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Abstract

Background: It has been suggested that mode of delivery, a potentially powerful influence upon long-term health, may
affect later life body mass index (BMI). We conducted a systematic review and meta-analysis of the effect of Caesarean
section (CS) and vaginal delivery (VD) on offspring BMI, overweight (BMI.25) and obesity (BMI.30) in adulthood.
Secondary outcomes were subgroup analyses by gender and type of CS (in-labour/emergency, pre-labour/elective).

Methods: Using a predefined search strategy, Pubmed, Google Scholar and Web of Science were searched for any article
published before 31st March 2012, along with references of any studies deemed relevant. Studies were selected if they
reported birth characteristics and long-term offspring follow-up into adulthood. Aggregate data from relevant studies were
extracted onto a pre-piloted data table. A random-effects meta-analysis was carried out in RevMan5. Results are illustrated
using forest plots and funnel plots, and presented as mean differences or odds ratios (OR) and 95% confidence intervals.

Results: Thirty-five studies were identified through the search, and 15 studies with a combined population of 163,753 were
suitable for inclusion in the meta-analysis. Comparing all CS to VD in pooled-gender unadjusted analyses, mean BMI
difference was 0?44 kg?m-2 (0?17, 0?72; p = 0?002), OR for incidence of overweight was 1?26 (1?16, 1?38; p,0?00001) and OR
for incidence of obesity was 1?22 (1?05, 1?42; p = 0?01). Heterogeneity was low in all primary analyses. Similar results were
found in gender-specific subgroup analyses. Subgroup analyses comparing type of CS to VD showed no significant impact
on any outcome.

Conclusions: There is a strong association between CS and increased offspring BMI, overweight and obesity in adulthood.
Given the rising CS rate worldwide there is a need to determine whether this is causal, or reflective of confounding
influences.
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Introduction

The last twenty years have seen worldwide increases in obesity

prevalence in children and adults, with the highest incidences

reported in the USA and Scotland (33?8% and 30% respectively)

[1]. In England, adult obesity has risen from 16?4% to 26%

between 1995 and 2010 [1,2] at an estimated cost to the National

Health Service of .£5?1billion annually [3].

Concurrently, between 1990 and 2008, there has been a 100%

increase in Caesarean Section (CS) births in England [4]. The

World Health Organisation (WHO) recommends that the CS rate

should not exceed 15% [5]. However many countries report

higher rates; including China (60%) [6], Brazil (47%) [7], and

England (23?8%) [8].

Adverse effects of CS on the neonate immediately post-partum

are widely recognised. CS is associated with the highest rates of

neonatal morbidity and mortality of all modes of delivery [9], with

increased risk of a low 1-minute Apgar [10], respiratory distress,

hypoglycaemia and a prolonged stay in a neonatal intensive care

unit [11].

Controversially, it has been suggested that birth by CS

predispose offspring to adverse health outcomes in childhood

[9]. A 20% increased odds of asthma and type-1 diabetes, and a

23–32% increased odds of atopic disorders have been reported.

An association between CS and later-life obesity has also been

postulated. A study conducted in North America, evaluating

almost 200,000 adolescents, reported that children born by CS are

40% more likely to be overweight [12]. To date studies addressing

the possibility of an association between CS and adult obesity have

been small and contradictory. Goldani et al [13] in a Brazilian

cohort study of young adults aged 23–24, demonstrated that the

odds of obesity are increased by 50% following birth by CS.
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Conversely another Brazilian study evaluating obesity in 4297

adults showed no difference by mode of delivery [14]. A recent

meta analysis published by Li et al [64] presented adult data from 3

studies (n = 6,807) that specifically examined the effect of mode of

delivery and offspring overweight/obesity, demonstrating an

adjusted pooled OR of 1.50 (95%CI 1.02, 2.20, I2 = 74%).

We aimed to perform a systematic review and meta-analysis to

identify any association between mode of delivery and offspring

body mass index (BMI), and risk of overweight, and obesity in

adulthood. We also sought to determine if offspring age, gender

and type of CS had an effect on outcomes. In contrast to Li et al

[64] we aimed to include all cohorts reporting data on adult BMI

and weight, together with mode of delivery, independent of

whether or not the association between the two was studied or

published.

Methods

A systematic review of studies reporting adult anthropometry

(BMI, height, weight, incidence of overweight/obesity) by mode of

delivery was conducted using an a priori protocol (registered on

PROSPERO [15]) following PRISMA guidelines for reporting

systematic reviews and meta-analyses [16].

Definition of exposure and outcomes
Outcomes studied were offspring BMI, overweight and obesity

in adulthood ($18 years). Overweight and obesity were classified

according to the National Institute of Clinical Excellence

categories [17], namely ‘‘obese’’ (BMI.30) and ‘‘overweight or

obese’’ (BMI.25, including BMI.30). Type of exposure was

classed as vaginal delivery (VD) (including natural, forceps and

vacuum extraction) and CS, with CS groups further categorised as

Pre-Labour CS (pre-labour-CS) or In-Labour CS (in-labour-CS).

Literature search
A search was conducted in PubMed (http://www.ncbi.nlm.nih.

gov/) for any studies published before 31st March 2012, using the

following search strategy using PubMed Medical Subject Heading

(MeSH) terms: ‘‘(Parturition OR Delivery, Obstetric OR Cesarean) AND

(obesity OR Body Mass Index OR Overweight)’’, limited to human

studies. A similar search of Google Scholar (http://scholar.google.

co.uk/) and Web of Knowledge (http://apps.webofknowledge.

com) was also carried out using the search strategy ‘‘(caesarean OR

cesarean OR caesarian OR cesarian) AND (obesity OR Body Mass Index OR

Overweight) AND (Adult) AND (Offspring)’’. No limits on language,

country, study type or publication period were applied. Foreign

language publications were translated using ‘‘Google Translate’’

(http://translate.google.com/).

Study selection
Titles and abstracts of identified studies were independently

screened by two reviewers [KD and MJH]. If abstracts were

unavailable, the full text was obtained. The full texts of relevant

abstracts were appraised for inclusion [KD and CG]. Any

disagreement over eligibility of a study was referred to all authors.

For inclusion a study must have reported either: (1) both mode of

delivery and adult offspring BMI; (2) mode of delivery with long-

term offspring follow-up (into adulthood) or (3) adult offspring

BMI with birth characteristics. References of included studies were

hand searched for relevant publications. Review articles and letters

to editors were excluded after reference lists were searched. If

multiple papers reported data from the same cohort, the study

reporting BMI at an age closest to the median age across all studies

was included.

Data extraction
A basic dataset was extracted from each study using a pre-

piloted data collection form [KD and SS]. In studies where

required data were not reported or only adjusted results provided,

authors were contacted to request these [KD and MJH]. If no

response was received after two emails or relevant data were

unavailable, the study was excluded from the meta-analysis.

Where authors were not contactable, the principal investigator of

the cohort was approached. Where mean and SD for BMI was

provided by gender only, combined means and SD for both

genders together were calculated.

Methodological quality of each study was assessed using a

modified Newcastle-Ottawa Scale [18] [KD and SS]; studies are

scored based on population selection, study comparability and

outcome (Figure S1).

Data analysis
Meta-analyses were carried out using the inverse-variance

method for mean BMI difference and the Mantel-Haenszel

method for overweight and obesity odds ratios (OR) in RevMan

5 (5.0.23) to identify any association between mode of delivery and

adult BMI, overweight and obesity separately. Forest plots were

created using RevMan 5 (5.0.24). Funnel plots were created and

Egger’s Test [22] performed in Stata 12 to investigate publication

bias and other small-study effects. Differences between groups are

provided as pooled estimated mean differences with 95%

confidence interval (CI) or unadjusted OR with 95% CI.

Between study heterogeneity
Random-effects models were used throughout as it was

considered unlikely that the effect of interest was the same across

all studies, invalidating the main assumption for fixed-effect

models. Heterogeneity (between study variation) was assessed

using the chi-squared test for Cochrane’s Q statistic and by

calculating I2, the estimated proportion of variance in the study

outcome due to heterogeneity [19,20].

However, where heterogeneity was low (p.0?05 from the chi-

squared test and I2,50%), a fixed-effects model was carried out to

check the sensitivity of findings as a random effects analysis can

give greater weight to smaller studies. As heterogeneity tests have

low power when study numbers are small [21], a fixed-effects

meta-analysis was not carried out for analyses with less than five

studies. If I2 was 0% a fixed-effects analysis was also not carried

out as results would be identical to the random-effects model.

For all random effects analyses 95% prediction intervals (PI)

were calculated as this provides a useful measure of the effects we

would expect to see in future studies [23]. The prediction interval

is the range in which 95% of individual study effects are expected

to lie, in contrast to the confidence interval which is for the

average effect across all studies. The limits are given by

m̂m+t0:05
k{2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
t̂t2zSE(m̂m)2

q
where m̂m is the pooled estimate of the

average effect, SE(m̂m) its standard error, and t̂t2 the estimate of

between study variance. A t distribution on k-2 degrees of freedom

(where k is the number of studies) is used rather than a normal

distribution because t̂t2 is estimated with uncertainty.

Pre-specified subgroup analyses were carried out by gender and

type of CS (in-labour-CS/pre-labour-CS) for studies providing

relevant data. Where a substantial difference in the magnitude of

BMI difference was shown between subgroups, statistical signifi-

cance was tested using meta-regression. Meta-regression was also

used to determine whether study results varied with age of

offspring.
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If type of CS data were available for only a subgroup of studies,

to confirm that any difference in results was not due to a subgroup

effect, the mean BMI difference, overweight OR and obesity OR

was calculated for the subgroup comparing all CS deliveries (i.e.

not separated into pre-labour-CS or in-labour-CS) to VD.

Results

Search results
The search yielded 3292 abstracts (PubMed: 1413; Google

Scholar: 1850; Web of Science: 29). Google Scholar imposes a

1000 result limit, so only the first 1000 abstracts were screened.

Consequently, 2442 titles and abstracts were screened for

inclusion. Seventy-nine abstracts appeared relevant; through

hand-searching their references a further 90 abstracts were

screened of which 57 appeared relevant. A further paper was

identified through external means. Duplicate datasets, and papers

which on full examination evidently had not collected mode of

delivery data, were removed, leaving 35 studies with apparently

relevant data (Figure 1).

The authors of 30 studies were contacted [13,14,24–51]; one

cohort was contacted directly [52]; two cohort studies were open-

access [53–60]; and in two cases we were unable to contact the

authors [61,62]. Twenty-nine authors replied [13,14,24–47,50–

52] of whom 13 provided additional data suitable for inclusion

[13,14,39–47,50,51].

The 1958 British Birth Cohort dataset included implausible

BMI values, so limits were imposed (excluding subjects with

BMI.200 kg?m22 and BMI,10 kg?m22). Mean (SD) BMI was

calculated following exclusion of these implausible data.

The 1924 Helsinki Birth Cohort [44] had a small CS group

(n = 5), so was only included in the overall meta-analyses. The

single gender studies of Cnattingius et al [47], (female); the GOOD

Study [41], (male); and Svensson et al [51], (male) were excluded

from pooled gender analyses. One study [46] did not provide data

on incidence of obesity, and was therefore excluded from the

obesity analyses.

In total, 15 studies were included (combined population

163,753). Study descriptions and data are shown in table 1.

Primary analyses
Data from 12 studies [13,14,39,40,42–46,50,53,60] (37,798

subjects; CS = 2995, VD = 34,803) were included in the random-

effects meta-analysis which showed an unadjusted mean BMI

difference of 0?44 kg?m22 CI [0?17, 0?72], p = 0?002, I2 = 39%

(Figure 2). The OR for incidence of overweight following CS in

comparison to VD was 1?26 CI [1?16, 1?38], p,0?00001, I2 = 0%

(Figure 3). A population of 37,622 (CS = 2975, VD = 34,647)

from 11 studies [13,14,39,40,42–45,50,53,60] was available to

investigate the association between mode of delivery and obesity;

the OR for CS in comparison to VD was 1?22 CI [1?05, 1?42],

p = 0?01, I2 = 22% (Figure 4).

Subgroup analyses
Men: Data from 13 studies [13,14,39–43,45,46,50,51,53,60]

(40,229 subjects; CS = 3791, VD = 36,438) were included. The

mean difference in BMI between CS and VD was 0?42 kg?m22 CI

[0?18, 0?67], p = 0?0008, I2 = 40% (Figure S2A). The OR for

overweight was 1?21 CI [1?02, 1?43], p = 0?03, I2 = 56% (Figure

S2B). Twelve studies [13,14,39–43,45,50,51,53,60] (40,157 sub-

jects; CS = 3776, VD = 36,378), were suitable to investigate obesity

(1?33 CI [1?16, 1?53], p,0?0001, I2 = 8% (Figure S2C)

Women: Data from 12 studies [13,14,39,40,42,43,45–

47,50,53,60] (123,069 subjects; CS = 18,134, VD = 104,935) were

included. The mean difference in BMI between CS and VD was

0?72 kg?m22 CI [0?27, 1?18], p = 0?002, I2 = 74% (Figure S3A).

The OR for overweight was 1?28 CI [1?12, 1?47], p = 0?0004,

I2 = 44% (Figure S3B). Eleven studies [13,14,39,40,42,43,45,

47,50,53,60] (122,965 subjects; CS = 18,126, VD = 104,839) were

suitable to investigate obesity (1?30 CI [1?05, 1?62], p = 0?02,

I2 = 55% (Figure S3C).

Meta-regression showed the observed gender difference for BMI

was not statistically significant (p = 0?25).

Emergency/in-labour-CS: Data from 4 studies

[39,43,46,53] (17,943 subjects; in-labour-CS = 281, VD = 17,662)

were suitable for inclusion. There were no significant differences in

BMI, overweight and obesity comparing in-labour-CS to VD

(mean BMI difference: 0?48 kg?m22 CI [20?08, 1?04], p = 0?09,

I2 = 7% (Figure S4A); overweight OR: 1?21 CI [0?95, 1?53],

p = 0?12, I2 = 0% (Figure S4B); obesity OR: 1?26 CI [0?78, 2?05],

p = 0?35, I2 = 39% (Figure S4C). The population available to

investigate the incidence of obesity was 17,776 (in-labour-

CS = 270; VD = 17,506), from 3 studies [39,43,53].

Elective/pre-labour-CS: Data from the same 4 studies

[39,43,46,53] (17,923 subjects; pre-labour-CS = 261,

VD = 17,662) were included. There were no significant differences

in BMI, overweight or obesity OR (mean BMI difference:

0?32 kg?m22 CI [20?21, 0?85], p = 0?24, I2 = 0% (Figure S5A);

overweight OR 1?20 CI [0?93, 1?55], p = 0?15, I2 = 0% (Figure

S5B); obesity OR: 1?13 CI [0?80, 1?59], p = 0?50, I2 = 0% (Figure

S5C). The population for the evaluation of obesity was 17,758

(pre-labour-CS = 252; VD = 17,506) from 3 studies [39,43,53].

Subgroup analyses of CS against VD for all studies reporting

type of CS showed similar effect-sizes to the overall analysis (mean

BMI difference: 0?43 kg?m22 [0?02, 0?85] (p = 0?04); overweight

OR: 1?20 [1?01, 1.43] (p = 0?04); obesity OR: 1?21 [0?96; 1?54]

(p = 0?11)). As there was no evidence of any difference in

magnitude of effect when comparing type of CS (pre-labour-CS

or in-labour-CS, compared to VD) on any outcome (BMI,

overweight or obesity), a test comparing whether the effect varied

between types of CS was not carried out.

Data from Cnattingius et al [47] (n = 103,941; not included in

the sub-group analysis as the study only included women), showed

significant mean BMI differences when comparing each type of

CS to VD; in-labour-CS vs. VD: 1?40 kg?m22 [1?28, 1?52]

(p,0?00001), pre-labour-CS vs. VD: 1?00 kg?m22 [0?89, 1?11]

(p,0?00001). Interaction tests [63] show these differences in mean

BMI difference between in-labour-CS and pre-labour-CS (com-

pared to VD) to be statistically significant (p,0?001).

However, data from Svensson et al [51] (data on type of CS were

only available for two years but were compared to the entire VD

population; CS n = 533, VD n = 18,913; not included in the sub-

group analysis as the study included only men), showed no

significant mean BMI differences when comparing each type of

CS to VD; in-labour-CS vs. VD: 0.30 kg?m22 [20.18, 0.78]

p = 0.22, pre-labour-CS vs. VD: 0.20 kg?m22 [20.43,0.83]

(p = 0.54).

Sensitivity analyses
Twenty-five percent of participants in Mi et al [42] and 40% of

ACONF [39] were siblings but the statistical analysis did not

reflect this. Furthermore, the implausible BMI values we noted in

1958 British Birth Cohort [53] brings into question the integrity of

the dataset. To ensure that these potentially erroneous data did

not bias the results, a sensitivity analysis was undertaken, excluding

each study individually. Exclusion of these studies showed similar

effect-sizes in all analyses (Table S1).

Caesarean Section and Offspring BMI in Adulthood
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Study quality: Newcastle-Ottawa Scale scores (out of 7*)

ranged from 3* to 7* (median = 4*; table 1). A sensitivity analysis

of high quality studies (.4*) [13,14,40,46,53] showed greater

effect-sizes (mean BMI difference: 0?69 kg?m22 [0?36, 1?02],

p,0.0001; overweight OR: 1?33 [1?20, 1?47], p,0?00001; obesity

OR: 1.27 [1.03, 1.57], p = 0.02).

Age of offspring
Mean offspring age at BMI measurement ranged from 18 to

69?6 years in the primary pooled gender analysis. Meta-regression

showed a borderline significant decrease in mean difference in

BMI with increasing mean offspring age, 0?023 kg?m22 ([0?0008,

0?046], p = 0?06) less in mean BMI difference, per year increase in

mean age (Figure S6).

Funnel plots and publication bias
Visually the funnel plots (Figure S7, S8, S9) suggested

asymmetry, although the Egger’s test p-values were not statistically

significant (p = 0?77; p = 0?42; p = 0?69 respectively).

A summary of all meta-analysis results is presented in table 2.

Discussion

In this large systematic review and meta-analysis investigating

the association between mode of delivery and adult BMI,

Figure 1. Flow chart of the search strategy used in the review. The relevant number of papers at each point is given.
doi:10.1371/journal.pone.0087896.g001
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overweight and obesity, we found an average increase in BMI of

almost 0?5 kg?m22 in subjects delivered by CS compared to VD,

and an increased odds of overweight and obesity .20%; these

findings are consistent across sexes. We found some indication that

studies of younger populations showed greater effect-size.

Given that rate of CS has changed over time; driven partially by

changing clinical practice and by the rise of the maternal choice

CS, it is possible that the impact of CS on outcomes may be

different dependent on the birth year of the cohort. Studies with a

higher background CS rate, and studies where participants were

born after 1975, have higher effect sizes and narrower confidence

intervals (figure S10, S11). The narrower confidence intervals may

be in part a reflection of the increased size of the CS groups. These

figures demonstrate that inclusion of the older cohorts in our meta-

analysis is likely to attenuate the effect sizes we report. This

emphasises that the relationship between mode of delivery and

later life outcomes is likely to be of increasing importance in future

populations.

There are strengths and limitations to our systematic review and

meta-analysis. A key strength is the large population of 142,702

subjects, from ten countries, spanning four continents; a large part

of which have not been previously published in this form. Pre-

registration of an a priori protocol prevented post hoc modifications

to analyses, decreasing the risk of bias. Furthermore, heterogeneity

was low in all primary analyses given all studies were observa-

tional. Prediction intervals were calculated to indicate the likely

range of study effects in the presence of heterogeneity. We showed

that while on average BMI was higher in the CS group, this may

not occur in all settings as the prediction interval ranged from

20.27 to 1.15 kg?m22. A similar finding was observed for obesity,

but there was minimal heterogeneity in the analysis of overweight.

All studies were of comparable high quality, limited only by low

follow-up rates (mean follow-up rate across all included studies was

60%) and exclusion of studies with lower quality scores increased

effect-sizes.

Despite these strengths, there were limitations. Funnel plot

asymmetry suggested the possibility of reporting bias, but Egger’s

Test was statistically non-significant and as the outlying studies are

in the opposite direction to the pooled results, any bias present

probably attenuates rather than accentuates the findings. There

was no evidence of a statistically significant gender difference in

effect. Furthermore, gender-specific analyses showed higher levels

of heterogeneity than the main results, possibly because the

population size for each study is halved so the study estimates are

less precise.

Collection of mode of delivery data in cohort studies was poor;

these data were recorded in only 16 studies out of 33 identified

(,15% of the total population of potential studies identified). Also,

considerable aggregate data were unavailable for inclusion: 16

studies (a combined population .260,000 subjects) were identified

in which relevant data had been collected, yet these were only

available from 13, (142,280 subjects). A lack of patient level data

prevented adjustment for confounders.

Findings from our meta-analysis are consistent with findings

from other investigators. Shortly after completing our review, Li et

al [64] reported 50% higher odds of obesity in adults born by CS

Figure 2. Offspring born by CS have higher BMI. Forest Plot showing the pooled gender, unadjusted mean BMI difference in adult offspring by
mode of delivery.
doi:10.1371/journal.pone.0087896.g002

Figure 3. Offspring born by CS have higher incidence of overweight. Forest Plot showing the pooled gender, unadjusted OR for incidence of
overweight in adult offspring, by mode of delivery.
doi:10.1371/journal.pone.0087896.g003
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compared to their VD counterparts from a systematic review and

meta-analysis. In contrast to our findings: a greater effect size

among higher quality studies, Li et al [64] found the association

between CS and overweight/obesity no longer significant in a

subgroup analysis limited to high quality studies (including 2

studies and 6,354 subjects). The small size of the Li et al subgroup

analysis limits its findings, and we suggest that the apparently

conflicting results of our subgroup analysis limited to high quality

studies reflects the more inclusive nature of our review. Unlike Li et

al [64], we were not limited by a small dataset and were therefore

able to perform subgroup analyses, investigating the effects of

gender on overall outcome, which they had initially set out to do.

Furthermore, the availability of more data, in addition to

contacting the authors for further information, we were able to

present the risk of overweight and obesity separately, as well as

specific BMI differences. Li et al [64] were however, able to present

an adjusted pooled analysis, which due to a lack of patient level

information we were unable to do. However, of note is that the

adjusted estimate correlates closely with the unadjusted estimates

we have shown through this study.

Goldani et al [13] reported the odds of obesity in adults born by

CS to be 50% higher, and importantly, when they adjusted for

confounders (see table 1), the effect of CS on offspring BMI was

slightly increased. Barros et al [14] found no effect of CS on

incidence of adult offspring obesity either before, or after,

adjustment for a range of confounders (see table 1). This may be

due to lack of power in the Barros study [14], as suggested by Li et

al [65]. One key difference between the two Brazilian studies is

that Barros et al [14] were able to adjust the data for maternal pre-

pregnancy height and weight unlike Goldani et al. This could

account for the differences seen, but the unadjusted results from

the Barros study still showed no significant difference in obesity

between the two groups.

A key consideration is whether the associations we have

identified between mode of delivery and offspring outcome are

causal or reflect confounding. Plausible causal factors that might

lead from CS to greater risk of obesity include differences in

offspring microbiome as this differs between CS and VD neonates

[66], leading to increased energy harvesting [67], and a lower rate

of breastfeeding [68], in turn associated with greater risk of later-

life overweight and obesity [69]. Non-exposure to labour also

results in persistence of fetal gene expression and altered

metabolism [9]. Nonetheless several factors associated with

increased risk of CS are also associated with increased BMI in

offspring, including high maternal BMI [70], gestational diabetes

[71], and lower socioeconomic status [72], [73]. Of these,

maternal obesity is probably the most significant confounding

factor in the relationship between CS and offspring BMI. This

needs elucidation in datasets which can be properly controlled for

maternal BMI.

To our best knowledge there have been no previous attempts to

evaluate the effect of exposure to labour on later-life BMI, by

examining outcomes in in-labour-CS and pre-labour-CS. When

data were stratified by type of CS, we found no significant

differences in adult BMI, overweight and obesity. However, these

data were provided in only 5 studies, and the number of CS-

delivered participants included in these subgroup analyses was

,10% of the total number of CS deliveries in the main meta-

analysis. Given the lack of power we do not feel that reliable

conclusions can be drawn regarding the possibility of an impact of

exposure to labour on study outcomes.

Our meta-analysis shows reduced association between CS and

later-life BMI in older subjects. Exposure to post-natal obesogenic

environmental factors increases with age, and may mask the

association between CS and increased BMI in later life. However,

as overweight and obesity track across time and are amplified in an

obesogenic environment it seems unlikely that any impact of CS is

truly attenuated with age. Hence we consider this is most likely due

to the rising prevalence of obesity driving a larger effect-size in

younger populations, although, longitudinal follow-up of these

cohorts will be necessary to establish this with certainty.

In 2010 the WHO identified increased short-term adverse

effects to mother and baby [74] following CS without medical

indication. Controversially despite this evidence, and without

considering possible long-term adverse outcomes, the highly

influential UK NICE guidelines [75] were modified in 2011 to

support offering CS to women who, after discussion with a mental

health expert, feel that VD is an unacceptable option. Concern has

been expressed that this guideline will further serve to fuel the

already high and rapidly rising CS delivery rate worldwide.

Associations between CS and increased later life risk of overweight

and obesity are of significant relevance to population health. This

requires that the possibility of a causal relationship be addressed as

a matter of urgency, at the very least to provide the sound

evidence required for women to make an informed decision

regarding the advisability of delivery by CS in the absence of

medical indication.

Figure 4. Offspring born by CS have higher incidence of obesity. Forest Plot showing the pooled gender, unadjusted OR for incidence of
obesity in adult offspring by mode of delivery.
doi:10.1371/journal.pone.0087896.g004
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