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Association Between Cesarean Birth and Risk of Obesity
in Offspring in Childhood, Adolescence, and Early Adulthood
Changzheng Yuan, ScD; Audrey J. Gaskins, ScD; Arianna I. Blaine, ScM; Cuilin Zhang, MD, PhD;
Matthew W. Gillman, MD, SM; Stacey A. Missmer, ScD; Alison E. Field, ScD; Jorge E. Chavarro, MD, ScD

IMPORTANCE Cesarean birth has been associated with higher risk of obesity in offspring, but
previous studies have focused primarily on childhood obesity and have been hampered by
limited control for confounders.

OBJECTIVE To investigate the association between cesarean birth and risk of obesity in
offspring.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study was conducted from
September 1, 1996, to December 31, 2012, among participants of the Growing Up Today
Study, including 22 068 offspring born to 15 271 women, followed up via questionnaire from
ages 9 to 14 through ages 20 to 28 years. Data analysis was conducted from October 10,
2015, to June 14, 2016.

EXPOSURE Birth by cesarean delivery.

MAIN OUTCOMES AND MEASURES Risk of obesity based on International Obesity Task Force or
World Health Organization body mass index cutoffs, depending on age. Secondary outcomes
included risks of obesity associated with changes in mode of delivery and differences in risk
between siblings whose modes of birth were discordant.

RESULTS Of the 22 068 offspring (20 950 white; 9359 male and 12 709 female), 4921
individuals (22.3%) were born by cesarean delivery. The cumulative risk of obesity through
the end of follow-up was 13% among all participants. The adjusted risk ratio for obesity
among offspring delivered via cesarean birth vs those delivered via vaginal birth was 1.15
(95% CI, 1.06-1.26; P = .002). This association was stronger among women without known
indications for cesarean delivery (adjusted risk ratio, 1.30; 95% CI, 1.09-1.54; P = .004).
Offspring delivered via vaginal birth among women who had undergone a previous cesarean
delivery had a 31% (95% CI, 17%-47%) lower risk of obesity compared with those born to
women with repeated cesarean deliveries. In within-family analysis, individuals born by
cesarean delivery had 64% (8%-148%) higher odds of obesity than did their siblings born via
vaginal delivery.

CONCLUSIONS AND RELEVANCE Cesarean birth was associated with offspring obesity after
accounting for major confounding factors. Although additional research is needed to clarify
the mechanisms underlying this association, clinicians and patients should weigh this risk
when considering cesarean delivery in the absence of a clear indication.
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N early 1.3 million cesarean deliveries are performed yearly
in the United States, making it the most common sur-
gical procedure1 and accounting for one-third of deliv-

eries nationwide.2 When indicated, cesarean deliveries reduce
the risk of morbidity to mother and fetus and, in many cases, are
alife-savingintervention.3 Nevertheless,cesareandeliverieshave
risks. Women undergoing planned cesarean delivery without
known indications for the procedure have a 3-fold greater risk
of major morbidity—including a 5-fold greater risk of cardiac ar-
rest, a 3-fold greater risk of hysterectomy and puerperal infec-
tion, and a 2-fold greater risk of thromboembolism—compared
with women who undergo low-risk planned vaginal deliveries.4

Cesarean delivery is also associated with an increased risk of ma-
ternal mortality.5 The most significant immediate risk to children
delivered via cesarean delivery is a higher frequency of respira-
tory complications.6,7 In addition, increasing evidence suggests
that children born by cesarean delivery experience higher rates
of adverse health outcomes later in life.8-10 With these concerns
in mind, leading professional organizations have advocated for
the prevention of primary cesarean delivery as a strategy to
reduce the overall frequency of cesarean delivery.11

A growing amount of literature suggests that cesarean birth
is associated with a higher risk of overweight and obesity in
offspring. Two meta-analyses have reported pooled odds ra-
tios (ORs) of 1.22 (95% CI, 1.05-1.42) for offspring obesity as-
sociated with cesarean birth.12,13 However, inference from most
existing studies has been hampered by limited sample size,14

suboptimal control for shared risk factors (eg, prepregnancy
body mass index [BMI, calculated as weight in kilograms di-
vided by height in meters squared] and common pregnancy
complications),12,13,15 or both.16 Therefore, it remains unclear
whether the association between mode of birth (cesarean vs
vaginal) and obesity in offspring is real or indicative of re-
sidual confounding. To overcome these limitations, we inves-
tigated the association between cesarean birth and risk of obe-
sity in offspring among participants of the Growing Up Today
Study (GUTS),17 a large prospective cohort of individuals fol-
lowed up from childhood through early adulthood.

Methods
GUTS is an ongoing prospective cohort study of young adults
followed up since September 1, 1996. A total of 16 882 chil-
dren aged 9 to 14 years responded to the baseline question-
naire, and an additional 10 923 children aged 9 to 14 years en-
rolled in 2004. Participants have been followed up with yearly
self-administered follow-up questionnaires between 1997 and
2001 and with biennial questionnaires thereafter.17,18 Study de-
tails have been described previously.19,20 From the 23 655 GUTS
participants for whom complete data on their mothers’ preg-
nancies were available, we excluded those for whom height
and weight information was missing (n = 221) and those who
were not born of a singleton pregnancy (n = 1366). The final
study included 22 068 individuals born to 15 271 women, with
follow-up through December 31, 2012. The study was ap-
proved by the Human Subjects Committees of the Harvard T.
H. Chan School of Public Health and Brigham and Women’s

Hospital. Return of the questionnaire was considered to be writ-
ten informed consent.

In each follow-up questionnaire, participants reported their
heightandweight,whicharevalidlyreportedbypreadolescents,21

adolescents,22-24 and adults,25,26 although there is potential mis-
classification of obesity based on self-reported anthropometry.
Body mass index was calculated from these data as weight in ki-
lograms divided by height in meters squared. For individuals
younger than 18 years, we defined obesity according to age- and
sex-specific cutoffs proposed by the International Obesity Task
Force, which provides continuity in BMI cutoffs used to define
overweight and obesity in children and in adults.27 For individu-
als older than 18 years, we defined obesity (BMI ≥30) using World
Health Organization cutoffs.28,29 Once an individual was classi-
fied as obese, he or she was considered obese for the remainder
of follow-up.

Mode of delivery (cesarean vs vaginal) was reported by the
participants’ mothers in 2009 using a questionnaire aimed at col-
lecting lifetime pregnancy information.30 A validation study con-
ducted among 154 women enrolled in the Nurses’ Health Study
and the Collaborative Perinatal Project found perfect maternal
recall of cesarean delivery at a mean of 32 years after delivery.31

The same validation study also showed that long-term maternal
recall of many events associated with pregnancy, including di-
agnosis of major complications (hypertensive disorders of preg-
nancy, gestational diabetes, placental abruption, and placenta
previa), offspring birth weight, gestational age at delivery, and
pregnancy multiplicity, were highly reproducible and specific.

Information on covariates of interest in GUTS was pro-
spectively collected from the mothers of GUTS participants as
part of their participation in the Nurses’ Health Study–II32,33

(maternal prepregnancy BMI, prepregnancy smoking, race/
ethnicity, and region of residence at delivery) and in the GUTS
baseline and follow-up questionnaires (participant birth date,
sex, and duration of breastfeeding). Maternal age at delivery
was calculated as the difference (in years) between partici-
pants’ date of birth and the mothers’ date of birth.

Age-standardized prepregnancy and pregnancy charac-
teristics were calculated for all participants and according to
mode of delivery. To evaluate the association between cesar-
ean birth and offspring obesity, we calculated relative risks

Key Points
Question Is cesarean delivery associated with obesity in offspring
from childhood through young adulthood?

Findings In this cohort study, individuals born by cesarean
delivery were 15% more likely to become obese during follow-up
than those born by vaginal delivery; those born via cesarean
delivery had 64% higher odds of obesity compared with their
siblings born via vaginal delivery. Vaginal birth after cesarean birth
was associated with a 31% lower risk of offspring obesity
compared with those born via repeat cesarean delivery.

Meaning These findings support the hypothesis that the association
between cesarean delivery and offspring obesity is a true effect
whose underlying mechanisms still need to be determined.
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(RRs) and their 95% CIs using log-binomial regression models
with generalized estimating equations to adjust for potential
confounders while accounting for correlations in outcomes
between siblings. We obtained crude and multivariable-
adjusted estimates of this association. The multivariable-
adjusted models included terms for maternal age at delivery
(continuous variable), race (white or other), region (North-
east, Midwest, West, or South), year of birth (≤1984, 1985-
1989, or >1989), prepregnancy BMI (<18.5, 18.5-24.99, 25-
29.99, or ≥30), maternal height (continuous variable),
gestational diabetes (yes or no), preeclampsia (yes or no), preg-
nancy-induced hypertension (yes or no), gestational age at de-
livery (<37, 37-39, 40-42, or ≥43 weeks), birth weight (<2.30,
2.30-3.19, 3.20-3.89, 3.90-4.49, or >4.50 kg), prepregnancy
smoking (never, past, or current), previous cesarean delivery
(yes or no), offspring sex (boy or girl), and birth order (con-
tinuous variable). Missing categories were created for vari-
ables with missing values. We also fitted marginal structural
models where the probability of undergoing a cesarean deliv-
ery was predicted for each woman based on these same fac-
tors and subsequently used to weight each observation using
stabilized weights.34,35 In addition, we fitted sex-stratified and
age-stratified models and assessed the significance of hetero-
geneity by adding cross-product terms between mode of de-
livery and age at BMI report or sex to the main multivariable
model. We also performed additional analyses treating BMI at
each follow-up period as a continuous or binary (obesity: yes
or no) outcome to avoid problems associated with change in
classification over time while still capturing changes within in-
dividuals over time. Although some lifestyle and behavioral
factors during childhood are risk factors for obesity, we did not
consider them as confounders because none precede both ex-
posure and outcome and therefore cannot, by definition, con-
found the association between cesarean birth and obesity in
offspring. In fact, it has been shown that inclusion of this type
of covariate does not improve precision when the outcome is
binary and may instead introduce bias.36,37

To address the possibility of residual confounding, we con-
ducted a series of alternative analyses. We first restricted the
analysis to participants without known risk factors for cesar-
ean delivery (maternal prepregnancy BMI<25, no gestational dia-
betes, no hypertensive disorders of pregnancy, never smoker,
maternal age <30 years, gestational age at delivery between 37
and 42 weeks, and birth weight between 2.30 and 4.49 kg). We
also evaluated adjusting for maternal BMI as a continuous vari-
able, allowing for nonlinear associations. We then estimated the
effect of change in mode of delivery on obesity in offspring using
data from successive pregnancies of the same woman. Specifi-
cally, we estimated the effect on obesity in offspring of vaginal
birth among women who had undergone a previous cesarean
delivery relative to women with repeated cesarean deliveries,
as well as the effect of cesarean delivery among women with a
previous vaginal delivery relative to repeated vaginal deliver-
ies. Last, to minimize the effect of postnatal environment and
time-invariant maternal factors, we performed a within-
family analysis comparing the risk of obesity for siblings whose
modes of delivery were discordant.36-39 Specifically, we used
conditional logistic regression adjusted for the same covari-

ates and in which each group of siblings was considered a
matched set, to estimate the OR and 95% CI comparing partici-
pants born via cesarean delivery with their siblings born via vagi-
nal delivery. In addition, we evaluated the potential for re-
sidual confounding by weight gain during pregnancy in the
subset of participants for whom this information was available
(n = 11 067). All analyses were conducted from October 10, 2015,
to June 14, 2016, using SAS, version 9.2 (SAS Institute Inc).

Results
Of the 22 068 individuals in the study (20 950 white; 9359 male
and 12 709 female), 4921 (22.3%) were born by cesarean deliv-
ery. The cumulative risk of obesity through the end of follow-up
was 13% among all participants. Age-standardized characteris-
tics of mothers and offspring, overall and by mode of delivery,
are presented in Table 1. Women who underwent cesarean de-
livery had a higher prepregnancy BMI and were more likely to
have experienced gestational diabetes, preeclampsia, and
pregnancy-induced hypertension. They were also more likely to
have had a previous cesarean delivery. Cesarean deliveries were
also more frequent in preterm and postterm births and for off-
spring who had either low birth weight or macrosomia. The rate
of cesarean delivery was highest between 1985 and 1989 and
decreased thereafter.

Cesarean birth was associated with a higher risk of obesity
in crude analyses (RR, 1.30; 95% CI, 1.21-1.41; P < .001). After ad-
justment for potential confounders, the association was attenu-
ated but remained statistically significant (Table 2). The multi-
variable adjusted RR for developing obesity in offspring born via
cesarean delivery vs those born via vaginal delivery was 1.15 (95%
CI, 1.06-1.26; P = .002). Most attenuation resulted from adjust-
ment for maternal prepregnancy BMI. Of the 2766 individuals
whowereclassifiedasobeseatsomepointduringfollow-up,1206
were classified in a later follow-up period as nonobese. When
these individuals were excluded from the analyses, the corre-
sponding adjusted RR was 1.16 (95% CI, 1.03-1.30). When using
repeated measures of BMI over time, the mean difference in the
multivariable analyses in BMI during the follow-up period be-
tween individuals born via cesarean and vaginal deliveries was
0.29 (95% CI, 0.18-0.40). The association between cesarean birth
and offspring obesity was similar across strata of age. The mul-
tivariable adjusted RRs for obesity were 1.23 (95% CI, 1.03-1.46)
at ages 9 to 12 years, 1.16 (95% CI, 1.03-1.31) at ages 13 to 18 years,
and 1.10 (95% CI, 0.98-1.24) at ages 19 to 28 years (P = .13 for
heterogeneity) (Figure and eTable 1 in the Supplement). Asso-
ciations were also similar for females (RR, 1.12; 95% CI, 0.99-1.27)
and males (RR, 1.18; 95% CI, 1.04-1.34) (P = .62 for heterogeneity).

Theassociationbetweencesareandeliveryandoffspringobe-
sity remained in analyses aimed at addressing the possibility of
residualconfounding.Similarresultswerefoundwhenconfound-
ers were accounted for using propensity score–based methods,
when maternal prepregnancy BMI was modeled as a continuous
variable, when repeated obesity status at each follow-up period
was considered, and when analyses were restricted to individu-
als whose mothers had no known risk factors for cesarean
delivery or to siblings (Table 2 and eTable 2 in the Supple-
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Table 1. Age-Standardized Maternal and Offspring Characteristics According to Mode of Delivery

Variable
Overalla

(N = 15 271)

Mode of Deliverya

Vaginal
(n = 11 727)

Cesarean
(n = 3544)

Maternal Characteristics

Age at delivery, mean (SD), yb 30.2 (3.9) 30.1 (3.9) 30.7 (3.9)

White race/ethnicity 14 462 (94.7) 11 117 (94.8) 3342 (94.3)

Geographic region

Northeast 5421 (35.5) 4187 (35.7) 1230 (34.7)

Midwest 5375 (35.2) 4140 (35.3) 1233 (34.8)

West 2291 (15.0) 1747 (14.9) 542 (15.3)

South 2153 (14.1) 1618 (13.8) 528 (14.9)

Missing 46 (0.3) 35 (0.3) 14 (0.4)

Gestational diabetes 580 (3.8) 375 (3.2) 198 (5.6)

Preeclampsia 809 (5.3) 481 (4.1) 344 (9.7)

Pregnancy-induced hypertension 809 (5.3) 493 (4.2) 315 (8.9)

Previous cesarean delivery 1206 (7.9) 293 (2.5) 890 (25.1)

Prepregnancy BMI

<18.50 1939 (12.7) 1583 (13.5) 365 (10.3)

18.50-24.99 11 804 (77.3) 9112 (77.7) 2690 (75.9)

25.00-29.99 1084 (7.1) 762 (6.5) 330 (9.3)

≥30.00 321 (2.1) 176 (1.5) 135 (3.8)

Missing 122 (0.8) 94 (0.8) 25 (0.7)

Prepregnancy smoking

Never smokers 10 751 (70.4) 8303 (70.8) 2456 (69.3)

Past smokers 2764 (18.1) 2123 (18.1) 641 (18.1)

Current smokers 458 (3.0) 340 (2.9) 120 (3.4)

Missing 1283 (8.4) 962 (8.2) 326 (9.2)

Offspring Characteristics

Year of birth

≤1984 6063 (39.7) 4761 (40.6) 1301 (36.7)

1985-1989 6093 (39.9) 4609 (39.3) 1492 (42.1)

≥1990 3115 (20.4) 2357 (20.1) 751 (21.2)

Sex

Female 8827 (57.8) 6825 (58.2) 2002 (56.5)

Male 6444 (42.2) 4901 (41.8) 1542 (43.5)

Gestational age at delivery, wk

<37 932 (6.1) 622 (5.3) 308 (8.7)

37-39 3405 (22.3) 2556 (21.8) 836 (23.6)

40-42 9819 (64.3) 7763 (66.2) 2066 (58.3)

≥43 1069 (7.0) 739 (6.3) 333 (9.4)

Missing 61 (0.4) 47 (0.4) 4 (0.1)

Birth weight group, kg

<2.30 260 (1.7) 129 (1.1) 131 (3.7)

2.30-3.19 3146 (20.6) 2439 (20.8) 698 (19.7)

3.20-3.89 7712 (50.5) 6086 (51.9) 1620 (45.7)

3.90-4.49 3711 (24.3) 2768 (23.6) 957 (27)

≥4.50 351 (2.3) 211 (1.8) 131 (3.7)

Missing 92 (0.6) 82 (0.7) 7 (0.2)

Breastfeeding duration, mo

Never 1497 (9.8) 1067 (9.1) 425 (12.0)

≤6 5910 (38.7) 4480 (38.2) 1428 (40.3)

>6 6814 (44.8) 5406 (46.1) 1435 (40.5)

Missing 1023 (6.7) 774 (6.6) 252 (7.1)

Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).
a Data are presented as number

(percentage) of patients unless
otherwise indicated and are
standardized to the age distribution
of the study population.

b Value is not age adjusted.
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ment).Furtheradjustmentfordurationofbreastfeeding(RR,1.15;
95% CI, 1.05-1.26) and gestational weight gain (n = 11 067; RR,
1.10; 95% CI, 0.98-1.24) did not change the conclusions.

We then estimated the effect of change in mode of deliv-
ery on obesity in offspring. Among women who had under-
gone a previous cesarean delivery (n = 2815), the risk of obe-
sity in their offspring was 31% (95% CI, 17%-47%) (RR, 0.69;
95% CI, 0.53-0.83; P = .005) lower after a vaginal birth after
cesarean delivery compared with a repeat cesarean delivery.
Among women who had undergone a previous vaginal deliv-
ery (n = 12 815), the estimated increased risk in obesity among
offspring (RR, 1.13; 95% CI, 0.98-1.30; P = .09) (Table 3) was
comparable with the equivalent estimate in the entire popu-
lation (RR, 1.15; 95% CI, 1.06-1.26), although it failed to reach
statistical significance.

Last, we used data from successive pregnancies and sib-
lings to perform a within-family analysis of discordant modes
of delivery among the 12 903 individuals with 1 or more sib-
lings in GUTS to minimize potential confounding by shared
postnatal environment and time-invariant maternal factors.
In this analysis, the odds of obesity were 64% (95% CI, 8%-
148%) higher among individuals born via cesarean delivery
than their siblings born via vaginal delivery. The association
was similar for those aged 9 to 18 years and for those aged 19
to 28 years (Table 4).

Discussion
In this large cohort of US individuals followed up from child-
hood, through adolescence, and into young adulthood, cesar-
ean birth was associated with a 15% increase in the risk of obe-
sity in offspring after adjusting for major confounding factors.
The association was similar across strata of age and remained

consistent in a large number of sensitivity analyses. This as-
sociation was stronger (30% increased risk) among individu-
als without known risk factors for cesarean delivery. Analy-
ses of change in mode of delivery across multiple pregnancies
revealed that individuals born through vaginal birth after ce-
sarean delivery were 31% less likely to become obese than those
born through a repeat cesarean delivery. Moreover, within-
family analysis showed that individuals born through cesar-
ean delivery were 64% more likely to be obese than their sib-
lings born through vaginal delivery. The consistency of these
findings across multiple strategies to account for potential con-
founding factors, in particular the analyses restricted to indi-
viduals without known risk factors for cesarean delivery and

Figure. Adjusted Risk Ratios for Cesarean Birth and Obesity in Offspring
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See the Methods section for the items adjusted for in the multivariable model.
Diamond indicates the risk ratio, vertical lines indicate the 95% CIs, and the
bold horizontal line indicates the risk ratio reference of 1.0. P = .13 for
heterogeneity. Data are from the Growing Up Today Study, 1996-2011.

Table 2. Crude and Multivariable-Adjusted Risk Ratios for Obesity in Offspring Associated With Cesarean vs Vaginal Delivery

Variable

Obese Offspring/
Total Offspring,
No./No. (%)

Risk Ratio (95% CI)
for Obesity
in Offspring P Value

Main analyses 2766/22 068 (12.5)

Vaginal delivery 2012/17 147 (11.7) 1 [Reference]

Cesarean delivery, crude 754/4921 (15.3) 1.30 (1.21-1.41) <.001

Cesarean delivery, model 1a 754/4921 (15.3) 1.15 (1.06-1.26) .002

Sensitivity analyses

Propensity score–based estimateb 754/4921 (15.3) 1.17 (1.08-1.27) <.001

Treating maternal BMI as continuous variablec 754/4921 (15.3) 1.13 (1.03-1.23) <.001

Repeated measures estimated 754/4921 (15.3) 1.23 (1.11-1.37) <.001

Restricted to no known risk factors for cesarean deliverye (n = 8566) 200/1503 (13.3) 1.30 (1.09-1.54) .004

Restricted to siblings (n = 12 903) 417/2748 (15.2) 1.24 (1.10-1.41) <.001

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).
a See the Methods section for the items adjusted for in the multivariable model.
b Propensity score–based estimate using a marginal structural model in which

the probability of undergoing a cesarean delivery was predicted for each
woman based on these same factors and subsequently used to weight each
observation using stabilized weights.

c This model adjusted for the same covariates in model 1 but modeling
prepregnancy BMI as a continuous variable with a linear term and a quadratic

term instead of categorical.
d Generalized estimating equations estimate using repeated obesity status

during each follow-up cycle.
e Subgroup of participants without known risk factors for cesarean delivery

(maternal prepregnancy BMI <25, no gestational diabetes, no hypertensive
disorders of pregnancy, never smoker, maternal age <30 y, gestational age at
delivery between 37 and 42 weeks, and birth weight between 2.30 and
4.49 kg).
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those conducted within families, suggest that this associa-
tion may not be owing to confounding factors but may in-
stead represent a true biological effect.

Although evidence is still building, the observed higher risk
of obesity in offspring associated with cesarean birth may be
a consequence of differences in gastrointestinal microbiota es-
tablished at birth.40,41 Infants delivered vaginally have greater
exposure to their mother’s vaginal and gastrointestinal mi-
crobiota compared with infants born by cesarean delivery, who
are exposed mainly to their mother’s skin microbiota and to
external environmental bacterial communities at birth.42-44

This early-life difference in mode of delivery leads to an al-
tered gut microbiota pattern in offspring.41 Compared with in-
fants born vaginally, those born by cesarean delivery harbor
more staphylococci, fewer bifidobacteria, and less diverse bac-
teria species in microbiota colonization, a pattern that has been
linked with increased capacity for energy harvest and risk of
overweight and obesity in later life.41,45,46 Studies document-
ing differences in microbiota according to mode of delivery
have mainly been limited to the first year of life.41-44 Whether
differences in microbiota in offspring are sustained long term
remains to be evaluated.

Our findings extend and refine evidence in this area. De-
spite inconsistent findings from individual studies,46-53 two

recent meta-analyses reported a 22% increased odds of adult
obesity12,13 associated with cesarean delivery. However, many
of the studies included in these meta-analyses—particularly in
the meta-analyses for adult obesity—failed to account for im-
portant potential confounders, most importantly for mater-
nal prepregnancy BMI.12,13 Several additional studies have re-
ported on the association of cesarean delivery with childhood
obesity since the publication of these meta-analyses. A study
of 2988 Canadian children found a non–statistically signifi-
cant higher risk of obesity among children born through ce-
sarean delivery after adjusting for maternal prepregnancy BMI
(multivariable OR, 1.20; 95% CI, 0.87-1.65).15 Similarly, a study
of German children found that cesarean birth was associated
with a higher risk of obesity in offspring at 2 years (n = 1734;
OR, 1.68; 95% CI, 1.10-2.58) but not at 6 (n = 1244; OR, 1.49;
95% CI, 0.55-4.05) or 10 years (n = 1170; OR, 1.16; 95% CI, 0.59-
2.29) after adjusting for maternal prepregnancy BMI.54 De-
spite the lack of statistical significance of the findings of these
2 studies, which could be explained by their limited sample
size, the magnitude of the associations reported is similar to
our estimates.

The most important limitation of our study is that we lack
data on intrapartum indications for cesarean delivery. How-
ever, the most common intrapartum indications of cesarean
delivery, namely, fetal intolerance of labor and arrest of labor,55

are not known risk factors for childhood obesity and are there-
fore unlikely to be important confounders of the association
between cesarean birth and obesity in offspring. Similarly, we
do not have detailed data on other potentially important in-
formation about labor and delivery, such as whether women
underwent labor or whether membranes were ruptured, nor
do we have detailed information on antibiotic use during preg-
nancy or labor and delivery. An additional limitation is the un-
derrepresentation of minorities in our cohort. However, there
are no a priori reasons to believe this association would differ
across race or ethnicity. In addition, all mothers in our stud-
ies were nurses participating in a long-term health study. Al-
though this factor facilitated their long-term follow-up, that
of their offspring, and the prospective collection of high-
quality detailed data, it may hamper the generalizability of the
findings to the larger population. For example, prepregnancy
BMI was lower than that of women of reproductive age in the

Table 3. Risk Ratios for Obesity in Offspring Stratified by Mode of Delivery
in the Previous Pregnancy

Mode of Delivery

Obese Offspring/
Total Offspring,
No./No. (%)

Risk Ratio
(95% CI) P Value

Previous cesarean birth (n = 2815)

Repeat cesarean birth 313/2032 (15.4) 1 [Reference]

Vaginal birth after cesarean birth, model 1a 66/783 (8.4) 0.69 (0.53-0.83) .005

Vaginal birth after cesarean birth, model 2b 66/783 (8.4) 0.71 (0.55-0.91) .008

Vaginal birth after cesarean birth, model 3c 66/783 (8.4) 0.73 (0.58-0.91) .005

Previous vaginal delivery (n = 12 815)

Successive vaginal delivery 1322/11 537 (11.5) 1 [Reference]

Cesarean delivery, model 1a 184/1278 (14.4) 1.13 (0.98-1.30) .09

Cesarean delivery, model 2b 184/1278 (14.4) 1.12 (0.98-1.28) .10

Cesarean delivery, model 3c 184/1278 (14.4) 1.17 (1.01-1.35) .04

Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).
a See the Methods section for the

items adjusted for in the
multivariable model.

b Adjusted for the same covariates in
model 1 but modeling prepregnancy
BMI as a continuous variable with a
linear term and a quadratic term
instead of categorical.

c Propensity score–based estimate
using a marginal structural model in
which the probability of undergoing
a cesarean delivery was predicted
for each woman based on these
same factors and subsequently used
to weight each observation using
stabilized weights.

Table 4. Within-Family Odds Ratios for Obesity in Offspring
Associated With Cesarean vs Vaginal Delivery

Variable

Obese Offspring/
Total Offspring,
No./No. (%)

Odds Ratio
(95% CI) P Value

Overall

Vaginal delivery 1091/10 155 (10.7) 1 [Reference]

Cesarean delivery,
model 1a

417/2748 (15.2) 1.64 (1.08-2.48) .02

9-18 y

Vaginal delivery 719/10 113 (7.1) 1 [Reference]

Cesarean delivery,
model 1a

301/2739 (11.0) 1.67 (1.01-2.76) .04

19-28 y

Vaginal delivery 677/6714 (10.1) 1 [Reference]

Cesarean delivery,
model 1a

233/1772 (13.1) 1.72 (0.89-3.32) .11

a See the Methods section for the items adjusted for in the conditional logistic
regression model.
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United States around the same time.56 An additional limita-
tion is that estimates of the prevalence of obesity using self-
reported information may be lower than estimates based on
direct anthropometry. Nevertheless, it is unlikely that mis-
classification of obesity status was associated with mode of
birth. Hence, the most likely effect of this error is to attenuate
the association toward the null. Finally, we lacked informa-
tion on offspring microbiota or other potential biological me-
diators to further explore the underlying mechanisms.

Our study also has multiple strengths and was able to ad-
dress the most salient limitations of previous studies. The pro-
spective study design, large sample size, and long-term fol-
low-up allowed us to examine the association between cesarean
birth and risk of obesity in offspring from childhood through
early adulthood and to provide precise estimates of the asso-
ciation. The availability of key prepregnancy and pregnancy
information allowed for multiple sensitivity analyses aimed
at addressing residual confounding. In addition, information
on multiple pregnancies from the same woman and exten-
sive family data enabled us to estimate, for the first time in this
literature, to our knowledge, the effects of changes in mode
of delivery and to minimize the effect of confounding owing
to environmental factors and time-invariant maternal char-
acteristics by conducting within-family analyses.

Conclusions

We observed an association between cesarean delivery and in-
creased risk of obesity in offspring that persisted through early
adult life. We also report for the first time, to our knowledge,
a protective effect of vaginal birth after cesarean delivery on
obesity in offspring and a significant difference in risk of obe-
sity between siblings whose modes of birth were discordant.
The association between cesarean birth and obesity in off-
spring was stronger in analyses restricted to individuals with-
out known risk factors for cesarean delivery and in within-
family analyses. These findings suggest that this association
may be a true adverse outcome of cesarean delivery that cli-
nicians and patients should weigh when considering cesar-
ean birth in the absence of a clear medical or obstetric indica-
tion. Since large randomized trials of cesarean vs vaginal birth
may not be ethically feasible, additional research from large,
prospective studies with high-quality data on prepregnancy,
pregnancy, and delivery is needed to address whether these
findings are generalizable to minorities and to investigate
whether increased rates of obesity translate to increased risk
of adverse cardiometabolic outcomes among individuals born
by cesarean delivery.
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