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Summary
Cesarean birth leads to a markedly different microbiome compared to
vaginal birth, and the microbiome has been implicated in childhood obesity.
Among mothers who had a previous cesarean, we compared anthropom-
etry of 3- to 6-year-old children who were subsequently born by cesarean
section versus vaginal birth. This large population-based study involved
linking de-identified administrative perinatal and anthropometric data.
Children's weight and height were collected at community-based clinics
and converted to age- and sex-adjusted z-scores of height-for-age (HFAz),
weight-for-age (WFAz) and BMI-for-age (BMIz). The average treatment
effect (ATE) of cesarean versus vaginal birth was calculated from
augmented inverse probability weighted analyses accounting for a wide
range of confounding variables. There was little evidence of an effect of
cesarean birth on HFAz (ATE=0.26 95%CI �0.35, 0.87, n=3993), WFAz
(ATE=0.35, 95%CI �0.19, 0.89, n=4817) or BMIz (ATE=0.11, 95%CI
�0.25, 0.46, n=3909). Cesarean section was not associated with
anthropometry among children aged 3–6years.

Keywords: Anthropometry, body mass index, cesarean section, vaginal birth.

Abbreviations: HFAz, height for age z-score; WFAz, weight for age z-score;
BMIz, body mass index for age z-score; ATE, average treatment effect; CI, confi-
dence interval; BMI, body mass index; SA, South Australia; aipw, augmented
inverse probability of treatment weighting

What is already known about this subject?

• Cesarean section has been linked to higher BMI
of offspring

• The microbiome has been implicated in the link
between cesarean birth and childhood obesity

What this study adds?

• Among mothers whose previous child was born
by cesarean, current cesarean compared to
vaginal birth was not associated with BMI in their
child at age 3–6years

The early life environment is thought to influence the
development of obesity, with recent attention focusing
on the microbiome. Inoculation of the newborn gut by
vaginal and gastrointestinal microorganisms occurs
during vaginal but not cesarean births, offering a po-
tential mechanism linking cesareans with obesity (1).

A recent systematic review suggested that cesarean
was associated with 0.44 higher BMI (95% CI 0.17,
0.72) but was unadjusted for confounding (2).
Addressing confounding is crucial because indica-
tions for cesarean are associated with childhood
obesity, e.g. larger fetal size leads to cesarean birth
and to higher childhood BMI. Usually cesareans are
conducted for medical reasons; however, women
who previously had a cesarean are unique, as they
may opt for an ‘elective’ cesarean or a vaginal birth
for subsequent children. Comparing cesarean with
vaginal births among these women may reduce con-
founding by indication. In a large population-based
study, we examined anthropometry of children whose
mothers previously had a cesarean and subsequently
elected for either vaginal or elective cesarean birth.
This study involves linking government administrative

datasets. Approval was granted by South Australian
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(SA) Department for Health and Ageing (DHA,
HREC/15/SAH/61) and University of Adelaide
(H-185-2011) ethics committees.

Exposure

Birth information was obtained from the Perinatal
Statistics Collection and included all births in SA,
1999–2005. Information is collected by midwives
and reported to the SA DHA. Women with vertex pre-
sentation, who previously had a cesarean and then
had an elective cesarean or a spontaneous vaginal
birth were eligible. All other births, including women
who intended vaginal delivery but then needed emer-
gency Cesarean section, were excluded. Exposures
were chosen to reduce confounding by indication.

Outcome

Anthropometrical data (2003–2012) was provided by
the Women's and Children's Hospital Network, SA
DHA, from community-based well-child health
checks. Children aged 3–6years were included be-
cause this age group represents peak attendance
for a preschool health check. Height (shoes removed)
and weight (light clothing) were collected by nurses.
Children's BMI was converted to age- and sex-
specific BMI z-scores (BMIz) using the World Health
Organization's Child Growth Standards (3,4).
Height-for-age z-scores (HFAz) and weight-for-age
z-scores (WFAz) were also calculated. Z-scores were
generated by the zanthro programme in STATA
(13.0, TX, USA).

Confounding

The following potential confounders were identified a
priori; maternal age (years), antenatal care (hospital,
obstetrician, general practitioner, other), antenatal
visits (≤7, 8–12, ≥13), medical conditions during
pregnancy (asthma as a marker of chronic disease,
diabetes, hypertension), smoking in pregnancy
(yes/no), gestational age, birthweight for gestational
age z-scores (5), mother had a partner (yes/no),
maternal ethnicity (Caucasian, Aboriginal or Torres
Strait Islander, Asian, Other), maternal occupation
(6), neighbourhood-level indicators of socioeconomic
disadvantage (7) and remote residence (8).

Statistical analyses

The distribution of confounders across the exposure
groups were compared by t-tests and χ2 tests.
Associations were analysed using augmented inverse
probability of treatment weighting (aipw) (9,10). This
method generates the probability of having a

cesarean given an individual's confounders and
weights a regression by this probability to calculate
the average treatment effect (ATE). Weighting helps
to better balance confounders. The ATE can be
interpreted as the average effect for the population
of cesarean compared to vaginal birth on anthropom-
etry. Sensitivity analyses excluding women with
diabetes or hypertension were undertaken because
of associations with planned cesareans and
childhood anthropometry.
Of 16375 women who previously had a cesarean,

61% birthed by elective cesarean (9925/16375) and
11% had spontaneous vaginal birth (1842/16375).
The remaining 28% had emergency cesarean or
instrument-assisted deliveries (4608/16375) and
were excluded. Successful linkage to anthropo-
metrical data included 4099 children (3909 with BMIz
measurements, 4817 WFAz and 3993 HFAz).
Sample characteristics (Table 1) show that although

the exposure groups intended to minimize confound-
ing by indication, imbalances remained. For example,
women who had cesarean births were older and had
higher proportions of diabetes and antenatal care by
an obstetrician than those who had vaginal births.
In unadjusted analyses, HFAz was similar but BMIz

and WFAz were higher among children born by
cesarean compared to vaginal births (Table 2). The
apiw analysis suggested no differences in BMIz,
WFAz and HFAz according to mode of delivery.
Sensitivity analyses excluding women with diabetes
and hypertension were consistent with these main
findings (BMIz ATE=0.05, 95%CI �0.46, 0.54,
p=0.856, n=3180; WFAz ATE=0.48, 95%CI
�0.32, 1.29, p=0.240, n=3909; HFAz ATE=0.38
95%CI �0.38, 1.15, p=0.329, n=3251).
In our analyses, we found little evidence of an asso-

ciation between cesarean birth and the BMI of 3 to
6-year-old children. Previously, cesarean birth has
been associated with 18% higher odds of obesity
(95%CI 1.09, 1.27) (11), although there is evidence
of publication bias (11). Other large population-based
studies have reported null (12) and positive (13) asso-
ciations between non-medically indicated cesareans
and adiposity. It is difficult to judge whether differing
analytical approaches, samples or definitions of
cesareans (e.g. non-medically indicated nullipara,
low-risk multiparous) have contributed to the mixed
findings. Whether an association is manifested at
younger or older ages is conflicting (14,15), and our
dataset has too few children at older ages to examine
this issue.
We attempted to reduce confounding by account-

ing for many variables associated with both cesarean
and obesity. This was important because baseline
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Table 1 Characteristics of the study sample according to vaginal birth or elective cesarean among women who had a
cesarean section in a previous pregnancy and children who have one or more of the anthropometric outcomes measured

Vaginal birth
n= 792

Elective cesarean
n= 4099

Mean difference
(95% CI) P value*Mean ±SD or n (%) Mean ±SD or n (%)

Mothers age (y) 30.4 ± 4.8 31.8 ± 4.7 �1.4 (�1.7, �1.0) <0.001
Type of antenatal care† — <0.001
-Hospital-based 374 (47%) 1380 (34%)
-Obstetrician 238 (30%) 1905 (47%)
-GP 156 (20%) 800 (20%)
-Other (e.g. midwife, none,
home birth, shared care)

24 (3%) 14 (<1%)

Antenatal visits — 0.066
-≤7 84 (11%) 332 (8%)
-8–12 574 (72%) 3071 (75%)
-≥13 134 (17%) 696 (17%)

Maternal asthma 44 (6%) 270 (7%) — 0.278
Diabetes in pregnancy 27 (3%) 283 (7%) — <0.001
High BP in pregnancy 53 (7%) 309 (8%) — 0.627
Smoked, second half pregnancy 144 (18%) 610 (15%) — 0.019
Mothers ethnicity — 0.104
-Caucasian 745 (94%) 3888 (95%)
-ATSI and other 16 (2%) 109 (3%)
-Asian 31 (4%) 102 (2%)

IRSD 972±72 979± 71 �8 (�13, �2) 0.006
ARIA†

— 0.179
-City 542 (68%) 2650 (65%)
-Inner regional 90 (11%) 517 (13%)
-Outer regional 131 (17%) 720 (18%)
-Remote + very remote 29 (4%) 212 (5%)

Mother had partner 728 (92%) 3826 (93%) — 0.148
Maternal occupation†^ —

-Managers 38 (5%) 307 (8%) 0.003
-Professionals 68 (9%) 426 (10%)
-Para professionals 52 (7%) 253 (6%)
-Tradespersons 25 (3%) 140 (3%)
-Clerks and Salespersons 208 (26%) 1057 (26%)
-Machine/labourers† 37 (5%) 151 (4%)
-Home duties 317 (40%) 1634 (40%)
-Students, pensioners,
other and unemployed†

47 (6%) 131 (3%)

Infant characteristics
GA at birth (week) 39.0 ± 1.9 38.5 ± 1.0 0.5 (0.4, 0.6) <0.001
BWGA z-score �0.06± 1.0 0.24± 1.02 �0.30 (�0.38, �0.23) <0.001
Male 367 (46%) 2150 (52%) — 0.002

Abbreviations: ARIA, Australian remoteness Index; ATSI, identifies as Aboriginal and/or Torres Strait Islander; BWGAz, birth weight for gestational age
z-scores; GA, gestational age at birth; IRSD, index of relative disadvantage. *P-values compared the distribution of potential confounders according to
cesarean versus vaginal birth and were obtained from a t-test for continuous variables or a χ

2
test for categorical variables. †Categories were collapsed to

protect against small numbers. ^Categorized according to the Australia and New Zealand Classification of Occupations.

Pediatric Obesity 12 (Suppl. 1), 120–124, August 2017 © 2016 World Obesity Federation

122 | L. G. Smithers et al.
S
H
O
R
T
C
O
M
M
U
N
IC

A
T
IO

N



characteristics demonstrated imbalances. A potential
limitation is that confounding by women with high risk
pregnancies (e.g. type 1 diabetes) may remain, as
these women often plan cesarean births and their
children may be at higher risks of obesity. However,
excluding women with diabetes or hypertension
supported the main analyses. Another limitation is
we were unable to adjust for other known con-
founders including maternal pre-pregnancy BMI (16),
pregnancy weight gain or physical activity, as these
data were not available. We hypothesize that adjust-
ment for these confounders is likely to attenuate the
association between cesarean and BMI even further.
A critique of this work may be that it is not

‘representative’ of typical cesareans, but representa-
tiveness was not our goal. Our intent was to examine
whether cesarean section causes obesity by
attempting to address both confounding and con-
founding by indication with more rigorous epidemio-
logical methods than past studies. There is no doubt
that the gut microbiome of children differs between
cesarean and vaginal births; however, this study casts
doubt over cesarean-induced microbiome differences
on anthropometry of young children.
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