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cant increase in body mass21.
A recent prospective cohort study found an effect 

between cesarean section and children’s weight status. 
More specifically, the authors reported a 15 % greater 
chance of becoming obese in early childhood and pre-
adolescence. It is also mentioned that among offsprings, 
whose mother’s had undergone at least one previous ce-
sarean section, the vaginally delivered infants were 31 
% less likely to become obese later in life, compared to 
those born via cesarean delivery4. Results from a popu-
lation-based study in a large sample of Chinese children 
were in accordance with those mentioned above, as the 
analysis showed that cesarean delivery increased the 
risk of developing early childhood overweight and obe-
sity by 24 % and 29 % respectively5. Study results at-
tributed the increased risk to the altered gut microbiota, 
although the mechanisms through which the association 
could be explained are not elucidated4,5. In addition to the 
previous findings, a meta-analysis of seven cohort and 
two case-control studies revealed a 32 % higher risk of 
childhood overweight/obesity occurrence in 3-8 years of 
age17. Similarly, a more recent meta-analysis concluded 
that the risk of obesity in childhood and preadolescence 
(ages 2-15 years) was 34 % higher in children born via 
cesarean section. However, the heterogeneity of studies 
in the previous meta-analyses, combined with both po-
tential residual confounding and publication bias, might 
affect the reliability of the results as mentioned above17,18.

Regarding the age that children are more likely to be 
overweight or obese, the results remain ambiguous. In a 

cohort study, it was stated that children born with cesar-
ean section had double the risk of becoming overweight 
or obese at the age of six years compared to those born 
vaginally; while in the Lifestyle Immune System Allergy 
plus Air Pollution and Genetics (LISAplus) birth cohort 
study the most prevalent age was two years, though the 
researchers report a moderate follow-up dropout rate 
which could lead to selection bias6,22. Additionally, a 
population-based survey suggested that birth via cesar-
ean section was a predictor for obesity at six years of age8 
(Table 1).

Breastfeeding duration and childhood obesity
Various mechanisms have been recommended to ex-

plain the association between breastfeeding duration and 
childhood obesity. Some studies have shown that satiety 
feelings could be recognized easier by infants, which 
could lead to the settlement of better self-regulation of 
energy intake later in life23,24. Other researchers have re-
ported that energy balance and food intake regulation is 
affected by breast milk hormones, and this could have 
an impact on body fat deposition25. Another pathway 
through which breastfeeding could affect childhood 
bodyweight is by forming later food preferences. Spe-
cifically, it was documented that breastfed children adapt 
to new food more easily, possibly explained through the 
fact that the taste of breast milk varies with the mother’s 
food choices23. Also, the lower caloric intake and lower 
fat and protein levels provided by breast milk, in com-
parison with milk formula, could be another factor influ-

Table 1: Studies in the literature examining the associations between delivery type and childhood overweight/obesity occurrence.
Source Study Sample Type of Study Location Follow-up Period/Study 

Design
Study Results

Gopinath 
et al. 
20128

1,741 children aged 6 
years and 2,354 children 
aged 12 years

Cross-sectional 
study (The Syd-
ney Childhood 

Eye Study)

Sydney, Australia Data collection about the 
perinatal environment retro-
spectively, through the use 
of questionnaires

Cesarean section was as-
sociated with obesity oc-
currence in the six-year-old 
cohort

Li et al. 
201317

7 cohort and 2 case con-
trol studies examining 
the association

Systematic 
review and meta-

analysis

China, Brazil, United 
States of America, 

Denmark and Neth-
erlands

Quantitative comparison in 
different age groups (chil-
dren 3-8 years old, adoles-
cents 9-18 years old and 
adults >19 years old) 

Cesarean delivery was as-
sociated with 32% higher 
risk of childhood over-
weight/obesity occurrence 
(3-8 years of age)

Pei et al. 
201422

3,097 healthy full-term 
neonates (gestational 
age >37 weeks and birth 
weight >2500 g)

Birth cohort 
study

(LISAplus)

Munich, Leipzig, 
Wesel,

and Bad Honnef, 
Germany

Follow-ups at 2, 6 and 10 
years, including anthro-
pometric measurements 
evaluation

Children born via cesarean 
section were at higher risk 
of developing obesity only 
at the age of two years

Kuhle et 
al. 201518

4 case control, 19 cohort, 
and 5 cross sectional 
studies examining the as-
sociation

Systematic 
review and meta-

analysis

China, Brazil, United 
States of America, 
Denmark, Neth-
erlands, Canada, 

Greece, Sri Lanka, 
Iran, Hong Kong, 

Poland and Germany

Quantitative comparison 
in children aged 2-15 years 
(mean age: 6 years)

Children born via caesare-
an section had 34 % higher 
risk of developing child-
hood obesity

Portela et 
al. 20156

672 mother-baby pairs Prospective 
cohort study

Feira de Santana, 
Brazil

Follow-up at 6 years Cesarean section was a sta-
tistically significant factor 
for overweight/obesity oc-
currence at age 6 years


