baby size at birth, along with maternal age,
smoking, and parity. Thus, assessing maternal nutritional
status is essential not only because it identifies women at
gestational risk, but also because of its prognosis on child’s
health situation in the first years of life and prevention of
perinatal morbimortality.*¢

Investigating the impact of mother’s nutritional
status on their newborns, some studies evaluated the
association between prepregnancy BMI and newborn’s
birth weight.”” However, we lack studies evaluating
newborn’s BMI at birth as an outcome. Body mass index
(BMI) is an important indicator of nutritional status
with cutoff point in all age groups, enabling to follow
individuals with the same indicator throughout their
entire life, without needing to transition between different
measures.'*!!

Unlike birth weight measurement alone, BMI
measures the proportionality between weight and height
(or length).!? Despite its measurement limitations, BMI is
also used as an indirect indicator of adiposity, as it has a
good correlation with gold standard methods.'3!*

Studies estimate that 21.7% to 41.7% of overweight
and obesity in childhood is attributed to their mothers’
prepregnancy overweight.!® Studies that analyzed
individuals’ BMI throughout their life showed that
overweight children are more likely to maintain this
nutritional status at other stages of life, which is
associated with the occurrence of cardiovascular diseases,
type II diabetes, and other chronic diseases.!*!® These
findings reinforce the importance of investigating child’s
nutritional status in early stages such as birth.

Studying mother’s nutritional status effects on the
newborn by BMI allows lifelong follow-up through
an easy-to-obtain indicator both in clinical practice
and population studies. It allows conducting early
interventions to prevent overweight, which currently is
an enormous public health problem in several countries,
with negative implications both for health and quality of
life. Therefore, this study aims to evaluate the effect of
prepregnancy BMI on newborns’ BMI.
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Methods

This study used data from the birth cohort “Fatores etiolégicos
do nascimento pré-termo e consequéncias dos fatores
perinatais na saude da crianca: coortes de nascimento em
duas cidades brasileiras” - BRISA (Brazilian Ribeirdo Preto
and Sao Luis Birth Cohort Studies).! Data collection occurred
in two stages: during prenatal care and at birth.

This is a convenience cohort initiated during prenatal care
due to the impossibility of obtaining a random representative
sample of pregnant women from the population of Sao Luis,
state of Maranhdo because it lacked reliable records of
pregnant women or those who sought prenatal care.

The sample consisted of pregnant women and their
newborns delivered in public and private maternity hospitals
at Sdo Luis - MA, from February 2010 to June 2011."

During prenatal care, the pregnant women answered a
questionnaire that investigated the following information:
maternal age, schooling level, occupation, marital
status, socioeconomic status, alcohol use and maternal
smoking during pregnancy, prenatal care, presence of
hypertension and diabetes at the end of pregnancy, and
weight prior to pregnancy. Their height was measured
witha portable stadiometer (Alturexata®) according to
Lohman recommended techniques.?

The following information was used from the questionnaire
applied at the delivery: gestational age, parity, and delivery
method. Data from the NB questionnaire, such as gender,
were also used. The baby’s birth weight and length
measurements were assessed by routine hospital staff and
were obtained from the NB’s chart.

The exposure variable was the prepregnancy BMI, which
was used continuously and categorically. This categorical
variable classified prepregnancy BMI as low birth weight
(BMI<18.5kg/m?), eutrophic (18.5kg/m?’<BMI<24.9kg/m?),
overweight (25.0kg/m’< BMI<29.9kg/m?), and obesity
(BMI>30.0kg/m?).

The variables were categorized as follows: maternal
age (dummy variable with three categories: 1 - under
20 years, 2 -20 to 34 years, and 3 -35 years or more),
parity (categorized considering whether the woman had
1 - just one delivery, 2 -two deliveries, 3 -three or more
deliveries), maternal occupation (non-manual, specialized/
semi-specialized manual, and no occupation - unemployed/
student), socioeconomic status as defined by the Associacdo
Brasileira de Empresas de Pesquisa (Brazilian Association of
Population Studies -ABEP, 2015, categorized in A/B, C, and
D/E), maternal education (0 to 7 years -attended preschool
and elementary school; 8 to 12 years -completed or partially
completed high school; >12 years -incomplete or complete
higher education), marital status (with partner -married/domestic
partnership; and without partner -single/divorced/widowed),



alcohol use during pregnancy (yes or no), smoking during
pregnancy (yes or no) and gestational age (GA) as a
continuous variable; delivery method (vaginal and cesarean
section), prenatal care (yes or no), hypertension and
gestational diabetes (yes or no) reported by the woman from
a medical diagnose, and gestational weight gain, which was
a continuous variable.

GA was estimated based on two criteria: Ultrasound
(UO) performed with less than 20 weeks of GA and the
date of last menstrual period (LMP). When GA measured
by LMP differed for more or for less in ten days compared
to the value estimated by the UO, the GA was estimated
by the LMP; otherwise, it was estimated based on UO.?!

The following NB data were used: gender (male or
female), and weight and length at birth. The outcome was
the BMI of the NB analyzed in two ways, as a continuous
variable and categorized according to the WHO curves
(2006), classifying the NB as: thinness (<z-score -2),
eutrophic (>z-score -2 and <z-score +2), and overweight
and obesity (>z-score +2).

Based on the literature, a theoretical model was
constructed to analyze the association between prepregancy
BMI and newborn BMI using the Directed Acyclic Graph
(DAG), elaborated using the Dagitty browser®. From
the elaborated DAG, the Dagitty® shows the minimum
adjustment necessary to estimate the association of
interest. The minimum set of variables needed to estimate
the effect of prepregnancy BMI on NB’s BMI was:
Maternal schooling level, maternal age, and parity.

To characterize the sample of mother-child binomial,
the relative and absolute frequencies of all variables
evaluated were presented.

Multiple linear regression analysis was used to
identify the linear association between prepregnancy BMI
and NB’s BMI (continuous variables), using the model
suggested by the DAG. The Beta coefficient of linear
regression (B) and the respective confidence intervals
(CI95%) were estimated. To check the assumptions of
the linear regression model and identification of outliers,
residue analysis was performed for both models.

Poisson analysis with robust estimation of variance
was used to estimate the relative risk (RR) and CI195% of
the risk of overweight among NBs of overweight and obese
mothers according to prepregnancy BMI. For adjustment,
the variables suggested by the DAG were also considered.

To verify ifthe study variables followed the normal
distribution pattern, distribution graphs (histograms) were
constructed, and the Shapiro Wilk test was applied. For all
analyses, the significance level was set at 5%.All analyses
were performed on STATAprogram, version 14.0.

The research was approved by the Research Ethics
Committee of the Hospital Universitarioof the Universidade
Federal do Maranhdo (HUUFMA)with a consubstantiated
opinion under protocol n°. 223/2009, CAAE: 4471/2008-30.
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Results

The sample consisted of 1,365 pregnant women and their
newborns. Among NBs of the Sdo Luis cohort, 50.3%
were female, and the average BMI at birth was 13.4£1.7
kg/m?. The prevalence of overweight among NBs was
3.5%. In the sample, 81.0% of the mothers were in the
age group of 20 to 34 years, 76.0% had 8 to 12 years of
study, 66.7% were in socioeconomic status C, 52.1%
were without occupation, and 80.1% lived with a partner
(Table 1). Cesarean section was performed by 50.3%, and
82.0% had more than six prenatal consultations. Regarding
prepregnancy BMI, 51.6% started pregnancy overweight
(Table 2).

Table 1

Socioeconomic and demographic characteristics of pregnant women
in the prenatal cohort BRISA, Sao Luis - Brazil, 2010-2011.

Characteristic N % X £ SD
Age (years) 25.7+55
<20 167 12.2
20-34 1,106 81.0
235 92 6.8

Schooling level (years)

0-7 172 12.5
8-12 1,036 76.0
>12 156 11.5

Marital status

With a partner 1,094 80.1

Without a partner 271 19.8
Parity

1 delivery 703 51.5

2 deliveries 446 32.7

23 births 216 15.8

Socioeconomic status

A/B 246 18.0

C 910 66.7

D/E 209 15.3
Occupation

Non-manual 204 14.9

Specialized manual 450 33.0

No occupation 71 52.1

BMI = body mass index; Data total sum may not reach the total sample due to lost
information.

Prepregnancy BMI was linearly associated with
newborn’s BMI (Coef). 3= 0.07; CI95%= 0.05-0.09;
p<0.001) (Table 2). The increase of 1kg/m? in prepregnancy
BMI increased newborn’s BMI by 0.07kg/m?. Children of
mothers who were overweight in the prepregnancy period
had a higher risk of being overweight at birth (RR=3.58;
CI95%= 1.66-7.74; p<0.001) (Table 3).
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Table 2

Lifestyle, gestational, and newborn characteristics of the prenatal cohort
BRISA, Sao Luis - Brazil, 2010-2011.

Characteristic N % X = SD
Prepregnancy BMI 25644
Thinness/eutrophic 640 48.4
Overweight 509 38.5
Obesity 174 13.1
Alcohol consumption
No 1,060 77.7
Yes 305 223
Smoking
No 1,308 95.8
Yes 57 4.2
Gestational hypertension
No 1,309 96.0
Yes 53 4.0
Gestational diabetes
No 1,304 98.9
Yes 14 1.1
Delivery method
Vaginal 678 49.7
Cesarean section 687 50.3
Prenatal consultations 7.0+1.7
<6 199 18.0
26 906 82.0
Gender of the newborn
Male 678 49.7
Female 687 50.3
BMI of the newborn 13.4+1.7
Low weight/eutrophic 1,265 96.5%
Overweight/obesity 46 3.5%

BMI = body mass index; the sum of the data may not reach the total sample due to
lost information.

Table 3

Adjusted linear regression and Poisson regression analysis of the
association between prepregancy nutritional status and newborn
status in BRISA cohort, Sao Luis - Brazil, 2010-2011.

Linear regression

IMC do recém-nascido
Prepregnancy BMI Coef.3 Cl95% P

0.07 0.05 - 0.09 <0.001

Poisson Regression

Excesso de peso no recém-nascido

Prepregnancy BMI RR Cl95% P
No overweight Ref.
Overweight 3.62 1.68 - 7.82 0.001

Coef. = Regression coefficient; C195% = Confidence Interval; BMI = body mass index;
Ref. = Reference category. Adjusted model for maternal schooling level, maternal age,
and parity.
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Discussion

In this study, the increase in prepregnancy BMI was
associated with higher BMI values of the newborn linearly
and independently. Starting pregnancy while overweight
was a risk factor for overweight innewborns.

A self-reported prepregnancy weight may be
underestimated or subjected to memory bias information,
thus representing a limitation of the study. Nevertheless,
using self-reported weight in population studies with
pregnant women is common due to the high occurrence of
unplanned pregnancy. Moreover, according to Schmidt,*
this measure is considered sufficiently validated to use
in studies on the prevalence of obesity. Furthermore,
Fonseca et al.” concluded that self-reported and measured
weight and height information showed good agreement
and validity, reinforcing the possibility of using self-
reported data.

To this date, we found no studies that evaluated the
relation between prepregnancy BMI and newborns’ BMI in
Brazil. In Lisbon, Portugal, a study with 100 mother-baby
binomials from a convenience hospital sample identified
that maternal pregestational BMI was associated with
higher newborn BMI measured within 72 hours after
delivery (B=1.16; C195%=0.49-1.83).2* Evidence shows
that pregestational overweight contributes to higher birth
weight of newborns and increased risk of being born large
for gestational age (LGA).”> Women who begin their
pregnancy overweight/obese may expose the fetus to a
“hypernutrition,” creating an intrauterine environment
with excess glucose and fat, stimulating insulin resistance
and hyperglycemia, leading to accelerated fetal growth.>

A meta-analysis conducted by Voerman et al.'®
found that a higher prepregnancy BMI was associated
with increased risk of overweight/obesity in children
and adolescents aged from 2 to 18 years, with stronger
effects observed as age increased. This study showed
that the effect of prepregnancy BMI on the child’s BMI
is already observed since birth, pointing to the earliness
of this effect in transferring excess weight between
generations.

The association between prepregnancy BMI and its
effects on the nutritional status of children have been
reported not only by using BMI as an indicator, but
also by measuring adiposity, which suggests a direct
relation between prepregnancy BMI and fat mass at
birth. Starling et al.?® found that newborns up to three
days old born to mothers who were overweight or obese
had a higher percentage of fat and fat mass compared
to those born to mothers with normal BMI. Carlsen
et al.*’also found that newborns of obese mothers
had higher fat mass and abdominal fat accumulation.



These results are very relevant; however, obtaining
measures of adiposity in such early stages is complex
not only due to the age of newborns, but also because
the equipment that measures body composition is more
expensive than those for BMI calculation. All these aspect
may difficult the use of adiposity indicators in the routine
follow-up.

The literature has recommended using BMI in children
under two years because it measure the proportionality
between weight and height, with a high correlation with
the weight-for-height indicator, which is highly used to
assess the nutritional status of children in this age group.'®
Moreover, BMI has the advantage of being an index
capable of predicting the risk of obesity and other diseases
in childhood and at other stages of life.!"!%!828 Furthermore,
BMI can be used throughout life since birth, and does
not require the transition of indicators for nutritional
assessment during childhood.!'*!

We should also highlight that variables such as
alcohol consumption and smoking were evaluated only
qualitatively, disregarding quantitative aspects that may
increase the risk in groups with higher alcohol and tobacco
consumption. Moreover, we lack information on maternal
food intake, which could also interfere with the studied
association.

Due to the lack of reliable records of pregnant women
in Sdo Luis - MA, a convenience sample was used, which
may compromise the generalization of these results. Since
the data were collected in 2010, they may not represent
the current situation anymore. However, they showed an
association between prepregnancy BMI and newborns’
BMI during the study period.

As strengths, we highlight the large sample size and
the cohort design, which allowed us to study the cause and
effect relation with high statistical power. Furthermore, the
selection of variables by means of the DAG-based causal
theoretical model for evaluating the association between
prepregnancy BMI and newborns’BMI, allowed for effect
estimation, minimizing the occurrence of confounding
and selection biases. To the best our knowledge, few
studies have evaluated children’s BMI at such an early
stage of life.

This study shows that the newborns’BMI was able
to indicate the risk of prepregnancy overweight on the
nutritional status of the child. Therefore, our results
show the importance of preventing overweight from the
prepregnancy period, since it has a greater influence on
the nutritional status of the child than weight gain during
pregnancy.'® Thus, besides controlling weight gain during
pregnancy, women who wish to conceive should consider
nutritional planning to maintain or achieve a healthy
weight.

Association between prepregnancy and newborn body mass index

Moreover, health professionals should use BMI to
assess nutritional status from birth, as it is an indicator
that allows for lifelong monitoring and predicts the risk
of chronic noncommunicable diseases in childhood and
later in life.
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