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        INTRODUCTION

  Celiac disease (CD) is a life-long immune-mediated disease 

prevalent in 1–2% of Caucasian populations ( 1 ). Patients with 

CD, including children, suff er a modestly increased mortal-

ity risk ( 2 ). In CD, dietary gluten causes villous atrophy and 

infl ammation of the small intestine. Th e etiology of CD is con-

sidered to be multifactorial, where genetic and environmental 

factors interplay in triggering the disease ( 3 ). However, little 

is known about the nature and timing of such environmental 

factors.

  Only one earlier general population-based cohort study has 

addressed the risk of CD following early life infections. Th at study, 

including 44 children with CD, did not fi nd a signifi cant asso-

ciation between parent-reported infectious disease in the child’s 

fi rst year of life and later CD ( 4 ). Findings from other studies are 

inconsistent ( 5–10 ), but have mostly been limited by retrospec-

tive designs ( 7 ) (liable to recall bias) and restriction to inpatient 

infectious disease data ( 5,8–10 ) and are therefore more susceptible 

to selection bias, or lacking data on potential confounders (e.g., 

breastfeeding and birth season).
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(aOR).
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practices, birth season, and antibiotic treatment yielded largely unchanged results.
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with immunological data suggesting that early life infections may have a role in CD development. 
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cannot be excluded.
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  Th ere are many potential mechanisms in which infections may 

have a role in CD development. Viruses may induce pro-infl am-

matory interferons and cause upregulation and release of tissue 

transglutaminase, an enzyme important in enhancing the immu-

nogenicity of gluten ( 11,12 ). Infections may also increase the intes-

tinal epithelial permeability enabling epithelial translocation of 

gluten, a key process early in CD pathogenesis ( 13 ).

  In this study, we used prospective cohort data to examine the 

association between early life infections and later CD. Given the 

ubiquitous nature of infections, we hypothesized that a high infec-

tion frequency in early life would be associated with later CD.

    METHODS

  Th is study is part of Th e Norwegian Mother and Child Cohort 

Study (MoBa), a prospective population-based pregnancy 

cohort study conducted by the Norwegian Institute of Public 

Health ( 14 ). Pregnant women were recruited from all over Nor-

way in the years 1999–2008, and 40.6% of eligible women par-

ticipated. Th e cohort includes 106,890 live-born children and 

95,200 mothers. In MoBa, questionnaires were administered 

from early pregnancy and at regular intervals during childhood. 

For the purpose of this study, we used questionnaire data fi lled 

out around weeks 18 and 30 of pregnancy and at child’s age 

of 6 months, 18 months, and 7–8 years. Questionnaires are 

available at  www.fh i.no/moba . Th e current study used version 

VIII of the quality-assured data fi les released for research in 

February 2014.

   Study population

  Out of the 106,890 live-born children participating in MoBa, the 

parents of 87,973 children provided infectious disease data up to 

child’s age of 6 months. In 72,921 children infectious disease data 

were also assessed in the 18-month questionnaire (see fl ow chart 

of study participants,  Figure 1 ).

    Outcome: CD diagnosis

  Children diagnosed with CD by the end of 2013 were identifi ed 

through combined data from the Norwegian Patient Registry 

(NPR) and parental questionnaires. Th e NPR contains prospec-

tively recorded inpatient and hospital-based outpatient diagnostic 

data since 1 January 2008. Reporting to the NPR is mandatory 

and linked to the governmental reimbursement system for fund-

ing of health services, enabling a close to complete coverage of 

hospital-based pediatric health care, which is responsible for the 

diagnostic work-up for CD in Norway. Although diagnostic data 

from pediatricians with private practices were not included in the 

NPR data fi le used for this study, previous data suggest that in 

Norway pediatric CD is almost exclusively diagnosed by publicly 

funded pediatric caregivers ( 15 ). Linkage of MoBa-data to the 

NPR was possible using the unique personal identifi cation num-

ber assigned to all Norwegian citizens. To reduce the possibility 

of including false-positive cases, we defi ned CD as at least two 

records of the International Classifi cation of Diseases-10 code 

K90.0. Th is is because children undergoing CD investigation may 

sometimes receive a preliminary working diagnosis of CD while 

waiting for histological confi rmation of the disease.

  Children diagnosed prior to the launch of NPR (January 2008), 

and not followed as recommended in the outpatient clinic, may 

not be identifi ed in the NPR. We therefore collected data on CD 

from parental questionnaires administered at child’s age of 7–8 

years. Th e MoBa-children were not screened for CD, and hence in 

this study CD represents clinically diagnosed disease.

  Among the 87,973 children with infectious disease data up to 

the age of 6 months, 674 were diagnosed with CD by the end of 

follow-up (31 December 2013); of the 72,921 children with avail-

able infectious disease data up to the age of 18 months, 581 had 

CD. Children with unconfi rmed CD (i.e., a single entry in the NPR 

without questionnaire confi rmation;  n =139) were excluded from 

the study ( Figure 1 ). In a recent validation of CD in the MoBa-

cohort, >92% of the CD diagnoses were confi rmed by the parents 

and >99% of the diagnoses had been based on biopsy and/or a 

positive CD serology (a detailed account of the validation has been 

described elsewhere ( 16 )).

    Main exposure: parent-reported infection frequency in early life

  Parent-reported infectious disease data were collected from ques-

tionnaires at age 6 and 18 months, including data on the type and 

number of infectious episodes the child had experienced up to 

the corresponding age. Type of infection was specifi ed as com-

mon cold, throat infection, ear infection, croup, lower respiratory 

tract infection (stated as pneumonia or bronchitis), urinary tract 

infection, and gastroenteritis. We examined the total number of 

infections in the child, representing all parent-reported infectious 

episodes stated above, as well as the specifi c number of upper res-

piratory tract infections (i.e., common cold, throat infection, ear 

infection and croup), lower respiratory tract infections, and gas-

troenteritis. To reduce the impact of erroneously registered data, 

children reported to have ≥10 episodes of a specifi c infectious 

type over a 6-month period (e.g., ≥10 ear infections at age 12–18 

months) were classifi ed as missing in relevant analyses.

  To assess infection severity, the parents reported infections 

requiring medical care (stated as an infection requiring a doctor’s 

visit and/or hospital admission in the fi rst 6 months or hospital 

admission for infection at an age of 6–18 months). Infections 

requiring medical care were categorized into any infection, upper 

or lower respiratory tract infection and gastroenteritis (see descrip-

tion above).

  Our main analysis addressed the risk of later CD according 

to the overall infection frequency in the fi rst 18 months of life, 

whereas secondary analyses considered specifi c type of infections: 

upper respiratory tract infections, lower respiratory tract infec-

tions, and gastroenteritis.

    Potential confounders

  Using data from pregnancy questionnaires we adjusted for mater-

nal smoking in pregnancy (non-smoker, occasional, or daily 

smoker) and maternal education level (≤12, 13–15 or ≥16 years 

of education), as these factors have in previous studies been inde-

pendently associated with early life infections ( 17 ) and, although 
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much less clear, with off spring CD ( 8,16,18 ). Pregnancy question-

naires provided information on maternal CD, whereas data on age 

at the time of gluten introduction (<6 or ≥6 months) were col-

lected from the 6-month questionnaire.

  Breastfeeding has been associated with a lower risk of early life 

infections ( 19 ) and may, despite contradictory results ( 20,21 ), also 

be associated with pediatric CD. Using questionnaire data collected 

at age 6 and 18 months, we adjusted for duration of breastfeeding 

categorized into the following: no breastfeeding; <4 months; 4–5.9 

months; 6–8.9 months; 9–11.9 months, or ≥12 months. We also 

defi ned antibiotic treatment as a potential confounder ( 22 ). Data 

on the use of systemic antibiotics (yes/no) up to 6 months or at 

an age of 6–18 months were collected from the 6- and 18-month 

questionnaire, respectively.

  From the Medical Birth Register of Norway ( 23 ) we retrieved 

data on birth weight (<2,500 g; 2,500–3,499 g; 3,500–4,499 g and 

≥4,500 g), parity (‘0’ (fi rst child); 1; 2 or ≥3), and preterm birth 

(<37 gestational weeks), as these variables may be associated with 

both an increased risk of early life infections ( 17 ) and with off -

spring CD ( 5,8 ).

    Sensitivity analyses

   Age at CD diagnosis  .     To avoid potential recall bias or reverse 

causality, we performed a sensitivity analysis excluding children 

diagnosed with CD ≤18 months of age or those where age at the 

time of diagnosis could not be confi rmed. Data on age at diagno-

sis were retrieved from a CD validation questionnaire collected in 

year 2014 and from the NPR, in which fi rst recorded day ward ad-

mission for CD was regarded as the time of diagnosis. Procedure 

codes are not listed in the NPR. Out of the 581 children with CD 

and infectious disease data up to an age of 18 months, 128 were 

excluded because of missing data on age at the time of diagnosis 

(biopsied before the start of NPR or lacking data from validation 

questionnaire), and 21 children were excluded because of diagno-

sis ≤18 months of age (range, 10–18 months). Hence, 432 children 

with CD diagnosed >18 months of age were included in these sen-

sitivity analyses.

    Season of birth  .     Most ( 24–26 ), but not all ( 6,9 ), studies have 

found a positive association between CD and summer birth, as 

compared with winter birth. Th is association has been hypoth-

esized to be due to gluten introduction in the winter when viral 

infections are more frequent. In a fi rst test of this hypothesis, we 

examined the association between birth season and CD, adjust-

ing for infection frequency and age at gluten introduction. In a 

separate analysis, we introduced birth season as a covariate in the 

analyses on infection frequency and later CD. Birth season was 

categorized accordingly: winter (December–February; reference 

All alive
n=106,890

No celiac disease
n=105,963

Celiac disease
n=788

Missing data at 6
months questionnaire

n=18,664

Missing data at 18
months questionnaire

n=14,959

Missing data at 18
months questionnaire

n=93

Included celiac
disease
n=581

Included without celiac
disease
n=72,340

n=674 n=87,299

Missing data at 6 
months questionnaire

n=114

Unconfirmed celiac
disease
n=139

 Figure 1 .     Flow chart of study participants. Children with a single record of celiac disease in the Norwegian Patient Registry (without questionnaire confi r-

mation) were regarded to have unconfi rmed celiac disease and excluded from the study.
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category), spring (March–May), summer (June–August), and au-

tumn (September–November).

     Statistical analyses

  We used logistic regression to estimate odds ratios (ORs) as meas-

ures of the relative risk of CD. Robust variance estimator( 27 ) was 

used in the main analysis given potentially cluster-correlated data 

among siblings. Infection frequency per type of infection was, 

given its distribution in the cohort, categorized into quartiles, 

tertiles, or dichotomous variables (with lowest category as refer-

ence). Because of the discrete nature of infection frequency (i.e., 

can assume only a countable number of values), some variables 

have a somewhat uneven distribution of individuals between the 

given quartiles/tertiles. We estimated ORs per increase in the 

number of infections as a test for trend. Potential deviation from 

linearity was examined by testing models with squared terms of 

the independent variable.

  Infections aft er 6 months of age (a time when gluten oft en is 

introduced) may have a diff erent impact on the risk of later CD, as 

compared with infections before 6 months of age. In pre-planned 

subanalyses, we therefore examined the risk of CD according to 

both infection frequency and infections requiring medical care in 

the fi rst 6 months or at age 6–18 months.

  All analyses were adjusted for child’s attained age at the end 

of follow-up and sex (model I). In model II, we also adjusted for 

maternal CD, maternal smoking in pregnancy, maternal education 

level, parity, birth weight, prematurity, age at the time of gluten 

introduction, and duration of breastfeeding. In a separate adjust-

ment model, we also chose, in addition to age and sex, to adjust for 

parent-reported use of systemic antibiotics up to age of 18 months.

  Statistical signifi cance was defi ned as 95% confi dence intervals 

(CIs) for ORs not including 1.00. We used SPSS version 22.0 (IBM 

SPSS, Chicago, IL) and Stata version 13.0 (Stata, College Station, 

TX) for the statistical analyses.

     Post hoc  analysis

  In a  post hoc  analysis, we examined whether the child’s adher-

ence to the Norwegian immunization schedule ( 28 ) up to age 

18 months infl uenced the association between early life infec-

tion frequency and later CD. Parent-reported data on the child’s 

adherence to the Norwegian immunization scheduled (complete 

vs. incomplete adherence) were collected from questionnaires at 

an age of 6 and 18 months and introduced as a covariate in the 

analysis on infection frequency and later CD.

    Ethics

  Th is study was approved by Th e Regional Committee for Medi-

cal Research Ethics in South–Eastern Norway. Written informed 

consent was obtained from all study participants. Th e MoBa study 

has obtained a license from the Norwegian Data Inspectorate.

     RESULTS

  Most children with CD were girls and the median age at the end 

of follow-up was 8.5 years ( Table 1 ). Approximately 3% of the 

children with CD had a history of maternal CD compared with 

0.4% among children without CD. In total, we had data on 564,516 

infectious episodes with a median number of seven infectious epi-

sodes per child up to the age of 18 months ( Table 1 ,  Supplemen-

tary Table S1  online).

   Infection frequency

  Children with ≥10 infections (corresponding to ≥fourth quar-

tile) up to age 18 months had a signifi cantly higher risk of later 

CD, as compared with children with ≤4 infections (≤fi rst quar-

tile; adjusted OR; aOR=1.32; 95% CI=1.06–1.65; per increase in 

infectious episodes, aOR=1.03; 95% CI=1.02–1.05;  Figure 2 ). 

Th e aORs per increase in specifi c infectious types in the fi rst 18 

months were as follows: upper respiratory tract infections: 1.03 

(95% CI=1.02–1.05); lower respiratory tract infections: 1.12 (95% 

CI=1.01–1.23); and gastroenteritis: 1.05 (95% CI=0.99–1.11; 

 Table 2 ). Additional adjustments for maternal CD, maternal 

smoking in pregnancy, education level, parity, birth weight, pre-

term birth and infant feeding practices (adjustment model II; 

 Table 2 ), or antibiotic treatment in the fi rst 18 months of life 

( Supplementary Table S2 ) yielded largely unchanged aORs. 

Repeating the analyses using the robust variance estimator gave 

similar 95% CIs. In addition, restricting our data to children aged 

at least 6 years at end of study (CD,  n =572; without CD,  n =70,221) 

gave largely unchanged aORs as compared with the analyses on 

the whole cohort (data not shown).

  Similar results were seen in subanalyses on high infection fre-

quency (≥fourth quartile vs. ≤fi rst quartile) before 6 months 

of age (aOR=1.28; 95% CI=1.02–1.59) and at age 6–18 months 

(aOR=1.37; 95% CI=1.08–1.74). Th ere were nonsignifi cant 

increased aORs for CD according to the exposure to gastroenteri-

tis and upper and lower respiratory tract infections in the fi rst 6 

months of life ( Supplementary Table S3 ). Children experiencing 

≥7 upper respiratory tract infections (≥fourth quartile) at age 6–18 

months had an aOR of 1.42 (95% CI=1.13–1.80) for later CD, as 

compared with children with ≤2 upper respiratory tract infections 

(≤fi rst quartile). A similar signifi cantly increased aOR for CD was 

found aft er exposure to lower respiratory tract infection at age 

6–18 months ( Supplementary Table S4 ).

    Severity of infection

   Table 3  presents the aORs for later CD according to infections 

requiring medical care in the fi rst 18 months of life. Overall, 

any infection requiring medical care (aOR=1.25; 95% CI=1.06–

1.48), and specifi cally for upper or lower respiratory tract infec-

tion in the fi rst 18 months of life, was signifi cantly associated 

with later CD ( Table 3 ). Seeking medical care for gastroenteritis 

up to age 18 months was not signifi cantly associated with later 

CD. Looking specifi cally at the fi rst 6 months of life only medi-

cal care for lower respiratory tract infection was signifi cantly 

associated with later CD (aOR=1.48; 95% CI=1.09–2.02) ( Sup-

plementary Table S5 ). Th e aORs for CD according to infec-

tions requiring medical care between 6 and 18 months of age 

were broadly consistent with the results above ( Supplementary 

Table S6 ).
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      Post hoc  analysis

  Out of the 71,061 children with data on vaccination coverage up 

to age 18 months, the parents of 67,942 children (95.6%) reported 

complete adherence to the recommended Norwegian immuniza-

tion schedule ( 28 ). Including immunization status (complete 

vs. incomplete adherence) as a covariate, in addition to age and 

sex, yielded largely unchanged aOR for CD (e.g., per increase in 

infectious episodes up to age 18 months, aOR=1.03; 95% CI= 

1.02–1.05).

     DISCUSSION

  In this large-scale prospective cohort study, we found a posi-

tive association between parent-reported infections the fi rst 18 

months of life and later CD. Th ese associations remained signi-

fi cantly increased aft er adjustment for potential confounders, 

e.g., antibiotic treatment. Although repeated respiratory tract 

    Sensitivity analyses

   Age at CD diagnosis  .     Restricting our analyses on infection fre-

quency to the 432 children diagnosed with CD aft er age 18 

months (excluding children with missing data ( n =128) or diag-

nosed ≤18 months of age ( n =21)), we found largely unchanged 

aORs as compared with the analyses on the whole cohort 

( Supplementary Table S7 ).

    Season of birth  .     Th ere was no signifi cant association between 

birth season and CD (Likelihood ratio test,  P= 0.75) and aORs did 

not change substantially aft er adjustments for infection frequency 

and age at gluten introduction ( Supplementary Table S8 ). Birth 

season had only a minor infl uence on infection frequency up to 

age 18 months ( Supplementary Table S9 ). Introducing birth 

season as a covariate to the analysis on infection frequency and 

risk of later CD yielded only marginally changed aORs (data not 

shown).

 Table 1  .     Characteristics of children with and without celiac disease with available infectious disease data up to 6 months and 18 months 

of age, respectively 

    Data up to 6 months of age    Data up to 18 months of age  

    Celiac disease    No celiac disease    Celiac disease    No celiac disease  

 Total  674  87,299  581  72,340 

 Age at end of 2013, years (median, range)  8.5 (4.5–13.5)  8.5 (4.5–14.5)  8.5 (4.5–13.5)  8.5 (4.5–14.5) 

 Girls,  n  (%)  413 (61.3)  42,528 (48.7)  352 (60.6)  35,283 (48.8) 

  Parity,  n  (%)  

  0  a    303 (45.0)  39,801 (45.6)  269 (46.3)  33,758 (46.7) 

  1  255 (37.8)  30,779 (35.3)  214 (36.8)  25,006 (34.6) 

  2  90 (13.4)  13,139 (15.1)  75 (12.9)  10,664 (14.7) 

  ≥3  26 (3.9)  3580 (4.1)  23 (4.0)  2912 (4.0) 

 Maternal celiac disease  b  ,  n  (%)  23 (3.4)  328 (0.4)  21 (3.6)  259 (0.4) 

  Maternal education level  c  ,  n  (%)  

  ≤12 years  207 (30.9)  27,612 (32.0)  162 (28.1)  21,974 (30.6) 

  13–15 years  275 (41.1)  36,487 (42.3)  243 (42.1)  30,852 (43.0) 

  ≥16 years  187 (28.0)  22,130 (25.7)  172 (29.8)  18,942 (26.4) 

  Total number of infectious episodes  d    

  Median (range)  1 (0–10)  e    1 (0–22)  e   ,   f    7 (0–31)  g    7 (0–58)  g   ,   h   

  Mean±s.d.  1.66±1.57  1.59±1.58  8.4±5.12  7.7±4.64 

   a   ‘0’ indicates no previous children before the birth of the child included in this study.  

   b   Data from pregnancy questionnaires. Missing data in mothers of 1083 children and 582 children with infectious disease data up to 6 months and up to 18 months of 

age, respectively.  

   c   Maternal education level at the time of pregnancy. Missing data in mothers of 1,075 children and 576 children with infectious disease data up to 6 months and up to 18 

months of age, respectively.  

   d   Includes parent-reported gastroenteritis, upper or lower respiratory tract infection, and urinary tract infection.  

   e    P -value=0.11 for test of difference in distribution of the number of infections (Mann–Whitney  U  test).  

   f   Twelve children were reported to have a total number of ≥14 infections before age 6 months, which by large constituted of frequent upper respiratory tract infections. 

Children reported to have ≥10 episodes of a specifi c infectious type in the fi rst 6 months of life were classifi ed as missing.  

   g    P -value=0.01 for test of difference in distribution of the number of infections (Mann–Whitney  U  test).  

   h   Nine children were reported to have a total number of >40 infections up to age 18 months, which by large were comprised of frequent upper respiratory tract infections. 

To reduce the impact of possibly erroneously registered data, children reported to have ≥10 episodes of a specifi c infectious type over a 6-month period were classifi ed as 

missing (see Methods section).  
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infections up to age 18 months were signifi cantly associated with 

later CD, gastrointestinal infections yielded similar, but nonsig-

nifi cant, increased relative risk estimates.

   Strengths and limitations

  A major strength in this study is the use of prospectively recorded 

exposure and outcome data, minimizing the risk of recall bias. 

Th is study included >87,000 children that gave precise relative 

risk estimates and enabled us to perform important subanalyses, 

such as stratifi cation per type of infection and age-period of infec-

tion exposure. Th rough the combined data from comprehensive 

questionnaires and national registries, we were able to adjust for 

several potential confounders, such as infant feeding practices 

and maternal CD.

  We regard the risk of misclassifi cation of diagnosed CD as low. 

In a recent validation of CD in the MoBa cohort, >92% of the CD 

diagnoses were confi rmed. A high specifi city for CD (i.e., few false-

positive cases) is essential, which otherwise would result in attenu-

ated relative risk estimates. Further, identifi cation of CD via the 

combination of parental questionnaires and the nationwide NPR 

should give a high sensitivity for diagnosed CD. During a median 

follow-up period of 8.5 years (range, 4.5–14.5), the CD prevalence 

in this study was 0.8%, which is similar to previously reported 

prevalence fi gures of clinically diagnosed CD in children ( 4,29 ). 

Still, it is likely that some children (in particular among those with 

the shortest follow-up) will be diagnosed with CD aft er that age. Of 

greater concern is that the children in our study were not screened 

for CD. Consequently, some children may have an undiagnosed 

CD (i.e., be false-negative). Although the prevalence of undiag-

nosed CD should not exceed 1–2% ( 29 ), given the restriction of 

this study to children with clinically diagnosed CD, we cannot rule 

out that surveillance bias and reverse causation might somewhat 

have infl uenced our results.

  We identifi ed infectious disease data through parent reporting. 

It is unusual for Norwegian parents to seek medical advice when 

their child, including infants, experiences minor infections. Th ere-

fore, parent-reported infectious disease data should, as compared 

with inpatient records, better capture the average exposure to early 

life infections. Notably, the overall infection frequency in our study 

is almost identical to that reported from a Swedish cohort study 

based on parent-reported diary data collected prospectively in the 

child’s fi rst year of life ( 4 ). In addition, studies based on inpatient 

infectious disease data may be more susceptible to surveillance 

bias and inclusion of children with a high degree of comorbidity, 

leading to exaggerated relative risk estimates.

  In MoBa, 40% of the invited women consented to participate. A 

comparison with all women giving birth in Norway at the time of 

study inclusion has shown that the cohort participants were older 

and less likely to smoke during pregnancy ( 30 ). However, these dif-

ferences were not found to infl uence exposure-outcome associations 

between the MoBa-participants and the total population ( 30 ). Over-

all, we consider it unlikely that selection bias has infl uenced the inter-

nal validity of our study. Because of the self-selection in MoBa our 

results might be less generalizable to certain underrepresented pop-

ulations—e.g., families with low socioeconomic position. Th is study 

was confi ned to children, and future studies are needed to elucidate 

whether prior infection frequency may be associated with adult CD.

  Similar to other birth cohorts ( 31 ), MoBa suff ers from drop-

out. However, the consistency of our results between the analyses 

on children followed up to 6 and 18 months of age argues against 

selective drop-out, i.e., that infection frequency or, although 

rare, early CD manifestations have had an eff ect on the parents 

0.7

Infection frequency 0–18 months
First quartile (reference, ≤4 infections)

Second quartile (5–6 infections)

Third quartile (7–9 infections)

Fourth quartile (≥10 infections)

Infection frequency 6–18 months
First quartile (reference, ≤3 infections)

Second quartile (4–5 infections)

Third quartile (6–8 infections)

Fourth quartile (≥9 infections)

Infection frequency 0–6 months
First quartile (reference, no infections)

Second quartile (1 infection)

Third quartile (2 infections)

Fourth quartile (≥3 infections)

1.0 1.3 1.6

Adjusted odds ratios (95% CI)
1.9

 Figure 2 .     Risk of celiac disease according to infection frequency in the fi rst 18 months of life. Odds ratios adjusted for attained age at the end of follow-up 

and sex.
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CD, with relative risk estimates ranging from 1.46 ( 10 ) to 1.94 ( 6 ). 

Th ese studies have mostly been restricted to inpatient infectious 

disease ( 5,8–10 ), and thereby more susceptible to surveillance 

bias that may infl ate risk estimates. Our results are consistent with 

the previously reported positive associations, but we contribute by 

showing that this association is not limited to inpatient infectious 

disease and by presenting risk estimates per type of infection. Th is 

study also demonstrates that the association between infectious 

disease and later CD is not due to potential confounders that pre-

vious studies were unable to adjust for, e.g., breastfeeding.

  Our results are in line with existing immunological data sug-

gesting that repeated infections may trigger CD ( 3 ). Some of the 

hypotheses for an infectious etiology of CD include a virus-medi-

questionnaire completion. Th e timing of infections was defi ned 

in 6-month intervals, which limited our ability to examine infec-

tions occurring at the time of gluten introduction. Finally, in a 

nationwide study, some of the individual data may be missing or 

recorded erroneously, and we were unable to verify the parent-

reported infectious disease data against medical charts. However, 

given the prospective data collection, potential misclassifi cation of 

data should not diff er by future CD status and therefore not cause 

spurious association but only bias our results toward the null.

    Interpretation of fi ndings and previous literature

  Most ( 6–10 ), but not all ( 4,5 ), previous studies have reported sig-

nifi cant positive associations between early life infection and later 

 Table 2  .     Risk of subsequent celiac disease according to infection frequency in the fi rst 18 months of life 

    Celiac disease (%)    No celiac disease (%)    Model I   a     Model II   b   

        aOR    95% CI    aOR    95% CI  

  Any infection  c    

  Per episode      1.03  1.02–1.05  1.03  1.01–1.05 

  0–4 episodes  133/581 (22.9)  18,282/72,330 (25.3)    Reference    Reference 

  5–6 episodes  103/581 (17.7)  14,621/72,330 (20.2)  0.99  0.76–1.28  0.96  0.74–1.25 

  7–9 episodes  156/581 (26.9)  18,604/72,330 (25.7)  1.19  0.94–1.50  1.15  0.91–1.46 

  10 or more episodes  189/581 (32.5)  20,823/72,330 (28.8)  1.32  1.06–1.65  1.27  1.01–1.60 

  Type of infection  

  Gastroenteritis  d    

  Per episode      1.05  0.99–1.11  1.05  0.99–1.11 

  No  233/578 (40.3)  28,240/72,110 (39.2)    Reference    Reference 

  1 episode  168/578 (29.1)  22,729/72,110 (31.5)  0.90  0.74–1.10  0.88  0.71–1.08 

  2 or more episodes  177/578 (30.6)  21,141/72,110 (29.3)  1.04  0.86–1.27  1.03  0.84–1.26 

  Upper respiratory tract infection  e    

  Per episode      1.03  1.02–1.05  1.03  1.01–1.05 

  0–3 episodes  127/581 (21.9)  17,291/72,324 (23.9)    Reference    Reference 

  4–5 episodes  115/581 (19.8)  17,322/72,324 (24.0)  0.92  0.71–1.18  0.92  0.71–1.19 

  6–7 episodes  121/581 (20.8)  14,863/72,324 (20.6)  1.14  0.89–1.47  1.11  0.86–1.43 

  8 or more episodes  218/581 (37.5)  22,848/72,324 (31.6)  1.37  1.10–1.70  1.32  1.05–1.65 

  Lower respiratory tract infection  f    

  Per episode      1.12  1.01–1.23  1.10  0.99–1.22 

  No  475/579 (82.0)  61,355/72,145 (85.0)    Reference    Reference 

  At least one episode  104/579 (18.0)  10,790/72,145 (15.0)  1.29  1.04–1.59  1.27  1.02–1.59 

 aOR, adjusted odds ratio; 95% CI, 95% confi dence interval. 

   a   Odds ratios estimated through logistic regression adjusted for child’s age at the end of follow-up and sex (model I). Because of internal attrition the number of children 

varied between analyses (children with celiac disease: 581–578; children without celiac disease: 72,330–71,980).  

   b   In model II, we also adjusted for maternal smoking in pregnancy, education level, maternal celiac disease, parity, birth weight, prematurity, age at the time of gluten in-

troduction, and duration of breastfeeding. Children with complete data on covariates were included in model II. Because of internal attrition the number of children varied 

between analyses (children with celiac disease: 554–551; children without celiac disease: 68,503–68,191).  

   c   Includes parent-reported gastroenteritis, upper or lower respiratory tract infection, and urinary tract infection. The variable was divided into quartiles.  

   d   The variable was divided into tertiles.  

   e   Includes common cold, throat infection, ear infection, and croup. The variable was divided into quartiles.  

   f   Defi ned as pneumonia or bronchitis.  
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ated induction of pro-infl ammatory type-1 interferons ( 11 ), or 

virus-induced upregulation and release of the enzyme tissue trans-

glutaminase ( 12 ). Further, infections involving the intestinal tract 

may increase intestinal permeability and thereby facilitate epithe-

lial translocation of gluten, a key process early in CD pathogen-

esis ( 13 ). Our fi nding of a signifi cant association with respiratory 

tract infection is consistent with a previous study reporting that 

children with CD were more likely to have attended hospital for a 

prior viral bronchiolitis ( 10 ). In children, respiratory viruses fre-

quently cause gastrointestinal manifestations ( 32 ) and may thereby 

also contribute in inducing the intestinal processes outlined above 

hypothesized to trigger CD. Still, we urge caution when interpret-

ing the diff erences in ORs per specifi c infectious type, as the CIs 

overlapped and the type of infection of the child may have been 

misconstrued by the parent.

  In 2006, Stene  et al.  found that children with a raised frequency 

of serologically defi ned rotavirus infections had a signifi cantly 

increased risk of CD autoimmunity ( 6 ). We did not fi nd a signifi -

cant association between symptomatic gastroenteritis and later CD 

diagnosis. However, we remain cautious in the interpretation of 

this nonsignifi cant association. First, the current study lacked data 

on specifi c pathogens, and, we were unable to study subclinical 

infections, which are common in infancy ( 33 ). Th us, we cannot 

rule out that the inclusion of gastrointestinal infections occurring 

without notably symptoms may have yielded disparate relative risk 

estimates nor the possibility that gastroenteritis caused by rotavi-

rus, or other specifi c pathogens, constitutes an independent risk 

factor for CD. Second, gastroenteritis is relatively infrequent up to 

6–12 months of age ( 34 ), and the lack of signifi cance in our study 

may be attributable to insuffi  cient statistical power for this infec-

tious type. On the other hand, our nonsignifi cant association is 

consistent with previous data ( 4,5,7 ), arguing against gastroenteri-

tis as a major risk factor for CD.

  Another explanation for our fi ndings may be genetic or envi-

ronmental factors acting as common causes of CD and infection 

susceptibility. Several studies have found that celiac patients are 

more likely to contract infectious diseases ( 35 ), in particular res-

piratory tract infections ( 36,37 ), as compared with the general 

population. Although this increased infection susceptibility has 

been explained by impaired nutritional status or functionally 

hyposplenism in CD patients ( 38,39 ), an alternative explana-

tion may be a CD-associated genetic susceptibility for infectious 

 Table 3  .     Risk of subsequent celiac disease according to doctors visits and/or hospital admission for infection in the fi rst 18 months of life 

    Celiac disease (%)    No celiac disease (%)    Model i   a     Model II   b   

        aOR    95% CI    aOR    95% CI  

  Any infection  c    

  No  364/580 (62.8)  48,615/72,322 (67.2)    Reference    Reference 

  At least one episode  216/580 (37.2)  23,707/72,322 (32.8)  1.25  1.06–1.48  1.25  1.05–1.49 

  No  364/580 (62.8)  48,615/72,322 (67.2)    Reference    Reference 

  1 episode  156/580 (26.9)  18,009/72,322 (24.9)  1.19  0.98–1.43  1.20  0.99–1.45 

  2 or more episodes  60/580 (10.3)  5698/72,322 (7.9)  1.46  1.10–1.92  1.42  1.06–1.90 

  Type of infection  

  Gastroenteritis  

  No  549/576 (95.3)  68,807/71,860 (95.8)    Reference    Reference 

  At least one episode  27/576 (4.7)  3053/71,860 (4.2)  1.13  0.77–1.67  1.15  0.77–1,70 

  Upper respiratory tract infection  d    

  No  401/580 (69.1)  52,977/72,313 (73.3)    Reference    Reference 

  At least one episode  179/580 (30.9)  19,336/72,313 (26.7)  1.25  1.05–1.50  1.25  1.04–1.50 

  Lower respiratory tract infection  e    

  No  528/579 (91.2)  67,505/72,107 (93.6)    Reference    Reference 

  At least one episode  51/579 (8.8)  4602/72,107 (6.4)  1.48  1.10–1.97  1.40  1.03–1.92 

 aOR, adjusted odds ratio; 95% CI, 95% confi dence interval. 

   a   Odds ratios estimated through logistic regression adjusted for child’s age at the end of follow-up and sex (model I). Because of internal attrition the number of children 

varied between analyses (children with celiac disease: 580–576; children without celiac disease: 72,322–71,860).  

   b   In model II, we also adjusted for maternal smoking in pregnancy, education level, maternal celiac disease, parity, birth weight, prematurity, age at the time of gluten in-

troduction, and duration of breastfeeding. Children with complete data on covariates were included in model II. Because of internal attrition the number of children varied 

between analyses (children with celiac disease: 553–549; children without celiac disease: 68,494–68,086).  

   c   Doctors visits and/or hospital admission for gastroenteritis, upper or lower respiratory tract infection, and urinary tract infection.  

   d   Doctors visits and/or hospital admission for common cold, throat infection, ear infection, or croup.  

   e   Doctors visits and/or hospital admission for pneumonia or bronchitis.  
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Celiac disease (CD) is an immune-mediated disease preva-
lent in 1–2% of Caucasians. 

   ✓     Although there are strong indications that environmental 
factors infl uence CD development, the nature and timing of 
such factors are largely unknown. 

   ✓     Studies on early life infections and risk of CD are inconsist-
ent but have mostly been limited to retrospective designs, 
inpatient data, or insuffi cient statistical power. 

    WHAT IS NEW HERE 

    ✓     Children with high infection frequency in the fi rst 18 months 
of life had a signifi cantly increased risk of later CD, with an 
increasing risk according to the number of infections. 

   ✓     This is the fi rst large-scale population-based cohort study 
of this association. 

   ✓     We present odds ratios for later CD according to type and 
severity of infections acquired before age 6 months or at 
age 6–18 months. 

   ✓     In contrast to previous studies in this fi eld, we demonstrate 
that the association between early life infections and CD 
remained largely unaffected by the confounding infl uences 
of antibiotic treatment or breastfeeding duration, etc.   
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