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Abstract

Background Caesarean delivery has been suggested to alter
neonatal immune responses and increase the risk of atopic
diseases. However, previous studies have reported inconsistent
findings.

Objective To investigate a possible association between caesarean
delivery and the development of atopic diseases in children.
Methods This case-control study involved 100 children aged 3
months-12 years, in Sanglah Hospital, Denpasar, Indonesia. Fifty
infants and children with a confirmed diagnosis of atopic diseases
and 50 sex-paired controls (non-atopic infants and children)
were enrolled. Demographic data was obtained, including mode
of delivery and relevant history connected to atopic diseases.
Skin prick test to four common aeroallergens was performed in
all subjects. Possible confounding factors were considered in a
multivariable logistic regression model.

Results Caesarean section was not significant as a risk factor for
atopic diseases in a multivariate analysis [OR 2.4 (95%CI 0.7 to
8.4; P=0.164)]. However, multiple logistic regression analysis
showed that atopic diseases was significantly associated with a
positive family history of atopy. Furthermore, caesarean section
was associated with a higher risk of atopic diseases in a subgroup
analysis for family history of atopy [OR= 4 (95%CI 1 to 16.2;
P=0.04)].

Conclusion Children delivered by caesarean section and have a
family history of atopy have a 4-fold higher risk of atopic diseases.
[Paediatr Indones. 2014;54:94-100.].
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he prevalence of atopic diseases in childhood
has increased in many countries.!> Atopic
diseases is typically chronic and may restrict
physical, emotional, and social well-being.
The proportion of caesarean sections has increased up
to 30% of all deliveries, compared to the 1970s, when
this proportion was generally below 15%.7 Children
delivered by caesarean section have been shown to
have delayed and altered establishment of gut flora
and cytokine production.®10 Decreased exposure
to microorganisms early in life leads to insufficient
stimulation of Thl lymphocytes and, therefore, a
predominance of the Th2 allergic responses.®1
Some investigators have reported increased risk for
developing asthma and atopic diseases among children
delivered by caesarean section compared to those
delivered vaginally,®1¢ while others have found no
such relationship.?17%:18
Although the relationship between mode of
delivery and the prevalence of allergic diseases has
been investigated in many countries, there have

From the Department of Child Health, Udayana University Medical
School/Sanglah Hospital, Denpasar! and Gadjah Mada University Medical
School/Sardjito Hospital, YogyakartaZ.

Reprint requests to: Anak Agung Tri Yuliantini, Department of Child
Health, Udayana University Medical School, Sanglah Hospital, J1. Pulau
Nias, Denpasar, Bali 80114, Indonesia. Tel./Fax: +62-361-244038. Email:

yuli_barata@yahoo.com.



Anak Agung Tri Yuliantini et al: Caesarean delivery and risk of atopic diseases

been few such reports in Indonesia. The purpose of
this study was to assess for a relationship between a
history of caesarean delivery and atopic diseases in
infants and children.

Methods

A case-control study was performed in the outpatient
clinic at the Department of Child Health, Sanglah
Hospital, Denpasar from December 2011 until July
2012. Inclusion criteria for the case group were
children aged 3 months-12 years with a definite
diagnosis of atopic diseases. An atopic disease was
defined as the presence of or a history of at least
one of the following: asthma, allergic rhinitis, atopic
dermatitis, or food allergy. These diseasess were
diagnosed by pediatricians/physicians (pediatric
residents) of Sanglah Hospital. The diagnosis was
confirmed by fulfillment of the Sanglah Hospital
Guidelines Criteria, with or without the support of a
positive skin prick test. We excluded children suffering
from severe form of atopic diseases, undergoing
treatment with antihistamines and/or corticosteroids,
who had incomplete data or whose parents refused to
participate in the study.

Inclusion criteria for the control group were
children aged 3 months-12 years without a history
of any atopic diseases. These children were seen in
the hospital for other unrelated problems. For the
control group, we also excluded children suffering
from diseasess requiring steroid and/or long-term
antihistamine treatment, and who had incomplete
data. The minimum required sample size was
calculated with type I error (o= 5%), power (1-B)
80%, OR = 2 (clinical judgment), and P2 = 0.3,
to be a total of 90 children.

Demographic data regarding birth weight,
age, number of siblings, exposure to environmental
cigarette smoke (exposure to any smoker at home),
exposure to kitchen smoke (bedroom and kitchen
under the same roof), cotton-filled mattress usage,
carpet usage, pets, duration of breast feeding, the age
at which semi-solid food was first introduced, the
age at which formula milk was first introduced, and a
family history of atopic diseases were obtained from a
questionnaire completed by the parents.

Subjects underwent skin prick tests to common

aeroallergens: house dust mite (Dermatophagoides
preronyssinus and Dermatophagoides farinae), cockroach
(Blattela germanica), and Aspergillus sp (Stallergens,
France) on the volar aspect of the forearm or the
back. Histamine was used as the positive control and
saline as the negative control. A skin prick test was
considered positive for a wheal-and-flare sized > 2
mm after 15 minutes, to at least one of the common
aeroallergens.

Descriptive analyses of the characteristics of the
control and case group were performed. Univariate
analyses comparing variable differences between the
control and case groups were done using Chi-square
and Fisher’s exact tests, where appropriate. A P-value
of <0.05 was considered to be statistically significant.
Odds ratios (ORs) and 95% Cls were estimated with
the use of multivariate logistic regression analyses
that allowed for potential confounders. A secondary
analysis was performed to examine an association
between caesarean delivery and atopic diseases, in the
subgroup of those with a history of family atopy.

Ethical approval for this study was obtained
from Udayana University Medical School Ethics
Committee and informed consent was obtained from
parents before enrollment into this study.

Results

One hundred two children were recruited into this
study, but only 100 subjects were analyzed. Two
subjects were excluded due to the presence of severe
atopic dermatitis that the skin prick test could not
be performed (1 subject) and due to treatment with
corticosteroids (1 subject). The mean age of subjects
was 5.8 (SD 3.2) years (range 5 months-12 years).
Sixty-two subjects (62%) were delivered vaginally
and 38 (38%) were delivered by caesarean section.
Subjects’ demographic characteristics are shown
in Table 1. Most of our study subjects in the case
group suffered from allergic rhinitis (36%), followed
by asthma (30%), atopic dermatitis (21%), and food
allergy (12%).

The relationships between each risk factor and
the occurrence of atopic diseases were analyzed. We
found a significant association between caesarean
section and atopic diseases in a bivariate analysis,
but not in multivariate analyses. Multiple logistic
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Table 1. Characteristics of study subjects

Characteristics Case (atopic) Control (non-atopic)
n =50 n =50

Male gender, n (%) 25 (50) 25 (50)

Median age (SD), years 6.0 (3.2) 5.7 (3.2)

Median body weight (SD), kg 21.6 (9.4) 18.9 (7.2)

Median body height (SD), cm 111.8 (22.4) 105.1 (25.6)

Siblings, n (%)

0 14 (28) 10 (20)

>1 36 (72) 40 (80)
Birth weight, n (%)

<2,500 g 0 (0) 2 (4)

=2,500 g 50 (100) 48 (96)
Exclusively breastfed for the first 6 months, n (%) 17 (34) 17 (34)
Formula milk < 6 months, n (%) 33 (66) 33 (66)
Age when semi-solid food was introduced, n (%)

<6 months 9(18) 16 (32)

=6 months 41 (82) 34 (68)
Family history of atopic diseases, n (%)

Yes 46 (92) 14 (28)

No 4 (8) 36 (72)
Father has history of atopic diseases, n(%)

Yes 31 (62) 9 (18)

No 19 (28) 41 (82)
Mother has history of atopic diseases, n(%)

Yes 27 (54) 7 (14)

No 23 (46) 43 (86)
Siblings have history of atopic diseases, n(%)

Yes 18 (36) 2 (4)

No 32 (64) 48 (96)
Kitchen smoke exposure, n (%) 31 (62) 20 (40)
Cigarette smoke exposure, n (%) 24 (48) 30 (60)
Cotton-filled mattress usage, n (%) 3(6) 9(18)
Carpet usage, n (%) 13 (26) 14 (28)
Mosquito coil smoke exposure, n (%) 6 (12) 11 (22)
Pets exposure, n (%) 25 (50) 15 (30)
Positive skin prick test, n (%) 48 (96) 18 (36)

regression analysis including significant confounders Discussion

revealed that the significant risk factors associated
with atopic diseases were a positive parental history
of atopy, kitchen smoke exposure, and pets exposure
(Table 2).

We also assessed for a possible association
between caesarean delivery and atopic diseases in a
subgroup of subjects who had a family history with
atopic diseases; 60/100 subjects had a family history
of atopic diseases (Table 1). Of these 60 subjects, 24
subjects from the case group and 3 subjects from the
control group were delivered by caesarean section.
Caesarean section was significantly associated with
a higher risk of atopic diseases in this subgroup of
family history of atopy [OR=4 (95%CI 1 to 16.2;
P=0.04)].
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The relatively high rate of caesarean sections in
Denpasar?® 2! warrants an investigation for an
association between mode of delivery and the
prevalence of atopic diseases. We found that caesarean
delivery was significant as a risk factor for atopic
diseases by bivariate analysis, but not by multivariate
analyses. In a subgroup analysis of subjects with a
family history of atopic diseases, we found that there
was an association between caesarean section and
atopic diseases.

Caesarean section is associated with delayed
intestinal colonization, which could deprive newborns
of immunostimulatory impulses at a critical period
in life when the immune system and the gut barrier
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Table 2. Relationships between each risk factor and atopic diseases

Atopic
) diseases OR (95%Cl) P value OR (95%Cl) P value
Risk factors n
Yes No Unadjusted Adjusted*

Family history of atopic diseases

- Mother 27 7 7.2(2.7t019.1) <0.0001 14.8 (4.0 t0 54.7) < 0.0001

- Father 31 9 7.4(291t018.6) <0.0001 14.5 (4.0 t0 51.8) < 0.0001

- Siblings 18 2 13.5(2.91t062.2) <0.0001 3.5 (0.6 t0 19.6) 0.155
Male gender 25 25 1.0(0.5t02.2) 1.000
Siblings < 1 14 10 1.6 (0.6 t0 3.9) 0.349
Caesarean delivery 25 13 2.8 (1.2106.6) 0.013 2.4 (0.7 t0 8.4) 0.164
Birth weight < 2,500 g 0 2 0.5* (0.4 t0 0.6) 0.495
Exclusively breastfed 17 17 1.0 (0.4 t0 2.3) 1.000
Formula milk < 6 months 28 28 1.2(0.5t02.6) 0.712
Semi-solid food introduction at < 6 months of age 9 16 2.1(0.8t05.5) 0.106 4.9 (0.91t025.1) 0.054
Kitchen smoke exposure 31 20 2.4 (1.1t05.5) 0.028 4.2 (1.3t013.9) 0.019
Cigarette smoke exposure 24 30 0.6 (0.3t0 1.4) 0.229 0.6 (0.16t0 1.9) 0.362
Cotton-filled mattress usage 3 9 0.3(0.1t0 1.1) 0.065
Carpet usage 13 14 0.9(0.41t02.2) 0.822
Mosquito coil smoke exposure 6 11 0.5(0.2t0 1.4) 0.183 0.3 (0.06 to 1.8) 0.203
Pets exposure 25 15 2.3(1.0t05.3) 0.041 6.1 (1.7 t0 21.9) 0.005

* Fischer's exact test (2 cells (50,0%) have expected count less than 5. The minimum expected count is 1,00.)
* Adjusted by multivariate analysis (family history of atopic diseases, semi-solid food introduction at < 6 months of age, kitchen smoke exposure, cigarette

smoke exposure, mosquito coil smoke exposure, and pets)

mature. Children delivered by caesarean section
have been shown to have a delayed and altered
development in the establishment of gut flora, as well
as altered cytokines production. Decreased exposure
to microorganisms early in life leads to insufficient
stimulation of Thl Iymphocytes and, therefore, a
predominance of the Th2 allergic responses.®1> When
combining subjects with and without an atopic family
history, we found that caesarean delivery was not
associated with the risk of atopic diseases. This finding
may have been due to major differences between the
populations and the variables observed. We did not
examine gut flora colonization or cytokines production
in our study.

Previous studies on caesarean delivery and
the development of allergic diseases has produced
conflicting results.!-1? Our study, consistent with data
from an English birth cohort of 24,690 children,!©
found no convincing evidence that infants delivered
by caesarean section had an increased risk of
developing allergic diseases (asthma, hay fever, and
eczema). Delivery by caesarean section was also
not associated with the subsequent development of
asthma, wheezing, or atopy in later childhood in a
longitudinal birth cohort of children born in Bristol.17

Outcome variables examined in the Bristol study were
parental reports of asthma during the period 69-91
months of age (6-7 years old), similar to most children
in ours as they were aged over 2 years. These last two
studies used subjects with atopic and non-atopic family
history, similar to that of our study.

The Finnish Health Register reported that the
cumulative incidence of asthma at the age of 7 years
was significantly higher in children delivered by
caesarean section than in those delivered vaginally,
but no associations were observed between caesarean
section and other allergic diseasess (hay fever and
atopic eczema). In a following study on this birth
cohort of 219 children, they found a trend toward
more positive skin prick reactions at that age.!® A
Finnish prospective birth cohort that involved 1,953
adults revealed a strong effect of caesarean section
on physician-diagnosed asthma in adulthood, but
showed no associations with atopy, allergic rhino
conjunctivitis and atopic dermatitis.!* Meta-analyses
in 2008 concluded that caesarean delivery was
associated with a moderately increased risk of allergic
rhinitis, asthma, hospitalization for asthma, and
perhaps food allergy/food atopy, but not with inhalant
atopy and eczema/atopic dermatitis.” Factors such
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as the duration of follow-up, investigated variables,
and the definition of allergic diseases also may have
produced conflicting results. Our study differed from
previous studies in terms of outcomes, as we used the
term ‘atopic diseases,” a collection of various atopic
diseasess, instead of single atopic diseases entity.

Therefore, although caesarean section is
considered to be a risk factor for allergic diseasess, a
definite association has not yet been determined. The
lack of association in our subjects might due to the fact
that most children in our study were already over 2
years of age. Since caesarean delivery exposure occurs
only once at the beginning of life, while other risk
factors such as parental history of atopy, and exposure
to household pets and kitchen smoke, affect subjects
for longer durations in life, the role of caesarean
delivery as a risk factor may be less influential. A
previous Hong Kong study reported a significant, dose-
response association between household gas cooking
and the prevalence of respiratory illnesses (allergic
rhinitis, asthma, bronchitis, sinusitis, and pneumonia)
in preschool children in a residential estate with low
outdoor air pollution, after controlling for potential
confounding factors. This study provides additional
evidence that household gas cooking increases the risk
of respiratory illnesses among preschool children.??
An earlier US report indicated that exposure or
allergic reactions to pets were the predominant risk
factor for asthma among children and adolescents.??
A significant, dose-response association between
exposure to cats and the prevalence of asthma in
children was also reported in Denpasar.24

Caesarean section was associated with allergic
rhinitis and atopy in children with a parental history
of asthma or allergies.?> Also, caesarean delivery
was associated with a 3-fold increase in the odds
of parental reporting of food allergies (to egg, fish,
or nuts) in 2,803 Norwegian children followed to
the age of 2 years (95%CI for OR 1.4 to 7.3). The
observed association between caesarean delivery and
food allergy among Norwegian infants was stronger
after the analysis was stratified by maternal history
of allergy. Norwegian children who were delivered by
caesarean section and had a maternal history of allergy
had a 9-fold higher odds of food allergy than those
who were delivered vaginally and had no maternal
history of allergy (95% CI for OR 3.1 to 28).26 We also

examined whether the association between caesarean

98 * Paediatr Indones, Vol. 54, No. 2, March 2014

delivery and atopic diseases differed by family history
of atopic diseasess. We found that subjects with a
family history of atopy and delivered by caesarean
section had a higher risk of atopic diseases.

Early life exposure to allergens may vary by mode
of delivery, and absence or avoidance of these factors
may reduce the risk for atopic diseases.?” We were
unable to collect data on other variables, including
maternal smoking, gestational age, intrauterine
infection, NICU admission, antibiotic administration
after birth, or peripartum complications. Information
on the type of milk formula given to our subjects
(cow’s milk formula, hydrolyzed cow’s milk formula, or
soy milk formula) was also not collected in this study.
Nor was data regarding the use of probiotics collected
in our study, so the factors mentioned above were not
controlled for. Although we did not have information
about dust mites, we did collect data on the presence
of carpet and cotton-filled mattresses at home.

A limitation of our study was the wide age range
of subjects, as the effect of caesarean delivery may
have been different among older subjects, in terms of
the interval between caesarean delivery and the event
of atopic diseases. This is a case-control study in which
the control was hospital-based, hence, the control
group may not represent the general population of
normal children. Recall bias may have also affected
the questionnaire data collected. A limited statistical
power on the subgroup analysis differed by family
history of atopic diseasess in our study, probably due
to a limited sample.

In conclusion, children who have a family history
of atopy and are delivered by caesarean section have a
4-fold higher risk of atopic diseases. Caesarean section
as a delivery option should be carefully considered in
families with a history of atopy.

Acknowledgments

Qur sincere gratitude to physicians and nurses in charge at the
Outpatient Clinic, Department of Child Health of Sanglah
Hospital. Special thanks to I Gde Raka Widiana, MD for his help in
constructing methodology and statistical analysis in this study.

Conflict of interest
None declared



10.

11.

12.

Anak Agung Tri Yuliantini et al: Caesarean delivery and risk of atopic diseases

References

Warner JO, Kaliner MA, Crisci CD, Del Giacco S, Frew
AJ, Liu GH, et al. Allergy practice worldwide: a report by
the World Allergy Organization Specialty and Training
Council. Allergy and Clinical Immunology International -
World Allergy Organization Journal. 2006;18:4-10.
Cantani A. Pediatric allergy, asthma and immunology.
Heidelberg: Springer; 2008. p.363-419.

Rahajoe N, Supriyanto B, Setyanto DB. Pedoman nasional
asma anak. Jakarta: UKK Pulmonologi PP IDAI; 2004. p.1-
4.

Setiabudiawan B, Ghrahani R, Soepriadi M, Kartasasmita CB.
Gambaran hasil uji tusuk kulit pada anak dengan dan tanpa
riwayat atopik pada keluarga. Proceedings of the PIT IKA
III IDAI; 2007 May 5-7. Yogyakarta: Balai Penerbit Ikatan
Dokter Anak Indonesia; 2007. p.503-6.

Wati KDK, Idarto A, Wulandari A, Indra B, Sucita B,
Pranyadiari D, et al. Tidak ada perbedaan kadar tengau
debu rumah pada anak asma dan tanpa asma di Denpasar.
Medicina. 2009;40:167-72.

House of Lords Science and Technology Committee. Sixth
report of session 2000-7. [annual report online]. 2007 [cited
2008 Dec 18]. Available from: http://www. publications.
parliament.uk/pa/ld200607/Idselect/ldsctech/166/166i.pdf.
Bager B, Wohlfahrt ], Westergaard T. Caesarean delivery and
risk of atopy and allergic diseases: meta-analyses. Clin Exp
Allergy. 2008;38:634-42.

ly NE Ruiz-Perez B, Onderdonk AB, Tzianabos AO, Litonjua
AA, Liang C, et al. Mode of delivery and cord blood cytokines:
a birth cohort study. Clin Mol Allergy. 2006;4:13.
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. ] Pediatr Gastroenterol Nutr. 1999;28:19-25.
Gronlund MM, Arvilommi H, Kero B, Lehtonen OB, Isolauri
E. Importance of intestinal colonisation in the maturation of
humoral immunity in early infancy: a prospective follow up
study of healthy infants aged 0-6 months. Arch Dis Child
Fetal Neonatal Ed. 2000;83:186-92.

Protonotariou E, Malamitsi-Puchner A, Rizos D, Papagianni
B, Moira E, Sarandakou A, et al. Age-related differentiations
of Th1/Th2 cytokines in newborn infants. Mediators
Inflamm. 2004;13:89-92.

Hrncir T, Stepankova R, Kozakova H, Hudcovic T, Tlaskalova-
Hogenova H. Gut microbiota and lipopolysaccharide content
of the diet influence development of regulatory T cells:
studies in germ-free mice. BMC Immunol. 2008;9:65.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Matondang CS, Munasir Z. Imunitas seluler. In: Akib AAL,
Munasir Z, Kurniati N, editors. Buku ajar alergi-imunologi
anak. 2" edition. Jakarta: Balai Penerbit IDAI; 2008. p.78.
Hansen G, Mclntire JJ, Yeung VB, Berry G, Thorbecke
GJ, Chen L, et al. CD4(+) T helper cells engineered to
produce latent TGF-betal reverse allergen-induced airway
hyperreactivity and inflammation. J Clin Invest. 2000;105:61-
70.

Pessi T, Sutas Y, Hurme M, Isolauri E. Interleukin-10
generation in atopic children following oral Lactobacillus
rhamnosus GG. Clin Exp Allergy. 2000;30:1804-8.
McKeever TM, Lewis SA, Smith C, Hubbard R. The
importance of prenatal exposures on the development of
allergic diseases: a birth cohort study using the West Midlands
General Practice Database. Am ] Respir Crit Care Med.
2002;166:827-32.

Maitra A, Sherriff A, Strachan D, Henderson J. Mode of
delivery is not associated with asthma or atopy in childhood.
Clin Exp Allergy. 2004;34:1349-55.

Kero J, Gissler M, Gronlund MM, Kero P, Koskinen P,
Hemminki E, et al. Mode of delivery and asthma — is there a
connection? Pediatric Res. 2002;52:6-11.

Xu B, Pekkanen ], Hartikainen AL, Jarvelin MR. Caesarean
section and risk of asthma and allergy in adulthood. ] Allergy
Clin Immunol. 2001;107:732-3.

Gondo HK. Fenomena sosial operasi seksio sesarea di salah
satu rumah sakit swasta besar surabaya periode 1 Januari
2000-31 Desember 2005. Dexa Media. 2006;19:72-9.
Gondo HK, Sugiharta K. Profil operasi seksio sesarea di smf
obstetri & ginekologi RSUP Sanglah Denpasar, Bali tahun
2001 dan 2006. Cermin Dunia Kedokteran. 2010;175:97-
101.

Wong TW, Yu TS, Liu HJ, Wong AH. Household gas cooking:
a risk factor for respiratory illnesses in preschool children.
Arch Dis Child. 2004;89:631-6.

Lanphear BE, Kahn RS, Berger O, Auinger B, Bortnick SM,
Nahhas RW. Contribution of residential exposures to asthma
in US children and adolescents. Pediatrics. 2001;107:E98.
Budha MINU, Naning R, Wati KDK. The relationship
between contact to cat and the development of asthma in
children. Paediatr Indones. 2009;49:379-6.

Pistiner M, Gold DR, Abdulkerim H, Hoffman E, Celedon
JC. Birth by cesarean section, allergic rhinitis, and allergic
sensitization among children with a parental history of atopy.
J Allergy Clin Immunol. 2008;122:274-9.

Eggesbo M, Botten G, Stigum H, Samuelsen SO, Brunekreef
B, Magnus P Cesarean delivery and cow milk allergy/
intolerance. Allergy. 2005;60:1172-3.

Paediatr Indones, Vol. 54, No. 2, March 2014 99



Anak Agung Tri Yuliantini et al: Caesarean delivery and risk of atopic diseases

27. Salam MT, Margolis HG, McConnell R, McGregor JA, asthma and allergy occurrences in children. Ann Epidemiol.
Avol EL, Gilliland FD. Mode of delivery is associated with 2006;16:341-6.

100 ¢ Paediatr Indones, Vol. 54, No. 2, March 2014



