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Birth by cesarean delivery and central
adiposity in adolescents from a
birth cohort

Nascimento por parto cesareo e adiposidade
central em adolescentes de uma coorte
de nascimentos

Nacimiento por parto con cesarea y adiposidad
central en adolescentes de una cohorte
de nacimientos

Abstract

The aim of this study was to analyze the association between birth by cesar-
ean section and central adiposity in adolescents in Sao Luis, Maranhdao State,
Brazil. This was a cohort study that included 601 participants evaluated at
birth and at 18-19 years. At birth we assessed type of delivery, maternal edu-
cation, family income, maternal marital status, maternal body mass index
before pregnancy, prenatal care, maternal smoking habit, gestational age at
delivery and intrauterine growth restriction. In the adolescents, we evaluated
central adiposity using the dual X-ray energy absorptiometry method. The
indicators of central fat used were the trunk-to-total fat mass ratio (T/T),
the android-to-gynoid fat mass ratio (A/G), the trunk-to-limb fat mass ratio
(T/Lb), and the trunk-to-leg fat mass ratio (T/Lg). A theoretical model for the
study of associations was developed using directed acyclic graphs, which al-
lowed selecting the variables that required minimum adjustment for inclusion
in the predictive model of exposure to cesarean delivery. The data were ana-
lyzed with marginal structural models weighted by the inverse of the probabil-
ity of selection. A total of 38.6% of the adolescents studied were delivered by
cesarean section. There was no significant difference in the central adiposity
of adolescents delivered by cesarean section according to the indicators used:
T/T ( coefficient = -0.003; 95%CI: -0.013; 0.007), A/G (coefficient = 0.001;
95%CI: -0.015; 0.018); T/Lb (coefficient = -0.016; 95%CI: -0.048; 0.016);
T/Lg (coefficient = 0.014; 95%CI: -0.060; 0.030). In conclusion, there was no
association between cesarean section delivery and greater central adiposity in
the studied adolescents.
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Introduction

While body fat is an important indicator of overweight-related diseases, the location of such fat seems
to be of greater significance 1. The accumulation of adipose tissue in the central region of the body
compared to peripheral fat is more closely associated with an increase in chronic noncommunicable
diseases 2. This is because central fat, due to its visceral component, undergoes lipolysis more easily,
releasing greater amounts of inflammatory lipids and adipokines into the bloodstream 3.

Cross-sectional 4 and longitudinal studies 56 have previously assessed the effects of birth by cesar-
ean delivery on obesity in adolescence. One of the possible mechanisms proposed for this association
is that nonvaginal birth could cause unfavorable changes in the intestinal microbiota 7. This change
would lead to intestinal dysbiosis, which could affect metabolism and energy storage and thus be
considered a link between genetics and the environment in the development of excess weight 8.

In addition to the intestinal dysbiosis mechanism, the response to physiological stress elicited in
the mother and child during and after vaginal birth could serve as a programming event that contrib-
utes to the body mass later in life. This can be explained by the stress response in the mother and child
caused by vaginal birth, which leads to a more pronounced increase in plasma levels of stress-related
hormones such as norepinephrine, cortisol, adrenaline, prolactin, thyroid stimulating hormone, thy-
roxine and triiodothyronine. The lack or reduced release of these hormones during cesarean delivery
could contribute to adiposity throughout life 9.

Previous systematic reviews and meta-analyses have also shown an association between caesarean
delivery and obesity 10,11,12, However, in 2015, a meta-analysis suggested that it is highly likely that
caesarean delivery is associated with an increased risk of overweight and obesity due to confounding
factors such as sex, maternal weight before pregnancy, gestational diabetes, breastfeeding and the use
of antibiotics 13.

Thus, studying the association between birth by cesarean delivery and central adiposity is impor-
tant because, despite the reduction in the number of cesarean deliveries in Brazil 14, the prevalence
of this method remains high (around 50% in recent years — Brazilian Health Informatics Department.
http://www2.datasus.gov.br/DATASUS/index.php?area=0205) and well above the 15% percentage
recommended by the World Health Organization (WHO) 15. Few studies have analyzed the associa-
tion between caesarean delivery and central adiposity. In addition, studies on this topic have used
anthropometric measurement methods, such as skinfolds and waist and hip circumference 16,17. To
the best of our knowledge, there are no studies on cesarean delivery and the assessment of central
adiposity by dual X-ray energy absorptiometry (DXA), which is considered a more accurate method
for evaluating fat distribution that allows the use of various indicators of central adiposity 18.

There are also no studies on this topic that analyze other confounders, such as maternal body
mass index before pregnancy, maternal smoking habit and breastfeeding. Additionally, the type of
analysis used is crucial for obtaining the results; thus, the use of directed acyclic graphs 19, the minimal
adjustment of variables to avoid confounding bias 20 and analysis using the inverse of the probability
of selection.

As such, the aim of this study is to investigate the association between birth by caesarean delivery
and central adiposity in adolescents from a birth cohort in Sao Luis, Maranhéo State, Brazil.

Methods

Study population and sample

This is a prospective cohort study conducted in the city of Sdo Luis. The cohort was recruited in
1997-1998. In 1996, 96.3% of the births in this city were in-hospital, and all units with more than
100 births per year were selected to participate in the study. Among the 20,092 births, we randomly
selected 2,831 births to mothers residing in the municipality. Of these, twins and stillbirths were
excluded, resulting in a sample of 2,691 participants. A search for the participants was carried out
in 2016, when the children were adolescents (18-19 years), via public enrollment records in schools
or universities, addresses and telephone numbers recorded during the first and second phases of the

Cad. Saude Publica 2021; 37(1):e00033320



BIRTH BY CESAREAN AND CENTRAL ADIPOSITY IN ADOLESCENTS

cohort study, military enlistment records for boys, and social media. Approximately 60 to 70% of the
birth cohort, i.e., 1,440 to 1,680 adolescents, were expected to participate in this phase. However, only
601 adolescents who participated in the first phase of the study were located and evaluated for body
fat using DXA.

Inclusion and exclusion criteria

The inclusion criteria were participation of the birth cohort in Sdo Luis, from 1997 to 1998, with
information on the type of delivery and consequent reassessment in 2016 using anthropometric mea-
sures and DXA. The exclusion criteria were twinship, not having information about the type of deliv-
ery, adolescents with plaster or prostheses, pregnant women or adolescents in the postpartum period.

Maternal and perinatal variables

Maternal and perinatal characteristics were collected via interview with the mother immediately after
birth. The following variables were used: family income in minimum wages (up to 1, 1 to 3 and more
than 3 minimum wages); maternal schooling in years of study (0-4, 5-8, 9-12, over 12 years); maternal
smoking habit during pregnancy (yes when the mother smoked at least one cigarette per day and no
when the mother did not smoke), maternal body mass index (BMI) before pregnancy as a continuous
variable (in kg/m?2), age of the mother as a continuous variable (in years), gestational age (in months),
sex of the child (male or female), low birth weight according to the WHO definition (less than 2,500g),
maternal breastfeeding (yes or no), type of childbirth care (public health care provider; public/private/
philanthropic health care provider; network-affiliated health care provider; autonomous health care
provider), marital status of the mother (married, consensual union, or without partner), prenatal care
(ves or no) and intrauterine growth restriction (IGR) was determined on the basis of birth weight
ratio, which is the ratio between the child’s birth weight and the mean weight for sex and gestational
age in weeks 21 in accordance with the reference curve of Williams et al. 22, For the current study, a
birth weight ratio under 0.85 was defined as IGR and a birth weight ratio over 0.85 as non-IGR 21,23,

Trained individuals measured the weight and length of the newborn immediately after delivery.
The infants were weighed on scales that were calibrated weekly to a precision of 10g.

Anthropometric measurements and DXA

In 2016, adolescents were invited to visit the collection site, where questionnaires were administered,
and clinical and physical examinations were carried out. Data were collected by health professionals,
and all professionals underwent training on each instrument they applied in this study.

For the measurements of body composition, we used DXA with a Prodigy Lunar scanner (GE
Healthcare, Chicago, USA). All selected data were analyzed using the enCORE software (https://
www.encore.com/).

The DXA examination was performed by a trained technician using the protocol described in the
instrument’s documentation. During the exam, the adolescent was asked to wear light and tight Lycra
clothing - typically training shorts, and sports bras for women — and to lie down on the table in supine
position and remain motionless during the scan.

After the whole body scan, the program provided estimates of the fat, bone and lean mass for the
whole body and specific regions (trunk, gynoid, android, arms and legs); the percentage of total fat
mass, the percentage of trunk fat mass, the percentage of android and gynoid fat mass, the fat mass
index (FMI) in kg/m2 and the ratios between the fat masses of the following regions: trunk/total
(T/T), android/gynoid (A/G), trunk/legs (T/Lg), and trunk/limbs (T/Lb) (arms and legs) 1.

The body mass in kilograms was obtained using a Filizola scale (Sdo Paulo, Brazil), and the height
of the adolescents was obtained using the Alturexata stadiometer (Belo Horizonte, Brazil). BMI is
calculated as weight (kg)/height squared (m2). In this study, the centrally distributed adipose tissue
was used as a response variable.

Cad. Saude Publica 2021; 37(1):e00033320

3



4  Abreu]D'AMF et al.

Directed acyclic graphs

A theoretical model of causality was developed using a directed acyclic graph (DAG), which is a
theoretical, logical, nonparametric and nonstatistical model established graphically using the pub-
lic-domain DAGitty software v. 3.0 (http://www.dagitty.net/) 19. The DAG originated in Bayesian
networks; it includes variables that could potentially cause biases in the main relationship and also
establishes cause and effect relationships between them, as expressed by arrows (Figure 1).

In this model, a relationship between two variables is examined to establish not only a statisti-
cal association but a greater approximation of the cause-and-effect relationship between them. The
DAG encodes a qualitative theory or assumptions about the causal structure of a problem. Through
heuristic rules, the back-door criterion is used to identify the minimum set of variables necessary to
adjust confounding bias. The program suggests adjusting only for confounders to avoid the error of
possible adjustments of colliders and descendants of colliders 20.

A graphical model was constructed with variables that are generally considered confounders
when studying the association between cesarean delivery and adiposity. The software applied algo-

Figure 1

Directed Acyclic Graph - theoretical model of the association between birth by cesarean delivery and central adiposity.

Maternal marital status Gestational weight gain

Gestational age

—~ . .
Adolescent calorie consumption Hormones birth
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Microbiota NB
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Antibiotics

Adolescent smoking
Adolescent alcohol consumption Use of baby formula

Adolescent family income

BMI: body mass index; IGR: Intrauterine growth restriction; NB: newborn.
Note: exposure variable: birth by cesarean section; outcome variable: central adiposity; gray circle: unobserved variable; blue circle: ancestor of
outcome; red circle: ancestor of exposure and outcome; green line: causal path; red line: biasing path.
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rithms and established which variables in the predictive model of exposure should be adjusted in the
subsequent statistical analysis.

Statistical analysis and data processing

Losses to follow-up were evaluated using the chi-square and Mann-Whitney tests to identify variables
that exhibited significant differences relative to birth method. Logistic regression generated a weight
for each participant to weight the final sample in relation to sample losses. The variables used to
weight for sample loss were maternal education, maternal age, family income at birth, childbirth care,
type of delivery, sex of the adolescent and prenatal care.

The following ratios were used as measures of central adiposity: trunk/total (T/T); android/
gynoid (A/G), trunk/limbs (the fat mass in the trunk over the sum of the fat mass in the arms and
legs) (T/Lb) and trunk/legs (T/Lg), based on the measurements obtained by the DXA examination.
Normality cut-off points were not found in the literature for these ratios in similar populations and
or the same age range of the participants 24.

The variables selected for minimum adjustment by the DAGitty software were intrauterine growth
restriction, gestational age at delivery, maternal education, maternal smoking habit, maternal age,
maternal BMI before pregnancy, prenatal care, family income at birth and maternal marital status.

An epidemiological causal inference analysis method was used. The estimates were obtained by
weighting the inverse of the probability of selection to eliminate bias from the differences in the distri-
bution of the variables in the exposed (adolescents delivered by cesarean) and unexposed (adolescents
not delivered by cesarean) groups. In this type of analysis, the adolescents with a higher probability
of being selected as exposed had a lower weight than those with a lower probability of selection, who
had a higher weight. This analysis seeks a closer approximation of causality when comparing different
situations in the same individual. Thus, the adolescent is analyzed as part of the exposed and unex-
posed groups. The data and estimates contribute to an estimation of the non-observed data, enabling
estimates to be obtained without confounding bias 25,26.

In causal inference analysis, observational studies are treated as if they were experimental with
conditional randomization to balance the groups (exposed and unexposed), resulting in permutability
between them. Permutability occurs when the balance is effective between the variables that predict
the outcomes of the groups. To verify whether permutability between the exposure groups was
achieved, the standardized difference of 0 (with values under 0.2 being acceptable) was considered
an indicator of good permutability between groups, as was the ideal variance ratio of 1 (with values
between 0.8 and 1.2 being acceptable). In addition, another tebalance overid routine was performed
to check for the presence of balancing by “overidentification”, and adequate balancing was determined
when the p-value was greater than 0.05 25. The level of significance was set at 5%. The data were ana-
lyzed using Stata version 14.0 (https://www.stata.com).

Ethical and legal aspects

All participants signed the informed consent form. The study was approved by the Ethics Research
Committee of the University Hospital of Federal University of Maranhdao (UFMA), Brazil, under
opinion n. 3104-476/2005.

Results

In this study, a total of 601 adolescents were evaluated. It was possible to verify that the adolescents
who returned to assess their body composition with DXA were mostly male (odds ratio — OR = 0.67;
95%CI: 0.55; 0.80), those with mothers who had 9 and 12 years of schooling in 1997/1998 (OR = 1.44;
95%CI: 1.07; 1.95) and those whose mother had performed prenatal care (OR = 1.69; 95%CI: 1.41;
2.50) (Table 1).
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Table 1

Logistic regression of socioeconomic and maternal perinatal characteristics for sample weights for follow-up losses. Sdo
Lufs, Maranhdo State, Brazil 1997/1998 and 2016.

Variables Weighting for loss of follow-up
OR 95%Cl

Maternal schooling level (years)

5-8 1.16 0.87; 1.54
9-12 1.44 1.07;1.95
>12 0.95 0.54;1.67
Ignored 0.65 0.08; 5.47
Family income at birth (minimum wage)
1-3 0.88 0.70; 1.10
Upto1 0.76 0.56; 1.03
Ignored 0.80 0.53; 1.19
Childbirth care
Public/Private/Philanthropic health care provider 0.96 0.78;1.18
Network-affiliated health care provider 1.03 0.71;1.48
Autonomous health care provider 0.41 0.14; 1.22
Type of delivery 1.19 0.96; 1.47
Sex of the adolescent 0.67 0.55; 0.80
Maternal age 1.01 0.99; 1.03
Prenatal care 1.69 1.14; 2.50

95%Cl: 95% confidence interval; OR: odds ratio.

Note: participants number: 2,691. Reference categories: maternal schooling level (0-4 years), family income at birth
(more than 3 minimum wages), childbirth care (public health care provider), type of delivery (vaginal birth), sex of the
adolescent (male), maternal age (15 to 19 years), prenatal care (absence).

Of the total number of adolescents evaluated, 38.6% were born by cesarean section, 62.6% were
male, 84.8% were breastfed by their mothers, 13% had intrauterine growth restriction, 11% were
born preterm, 8.5% born with low birth weight and 50% of their families earned more than three
minimum wages. The most births occurred by public health care provider (58.1%) and prenatal care
was received in 94% of pregnancies. Among the mothers of the adolescents, the most prevalent age
range was between 20 and 24 years (38%), 42% had 9 to 12 years of study, the most common marital
status was consensual union (48%), 4.8% reported smoking during pregnancy. Maternal BMI was on
average 21kg/m2; 16% of the mothers had a low weight, 9% had overweight and 1% had obesity (data
not shown in Table).

Regarding body composition and fat distribution measurements in adolescents, it was observed
that female adolescents had a higher average for total fat mass (19.5kg), trunk fat mass (8,641.02g),
limbs fat mass (10,049.92g), legs fat mass (7,894.20g), android fat mass (7,894.20g), gynoid fat mass
(3,763.04g) and FMI (7.59kg/m?2) (Table 2).

The observed variables (IGR, gestational age, maternal education, maternal age, maternal smoking
habit, maternal BMI before pregnancy, prenatal care, family income at birth, maternal marital status)
were equally distributed between groups of adolescents who were born by cesarean section and who
were born by normal delivery. All absolute differences in means were less than 0.2 standard deviation
and all variance ratios were between 0.08 and 1.2 (Table 4). Thus, the observed variables were equally
balanced between the groups (Table 3).
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Table 2

BIRTH BY CESAREAN AND CENTRAL ADIPOSITY IN ADOLESCENTS

Body composition and fat distribution measurements in adolescents and maternal BMI according to the sex of

adolescents. S&o Luis, Maranhd&o State, Brazil, 1997/1998 and 2016.

Variables Male Female Total
(n =376) (n =225) (n=601)

Mean + SD Mean + SD Mean + SD
Maternal BMI (kg/m2) 21.17 +2.85 21.08 +3.11 21.14 +2.95
Adolescents’” height (m) 1.73+0.08 1.60 + 0.06 1.68 + 0.95
Adolescents’ body weight (kg) * 64.96 + 12.30 55.72+11.80 61.50 + 12.90
Adolescents’ BMI (kg/m2) 21.77 +3.64 21.70+ 4.05 21.74 +3.79
Total fat mass (kg) * 13.94+7.15 19.50 + 7.40 16.04 +7.70
Trunk fat mass (g) * 6,035.41+ 3,880.01 8,641.02 + 3,816.27 7,017.42 + 4,054.87
Limbs fat mass (g) * 7,021.72 + 3,369.96 10,049.92 + 3,677.26 8163.00 + 3782.67
Legs fat mass (g) * 5,439.16 + 2,573.86 7,894.20 + 2,877.15 6,364.43 + 2,941.57
Android fat mass (g) * 810.43 + 664.11 1,187.43+ 648.08 952.51 + 682.52
Gynoid fat mass (g) * 2,319.70 + 1,299.93 3,763.04 + 1,347.52 2,863.68 + 1,491.44
Trunk/total ratio (T/T) 0.41 +0.05 0.43 +0.05 0.42 +0.05
Android/gynoid ratio (A/G) 0.32 +0.09 0.30 + 0.08 0.31 +0.09
Trunk/limbs (T/Lb) 0.83+0.20 0.85+0.15 0.83+0.18
Trunk/legs (T/Lg) 1.07 +0.27 1.08 +0.21 1.07 +0.25
Fat mass index (kg/m2) * 4.69 + 2.40 7.59+2.73 5.79 + 2.90

A/G: android-to-gynoid fat mass ratio; BMI: body mass index; SD: standard deviation; T/Lb: trunk-to-limb fat mass ratio;

T/Lg: trunk-to-leg fat mass ratio; T/T: trunk-to-total fat mass ratio.

* p-value < 0.05.

Table 3

Balancing the covariates by the inverse of the probability of selection. Difference between standardized means and variance ratios.

Variaveis Difference between standard averages * Variance ratio **
Crude estimate Weighted estimate Crude estimate Weighted estimate

Intrauterine growth restriction -0.05 -0.020 0.90 0.96
Gestational age at birth -0.06 0.003 0.85 1.00
Maternal education_2 -0.48 0.024 0.72 1.01
Maternal education_3 0.21 -0.013 1.01 1.00
Maternal education_4 0.45 -0.011 9.50 0.95
Maternal age 0.50 -0.061 1.35 1.02
Maternal smoking 0.01 0.005 0.94 0.97
Maternal prepregnancy BMI 0.19 -0.030 1.13 0.82
Prenatal care 0.01 0.016 0.93 0.84
Family income at birth_2 -0.25 -0.002 0.81 1.00
Family income at birth_3 -0.24 0.070 0.56 1.17
Family income at birth_4 -0.06 0.040 0.76 1.20
Maternal marital status_2 -0.35 0.028 0.94 1.00
Maternal marital status_3 -0.16 -0.007 0.78 0.99

BMI: body mass index.

* Values close to 0 (zero) indicate similarity between groups;

** Values close to 1 (one) indicate similarity between groups.
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Table 4

Effect of cesarean delivery on the body fat distribution of male and female adolescents, weighted by the inverse of the
probability of selection and for sample losses. Sdo Luis, Maranhdo State, Brazil, 1997/1998 and 2016.

Body fat distribution Cesarean delivery
Coefficient 95%Cl

Trunk-to-total fat mass ratio (T/T)

Male <-0.001 -0.013; 0.011

Female -0.006 -0.002; 0.007

Total -0.003 -0.013; 0.007
Android-to-gynoid fat mass ratio (A/G)

Male 0.005 -0.014; 0.024

Female -0.009 -0.030; 0.015

Total 0.001 -0.015; 0.018
Trunk-to-limb fat mass ratio (T/Lb)

Male -0.014 -0.050; 0.030

Female -0.024 -0.070; 0.020

Total -0.016 -0.048; 0.016
Trunk-to-leg fat mass ratio (T/Lg)

Male -0.009 -0.060; 0.460

Female -0.035 -0.090; 0.030

Total -0.014 -0.060; 0.030
Fat mass index

Male 0.018 -0.620; 0.660

Female -0.024 -0.830; 0.780

Total -0.127 -0.774; 0.520
Trunk fat mass

Male -0.003 -0.030; 0.020

Female 0.001 -0.030; 0.030

Total -0.005 -0.030; 0.020
Android fat mass

Male -0.002 -0.030; 0.020

Female -0.004 -0.040; 0.030

Total -0.007 -0.030; 0.020
Gynoid fat mass

Male -0.002 -0.030; 0.020

Female 0.004 -0.020; 0.030

Total -0.007 -0.036; 0.021
Total fat mass

Male <-0.001 -0.020; 0.020

Female 0.005 -0.020; 0.030

Total -0.003 -0.025; 0.019
Body mass index

Male 0.200 -0.670; 1.070

Female -0.170 -1.260; 0.910

Total -0.026 -0.800; 0.740

95%Cl: 95% confidence interval.
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There were no significant differences in the central adiposity indicators evaluated by DXA: T/T
(coefficient = -0.003; 95%CI: -0.013; 0.007), A/G (coefficient = 0.001; 95%CI: -0.015; 0.018); T/Lb
(coefficient = -0.016; 95%CI: -0.048; 0.016) and T/Lg (coefficient = -0.014; 95%CI = -0.060; 0.030).
There were also no differences between adolescents born by vaginal delivery or caesarean section in
the percentages of fat mass in the trunk (coefficient = -0.005; 95%CI: -0.030; 0.020), android (coef-
ficient = -0.007; 95%CI: -0.036; 0.021) and gynoid (coefficient = -0.007; 95%CI: -0.036; 0.021) regions
or in the measurements of BMI (coefficient = -0.026; 95%CI: -0.080; 0.074) and FMI (coefficient =
-0.127; 95%CI: -0.774; 0.520) (Table 4).

There were no differences between adolescents born by vaginal delivery or cesarean section in
T/T (coefficient = -0.003; 95%CI: -0.013; 0.007), A/G (coefficient = 0.001; 95%CI: -0.015; 0.018), T/Lb
(coefficient = -0.016; 95%CI: -0.048; 0.016), T/Lg (coefficient = -0.014; 95%CI: -0.060; 0.030), trunk
fat mass (coefficient = -0.005; 95%CI: -0.030; 0.020), android fat mass (coefficient = -0.007; 95%CI:
-0.036; 0.021), gynoid fat mass (coefficient = -0.007; 95%CI: -0.036; 0.021), total fat mass (coefficient =
-0.003; 95%CI: -0.025; 0.019), BMI (coefficient = -0.026; 95%CI: -0.080; 0.074) and FMI (coefficient =
-0.127; 95%ClI: -0.774; 0.520). If there were significant differences between adolescents born by vagi-
nal delivery or cesarean section in the central and total adiposity, the magnitude of the effects would
be very small. For example, if the adolescents had been born by cesarean delivery, their BMI would
reduce by 0.026kg/m?2 and their total fat mass would reduce by 0.003g (Table 4).

Discussion

Our results showed no association between birth by cesarean delivery and higher amounts of central
and total adiposity in adolescents aged 18 and 19 years old from the city of Sdo Luis.

This study has some strengths. Few studies have evaluated the association among cesarean deliv-
ery and central body fat distribution. To date, no other studies have assessed cesarean section and
central adiposity using DXA to evaluate central adiposity. This method of central adiposity assess-
ment evaluates it more accurately than anthropometric measurements. Another strength is the cohort
study design, which followed the participants from birth. Weighting the inverse of the probability of
participation in the follow-up attenuated the identification of spurious correlations due to the losses
to follow-up that occurred in this cohort during the follow-up of adolescence. The predictive model
of birth by cesarean delivery with DAG-based adjustments reduced the chance of confounding bias
and allowed verification of the permutability between the exposed and unexposed groups (balancing),
and the analysis by marginal structural models weighted by the inverse of the probability of exposure
allowed an estimation closer to the causal effect of birth by cesarean delivery on central adiposity.

Among the limitations of this study is the lack of data on the therapeutic indication for cesarean
section, as indications due to gestational diabetes and eclampsia may have a stronger relationship
with adiposity in adolescents. Another limitation is that the measurement of android abdominal fat by
DXA does not allow for distinguishing between the visceral and subcutaneous tissues of the abdomen
unless the visceral adipose tissue is evaluated. However, other indicators evaluated by DXA were used
to analyze central adiposity, and these are more accurate than anthropometric measurements because
they are able to measure the fat mass separately from the lean body mass 1.

Two previous studies were conducted with male individuals in late adolescence, verifying an asso-
ciation among cesarean delivery and obesity measured by BMI: Bar-Meir et al. 27 evaluated 17,003
17-year-olds individuals in West Jerusalem, and Svensson et al. 28 studied 21,051 18-year-old indi-
viduals in Denmark. Two other studies were found that did not verify this association: Barros et al. 5
who studied fat mass index assessed by DXA in 3961 adolescents aged 18 years in the city of Pelotas
in Rio Grande do Sul, Brazil, and the study by Ahlqvist et al. 29 who studied BMI in 97,291 men with
an average age of 18 years from Sweden. These studies do not point to a consensus.

Some meta-analyses were performed to elucidate the issue, but they continued to emphasize the
complexity of the question because they found discordant results. These meta-analyses concluded
that there was an association between cesarean delivery and obesity in childhood 11, in adolescents
10 and in adulthood 12. However, in the meta-analysis of Sutharsan et al. 13 it was suggested that the
association between overweight and obesity is due to the influence of confounding factors such as
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sex, maternal weight before pregnancy, gestational diabetes, maternal breastfeeding and the use of
antibiotics 13. In our study, these confounding variables were present in the initial predictive model.

Studies carried out on individuals in their late adolescence found an association even after adjust-
ing for several confounding factors 27.28. However, none of them adjusted for pregestational BMI,
although Bar-Meir et al. 27 verified interaction between quartiles of pregestational BMI and observed
significant association between cesarean section and obesity only among offspring born to mothers
in the highest quartile of pregestational BMI.

According to Gillman & Ludwig 30, the determinants of the development of obesity are numerous
and the maternal nutritional status prior to birth is one of them. The higher pregestational maternal
BMI may contribute to obesity in people born to mothers with overweight and obesity. This can be
explained by genetic risk or by intestinal transmission of the mother’s obesogenic microbiota dur-
ing delivery 12. This hypothesis is supported by a study that found that overweight pregnant women
and women with gestational weight gain greater than 16kg had higher concentrations of Bacterioides,
Clostridium and Staphylococcus 31. Consequently, the genetic characteristics or the gestational exposure
of children born from overweight and obese mothers may make them less able to recover from any
risk of obesity caused by cesarean delivery 30.

Most studies on the association between cesarean delivery and obesity have been done including
children 45,6,17,32,33,34,35,36,37,38 and adults 516394041, Some studies have been carried out including
adolescent individuals 456,17,42 but there are few studies conducted with individuals in their late ado-
lescence 4527.29, This study was carried out with people in this age group because they have already
gone through the growth stage and are no longer under the hormonal effects of adolescence, which
provide greater deposition of adipose tissue 43. Thus, adiposity and its distribution in late adolescents
may be more related to the risk factors to which these adolescents were exposed.

It is plausible that the effect of cesarean delivery on obesity is influenced by a wide range of fac-
tors 13. It is likely that different methods, especially regarding the type of measurement and outcome
used, may have contributed to the identification of associations among cesarean delivery and body fat
in other studies. Two studies conducted with adolescents aged 17 and 18 using BMI found an associa-
tion 27.28. Only one study was found using DXA to assess fat mass index and found no association. No
study was found to assess central adiposity in late adolescence. It is noteworthy that the assessment
of total and central adiposity using DXA is accurate and may have contributed to our results. Even
though the use of BMI and waist circumference are anthropometric methods commonly used for
their simplicity, ease of execution, low cost and reproducibility, they have limitations in predicting the
amount of body fat, as they include, in addition to adipose tissue, organs and tissues 44. In addition,
for waist circumference differences in location may occur between studies and this lack of method-
ological standardization requires caution when comparing results to avoid under or overestimation
of prevalence.

The inability to find an association between cesarean section and central adiposity may be due
to the methodological advances in this study, namely: the adjustment for pregestational BMI, the use
of DXA as a more accurate method to assess adiposity, including individuals who already underwent
intense changes as adolescents, and especially the analyses we carried out. The analysis sought a closer
approximation to causality when the estimates of birth by cesarean or vaginal delivery were compared
in the same adolescent. With this type of analysis, there is a comparison of different situations in the
same adolescent, which is analyzed as part of exposed and unexposed groups, with a balance between
these two groups 25. In addition, a theoretical causality model based on the DAG was designed to
establish a minimum set of variables used for the confounding adjustment to avoid unnecessary
adjustments, spurious correlations and estimation errors 20. The theoretical model included all vari-
ables not studied in previous publications (such as sex, maternal weight before pregnancy, gestational
diabetes, breastfeeding and the use of antibiotics) and that could contribute to generating spurious
correlation, as also indicated in the meta-analysis of Sutharsan et al. 13,

Our study went further into the question of cesarean delivery and obesity. Besides ours, we did
not find any studies with the obtained outcome. We sought to evaluate the association between birth
by caesarean delivery and central adiposity using indicators of central adiposity constructed by DXA
measurements, such as the AG, T/T, T/Lg, and T/Lb fat ratios, in addition to percentages of fat in the
trunk and android fat. This approach was chosen because the accumulation of fat in the trunk has
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been associated with chronic diseases such as diabetes, hypertension, and cardiovascular diseases 1,32.
Kouda et al. 45 showed that an increase in the T/Lb fat mass ratio was associated with an increase in
blood pressure in adolescents.

In studies that found an association among caesarean delivery and obesity, the hygiene hypothesis
is cited as biological plausibility. This hypothesis is based on nonvaginal birth, which causes dysbiosis
or an unfavorable change in the intestinal microbiota, leading to implications for obesogenesis 8.
However, this theory is contested by some researchers because an individual’s microbiota is a risk fac-
tor that can be modified via diet, exercise, use of antibiotics or probiotics or even fecal transplantation
46, This might be one of the reasons why we did not find an association. Thus, we believe that if there
was an association between being born by cesarean section and total and central adiposity, it could
already manifest itself in individuals in their late adolescence and not just in future ages.

We concluded that there was no association between birth by cesarean delivery and greater central
adiposity in adolescents aged 18-19, which may be due to a lack of causal relation.
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Resumo

O estudo teve como objetivo analisar a associacdo
entre nascimento por parto cesdreo e adiposidade
central em adolescentes em Sao Luis, Maranhdao,
Brasil. O estudo de coorte incluiu 601 partici-
pantes avaliados ao nascer e com 18-19 anos de
idade. Ao nascer, foram avaliados o tipo de parto,
escolaridade materna, renda familiar, estado civil
materno, indice de massa corporal pré-gestacional,
atendimento pré-natal, tabagismo materno, idade
gestacional ao nascer e restricdo do crescimento
intrauterino. Nos adolescentes, a adiposidade cen-
tral foi avaliada com o método da absorciometria
de raios-X de dupla energia. Como indicadores da
adiposidade central, foram usadas a razao gordura
tronco/gordura total (T/T), razao gordura androi-
de/gordura ginecoide (A/G), razdo gordura tronco/
gordura membros (T/Lb) e razao gordura tronco/
gordura membros inferiores (T/Lg). Foi desenvol-
vido um modelo tedrico para analisar as associa-
¢oes, usando grdficos aciclicos dirigidos, permitin-
do a selecao das varidveis que exigiam ajuste mi-
nimo para inclusao no modelo preditivo de expo-
si¢do ao parto cesdreo. Os dados foram analisados
com modelos estruturais marginais, ponderados
pelo inverso da probabilidade de selecdo. Entre os
adolescentes estudados, 38,6% nasceram de parto
cesdreo. Nao houve diferenca significativa na adi-
posidade central nos adolescentes nascidos de parto
cesdreo, de acordo com os indicadores utilizados:
T/T (coeficiente = -0,003; IC95%: -0,013; 0,007),
A/G (coeficiente = 0,001; IC95%: -0,015; 0,018);
T/Lb (coeficiente = -0,016; IC95%: -0,048; 0,016);
T/Lg (coeficiente = 0,014; IC95%: -0,060; 0,030),
O estudo conclui que ndo havia associacdo entre
historia de parto cesdreo e aumento de adiposidade
central nesse grupo de adolescentes.

Cesdrea; Adiposidade; Adolescente
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Resumen

El objetivo de esta investigacion fue estudiar la
asociacion entre el nacimiento por parto con ce-
sdrea y la adiposidad central en adolescentes en
Sao Luis, Maranhdao, Brasil. La cohorte de estudio
incluyé a 601 participantes evaluados en su naci-
miento y con 18-19 afios de edad. En el momento
del nacimiento se evalud el tipo de parto, educa-
cion de la madre, ingresos familiares, estado civil
de la madre, indice de masa corporal de la madre,
cuidado prenatal, madre fumadora, edad ges-
tacional en el parto y restriccion del crecimiento
intrauterino. En los adolescentes, la grasa central
se evalud usando el método de absorciometria con
rayos X de energia dual. Los indicadores de grasa
central utilizados fueron: el cociente de torso-grasa
total (T/T por sus siglas en inglés), el de androi-
de/ginecoide de grasa corporal (A/G), el cociente
de masa adiposa torso-extremidades (T/Lb por
sus siglas en inglés), y el cociente de masa adipo-
sa torso-pierna (T/Lg por sus siglas en inglés). Se
desarrolléo un modelo tedrico para el estudio de
asociaciones, usando grafos aciclicos dirigidos, lo
que permitio seleccionar las variables que reque-
rian un minimo ajuste para su inclusion en el mo-
delo predictivo de exposicion al parto por cesdrea.
Los datos se analizaron con modelos estructurales
marginales ponderados por el inverso de la proba-
bilidad de seleccion. De los adolescentes estudiados,
un 38,6% fueron partos por cesdrea. No hubo una
diferencia significativa en la adiposidad central de
los adolescentes que nacieron por cesdrea, segiin
los indicadores usados: T/T (coeficiente = -0,003;
95%CI: -0,013; 0,007), A/G (coeficiente = 0,001;
95%CI: -0,015; 0,018); T/Lb (coeficiente = -0,016;
95%CI: -0,048; 0,016); T/Lg (coeficiente = 0,014;
95%CI: -0,060; 0,030). A modo de conclusién, no
hubo asociacion entre los partos por cesdrea y una
mayor adiposidad central en los adolescentes estu-

diados.
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