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Purpose: The purpose of this study was to investigate the association between mode of delivery 

and the risk of celiac disease in two large population-based birth cohorts with different preva-

lence of diagnosed celiac disease.

Patients and methods: This is an observational register-based cohort study using two inde-

pendent population cohorts. We used data from administrative registers and health administrative 

registers from Denmark and Norway and linked the data at the individual level. We included 

all children who were born in Denmark from January 1, 1995 to December 31, 2010 and all 

children who were born in Norway from January 1, 2004 to December 31, 2012.

Results: We included 1,051,028 children from Denmark. Cesarean sections were registered 

for 196,512 children (18.9%). Diagnosed celiac disease was registered for 1,395 children 

(0.13%). We included 537,457 children from Norway. Cesarean sections were registered for 

90,128 children (16.8%). Diagnosed celiac disease was registered for 1,919 children (0.35%). 

We found no association between the mode of delivery and the risk of diagnosed celiac disease. 

The adjusted odds ratio for celiac disease for children delivered by any type of cesarean sec-

tion compared to vaginal delivery was 1.11 (95% CI: 0.96–1.29) in the Danish cohort and 0.96 

(95% CI: 0.84–1.09) in the Norwegian cohort. The adjusted odds ratio for celiac disease for 

children delivered by elective cesarean section compared to vaginal delivery was 1.20 (95% 

CI: 1.00–1.43) in the Danish cohort and 0.96 (95% CI: 0.79–1.17) in the Norwegian cohort.

Conclusion: In this large registry-based study, mode of delivery was not associated with an 

increased risk of diagnosed celiac disease.

Keywords: cesarean section, autoimmunity, epidemiology, administrative health register

Introduction
Celiac disease is a chronic immune-mediated systemic disorder that is elicited in 

genetically susceptible individuals by gluten and related prolamins.1 Over the last 50 

years, the prevalence of celiac disease has increased by four- to fivefold,2,3 most likely 

due to improved diagnosis and increased awareness of atypical presentations as well 

as an increase in the actual prevalence.2,4,5

The presence of one of the human leukocyte antigens (HLA) DQ2 or DQ8 is a 

prerequisite to develop celiac disease.6 About 30% of the general population carry 

these genes7 but only about 1% of the population develop celiac disease. Environmental 

exposures, other than gluten, that contribute to the development of celiac disease are 

still to be clarified.8 Several perinatal factors including infant feeding have been sug-

gested, but the evidence is conflicting.9,10
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Concurrent with the increasing prevalence of celiac 

disease, the prevalence of cesarean sections has increased.11 

Studies have indicated an association between cesarean sec-

tion and an increased risk of celiac disease,12–14 especially 

elective cesarean section,15 but the conclusions of other 

studies on this subject are contradictory.16–20

Cesarean section has prolonged consequences for the intesti-

nal microbiota.21 It is hypothesized that the possible increased risk 

of celiac disease is a consequence of alterations in the intestinal 

microbiota in the first year of life leading to a dysregulation of 

the immune system that increases the risk of celiac disease.22 

Studies have suggested that individuals with celiac disease have a 

different microbiota compared to healthy controls.23–25 Alterations 

in the gut microbiota have been associated with other immune-

mediated diseases including type 1 diabetes26 and asthma.27,28 

Emergency cesarean section may be initiated after rupture of the 

amniotic sac and thus these babies may be exposed to maternal 

vaginal microbiota while babies born by elective cesarean section 

are not exposed to maternal vaginal microbiota.

The objective of this study was to investigate the associa-

tion between cesarean section and the risk of celiac disease 

in two large independent birth cohorts derived from popula-

tions with different prevalence of diagnosed celiac disease.

Patients and methods
This study is an observational register-based cohort study 

in two independent population-covering cohorts, one from 

Denmark and one from Norway. We used data from adminis-

trative registers and health administrative registers. A unique 

personal identification number is assigned to everyone who 

is born or lives in Denmark or Norway. All registrations are 

linked to these numbers and they enabled linkage of data at 

the individual level. Based on data availability, we included 

all children who were born in Denmark from January 1, 1995 

to December 31, 2010 and all children who were born in 

Norway from January 1, 2004 to December 31, 2012. We esti-

mate that about 7% of the Norwegian study population was 

included in the Norwegian Mother and Child Cohort Study 

published by Emilsson et al.29 The outcome was diagnosed 

celiac disease (International Classification of Diseases 10th 

revision [ICD-10] K90.0). The main exposure was mode of 

delivery (vaginal or cesarean section). In subanalyses, we dis-

tinguished between elective and emergency cesarean section.

Registers and variables
Denmark
The Danish Civil Registration System contains information 

on all residents in Denmark, including date of birth, sex, 

identity of parents, and date of death or emigration. Maternal 

country of birth was registered as mother’s country of birth 

for immigrants and as the maternal grandmother’s country 

of birth for second-generation immigrants.30

The Danish National Patient Register contains data from 

all inpatients and outpatients admitted to Danish hospitals. 

Diagnoses are registered in accordance with ICD-10 from 

1994 onwards.31,32 We received data registered in the  Danish 

National Patient Register until May 6, 2015. To identify 

children with celiac disease, we included all registrations of 

celiac disease (ICD-10 K90.0) and validated the diagnoses 

with duodenal biopsies registered in the Danish Database 

of Pathology (http://www.patobank.dk) and celiac disease-

specific antibodies and HLA genotypes from medical records. 

We considered the diagnosis to be validated if a duodenal 

biopsy compatible with celiac disease (Marsh 2–3) was 

registered in the Danish Database of Pathology (77% of 

the children with a validated diagnosis) or if positive endo-

mysium antibody immunoglobulin A (IgA) or antitissue 

transglutaminase 2 IgA at 10 or more times the upper limit 

of normal was registered in the medical record (76% of the 

children with a validated diagnosis). The positive predic-

tive value of a registration with celiac disease in the Danish 

National Patient Register was 66% (95% CI: 64%–68%). 

Details about this validation are published elsewhere.33

For all children we included information on the follow-

ing diseases known to be associated with celiac disease (see 

the section “Sensitivity analyses”): type 1 diabetes (ICD-10 

E10, E14), autoimmune thyroid disease (ICD-10 E03.9, E05, 

E06.3), autoimmune hepatitis (ICD-10 K75.4, K73.2), juve-

nile rheumatoid arthritis (ICD-10 M08.0), Down’s syndrome 

(ICD-10 Q90), and Turner’s syndrome (ICD-10 Q96). We 

used the date of the first registration as the date of diagnosis.

To identify children registered with chronic abdominal 

pain in the absence of registration of a gastrointestinal disease 

(see the section “Post hoc analyses”), we retrieved diagnoses 

of abdominal pain (ICD-10 R10.1, R10.3, R10.4, or R10.8) 

and gastrointestinal disease (ICD-10 K*).

We included information on maternal autoimmune diseases 

(thyroid disease [ICD-10 E05.0, E06.3, O9.92B, or O99.2C], 

rheumatoid arthritis [ICD-10 M05 or M06], type 1 diabetes 

[ICD-10 E10 or O24.0], and celiac disease [ICD-10 K90.0]) 

if the disease was registered before the birth of the child that is 

included in the study (see the section “Sensitivity analyses”).

The Danish Medical Birth Register contains detailed 

information on all pregnancies and births in Denmark.34 

We included variables for birthweight, gestational age and 

maternal age, parity, smoking, prepregnancy body mass 
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index (BMI) (available from 2004), and maternal request 

for cesarean section (available from 2002).

The Danish Population’s Education Register contains 

information on the highest level of completed education 

and ongoing education.35 We used information on maternal 

education level from the year of each child’s birth.

Norway
The Norwegian National Patient Register contains data from 

all Norwegian government-owned hospitals and outpatient 

clinics. Diagnoses are recorded in accordance with ICD-10.36 

We received data registered in the Norwegian National Patient 

Register until December 31, 2013. We considered all children 

with two or more registrations of celiac disease (ICD-10 

K90.0) as having diagnosed celiac disease. The use of two or 

more registrations ensures greater validity.13,29 The data did 

not include the exact dates of registration but are available 

as cumulative data for each year. Data from 2004 to 2008 

are further accumulated precluding exact year of diagnosis.

The Norwegian Medical Birth Register contains detailed 

information on all pregnancies and births in Norway.37 We 

included variables for sex, month and year of birth, birth-

weight, gestational age and maternal age, parity, smoking, 

and diabetes mellitus diagnosed before pregnancy (excluding 

gestational diabetes mellitus). The exact dates of birth were 

not available because of Norwegian government regulations 

on data security.

Maternal educational level was derived from Statistics 

Norway (http://www.ssb.no/en). We used information from 

the year of each child’s birth.

The categorization of variables was based on commonly 

used groupings, as indicated in Table 1.

Statistics
Statistical methods
The data were analyzed using logistic regression. All the 

analyses were performed with complete case analysis and 

they were adjusted for year of birth to take into account dif-

ferences in follow-up times and the prevalence of cesarean 

sections and celiac disease. We used robust cluster variance 

estimation to take into account siblings (with the same 

mother). We carried out subanalyses for type of cesarean 

section (elective or emergency), with vaginal delivery as the 

reference category.

The data were analyzed using three main models to 

accommodate the uncertainty of potential confounders. In 

model 1, we adjusted for year of birth and sex. In model 2, 

we added maternal age, education, and parity. In model 3, we 

added gestational age and weight for gestational age (≤10th 

percentile, 10th–90th percentile, or ≥90th percentile). Infor-

mation on maternal smoking during pregnancy was missing 

for a large proportion of children, so we analyzed the effect 

of smoking separately.

A 95% CI for the odds ratio (OR) that excluded 1.00 

was considered statistically significant. All analyses were 

conducted using Stata version 14 (StataCorp LP) statistical 

software.

Sensitivity analyses
We examined the effect of the potential confounders that 

were only available in the Danish cohort: maternal country of 

birth, maternal prepregnancy BMI, and maternal autoimmune 

diseases diagnosed before the birth of the child. We stratified 

the children for early or late diagnosis (<2 or ≥2 years of age) 

because the presentation of celiac disease differs with age. 

We stratified for the presence of an associated comorbidity 

in the child (yes or no). Children with an associated disease 

are recommended screening for celiac disease and thus we 

expect the proportion of diagnosed compared to undiagnosed 

celiac disease to be higher in these children compared to the 

general population.

In a sensitivity analysis to examine the effect of model 

choice, we analyzed the Danish data using Cox regression 

with follow-up time from 6 months of age (the recommended 

age for introduction of gluten to the diet) to the first of any of 

the following events: diagnosis, emigration, death, or May 1, 

2015. Five children were diagnosed before 6 months of age 

and were excluded from the analysis. We adjusted for year 

of birth, sex, gestational age, weight for gestational age and 

maternal age, education, and parity. Further, having an asso-

ciated comorbidity along with celiac disease was analyzed 

as a competing risk.

To address the issue of missing data, models 1–3 and 

model 3 with adjustment for maternal smoking were also 

analyzed with imputation for missing data. Missing data 

in a variable used in the analysis was seen in 1% of the 

 Danish children (5% when including smoking) and 5% of 

the Norwegian children (20% when including smoking). For 

the sake of simplicity, variables with <2% missing data (i.e., 

the variables for mode of delivery, gestational age, weight 

for gestational age and maternal age, and parity) were dealt 

with using single imputation with the mode of the variable. 

Imputation for maternal smoking (Denmark: 4% missing, 

Norway: 17% missing) and education (Denmark: 3% miss-

ing, Norway: 4% missing) was carried out using multiple 

imputation by chained equations. We made 20 imputations38 
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Table 1 Distribution of potential confounders according to celiac disease diagnosis

Characteristic Denmark Norway

No celiac disease,  
No (%a) (n=1,049,633)

Celiac disease,  
No (%a) (n=1,395)

No celiac disease,  
No (%a) (n=535,538)

Celiac disease,  
No (%a) (n=1,919)

Mode of delivery
Vaginal delivery 841,916 (81.1) 1,120 (80.9) 445,698 (83.2) 1,631 (85.0)
Cesarean section 196,248 (18.9) 264 (19.1) 89,840 (16.8) 288 (15.0)
Emergencyb 92,854 (9.0) 118 (8.5) 54,799 (10.2) 171 (8.9)
Electiveb 103,213 (9.9) 146 (10.6) 34,612 (6.5) 116 (6.0)
Missing 11,469 11 0 0
Year of birth
1995–1997 204,878 (19.5) 285 (20.4) – –
1998–2000 199,430 (19.0) 318 (22.8) – –
2001–2003 194,023 (18.5) 292 (20.9) – –
2004–2006 194,394 (18.5) 282 (20.2) 172,024 (32.1) 1,058 (55.1)
2007–2009 193,196 (18.4) 180 (12.9) 181,039 (33.8) 695 (36.2)
2010–2012 63,712 (6.1) 38 (2.7) 182,475 (34.1) 166 (8.7)
Sex
Male 538,982 (51.4) 496 (35.6) 275,138 (51.4) 738 (38.5)
Female 510,651 (48.7) 899 (64.4) 260,400 (48.6) 1,181 (61.5)
Birthweight
≥4,500 g 37,577 (3.6) 40 (2.9) 18,262 (3.4) 71 (3.7)
2,500–4,500 g 948,317 (91.2) 1,281 (92.4) 490,946 (91.7) 1,781 (92.9)
<2,500 g 53,461 (5.1) 65 (4.7) 26,074 (4.9) 66 (3.4)
Missing 10,278 9 259 <5
Gestational age
<32 weeks 10,672 (1.0) 9 (0.7) 5,246 (1.0) 9 (0.5)
32–36 weeks 57,212 (5.5) 54 (3.9) 30,043 (5.7) 98 (5.1)
37–41 weeks 898,998 (86.3) 1,213 (87.3) 464,261 (87.3) 1,690 (88.7)
≥42 weeks 75,289 (7.2) 113 (8.1) 32,202 (6.1) 108 (5.7)
Missing 7,462 6 3,786 14
Birthweight for gestational age
≤10th percentile 106,013 (10.2) 168 (12.1) 53,520 (10.1) 198 (10.4)
10th–90th percentile 823,670 (79.4) 1,098 (79.3) 424,522 (79.9) 1,514 (79.5)
≥90th percentile 107,376 (10.4) 118 (8.5) 53,625 (10.1) 192 (10.1)
Missing 12,574 11 3,871 15
Parity
1 460,031 (44.2) 616 (44.3) 225,639 (42.1) 825 (43.0)
2 382,020 (36.7) 544 (39.1) 191,166 (35.7) 734 (38.3)
≥3 199,594 (19.2) 232 (16.7) 118,733 (22.2) 360 (18.8)
Missing 7,988 <5 0 0
Maternal educationc

Compulsory education 215,429 (21.1) 213 (15.4) 87,671 (17.1) 207 (10.9)
Medium length 493,811 (48.4) 697 (50.4) 153,439 (29.9) 515 (27.0)
Higher education 310,861 (30.5) 474 (34.3) 272,827 (53.1) 1,183 (62.1)
Missing 29,532 11 21,601 14
Maternal age
<20 years 16,470 (1.6) 12 (0.9) 11,364 (2.1) 31 (1.6)
20–25 years 128,733 (12.3) 137 (9.8) 77,089 (14.4) 252 (13.1)
25–30 years 362,335 (34.5) 531 (38.1) 166,816 (31.2) 669 (34.9)
30–35 years 369,482 (35.2) 526 (37.7) 178,737 (33.4) 660 (34.4)
≥35 years 172,598 (16.4) 189 (13.6) 101,532 (19.0) 307 (16.0)
Missing 15 <5 0 0

Notes: aThe denominator is the number of children with nonmissing information for each characteristic. Percentages may not add up to 100 because of rounding. bThe 
numbers for each type of cesarean section do not add up to the total number of cesarean sections because of missing data on the type of cesarean section. cThe classification of 
maternal education levels in Denmark and Norway is not straightforwardly comparable because of differences in the classification of education levels. Denmark: Compulsory 
education: 10 years. Medium length: additional 4 years of vocational education or 3 years of general education leading to a university admission certification possibly followed 
by 1–2 years of further education. Higher education: education beyond medium length. Norway: Compulsory education: 10 years. Medium length: additional 4 years of 
vocational education or 3 years of general education leading to a university admission certification. Higher education: education beyond medium length.
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and included information on year of birth, sex, season of 

birth, gestational age, birthweight for gestational age and 

maternal age, education, parity, and history of diabetes (Nor-

way) or autoimmune disease (Denmark), as well as mode of 

delivery and diagnosed celiac disease.

Post hoc analyses
The results from the separate analyses of the Danish and Nor-

wegian cohorts were not completely consistent. Therefore, 

we carried out post hoc analyses in an attempt to explain the 

differences in the findings.

To test the effect of differences in the birth inclusion 

period, we standardized the inclusion period to births from 

2004 to 2010 in both cohorts. To test the effect of differences 

in case definition, we standardized the case definition to one 

or more registrations and two or more registrations of celiac 

disease in the national patient registers. In the Danish cohort, 

we tested the association between mode of delivery and regis-

tration of celiac disease diagnoses that were not validated by 

duodenal biopsy or celiac disease-specific antibodies (which 

were most likely incorrect registrations);33 and the association 

between mode of delivery and registration of abdominal pain 

in the absence of registration of a gastrointestinal disease. 

Chronic abdominal pain may be the primary symptom in 

celiac disease, and therefore these children are likely to be 

screened for celiac disease increasing the risk of a diagnosis; 

thus, chronic abdominal pain may be a confounder for the 

association. Finally, we tested whether maternal request for 

elective cesarean section was associated with an increased 

risk of celiac disease because maternal request for elective 

cesarean section may be a proxy for health-seeking behavior.

Ethics
The Danish study was approved by the Danish Data Pro-

tection Agency. Patient consent from the participants and 

notification of the regional committees on health-research 

ethics were not required as this was a register-based study 

not including human biologic material, and the participants 

were not contacted (Health legislation §46.2 and Legislation 

for Health-Research-Ethics and Health Science Research 

§14.2).

The Norwegian study was approved by the Norwegian 

Data Inspectorate and by the Regional Committee for Medi-

cal and Health Research Ethics (2013/2114-12). The study 

was exempted from individual consent as this was a register-

based study with low risk of personal identification, and the 

participants were not contacted.

Results
For the analysis of the Danish cohort, we included 1,051,028 

children born from January 1, 1995 to December 31, 2010 

after exclusions for inconsistent data based on the personal 

identification numbers (n=37). Celiac disease was registered 

for 1,395 children (0.13%). The median age at diagnosis 

was 7.4 years (interquartile range: 4.3–11.2). Cesarean sec-

tion was the mode of delivery for 196,248 children without 

celiac disease (18.9%) and for 264 children with celiac 

disease (19.1%).

For the analysis of the Norwegian cohort, we included 

537,457 children born from January 1, 2004 to December 

31, 2012 after exclusions for inconsistent data based on the 

personal identification numbers (n=3,579). For each child, 

the date of birth was set to 15th in the registered month 

of birth. Celiac disease was registered for 1,919 children 

(0.35%). Cesarean section was the mode of delivery for 

89,840 children without celiac disease (16.8%) and for 288 

children with celiac disease (15.0%).

Table 1 shows the distribution of potential confounders 

according to celiac disease diagnosis.

Main analyses
We found no significant association between the mode of 

delivery and the risk of celiac disease (Table 2). However, 

in the Danish cohort, the association between elective cesar-

ean section and diagnosed celiac disease was positive and 

reached borderline statistical significance after adjusting for 

year of birth, sex, maternal age, education, parity, gestational 

age, and weight for gestational age (OR: 1.20; 95% CI: 

1.00–1.43). This finding was not replicated in the Norwegian 

cohort (OR: 0.96; 95% CI: 0.79–1.17) (Table 2).

Sensitivity analysis
Sensitivity analyses involving adjustment for potential 

confounders that were only available in the Danish cohort 

(maternal country of birth, maternal prepregnancy BMI, 

and maternal autoimmune diseases diagnosed before the 

birth of the child) did not change the conclusions (Table 3). 

Similarly, stratification for age at diagnosis (<2 or ≥2 years 

of age) and the presence of an associated comorbidity did 

not change the conclusions (Table 4). Furthermore, multiple 

imputation for missing data in models 1–3 and model 3 with 

adjustment for smoking did not change the conclusions 

(Table 5). In addition, analysis of the Danish data using a 

Cox regression model did not change the conclusions (data 

not shown).
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Post hoc analyses
Post hoc analyses involving the restriction of the birth period 

to 2004–2010 and standardization of the outcome definition 

to one or more registrations of celiac disease or two or more 

registrations of celiac disease did not change the conclusions 

(Table 6). We found a significant association between elective 

cesarean section and registration of a celiac disease diag-

nosis that was not validated by duodenal biopsies or celiac 

disease-specific antibodies, that is, most likely an incor-

rect registration33 (OR: 1.46; 95% CI: 1.16–1.83; Table 7). 

Table 2 Association between mode of delivery and risk of celiac disease (main analyses)

Mode of delivery Model 1a, OR (95% CI) Model 2b, OR (95% CI) Model 3c, OR (95% CI) Smokingd, OR (95% CI)

Denmark (n=1,000,754) (n=963,607)
Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.06 (0.92–1.22) 1.07 (0.93–1.24) 1.11 (0.96–1.29) 1.10 (0.95–1.27)b

Emergencye 1.00 (0.82–1.22) 1.00 (0.82–1.22) 1.02 (0.83–1.26) 1.00 (0.81–1.23)b

Electivee 1.12 (0.94–1.34) 1.14 (0.95–1.36) 1.20 (1.00–1.43) 1.20 (1.00–1.44)b

Norway (n=512,253) (n=427,409)
Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 0.90 (0.79–1.03) 0.93 (0.82–1.06) 0.96 (0.84–1.09) 1.02 (0.88–1.17)b

Emergency 0.90 (0.76–1.06) 0.92 (0.78–1.09) 0.96 (0.81–1.14) 0.98 (0.82–1.18)b

Elective 0.92 (0.76–1.11) 0.96 (0.79–1.16) 0.96 (0.79–1.17) 1.07 (0.87–1.31)b

Pooled (n=1,513,007) (n=1,391,016)
Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 0.98 (0.91–1.04) 1.00 (0.93–1.07) 1.03 (0.96–1.10) 1.05 (0.98–1.13)
Emergencye 0.94 (0.86–1.03) 0.95 (0.87–1.04) 0.99 (0.90–1.08) 1.03 (0.93–1.14)
Electivee 1.02 (0.93–1.12) 1.05 (0.96–1.15) 1.08 (0.98–1.18) 1.08 (0.99–1.19)

Notes: aAdjusted for year of birth and sex. bAdjusted for year of birth, sex, maternal age, education, and parity. cAdjusted for year of birth, sex, maternal age, education, 
parity, gestational age, and weight for gestational age. dAdjusted for year of birth, sex, maternal age, education, parity, gestational age, weight for gestational age, and smoking. 
eThe numbers for each type of cesarean section do not add up to the total number of cesarean sections because of missing data on the type of cesarean section.
Abbreviations: CI, confidence interval; OR, odds ratio.

Table 3 Effect of adjustment for confounders that were only available for the Danish cohort

Mode of delivery Model 3a, OR (95% 
CI) (n=1,000,754)

Maternal prepregnancy 
BMIb, OR (95% CI) 
(n=402,721)

Maternal country of 
birthc, OR (95% CI) 
(n=1,000,566)

Maternal autoimmune 
diseased,e, OR (95% CI) 
(n=1,000,586)

Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.10 (0.96–1.28) 0.99 (0.79–1.25)c 1.11 (0.97–1.29)d 1.09 (0.95–1.26)f

Emergency 1.02 (0.83–1.25) 0.77 (0.53–1.11)c 1.04 (0.84–1.27)d 1.02 (0.83–1.25)f

Elective 1.19 (1.00–1.42) 1.17 (0.90–1.53)c 1.19 (0.99–1.42)d 1.17 (0.98–1.39)f

Notes: aAdjusted for year of birth, sex, maternal age, education, parity, gestational age, and weight for gestational age. bAdjusted for year of birth, sex, maternal age, education, 
parity, gestational age, weight for gestational age, and maternal prepregnancy BMI. cAdjusted for year of birth, sex, maternal age, education, parity, gestational age, weight 
for gestational age, and maternal country of birth. dAdjusted for year of birth, sex, maternal age, education, parity, gestational age, weight for gestational age, and maternal 
autoimmune disease diagnosed before the birth of the child. eBefore giving birth, the mother was registered in the Danish National Patient Register with a diagnosis of thyroid
disease (ICD-10: E050 E063 O0992B O992C), rheumatoid arthritis (ICD-10: M05 M06), type 1 diabetes (ICD-10: E10 O240), or celiac disease (ICD-10: K90.0).
Abbreviations: BMI, body mass index; CI, confidence interval; ICD-10, International Classification of Diseases 10th revision; OR, odds ratio.

Table 4 Effect of stratification on celiac disease diagnosis before or after 2 years of age and presence of a diagnosed associated 
comorbidity (data from Denmark)

Mode of delivery <2 years olda,  
OR (95% CI)

≥2 years olda,  
OR (95% CI)

Associated  
comorbiditya,b,  
OR (95% CI)

No associated 
comorbiditya,b,  
OR (95% CI)

Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.23 (0.78–1.95) 1.10 (0.95–1.28) 1.33 (0.92–1.91) 1.07 (0.91–1.25)
Emergency 1.22 (0.64–2.31) 1.00 (0.81–1.24) 1.36 (0.84–2.21) 0.97 (0.78–1.22)
Elective 1.25 (0.69–2.31) 1.19 (0.99–1.43) 1.30 (0.82–2.08) 1.16 (0.96–1.41)

Notes: aAdjusted for year of birth, sex, maternal age, education, parity, gestational age, and weight for gestational age. bThe child is registered in the Danish National Patient 
Register with a diagnosis of type 1 diabetes (ICD-10: E10, E14), autoimmune thyroid disease (ICD-10: E039, E05, E063), autoimmune hepatitis (ICD-10: K754, K732), juvenile 
rheumatoid arthritis (ICD-10: M080), Down’s syndrome (ICD-10: Q90), or Turner’s syndrome (ICD-10: Q96).
Abbreviations: CI, confidence interval; ICD-10, International Classification of Diseases 10th revision; OR, odds ratio.
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Additionally, we found an association between cesarean 

section and registration of abdominal pain in the absence of 

registration of a gastrointestinal disease (OR: 1.08; 95% CI: 

1.03–1.13; Table 7).

Registration of a maternal request for an elective cesarean 

section increased from 196 of 6,880 elective cesarean sections 

in 2002 (2.9%) to 1,572 of 7,885 elective cesarean sections 

in 2010 (19.9%). Maternal request for an elective cesarean 

section was not associated with celiac disease compared to 

elective cesarean sections for other reasons (OR: 0.91; 95% 

CI: 0.51–1.62).

Discussion
In this large study of two independent national cohorts, we 

found no association between the mode of delivery and risk 

of diagnosed celiac disease.

A positive albeit not statistically significant association 

between elective cesarean section and celiac disease was found 

in the Danish cohort. We cannot preclude that this is a confir-

mation of previous findings.15 However, post hoc exploration 

of this association indicated that it was most likely attributable 

to factors other than celiac disease per se. The association 

did not increase with more strict case definitions but was 

Table 5 Effect of multiple imputation for missing data

Mode of delivery Model 1a, OR (95% CI) Model 2b, OR (95% CI) Model 3c, OR (95% CI) Smokingd, OR (95% CI)

Denmark (n=1,051,028)
Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.06 (0.92–1.22) 1.05 (0.91–1.21) 1.09 (0.95–1.26) 1.10 (0.95–1.26)
Emergency 1.00 (0.83–1.22) 0.98 (0.80–1.20) 1.01 (0.82–1.24) 1.01 (0.82–1.24)
Elective 1.11 (0.93–1.32) 1.12 (0.94–1.33) 1.17 (0.98–1.40) 1.18 (0.98–1.40)
Norway (n=537,457)
Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 0.90 (0.79–1.02) 0.93 (0.81–1.05) 0.95 (0.83–1.08) 0.95 (0.83–1.08)
Emergency 0.92 (0.76–1.11) 0.96 (0.79–1.16) 0.96 (0.79–1.16) 0.96 (0.79–1.16)
Elective 0.88 (0.75–1.04) 0.90 (0.77–1.06) 0.93 (0.79–1.09) 0.93 (0.79–1.09)

Notes: aAdjusted for year of birth and sex. bAdjusted for year of birth, sex, maternal age, education, and parity. cAdjusted for year of birth, sex, maternal age, education, 
parity, gestational age, and weight for gestational age. dAdjusted for year of birth, sex, maternal age, education, parity, gestational age, weight for gestational age, and smoking.
Abbreviations: CI, confidence interval; OR, odds ratio.

Table 6 Effect of restricting the birth period to 2004–2010 and standardization of outcome definition

Mode of delivery Birth period restricted to 
2004–2010a, OR (95% CI)

Standardization of outcome definitiona, OR (95% CI) 

Denmark 
(n=429,675)

Norway 
(n=398,070)

Denmark (n=1,000,754) Norway (n=512,253)

≥1 registration ≥2 registrations ≥1 registration ≥2 registrations

Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.02 (0.81–1.28) 0.95 (0.83–1.08) 1.14 (1.02–1.29) 1.11 (0.97–1.26) 1.01 (0.90–1.13) 0.96 (0.84–1.09)
Emergency 0.81 (0.56–1.15) 0.94 (0.79–1.12) 1.00 (0.84–1.19) 0.99 (0.82–1.20) 1.02 (0.88–1.18) 0.96 (0.81–1.14)
Elective 1.19 (0.92–1.55) 0.96 (0.79–1.17) 1.27 (1.10–1.47) 1.20 (1.02–1.41) 0.99 (0.84–1.17) 0.96 (0.79–1.17)

Notes: aAdjusted for year of birth, sex, maternal age, education, parity, gestational age, and weight for gestational age.
Abbreviations: CI, confidence interval; OR, odds ratio.

Table 7 Associations between mode of delivery and registration of celiac disease diagnosis that could not be validated and registration 
of abdominal pain in the absence of a gastrointestinal diagnosis (Danish data)

Mode of delivery Unvalidated celiac disease registrationa, OR 
(95% CI) (n=1,000,754 [737 cases])

Abdominal painb, no gastrointestinal diagnosisc, OR 
(95% CI) (n=1,000,754 [22,015 cases])

Model 1d Model 3e Model 1d Model 3e

Vaginal delivery 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Cesarean section 1.20 (1.00–1.43) 1.21 (1.01–1.46) 1.06 (1.02–1.10) 1.07 (1.03–1.11)
Emergency 0.91 (0.69–1.19) 0.92 (0.70–1.22) 1.07 (1.02–1.12) 1.06 (1.01–1.11)
Elective 1.44 (1.16–1.79) 1.46 (1.16–1.83) 1.05 (1.01–1.10) 1.08 (1.03–1.13)

Notes: aOne or more registrations in the Danish National Patient Register excluding diagnoses that were validated,33 most likely a false registration of celiac disease.33 
bRegistration of abdominal pain (ICD-10: R101, R103, R104, R108) in the Danish National Patient Register. cRegistration of gastrointestinal disease (ICD-10: K*) in the Danish 
National Patient Register. dAdjusted for year of birth and sex. eAdjusted for year of birth, sex, maternal age, education, parity, gestational age, and weight for gestational age.
Abbreviations: CI, confidence interval; ICD-10, International Classification of Diseases 10th revision; OR, odds ratio.
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 statistically significant for registrations of celiac disease that 

was not validated (most likely incorrect registrations). This is 

contrary to what we would expect to find if elective cesarean 

section was truly associated with celiac disease. Furthermore, 

we found an association between elective cesarean section and 

registration of abdominal pain in the absence of registration 

of a gastrointestinal disease. This suggests that the seeming 

association between elective cesarean section and diagnosed 

celiac disease may be explained by an association with reg-

istered symptoms that lead to the suspicion of celiac disease, 

including abdominal pain. This association could be caused by 

differences in health-seeking behavior, biologic mechanisms, 

or other factors. It can be speculated that children referred to 

a hospital for chronic abdominal pain are more likely to be 

screened for celiac disease and thus more likely to be diag-

nosed. This would lead to a higher proportion of diagnosed 

celiac disease cases and thus bias the results toward a posi-

tive association, as our study only includes diagnosed cases 

of celiac disease. Maternal request for an elective cesarean 

section may be a proxy for differences in health-seeking 

behavior but was not associated with celiac disease compared 

to elective cesarean section for other reasons. However, the 

number of children included in this analysis was small and 

consequently the 95% CI was wide.

Previous studies have found inconsistent results on the 

association between cesarean section and celiac disease.9 

One study reported a positive association between all types 

of cesarean section and celiac disease (OR: 1.83; 95% CI: 

1.18–2.85),12 and a large Swedish study of more than 11,000 

celiac disease cases found a small but significant association 

between elective cesarean section and celiac disease (OR: 

1.15; 95% CI: 1.04–1.26).15 Another Swedish study found 

no association between all types of cesarean sections and 

celiac disease, although the authors did find an association 

in children with both celiac disease and type 1 diabetes 

mellitus (OR: 1.60; 95% CI: 1.07–1.39).18 A third Swedish 

study reported no association in the main analysis but found 

a borderline significant association for boys in a multivariate 

analysis (OR: 1.2; 95% CI: 1.0–1.4).14 One small study from 

southern England reported a nonsignificantly decreased risk 

of celiac disease for those born by cesarean section (OR: 

0.29; 95% CI: 0.07–1.17).16 Large observational cohort 

studies from Norway13, Italy,19 and Denmark17 found no 

association between all types of cesarean section and celiac 

disease. The Norwegian13 and Italian19 studies also showed 

that there was no association between elective cesarean 

section and celiac disease. A multinational birth cohort (the 

TEDDY study) has recently reported no association between 

mode of delivery and risk of celiac disease autoimmunity.20 

Overall, the evidence seems to point toward no association.9 

However, this remains to be confirmed in a systematic review 

and meta-analysis.15

It has been proposed that the frequently observed incon-

sistencies between Swedish and non-Swedish studies may 

be explained by country-specific risk factors.9 However, the 

Swedish results themselves are ambiguous. Differences in 

findings between studies may be caused by differences in 

case definition and registration, but there does not seem to 

be a systematic trend in the studies. Differences may also 

be attributed to differences in the study setting, including 

the prevalence of cesarean section and possibly differences 

in perinatal procedures, for example, the use and timing 

of antibiotics, hospitalization, and infant feeding. These 

practices are likely to differ between countries and even 

within countries, and to change over time. This has not been 

addressed specifically in any of the studies.

The studies differ in terms of adjustment for potential 

confounders. However, except for one study,14 the adjust-

ment for potential confounders did not seem to change the 

conclusions, which was also the case in our study. As with 

all observational studies, a limitation of this study is the risk 

of residual confounding. We used registrations of diagnosed 

celiac disease as our outcome. This may increase the risk of 

bias because unmeasured confounders, such as health-seeking 

behavior, may be associated with the mode of delivery and 

the likelihood of being diagnosed as compared to remaining 

undiagnosed. We included relevant confounders that were 

suggested and used in previous studies and available for this 

study. However, the literature on confounders is ambiguous 

and the risk factors for celiac disease remain largely unknown. 

Thus, it is likely that potential confounders are yet to be dis-

covered and therefore not accounted for in this study. These 

could influence our findings in both directions. An example 

that was previously discussed in this study is the association 

between mode of delivery and registration of abdominal pain 

in the absence of gastrointestinal disease that may bias the 

results toward a positive association. It is possible that such 

a bias could affect many observational studies on the impact 

of cesarean section on subsequent disease in the offspring.

In conclusion, we found that the mode of delivery was not 

associated with an increased risk of diagnosed celiac disease. 

Other studies have found inconsistent conclusions but there 

seems to be limited evidence of an association. Thus, we 

found no evidence to support the hypothesis that exposure to 

maternal vaginal and fecal microbiota during birth reduces 

the risk of celiac disease.
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