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Abstract

Objective: As indicated by previous studies, children born via Caesarean section may have an increased 
risk of developing asthma compared with those born via vaginal delivery. The aim of this study is to 
assess the association between a Caesarean section and the risk of childhood asthma.
Methods: This was a case-control study carried out in Basrah, Iraq including 952 children aged 3-12 
years. Four hundred and seven asthmatic cases and a control group of 545 age-matched non-asthmatic 
children were enrolled. Binary logistic regression was used to assess the relationship between asthma and 
birth via Caesarean section.
Results: The mean age of the children was 6.7±2.5 years. Two-hundred eighty-three children (29.7%) 
were delivered via Caesarean section. The binary logistic regression analysis showed that delivery via 
Caesarean section was found to be an independent significant risk factor for asthma (OR=3.37; 95% 
CI=1.76-6.46; p<0.001). In addition, many other risk factors were found to be significant predictors 
of asthma, including bottlefeeding (OR=27.29; 95% CI=13.54-54.99; p<0.001) and low birth weight 
(OR=16.7; 95% CI=6.97-37.49; p<0.001).
Conclusion: Caesarean section is significantly associated with an increased risk of childhood asthma.
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Introduction

Vaginal delivery is acknowledged to be a 
harmless and more advantageous method of 
childbirth for both mother and child than 
Caesarean section (CS). In recent years, 
there has been an upsurge in the proportion 
of children born via CS, exceeding the 15% 
level recommended by the World Health 
Organization (WHO)1 and making CS 
the most common operation undergone by 
women of reproductive age.2

Authorities and clinicians have conveyed their 
alarm over the rise in the number of CS births 
and the possible adverse effects for maternal 
and child health.3 The CS rate for all births 
in Iraq was 18% in 2008 and rose to 24.4% 
in 2012, well above the 15% recommended 
by WHO and mainly as a result of the 
increasing number of private hospitals and the 
inclinations of both women and gynecologists 
towards CS.4

Asthma is one of the common diseases of 
childhood and is characterized predominantly 
by the tightening of the bronchioles, which 
then leads to coughing and breathlessness. In 
some cases, it may be caused by contact with 
particular recognized allergens, but, in other 
cases, there is no single known causal factor. 
However, there is still a lot to learn about its 

etiology and what attributers are related to 
vulnerability to it.5

The incidence of allergies and asthma in 
childhood has increased noticeably over the 
last few years, mostly in developed countries 
and in parallel with the increased rate of CS 
deliveries.6 According to a study that was 
done in Basrah ity on preschool children, the 
prevalence of asthma, which is considered 
a common health problem among children 
in Iraq,7 was 15.8%.8 Many studies, which 
have been done to assess the effect of mode 
of delivery on the development of asthma 
have differed in their conclusions. The 
researchers involved in these studies have 
hinted that the inclusion criteria and disease 
explanation standards have significant 
consequences on the results of such reports.9,10 
Since the medium and long-term health 
impacts of CSs on children are unclear, the 
relationship between CS and asthma remains 
controversials.11-17

Though the relationship between the method 
of delivery and the occurrence of asthma has 
been investigated in many countries, there 
have been no published reports in Basrah. The 
effect of delivery mode on the future health 
of the children has also not been reviewed 
in Basrah due to an absence of accessible 
information. Therefore, with the rising 
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number of children who have been delivered 
by CS, this gap needs to be addressed

The purpose of the present study is to assess 
the association between CS and current 
asthma in children in Basrah. Our original 
hypothesis was that children born through CS 
would be at greater risk for the development 
of asthma in comparison with those born via 
vaginal delivery.

Methdos

Patients

A case-control study was conducted in 
Basrah, Iraq for the period between April and 
October 2017. The study included children 
aged 3-12 years attending primary health 
care centers allover Basrah City. A list of the 
primary health centers was obtained from 
the General Directorate of Health. Out of 40 
health centers distributed throughout Basrah 
City, ten were chosen randomly. The study 
included 407 asthmatic cases and 545 non-
asthmatic children as a control group. The 
groups were frequency matched for age. The 
purpose of the current study was explained to 
the parents who accompanied their children 
to the primary health care centers, and their 
informed consent was obtained before their 
children were enrolled in the study.

Data collection

The parents were interviewed using a 
structured questionnaire, which was especially 
designed for the purpose of the study. The 
first part of the questionnaire dealt with 
demographic characteristics such as age, 
gender, maternal and paternal education, 
income, family size and family history of 
asthma. The questions in the second part 
concentrated on the mode of the delivery 
of the children. For statistical analysis, 
mode of delivery was classified into CS and 
vaginal delivery. Possible confounders for the 
development of asthma, including feeding 
patterns, cotton-filled mattress use, antibiotic 
use in the first year of life, family history 

of asthma, exposure to cigarette smoking, 
complications during pregnancy (such as 
antepartum hemorrhage, hypertension), pets 
and carpet usage, were also enquired about.

Using the Global Initiative for Asthma 
guidelines,18 asthma was defined as recurrent 
pediatrician-diagnosed asthma requiring 
treatment resulting in at least one episode of 
wheezing in the previous year.19

The control group included children without 
asthma attending the same primary health 
care centers for other unrelated health 
problems. To exclude potential asthma 
among the controls, the core questionnaire-
wheezing module for 6–7 year olds from the 
International Study of Asthma and Allergies 
in childhood was used.20

The Ethical Committee of the College of 
Medicine, Basrah University approved the 
study. 

Statistical analysis 

Univariate analysis was done to compare 
differences between the asthmatic and 
control groups, using X2 or Fisher Exact 
tests (where appropriate) for categorical 
variables. Moreover, the strength of the 
association was evaluated through comparing 
odds ratios (ORs) and 95% confidence 
intervals (CIs). Furthermore, a binary logistic 
regression analysis was performed to assess 
the independent risk factors of asthma. All 
independent variables were entered in the 
regression model. A p-value of <0.05 was 
considered to be statistically significant.

Results

Girls in this study constitute more than half 
of the sample (53.5%), and about 56% of the 
mothers had less than 12 years of education. 
Only 23.7% of the children were from 
families with a monthly income of more than 
1 million Iraqi Dinar. [Table 1]
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Table 1. Socio-demographic characteristics of the study population
Character No. %
Age (years)
< 6 354 37.2
≥ 6 598 62.8
Gender
Male 443 46.5
Female 509 53.5

Maternal education (Years)
< 12 538 56.5
≥ 12 414 43.5
Paternal education (Years)
< 12 509 53.5
≥ 12 443 46.5
Monthly income (Iraqi Dinar) *
< 500,000 379 39.8
500,000 - 1,000,000 347 36.5
> 1,000,000 226 23.7
Birth order
First 323 33.9
Second or after 629 66.1
Family size
< 5 516 54.2
≥ 5 436 45.8
Total 952 100

I US $= 1250 Iraqi Dinar

Table 2 presents the associations of asthma with the socio-demographic characteristics. Higher 
proportions of asthmatic children were girls (OR=1.67; 95% CI=1.28-2.17; p<0.001).

Lower maternal and paternal education levels were significantly associated with asthma. Similarly, low 
family monthly income and large family size were also significantly associated with asthma.

Table 2. Association of asthma with socio-demographic characteristics

Characteristic
Cases (n=407)

No. (%)
Controls (n=545)

No. (%)
OR (95% CI) p-value

Gender
Male 160 (39.3) 283 (51.9)

0.60 (0.46-0.78 < 0.001
Female 247 (60.7) 262 (48.1)
Maternal education (Years)
< 12 275 (67.6) 263 (48.3)

263 (48.3) 282 (51.7) < 0.001
 ≥ 12 132 (32.4) 282 (51.7)
Paternal education (Years)
< 12 244 (60.0) 265 (48.6)

1.58 (1.22-2.10) < 0.001
 ≥ 12 163 (40.0) 280 (51.4)
Monthly income (ID) * 
<500,000 140 (34.4) 239 (43.9) 1

0.009500,000 - 1,000,000 167 (41.0) 180 (33.0) 0.63 (0.58-0.71)
> 1,000,000 100 (24.6) 126 (23.1) 0.74 (0.67-0.82)
Birth order
First 138 (33.9) 185 (33.9)

0.99 (0.76-1.30) 0.990
Second or after 269 (66.1) 360 (66.1)
Family size
< 5 109 (26.8) 407 (74.4)

8.06 (6.02-10.80) < 0.001
 ≥ 5 298 (73.2) 138 (25.3)

* ID= Iraqi Dinar,   I US $= 1250 ID
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Two-hundred eighty-three children (29.7%) were delivered via CS, and 669 children (70.3%) 
were delivered via vaginal delivery. Delivery via CS was found to be significantly associated with 
asthma (OR=3.64; 95% CI=2.72-4.81; p<0.001)

Other risk factors, which were found to be significantly associated with asthma, include exposure 
to cigarette smoke, family history of asthma, type of feeding, and use of antibiotics during the 
first year of life.

No significant association was found between exposure to pets and asthma in children. [Table 3] 

Table 3. Association of mode of delivery and other factors with asthma

Factor
Cases (N=407)

No. (%)
Controls (N=545)

No. (%)
p-value

OR (95% CI)
Mode of delivery
Caesarean section 183 (45.0) 100 (18.3) < 0.001
Vaginal 224 (55.0) 445 (81.7) 3.64 (2.72-4.85)
Gestational age at delivery
< 37 weeks 283 (69.5) 21 (3.9) < 0.001
≥ 37 weeks 124(30.5) 524 (96.1) 10.93 (6.73-17.75)
Child history of allergy to drugs
Positive 77 (18.9) 24 (4.4) < 0.001
Negative 330 (81.1) 521 (95.6) 5.07 (3.14-8.17)
Family history of asthma
Positive 267 (65.6) 145 (26.6) < 0.001
Negative 140 (34.4) 400 (73.4) 5.26 (3.98-6.95)
Cigarette smoke exposure
Positive 219 (53.8) 155 (28.4) < 0.001
Negative 188 (46.2) 390 (71.6) 2.93 (2.24-3.84)
Kitchen smoke exposure
Positive 251 (61.8) 52 (9.5) < 0.001
Negative 156(38.2) 493 (90.5) 5.89 (4.19-8.35)
Pet exposure
Positive 155 (38.1) 215 (39.4) 0.669
Negative 252 (60.9) 330 (60.6) 0.94 (0.73-1.23)
Cotton-filled mattress use
Positive 186 (45.7) 142 (26.1) < 0.001
Negative 221 (44.3) 403 (73.9) 2.39 (1.82-3.13)
Carpet use
Positive 153 (37.6) 282 (51.7) < 0.001
Negative 254 (62.4) 263 (48.3) 0.56 (0.43-0.73)
Type of feeding during 1st six months of life
Bottle 338 (83.0) 97 (17.8) < 0.001
Breast 69 (17.0) 448 (82.2) 22.62 (16.11-31.76)
Maternal antibiotic use
Positive 205 (50.4) 152 (27.9) < 0.001
Negative 202 (49.6) 393 (72.1) 2.62 (2.00-3.44)
Pregnancy complications
Positive 243 (59.7) 120 (22.0) < 0.001
Negative 164 (40.3) 425 (78.0) 5.24 (3.95-6.96)
Child use of antibiotics
Positive 304 (74.4) 119 (21.8) < 0.001
Negative 103 (25.3) 426 (78.2) 10.57 (7.81-14.79)
Birth weight (Kg)
< 2.5 241(59.2) 32 (5.9) < 0.001
 ≥ 2.5 166(40.8) 513 (94.1) 11.04 (7.34-16.61)
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In order to examine the independent effect of method of delivery on the development of asthma, 
a binary logistic regression analysis was done. The method of delivery was found to be an 
independent significant risk factor with an OR of 3.37 (95% CI=1.76-6.46, p<0.001).

Many other risk factors were found to be significant predictors of asthma. The excluded variables 
were: exposure to pets, exposure to cigarette smoke, pregnancy complications, maternal used of 
antibiotics, carpet usage, cotton mattress, child’s history of allergies to drugs, and kitchen smoke 
exposure. [Table 4]

Table 4. Logistic regression analysis

Variable β P-value Expected B
95% CI of 
expected B

Female 0.892 0.006 2.44 1.30 - 4.59
Family size 0.506 < 0.001 1.66 1.41 - 1.96
Income - 0.701 < 0.001 0.496 0.34 - 0.73
Low birth weight 2.783 < 0.001 16.17 6.97 - 37.49
Low gestational age at delivery 1.556 < 0.001 4.74 2.00 - 11.22
Family history of asthma 0.803 < 0.001 2.23 1.75 - 2.85
Child use of antibiotics 1.234 < 0.001 3.44 1.89 - 6.23
Mode of delivery (CS) 1.214 < 0.001 3.37 1.76 - 6.46
Type of feeding (bottle feeding) 3.307 < 0.001 27.29 13.54 - 54.99

CS= Caesarean section

Discussions

Both the univariate and multivariate 
analyses in our study showed that CS was 
significantly associated with more than a 
three-fold increase in the risk of childhood 
asthma. This result disagrees with a study 
done previously in Iraq, which showed no 
relationship between asthma in children and 
CS delivery.7 This discrepancy might be due 
to the difference in the age group chosen for 
the study (they chose primary school children, 
and we chose younger children). Our study 
agrees with the result of a meta-analysis study 
that showed a positive relationship between 
asthma and CS.21 However, other studies 
could not exclude the probable confounding 
effects of the underlying medical indications 
for CS22 as well as the effect of other factors, 
such as parental asthma, gestational age,17 
and breast-feeding,18 that were found to 
attenuate the effect of CS and make the 
interpretation of such an association difficult. 
The complicated interactions between genetic 
factors and environment exposures could also 
contribute to this inconsistency of results.6

Gut microbiotica has been found to play 
a crucial role in the development of the 
immune system. There is wide individual 
variation in the microbial colonization pattern 
of the infant gut.1

Altered microbial colonization and types during 
early life in the gut of infants delivered by CS 
may prolong the immaturity of the immune 
system and thereby link the development of 
asthma with this mode of delivery.23-26 Infants 
delivered by CS  are exposed to maternal skin 
and hospital environment microbes which 
differ from those in the maternal vagina.27 It 
was reported that manual exposure of CS-
delivered infants to vaginal microbes might 
partially restore their normal microbiota.28 
Furthermore, increased airway inflammation 
reflected by higher fractional exhaled nitric 
oxide levels might be another explanation 
for the relation between CS and asthma.29 
Epigenetic modification of gene expression 
in the infant immune system and a distorted 
perinatal stress response induced by emergency 
CS might influence the developing immune 
system.30 During vaginal delivery, uterine 
contractions and infant hypoxia stimulate a 
stress response, leading to a high concentration 
of cortisol and catecholamine in infants.31 In 
contrast, this stress-based hormone secretion is 
lacking in CS-delivered infants.32

In addition, anesthetic drugs used during CS 
are thought to cross the placental barrier and 
alter the immune system of the infant.33

Similar to the results indicated by previous 
studies,14,34 our study showed that asthma 
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is common among children with lower 
gestational age. The significant relationship 
between asthma and low gestational age may 
be attributed to lung underdevelopment 
and increased susceptibility to respiratory 
infection.35

In agreement with other studies,12,36,37 this 
study showed that breastfeeding in early 
infancy provides a protective effect against 
asthma. Breastfeeding could prevent asthma 
through the maturation and regulation of gut 
barrier function and through transmitting 
immunologically active cells, immune 
modulatory cytokines, and immunoglobulin 
to the infant, which could enhance immune 
system development.38,39

Although the relation between use of antibiotics 
in early life and asthma has been debated,40 our 
study showed that antibiotic use in the first 
year of life is significantly associated with  the 
risk of childhood asthma, a result that had been 
reported before41,42 and may further support 
the hygiene theory. Alteration of microbiota 
through the use of antibiotics in early infancy 
may compromise the infant immune system, 
resulting in the development of asthma.40

The role of low birth weight as a risk factor 
for childhood asthma found in this study has 
been confirmed previously.43 Matheson et al. 
demonstrated the continuing effect of low 
birth weight on the risk of asthma into middle 
age.44 Children born with low birth weight 
could suffer varying degrees of lung problems, 
such as lower volume and lung function, 
which cause greater bronchial hypersensitivity 
to external environmental stimuli.45,46 To the 
contrary, several studies showed no significant 
association between low birth weight and 
asthma,47 at least during the first 6 years of 
life.48 Such inconsistencies in results could 
be attributed to use of different definitions 
of low birth weight or a lack of control of 
confounding factors.49

In conclusion, children delivered by CS 
are at increased risk of developing asthma. 
Bottlefeeding in the first year of life, low 
birth weight, gestational age<37 weeks, family 
history of asthma, and the use of antibiotics 
were also associated with risk of asthma.

Limitations of the study

Our study is limited in that we were not able 
to control for the type of CS, and we were 
unable to obtain any information on whether 
or not vaginal delivery had been attempted in 
CS cases. Yet, we believe that these limitations 
do not affect our findings, not even in the 
case that an effect of type of CS is assumed, 
which is controversial.50,51 In addition, the 
risk of occurrence of asthma was reported 
to be significantly associated with general 
anesthesia.52 However, it is still possible that 
some residual confounders may have affected 
the results of this study; therefore, a large-
scale prospective study is recommended to 
examine the effect of type CS, elective or 
emergency, on the development of childhood 
asthma.

Another limitation is that a skin prick test was 
not used to ascertain the diagnosis of asthma 
due to its non-availability. Furthermore, recall 
bias cannot be excluded. However, mothers of 
children with the disease or with an adverse 
obstetric history tend to better recall past 
exposure. A previous study showed that the 
maternal recall accuracy of a CS occurring 3 
to 9 years ago was 100%, and maternal recall 
of severe obstetric complications was also 
reliable.53
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