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Cesarean section and body mass index in
children: is there a causal effect?

Parto cesareo e indice de massa corporal em
criancas: existe um efeito causal?

Operacién de cesarea e indice de masa corporal
en nifios: jexiste un efecto causal?

Abstract

Obesity is considered a global public health problem. Cesarean section has
been associated with high body mass index (BMI) and increased obesity
throughout life. However, this association has been challenged by some stud-
ies. This study aims to assess the causal effect of cesarean section on the BMI
of children aged 1-3 years. This is a cohort study of 2,181 children aged 1-3
years, born in 2010, obtained from the BRISA Birth Cohort, in Sdo Luis, state
of Maranhao, Brazil. Sociodemographic variables, maternal characteristics,
type of childbirth, morbidity, anthropometric measurements, and BMI were
assessed. Marginal structural models with a counterfactual approach were
used to check the causal effect of the type of childbirth on obesity, weighted by
the inverse probability of selection and exposure. Out of the 2,181 children as-
sessed (52% female), 50.6% were born by cesarean section, 5.9% of the newborn
infants were large for gestational age, and 10.7% of them had excess weight.
No causal effect of cesarean section on BMI was observed (coefficient =
-0.004; 95%CI: -0.136; 0.127; p = 0.948). Cesarean section did not have a
causal effect on the BMI of children aged I1-3 years.
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Introduction

The first 1,000 days of life are crucial; nutritional factors have an important impact during this time,
influencing metabolic disorders throughout life 1,23. Also, obesity has been regarded as a pandemic 4
and it is increasingly more prevalent among children 5. Thus, obesity-related research and public
health interventions have been focused at assessing the underlying causes of this problem 6. In this
context, cesarean section (C-section) has been considered a possible cause for the development of
overweight and obesity 7.8.9.

C-sections have increased in the past decades in middle- and high-income countries. In 2009, the
rate of C-section was 32.9% in the United States 10, 24% in England 11, and higher than 50% in Brazil 12.
C-section rates have increased considerably in Brazil, from 52%, in 2010, to 56%, in 2018. In the state
of Maranhao, the rates increased from 34%, in 2010, to 48.2%, in 2018 12.

This is an alarmingly dramatic scenario considering that the World Health Organization (WHO) 13
recommends a C-section rate of no more than 15%. Accordingly, a systematic review suggested that
rates up to 16% were associated with lower maternal, neonatal, and child and infant mortality rates 14,
whereas another review demonstrated that rates up to 19% were related to beneficial effects, reducing
mother-child mortality 15.

In Brazil, C-section has been associated with non-clinical factors. High income and older moth-
ers have higher C-section rate and, in the private healthcare sector, C-section is almost universal 16.
Furthermore, C-section rates are the highest in the most developed regions of Brazil 17.

Some studies indicate that C-section may have a lifetime effect on the risk of obesity 7.8.9. This
association can be explained by the hormonal theory and microbiota pathways, among other hypoth-
eses. Differences in cortisol, interleukin 6, norepinephrine levels in infants born by cesarean section
and vaginal delivery could lead to neuroimmunoendocrine and epigenetic changes that could inter-
fere with long-term energy metabolism, predisposing those born by C-section to weight gain 18,19,20,

The effect via microbiota is based on the assumption that newborns have contact with bacteria in
the vaginal canal during vaginal delivery and their intestines are predominantly colonized by bacteria
that absorb less fat and fewer nutrients, that could predispose to overweight 9. On the other hand,
some studies suggest that infants born by C-section could have an intestinal microbiota that would
tend to extract more nutrients from the diet, predisposing them to overweight or obesity 21,22.23,

Nevertheless, the association between cesarean section and increased risk of overweight in chil-
dren shows no agreement in the literature. Barros et al. 16, showed no association between C-section
and body composition, which estimates fat tissue better than the body mass index (BMI). Sutharsan
et al. 24, in a meta-analysis of children, adolescents, and adults, as well as other studies suggest that the
associations between C-section and overweight/obesity likely result from confounding biases that
were not properly controlled during analysis 9:20,25,26,

Accordingly, our study used graphic and counterfactual approaches to assess the causal effect
between C-section and BMI of children aged 1-3 years from the BRISA Birth Cohort.

Materials and methods
Study design

This cohort study was part of the project Etiologic Factors of Preterm Birth and Effects of Perinatal Factors
on Child Health: Birth Cohorts from Two Brazilian Cities — Sao Luis (MA) and Ribeirdao Preto (SP) (BRISA) 27,
developed by the Federal University of Maranhdo (UFMA) and by the Ribeirao Preto Medical School,
University of Sdo Paulo (USP).

This study used data from the BRISA Birth Cohort in Sdo Luis (Maranhao State), carried out in
two stages: at birth, from January to December 2010, and during follow-up visits, from April 2011 to
January 2013. Each child was evaluated only once when they were aged 1-3 years.
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Inclusion and exclusion criteria

In 2010, there were 21,401 births at public and private maternity wards in Sdo Luis. One-third (7,133)
of these births were randomly selected and 5,574 of the selected children had been living in Sao Luis
for at least three months and were, therefore, eligible. The sample consisted of 5,166 live births after
the exclusion of 70 stillbirths, 99 twins, and 239 early hospital discharges or refusals to participate in
the study. A total of 5,067 children were invited to participate in the follow-up assessments, but only
3,225 showed up (36.3% loss). Out of these, 1,044 were excluded due to lack of information on birth
weight (54), maternal race/skin color (2), socioeconomic background (86), maternal education (28),
BMI measurement during follow-up (14), and pregestational maternal BMI (860). Hence, the final
sample included 2,181 individuals (Figure 1).

Figure 1

Flow chart of the BRISA Birth Cohort. Sdo Luis, Maranh&o State, Brazil, 2010.
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Weight and height measurements during the follow-up period and information on the type
of delivery were used as inclusion criteria. Abnormal BMI (z-scores < -5 and > 5) was used as exclu-
sion criterion 28,

The sample of 2,181 individuals was estimated to have a 98% power to detect differences between
the groups (born by vaginal delivery — G1; and born by C-section — G2), with a = 5%; mean 0.44 (+
1.18 standard deviation — SD) in G1 and mean 0.63 (£1.20 SD) in G2, and 1:1 ratio between the groups
in the bilateral testing.

Maternal and perinatal variables

At birth, the mothers answered a questionnaire, from which the following variables were used: type
of delivery (vaginal or cesarean); maternal age in years (continuous variable); socioeconomic back-
ground assessed by the Brazilian Economic Classification Criteria (CCEB) 29 (A/B, C, D/E, in which
class A represent the wealthiest and more educated and class E the poorest and less educated) and
maternal schooling years (1-8; 9-11, and > 12); gestational hypertension (yes or no); number of chil-
dren per mother, including the child from the current pregnancy (1; 2-4, and > 5 children), and race/
skin color (white, black, and mixed-race/yellow/Asian/indigenous).

Additionally, prenatal care adequacy (yes or no) was determined based on the date of the first pre-
natal visit, gestational age, and the number of visits during pregnancy 14. Self-reported information
was also obtained, such as weight before pregnancy (kg), height before pregnancy (cm), and weight at
the end of pregnancy. Weight (kg) and height (m) were used to calculate pregestational BMI (under-
weight < 18.5, normal weight 18.5-24.9, and excess weight > 25) 30

Weight gain during pregnancy (continuous variable) was calculated by the difference between
weight at the end of pregnancy and weight before pregnancy. Initially, all women with weight gain
inferior to 3kg (271 women) were left out. For those women with insufficient information for the cal-
culation of gestational weight gain (994 women), weight values were imputed in a regression model.
Weight gain was predicted by the following maternal variables: schooling, socioeconomic back-
ground, parity, skin color, age, and BMI. One mother was excluded due to excess weight gain (114kg).

Data on the newborns were obtained from the neonatal questionnaire and included the follow-
ing variables: sex (male or female), age in months, weight (g), length (cm), and gestational age (weeks
of gestation).

Weight for gestational age — based on weight measurements and gestational age — was calculated
in z-score using the International Fetal and Newborn Growth Consortium for the 21st Century
(INTERGROWTH-21st) application. Nutritional status was determined by weight for gestational age,
in z-score, considering the following cutoff points: small for gestational age (z-score < -2); appropriate
for gestational age (-2 < z score < +2); and large for gestational age (z-score > +2) 31.

The data were typed in duplicate into a Microsoft Office Access 2007 spreadsheet (https://pro
ducts.office.com/). The duplicated data were compared and the errors were corrected.

In the follow-up period, the mothers were contacted by phone and invited to participate in the
study. The data were collected by a team of trained researchers and interviewers. Anthropometric
measurements were checked during data collection. Weight (kg) was measured using a digital scale
(Filizola; https://www.oswaldofilizola.com.br/), and height (cm) was verified by an infantometer
(Alturexata; Belo Horizonte, Brazil) following WHO guidelines 28. The WHO Antro software, version
3.2.2 (http://www.who.int/childgrowth/software/en/) was used to calculate BMI-for-age, in z-score
(continuous variable), based on sex- and age-specific weight and height measurements. In the statisti-
cal analysis, BMI-for-age was used as a continuous variable. For the sake of sample description, nutri-
tional status was classified according to BMI-for-age using the following cutoff points: underweight
(z-score < -2); normal (-2 < z-score < +2); and overweight (z-score > +2) 32

Directed acyclic graph

A directed acyclic graph (DAG) was used to organize knowledge by mapping out cause and effect
relationships. DAG codifies a qualitative theory — or assumptions — about the causal structure of a
problem. A priori, it does not assume any distribution, and it is hinged upon nonparametric structural
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equations. Its use in causal modeling underscores the notion that causality implies directionality of
influence. By graphical models, the backdoor criterion was used to identify the minimum set of vari-
ables to adjust for confounding 33.

The DAG was created using the DAGitty 2.2 software (http://www.dagitty.net/). Unmeasured
variables were also included in the DAG: intestinal microbiota, hormones of labor, and infant’s food
intake. Controlling was made for confounding factors, avoiding adjustment for colliders and their
descendants, as false associations could be induced (collider bias) 33.

Type of delivery (dichotomous variable) was the exposure variable and BMI-for-age (continuous
variable) was the outcome variable. The variables indicated for the minimum adjustment for con-
founding were pregestational BMI (categorical variable), CCEB (categorical variable), schooling years
(categorical variable), maternal age (categorical variable), number of children (categorical variable),
prenatal care adequacy (dichotomous variable), weight gain during pregnancy (continuous variable),
and birth weight for gestational age (categorical variable) (Figure 2).

Statistical analysis and data processing

The Shapiro-Wilk test was used to check the normality of data. Normally distributed variables were
described as mean and SD and those without normal distribution were presented as median and
interquartile range. The qualitative variables were described as frequencies and percentages.

Figure 2

Directed acyclic graph: theoretical association model for cesarean delivery and body mass index (BMI) of children.
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The assumptions about causal inference are the following: the intervention has to be well defined;
there should be exchangeability between the exposed and unexposed groups (measured by the bal-
ance of the observed variables); there should be a single treatment version (cesarean section is a
single technique); there should be observations in all subgroups (positivity); and there should not be
contamination (the option for cesarean section in one woman cannot interfere in the probability of
cesarean section in another woman) 34.

Using the counterfactual approach, the final sample was weighted by the inverse probability of
treatment (birth by C-section) considering the minimum set of confounding variables by teffects ipwra
(inverse probability weighted linear regression adjustment) routine, a doubly robust method.

Moreover, the sample was weighted by the inverse probability of participation in the follow-up
assessments. Losses to follow-up were assessed and baseline variables were compared between those
infants who showed up for the follow-up visits and those who did not. Chi-square test was used for
this comparison and a p-value < 0.05 was considered as statistically significant. Type of delivery, ges-
tational hypertension, maternal BMI, schooling years, maternal age, parity, and maternal skin color
influenced the compliance with the follow-up assessments and were included in the regression model
from which the weight was abstracted.

The final weight used in the model was obtained by multiplying the inverse probability of partici-
pation in the follow-up assessments by the inverse probability of treatment (birth by C-section). Bal-
ancing between the groups was checked by the tebalance sum routine, to evaluate whether conditional
exchangeability could be assumed by the difference in standardized means and the variance ratio
between groups. The ideal difference in standardized means is zero (in which < 0.2 is acceptable) and
the ideal variance ratio is 1 (values from 0.8 to 1.2 are acceptable). The significance level was set at 5%
(p < 0.05). All analyses were carried out using Stata, version 14.0 (https://www.stata.com).

Ethical and legal aspects

This study was approved by the Research Ethics Committee of the Presidente Dutra University Hos-
pital (HUUPD), affiliated to the UFMA (process n. 223/09 and record n. 350/08), in compliance with
Resolution n. 196/1996 and complementary guidelines established by the Brazilian National Health
Council/Ministry of Health. After receiving information about the study, the mothers who agreed to
participate in the study signed a informed consent form.

Results

Our study included 2,181 mothers and infants. C-section births accounted for 50.6% of all births (data
not shown). More than 50% of the mothers belonged to socioeconomic class C (57.4%); 64.9% had
9-11 schooling years; and 66.7% were of mixed-race. Primiparous women accounted for 51.7% of the
sample and 17.3% reported having gestational hypertension. Regarding the pregestational maternal
nutritional status, 17.5% had excess weight. Prenatal care adequacy was as high as 99.6% (Table 1).

Childbirth in the private sector, socioeconomic classification A/B, high schooling, white skin
color, gestational hypertension, having one child and high pregestational BMI were associated with
high C-section (p < 0,001) (Table 1).

Girls accounted for 52% of the children. Children whose weight for gestational age was high (large
for gestational age) represented 5.9% of the sample. The nutritional status, based on BMI-for-age in
the follow-up period, indicated that 10.7% had overweight (Table 2). The mean and SD for this vari-
able was 0.54 £ 1.20.

The infants’ sex was not associated to either BMI z-score or C-section nor was it an effect modi-
fier of the association between C-section and BMI z-score (data not shown). Thus, results were not
stratified by sex.

Balance statistics showed exchangeability between the groups regarding the observed variables
included in the minimum set of adjustment for confounding (Table 3). No causal effect was observed
for C-section on the BMI of the infants (coefficient = -0.004; 95% confidence interval — 95%CI:
-0.136; 0.127; p-value = 0.948) (data not shown).
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Table 1

CESAREAN SECTION AND BODY MASS INDEX IN CHILDREN

Demographic, socioeconomic, perinatal, and nutritional characteristics of the mothers enrolled in the BRISA Birth Cohort.
Sao Luis, Maranhdo State, Brazil, 2010/2011-2013.

Variables Total C-section Vaginal birth p-value
n % n % n %
Sector <0.001
Public 1,788 82.0 1,069 59.8 719 40.2
Private 393 18.0 385 98.0 8 2.0
Socioeconomic classification * <0.001
A/B 462 21.1 356 771 106 22.9
C 1,251 57.4 579 46.3 672 53.7
D/E 468 21.5 169 36.1 299 63.9
Schooling (years) <0.001
0-4 39 1.8 15 38.5 24 61.5
5-8 328 15.0 112 34.1 216 65.9
9-11 1,414 64.9 667 47.2 747 52.8
>12 400 18.3 310 77.5 90 22.5
Skin color/Race <0.001
White 406 18.7 260 64.0 146 36.0
Black 291 13.3 144 49.5 147 50.5
Mixed-race 1,454 66.7 683 47.0 771 53.0
Yellow/Asian 26 1.2 17 65.4 9 34.6
Indigenous 2 0.1 0 0.0 2 100.0
Gestational hypertension <0.001
No 1,804 82.7 850 471 954 52.9
Yes 376 17.3 254 67.6 122 32.5
Prenatal care 0.457
Adequate 2,173 99.6 1,101 50.7 1,072 49.3
Inadequate 8 0.4 3 37.5 5 62.5
Number of children <0.001
1 1,128 51.7 612 54.3 516 45.7
2-4 1,001 45.9 478 47.8 523 52.3
=5 52 2.4 14 26.9 38 731
Pregestational BMI * <0.001
Underweight 511 23.4 190 37.2 321 62.8
Normal weight 1,289 59.1 678 52.6 611 47.4
Excess weight 381 17.5 236 61.9 145 38.1

BMI: body mass index.

Note: numbers may not add up to total (2,181) because of missing values.

* Socioeconomic classification: A is the most affluent and E comprises those with the lowest schooling and

purchasing power;

** Pregestational BMI: underweight < 18.5kg/m2; normal weight 18.5-24.9kg/m2; excess weight > 25kg/m2.

Cad. Saude Publica 2022; 38(4):e00344020
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Table 2

Anthropometric measurements and sex of the children from the BRISA Birth Cohort. Sdo Luis, Maranh&o State, Brazil,
2010/2011-2013.

Variables n %
Sex
Male 1,048 48.0
Female 1,133 52.0
Weight for gestational age - birth weight
Small for gestational age 49 2.2
Appropriate for gestational age 2,004 91.9
Large for gestational age 128 5.9
Children’s BMI
Underweight 47 2.2
Normal weight 1,900 87.1
Overweight 234 10.7

BMI: body mass index.

Discussion

Our study did not show a causal effect between C-section and BMI among children. C-section births
accounted for 50.6% — three times higher than the limit recommended by WHO 13. The prevalence of
overweight among children was 10.7%.

One of the limitations of this study was the use of self-reported weight and height information,
which is prone to recall bias, for the calculation of the pregestational maternal BMI. The estimated
value could have been overestimated by short women and underestimated by overweight women 35,36,
However, this is a common practice 37 due to the lack of planned pregnancy in most cases. Another
limitation was follow-up losses. However, inverse probability weighting based on variables collected
at birth was used to minimize this limitation. Even though children aged from 1 to 3 years were
included, 90% were 14- to 28-month-old and BMI-for-age z-score was used to allow comparisons of
children from different ages.

The strengths of this study include the use of data from a birth cohort of Brazilian children, with
a large sample size, wide variety of perinatal information, and weight and height measurements made
by trained researchers during the follow-up visits. Moreover, the children’s BMI was classified accord-
ing to international standards, allowing comparison with other studies and populations. The main
confounding variables - including pregestational maternal BMI — were included in the adjustment.

Another strength was the selection of adjustment variables using a DAG, based on the theoretical
plausibility of the relationships between variables, contributing to reducing the confounding bias. We
also highlight the use of a method based on the counterfactual approach, the inverse probability of
treatment weighting, and the statistical methods that assessed exchangeability of observed variables
between the groups.

Cesarean section was associated with high maternal schooling and purchasing power 3839, atten-
dance in the private health facilities 3940, old maternal age, and primiparity as reported by others 40.

The association between C-section and increased BMI during childhood is controversial,
and reported by some studies 41,4243, however, some recent studies have not found this associa-
tion 44/4546,47,48,49,50, A meta-analysis carried out by Sutharsan et al. 24 reveals that the associations
observed between C-section and obesity likely result from several biases, especially from confound-
ing bias. Another meta-analysis suggests an association between C-section and obesity, more con-
sistently perceived in a young population, but possible confounding bias was detected 43. A study by
Masukume et al. 20 on 3-year-old Irish children did not find data that could confirm the association

Cad. Saude Publica 2022; 38(4):e00344020
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Table 3

Balance of variables in the exposed and non-exposed groups before and after inverse probability of selection weighting of the BRISA Birth Cohort. Sdo

Luis, Maranhdao State, Brazil, 2010/2011-2013.

Variables Differences in standardized means Variance ratio
Raw Weighted Raw Weighted

Maternal BMI

Underweight Reference

Normal weight 0.113 -0.002 0.953 1.001

Excess weight 0.241 0.000 1.616 1.001
Weight for gestational age

Small for gestational age Reference

Appropriate for gestational age -0.026 -0.009 1.084 1.032

Large for gestational age 0.055 0.007 1.230 1.029
Maternal socioeconomic classification *

A/B Reference

C -0.210 0.007 1.065 0.997

D/E 0.582 -0.009 2.460 0.986
Maternal age (years)

<20 Reference

20-34 0.071 -0.017 0.918 1.022

>35 0.333 0.036 2.840 1.114
Maternal schooling (years)

0-4 Reference

5-8 -0.268 -0.002 0.558 0.994

9-11 -0.235 0.018 1.161 0.988

>12 0.556 -0.021 2.655 0.967
Number of children

1 -0.015 -0.006 0.986 1.006

2-4 -0.116 0.006 0.788 1.012

25 -0.130 -0.016 0.410 1.109
Weight gain during pregnancy 0.238 -0.005 1.069 0.975
Prenatal care adequacy -0.001 0.011 0.959 1.271

* Socioeconomic classification: A is the most affluent and E comprises those with the lowest schooling and purchasing power.

between C-section and increased risk of overweight. A similar result was obtained for English chil-
dren aged 3, 5,7, 11, and 14 years 20.

The use of a DAG for the identification of a set of variables helps minimize the possibility of con-
founding and selection biases in the estimation of the causal effect investigated herein 51. Its use in our
study prevented us from unnecessarily adjusting for some variables that are commonly included in
the multivariate model in studies on the association between C-section and BMI or overweight, such
as diabetes mellitus, smoking during pregnancy, among others. Therefore, this leads to the potential
interpretation of our finding as causal effect.

Environmental factors can interfere with BMI throughout the life course, especially within the
first 1,000 days of life. It is widely known that the diet can modulate the intestinal microbiota of
children and adults, and studies have demonstrated that the intestinal microbiota is modulated by
environmental factors and, more robustly, by diet formulation 52,53,54,55,56. Nevertheless, for the
assessment of the causal effect between C-section and BMI in children, the diet is not a confounding
factor, but a mediator variable instead, as indicated by the DAG developed herein; and, therefore, this
variable does not need to be included in the adjustment.

Cad. Saude Publica 2022; 38(4):e00344020
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This study did not make any distinction as to whether C-section was elective/planned or emer-
gency/unplanned. Studies that separately assess the types of indication for C-section are controversial
since emergency C-section is not associated with a lower incidence of overweight or change in BMI
than an elective C-section 20,4950,

Recent studies have suggested that the contact of the newborn with the maternal vaginal micro-
biota during an emergency C-section does not reduce the risk of obesity when compared with that
of newborns born by a planned C-section, as expected. These findings contrasts with the assumption
that contact with the vaginal microbiota could be accountable for the increased risk of childhood
obesity 49,50, Hence, determining exposure by the type of indication for C-section does not seem to
change the outcomes of this association.

The prevalence of C-section in our study was slightly lower than the 52% reported in a Brazilian
study carried out in 2011/2012. However, interestingly, the Northeastern Region, from which the
sampled population in our study was taken, has lower rates of C-section than the Central-Western
and Southern regions 57.

Conclusion

No causal effect was observed between C-section and BMI among children aged 1-3 years using
graphical and counterfactual approaches to minimize confounding and selection biases.

There was a high rate of C-section in this study, in line with what has been observed in Brazil and
in other countries. Even though no causal effect of C-section on the BMI of children could be found,
it is important that the type of delivery be chosen based on medical criteria, since C-section may harm
both mother and child, with high rates of perinatal complications and mortality.

Cad. Saude Publica 2022; 38(4):e00344020
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Resumo

A obesidade é considerada um problema de saii-
de publica global. Alguns estudos tém mostrado
associacdo entre indice de massa corporal (IMC)
elevado e aumento da obesidade em todas as fases
da vida. Entretanto, essa mesma associacdo tem
sido contestada por outros estudos. O objetivo foi
de avaliar o efeito causal do parto cesdreo sobre
o IMC das criancas entre 1 e 3 anos de idade. O
estudo de coorte analisou 2.181 criancas de 1 a 3
anos de idade, nascidas em 2010, com dados ob-
tidos da Coorte de Nascimentos BRISA em Sao
Luis, Maranhao, Brasil. Foram avaliados dados
sociodemogrdficos, caracteristicas maternas, tipo
de parto, morbidades, medidas antropométricas e
IMC. Foram usados modelos estruturais margi-
nais com abordagem contrafactual para verificar
o efeito causal do tipo de parto sobre a obesidade,
ponderado pela probabilidade inversa de selecao e
exposicao. Entre as 2.181 criangas avaliadas 52%
eram do sexo feminino, 50,6% nascidas de par-
to cesdreo, 5,9% grandes para a idade gestacional
e 10,7% com excesso de peso. Nao foi observado
efeito causal da cesariana sobre o IMC da crian-
ca (coeficiente = -0,004; IC95%: -0,136; 0,127;
p = 0,948). O parto cesdreo nao teve efeito causal
sobre o IMC de criancas entre 1 e 3 anos de idade.
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Corporal
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Resumen

La obesidad estd considerada un problema global
de salud publica. El parto por cesdrea ha sido aso-
ciado con un alto indice de masa corporal (IMC)
y mayor obesidad en todos los estadios de la vida.
Esta asociacion, sin embargo, ha sido recusada en
algunos estudios. El objetivo fue evaluar el efecto
causal del parto por cesdrea en el IMC de nifios
con edades de 1 a 3 afios. Esta es una cohorte de
estudio de 2.181 nifios con edades de 1 a 3 afios,
nacidos en 2010, obtenidos de la Cohorte de Naci-
mientos BRISA, en Sao Luis, estado de Maranhao,
Brasil. Se evaluaron las variables sociodemogrdfi-
cas, caracteristicas maternales, tipo de parto, mor-
bilidad, medidas antropométricas, e IMC. Se usa-
ron modelos marginales estructurales con un enfo-
que contrafactual para comprobar el efecto causal
del tipo de parto en la obesidad, ponderado por
la probabilidad inversa de seleccion y exposicion.
Aparte de los 2.181 nifios evaluados (52% muje-
res), 50,6% nacieron por parto por cesdrea, 5 9%
de los nifios recién nacidos fueron grandes para la
edad gestacional, y 10,7% de ellos tenian exceso de
peso. No se observé un efecto causal del parto por
cesdrea en el indice de masa corporal (coeficiente =
-0,004; IC95%: -0,136; 0,127; p = 0,948). El parto
por cesdrea no tuvo un efecto a causal en el IMC
de nifios con edades entre 1 a 3 afios.
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