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Abstract

Background: Globally, the incidence of allergic diseases is increasing along with cesarean delivery rates. Data regarding the

association between cesarean delivery and allergic diseases are inconsistent. Here, we aimed to clarify the association between

cesarean delivery and the development of asthma, atopic dermatitis, wheezing, and eczema. Methods: We used data from

the Japan Environment and Children’s Study. The data included were those of 104,065 fetal records and their children.

Information about the mode of delivery, asthma, atopic dermatitis, wheezing, and eczema was obtained from questionnaires

and medical record transcripts. Multiple logistic regression analysis was used to assess the association between cesarean delivery

and asthma, atopic dermatitis, wheezing, and eczema risk among infants at 1 year of age. Results: We included 74,639 subjects

in this study, wherein 18.4% underwent cesarean deliveries. After adjusting for the perinatal, socioeconomic, and postnatal

confounding factors, children born by cesarean delivery had no increased risk of developing asthma [95% confidence interval (CI)

0.84–1.08], atopic dermatitis (95% CI, 0.92–1.13), wheezing (95% CI, 0.94–1.04), or eczema (95% CI, 0.94–1.05). Conclusions:

This nationwide cohort study found no association between cesarean delivery and asthma, atopic dermatitis, wheezing, and

eczema among infants at 1 year of age. However, further studies are needed to evaluate whether cesarean delivery plays a role

in the development of allergic diseases.
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Key message

In a large nationwide cohort study, we did not find an association between cesarean delivery and asthma,
atopic dermatitis, wheezing, and eczema among infants at 1 year of age.

iii. Abstract:

Background: Globally, the incidence of allergic diseases is increasing along with cesarean delivery rates.
Data regarding the association between cesarean delivery and allergic diseases are inconsistent. Here, we
aimed to clarify the association between cesarean delivery and the development of asthma, atopic dermatitis,
wheezing, and eczema.

Methods: We used data from the Japan Environment and Children’s Study. The data included were
those of 104,065 fetal records and their children. Information about the mode of delivery, asthma, atopic
dermatitis, wheezing, and eczema was obtained from questionnaires and medical record transcripts. Multiple
logistic regression analysis was used to assess the association between cesarean delivery and asthma, atopic
dermatitis, wheezing, and eczema risk among infants at 1 year of age.

Results: We included 74,639 subjects in this study, wherein 18.4% underwent cesarean deliveries. After
adjusting for the perinatal, socioeconomic, and postnatal confounding factors, children born by cesarean
delivery had no increased risk of developing asthma [95% confidence interval (CI) 0.84–1.08], atopic dermatitis
(95% CI, 0.92–1.13), wheezing (95% CI, 0.94–1.04), or eczema (95% CI, 0.94–1.05).

Conclusions: This nationwide cohort study found no association between cesarean delivery and asthma,
atopic dermatitis, wheezing, and eczema among infants at 1 year of age. However, further studies are needed
to evaluate whether cesarean delivery plays a role in the development of allergic diseases.

Keywords :

cesarean delivery, allergic disease, atopic dermatitis, asthma, wheezing, eczema

iv. Main text:

Introduction
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The incidence of allergic diseases has recently increased in different regions around the world.1 In Japan,
allergic diseases are a serious health concern, with high rates of wheezing (16.4%), asthma (10.5%), and
atopic dermatitis (21.5%) observed in children at 5 years of age.2 Concurrently, cesarean delivery rates
have been increasing worldwide,3–5 and have approximately doubled in Japan since 1990, reaching 18.6% in
2014.6 The increased rate is mainly due to a rise in elective cesarean delivery. Some recent reports describe
associations between cesarean delivery and allergic diseases.7-9Given that the increases in allergic disease
rates have occurred over a short period of time, they may be associated with environmental factors rather
than genetic factors. Compared with children born by vaginal delivery, those born by cesarean delivery have
different gut flora and cytokine profiles,10–12 which are thought to be related to allergic diseases. In contrast,
some reports showed that delivery by cesarean section was not associated with the development of allergic
diseases.13-15 Therefore, the association between cesarean delivery and allergic diseases is controversial. In
this study, we investigated the association between infants born by cesarean delivery and the development
of asthma, atopic dermatitis, wheezing, and eczema using data from a large sample size cohort study of the
Japan Environment and Children’s Study (JECS).

Methods

Study design

In the present study, we used data from the JECS, which is a nationwide, government-funded birth cohort
study.16 The JECS investigates the effects of environmental factors on children’s health by tracking mothers
and their children until the children reach 13 years of age. From January 2011 to March 2014, 103,062
pregnancies were included in the JECS at 15 Regional Centres in Japan (Hokkaido, Miyagi, Fukushima,
Chiba, Kanagawa, Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo, Tottori, Kochi, Fukuoka, and South
Kyushu/Okinawa). Caregivers completed questionnaires regarding the mothers and their children during
pregnancy and when the children were 6 and 12 months of age. The JECS protocol was reviewed and
approved by the Ministry of the Environment’s Institutional Review Board on Epidemiological Studies and
Ethics Committees of all participating institutions. The JECS was conducted in accordance with the Dec-
laration of Helsinki and other nationally valid regulations and guidelines. Written informed consent was
obtained from all participants.

Data collection

We used seven types of data from the dataset released in March 2018 (jecs-an-20180131) that included infor-
mation from questionnaires and medical record transcripts. MT1 provided data from self-reported question-
naires collected during the first trimester that included information about maternal medical backgrounds.
DrT1 provided medical information collected from the medical record transcripts during the first trimester
provided by each co-operating health care provider. MT2 provided data from self-reported questionnaires
collected during the second/third trimester that included information on lifestyle and socioeconomic sta-
tus. Dr0m provided perinatal information collected from the medical record transcripts provided by each
co-operating health care provider. M1m provided data from self-reported questionnaires collected at one
month after birth. C6m provided data from self-reported questionnaires collected at six months after birth.
C1Y provided data from self-reported questionnaires collected at 12 months after birth. We excluded women
who miscarried, had multiple births, whose babies were stillborn, or whose data regarding confounders were
missing (Fig. 1).

Outcomes, exposures, and covariates

Asthma, atopic dermatitis, wheezing, and eczema were assessed based on the doctors’ self-reported diag-
noses and the information given in the participants’ questionnaires when the children were 1 year old (C1Y
data). The questionnaire included whether wheezing and eczema occurred in the first year of life. This
was a validated, modified International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire
for children 6–7 years old, translated in Japanese.17-19The subjects were assigned to a cesarean or vaginal
delivery group, based on the modes of delivery recorded in the Dr0m data. Moreover, participants in the
cesarean delivery group were assigned to an elective or emergency group based on the reason for cesarean
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delivery recorded in the Dr0m data: elective cesarean delivery included repeat cesarean delivery, history
of uterine surgery, placenta previa, and fetal malpresentation and emergency cesarean delivery included
gestational hypertension syndrome, nonreassuring fetal status, delayed/obstructed labor, early rupture of
membrane, intrauterine infection, cephalopelvic disproportion, and complication/other reason. We consid-
ered the following factors as possible confounders in the regression analyses: maternal age at pregnancy,
parity, sex, gestational age (GA), small for gestational age (SGA), maternal allergy history, maternal active
and passive smoking during pregnancy, maternal educational levels, annual family income, marital status,
breastfeeding at six months, pet ownership, and passive smoking exposure of infants after birth. The ma-
ternal age at pregnancy (DrT1 data) was categorized as follows: < 20, 20–29, 30–39, and [?] 40 years.
Parity (DrT1 data) was categorized as 0, 1, or [?] 2. The GA was categorized as follows: <37, 37, 38, and
39–41 weeks. Standard deviation (SD) was calculated based on Japanese neonatal anthropometric charts,20

which accounted for GA, sex, and parity. Babies with values <-1.5 SDs were defined as SGA.21 Maternal
allergy history (MT1 data) was considered positive if a parent reported a history of asthma, allergic rhinitis,
atopic dermatitis, allergic conjunctivitis, food allergies, drug allergies, contact dermatitis, or sick building
syndrome. Female participants were asked to provide information about their smoking status (MT2 data), as
follows: “Never”, “Previously did, but quit before recognizing current pregnancy”, “Previously did, but quit
after finding out current pregnancy”, and “Yes, I still smoke”. The female participants whose responses were
“Yes, I still smoke” were assigned to the smoking category, and the remaining participants were assigned to
the non-smoking category.

Maternal educational periods (MT2 data) were grouped as follows: junior high school, < 10 years; high
school, 10–12 years; technical/vocational college or university, 13–16 years; and graduate school, [?] 17
years. The participants’ annual household incomes (MT2 data) were categorized as follows: < 2,000,000
Japanese yen (JPY); 2,000,000–5,999,999 JPY; 6,000,000–9,999,999 JPY; and [?] 10,000,000 JPY. Data on
marital status were obtained from MT1. Data on passive smoking exposure of infants were obtained from
M1m. Data on breastfeeding and pet ownership were obtained from C6m.

Statistical analyses

The characteristics of the mothers and their children were summarized according to the delivery mode. A
chi-squared test was used to compare categorical variables. Multiple logistic regression was performed to
determine the risks of asthma, atopic dermatitis, wheezing, and eczema associated with cesarean delivery
by calculating the odds ratios (ORs), which were adjusted for the aforementioned confounders, and 95%
confidence intervals (CIs). We initially adjusted for perinatal and socioeconomic factors. We then adjusted
for perinatal, socioeconomic, and postnatal factors. Finally, we estimated the association between elective
and emergency cesarean delivery (vs. vaginal delivery) and the risks of asthma, atopic dermatitis, wheezing,
and eczema. Statistical analyses were performed using Stata, version 15.0 (Stata Corporation LLC, College
Station, TX, USA). P -values < 0.05 were considered statistically significant.

Results

The jecs-an-20180131 dataset contained information about 104,065 fetuses and 98,255 live singleton births.
After applying the study’s inclusion criteria, 74,639 subjects were eligible to participate in this study (Fig.
1). Of the 74,639 mothers, 13,756 (18.4%) and 60,883 (81.6%) underwent cesarean and vaginal delivery,
respectively. Of the 13,756 cesarean deliveries, 8,057 (10.8%) and 5,699 (7.6%) were elective and emergency
cesarean deliveries, respectively. Table 1 presents the participants’ characteristics. A higher incidence of
cesarean delivery was associated with a maternal age at pregnancy [?] 30 years, parity [?] 2, GA < 39 weeks,
SGA, maternal smoking during pregnancy, higher maternal education, higher annual family income, and pet
ownership. A lower incidence of cesarean delivery was associated with primipara and breastfeeding at six
months. The rates of asthma, atopic dermatitis, wheezing, and eczema in those born via cesarean delivery
were 2.7%, 4.2%, 20.2%, and 18.1%, respectively; while the rates for those born via vaginal delivery were
2.5%, 4.4%, 19.5%, and 19.0%, respectively. There were differences noted in the rate of eczema between
the cesarean and vaginal delivery groups, while there were no differences in the rates of asthma, atopic
dermatitis, and wheezing.
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Multiple logistic regression was performed to assess the risks of asthma, atopic dermatitis, wheezing, and
eczema associated with cesarean delivery (Table 2). After adjusting for perinatal and socioeconomic con-
founding factors, cesarean delivery was not associated with an increased risk of asthma [adjusted ORs (aOR)
= 0.97; 95% CI, 0.85–1.10], atopic dermatitis (aOR = 1.02; 95% CI, 0.92–1.13), wheezing (aOR = 0.99; 95%
CI, 0.94–1.04), or eczema (aOR = 0.99; 95% CI, 0.94–1.04). After adjusting for perinatal, socioeconomic,
and postnatal confounding factors, cesarean delivery was not associated with an increased risk of asthma
(aOR = 0.95; 95% CI, 0.84–1.08), atopic dermatitis (aOR = 1.02; 95% CI, 0.92–1.13), wheezing (aOR =
0.98; 95% CI, 0.94–1.04), or eczema (aOR = 0.99; 95% CI, 0.94–1.05). Overall crude ORs and aORs for the
association between elective and emergency cesarean delivery (vs. vaginal delivery) and the risks of asthma,
atopic dermatitis, wheezing, and eczema are shown in Table 3. After adjusting for perinatal and socioeco-
nomic confounding factors, elective cesarean delivery was associated with an increased risk of wheezing (aOR
= 1.07; 95% CI, 1.01–1.13) and emergency cesarean delivery was associated with a decreased risk of eczema
(aOR = 0.90; 95% CI, 0.84–0.97). After adjusting for perinatal, socioeconomic, and postnatal confounding
factors, emergency cesarean delivery was associated with a decreased risk of eczema (aOR = 0.91; 95% CI,
0.84–0.97).

Discussion

In this study, no associations were found between cesarean delivery and the development of asthma, atopic
dermatitis, wheezing, and eczema among infants at 1 year of age. Moreover, patients delivered through
elective and emergency cesarean deliveries had no increased risk of asthma, atopic dermatitis, wheezing,
and eczema after adjusting for perinatal, socioeconomic, and postnatal confounding factors. Numerous
studies have investigated the associations between cesarean delivery and allergic diseases, but the results
have been inconsistent. The findings from a previous meta-analysis that included 15 cohort studies, four
case-control studies, and one cross-sectional study, showed an association between cesarean delivery and
asthma, and an increased risk of asthma among children born by cesarean delivery (OR = 1.20; 95% CI,
1.14–1.26).7Moreover, the authors of a meta-analysis that included 23 cohort studies and three case-control
studies concluded that allergic outcomes were attributable to cesarean delivery in only 1–4% of subjects.8

In contrast, a population-based cohort study in the UK in 2004 showed that cesarean delivery was not
associated with the subsequent development of physician-diagnosed asthma, wheezing, or atopy in later
childhood (aOR = 1.14; 95% CI, 0.9–1.4; aOR = 0.95; 95% CI, 0.7–1.3]; and aOR = 1.04; 95% CI, 0.8–1.3,
respectively).13 A population-based cohort study in the USA in 2005 showed that the mode of delivery
was not associated with subsequent risk of developing childhood asthma (adjusted hazard ratio: 0.93; 95%
CI, 0.6–1.4) or wheezing episodes (adjusted hazard ratio: 0.93; 95% CI, 0.7–1.3).14 A recent cohort study
in Taiwan in 2017 showed that asthma was not associated with cesarean delivery after controlling for GA
and parental history of asthma (aOR = 1.11; 95% CI, 0.98–1.25).15 Previous studies examining delivery by
cesarean section and the development of infectious diseases had variable sample sizes, age groups, follow-up
times, case definitions, and adjustments for confounding factors. However, this study is the largest pregnancy
cohort study in which the association between cesarean delivery and asthma, atopic dermatitis, wheezing,
and eczema among infants at 1 year of age was assessed while controlling for a wide range of influencing
factors.

Children born by cesarean delivery show delays and differences in relation to the establishment of their gut
flora, as well as altered cytokine profiles.10-12 Infants born by cesarean delivery acquire a microbiota that
differs from that in infants delivered vaginally. While infants delivered vaginally harbor bacterial communities
that resemble those of their mothers’ vaginas, infants born by cesarean delivery are enriched with skin
microbiota.10, 11 Hence, the delivery mode may be a crucial factor that influences the development of an
infant’s immune system and subsequent incidence of disease. Altered perinatal toll-like receptor responses
and aberrant changes in cord blood cytokine responses, including those associated with interleukin (IL)-6, IL-
8, IL-10, IL-13, tumor necrosis factor-α, and interferon-γ, are related to asthma, and neonates with bacterial
colonization of the airways are at an increased risk of developing recurrent wheezing and asthma in early
life.12 Another mechanism may be changes in the stress hormone levels at birth between cesarean and vaginal
deliveries because infants delivered by cesarean section before the onset of labor lack the normal surge of
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stress hormones.22 These mechanisms may affect elective cesarean deliveries more than emergency cesarean
deliveries because emergency cesarean deliveries often occur after the onset of labor, potentially resulting in
exposure to the vaginal microflora and both maternal and fetal stress.22Children born by cesarean delivery,
especially elective cesarean delivery, may have an increased risk of developing allergic diseases. However, the
results from our study do not support this hypothesis. Based on recent evidence of the presence of bacteria
in the placenta, amniotic fluid, and meconium, some investigators posit that the microbiome may be seeded
before birth.23 These findings support the results from our study that showed there were no associations
between cesarean delivery and the development of allergic diseases. Interestingly, in this study, emergency
cesarean delivery reduced the development of eczema. However, this mechanism is unclear.

The strengths of our study include the prospective and nationwide design; the comparison of maternal
questionnaires and medical records with birth certificates to verify the main exposure variable and other
covariates; and use of prospectively collected data on asthma, atopic dermatitis, wheezing, and eczema.
Multiple regression analysis was performed to correct for perinatal, socioeconomic, and postnatal factors.

However, this study has several limitations. First, we evaluated allergic diseases at 1 year of age using
participants’ self-reported questionnaires, which may have led to the under-reporting of allergic diseases.
Second, many infants may not be diagnosed with allergic diseases at 1 year of age because the diagnostic
criteria for allergic diseases at this age are not clear. Finally, cesarean delivery may not have been strictly
assigned to the elective or emergency cesarean delivery group in the JECS data; however, emergency cesarean
delivery may have also included elective cesarean delivery. Most elective cesarean deliveries assigned in this
study occurred before the onset of labor and exposure to vaginal flora. Despite these limitations, our study
evaluated data from a large, nationwide, prospective birth cohort study, and therefore, provides strong
evidence against an association between cesarean delivery and allergic diseases. This may have important
clinical and public health implications. If cesarean delivery has clinical benefits, it should not be avoided
because of the risk of allergic diseases in infants.

Conclusions

Our findings, which were based on a large nationwide cohort, revealed no association between cesarean
delivery and the development of allergic disease. Further studies are needed to evaluate whether cesarean
delivery plays a role in the development of allergic diseases.
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vi. Impact statement:

Our study evaluated data from a large, nationwide, prospective birth cohort study and revealed no association
between cesarean delivery and the development of allergic disease among infants at 1 year of age.
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viii. Tables:

Table 1. Characteristics of the study participants.

Vaginal delivery (n=60,883) Cesarean delivery (n=13,756) p value

n % n %
Maternal age at pregnancy (years) <0.001
<20 405 0.7 50 0.4
20-29 24,436 40.1 3,908 28.4
30-39 34,254 56.3 8,889 64.6
>=40 1,788 2.9 909 6.6
Parity 0.002
0 18,167 29.8 3,920 28.5
1 21,140 34.7 4,774 34.7
>=2 21,576 35.4 5,062 36.8
Sex (male) 31,124 51.1 7,051 51.3 0.772
Gestational age (weeks) <0.001
<37 1,834 3.0 1,374 10.0
37 3,738 6.1 3,281 23.9
38 11,012 18.1 5,742 41.7
39-41 44,299 72.8 3,359 24.4
SGA 1,882 3.1 672 4.9 <0.001
Maternal allergies 31,399 51.6 7,115 51.7 0.75
Maternal smoking during pregnancy 2,227 3.7 566 4.1 0.011
passive smoking during pregnancy 21,644 35.6 5,003 36.4 0.07
Maternal education periods (year) 0.008
<10 2,278 3.7 512 3.7
10-12 18,943 31.1 4,449 32.3
13-16 38,717 63.6 8,554 62.2
>=17 945 1.6 241 1.8
Annual family income (JPY) 0.003
<2,000,000 3,059 5.0 742 5.4
2,000,000-5,999,999 41,277 67.8 9,113 66.2
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. Vaginal delivery (n=60,883) Cesarean delivery (n=13,756) p value

6,000,000-9,999,999 13,954 22.9 3,258 23.7
>=10,000,000 2,593 4.3 643 4.7
Marriage 58,786 96.6 13,307 96.7 0.293
Breastfeeding at 6 mo 46,313 76.1 9,773 71.0 <0.001
Pet owner 14,341 23.6 3,380 24.6 0.011
Passive smoking exposure of infants at 1 mo 30,730 50.5 6,897 50.1 0.477
Allergy disease
Asthma 1,514 2.5 371 2.7 0.156
Atopic dermatitis 2,666 4.4 581 4.2 0.42
Wheezing 11,871 19.5 2,777 20.2 0.066
Eczema 11,562 19.0 2,486 18.1 0.013
SGA: small gestational age; JPY: Japanese yen. SGA: small gestational age; JPY: Japanese yen. SGA: small gestational age; JPY: Japanese yen. SGA: small gestational age; JPY: Japanese yen. SGA: small gestational age; JPY: Japanese yen. SGA: small gestational age; JPY: Japanese yen.
The p value was determined using the chi-square test. The p value was determined using the chi-square test. The p value was determined using the chi-square test. The p value was determined using the chi-square test. The p value was determined using the chi-square test. The p value was determined using the chi-square test.

Table 2. Risks of allergic diseases associated with cesarean delivery.

Asthma Atopic
dermatitis

Wheezing Eczema

Vaginal
delivery

Ref Ref Ref Ref

Cesarean
delivery

cOR (95% CI) 1.09 (0.97-1.22) 0.96 (0.88-1.06) 1.04 (0.99-1.09) 0.94 (0.90-0.99)

aOR*1 (95%
CI)

0.97
(0.85-1.10)

1.02
(0.92-1.13)

0.99
(0.94-1.04)

0.99
(0.94-1.04)

aOR*2 (95%
CI)

0.95
(0.84-1.08)

1.02
(0.92-1.13)

0.98
(0.93-1.04)

0.99
(0.94-1.05)
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Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Ref: reference;
cOR: crude
odds ratio;
aOR: adjusted
odds ratio; CI:
confidence
interval. *1;
The model
was adjusted
with potential
confounders,
including
maternal age
at pregnancy,
parity, sex,
preterm, small
for gestational
age, maternal
allergies,
maternal
smoking
during
pregnancy,
passive
smoking
during
pregnancy,
maternal
education,
family income,
marriage. *2;
The model was
adjusted with
breastfeeding
at 6 months,
pet ownership,
passive
smoking
exposure of
infants in
addition to the
above
confounders of
aOR*1.

Table 3. Risks of allergic diseases associated with elective and emergent cesarean delivery.
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AsthmaAsthmaAsthma
Atopic
dermatitis

Atopic
dermatitis

Atopic
dermatitis WheezingWheezingWheezing Eczema Eczema Eczema

cOR
(95%
CI)

aOR*1

(95%
CI)

aOR*2

(95%
CI)

cOR
(95%
CI)

aOR*1

(95%
CI)

aOR*2

(95%
CI)

cOR
(95%
CI)

aOR*1

(95%
CI)

aOR*2

(95%
CI)

cOR
(95%
CI)

aOR*1

(95%
CI)

aOR*2

(95%
CI)

Vaginal
delivery

Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Elective
ce-
sarean
delivery

1.23
(1.08-

1.42)

1.13
(0.98-

1.30)

1.11
(0.96-

1.27)

1.00
(0.90-

1.12)

1.00
(0.89-

1.13)

1.00
(0.90-

1.13)

1.14
(1.07-

1.20)

1.07
(1.01-

1.13)

1.06
(0.99-

1.12)

0.97
(0.92-

1.03)

0.99
(0.93-

1.05)

1.00
(0.94-

1.06)
Emergency
ce-
sarean
delivery

0.88
(0.73-

1.06)

0.99
(0.82-

1.20)

0.96
(0.79-

1.16)

0.91
(0.79-

1.04)

0.96
(0.83-

1.10)

0.96
(0.83-

1.11)

0.92
(0.86-

0.99)

1.00
(0.93-

1.08)

0.99
(0.92-

1.06)

0.90
(0.83-

0.96)

0.90
(0.84-

0.97)

0.91
(0.85-

0.98)
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AsthmaAsthmaAsthma
Atopic
dermatitis

Atopic
dermatitis

Atopic
dermatitis WheezingWheezingWheezing Eczema Eczema Eczema

Ref:
ref-
er-
ence;
cOR:
crude
odds
ra-
tio;
aOR:
ad-
justed
odds
ra-
tio;
CI:
con-
fi-
dence
in-
ter-
val.
*1;
The
model
was
ad-
justed
with
po-
ten-
tial
con-
founders,
in-
clud-
ing
ma-
ter-
nal
age
at
preg-
nancy,
par-
ity,
sex,
preterm,
small
for
ges-
ta-
tional
age,
ma-
ter-
nal
al-
ler-
gies,
ma-
ter-
nal
smok-
ing
dur-
ing
preg-
nancy,
pas-
sive
smok-
ing
dur-
ing
preg-
nancy,
ma-
ter-
nal
ed-
u-
ca-
tion,
fam-
ily
in-
come,
mar-
riage.
*2;
The
model
was
ad-
justed
with
breast-
feed-
ing
at
6
months,
pet
own-
er-
ship,
pas-
sive
smok-
ing
ex-
po-
sure
of
in-
fants
in
ad-
di-
tion
to
the
above
con-
founders
of
aOR*1.

Ref:
ref-
er-
ence;
cOR:
crude
odds
ra-
tio;
aOR:
ad-
justed
odds
ra-
tio;
CI:
con-
fi-
dence
in-
ter-
val.
*1;
The
model
was
ad-
justed
with
po-
ten-
tial
con-
founders,
in-
clud-
ing
ma-
ter-
nal
age
at
preg-
nancy,
par-
ity,
sex,
preterm,
small
for
ges-
ta-
tional
age,
ma-
ter-
nal
al-
ler-
gies,
ma-
ter-
nal
smok-
ing
dur-
ing
preg-
nancy,
pas-
sive
smok-
ing
dur-
ing
preg-
nancy,
ma-
ter-
nal
ed-
u-
ca-
tion,
fam-
ily
in-
come,
mar-
riage.
*2;
The
model
was
ad-
justed
with
breast-
feed-
ing
at
6
months,
pet
own-
er-
ship,
pas-
sive
smok-
ing
ex-
po-
sure
of
in-
fants
in
ad-
di-
tion
to
the
above
con-
founders
of
aOR*1.

Ref:
ref-
er-
ence;
cOR:
crude
odds
ra-
tio;
aOR:
ad-
justed
odds
ra-
tio;
CI:
con-
fi-
dence
in-
ter-
val.
*1;
The
model
was
ad-
justed
with
po-
ten-
tial
con-
founders,
in-
clud-
ing
ma-
ter-
nal
age
at
preg-
nancy,
par-
ity,
sex,
preterm,
small
for
ges-
ta-
tional
age,
ma-
ter-
nal
al-
ler-
gies,
ma-
ter-
nal
smok-
ing
dur-
ing
preg-
nancy,
pas-
sive
smok-
ing
dur-
ing
preg-
nancy,
ma-
ter-
nal
ed-
u-
ca-
tion,
fam-
ily
in-
come,
mar-
riage.
*2;
The
model
was
ad-
justed
with
breast-
feed-
ing
at
6
months,
pet
own-
er-
ship,
pas-
sive
smok-
ing
ex-
po-
sure
of
in-
fants
in
ad-
di-
tion
to
the
above
con-
founders
of
aOR*1.

Ref:
ref-
er-
ence;
cOR:
crude
odds
ra-
tio;
aOR:
ad-
justed
odds
ra-
tio;
CI:
con-
fi-
dence
in-
ter-
val.
*1;
The
model
was
ad-
justed
with
po-
ten-
tial
con-
founders,
in-
clud-
ing
ma-
ter-
nal
age
at
preg-
nancy,
par-
ity,
sex,
preterm,
small
for
ges-
ta-
tional
age,
ma-
ter-
nal
al-
ler-
gies,
ma-
ter-
nal
smok-
ing
dur-
ing
preg-
nancy,
pas-
sive
smok-
ing
dur-
ing
preg-
nancy,
ma-
ter-
nal
ed-
u-
ca-
tion,
fam-
ily
in-
come,
mar-
riage.
*2;
The
model
was
ad-
justed
with
breast-
feed-
ing
at
6
months,
pet
own-
er-
ship,
pas-
sive
smok-
ing
ex-
po-
sure
of
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ix. Figure legends:

Figure 1. Flow diagram of the sample population selected for analysis.
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