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Abstract

Background & Aims—There have been inconsistent reports of pre- and perinatal factors that 

affect risk for development of celiac disease. We assessed the association of fetal growth, birth 

weight, and mode of delivery with development of celiac disease within the Norwegian Mother 

and Child (MoBa) cohort study.

Methods—The MoBa cohort contains pregnancy information on 95,200 women and data on their 

114,500 children, collected in Norway from 1999 through 2008; it is linked to the Medical Birth 

Registry. Women and children with celiac disease were identified from the National Patient 

Register and from women's responses to MoBa questionnaires. We calculated odds ratios (ORs) 

for celiac disease using a multivariable logistic regression model, adjusting for maternal celiac 
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disease, sex of children, and children's age (model 1); in a second model, we adjusted for age of 

gluten introduction and duration of breastfeeding (model 2).

Results—We identified 650 children with celiac disease and 107,828 controls in the MoBa 

database. We found no association between birth weight or height with celiac disease (born small 

for gestational age was not associated). Celiac disease was not associated with mode of delivery 

(Cesarean section, model 1: OR=0.84; 95% confidence interval [CI], 0.65–1.09 and model 2: 

OR=0.83; 95% CI, 0.63−1.09). Maternal celiac disease, adjusted for age and sex of the children 

(OR=12.45; 95% CI, 8.29−18.71) and type 1 diabetes (model I: OR=2.58; 95% CI, 1.19−5.53 and 

model 2: OR=2.61; 95% CI, 1.14−5.98) were associated with development of celiac disease in 

children, whereas maternal type 2 diabetes and gestational diabetes were not.

Conclusion—Based on analysis of the Norwegian MoBa cohort, development of celiac disease 

in children is significantly associated with sex of the child, maternal celiac disease and type 1 

diabetes, but not with intrauterine growth.
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Introduction

Celiac disease (CD) is an immune-mediated disease triggered by the ingestion of gluten. CD 

affects about 1% of the Western population1 and is diagnosed in 0.4% of Norwegian 

children aged 0-12 years2. The genetic impact of CD is well known but it is still unclear 

which additional environmental factors (outside gluten ingestion) affect the development of 

the disease3. Earlier studies have suggested that Cesarean section, particularly elective, is 

associated with an increased risk of CD4, 5, although other studies have suggested that 

Cesarean section is not associated with CD or might even be protective6. Being small for 

gestational age (SGA) has been associated with future CD4, 7. Also maternal smoking and 

parity have been reported to increase the risk of CD in offspring6 as well as low birth 

weight7.

As previous studies have indicated that reduced birth weight is a risk factor, we tested this 

hypothesis as well as pregnancy factors known to impair fetal growth such as maternal 

smoking, preeclampsia or hypertension. Also impact of maternal diabetes, which on the 

contrary is likely to increase birth weight of the child, was assessed. Furthermore we 

analyzed whether maternal education and parity had an impact on future CD since earlier 

studies has suggested that children of mothers with higher social class and parity are at an 

increased risk of future CD6. In the current study we also examined the impact of Cesarean 

section on future development of CD in the Norwegian Mother and Child (MoBa) cohort.

Methods

Data for this study was extracted from the prospectively collected Norwegian MoBa cohort8 

conducted by the Norwegian Institute of Public Health. Pregnant women were recruited 

around 18 gestational weeks from all over Norway from 1999 to 2008. The participation rate 

was 40.6%. Mothers could participate with more than one pregnancy. In total approximately 
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95,200 mothers and 114,500 children were included in the cohort. Written informed consent 

was obtained from all participants. The current study used version VII of the quality assured 

data files which included all follow-up information available around June 2013 and included 

114,285 children. The questionnaires used for this study were filled out around weeks 18 

and 30 of pregnancy and at ages 6 and 18 months as well as 7 and 8 years of age. (All of the 

questionnaires are available at www.fhi.no/moba.)

The cohort database is also linked to the Medical Birth Registry of Norway (MBRN) and the 

National Patient Register (NPR) using unique personal identification numbers. The 

Norwegian Data Inspectorate has approved the ongoing data collection in MoBa. The 

Regional Committee for Medical Research Ethics in Southeastern Norway approved of the 

current study.

The National Patient Register

The NPR contains information on all diagnoses according to the International Classification 

of Diseases, 10th revision (ICD-10) codes, set in all government-owned Norwegian hospitals 

and outpatient clinics. The information is mandatory and virtually complete. Information in 

this registry has been available on an individual level since 2008, when the Norwegian 11-

digit personal identification number was included. The ICD-10 code used to classify CD 

was K90.0.

Selection of patients

CD was defined as being reported in the questionnaires at 7 or 8 years of age (n=159) or at 

least two different registrations of CD diagnosis in NPR (in absence of being reported in the 

questionnaires, n=491, many participants have not reached the age of 7). All other 

participants were defined as controls / non-CD. We demanded two registrations in the NPR 

since the diagnosis sometimes is set only once as a working diagnosis, before knowing the 

result of biopsies. No further restrictions were made. Children participating in MoBa 

without data from MBRN available (n=5,689) or uncertain diagnosis of CD (e.g. recorded 

only once in the NPR, n=118) were excluded. A comprehensive flow chart of study 

participants in our different models is found in figure 1. In a validation sample, participants 

identified with CD through questionnaires or NPR completed a separate questionnaire to 

provide details about the diagnostic process. Of 468 respondents, 94.2% (277/294) of those 

identified with two or more entries in the NPR confirmed the diagnosis, and only 4% and 

1.8% had a false positive or uncertain diagnosis, respectively. Of those who had reported the 

CD diagnosis in a previous questionnaire, 92.4% confirmed the diagnosis in the validation 

study. Diagnosis confirmed by biopsy was reported in 83.0%, 15.7% had been diagnosed 

through positive antibody tests and only 1.3% without serology or biopsy.

Data collection

Exposures—Data on birth-weights and lengths, maternal diabetes and pregnancy factors; 

maternal age at delivery, gestational age, gestational hypertension and preeclampsia was 

gathered from the MBRN. Data on mode of delivery and indication for Cesarean section, 

parental smoking, maternal education, maternal CD and parity were collected from the 

MoBa follow-up questionnaires. Concerning maternal and paternal smoking the data came 
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from the questionnaire filled out at 18 weeks of pregnancy (current smoking) and at 6 

months after birth where the mothers answered if they themselves or their partner were 

smoking (partly or daily) in different time frames; last three months pre-partum, 0-3 post-

partum and 4-6 months post-partum. Being SGA was defined as having a birth weight below 

the 10th percentile at a given gestational week of certain reference points based on data 

derived from a reference population9 and since we had such a big sample within MoBa we 

used internally standardized reference values according to gestational week for this 

assessment. We also calculated SGA for the lowest 2.5 percentile.

Adjustment variables—All analyses were adjusted for attained age, sex and maternal 

CD, this data was available for 620 individuals in the CD cohort and 102,218 individuals in 

the non-CD cohort. We also obtained data on gluten introduction and breastfeeding from the 

questionnaires. These variables were added into a second model, as adjustment variables, 

complete data on these variables were available for 523 / 83,610 individuals.

Statistical analysis

We used chi square tests to assess unadjusted statistical significance, e.g. for Table I. For all 

main exposures we used logistic regression adjusted for the child's attained age, maternal 

CD and sex (referred to as Model I) to assess odds ratios with 95% confidence intervals. We 

also performed analyses additionally adjusted for gluten introduction and breastfeeding 

(referred to as Model II). Statistical significance was defined as p-values below the 0.05 

level. We also performed a sensitivity analysis restricted to singletons concerning birth 

weight and length (z scores) since multiplicity impacts these variables. We calculated the 

sex specific z-scores based on internal standardization. Standardization of height and weight 

measures at birth was conducted using STATA (using STATA version 12, Statacorp, Texas. 

All other analyses were performed using SPSS version 21.0 (SPSS, Inc, Chicago, IL).

Results

Unadjusted associations

Being female and older at follow up was significantly associated with the diagnosis of CD, 

whereas parity, maternal education, mode of delivery, maternal age and birth-weight were 

not associated with CD in unadjusted models. Maternal diabetes of any type was of 

borderline significance in the unadjusted model, specifically diabetes type I was 

significantly more common in mothers of CD children (Table I).

Adjusted associations of birth-weight and birth-length

No association of CD with birth weight and length, e.g. internal Z-scores was seen in this 

cohort (table II). Neither did we find any associations to anthropometric measures at birth or 

being born within any of the following birth-weight categories; very low, low, normal or 

high birth-weight (Table II). SGA status, neither the lowest 10th percentile nor the 2.5th 

percentile was significantly associated with the risk of future CD, Model I OR=0.96; 

95%CI= (0.73-1.26) and Model II OR=0.94; 95%CI= (0.70-1.27).
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Adjusted associations of pregnancy factors, parental smoking and maternal education

In this study we found no association of mode of delivery with CD. Cesarean section 

overall, independent of indication and electivity, was not associated with future CD, 

OR=0.85; 95%CI=0.65-1.09 (Table III). We did not find any association of CD with being 

born preterm (Table III). CD was less common in children of mothers who smoked at 18 

weeks of pregnancy. Furthermore, maternal and paternal smoking during the first six months 

showed an inverse association to CD of borderline significance (Table III). However, the 

inverse association between maternal smoking during the first six months of the child's life 

and CD disappeared with additional adjustment for gluten introduction and breastfeeding. 

Higher maternal education was not independently associated with a higher risk of CD 

diagnosis in the children even though there was a tendency that the higher educational level 

the more probable CD diagnosis (Table III). Maternal diabetes type I was associated with 

future CD in the children whereas type II and gestational diabetes was not (Table III). Parity, 

gestational hypertension and preeclampsia were not significantly associated with future CD 

in the adjusted model (table III). Maternal CD (only adjusted for age and sex) was 

significantly associated with future CD in the children OR= 12.45; 95% CI= (8.29-18.71).

Discussion

(Comparison with earlier literature)

In this study we found that female sex and maternal CD was associated with increased risk 

of future CD in the children. These findings are consistent with earlier knowledge; that there 

is a strong genetic association in CD10, 11 and that CD is more common in females12, 13. The 

strong association with maternal CD is, in addition to the known marked heritability of CD, 

also likely increased by disease awareness in the family with a detection bias. However, this 

is unlikely to influence the perinatal factors in the present study. Naturally, since cumulative 

incidence of any chronic disease will increase with age of the individual, we also observed 

an association with attained age within the cohort.

Unlike some other studies4, 5 but in similarity to Roberts et al 6, we did not find any 

association with any type of Cesarean section (whether it was due to elective, breech, child-

growth, maternal indication or overall). The earlier prospectively collected study reported a 

fairly small significant OR (1.15) for elective Cesarean section but showed no significant 

association to Cesarean section overall4. The Swedish registry-based study consisted of both 

children and adults being born from 1973 and onwards, with a larger study sample than the 

present study. In total Cesarean section was less common in the Swedish study, 11.1% of 

CD and 10.7% of controls, compared to 12.8% and 15% respectively in our study, of which 

elective section was 5.7%/5.1% compared to 4.8%/6.8% in our study. These differences are 

likely due to changing indication over time, rather than practice differences in between the 

two countries, and may dilute the earlier observed association with elective section. The age 

groups differ between the studies, we would expect a potential association with Cesarean 

section to be more likely in a young cohort like ours compared to the Swedish study also 

including adults. However, in similarity to our study, the Swedish study showed no 

association of Cesarean section to CD with onset before two years of age. Another possible 

explanation to the significant Swedish finding is that having an elective section might be 
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associated with an increased health care seeking behavior or other unknown risk factors that 

may have inflated the estimate or chance of diagnosing CD more in a matched registry-

based design than in our classic cohort design. The other study that suggested an association 

with Cesarean section was based on retrospective questionnaires from 1,950 children of 

whom 123 developed CD5. Therefore we believe that the result from this study adds 

knowledge that Cesarean section truly does not have a major impact on future childhood 

CD.

Some earlier studies have suggested an increased risk of CD in children being born SGA4, 7. 

In the present study we found no such association. Factors contributing to impaired fetal 

growth may be less prevalent in this cohort, e.g. parents accepting to take part in a 

prospectively collected questionnaire study may be healthier, more nutritionally well served 

and suffer from less comorbidities, compared to other entirely registry-based studies. In fact 

smokers are indeed underrepresented whereas individuals taking vitamin supplements are 

overrepresented in MoBa compared to the general population14, which may impact the 

results. We also assessed the possibility of a more linear association of z-score to CD, 

without finding any association.

We did not find associations to other adverse fetal outcomes such as prematurity, 

preeclampsia, low or very low birth weight, which was in accordance with previously 

published data 4, 6. In contrast to earlier studies6, 7 reporting an increased risk of CD in 

children of mothers who smoke, our study found instead a weak protective effect of 

exposure to maternal smoking. This might reveal some small detection bias in the cohort 

(detection/diagnosing of CD might be less common in parents who smoke even though true 

prevalence is not). However it is plausible that smoking is truly inversely related to 

development of autoimmune diseases such as CD since some earlier studies have suggested 

an inverse relation of maternal smoking with diabetes mellitus type I15, 16 and inflammatory 

bowel disease (both Mb Crohns and ulcerative colitis)17 and that nicotine has also been 

shown to reduce the incidence of type I diabetes in mice18. It is also possible that maternal 

smoking affects breastfeeding and gluten introduction practice in being significantly 

associated in model I but not in model II (additionally adjusted for those factors). Our study 

found an increased risk of CD in children born to mothers with diabetes mellitus type I, but 

not type II or gestational diabetes. We do not know of any earlier study that has specifically 

addressed this question. However in the study from Mårild4 et al any diabetes was reported 

in 0.7% of mothers to celiac children compared to 0.4% in the control cohort, this is 

markedly lower than the corresponding 2.5/1.5% found in our study, probably due to under-

reporting, but ratio of the proportions are similar. Our finding that only maternal type I 

diabetes is associated to future CD in the offspring (in contrast to type II and gestational 

diabetes) suggests that it is rather the genetic predisposition than the fetal exposure of 

elevated fasting glucose that confers the increased risk. Shared genetics between CD and 

diabetes type I are well documented within the HLA loci19 but also other common genes are 

established20.
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Misclassification

Some individuals that have not yet been diagnosed with CD are likely to be found in the 

non-CD cohort. This risk of misclassification is unlikely to affect the results substantially 

since CD is relatively rare and diagnosed only in 0.6% of the cohort, and even a prevalence 

of undiagnosed CD in the non-CD cohort of 1-2% would not impact the associations given 

that it is non-differential by the exposures of interest. Access to clinical, biochemical, and 

histologic information would likely add cases with single entries in the NPR to the celiac 

group. Additional screening for celiac disease in all the participants to find additional cases 

of celiac disease would similarly identify more cases, primarily with silent disease or low-

grade symptoms 21. It is recommended that Norwegian children with CD are seen biannually 

by a pediatrician but naturally this is not 100% fulfilled.

All exposure data for this study was collected prospectively, and therefore there should be 

low risk of misclassification.

Strengths and limitations

Strengths of this study are the large setting and the prospectively collected data, reducing the 

risk of recall bias seen in case-control studies. Furthermore, the availability of detailed data 

that enabled us to adjust for factors like gluten introduction and breastfeeding (unlike earlier 

registry-based studies) improves the credibility of the findings. A limitation is that many of 

the children are still young and consequently their follow-up time is rather short. Many of 

them are still about to develop and detect CD in the future. Consequently, the observations 

may be less valid regarding the long-term risk for CD.

Conclusion

This study found no association of mode of delivery, intrauterine growth or factors 

pertaining to intrauterine fetal growth on future development of CD. CD was significantly 

associated to female sex, maternal CD and maternal type I diabetes mellitus.
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SGA small for gestational age
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Figure I. 
Flow chart of participants. Abbreviations: CD, Celiac disease; MBRN, medical birth register 

of Norway; MoBa, the Norwegian mother-child cohort.
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Table I

Characteristics of included individuals and mothers with and without CD.

CD, % Non-CD cohort, % P-value

Total number 650 (100) 107,828 (100)

Female sex 61.4 48.7 <0.001

Parity (mother) 0.18

0 41.7 44.5

1 40.3 35.7

2 14.0 15.3

3 3.2 3.4

>3 0.8 1.1

Maternal education N=620 N=102,218 0.78

0-12 years 32.3 33.7

13-16 years 41.1 41.2

17- years 26.6 25.1

Maternal CD N=620 N=102,218 <0.001

4.0 0.4

Maternal diabetes total 2.5 1.5 0.051

Type 1 before pregnancy 1.1 0.4 <0.01

Type 2 before pregnancy 0.2 0.2 0.91

Before pregnancy unspecified 0.2 <0.1 0.01

Gestational diabetes 0.9 0.9 0.86

Registration of antidiabetic treatment during pregnancy without diagnosis 0.2 <0.1 0.48

Delivery by Cesarean section N=506 N=80,909 0.18

Elective Cesarean section 12.8 4.8 15.0 6.8 0.17

Maternal age 0.65

-19 0.9 1.1

20-24 11.2 10.2

25-29 33.7 32.5

30-34 38.9 38.6

35-39 13.4 15.6

40- 1.8 2.1

Birth weight (kg) 0.07

<1.5 0.3 0.5

1.5-2.49 2.8 3.6

2.5-3.49 43.4 38.1

3.5-4.49 49.2 53.4

>4.5 4.3 4.4

Mean age at end of follow-up (range) 7.93 (3.5-13.5) 7.41 (3.5-13.5) <0.001
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