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ABSTRACT
Background: Caesarean section might be a risk factor
for asthma because of delayed microbial colonisation, but
the association remains controversial. A study was
undertaken to investigate prospectively whether children
born by caesarean section are more at risk of having
asthma in childhood and sensitisation at the age of
8 years, taking into account the allergic status of the
parents.
Methods: 2917 children who participated in a birth
cohort study were followed for 8 years. The definition of
asthma included wheeze, dyspnoea and prescription of
inhaled steroids. In a subgroup (n= 1454), serum IgE
antibodies for inhalant and food allergens were measured
at 8 years.
Results: In the total study population, 12.4% (n= 362)
of the children had asthma at the age of 8 years.
Caesarean section, with a total prevalence of 8.5%, was
associated with an increased risk of asthma (OR 1.79;
95% CI 1.27 to 2.51). This association was stronger
among predisposed children (with two allergic parents:
OR 2.91; 95% CI 1.20 to 7.05; with only one: OR 1.86;
95% CI 1.12 to 3.09) than in children with non-allergic
parents (OR 1.36; 95% CI 0.77 to 2.42). The association
between caesarean section and sensitisation at the age
of 8 years was significant only in children of non-allergic
parents (OR 2.14; 95% CI 1.16 to 3.98).
Conclusions: Children born by caesarean section have a
higher risk of asthma than those born by vaginal delivery,
particularly children of allergic parents. Caesarean section
increases the risk for sensitisation to common allergens in
children with non-allergic parents only.

Caesarean section may have contributed to the rise
in asthma. The mode of delivery has been reported
to influence the development of allergic diseases in
childhood.1 2 The prevalence of allergies and
asthma in childhood has increased dramatically
over the past few decades, mostly in industrialised
countries.3 4 In parallel, rates of caesarean delivery
have risen in most of the developed countries, from
about 5% in the 1970s to over 30% in 2000 in some
regions of the world.5–7 The Netherlands still has a
low rate of caesarean section compared with other
western countries owing to practices of the
maternity care system.8

The hygiene hypothesis states that a decreased
exposure to microorganisms early in life leads to an
insufficient stimulation of the Th1 lymphocytes
and therefore a predominance of the Th2 allergic
response.9 The initial microbial exposure for
children born by caesarean section is delayed
compared with those born by vaginal delivery.10

Moreover, the intestinal flora has been shown to

be different in these children.11 The maturation of
the immune systems might therefore be different
and may be delayed in children born by caesarean
section.12

The association between mode of delivery and
asthma remains controversial. Although some
researchers observed an increased risk for develop-
ment of asthma among children born by caesarean
section compared with children born by vaginal
delivery,13–18 others found no such relationship.19–23

However, the studies differ considerably in the
methods, length of follow-up and the definition of
asthma, which could explain the inconsistent
results. A recent meta-analysis found a 20%
increased risk of asthma in children born by
caesarean section.24 However, only a few studies
have taken account of the genetic predisposition
for allergy when examining the association
between caesarean section and asthma.
Admittedly, parental history of allergy is a strong
risk factor for asthma in childhood and the
interaction between genes and environment might
be important in the development of this dis-
ease.25 26 Eggesbo et al reported a significantly
increased risk for food allergy in children of allergic
mothers born by caesarean section, but this
association was not significant in children of non-
allergic mothers.2

We have examined the association between
delivery by caesarean section and asthma and
allergic sensitisation at the age of 8 years in a
prospective birth cohort, the Prevention and
Incidence of Asthma and Mite Allergy (PIAMA)
study. In addition, we assessed the cumulative
incidences of asthma from ages 3–8 years in
children born by caesarean section compared with
those born by vaginal delivery. To evaluate the
influence of the parental history of allergy on this
association, we stratified our analyses according to
parental allergic status.

METHODS
Study design
In the PIAMA study, mothers were recruited
during pregnancy from the general population in
three regions of the Netherlands using a validated
screening questionnaire. A detailed description of
this study has been published elsewhere.27 Briefly,
based on the screening, 7862 women (2779 allergic
and 5083 non-allergic) were invited to participate
in the study and 4146 women (53%) agreed (1327
allergic and 2819 non-allergic). Their children were
followed up for 8 years.
At the start of the study, all children with an

allergic mother (n=1327) and a random sample of
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the children with a non-allergic mother (n=663) were selected
for close follow-up including blood tests to determine the level
of specific IgE to common allergens. Standardised question-
naires were sent to all participating parents 2 months before
delivery, at the age of 3 months and annually starting when the
child was 1 year old.
The study protocol was approved by the medical ethics

committees of the participating institutes and all parents gave
written informed consent.

Study population
At baseline the PIAMA study population consisted of 4146
children born between May 1996 and December 1997. Twins
were excluded from the analysis (n=39) and 489 children were
lost to follow-up by the age of 8 years. The 8-year questionnaire
was returned for 3238 children (89.5% of sent questionnaires).
After exclusion of children with missing data on asthma at the
age of 8 years (n=41), on mode of delivery (n=35), parental
history of allergy or on potential confounders (n=245), data for
2917 children were available for analysis.
At the age of 8 years, data on specific IgE were available for

1703 children. After exclusion of children with missing data on

asthma, mode of delivery and potential confounders, 1454
children were available for analysis of specific IgE.

Definitions
Every year, parents reported information on symptoms and
treatment of asthma and on doctor-diagnosed asthma. Children
were labelled as having asthma if they had one or more attacks
of wheeze in the previous 12 months and/or one or more events
of dyspnoea in the previous 12 months and/or prescription of
inhaled steroids by a doctor for respiratory or lung problems in
the previous 12 months. Chronic asthma was defined as asthma
at any age between 3 and 7 years in combination with asthma
at the age of 8 years.
Data on the mode of delivery, gender, birth weight, gestational

age, Apgar score, breastfeeding, presence of siblings and on
maternal age, weight, height, education and smoking during
pregnancy were obtained from the self-reported questionnaires
completed during the third trimester of pregnancy, 3 months
after birth and at 1 year of age. Maternal and paternal allergy was
defined as current allergy to house dust mite or pets, current hay
fever or ever asthma; this information was self-reported.
Breastfeeding was defined as any kind of breastfeeding, including

Table 1 Characteristics of the study population

Total
% (N)

Vaginal delivery
% (N)

Caesarean section
% (N)

All 100 (2917) 91.5 (2670) 8.5 (247)

Gender

Girls 48.8 (1425) 49.4 (1318) 43.3 (107)

Birth weight

,2500 g 2.8 (80) 2.0 (53) 10.9 (27)

2500–4500 g 93.7 (2734) 94.8 (2531) 82.2 (203)

.4500 g 3.5 (103) 3.2 (86) 6.9 (17)

Gestational age (weeks)

,32 0.3 (8) 0.1 (3) 2.0 (5)

32–36 4.1 (118) 3.8 (100) 7.3 (18)

37–41 74.2 (2164) 75.2 (2006) 64.0 (158)

.41 21.4 (625) 20.9 (559) 26.7 (66)

Intrauterine growth restriction

,10th percentile 0.9 (27) 0.6 (16) 4.4 (11)

Number of respiratory infections in the first year

0 49.2 (1426) 49.2 (1304) 49.4 (122)

1–2 37.4 (1084) 37.4 (990) 38.1 (94)

>3 13.4 (386) 13.4 (355) 12.5 (31)

Maternal education

Low 20.7 (605) 20.3 (542) 25.5 (63)

Intermediate 41.7 (1215) 41.9 (1120) 38.5 (95)

High 37.6 (1097) 37.7 (1008) 36.0 (89)

Mother’s job

Employed 63.0 (1832) 62.6 (1668) 66.7 (164)

Self-employed 4.8 (141) 4.6 (122) 7.7 (19)

Housewife 26.8 (779) 27.3 (727) 21.1 (52)

Unemployed 5.4 (157) 5.5 (146) 4.4 (11)

Maternal smoking during pregnancy

Yes 11.9 (348) 12.0 (319) 11.7 (29)

No of older siblings

0 50.0 (1455) 48.8 (1273) 73.7 (182)

1 35.8 (1041) 37.0 (984) 23.1 (57)

>2 14.2 (412) 15.2 (404) 3.2 (8)

Parents with allergy

0 51.3 (1495) 51.4 (1371) 50.2 (124)

1 39.6 (1156) 39.6 (1058) 39.7 (98)

2 9.1 (266) 9.0 (241) 10.1 (25)
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partial breastfeeding and categorised as no breastfeeding, 0–
12 weeks of breastfeeding and .12 weeks of breastfeeding. The
educational level of the mother was measured as the highest
education completed and then divided into three categories (low,
intermediate, high). Maternal body mass index (BMI) was
calculated from reported body weight and height when the child
was 1 year old.
In the subgroup of children with a close follow-up, specific

IgE to inhalant (house dust mite, grass, birch, Alternaria
alternata, cat and dog) and food allergens (milk or eggs) was
determined by means of RAST at the age of 8 years.
Sensitisation to a specific allergen was defined as a specific IgE
concentration of .0.35 IU/ml to at least one of the allergens.

Statistical analysis
Data analysis was conducted using SAS software Version 9.1
(SAS Institute, Cary, North Carolina, USA). Multiple logistic
regression analysis was used to study the association between
caesarean section and asthma and specific sensitisation at the
age of 8 years. Estimates of cumulative incidence of chronic
asthma from the ages of 3–8 years were calculated by the
Kaplan-Meier method. The differences between the two strata

(caesarean section versus no caesarean section) were assessed
using the log rank test. The Cox proportional hazard model was
used to analyse the relation between caesarean section and
chronic asthma. Adjustment was made for the following
potential confounders: gender, birth weight, maternal education,
breastfeeding, maternal BMI and parental allergy. Gestational age
was not included in the model because of the strong association
with birth weight and analyses restricted among children born at
term showed similar results. Mother’s age, number of siblings,
intrauterine growth restriction, Apgar score, breathing problems
after delivery and the number of respiratory infections in the first
year of life were added to the model but did not change the
results so they were not kept in the final model. Analyses were
performed for the total study population and separately for
children: (1) with non-allergic parents, (2) with only one allergic
parent and (3) with two allergic parents. The numbers in the
individual strata were small and the results showed no significant
interactions. To improve power, an interaction variable with four
categories based on parental allergic status and caesarean section
was entered into the logistic model. A p value of ,0.05 was
considered to be statistically significant.

RESULTS
General characteristics
In the total study population, 247 of the 2917 children (8.5%)
were born by caesarean section (table 1). The proportion of the
children with non-allergic parents was 51.3% (n=1495), with
only one allergic parent 39.6% (n=1156) and with two allergic
parents 9.1% (n=266); there was no differences between children
born by vaginal delivery and those born by caesarean section.
Among children born by caesarean section, the frequency of low
birth weight, as well as prematurity, intrauterine growth
restriction and low number of siblings was higher than for those
born by vaginal delivery. For the other characteristics, there were
no differences depending on the mode of delivery.
The childrenexcluded fromthe analysis becauseof loss to follow-

up (n=489), non-response to the 8-year questionnaire (n=380)
and missing data (n=321) differed slightly from the children who
were included (n=2917). Compared with the included children,
those excludedweremore likely tohaveanallergicmother, tohavea
mother with lower education and a mother who smoked during

Table 2 Prevalence of respiratory outcomes (n= 2917) and specific IgE (n= 1454) at the age of 8 years

Total
% (N)

Non-allergic
parents
% (N)

Only one allergic
parent
% (N)

Two allergic
parents
% (N)

Asthma at the age of 8

Yes 12.4 (362) 8.8 (131) 14.9 (172) 22.2 (59)

No 87.6 (2555) 91.2 (1364) 85.1 (984) 77.8 (207)

Wheeze (>1 episode in
previous 12 months)

Yes 6.2 (182) 4.1 (61) 7.9 (91) 11.3 (30)

No 93.8 (2735) 95.9 (1434) 92.1 (1065) 88.7 (236)

Dyspnoea (>1 episode in
previous 12 months)

Yes 8.4 (246) 6.0 (89) 9.9 (114) 16.2 (43)

No 91.6 (2671) 94.0 (1406) 90.1 (1042) 83.8 (223)

Prescription of inhaled steroid
(in previous 12 months)

Yes 6.3 (184) 4.6 (68) 7.6 (88) 10.5 (28)

No 93.7 (2733) 95.4 (1427) 92.4 (1068) 89.5 (238)

Any specific IgE positive

Yes 40.9 (595) 34.6 (225) 44.1 (279) 53.5 (91)

No 59.1 (859) 65.4 (426) 55.9 (354) 46.5 (79)

Figure 1 Prevalence of asthma at 3–7 years of age.
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pregnancy (data not shown). The prevalence of children born by
caesarean section was similar for the children included and those
excluded (8.5% and 8.4%, respectively).

Prevalence of respiratory outcomes
The overall prevalence of asthmawas 12.4% (n=362) at the age of
8 years (table 2). The prevalence was higher among children with
only one allergic parent (14.9%) or two allergic parents (22.2%)
than among children with non-allergic parents (8.8%). A similar
trend was observed in the prevalence of wheeze, dyspnoea and
prescription of steroid. The prevalence of asthma showed a decline
from the ages of 3 to 7 years (from 21.9% to 12.0%); however, the
proportion of children with chronic asthma—defined as asthma at
any age between 3 and 7 years in combination with asthma at
8 years of age—was stable over time (fig 1). This means that most
of the children with asthma persisting until 8 years of age already
had symptoms at the age of 3 years.

Prevalence of children with sensitisation
Allergic sensitisation to at least one common allergen (inhalant
or food) at the age of 8 years was common in the total study
population (40.9%, table 2). The percentage of children with
sensitisation to any specific allergen was higher in children with
two allergic parents than in children of non-allergic parents
(53.5% and 34.6%, respectively). The same tendencies were
observed for inhalant and food allergens (data not shown).

Association between caesarean section and respiratory
outcomes
In the total study population, children born by caesarean
section had a higher risk of asthma at the age of 8 years in both

the crude and adjusted analysis (OR 1.79; 95% CI 1.27 to 2.51;
table 3). Associations in a similar direction were observed
between caesarean section and individual symptoms (wheeze,
dyspnoea and prescription of inhaled steroids). The risk of
having asthma in children born by caesarean section was
increased by almost twofold in children with only one allergic
parent and by threefold in those with two allergic parents (OR
1.86; 95% CI 1.12 to 3.09 and OR 2.91; 95% CI 1.20 to 7.05,
respectively). Both maternal and paternal allergy had a similar
influence on this association, but maternal allergy had a
stronger effect than paternal allergy (OR 2.13; 95% CI 1.10 to
4.15 and OR 1.54; 95% CI 0.68 to 3.49, respectively; data not
shown). The association between caesarean section and asthma
in children of non-allergic parents had a similar trend but was
not statistically significant (OR 1.36; 95% CI 0.77 to 2.42). The
analysis of doctor-diagnosed asthma as the outcome at the age
of 8 years showed the same tendency as the association with
caesarean section (data not shown).
In order to evaluate the effect modification by parental allergic

status in thewhole study population, we used a variable with four
categories: children with at least one allergic parent or not and
born by caesarean section or not. A strong association was
observed between children with at least one allergic parent and
born by caesarean section and the outcome (asthma at 8 years)
compared with the reference group (children not predisposed and
born by vaginal delivery: OR 4.03; 95% CI 2.58 to 6.27; fig 2).
Among children with non-allergic parents, those born by
caesarean section had a 1.5-fold increased risk of having asthma
and, among predisposed children (with at least one allergic
parent), the risk of having asthma increased fourfold.
From 3 to 8 years of age, children born by caesarean section

had an increased risk of chronic asthma compared with those
born by vaginal delivery (hazard ratio 1.77; 95% CI 1.29 to 2.43).
A similar trend, as in the cross-sectional analysis at 8 years of
age, was observed with children with chronic asthma and
different parental allergic status (table 4). At the age of 8 years,
the cumulative incidence of chronic asthma in the total
population was 17.1% in children born by caesarean section
and 9.8% in those born by vaginal delivery (fig 3). The difference
in the cumulative incidences between these two groups was
constant over time, but among children with allergic parents
this difference was more important.

Association between caesarean section and specific
sensitisation
Children with non-allergic parents born by caesarean section had
a higher risk of sensitisation to any specific allergen at the age of
8 years (OR 2.14; 95% CI 1.16 to 3.98, table 3). In children with
one or two allergic parents, caesarean section was not associated
with specific sensitisation. The association, analysed separately
for sensitisation to inhalant or food allergens, was not significant
and difficult to interpret because of very small numbers in each

Figure 2 Adjusted odds ratio (OR) for asthma at 8 years in relation to
mode of delivery, stratified for parental history of allergy.

Table 4 Associations between caesarean section and chronic asthma from the ages of 3 to 8 years

Number of events
(chronic asthma) HR Adjusted* HR (95% CI) p Value

All 11.1 (348) 1.89 1.77 (1.29 to 2.43) ,0.001

Non-allergic parents 8.3 (124) 1.54 1.30 (0.74 to 2.28) 0.36

Only one allergic parent 14.5 (168) 1.87 1.81 (1.14 to 2.88) 0.01

Two allergic parents 21.1 (56) 3.01 2.72 (1.28 to 5.78) 0.01

The hazard ratio (HR) is for the children born by caesarean section compared with children born by vaginal delivery.
*Adjusted for gender, birth weight, breastfeeding, maternal education and maternal body mass index (and for parental allergy
status in the analysis of the total study population).
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group. In this study population, at the age of 8 years asthma was
highly associated with the presence of specific IgE (OR 3.69; 95%
CI 2.69 to 5.06) (data not shown).

DISCUSSION
This study has shown that children born by caesarean section
have a higher risk of asthma than children born by vaginal
delivery. This risk increases with the number of allergic parents.
Only among children with non-allergic parents does delivery by
caesarean section increase the risk of sensitisation to common
allergens at the age of 8 years.
Previous studies on the association between delivery by

caesarean section and asthma reported controversial results.
Maitra et al19 did not find a relation between caesarean section
and asthma. They also considered the previous published studies
and concluded that caesarean section significantly increased the
risk of having asthma with a combined odds ratio of 1.25 (95% CI
1.10 to 1.42). However, these studies varied in definition of
asthma and in age of children at the time of diagnosis.
The strengths of this study were the sample size, the

prospective data collection of outcomes which avoids recall
bias, and the definition of asthma based on symptoms and
prescription of inhaled steroids. Wheeze is a very common
symptom in childhood and, before the age of 6 years, the
majority of children with wheeze were shown to have transient
forms.28 However, wheeze is also a common symptom of
asthma so it was included in the definition, and we investigated
only children with persisting asthma until the age of 8 years. A
definition based on doctor diagnosis probably leads to an
underestimation of the prevalence of asthma. Since the parents
reported symptoms in the questionnaires, some children were
probably misclassified as having asthma. On the other hand,
this misclassification is unlikely to be related to the mode of
delivery and, despite the fact that this could lead to an
underestimation of the association by dilution effect, we found

a positive association between caesarean section and asthma.
Moreover, we performed the analysis with doctor-diagnosed
asthma as the outcome and observed a similar tendency of an
association with caesarean section. Selection bias is unlikely in
this study since the excluded and included children did not
differ significantly. Moreover, loss to follow-up and missing
data were independent of the mode of delivery, and the
caesarean section rate was the same among the excluded and
included children. Socioeconomic status may be considered as a
confounder. However, in the Netherlands the prevalence of
caesarean section is low and elective caesarean section is rare. The
PIAMA study reflects well the national situation. We therefore
did not expect an association between caesarean section and
socioeconomic status. Moreover, the analyses did not show an
association between parental education or occupation and
caesarean section and asthma. Pregnancy complications are
unlikely to act as a confounder. However, to investigate the
effect of these complications we used intrauterine growth
retardation, Apgar score and breathing problems after delivery
as indicators in our model. This did not change our results.
Several studies have shown that parental allergy is a strong

predictor for asthma in childhood.25 26 Litonjua et al showed that
maternal asthma was more strongly associated with asthma in
childhood than paternal asthma.29 Parental allergic status could
have an influence on the association between caesarean section
and asthma. One study observed an increased risk of food
allergy in children born by caesarean section, especially among
children with an allergic mother.2 Although this study only
evaluated the influence of maternal allergy, the results suggest
that parental allergic status might interact with environmental
factors to determine the risk of allergic diseases in children. We
observed that both maternal and paternal allergy influenced the
strength of the association between caesarean section and
asthma. The risk of having asthma was even higher in children
with two allergic parents.

Figure 3 Kaplan-Meier analysis of cumulative incidence of chronic asthma. Caesarian section vs no caesarean section (A) p,0.001, (B) p= 0.12,
(C) p= 0.007, (D) p= 0.002 (log rank test).
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Our findings that children born by caesarean section had an
increased risk of asthma with a different magnitude depending
on the parental history of allergy suggest a strong interaction
between genetic factors and the mode of delivery on the
development of asthma. Hoffjan et al30 studied the hypothesis
that early life exposures (day care attendance, the presence of
older siblings in the household and viral infections in the first
year of life) interact with a child’s genotype to influence the
development of allergic diseases and asthma and founded
significant gene-environment interactions. The presence of
complex interactions between genetic factors and exposures
could explain the inconsistent results of studies on the
association between exposure factors (such as the mode of
delivery) and asthma.
The mechanism by which caesarean section could be a risk

factor for asthma later in life is not clear. Gronlund et al showed
that children born by caesarean section had a delayed and
different intestinal colonisation.10 11 According to the hygiene
hypothesis, this could influence the persistence of the fetal Th2
response during early childhood.9 An association between
asthma and specific IgE to both inhalant and food allergens
has been shown31 32 and, moreover, sensitisation to inhalant
allergens is highly predictive for asthma.33 34 We observed similar
results with a significant association between asthma and
specific IgE at the age of 8 years. The risk of sensitisation to a
specific allergen was also higher in children born by caesarean
section than in children born by vaginal delivery, but only
among children with non-allergic parents. One reason for this
might be that the level of specific IgE was already high in
children with allergic parents because of the strong genetic
influence and therefore we did not observe the influence of
caesarean section on allergic sensitisation.
We conclude that delivery by caesarean section is a risk factor

for asthma in childhood and that this association is stronger in
children with allergic parents. In children with non-allergic
parents, those born by caesarean section also have an increased
risk of sensitisation to common allergens compared with
children born by vaginal delivery. Our results emphasise the
importance of gene-environment interactions on the develop-
ment of asthma in children. The increased rate of caesarean
section is partly due to maternal demand without medical
reason. In this situation the mother should be informed of the
risk of asthma for her child, especially when the parents have a
history of allergy or asthma.
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