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Mode of Delivery Is Associated With Asthma
and Allergy Occurrences in Children

MUHAMMAD T. SALAM, MBBS, MS, HELENE G. MARGOLIS, PHD,
ROB MCCONNELL, MD, JAMES A. MCGREGOR, MD,
EDWARD L. AVOL, MS, AND FRANK D. GILLILAND, MD, PHD

PURPOSE: A growing body of evidence indicates that perinatal factors modulate immune development
and thereby may affect childhood asthma risk. In this study, we examined the associations between birth by
cesarean section (C-section) and atopic disease occurrence in childhood.
METHODS: Subjects were born in California between 1975 and 1987 and were 8 to 17 years old during
their enrollment in the Children’s Health Study. Our analysis was restricted to 3464 children born at or
after 37 weeks of gestation with a birth weight of 2500 g or greater based on birth certificate data. Informa-
tion about sociodemographic factors, reported physician-diagnosed asthma, and other atopic diseases was
obtained by using a self-administered structured questionnaire. Logistic regression models were fitted to
compute odds ratios (ORs) and 95% confidence intervals (CIs).
RESULTS: Children born by C-section were at increased risk for asthma (OR, 1.33; 95% CI, 1.01–1.75),
hay fever (OR, 1.57; 95% CI, 1.24–1.99), and allergy (OR, 1.26; 95% CI, 1.03–1.53) compared with those
born vaginally. Risk associated with C-section was the same for children regardless of family history of asthma
or allergy.
CONCLUSION: We conclude that birth by C-section or processes associated with it may increase the risk
for atopic disease in childhood.
Ann Epidemiol -;-:-. � 2005 Elsevier Inc. All rights reserved.
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INTRODUCTION

Asthma is the most common chronic childhood disease, and
understanding its cause is a major research goal (1). Studies
have suggested that in utero and early infancy are critical
windows during which events and exposures may affect
risk for atopic diseases in childhood (2, 3). A parallel in-
crease in prevalences of atopic diseases and cesarean section
(C-section) delivery in developed nations has prompted sev-
eral epidemiologic studies to examine the role of C-section
in the cause of atopic diseases.

Limited evidence indicates that mode of delivery may af-
fect asthma and allergy outcomes in children. Although
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some researchers observed positive associations between
C-section delivery and asthma and allergy risk in children
(4–8), Nafstad et al. (9) did not observe an association.
These investigators (9) excluded children who required ox-
ygen during the first 6 hours of life. Pregnancy or labor com-
plications may lead to C-section. By excluding children
requiring oxygen in the first few hours of life, the investiga-
tors may have excluded more children who were born by
C-section than by vaginal delivery. This may have resulted
in attenuation of risk estimates. In addition, follow-up time
for these children was less (e.g., 4 years), and it may not have
adequately covered the at-risk period for developing atopic
disease. To further investigate the role of mode of delivery
on asthma and allergic outcomes during childhood, we
examined the association of delivery by C-section on the
development of childhood atopic diseases within the
uniquely large and diverse population of children born in
California and who participated in the Children’s Health
Study (CHS).

METHODS

The study population and methods for the CHS have been
described previously (10, 11), and a number of respiratory
health associations with outdoor air pollution have been
1047-2797/05/$–see front matter
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reported (12–17). In brief, 6259 subjects were enrolled in
1993 and 1996 from 12 southern California communities
and tracked annually by lung-function testing, self-adminis-
tered medical history and residential characteristics ques-
tionnaires, and monitoring of school absences to assess
respiratory health development and its potential association
with a number of ambient air pollutants (which were mon-
itored continuously in all communities for the 10-year study
duration). Of children recruited into the CHS cohort, 5013
children (80.1%) were born between 1975 and 1987 in the
state of California, 702 children were born outside Califor-
nia (11.2%), and the remaining 544 children (8.7%) did not
provide sufficient information to reliably determine place of
birth. For participants born in California, 4842 birth certifi-
cates (96.6%) were obtained from the California Depart-
ment of Health Services’ Birth Statistical Master Files and
Birth Cohort Files. Because low birth weight and preterm
birth may influence associations between C-section and
atopic diseases, we excluded 688 children who were born be-
fore 37 weeks of gestation and/or who weighed less than
2500 g at birth, documented by birth certificate data. Sub-
jects with missing covariate information also were excluded
from analysis, resulting in a study sample size of 3464 chil-
dren. The University of Southern California Institutional
Review Board approved the study. At study entry, the child’s
parent or legal guardian provided informed consent.

Detailed information on demographic characteristics and
socioeconomic status (SES) was obtained at the time of
CHS enrollment. Information on mode of delivery, mater-
nal age at childbirth, birth weight, and birth order of the in-
dex child was obtained from birth certificates. Parents or
guardians also provided information regarding subjects’ his-
tory of hay fever, allergy, pneumonia, bronchitis, bronchi-
olitis, and croup. To assess subject’s allergic status, we
asked each parent or guardian whether his or her child
was allergic to foods or drugs, any inhalant, or dermal aller-
gens other than poison ivy or poison oak. Asthma status was
determined based on parental report of physician-diagnosed
asthma. Based on the age of asthma onset and persistence
patterns, we divided subjects with asthma histories into
three categories: early-onset transient, early-onset persis-
tent, and late-onset persistent asthma. Children with
early-onset asthma were diagnosed by the age of 3 years,
and those with late-onset asthma were diagnosed after the
age of 3 years. Children with persistent asthma had wheeze

Selected Abbreviations and Acronyms

C-section Z cesarean section
OR Z odds ratio
CI Z confidence interval
CHS Z Children’s Health Study
SES Z socioeconomic status
BHR Z bronchial hyperresponsiveness
and/or used asthma medications (i.e., inhaled medications
and/or corticosteroid pills or injections) in the 12 months
before study entry. Those with transient asthma had no
wheeze and had not used asthma medications in the 12
months before study entry.

We computed odds ratios (ORs) and 95% confidence in-
tervals (95% CIs) for associations between mode of delivery
and various respiratory outcomes by using logistic regression.
Children with missing data for a specific disease outcome
were excluded from analyses for that particular outcome. Po-
tential confounding covariates were included in multivari-
ate models. We considered that calendar period of birth
may capture changes in indications and management of
C-section and examined whether the association between
C-section and atopic diseases was modified by calendar
period of birth. We also tested for effect modification by ma-
ternal, paternal, and parental history of asthma and allergy;
maternal smoking during pregnancy; birth weight; and birth
order of the index child by using likelihood ratio tests. Pair-
wise logistic regression was used to assess the role of mode of
delivery among the three different asthma subgroups and re-
ported allergies (i.e., to food, drug, inhalants, or dermal ex-
posure). Inference of statistical significance was based on
two-sided distributions using a 5% significance level. A
commercially available statistical software package (SAS;
version 8.2; SAS Institute, Inc., Cary, NC) was used for
all analyses.

RESULTS

Most of the children were middle-class non-Hispanic or His-
panic white, based on annual family income, parent or
guardian education level, and health insurance coverage
at the time of CHS enrollment (Table 1). The majority of
mothers were older than 20 years at the time of delivery of
the index child, and 18.8% smoked during pregnancy. Prev-
alence of C-section was 20.7%. Mean birth weights in chil-
dren born by C-section and vaginally were 3545 g (SD,
500.5 g) and 3509 g (SD, 458.0 g), respectively. The differ-
ence in mean birth weights attained borderline statistical
significance (p Z 0.08, independent t-test). Mean age of
participants at the time of enrollment in the CHS was
10.5 years (SD, 2.2 years; range, 8 to 17 years). The propor-
tion of children born by C-section increased over time. Be-
tween the calendar periods 1975 to 1977, 1978 to 1980,
1981 to 1983, and 1983 to 1987, proportions of children
born by C-section were 12.9%, 17.7%, 20.2%, and 25.1%,
respectively (p ! 0.0001).

Children born by C-section were at increased risk for
physician-diagnosed asthma (OR, 1.33; 95% CI, 1.01–
1.75), hay fever (OR, 1.57; 95% CI, 1.24–1.99), and allergy
(OR, 1.26; 95% CI, 1.03–1.53; Table 2). Although the OR
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TABLE 1. Selected characteristics of the study participants
from the Children’s Health Study born at term in California
between 1975 and 1987

Na (%)

Age (years)

8–9 2131 (51.3)

10–11 864 (20.8)

12–13 645 (15.5)

> 14 514 (12.4)

Race

Non-Hispanic White 2450 (59.3)

Hispanic White 1168 (28.3)

African-American 198 (4.8)

Asian 110 (2.7)

Other 204 (4.9)

Sex (boys) 2015 (48.5)

Maternal asthma 476 (11.8)

Maternal allergy 1317 (32.9)

Paternal asthma 343 (8.8)

Paternal allergy 1056 (27.9)

Maternal smoking during pregnancy 764 (18.8)

Secondhand smoke exposure 1641 (40.1)

Covered by health insurance 3511 (86.2)

Birth by cesarean section 717 (20.7)

Child kept in special care unit after birth

Maternal age at childbirth (years) 282 (6.9)

!20 577 (13.9)

21–25 1382 (33.3)

26–30 1350 (32.5)

O30 845 (20.3)

Birth order

1 1740 (42.0)

2 1399 (33.8)

3 636 (15.3)

O3 368 (8.9)

Birth weight (g)

2500–2999 467 (13.5)

3000–3250 547 (15.8)

3251–3500 782 (22.6)

3501–3750 657 (19.0)

3751–4000 504 (14.5)

O 4000 507 (14.6)

Season of birth

Winter (Jan-Mar) 1003 (24.2)

Spring (Apr-Jun) 1092 (26.3)

Summer (Jul-Sep) 1061 (25.5)

Fall (Oct-Dec) 998 (24.0)

Informant’s education

!12th grade 510 (12.6)

12th grade 849 (20.9)

Some college 1825 (45.1)

College 396 (9.8)

Some graduate 470 (11.6)

Annual family income ($)

!15,000 584 (16.6)

15,000–49,999 1480 (41.9)

>50,000 1466 (41.5)

aTotals differ due to missing values.
for late-onset persistent asthma was stronger (OR, 1.48; 95%
CI, 1.05–2.09), ORs for different subgroups of asthma (early-
onset transient, early-onset persistent, and late-onset persis-
tent) were not statistically significantly different from one
another. In multivariate analysis, the OR for inhalant
allergy was 1.19 (95% CI, 0.94–1.50). Birth by C-section
was associated with other infectious respiratory diseases
(e.g., pneumonia, bronchitis, bronchiolitis, and croup) in
univariate analysis (OR, 1.21; 95% CI, 1.02–1.45); however,
ORs were not statistically significant in multivariate
analysis.

Because there was overlap between asthma and allergy
outcomes, we compared children with asthma alone, allergy
alone, or both asthma and allergy with those who had nei-
ther asthma nor allergies. We found no substantial differ-
ences in ORs among the three groups with asthma and/or
allergy (Table 3).

In mothers with and without a history of asthma, C-sec-
tion rates were 20.3% (i.e., 619 of 3056 mothers) and 24.0%
(98 of 408 mothers), respectively (p Z 0.08, chi-square
test). However, maternal history of asthma did not modify
the associations between birth by C-section and any of the
outcomes of interest (all p> 0.10). Maternal allergy, pater-
nal history of asthma or allergy, maternal smoking during
pregnancy, birth weight, calendar period of birth, and birth
order of the index child also did not modify any of these
associations.

DISCUSSION

In the present study, we observed that mode of delivery was
associated with early childhood asthma and allergy occur-
rences, and children born by C-section were at increased
risk for asthma, hay fever, and allergy compared with those
who had a vaginal birth. Although the mechanisms by
which C-section may affect asthma, allergy, and hay fever
occurrences are not completely understood, there are several
biologically plausible mechanisms by which C-section may
affect asthma, allergy, and hay fever occurrences in children.

First, differences in immune development in early life be-
tween children born vaginally and by C-section may be im-
portant. Intestinal bacterial flora are important in immune
development (18), and children with atopic diseases have
been found to have lower gut levels of Bacteroides and Bifido-
bacterium species than children without atopic disease
(19, 20). Bifidobacteria have probiotic properties and are as-
sociated with reduced risk for atopic disease in children (21).
C-Section has been shown to delay and alter the develop-
ment of intestinal bacterial flora in infants (22). This may,
in turn, alter immune development and subsequently in-
crease the risk for atopic disease in children.
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TABLE 2. Associations between mode of delivery and different respiratory and allergic outcomes

Ever

asthma

Early transient

asthma (diagnosed

by 3 years of age)

Early persistent

asthma (diagnosed

by 3 years of age)

Late-onset persistent

asthma (diagnosed

O 3 years of age) Hay fever

Ca/Coa Ca/Coa Ca/Coa Ca/Coa Ca/Coa

Mode of delivery

Vaginal 379/2344 39/2344 134/2344 182/2344 403/2143

Cesarean section 129/584 15/584 40/584 71/584 154/510

Unadjusted OR (95% CI) 1.37 (1.10–1.70) 1.54 (0.85–2.82) 1.20 (0.83–1.73) 1.57 (1.17–2.09) 1.61 (1.30–1.98)

Adjustedb OR (95% CI) 1.33 (1.01–1.75) 1.81 (0.92–3.59) 1.17 (0.74–1.84) 1.48 (1.05–2.09) 1.57 (1.24–1.99)

Any allergy Food or drug allergy Inhalant allergy Dermal allergy

Other respiratory

diseasesc

Ca/Coa Ca/Coa Ca/Coa Ca/Coa Ca/Coa

Mode of delivery

Vaginal 775/1884 232/1884 536/1884 118/1884 776/1903

Cesarean section 249/448 67/448 168/448 29/448 232/469

Unadjusted OR (95% CI) 1.35 (1.13–1.61) 1.22 (0.91–1.62) 1.32 (1.08–1.61) 1.03 (0.68–1.57) 1.21 (1.02–1.45)

Adjustedb OR (95% CI) 1.26 (1.03–1.53) 1.18 (0.85–1.62) 1.19 (0.94–1.50) 1.07 (0.67–1.70) 1.05 (0.87–1.27)

OR, odds ratio; CI, confidence interval.
aNumber of subjects with/without the disease under study who were born at or after 37 weeks of gestation with birth weight of 2500 g or greater.
bAdjusted for age (as a continuous variable), sex, race, birth order, birth weight, community of residence, parental or guardian education, health insurance coverage, parental
history of asthma and allergy, exposure to in utero smoking, exposure to secondhand smoke, maternal age at childbirth, requirement for special care after birth, calendar period of
birth, and history of pneumonia, bronchitis, bronchiolitis, and croup.
cPneumonia, bronchitis, bronchiolitis, and croup.
Second, women and unborn children requiring C-section
are more likely to have deliveries complicated by intrauter-
ine infection or chorioamnionitis. Such intrauterine expo-
sure to microbial antigens and the associated immunologic
stimulation have been suggested to increase the risk for
asthma (23). In addition, because women requiring C-sec-
tion are less likely to breast-feed (24), their children lose
the protection against childhood asthma offered by success-
ful breast-feeding (25). Finally, children born by C-section
do not experience the forcible removal of amniotic fluid
from their lungs during passage through the birth canal.
As a result, these children are much more likely to experi-
ence ‘‘wet lung’’ or transient tachypnea of the newborn
(26). Such impaired fluid clearance may alter multiple as-
pects of pulmonary physiology and act as an asthma inducer
in susceptible children (27). For the present study, we did
not have information on intrauterine infection and breast-
feeding to adjust for these factors. Therefore, we did not
have data to directly assess this potential bias. However,
we conducted a sensitivity analysis to examine whether
breast-feeding confounded the observed associations by us-
ing data from a nested case–control study (3) that included
a subset of 569 subjects of this study. We observed little
change in associations between C-section and atopic dis-
eases when we adjusted for breast-feeding. Based on these re-
sults, it is unlikely that our results are explained by
confounding by differences in breast-feeding by mode of
delivery.

Early life exposures to allergens may vary by mode of de-
livery, and absence or avoidance of these factors may reduce
the risk for atopic disease. Although we did not have infor-
mation about dust mites, we had information collected at
TABLE 3. Mode of delivery on joint outcomes of asthma and allergy

Mode of delivery

No asthma

or allergy

Only

asthma

Only

allergy

Both

asthma

and allergy

Vaginal 1735 134 534 235

Cesarean section 400 45 167 81

Unadjusted OR (95% CI) 1.0 1.46 (1.02–2.08) 1.36 (1.11–1.67) 1.50 (1.14–1.97)

Adjusteda OR (95% CI) 1.0 1.57 (1.03–2.41) 1.34 (1.07–1.67) 1.50 (1.02–2.20)

OR, odds ratio; CI, confidence interval.
aAdjusted for age (as a continuous variable), sex, race, birth order, birth weight, community of residence, parental or guardian education, health insurance coverage, parental
history of asthma and allergy, exposure to in utero smoking, exposure to secondhand smoke, maternal age at childbirth, requirement for special care after birth, calendar period of
birth, and history of pneumonia, bronchitis, bronchiolitis, and croup.
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baseline about the presence of carpet, pets, and mold or mil-
dew at home. We observed little change to the associations
between C-section and atopic diseases when we adjusted for
these potential confounders. In addition, associations be-
tween C-section and atopic diseases remained similar irre-
spective of these exposures.

Our findings also are consistent with a number of previ-
ous studies (4–6). Earlier studies showed a positive associa-
tion between maternal asthma and C-section (28, 29). In
our study, we also observed greater C-section rates in moth-
ers with a history of asthma, but the associations between
C-section and atopic diseases were not modified by maternal
history of asthma or maternal smoking during pregnancy.

Definitions of asthma and allergy in this study were based
on physician-diagnosed asthma and paternal report of aller-
gic history, respectively. Although some researchers recom-
mend testing for bronchial hyperresponsiveness (BHR) to
define asthma, others have shown that such testing de-
creased sensitivity, and combining BHR results with ques-
tionnaire data further decreased it (30, 31). Based on this
evidence, it does not appear that the validity of question-
naire-based classification of asthma phenotype is improved
by testing BHR in children (32). We used the International
Study of Asthma and Allergies in Childhood definition for
asthma, one that has been used widely in epidemiologic
studies of asthma (33). Because asthma is the most common
chronic illness in childhood, children with asthma may need
to access health care more often than their healthy peers. In
this study, the majority of subjects had health insurance.
When we adjusted for health insurance status, we found lit-
tle change in any of the estimates, suggesting that health
care access did not account for the observed results. There
may have been some misclassification in assessing the hay fe-
ver, allergy, and respiratory infection outcomes by using our
questionnaire data. However, the misclassification is likely
to be nondifferential and may have biased results toward
null.

Although we adjusted for parental education and health
insurance coverage as surrogate for subject SES and commu-
nity of residence as surrogate for air pollution, we acknowl-
edge the possibility of residual confounding by these factors.
In addition, SES may have affected the ascertainment of
physician-diagnosed asthma. Residual confounding also is
possible for the other variables used to obtain adjusted esti-
mates, and there may be other potential confounders that
were not adjusted for in our analysis. However, the consis-
tent effect estimates for different outcomes provide some
support that the findings did not result from ascertainment
bias, residual confounding, or failure to adjust for other po-
tential confounders.

In California, information on birth weight, maternal age
at childbirth, and mode of delivery obtained from birth cer-
tificates has been found to be valid and reliable, but data on
pregnancy, labor complications, and Apgar scores are less
complete (34). Because C-section was associated positively
with premature birth (p Z 0.08) and the latter may result
from pregnancy complications, we restricted our analysis
to children born at term (>37 weeks of gestation). To ad-
dress confounding by labor complications, we inquired
whether the child was kept in a special care unit at a hospital
after birth, and analyses were adjusted accordingly. Because
we observed good agreement between maternal recall of
birth weight and birth weight information culled from birth
certificates (k statistic Z 0.75; 95% CI, 0.71–0.80; data not
shown), maternal recall of the child’s admission to a special
care unit after birth was considered relatively reliable and
a potential surrogate for labor complications affecting fetal
and neonatal health.

The proportion of children born by C-section increased
during the study period and was similar to prevalence rates
observed in California and in the United States (35–38).
This suggests that our sample was representative of the
source population. Because associations between C-section
and atopic diseases remained similar by calendar period of
birth, these associations may not be explained completely
by the change in indications for and management of C-sec-
tion birth that occurred over time. Birth weight, maternal
asthma, and maternal smoking are associated with C-section
and potentially could modify the associations between C-
section and atopic disease. Unlike previous studies, we ad-
dressed the issue of effect modification by these factors in
our study and observed that the associations remained sim-
ilar regardless of birth weight, maternal asthma, and mater-
nal smoking.

In conclusion, our findings suggest that mode of birth
may influence asthma and allergy occurrences in children.
If this is true, then increases in C-section birth rates during
the last several decades also may help to explain the ob-
served increase in asthma occurrences in children.

REFERENCES

1. Mannino DM, Homa DM, Pertowski CA, Ashizawa A, Nixon LL, Johnson
CA, et al. Surveillance for asthmadUnited States, 1960-1995. MMWR
Morbid Mortal Wkly Rep. 1998;47:1–27.

2. Gilliland FD, Li YF, Peters JM. Effects of maternal smoking during preg-
nancy and environmental tobacco smoke on asthma and wheezing in chil-
dren. Am J Respir Crit Care Med. 2001;163:429–436.

3. Salam MT, Li YF, Langholz B, Gilliland FD. Early-life environmental risk
factors for asthma: Findings from the Children’s Health Study. Environ
Health Perspect. 2004;112:760–765.

4. Kero J, Gissler M, Gronlund MM, Kero P, Koskinen P, Hemminki E, et al.
Mode of delivery and asthmadIs there a connection? Pediatr Res.
2002;52:6–11.

5. Negele K, Heinrich J, Borte M, von Berg A, Schaaf B, Lehmann I, et al.
Mode of delivery and development of atopic disease during the first 2 years
of life. Pediatr Allergy Immunol. 2004;15:48–54.



Salam et al. AEP Vol. -, No. -

CESAREAN SECTION AND ATOPIC DISEASE - -: -

6

ARTICLE IN PRESS
6. Eggesbo M, Botten G, Stigum H, Nafstad P, Magnus P. Is delivery by ce-
sarean section a risk factor for food allergy? J Allergy Clin Immunol.
2003;112:420–426.

7. McKeever TM, Lewis SA, Smith C, Hubbard R. Mode of delivery and risk
of developing allergic disease. J Allergy Clin Immunol. 2002;109:800–802.

8. Xu B, Pekkanen J, Jarvelin MR. Obstetric complications and asthma in
childhood. J Asthma. 2000;37:589–594.

9. Nafstad P, Magnus P, Jaakkola JJ. Risk of childhood asthma and allergic
rhinitis in relation to pregnancy complications. J Allergy Clin Immunol.
2000;106:867–873.

10. Peters JM, Avol E, Navidi W, London SJ, Gauderman WJ, Lurmann F,
et al. A study of twelve Southern California communities with differing
levels and types of air pollution. I. Prevalence of respiratory morbidity.
Am J Respir Crit Care Med. 1999;159:760–767.

11. Peters JM, Avol E, Gauderman WJ, Linn WS, Navidi W, London SJ, et al.
A study of twelve Southern California communities with differing levels
and types of air pollution. II. Effects on pulmonary function. Am J Respir
Crit Care Med. 1999;159:768–775.

12. Gilliland FD, Berhane K, Rappaport EB, Thomas DC, Avol E, Gauderman
WJ, et al. The effects of ambient air pollution on school absenteeism due
to respiratory illnesses. Epidemiology. 2001;12:43–54.

13. McConnell R, Berhane K, Gilliland F, Molitor J, Thomas D, Lurmann F,
et al. Prospective study of air pollution and bronchitic symptoms in chil-
dren with asthma. Am J Respir Crit Care Med. 2003;168:790–797.

14. Gauderman WJ, Avol E, Gilliland F, Vora H, Thomas D, Berhane K, et al.
The effect of air pollution on lung development from 10 to 18 years of age.
N Engl J Med. 2004;351:1057–1067.

15. Gauderman WJ, Gilliland GF, Vora H, Avol E, Stram D, McConnell R,
et al. Association between air pollution and lung function growth in south-
ern California children: Results from a second cohort. Am J Respir Crit
Care Med. 2002;166:76–84.

16. Gauderman WJ, McConnell R, Gilliland F, London S, Thomas D, Avol E,
et al. Association between air pollution and lung function growth in south-
ern California children. Am J Respir Crit Care Med. 2000;162:1383–1390.

17. Avol EL, Gauderman WJ, Tan SM, London SJ, Peters JM. Respiratory ef-
fects of relocating to areas of differing air pollution levels. Am J Respir Crit
Care Med. 2001;164:2067–2072.

18. Bjorksten B. Effects of intestinal microflora and the environment on the
development of asthma and allergy. Springer Semin Immunopathol.
2004;25:257–270.

19. Bjorksten B, Naaber P, Sepp E, Mikelsaar M. The intestinal microflora in
allergic Estonian and Swedish 2-year-old children. Clin Exp Allergy.
1999;29:342–346.

20. Kalliomaki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Isolauri E. Dis-
tinct patterns of neonatal gut microflora in infants in whom atopy was and
was not developing. J Allergy Clin Immunol. 2001;107:129–134.

21. Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E.
Probiotics in primary prevention of atopic disease: A randomised placebo-
controlled trial. Lancet. 2001;357:1076–1079.
22. Gronlund MM, Lehtonen OP, Eerola E, Kero P. Fecal microflora in
healthy infants born by different methods of delivery: Permanent changes
in intestinal flora after cesarean delivery. J Pediatr Gastroenterol Nutr.
1999;28:19–25.

23. McKeever TM, Lewis SA, Smith C, Hubbard R. The importance of prena-
tal exposures on the development of allergic disease: A birth cohort study
using the West Midlands General Practice Database. Am J Respir Crit
Care Med. 2002;166:827–832.

24. Leung GM, Lam TH, Ho LM. Breast-feeding and its relation to smoking
and mode of delivery. Obstet Gynecol. 2002;99:785–794.

25. Kull I, Almqvist C, Lilja G, Pershagen G, Wickman M. Breast-feeding re-
duces the risk of asthma during the first 4 years of life. J Allergy Clin Im-
munol. 2004;114:755–760.

26. Levine EM, Ghai V, Barton JJ, Strom CM. Mode of delivery and risk of
respiratory diseases in newborns. Obstet Gynecol. 2001;97:439–442.

27. Schaubel D, Johansen H, Dutta M, Desmeules M, Becker A, Mao Y. Neo-
natal characteristics as risk factors for preschool asthma. J Asthma.
1996;33:255–264.

28. Demissie K, Breckenridge MB, Rhoads GG. Infant and maternal outcomes
in the pregnancies of asthmatic women. Am J Respir Crit Care Med.
1998;158:1091–1095.

29. Linton A, Peterson MR. Effect of preexisting chronic disease on primary
cesarean delivery rates by race for births in U.S. military hospitals,
1999-2002. Birth. 2004;31:165–175.

30. Jenkins MA, Clarke JR, Carlin JB, Robertson CF, Hopper JL, Dalton MF,
et al. Validation of questionnaire and bronchial hyperresponsiveness
against respiratory physician assessment in the diagnosis of asthma. Int J
Epidemiol. 1996;25:609–616.

31. de Marco R, Cerveri I, Bugiani M, Ferrari M, Verlato G. An unde-
tected burden of asthma in Italy: The relationship between clinical
and epidemiological diagnosis of asthma. Eur Respir J. 1998;11:599–
605.

32. Pekkanen J, Pearce N. Defining asthma in epidemiological studies. Eur Re-
spir J. 1999;14:951–957.

33. The International Study of Asthma and Allergies in Childhood (ISAAC)
Steering Committee. Worldwide variation in prevalence of symptoms of
asthma, allergic rhinoconjunctivitis, and atopic eczema: ISAAC. Lancet.
1998;351:1225–1232.

34. Von Behren J, Reynolds P. Birth characteristics and brain cancers in young
children. Int J Epidemiol. 2003;32:248–256.

35. Stafford RS. Recent trends in cesarean section use in California. West J
Med. 1990;153:511–514.

36. Marieskind HI. Cesarean section in the United States: Has it changed
since 1979? Birth. 1989;16:196–202.

37. Placek PJ, Taffel SM. Trends in cesarean section rates for the United
States, 1970–78. Public Health Rep. 1980;95:540–548.

38. Taffel SM, Placek PJ, Liss T. Trends in the United States cesarean section
rate and reasons for the 1980-85 rise. Am J Public Health. 1987;77:955–
959.


	Mode of Delivery Is Associated With Asthma and Allergy Occurrences in Children
	Introduction
	Methods
	Results
	Discussion
	REFERENCES


