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Abstract
Objectives  Whether birth by caesarean section (CS) 
increases the occurrence of neurodevelopmental 
disorders, asthma or obesity in childhood is controversial. 
We tried to demonstrate the association between children 
born by CS and the occurrence of the above three diseases 
at the age of 5.5 years.
Methods  The database of the Taiwan Birth Cohort 
Study which was designed to assess the developmental 
trajectories of 24 200 children born in 2005 was used in 
this study. Associations between children born by CS and 
these three diseases were evaluated before and after 
controlling for gestational age (GA) at birth, children’s 
characteristics and disease-related predisposing factors.
Results  Children born by CS had significant increases in 
neurodevelopmental disorders (20%), asthma (14%) and 
obesity (18%) compared with children born by vaginal 
delivery. The association between neurodevelopmental 
disorders and CS was attenuated after controlling for 
GA at birth (OR 1.15; 95% CI 0.98 to 1.34). Occurrence 
of neurodevelopmental disorders steadily declined with 
increasing GA up to ≤40–42 weeks. CS and childhood 
asthma were not significantly associated after controlling 
for parental history of asthma and GA at birth. Obesity in 
childhood remained significantly associated with CS (OR 
1.13; 95% CI 1.04 to 1.24) after controlling for GA and 
disease-related factors.
Conclusions  Our results implied that the association 
between CS birth and children’s neurodevelopmental 
disorders was significantly influenced by GA. CS birth was 
weakly associated with childhood asthma since parental 
asthma and preterm births are stronger predisposing 
factors. The association between CS birth and childhood 
obesity was robust after controlling for disease-related 
factors.

Introduction
With an escalating rate of caesarean sections 
(CS) worldwide, literature has revealed 
that caesarean delivery might delay neuro-
logical adaptation in infants and can also 
alter gut microbiotic composition in early 

infancy.1 2 Recent studies demonstrate that 
different delivery modes shape the diversity in 
the human microbiome’s successional devel-
opment in different body habitats and might 
alter gut the microbiotic composition which 
probably has associated effects on infant 
health.3 However, whether modes of delivery 
also result in long-term physiological conse-
quences in childhood or influence later phys-
ical well-being needs further investigation.

Kapellou pointed out that the delivery 
of infants before 39 weeks can increase 
respiratory morbidity  and interrupt intra-
uterine brain maturation and have a signifi-
cant impact on future neurodevelopment.4 
Animal studies have shown that CS may affect 
development of neurons and that some fetal 
brain developmental processes continue into 
the neonatal period.5 6 In the past, mode of 
delivery has been shown to potentially affect 
normal intestinal colonisation in infants 

Strengths and limitations of this study

►► Our database simultaneously demonstrates 
whether neurodevelopmental disorders, asthma and 
obesity are associated with modes of delivery after 
controlling for potential confounding factors.

►► We evaluated dose-dependent effects of gestational 
age on the occurrence of these diseases.

►► Some information such as maternal/fetal conditions 
that indicate CS or precise indications of CS that 
might be more related to these disorders were not 
evaluated because indications for CS were derived 
from self-reports by mothers or reports by primary 
caregivers, not from medical records.

►► We might have missed the possibility that these 
disorders might occur in combination because we 
looked at associations among these three disorders 
and modes of delivery as mutually exclusive.
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as demonstrated by checking faecal flora.7 Collins et al 
revealed that intestinal microbiota could communicate 
with the brain via the gut–brain axis to influence brain 
development and behaviour.8 However, the correlation 
between CS and later neurodevelopmental disorders is 
still controversial.

Overweight children and increase of allergic diseases 
have been reported to be associated with CS delivery based 
on the hygiene hypothesis.9–13 A meta-analysis demon-
strated a 20% increase in the subsequent risk of asthma 
in children who had been delivered by CS.9 A popula-
tion-based cohort study found a moderately increased 
risk of asthma in the children delivered by CS and also 
found that this association was stronger for preterm chil-
dren than for term children.14 However, some longitu-
dinal studies show no associations between subsequent 
risk of developing childhood asthma, wheezing episodes 
or atopic dermatitis in infants delivered by CS after 
controlling for their parental allergy history.15 16 Epide-
miological studies also revealed an association between 
CS and overweight or obese preschool-aged children.10 11 
Recently, a systematic review and meta-analysis indicated 
that CS is only moderately associated with overweight and 
obese children.17 The inconsistent association between 
delivery modes and childhood allergies as well as over-
weight/obesity also needs clarification by further study.

In this study, we used data from the Taiwan Birth 
Cohort Study (TBCS) to demonstrate whether neuro-
developmental disorders, asthma and obesity at the age 
of 5.5 years are associated with modes of delivery after 
controlling for potential confounding factors. Except 
for the basic demographic factors of children and socio-
economic status of parents, the potential confounding 
factors also include specific factors that might be related 
to the occurrence of neurodevelopmental disorders, 
asthma and obesity.

Materials and methods
Study population and setting
Data used in this study were derived from the TBCS. The 
TBCS has been designed to assess the developmental 
trajectories of Taiwanese children and was financially spon-
sored by the Health Promotion Administration in Taiwan. 
The study protocol and questionnaires were approved by 
the Directorate-General of Budget, Accounting and Statis-
tics in the Executive Yuan, according to the Statistics Act 
of Taiwan. This study was approved by the Institutional 
Review Board at the National Taiwan University Hospital 
(No. 201604055RINC).

By using two-stage stratified random sampling, the 
TBCS selected a nationally representative sample of 
24 200 children born in 2005 from the National Birth 
Report Database, with a sampling rate of approximately 
11.7%. Before children reached school age, face-to-face 
survey interviews with mothers or primary caregivers were 
conducted at 6 months, 18 months, 36 months and 5.5 
years of age, with response rates of 87.8%, 94.9%, 93.7% 

and 92.8%, respectively. Our study sample included 19 721 
children who participated the first and fourth surveys. 
The content of both surveys contains questions about the 
child’s developmental, behavioural and health outcomes, 
as well as detailed information on family characteristics 
including socioeconomic conditions, parenting practices 
and the parents’ health and well-being.

Children’s health status, modes of delivery and gestational 
age
In this study, we focused on childhood obesity, asthma and 
neurodevelopmental disorders. Childhood obesity was 
defined by the body mass index set by the Taiwan Bureau 
of Health Promotion for preschool children. Children 
categorised with asthma were those who had been diag-
nosed by a physician as described by Wen et al.18 Learning 
disabilities, developmental delay, attention deficit hyper-
activity disorder, sensory integration disorder and autism 
were diagnosed and evaluated by paediatric psychiatrists 
and clinical psychologists. Children with neurodevelop-
mental disorders were categorised as those having any 
or a combination of learning disabilities, developmental 
delay, attention deficit hyperactivity disorder, sensory 
integration disorder or autism, according to the classifi-
cation of the Diagnostic and Statistical Manual of Mental 
Disorders Fifth Edition (DSM-V) published on 27  May 
2013.19

Information about the mode of delivery (vaginal or 
caesarean delivery) and gestational age (GA) was also 
collected from Taiwanese birth certificates in 2005. GA 
was stratified as: preterm (<37 weeks), term (37 to 41 
weeks) and post-term (42 weeks or more). To evaluate the 
influence of GA on the associations of CS with the occur-
rence of the above three diseases, we further divided term 
pregnancy into 37 weeks, 38 weeks, 39 weeks and 40–41 
weeks for comparison.

Parental characteristics used as control variables
Mothers’ educational levels were classified as compul-
sory school (less than 9 years of schooling), senior high 
school, junior college, college and above. Household 
monthly income was categorised as less than NT$30 000, 
NT$30 000–100 000 and more than NT$100  000 
(NT$30=US$1). Gestational weight gain among the 
mothers was grouped as less than 11 kg  and 11 kg or 
more. The occurrence of gestational diabetes diagnosed 
during prenatal care visits was also recorded. Parental 
history of asthma was recorded at the first survey.

Statistical analysis
Children’s characteristics, obesity, asthma and neuro-
developmental disorders were compared with χ2 tests. 
Logistic multiple regression analyses were used to eval-
uate obesity, asthma and neurodevelopmental disorders 
associated with CS after controlling for characteristics 
of children (ie, GA, gender, birth order) and parents 
(ie, mother’s age at birth of child, mother’s educa-
tion levels, family monthly income). We also included 
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disease-specific factors such as parental asthma history 
for children’s asthma, gestational diabetes mellitus and 
gestational weight gain of mother for children’s obesity as 
controlling factors to demonstrate their effects on these 
disorders. The Cochran-Armitage Trend Test was used to 
check dose-dependent effects on the occurrence of these 
three diseases across the preterm, early term period of 
37–40 weeks (GA at 37 weeks -<38 weeks, 38 weeks -<39 
weeks, 39 weeks -<40 weeks) and ≧40 weeks. Alpha level 
was set as 0.05. All statistical analyses were performed 
using the Statistical Analysis Software package, SAS V.9.3.

Results
In total, data of 19 721 children (cohort CS rate: 33.2%) 
were successfully collected: neurodevelopmental disor-
ders 19 717, asthma 19 720 and obesity, 19 269. The chil-
dren’s and parental characteristics are shown in table 1. 
The prevalence of children’s neurodevelopmental disor-
ders, asthma and obesity were significantly different 
between birth by CS and vaginal delivery (4.7% vs 3.8%, 
7.3% vs 6.3%, 15.9% vs 14.0%; respectively, all p<0.05).

Association between neurodevelopmental disorders and CS 
delivery
Table 2 shows predisposing factors that might influence an 
association between neurodevelopmental disorders and 
birth by CS. The OR and 95% CI for caesarean delivery 
were 1.22 and 1.05–1.42 after controlling for children’s 
and parental characteristics. Gender was significantly 
associated with children’s neurodevelopmental disorders 
(OR for male: 2.16). A young maternal age at childbirth 
was found to be a protective factor against neurodevel-
opmental disorders in the children. Monthly household 
income had an inverse association with the occurrence of 
children’s neurodevelopmental disorders.

The association between neurodevelopmental disor-
ders and birth by CS was attenuated after controlling for 
GA in a regression model (OR 1.15; 95% CI 0.98 to 1.34). 
Children born by CS at a GA of less than 38 weeks were 
significantly associated with more neurodevelopmental 
disorders (GA less than 37 weeks: OR 1.94; 95% CI 1.55 
to 2.42; GA at 37 weeks: OR 1.24; 95% CI 1.0 to 1.55; all 
p<0.05)

Association between asthma and CS delivery
Table 3 shows that asthma was associated with birth by CS 
(OR 1.16; 95% CI 1.03 to 1.30) after controlling for chil-
dren’s and parental characteristics. Gender and first-born 
children had a significant association with childhood 
asthma (ORs for males and first-born child: 1.40 and 
1.23). A lower maternal educational level was a protective 
factor against childhood asthma. Children born in fami-
lies with a lower monthly income had fewer occurrences 
of asthma.

The association between asthma and children born 
by CS was attenuated after controlling for GA (OR 1.11; 
95% CI 0.98 to 1.25). Children born at a GA of less than 

37 weeks (OR 1.27; 95% CI 1.03 to 1.56) had a significant 
association with more asthma. CS and childhood asthma 
were not significantly associated after further controlling 
parental history of asthma. However, children born at a 
GA of less than 37 weeks, at 38 weeks, boys, first-born chil-
dren and mother’s educational level were still associated 
with more asthma. Parental history of asthma was more 
significantly associated with childhood asthma (OR 3.62; 
95% CI 2.88 to 4.55).

Association between childhood obesity and CS delivery
Table  4 shows that childhood obesity was associated 
with birth by CS (OR 1.15; 95% CI 1.06 to 1.26) after 
controlling for children’s and parental characteristics. 
Gender, first-born children and lower maternal education 
level were predisposing factors for childhood obesity. We 
found that obesity in childhood remained significantly 
associated with caesarean delivery (OR 1.15; 95% CI 1.05 
to 1.25) after controlling for GA. Children born post-
term had a significant association with childhood obesity. 
Male gender, first-born child and lower maternal educa-
tional level were also associated with obesity in childhood. 
Furthermore, birth by CS and childhood obesity were 
still associated when we included gestational diabetes 
(OR 1.53; 95% CI 1.20 to 1.95) and maternal gestational 
weight gain (≧ 11 kg; OR 1.18; 95% CI 1.07 to 1.30) as 
control variables.

Dose effect of GA on these three disorders
Further, we found that there was an association between 
CS at a GA of less than 37 weeks and neurodevelopmental 
disorders with a dose effect of GA until term. The associ-
ation of premature birth and neurodevelopmental disor-
ders also existed in the regression analysis while excluding 
the children born by primary CS due to mandatory 
medical factors. The risk of occurrence of neurodevelop-
mental disorders steadily declined with increasing GA up 
to 39 -<42 weeks (data not shown). However, there was 
no dose effect of the GA until term on childhood asthma 
and obesity.

Discussion
In this study, children born by CS had significant increases 
in neurodevelopmental disorders (20%), asthma (14%) 
and obesity (18%) compared with children born by 
vaginal delivery. However, except for obesity, associations 
between CS births and children’s neurodevelopmental 
disorders or asthma were attenuated after controlling for 
GA and potential disease-related predisposing factors.

Effect of GA on these three disorders
Our results are consistent with the findings of MacKay 
et al.20 We found that the risk of occurrence of neuro-
developmental disorders was significantly associated 
with a GA of less than 37 weeks and steadily declined 
with increasing GA up to ≤40 -<42 weeks and with a dose 
effect of the gestation until term. These results support 
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the hypothesis proposed by Kapellou which implies that 
the fetal brain develops and matures towards the end of 
gestation.4 Our results also seem to indirectly provide 

data to support that neurodevelopmental outcomes 
are affected by premature interruption of intrauterine 
life.21 22

Table 1  Characteristics of cohort members by child health at 5 years (sample 19 721)

Total, n (%)
Vaginal delivery,
n (%)

Caesarean delivery,
n (%)

Total 19 721 (100.0) 13 143 (66.6) 6556 (33.2)

Neurodevelopmental disorders 804 (4.1) 497 (3.8) 307 (4.7) **

 � Learning disabilities 290 (1.5) 179 (1.4) 111 (1.7)

 � Developmental delay 525 (2.7) 322 (2.5) 203 (3.1) **

 � ADHD 183 (0.9) 112 (0.9) 71 (1.1)

 � Sensory integration disorder 254 (1.3) 147 (1.1) 107 (1.6) **

 � Autism 88 (0.4) 52 (0.4) 36 (0.5)

Asthma 1311 (6.7) 831 (6.3) 478 (7.3) *

Obesity 2896 (14.7) 1844 (14.0) 1046 (15.9) ***

Gender

 � Male 10 358 (52.6) 6785 (51.6) 3561 (54.3) ***

Birth order

 � First-born child 9918 (50.4) 6833 (52.0) 3085 (47.1) ***

Gestational age, weeks ***

 � <37 1644 (8.3) 784 (6.0) 857 (13.1)

 � 37 2557 (13.0) 1348 (10.3) 1206 (18.4)

 � 38 5282 (26.8) 3124 (23.8) 2152 (32.8)

 � 39 5601 (28.4) 4250 (32.3) 1343 (20.5)

 � 40–41 4580 (23.2) 3603 (27.4) 975 (14.9)

 � ≧42 57 (0.3) 34 (0.3) 23 (0.4)

Maternal age at birth of child, years ***

 � <25 2882 (14.6) 2288 (17.4) 591 (9.0)

 � 25–29 6401 (32.5) 4514 (34.3) 1880 (28.7)

 � 30–34 7032 (35.7) 4522 (34.4) 2503 (38.2)

 � ≧35 3406 (17.3) 1819 (13.8) 1582 (24.1)

Maternal education level ***

 � Compulsory school 2846 (14.5) 2061 (15.7) 780 (11.9)

 � Senior high school 7908 (40.2) 5147 (39.2) 2756 (42.1)

 � Junior college 4959 (25.2) 3277 (25.0) 1675 (25.6)

 � College and above 3974 (20.2) 2636 (20.1) 1333 (20.4)

Family monthly income ***

 � <30 000 2745 (14.1) 1860 (14.3) 881 (13.5)

 � 30 000–100 000 13 729 (70.3) 9211 (70.8) 4502 (69.2)

 � >100 000 3065 (15.7) 1944 (14.9) 1119 (17.2)

Parental asthma history 518 (2.6) 328 (2.5) 190 (2.9)

Gestational diabetes mellitus 435 (2.2) 200 (1.5) 234 (3.6) ***

Gestational weight gain, kg ***

 � <11 4766 (24.4) 3309 (25.4) 1449 (22.3)

 � 11–13 4697 (24.0) 3306 (25.4) 1385 (21.3)

 � 14–16 4631 (23.7) 3138 (24.1) 1491 (22.9)

 � ≧17 5448 (27.9) 3272 (25.1) 2171 (33.4)

Missing data in modes of delivery: 0.2%; birth order: 0.2%; gestational age: 0.1%; maternal age at birth of child: 0.1%; maternal educational levels: 0.3% and 
family monthly income: 1.0%; parental asthma history: 0.5%; gestational diabetes mellitus: 0.2%; gestational weight gain: 0.9%. Number of mothers or main 
caregivers who completed the questions regarding the three children’s health issues: neurodevelopmental disorders: 19 717; asthma: 19 720 and obesity: 19 269. 
Data of modes of delivery from birth registration.
χ2 for analysing differences of obesity, asthma, neurodevelopmental disorders, gender and birth order between vaginal and caesarean delivery.
*p<0.05; **p<0.01; ***p<0.001.
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Literature has revealed that preterm births, a younger 
GA at birth and low birth weight are associated with child-
hood asthma.14 23 Tollanes et al reported that an associ-
ation between birth by CS and increased risk of asthma 
was stronger for preterm children than for term children. 
Sonnenschein-van der Voort et al23 further found that ‘the 
association of lower birth weight with childhood asthma 
was largely explained by younger gestational age at birth’. 
Our results revealed that the association between GA at 
birth and children’s asthma was attenuated after further 
controlling for parental history of asthma.

Our results also showed that there were no associa-
tions between preterm, late preterm or term at birth and 
childhood obesity. But childhood obesity was significantly 
associated with children born post-term before and after 
controlling for gestational diabetes mellitus and gesta-
tional weight gain.

Association between neurodevelopmental disorders and CS 
delivery
Our results do not support the association between CS 
and neurodevelopmental disorders in childhood after 
controlling for GA. GA at birth, especially preterm births, 
significantly influenced the association between CS births 
and neurodevelopmental disorders in childhood. This 
phenomenon is consistent with the viewpoint of Kapellou 
et al21 and Woythaler et al.22

In addition to GA at birth, we also found that neuro-
developmental disorders occurred more in boys than 
in girls. However, recent literature has revealed that the 
increased risk of neurodevelopmental disorders in boys 
cannot exclude sex bias.24 25 In this study, children with 
neurodevelopmental disorders were diagnosed and eval-
uated by paediatric psychiatrists and clinical psycholo-
gists, which might help to avoid the male bias.

Associations between maternal age and neurodevel-
opmental disorders in longitudinal or cohort studies 
are controversial.26 27 Our study showed that a young 
maternal age at childbirth is a protective factor. Litera-
ture has shown that parental socioeconomic status such 
as low familial income is associated with an increased 
risk of neurodevelopmental disorders.28–30 We found that 
children who have a higher familial income have less risk 
for the occurrence of children’s neurodevelopmental 
disorders compared with children with a lower familial 
income.

Association between asthma and CS delivery
A study in the UK in 2004 showed that an adjusted OR 
of delivery by CS is not associated with the subsequent 
development of physician-diagnosed asthma, wheezing 
or atopy in later childhood.15 Another population-based 
cohort study conducted by Juhn et al in the USA also 
revealed that mode of delivery is not associated with 

Table 2  Association between caesarean delivery and the occurrence of children’s neurodevelopmental disorders after 
controlling for gestational age, children’s and parental characteristics

Adjusted OR 95% CI Adjusted OR 95% CI

Caesarean delivery 1.22 1.05 to 1.42 1.15 0.98 to 1.34

Gestational age (reference: 39–41 weeks)

 � <37 weeks 1.94 1.55 to 2.42

 � 37 weeks 1.24 1.00 to 1.55

 � 38 weeks 0.97 0.81 to 1.17

 � ≧42 weeks 1.63 0.58 to 4.59

Gender, male (reference: female) 2.16 1.85 to 2.52 2.13 1.83 to 2.49

First-born child (reference: not first-born child) 1.13 0.97 to 1.31 1.17 1.00 to 1.36

Maternal age at birth of child (reference:  ≧35 years)

 � <25 years 0.75 0.58 to 0.98 0.76 0.58 to 1.00

 � 25–29 years 0.79 0.64 to 0.98 0.81 0.65 to 0.99

 � 30–34 years 0.78 0.63 to 0.95 0.79 0.64 to 0.96

Maternal education levels (reference: college or above)

 � ≤Compulsory school 1.09 0.82 to 1.44 1.07 0.81 to 1.41

 � Senior high school 0.97 0.78 to 1.22 0.97 0.77 to 1.21

 � Junior college 0.96 0.76 to 1.21 0.96 0.76 to 1.21

Family monthly income (NTD) (reference: >100 000)

 � <30 000 2.23 1.66 to 3.00 2.23 1.66 to 3.00

 � 30 000–100 000 1.33 1.04 to 1.69 1.34 1.05 to 1.71

Logistic regression was used for analysis.
NTD, New Taiwan Dollar; US$1≒NT$30.
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subsequent risk of developing childhood asthma or 
wheezing episodes after calculating their cumulative inci-
dence rate and adjusting HRs.16 In this study, children’s 
asthma was not significantly associated with CS births 
after further controlling for GA and parental history of 
asthma.

Kolokotroni et al reported that children with a family 
history of allergies enhance the positive association 
between CS delivery and asthma outcomes.12 Xu et al 
revealed that maternal history of asthma (HR: 3.71) was 
strongly associated with offspring asthma.31 In our study, 
children born to a parent with a history of asthma was 
significantly associated with childhood asthma. However, 
Delbley et al found that CS births are associated with 
subsequent asthma hospitalisation only in premature 
and mothers with asthma have increased rates of CS and 
premature delivery. They noted that in addition to the 
hygiene hypothesis, factors including genetics, intra-
uterine environment and premature birth might also 
influence the association between birth by CS and child-
hood asthma.32

In this study, in addition to parental asthma history 
being significantly associated with child asthma, boys 

and first-born children were also positively associated 
with the occurrence of childhood asthma and maternal 
educational level was negatively associated with the occur-
rence of childhood asthma. Mersha et al showed that 
both genetic and gene expression data have sex-based 
differences in the genomic association with asthma.33 A 
significant association between first-born children and 
childhood asthma might be consistent with the hypoth-
esis of ‘in utero ‘birth-order’ T-cell programming’ postu-
lated by Kragh et al which does not support the hygiene 
hypothesis. Kragh et al revealed that first-born infants 
display a reduced anti-inflammatory profile in T cells 
at birth which may contribute to later development of 
immune-mediated diseases by increasing overall immune 
reactivity in first-born children compared with younger 
siblings.34 However, negative associations between 
maternal educational levels and childhood asthma are 
inconsistent with other studies. Renz-Polster et al did not 
find that maternal education levels influenced the occur-
rence of childhood asthma.35 Hermann et al reported that 
lower parental educational levels result in a higher preva-
lence of childhood asthma.36

Table 3  Association between caesarean delivery and the occurrence of children’s asthma after controlling for gestational age, 
children’s and parental characteristics

Adjusted 
OR 95% CI

Adjusted 
OR 95% CI

Adjusted 
OR 95% CI

Caesarean delivery 1.16 1.03 to 1.30 1.11 0.98 to 1.25 1.11 0.98 to 1.25

Gestational age (reference: 39–41 weeks)

 � <37 weeks 1.27 1.03 to 1.56 1.23 1.00 to 1.52

 � 37 weeks 1.18 0.99 to 1.41 1.17 0.98 to 1.40

 � 38 weeks 1.19 1.04 to 1.37 1.19 1.03 to 1.36

 � ≧42 weeks 1.98 0.84 to 4.65 2.05 0.87 to 4.84

Gender, male 1.40 1.25 to 1.57 1.39 1.24 to 1.56 1.40 1.24 to 1.57

First-born child 1.23 1.09 to 1.38 1.26 1.12 to 1.42 1.27 1.13 to 1.44

Maternal age at birth of child (reference: 
≧35 years)

 � <25 years 0.90 0.71 to 1.15 0.90 0.71 to 1.15 0.88 0.69 to 1.12

 � 25–29 years 1.14 0.95 to 1.36 1.14 0.96 to 1.36 1.13 0.94 to 1.34

 � 30–34 years 1.03 0.88 to 1.22 1.04 0.88 to 1.23 1.02 0.87 to 1.21

Maternal education levels (reference: college 
or above)

 � ≤Compulsory school 0.67 0.53 to 0.85 0.67 0.53 to 0.85 0.68 0.54 to 0.86

 � Senior high school 0.72 0.61 to 0.85 0.72 0.61 to 0.85 0.72 0.61 to 0.86

 � Junior college 0.81 0.69 to 0.95 0.81 0.69 to 0.95 0.81 0.69 to 0.96

Family monthly income (NTD; 
reference: >100 000)

 � <30 000 0.67 0.52 to 0.86 0.66 0.52 to 0.85 0.67 0.53 to 0.86

 � 30 000–100 000 0.87 0.74 to 1.02 0.87 0.74 to 1.02 0.88 0.75 to 1.04

 � Parental asthma history (reference: no) 3.62 2.88 to 4.55

Logistic regression was used for analysis.
NTD, New Taiwan Dollar; US$1≒NT$30.
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Association between childhood obesity and CS delivery
The association between CS births and childhood obesity 
was robust after including GA, gestational diabetes and 
maternal gestational weight gain as potential predisposing 
factors. Our findings were consistent with the epidemio-
logical study conducted by Huh et al11 and a systematic 
review and meta-analysis by Li et al.17 However, Pei et al 
only found a greater likelihood of obesity at the age of 
2 years in their CS group but not at the ages of 6 and 10 
years in a prospective cohort study in Germany which was 
inconsistent with our results.37

In addition, boys, first-born children and lower 
maternal educational levels were also significantly asso-
ciated with childhood obesity in the current study. 
Matthiessen et al reported that maternal educational level 
is inversely associated with childhood obesity, especially in 
boys.38 Fradkin et al found that children growing up with 
a high socioeconomic status are associated with a lower 
risk of childhood obesity but with variations across race/
ethnicity and gender.39

Literature reveals that children born to mothers with 
excessive gestational weight gain and gestational diabetes 
mellitus are associated with a higher risk of childhood 
obesity.40 41 Our results also showed that children born 
to mothers with gestational diabetes mellitus and higher 
gestational weight gain have a higher risk of childhood 
obesity.

Limitations of this study
There are several limitations in this study. First, we did 
not evaluate relationships of childhood obesity and 
parental body mass index which is included in the TBCS. 
We used gestational weight gain as an associated factor 
instead of parental body mass index since parental body 
mass index may be influenced by other lifestyle habits. 
Second, indications for CS in this study were derived 
from self-reports by mothers or reports by primary care-
givers, not from medical records. Some information such 
as maternal/fetal conditions that indicate CS or precise 
indications for CS that might be more related to these 

Table 4  Association between caesarean delivery and the occurrence of children’s obesity after controlling for gestational age, 
children’s and parental characteristics

Adjusted 
OR 95% CI

Adjusted 
OR 95% CI

Adjusted 
OR 95% CI

Caesarean delivery 1.15 1.06 to 1.26 1.15 1.05 to 1.25 1.13 1.04 to 1.24

Gestational age (reference: 39–41 weeks)

 � <37 weeks 1.03 0.89 to 1.20 1.04 0.90 to 1.21

 � 37 weeks 1.04 0.91 to 1.18 1.04 0.91 to 1.18

 � 38 weeks 1.00 0.90 to 1.10 1.00 0.90 to 1.10

 � ≧42 weeks 2.28 1.26 to 4.13 2.29 1.26 to 4.15

Gender, male (reference: female) 1.88 1.73 to 2.05 1.88 1.73 to 2.05 1.88 1.73 to 2.04

First-born child (ref: not first-born child) 1.11 1.02 to 1.21 1.11 1.02 to 1.21 1.09 0.99 to 1.18

Maternal age at birth of child (reference: 
≧35 years)

 � <25 years 0.97 0.83 to 1.14 0.97 0.83 to 1.14 1.00 0.85 to 1.16

 � 25–29 years 0.99 0.87 to 1.12 0.99 0.87 to 1.12 1.00 0.88 to 1.13

 � 30–34 years 0.91 0.81 to 1.03 0.91 0.81 to 1.03 0.92 0.82 to 1.04

Maternal education levels (reference: college or 
above)

 � ≤Compulsory school 1.70 1.44 to 2.00 1.69 1.43 to 2.00 1.71 1.45 to 2.02

 � Senior high school 1.60 1.40 to 1.83 1.60 1.40 to 1.83 1.60 1.40 to 1.83

 � Junior college 1.36 1.19 to 1.56 1.36 1.19 to 1.55 1.35 1.18 to 1.55

Family monthly income (NTD) 
(reference: >100 000)

 � <30 000 1.04 0.88 to 1.24 1.04 0.87 to 1.23 1.05 0.89 to 1.25

 � 30 000–100 000 1.06 0.93 to 1.21 1.06 0.93 to 1.21 1.07 0.94 to 1.22

Gestational diabetes mellitus (reference: no) 1.53 1.20 to 1.95

Gestational weight gain (reference: <11 kg)

≧ 11 kg 1.18 1.07 to 1.30

Logistic regression was used for analysis.
NTD, New Taiwan Dollar US$1≒NT$30.
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disorders were not evaluated. For example, whether there 
was a trial of labour before CS was not available. The 
infant might have exposed to some of the flora, even in 
the absence of vaginal delivery. Third, we looked at associ-
ations among these three disorders and modes of delivery 
as mutually exclusive, but we might have missed the possi-
bility that these disorders might occur in combination. 
Lastly, we categorised any or in combination of learning 
disabilities, developmental delay, attention deficit hyper-
activity disorder, sensory integration disorder or autism 
as neurodevelopmental disorders might distorted our 
outcomes  interpretation because each of them might 
have different underlying risk factors.

Conclusions
Our results implied that CS birth was associated with the 
occurrence of children’s neurodevelopmental disorders. 
However, children born before 38 weeks of GA by CS 
had significantly more children’s neurodevelopmental 
disorders. CS birth was weakly associated with childhood 
asthma since parental asthma and preterm labour are 
stronger predisposing factors. The association between 
CS birth and childhood obesity is robust after controlling 
for related factors.
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