Cesarean Section and Chronic
Immune Disorders
Astrid Sevelsted, MSca, Jakob Stokholm, MD, PhDa,b, Klaus Bønnelykke, MD, PhDa, Hans Bisgaard, MD, DMSca

abstract

Immune diseases such as asthma, allergy, inﬂammatory bowel disease, and type 1
diabetes have shown a parallel increase in prevalence during recent decades in westernized
countries. The rate of cesarean delivery has also increased in this period and has been
associated with the development of some of these diseases.

OBJECTIVES:

Mature children born by cesarean delivery were analyzed for risk of hospital contact for
chronic immune diseases recorded in the Danish national registries in the 35-year period
1977–2012. Two million term children participated in the primary analysis. We studied childhood
diseases with a suspected relation to a deviant immune-maturation and a debut at young age. The
effect of cesarean delivery on childhood disease incidences were estimated by means of confounderadjusted incidence rate ratios with 95% conﬁdence intervals obtained in Poisson regression analyses.

METHODS:

RESULTS: Children delivered by cesarean delivery had signiﬁcantly increased risk of asthma,
systemic connective tissue disorders, juvenile arthritis, inﬂammatory bowel disease, immune
deﬁciencies, and leukemia. No associations were found between cesarean delivery and type 1
diabetes, psoriasis, or celiac disease.
CONCLUSIONS: Cesarean delivery exempliﬁes a shared environmental risk factor in early life
associating with several chronic immune diseases. Understanding commonalities in the
underlying mechanisms behind chronic diseases may give novel insight into their origin and
allow prevention.

WHAT’S KNOWN ON THIS SUBJECT: Cesarean
delivery has previously been associated with
increased risk of speciﬁc immune diseases in
children. The mechanism remains unknown.
WHAT THIS STUDY ADDS: In 1 large populationbased cohort, we demonstrate cesarean delivery
as a shared risk factor for several immunerelated diseases. Such common risk factor
suggests early life commonality in the origins of
these chronic immune disorders.
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Chronic diseases such as asthma,
allergy, inﬂammatory bowel disease,
and type 1 diabetes have shown
a parallel increase in prevalence
during the last decades in
westernized countries.1 Evidence
suggests that early life events may be
programming these diseases, as
demonstrated by changes in disease
prevalence in populations
immigrating to westernized
countries1 and by identiﬁcation of
perinatal risk factors.2 This suggests
that the parallel increase in
prevalence of immune diseases may
be due to shared environmental risk
factors and disease mechanisms in
early life.
The rate of cesarean delivery has also
increased in recent decades.3 Even
though the World Health Organization
recommends cesarean delivery as
indicated choice of delivery mode in
less than 15% of births,4 many
developed countries have a much
higher prevalence, pointing toward
a less strict medical indication for the
procedure.5,6 Cesarean delivery has
been linked to the development of
asthma and allergic rhinitis,7–10 as
well as other immune disorders11–16
in the offspring.
We hypothesized cesarean delivery as
an example of a shared environmental
risk factor for immune-associated
diseases. We analyzed children born
by cesarean delivery for risk of
hospital contact for diseases suspected
to be related to a deviant immune
maturation and with a debut at young
age, including asthma, systemic
connective tissue disorders, juvenile
arthritis, inﬂammatory bowel disease,
type 1 diabetes, immune deﬁciencies,
psoriasis, celiac disease, and leukemia
in the Danish national registries in the
35-year period 1977–2012.

hence the ethics committee did not
require written informed consent.

Study Cohort
The Danish Civil Registration System
(CRS) has registered every person
with a citizenship in Denmark since
1968. This provides a unique 10-digit
number, encoding date of birth and
gender, which is assigned at birth and
is used as the identifying number in
all Danish registries. Further, the
register contains date of emigration.17
The Danish Medical Birth Registry
has existed since 1973 and contains
data on birth weight, parity, mode of
delivery, and maternal smoking
during pregnancy. The Danish
Register of Causes of Death was
computerized in 1970 and contains
data on date of death.
The Danish National Patient Registry
was established in 1977 and contains
data on all primary and secondary
diagnosis on all in-patient discharges
since 1977, and on outpatient
admissions since 1994. The diagnoses
are based on the International
Classiﬁcation of Diseases, 8th Revision
(ICD-8 until 1994; International
Classiﬁcation of Diseases, 10th
Revision [ICD-10] thereafter).18
We identiﬁed a cohort of all live born
children in Denmark in the period
January 1, 1973, through January 1,
2012, and used their unique CRS
number to link information on gender,
parity, birth weight, mode of delivery,
and maternal CRS from the Danish
Medical Birth Registry; information on
date of death from the National Death
Registry, information on date of ﬁrst
hospital in- or outpatient admission for
any of the predeﬁned diseases
(primary or secondary diagnosis) from
the Danish National Patient Registry
and information on date of migration
from the Danish CRS.

METHODS
The study was based on data from
national registries and was approved
by the Danish Data Protection Agency
(J.no. 2012-41-0388). Subjects were
not contacted as a part of the study;

Maternal Disease
We obtained information from the
Danish National Patient Registry on
mother’s hospital admission for the
speciﬁed diseases to adjust the

analyses for maternal disease. Only
children whose mothers were born
after 1952 were included in the
analyses.

Exclusion Criteria
Premature children (deﬁned as birth
weight below 2500 g) and children
missing information on birth weight
were excluded from all analyses.

Case Deﬁnitions
Cases were identiﬁed by the ICD-8
and ICD-10 diagnoses. Nine groups of
diseases were investigated. Asthma
(ICD-10 J45.x; J46.x), systemic
connective tissue disorders (ICD-10
M3x.x), juvenile arthritis (ICD-10
M05.x; M08.x; M09.x; M13.x),
inﬂammatory bowel diseases (ICD-10
K50.x; K51.x), diabetes type 1 (ICD-10
E10.x; E13.x; E14.x), immune
deﬁciencies (ICD-10 D80.x–D89.x),
psoriasis (ICD-10 L40.x), celiac disease
(ICD-10 K90.0), and leukemia (ICD-10
C91.x–C96.x). Negative control:
fractured forearm or elbow (ICD-10
S52.x). A list of the corresponding
ICD-8 diagnosis codes is provided in
Supplemental Table 2.

Confounders
Confounders were chosen a priori as
gender, parity (ﬁrst child, second
child, third child, or more), birth
weight ($2.5 to ,3.0 kg; $3.0 to
,3.5 kg; $3.5 to 4.0 kg; 4.0 kg or
more), attained age (1-year groups),
calendar time (3-year groups), season
of birth (December to February;
March to May; June to August;
September to November), maternal
age (#25; 26–30; 31–35; $36 years),
and maternal illness (maternal
diagnosis of the disease in question,
see above).

Statistical Methods
We investigated the effect of cesarean
delivery versus vaginal birth in all
children born 1973–2012. Children
were followed for hospitalizations from
January 1, 1977, where the registry
started, or from date of birth if this
occurred after January 1, 1977.
Children were followed until January 1,
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2012, or until age 16 years, migration,
or death, whichever came ﬁrst.
For each disease category, we
accumulated person-time and -events
(cases) stratiﬁed by cesarean delivery
and chosen confounders.19 Thereby
we calculated the speciﬁc incidence
rates (cases per person years).
The overall effects of cesarean
delivery on the number of cases in
each separate disease category in the
complete time period and across the
entire age span were estimated with
log-linear Poisson regression models
offset by the log of person time (years
of observation), where any
underlying age and calendar time
variations for the various disease
groups can be taken into account by
adjusting for the attained age and
calendar year as confounders (3-year
intervals were chosen). Further, we
add the chosen confounders to obtain
the fully adjusted estimates for the
effect of cesarean delivery. All
confounders were included as
categorical variables. The incidence
rate ratio (IRR) with 95% conﬁdence
interval was calculated to show the
effect of cesarean delivery. The
population attributable risk fraction
(PARF) was calculated from the
adjusted IRR (aIRR) estimates as
follows: PAR = Pe (RRe21)/[1 + Pe
(RRe21)], where Pe is the prevalence
of the exposure and RRe is the relative
risk of disease because of that
exposure. Potential changes in the
effect were investigated as interaction
terms between cesarean delivery and
blocks of calendar years (eg, for
changes in registration practice).

and were excluded from analysis,
leaving 1.9 million (80%) children for
the primary analysis. The study
population was followed from 1977
to 2012 for a total of 23 million
person years in the age range 0 to
15 years. Approximately 14% of the
study population was delivered by
cesarean delivery with a marked
increase in the proportion of cesarean
deliveries during the observation
time (Fig 1). Disease prevalence is
presented in Table 1.

inﬂammatory bowel diseases,
immune deﬁciencies, and leukemia
(Table 1). Type 1 diabetes, psoriasis,
and celiac disease were not
associated with cesarean delivery.
Arm fracture (included as “control
condition”) was not associated with
cesarean delivery.

The prevalence of several diseases
among the mothers was signiﬁcantly
higher if they had ever delivered by
cesarean delivery when compared
with vaginal delivery. Especially
mothers with type 1 diabetes (27%)
had an increased risk of cesarean
delivery compared with mothers
without diabetes type 1 (14%;
Supplemental Table 3).

The effects of cesarean delivery were
not impacted by the registry changes
in terms of disease classiﬁcation
systems and outpatient registrations
(no signiﬁcant effect modiﬁcation
considering the number of interaction
test; data not shown).

Children delivered by cesarean
section had signiﬁcantly increased
aIRR for asthma, systemic connective
tissue disorders, juvenile arthritis,

Limiting the children with asthma to
those older than 5 years at ﬁrst
contact did not change the
conclusion: aIRR 1.16 (1.13–1.19);
P , .0001.

The PARF ranges up to 6% (Table 1).

DISCUSSION
Principal Findings of the Study
Cesarean delivery was a shared risk
factor for several immune-related

A signiﬁcance level of 0.05 is used in
all analyses. The data processing was
computed with SAS version 9.3 for
Windows (SAS Institute, Inc, Cary, NC).

RESULTS
Two and a half million children were
born in Denmark in the period
1973–2012. Five percent had low
birth weight (birth weight below
2500 g); 15% had missing data on
birth weight or other confounders

FIGURE 1
Yearly proportion of deliveries by cesarean delivery in relation to birth year. Number of cesarean
deliveries has increased over the study period.
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TABLE 1 IRRs by Cesarean Delivery in the 35-Year Period 1977–2011 Following 1.9 Million Term
Children in the Age Span 0 to 15 Years
Cases
a

Asthma
Asthma .5 yb
Systemic connective tissue disorders
Juvenile arthritis
Diabetes type 1
Inﬂammatory bowel diseases
Immune deﬁciencies
Celiac disease
Leukemia
Psoriasis
Arm fracturea,c

103 822
48 858
7498
6946
6136
2697
2589
1944
1631
1306
77 490

aIRR (95% Conﬁdence Interval); P
1.23
1.16
1.11
1.10
1.01
1.20
1.46
0.99
1.17
0.98
0.99

(1.21–1.25);
(1.13–1.19);
(1.04–1.19);
(1.02–1.18);
(0.93–1.10);
(1.06–1.36);
(1.32–1.62);
(0.87–1.14);
(1.00–1.36);
(0.81–1.18);
(0.96–1.01);

P
P
P
P
P
P
P
P
P
P
P

, .0001
, .0001
= .0021
= .0117
= .82
= .004
, .0001
= .89
= .048
= .81
= .19

PARF (Cases)
3.07 (3187)
2.19 (1070)
1.53 (115)
1.34 (93)
—d
2.70 (73)
6.09 (158)
—d
2.31 (38)
—d
—d

Cases are deﬁned by ﬁrst in- or outpatient admission to a hospital in Denmark. IRRs are adjusted for age, calendar year,
birth weight, parity, gender, season of birth, maternal age, and maternal illness. The PARF is calculated based on an
overall prevalence of 14% cesarean deliveries for diseases with signiﬁcant association to cesarean delivery.
a Attained age and calendar year included in 1-y categories.
b Attained calendar year included in 3-y and age in 6-y categories.
c Not adjusted for maternal disease.
d PARF is not calculated for insigniﬁcant associations.

diseases including asthma, systemic
connective tissue disorders, juvenile
arthritis, inﬂammatory bowel
diseases, immune deﬁciencies, and
leukemia. There was no signiﬁcant
association with diabetes type 1,
psoriasis, or celiac disease.

Strength and Weaknesses of the
Study
Our study was hypothesis driven,
searching for a shared risk factor
between immune diseases with
a debut in children. We did not search
all other diagnoses systematically
for similar associations because our
aim was to exemplify such
communality rather than explain
individual disorders.
The study base covers 35 years of
diagnoses from national registries.
The registry on hospitalization
covers all admissions and outpatient
hospital contacts nationwide.
A priori children with a birth weight
below 2500 g were excluded, and
all analyses were adjusted for age,
calendar year, gender, parity, birth
weight, and maternal heredity. By
analyzing only children above 2500 g,
we hope to get a more comparable
group of children, with only the
delivery method to differ between
them and not an underlying
pathology leading to preterm
birth.

Particularly, we adjusted for maternal
disease of these immune-related
diseases, some of which are
associated with cesarean delivery
(Supplemental Table 3) and could
thereby confound an association.
After adjustment, the results for type
1 diabetes was no longer statistically
signiﬁcant, but otherwise maternal
disease did not materially alter the
results.
We included a “negative control” in
terms of an analysis of association
between cesarean delivery and
hospital contact for arm fracture. This
demonstrates that the associations
seen for other diseases are not caused
by a methodological problem of
“overregistration” of disease in the
children delivered by cesarean
delivery.
It may be a limitation to our study
that we excluded mild diseases
managed in the primary health care
sector only. Yet this ascertainment
bias is unlikely to inﬂuence the
conclusion of a common risk factor
for the severe chronic diseases.
Diagnostic classiﬁcation was changed
in 1994 from ICD-8 to ICD-10, and
registration of outpatient
hospitalizations was initiated. The
categories used across these different
classiﬁcations may not be completely
congruent. However, the analyses are

adjusted for calendar year as
a categorical variable, which corrects
the main association from time
changing effects, and sensitivity
analyses did not suggest any effect of
this on the results.
Diagnosing asthma in a young child
may be inaccurate. We therefore did
a sensitivity test of children with
a ﬁrst hospital contact after age 5,
where the diagnosis is more robust.
The association remained signiﬁcant.

Interpretation of the Study
Cesarean delivery was a shared risk
factor for different immune-related
diseases including asthma, systemic
connective tissue disorders, juvenile
arthritis, inﬂammatory bowel
diseases, immune deﬁciencies, and
leukemia. This suggests that critical
events around time of birth initiate
a disease trajectory. Such early events
may cause an immune aberration
leading to a variety of chronic
immune diseases presenting later in
life. By identifying commonalities
between diseases, we may
understand mechanisms of the
shared “epidemic” seen for these
diseases.
Previous studies have revealed
individual disorders generally
showing associations between
cesarean delivery and asthma and
allergy,7–10 inﬂammatory bowel
disease,11 celiac disease,12,13 type 1
diabetes,14 and cancers15,16 in the
offspring. Another register-based
study has associated cesarean
delivery with a wide range of
diagnoses.20 Our study is the ﬁrst to
reveal cesarean delivery as a common
risk factor across several speciﬁc
immune-related disease categories in
the same study and in a nationwide
database of children. This reduces the
risk of publication bias.
There is increasing evidence that
immune-related diseases are
programmed in early life as a result of
complex gene environment
interactions. The prevalence of
immune-related diseases is higher in
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westernized countries,21 and
immigrant studies reveal that the
children of immigrants moving to
more westernized countries will
acquire the disease risk of
westernized countries,22 indicating
the importance of early risk factors
associated with western life style.
Hygiene, in terms of disturbed early
microbial exposure, is hypothesized
to be responsible for the increasing
prevalence of allergy-related diseases
in westernized countries.23 A similar
etiology is suspected behind the
increasing prevalence of childhood
leukemia,24 and a recent study
revealed an association between
allergy and later development of
leukemia supporting a potential
shared etiology in early life.25
Reduced cytokine levels at birth have
been associated with later
development of allergy26 and atopic
predisposition,27 and children who
later developed childhood leukemia
also had markedly reduced
interleukin-10 levels at birth.28
The birth setting around cesarean
delivery is different from vaginal
birth with respect to several factors
including anesthetic agents and
antibiotics during birth, physiologic
effects on the newborn, and the
hospital environment after birth.29 It
may be speculated that the effect
from cesarean delivery is mediated by
changes in the microbiome of the
newborn. The normal delivery canal
exposes the child to a composite
microbiome different from the one
encountered during a cesarean
delivery in an operation theater
resulting in differences in microbiome
of the newborn.30,31 Furthermore, it
has become standard procedure to
give prophylactic antibiotics to all
women delivering by cesarean

delivery to reduce postpartum
infections in the mother,32 which is
also likely to affect the microbiome of
the newborn child. There are several
indications that the diversity and
composition of the human microbiome
is associated with a variety of diseases
such as asthma,33 allergy,34
inﬂammatory bowel diseases,35 and
type 1 diabetes36 and type 2.37
However, cesarean delivery entails
several other components, which may
potentially affect the early
environment of the newborn.
Biomarkers in the blood in children
born by cesarean delivery differ from
children born vaginally including lower
number of leukocytes, neutrophils,
monocytes, and natural killer cells in
cord blood,38,39 and likewise
differences in leukocyte composition
during the ﬁrst year of life.40 Also,
stress hormone induction in the fetus
is dependent on mode of delivery with
a lower production in children born by
cesarean delivery,41 which may affect
the immune maturation. Furthermore,
pregnancy factors leading to cesarean
delivery may already in utero affect the
fetus and trigger the progression
toward disease.
Because this is an observational
study, we cannot rule out that the
true casual factor underlying these
associations could be a confounding
factor related to cesarean delivery.
Potential confounders not accounted
for in the current study are lifestyle
factors associated with maternal
request for cesarean delivery or
factors increasing the risk of cesarean
delivery. Nevertheless, identiﬁcation
of cesarean delivery, or an associated
factor, as a potential shared
environmental risk factor behind
several immune-related diseases is
still important. It may give us lead to

understand the mechanism and
increasing prevalence of these
diseases and eventually point to
prevention. It is of interest that not all
immune-related diseases were
affected equally by delivery method,
which might suggest different disease
pathways. Opposite to some other
studies, we did not ﬁnd association to
type 1 diabetes after adjustment for
maternal disease. We demonstrated
a high prevalence of cesarean
delivery among women with type 1
diabetes, which may confound
unadjusted results.
Our ﬁndings also support the
hypotheses that perinatal life is
important for later development of
chronic diseases, which encourages
a research strategy focusing on early
life in the origins of chronic diseases.
Furthermore, research targeting the
more common immune-related
diseases like asthma and allergy may
be a relevant approach for
understanding the etiology of rare
diseases where prospective studies
are not feasible. Future research
focusing on commonalities in
mechanisms behind different disease
entities may provide new mechanistic
insights and understanding of
lifestyle related changes in disease
patterns of chronic immune-diseases.

CONCLUSIONS
Cesarean delivery is associated with
increased risk of several chronic
immune diseases suggesting a shared
environmental risk factor in early life.
Understanding the underlying disease
mechanism may be a key to
understanding the origin and
increased prevalence of these
diseases and promise a perspective
for prevention.
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