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BACKGROUND & AIMS: Few studies have explored the link between childhood celiac disease and long-term psychiatric
comorbidities. We performed a population-based cohort study of associations between childhood
celiac disease and psychiatric disorders and investigated whether risk persists into adulthood.

METHODS: We performed a nationwide study in Sweden using data from the Epidemiology Strengthened
by histoPathology Reports in Sweden cohort. In this cohort, 19,186 children with a diagnosis of
biopsy-verified celiac disease from 1973 through 2016 were identified from Sweden’s 28 pa-
thology departments. Each patient was matched with as many as 5 reference children (controls,
n = 94,249). Data on psychiatric disorders were obtained from the patient register. We used
Cox proportional modeling to estimate hazard ratios (HRs).

RESULTS: During a median follow-up period of 12.3 years, 3174 children (16.5%) with celiac disease
received a new diagnosis of a psychiatric disorder, compared with 13,286 controls (14.1%).
Corresponding incidence rates were 12.2 per 1000 person-years (95% CI, 11.8-12.7) vs 10.3
per 1000 person-years (95% Cl, 10.2-10.5). Childhood celiac disease was associated with a 19%
increase in risk of any psychiatric disorder (95% CI, 1.14-1.23); the increase in risk was
observed in all childhood age groups. The highest HRs were seen in the first year after celiac
diagnosis (HR, 1.70; 95% CI, 1.41-2.05). The risk increase persisted into adulthood (age, >18 y:
HR, 1.11; 95% CI, 1.04-1.17). We found increased risks of mood disorders (HR, 1.20; 95% ClI,
1.12-1.28), anxiety disorders (HR, 1.12; 95% CI, 1.06-1.19), eating disorders (HR, 1.34; 95% CI,
1.18-1.51), attention deficit hyperactivity disorder (HR, 1.29; 95% CI, 1.20-1.39), and autism
spectrum disorder (HR, 1.47; 95% CI, 1.32-1.64). We found no statistically significant risk in-
crease for psychotic disorders, psychoactive substance misuse, behavioral disorders, person-
ality disorders, suicide attempt, or suicide. Celiac disease also was linked to an increased use of
psychiatric drugs (HR, 1.34; 95% CI, 1.24-1.43). A conditional logistic regression found that
psychiatric disorders also were more common before a diagnosis of celiac disease (odds ratio,
1.56; 95% (I, 1.39-1.76).

CONCLUSIONS: Childhood celiac disease is associated with an increased risk of subsequent psychiatric disor-
ders, which persists into adulthood. Mental health surveillance should be integral in the care of
celiac disease.

Keywords: Depression; ADHD; Psychiatry; Epidemiology; Comorbidity.

Abbreviations used in this paper: ADHD, attention-deficit hyperactivity © 2020 The Authors. Published by Elsevier Inc. on behalf of the AGA
disorder; HR, hazard ratio; OR, odds ratio. Institute. This is an open access article under the CC BY license (http://
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n celiac disease, an immune-mediated enteropathy

Iis triggered by intake of dietary gluten in geneti-
cally susceptible individuals. The prevalence is approxi-
mately 1% to 2% in Western populations’ and 0.3% to
2.9% in children,” with increasing rates in recent years.
In Europe, the highest prevalence is seen in Sweden and
Finland, and lower rates are seen in Germanyf”

Several studies have described the wide range of
extraintestinal manifestations in celiac disease such as
fatigue,” neurologic conditions® including headache and
neuropathy,” but also psychiatric disorders.® A study
from 2017 showed a 1.4-fold increased risk of devel-
oping a future psychiatric disorder in children with celiac
disease compared with the general population.” How-
ever, that study did not specifically evaluate the risk of
psychiatric disorder in adulthood. Although a few studies
have reported an increased prevalence of neuropsychi-
atric disorders before a celiac disease di.'algnosis,w'11
these generally lacked power to provide precise risk
estimates.

The aim of this study was to investigate the connec-
tion between a childhood diagnosis of celiac disease and
later psychiatric morbidity including suicide, and to
assess if any such risk increases persist into adulthood.

Methods

Celiac Disease

The Epidemiology Strengthened by histoPathology
Reports in Sweden cohort consists of 6.1 million
gastrointestinal biopsy reports from 2.1 million in-
dividuals. Biopsy reports were classified according to the
Systematized Nomenclature of Medicine Clinical Terms,
and originated from 1965 to 2017 from Sweden’s 28
pathology departments. Data collection took place be-
tween October 12, 2015, and April 10, 2017.

Through a computerized search of the Epidemiology
Strengthened by histoPathology Reports in Sweden
cohort (Supplementary Table 1 lists the topography
codes equivalent to the duodenum and jejunum, and
relevant Systematized Nomenclature of Medicine codes)
we identified individuals with villus atrophy (Marsh III,
in this study equivalent to celiac disease). An earlier
patient chart validation found that 108 of 114 (95%)
patients with villus atrophy had celiac disease.'* Because
that validation was performed on individuals who un-
derwent a biopsy up until 2008, one of the authors
(J.F.L.) re-reviewed the free text of 100 randomly
selected biopsy reports with villus atrophy originating
from 2009 to 2017. Of these, 98 had sufficient informa-
tion to be validated, and 97 had celiac disease (positive
predictive value, 99.0%; 1 patient had misclassified
microscopic colitis; personal communication, March 23,
2020).

Because our outcome measure was any psychiatric
disorder, we restricted our study to patients diagnosed
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What You Need to Know

Background
Little is known about the association between
childhood celiac disease and long-term psychiatric
comorbidities.

Findings

A population-based study in Sweden found that
childhood celiac disease is associated with a 19%
increase in risk of subsequent psychiatric disorders,
which persists into adulthood. Children with celiac
disease have an increased risk of mood disorders,
anxiety disorders, eating disorders, attention deficit
hyperactivity disorder, and autism spectrum
disorder.

Implications for patient care
Mental health surveillance should be integral in the
care of celiac disease.

during the years spanning from 1973 (the onset of psy-
chiatric diagnosis availability in the National Patient
Register) through 2016, the latest availability of follow-
up data.

Reference Individuals

For each individual with celiac disease, the govern-
ment agency Statistics Sweden identified up to 5 refer-
ence individuals (n = 94,249) matched for age, sex,
county, and calendar year from the Swedish Total Pop-
ulation Register."® None of the reference individuals had
celiac disease at a matching date, and if they developed
celiac disease their follow-up evaluation was censored at
the date of diagnosis.

Secondary reference individuals

In a separate analysis we compared 13,015 in-
dividuals with celiac disease with their nonceliac siblings
(n = 18,024). Sibling analyses takes shared intrafamilial
confounding, including genetic and early environmental
factors, into account.

Outcomes

Our primary outcome was any psychiatric disorder.
Secondary outcomes were psychiatric disorders defined
according to International Classification of Diseases
codes (suicide attempts, psychotic disorders, mood dis-
orders, anxiety disorders, psychoactive substance
misuse, eating disorders, behavioral disorders, attention-
deficit hyperactivity disorder [ADHD], autism spectrum
disorders, and personality disorders), suicide, and sui-
cide attempt (Supplementary Table 2). Psychiatric
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disorder data were obtained through the National Pa-
tient Register. For selected psychiatric disorders, this
register has a positive predictive value of 85% to
95%'14—,15

Although data on suicide attempts were retrieved
from the Patient Register, data on suicides were obtained
from the Cause of Death Register. ADHD was defined as
having a relevant ADHD medication in the Prescribed
Drug Register.'®

Statistics

We began follow-up evaluation on the date of celiac
disease diagnosis (or corresponding date in the reference
group). Follow-up evaluation ended with a psychiatric
diagnosis/suicide, death, emigration, or December 31,
2016, whichever occurred first.

The Cox proportional hazard model was used to es-
timate hazard ratios (HRs) and 95% ClIs for psychiatric
disorders. Stratified analyses were performed according
to years of follow-up evaluation (<1, 1 to <5, 5 to <10,
10 to <20, and >20 y), age at celiac disease diagnosis
(<2,2to <6,6to <11,11 to <16, and 16 to <18 y) sex,
level of parental education (<9, 10-12, and >13 y), and
country of birth (Nordic, other). We repeated the anal-
ysis, restricting the outcome definition to patients with a
prescription for a psychiatric drug in the Prescription
Drug Register (Supplementary Table 3 contains a list of
included drugs). Because the Prescribed Drug Register
started on July 1, 2005, this sensitivity analysis was
performed in celiac patients diagnosed from July 1, 2006,
or later. In separate analyses we examined the risk of
psychiatric disorders in patients with celiac disease vs
siblings. In that study, only celiac individuals with a
sibling (n = 13,015) were included. Given that persistent
villus atrophy after a celiac disease diagnosis is associ-
ated with adverse outcomes including lymphoprolifer-
ative disease'” and osteoporotic fracture,'® we compared
those children who had persistent villus atrophy with
those whose villi healed in the subset of subjects who
underwent a follow-up biopsy.

We also explored the risk of psychiatric disorders in
adulthood in patients diagnosed with celiac disease in
childhood in an analysis restricted to patients who
reached the age of adulthood (age, 18 y) during the
follow-up evaluation. As a sensitivity analysis, we also
evaluated this risk when including all patients, even
those with a psychiatric diagnosis preceding the diag-
nosis of celiac disease or preceding age 18 years. To rule
out that any association between celiac disease and
psychiatric disorder was not caused by an underlying
intellectual disability (triggering celiac testing and pre-
disposing to a psychiatric disorder), we excluded anyone
with a diagnosis of an intellectual disability in a sensi-
tivity analysis.

We used SAS v.9.4 and STATA v.16.0 for all statistical
analyses.

Childhood Celiac Disease and Psychiatric Disorders 302

Ethics

The current study was approved by the Stockholm
Ethics Review Board (2014/1287-31/4) on August 27,
2014. The ethics review board did not require informed
consent because this was strictly a register-based study.

Results

We identified 19,583 individuals with celiac disease
diagnosed in childhood (age, <18 y) during the years
spanning from 1973 to 2016. In the primary analysis,
397 were excluded because of a previous history of a
psychiatric disorder. The remaining 19,186 patients
were matched with 94,249 comparators without any
history of a psychiatric disorder (Figure 1).

Baseline Characteristics of the Main Study
Cohort

The mean age at the time of celiac disease diagnosis
was 6.6 years (SD, 5.2 y) with almost 30% diagnosed at
younger than 2 years of age (Table 1). Follow-up time
ranged from 0 to 42 years, with a median follow-up time
of 12.2 years in individuals with celiac disease.

Celiac disease diagnosed in childhood was associated
with a 19% increased risk of any psychiatric disorder
(95% CI, 1.14-1.23) (Table 2), with the most increased
risk within the first year after a celiac diagnosis (HR,
1.70; 95% CI, 1.41-2.05). Restricting follow-up evalua-
tion until the age of 18 years, celiac disease was linked to
a 26% increased risk of any psychiatric disorder (95%
CI, 1.20-1.33) (Supplementary Table 4).

The risks of each psychiatric disorder in celiac disease
patients vs controls are listed in Table 3. Children with
celiac disease were at an increased risk of developing
mood disorders, anxiety disorders, eating disorders,
ADHD, and autism spectrum disorder.

Follow-Up Evaluation From Age 18 Years

In analyses of adults (age, >18 y) with celiac disease
diagnosed in childhood and free of psychiatric disease as
of age 18, we matched 11,207 celiac disease patients
with 49,252 reference individuals (Supplementary
Table 5). The median follow-up time after age 18 was
6.4 years for the celiac disease patients and 6 years for
the comparators. The overall risk of any psychiatric
disorder was increased in celiac disease patients by 11%
(HR, 1.11; 95% CI, 1.04-1.17). Having a family history of
psychiatric disorder yielded a 1.25-fold increase (HR,
1.25; 95% CI, 1.08-1.46) (Supplementary Table 6).

Adults with childhood celiac disease had an increased
risk later for mood disorders, ADHD, and autism spec-
trum disorder (Supplementary Table 7). When repeating
the analysis, now including all subjects regardless of
whether they had been diagnosed with psychiatric
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19,583 patients <18 years with first ever biopsy characterized
by topography code T64, T65, T65000 or 7651, and SNOMED
code included in the inclusion criteria in Jan 1973 to Dec 2016

1,192 Excluded 95,441 age, sex, county, and

397 Excluded

History of psychiatric disease
2 Psychotic disorders
73 Mood disorders
67 Anxiety disorders
87 Eating disorders
15 Psychoactive substance misuse
10 Behavioral disorders
90 ADHD
10 Suicide attempts

¥ 19,186 patients with

calendar period matched

History of psychiatric disease general population comparators

11 Psychotic disorders

142 Mood disorders
231 Anxiety disorders
125 Eating disorders
112 Psychoactive substance misuse
40 Behavioral disorders
347 ADHD
36 Suicide attempts
1 Personality disorder
147 Autism spectrum disorder

Celiac disease 1 Personality disorder

42 Autism spectrum disorder

19,186 patients with Celiac disease
94,249 matched general population comparators

Figure 1. Flow chart of identified patients and their matched comparators. ADHD, attention deficit hyperactivity disorder;

SNOMED, Systematized Nomenclature of Medicine.

disease before a celiac disease diagnosis or before
reaching the age of 18 years, the association of childhood
celiac disease and psychiatric disorders in adulthood was
strengthened (HR, 1.17; 95% CI, 1.11-1.22). When
excluding individuals with a diagnosis of intellectual
disability before study entry (celiac patients, 19,101;
controls, 93,612), the positive association with psychi-
atric disorders remained (HR, 1.18; 95% CI, 1.14-1.23).

Sibling Comparisons

We repeated the earlier-described analyses using
celiac-free siblings as comparators (n = 18,024),
restricting our cohort to 13,015 children with celiac
disease and at least 1 sibling (Supplementary Table 8
shows participant characteristics). After conditioned on
matching set (within family) and further adjustment for
age and sex, celiac disease patients were at a 12%
increased risk of a psychiatric disorder compared with
siblings (95% CI, 1.05-1.20). Sibling analyses yielded
very similar data to those of our main analyses with
general population reference individuals (Supplementary
Table 9). Sibling comparisons found a positive associa-
tion between celiac disease and mood disorders, anxiety
disorders, eating disorders, and autism spectrum disor-
der (Supplementary Table 10).

Mucosal Healing and Psychiatric Disorder

During follow-up evaluation, 2604 children with ce-
liac disease had a follow-up biopsy (mucosal healing: n =

2071, 79.5%; persistent villus atrophy: n = 533, 20.5%)
(Supplementary Table 11). We found no association be-
tween mucosal healing and a subsequent psychiatric
disorder (HR, 1.21; 95% CI, 0.95-1.53) (Supplementary
Table 12).

Sensitivity Analyses

In sensitivity analyses, we defined a psychiatric dis-
order as having a prescription for a psychiatric drug
(Supplementary Table 3). Because of the construction of
the Swedish Prescribed Drug Register, this analysis was
restricted to children diagnosed between July 2006 and
December 2016 (Supplementary Table 13). Using this
definition, the incidence rate for any psychiatric disorder
was 26.9 (95% CI, 25.3-28.6) per 1000 person-years in
celiac disease and 20.5 (95% CI, 19.8-21.2) in the
reference group (Supplementary Table 14). The HR for
any psychiatric disorder was 1.34 (95% CI, 1.24-1.43)
(Supplementary Table 14).

The increased risk was significant in all categories of
psychiatric drugs: antidepressants (HR, 1.35; 95% CI,
1.25-1.46), anxiolytics, hypnotics and sedatives (HR,
1.32; 95% CI, 1.23-1.42), and antipsychotics (HR, 1.34;
95% CI, 1.23-1.46) (Supplementary Table 15).

History of Psychiatric Disorder Preceding
Celiac Disease

In children with celiac disease a prior history of a
psychiatric disorder (preceding the diagnosis of celiac
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Table 1. Baseline Characteristics of Study Cohort

Childhood Celiac Disease and Psychiatric Disorders

Characteristic

Celiac disease (n = 19,186)

Matched comparators (n = 94,249)

Girls, n (%)
Boys, n (%)

Age at celiac disease diagnosis, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

Categories, n (%)
<2y
2to <6y
6to <11y
11to <16y
16 to <18y

Country of birth, n (%)
Nordic country
Other
Missing

Highest attained level
of education by parents, n (%)
<9y
1012y
>12y
Missing

Starting year of follow-up evaluation
1973-1989
1990-1999
2000-2009
2010-2016

Psychiatric diagnoses in family
before index date, n (%)
Parents
Siblings
Any of parents or siblings

Follow-up period, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

12,076 (62.9)
7110 (37.1)

6.6 (5.2)
5.3 (1.7-10.9)
0.0-18.0

5694 (29.7)
4545 (23.7)
4244 (22.1)
3508 (18.3)
1195 (6.2)

18,837 (98.2)
348 (1.8)
1(0.0)

659 (3.4)
8371 (43.6)
10,136 (52.8)
20 (0.1)

1909 (9.9%)
5458 (28.4%)
7643 (39.8%)
4176 (21.8%)

2260 (11.8)
331 (1.7)
2505 (13.1)

13.5 (8.4)
12.2 (6.6-20.2)
0.0-42.0

59,358 (63.0)
34,891 (37.0)

6.5 (5.2)
52 (1.7-10.7)
0.0-18.0

27,579 (29.3)
23,460 (24.9)
20,944 (22.2)
17,025 (18.1)
5241 (5.6)

90,009 (95.5)
4236 (4.5)
4 (0.0)

4333 (4.6)

40,792 (43.3)

48,844 (51.9)
280 (0.3)

9504 (10.1%)
27,113 (28.8%)
37,524 (39.8%)
20,108 (21.3%)

11,449 (12.1)
1725 (1.8)
12,627 (13.4)

13.6 (8.4)
12.3 (6.7-20.3)
0.0-44.0

IQR, interquartile range.

disease) was more common compared with controls
(odds ratio [OR], 1.56; 95% CI, 1.39-1.76) (Table 4). This
association was statistically significant for mood disor-
ders (OR, 2.05; 95% CI, 1.54-2.72), anxiety disorders
(OR, 1.51; 95% CI, 1.20-1.91), and eating disorders (OR,
3.10; 95% CI, 2.39-4.02).

Discussion

In this nationwide and population-based cohort
study, we followed up more than 19,000 individuals
with childhood celiac disease diagnosed during the
years spanning from 1973 to 2016. During follow-up

evaluation, we found a 19% increased risk of any
psychiatric disorder. The overall risk increase is
consistent with earlier findings correlating psychiatric
comorbidity with celiac disease in children, as well as in
adults.'*°

The overall risk for psychiatric disorder was highest
in the first year after diagnosis. This may be owing in
part to surveillance bias, but it also is possible that the
systemic inflammatory response is mediating this rela-
tionship. In addition to these purported mechanisms,
the psychosocial stress associated with adapting to a
gluten-free diet may account for the early increase in
the risk of psychiatric disorders. Unlike most chronic
medical conditions that are managed via pharmaceutical
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Table 2. Risk of Any Psychiatric Disorder Overall and by Subgroup in Patients With Celiac Disease and Matched General
Population Comparators

Group

N (%)

Events, n (%)

Incidence rate
(95% CI) per 1000 PY

Celiac disease Comparators Celiac disease Comparators Celiac disease Comparators HR? (95% ClI)

Overall

Follow-up period
Oto<1ly
1to <5y
5to <10y
10to <15y
15to <20y
>20y

Sex
Girls
Boys

Age, y
<2
2 to <6
6 to <11
11 to <16
16 to <18

Year
1973-1989
1990-1999
2000-2009
2010-2016

Year, first 5 years of
follow-up evaluation
1973-1989
1990-1999
2000-2009
2010-2011

Country of birth
Nordic
Other

Level of education, y
<9
10-12
>12

Psychiatric diagnoses
in family
Parents or sibling

19,186 (100)

19,186 (100)
18,762 (97.8)
15,909 (82.9)
11,474 (59.8)
7379 (38.5)
4885 (25.5)

12,076 (62.9)
7110 (37.1)

5694 (29.7)
4545 (23.7)
4244 (22.1)
3508 (18.3)
1195 (6.2)

1909 (9.9)

5458 (28.4)
7643 (39.8)
4176 (21.8)

1909 (9.9)
5458 (28.4)
7643 (39.8)
1707 (8.9)

18,837 (98.2)
348 (1.8)

659 (3.4)
8371 (43.6)
10,136 (52.8)

2505 (13.1)

94,249 (100)

94,249 (100)
92,140 (97.8)
78,384 (83.2)
56,869 (60.3)
36,593 (38.9)
24,236 (25.7)

59,358 (63.0)
34,891 (37.0)

27,579 (29.3)
23,460 (24.9)
20,944 (22.2)
17,025 (18.1)
5241 (5.6)

9504 (10.1)
27,113 (28.9)
37,524 (39.8)
20,108 (21.3)

9504 (10.1)
27,113 (28.8)
37,524 (39.9)

8300 (8.8)

90,009 (95.5)
4236 (4.5)

4333 (4.6)
40,792 (43.3)
48,844 (51.8)

12,627 (13.4)

3174 (16.5)

148 (0.8)
629 (3.4)
791 (5.0)
690 (6.0)
541 (7.3)
375 (7.7)

2027 (16.8)
1147 (16.1)

1001 (17.6)
578 (12.7)
707 (16.7)
668 (19.0)
220 (18.4)

405 (21.2)
1140 (20.9)
1303 (17.0)

326 (7.9)

13 (0.7)
55 (1.0)
408 (5.3)
143 (8.4)

3121 (16.6)
53 (15.2)

148 (22.5)
1604 (19.2)
1419 (14.0)

582 (23.2)

13,286 (14.1)

417 (0.4)
2260 (2.5)
3188 (4.1)
3135 (5.5)
2584 (7.1)
1702 (7.0)

8772 (14.8)
4514 (12.9)

1760 (18.5)
5052 (18.6)
5352 (14.3
1122 (5.6)

)

16 (0.2)
160 (0.6)
1525 (4.1)
509 (6.1)

12,774 (14.2)
512 (12.1)

779 (18.0)
6676 (16.4)
5817 (11.9)

2505 (19.8)

12.2 (11.8-12.7) 10.3 (10.2-10.5) 1.19 (1.14-1.23)

8 (6.5-9.1) 4.5 (4.0-4.9) 1.70 (1.41-2.05)
0(8.3-9.7) 6.6 (6.3-6.9) 1.38 (1.26-1.51)
11 6(10.8-12.4) 95(9.1-9.8) 1.4 (1.15-1.34)
14.7 (13.6-15.8) 13.5 (13.0-14.0) 1.11 (1.02-1.21)
17.9 (16.4-19.4) 17.2 (16.5-17.9) 1.02 (0.93-1.12)
14.6 (13.1-16.1) 13.3 (12.6-13.9) 1.10 (0.98-1.23)

12.5 (11.9-13.0) 11.0 (10.7-11.2) 1.14 (1.08-1.20)
11.8 (11.2-12.5) 9.3 (9.1-9.6) 1.28 (1.20-1.37)
9 (8.3-9.4) 2(7.9-8.4) 1.06 (0.98-1.13)

10 0(9.2-10.8) 8.9 (8.6-9.3) 1.11 (1.01-1.22)
16.1 (14.9-17.3) 12 5 (12.0-13.0) 1.32 (1.21-1.44)
19.9 (18.4-21.4) 15.7 (15.1-16.3) 1.28 (1.17-1.39)
18.9 (16.4-21.5) 14.5 (13.5-15.5) 1.31 (1.12-1.53)
8 (7.0-8.6) 8 (6.5-7.1) 1.15 (1.03-1.28)
104(98 11.1) 9.4 (9.1-9.6) 1.12 (1.05-1.19)
15.9 (15.0-16.8) 13 3(12.9-13.6) 1.22 (1.14-1.29)
19.4 (17.3-21.6) 13.7 (12.9-14.5) 1.43 (1.26-1.62)
1.4 (0.6-2.1) 3(0.2-0.5) 3.84 (1.81-8.15)
2.0 (1.5-2.6) 2(1.0-1.4) 1.69 (1.24-2.30)
11.0 9.9-12.1) 8.4 (8.0-8.8) 1.32 (1.19-1.48)
17.5 (14.7-20.4) 12 7 (11.6-13.9) 1.39 (1.15-1.68)

12.2 (11.7-12.6) 10.3 (10.1-10.5) 1.18 (1.14-1.23)
17.2 (12.5-21.8) 12.6 (11.5-13.7) 0.99 (0.45-2.19)

13.2 (11.0-15.3) 12 2 (11.3-13.0) 0.82 (0.48-1.39)
13.1 (12.4-13.7) 11.4 (11.1-11.6) 1.17 (1.09-1.25)
11.3 (10.7-11.9) 9.2 (9.0-9.5)  1.20 (1.13-1.29)

24.8 (22.8-26.8) 20.6 (19.8-21.5) 1.28 (1.08-1.52)

HR, hazard ratio; PY, person-year.
2Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for highest education level attained by parents.

approaches, a diagnosis of celiac disease mandates a
major lifestyle change for the patient, with a new
requirement to attend to ingredient lists, restaurant
menus, and social circumstances, given the intermin-
gling of diet with socializing, and the ubiquity of gluten.
This treatment has been rated by patients to be highly

21
burdensome,
patterns22

and may lead to maladaptive eating
and hypervigilance, with attendant dimin-

ished quality of life.”* The stress associated with this
burden may contribute to the increased incidence of
psychiatric disorders in both the short and long term.

However, this risk is unlikely to be owing to the gluten-
free diet alone because we also observed an increased
risk of psychiatric disorders preceding the diagnosis of
celiac disease, possibly related to the systemic inflam-
matory response described earlier.

Specific Psychiatric Disorders

The specific psychiatric disorders found to be
increased in this study of childhood-diagnosed celiac
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Table 3. Risk of Psychiatric Disorders in Patients With Celiac Disease and Matched General Population Comparators

Incidence rate

Events, n (%) Time at risk, y (95% CI) per 1000 PY
Celiac Celiac Celiac
Group disease Comparators disease Comparators disease Comparators HR? (95% Cl)
Psychotic disorders 9 (0.4) 349 (0.4) 278,665 1,359,892 2(0.2-0.3)  0.3(0.2-0.3)  0.96 (0.74-1.25)
Mood disorders 1190 (6.2) 4832 (5.1) 272,972 1,337,367 4(41-46) 3.6 (35-3.7) 1.20 (1.12-1.28)
Anxiety disorders 1573(8.2) 6829(7.2) 270,938 1,327,339 8 (5.5-6.1) 1(5.0-5.3) 1.12 (1.06-1.19)
Eating disorders 331(1.7) 1187 (1.3) 277,015 1,354,829 2(1.1-1.3)  0.9(0.8-0.9) 1.34 (1.18-1.51)
Psychoactive substance misuse 720 (3.8) 3257 (3.5 274,655 1,342,496 6 (2.4-2.8) 2.4 (2.3-2.5) 1.07 (0.99-1.16)
Behavioral disorders 2 (0.4) 366 (0.4) 278,683 1,359,752 3(0.2-0.3)  0.3(0.2-0.3) 0.98 (0.76-1.27)
ADHD 904 (4.7) 3453 (3.7) 274772 1345438 33 (3.1-35 2.6 (2527 1.29(1.20-1.39)
Suicide attempt 304 (1.6) 1442 (1.5) 276,846 1,352,432 1.1 (1.0-1.2) 1.1 (1.0-1.1) 1.02 (0.90-1.16)
Suicide 4(0.1) 90 (0.1) 279,134 1,361,982 0.1 (0.0-0.1) 0.1 (0.1-0.1)  0.78 (0.44-1.37)
Personality disorders 167 (0.9) 719 (0.8) 278,176 1,358,106 6 (0.5-0.7) 5(0.5-0.6) 1.13 (0.95-1.34)
Autism spectrum disorder 417 22) 1396 (1.5) 276,809 1,354,405 5 (1.4-1.7) 1.0 (1.0-1.1)  1.47 (1.32-1.64)
Any psychiatric disorder 3174 (16.5) 13286 (14.1) 259,633 1,284,011 12.2 (11.8-12.7) 10.3 (10.2-10.5) 1.19 (1.14-1.23)

NOTE. n celiac disease/n comparators = 19,186/94,249.
ADHD, attention deficit hyperactivity disorder; HR, hazard ratio; PY, person-year.
@Conditioned on matching set (age, sex, county, and calendar period) and further adjusted for highest attained education in parents

disease include mood and anxiety disorders, eating dis- population.”* Eating disorders”® likewise have been
orders, ADHD, and autism-spectrum disorders. The as- linked to celiac disease, although autism has not,'!
sociation between celiac disease and depression and despite the popular use of a gluten-free diet among
anxiety has been studied extensively, largely in the adult children with this condition.*

Table 4. Risk of Psychiatric Disorders in Patients With Celiac Disease and Matched General Population Comparators Before
Start of Follow-Up Evaluation

Events, n (%)

Odds ratio®
Group Celiac disease Comparators (95% CI)
Any psychiatric disorder 397 (2.0%) 1301 (1.3%) 1.56 (1.39-1.76)
Psychotic disorders 2 (0.0%) 12 (0.0%) 0.76 (0.15-3.93)
Mood disorders 73 (0.4%) 171 (0.2%) 2.05 (1.54-2.72)
Anxiety disorders 95 (0.5%) 314 (0.3%) 1.51 (1.20-1.91)
Eating disorders 95 (0.5%) 154 (0.2%) 3.10 (2.39-4.02)
Psychoactive 16 (0.1%) 143 (0.1%) 0.52 (0.31-0.87)

substance misuse

Behavioral disorders 13 (0.1%) 65 (0.1%) 1.01 (0.55-1.85)
ADHD 112 (0.6%) 478 (0.5%) 1.19 (0.96-1.48)
Suicide attempt 17 (0.1%) 75 (0.1%) 1.10 (0.64-1.88)
Personality disorders 1 (0.0%) 2 (0.0%) 2.16 (0.12-37.96)
Autism spectrum disorder 69 (0.4%) 269 (0.3%) 1.26 (0.96-1.65)

NOTE. n celiac disease/n comparators = 19,583/97,362.
ADHD, attention-deficit hyperactivity disorder.
@Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for highest education attained by parents.
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Strengths and Limitations

Through data retrieval from Sweden’s all 28 pa-
thology departments, we were able to identify 19,101
children with celiac disease, with follow-up evaluation
through 2016. This compares with 10,903 children
followed up through 2010 in a previous population-
based study in Sweden.” This expanded sample size
and follow-up period allowed us to evaluate additional
outcomes including long-term, adult-onset, psychiatric
disease; this study examined the development of psy-
chiatric disorder, particularly in adults with celiac dis-
ease diagnosed in childhood. The large sample size and
long-term follow-up period (a total of 259,633 person-
years in people with childhood-diagnosed celiac dis-
ease) allowed us to detect even minor risk increases for
specific psychiatric disorders. We also were able to
perform sensitivity analyses including a comparison
with siblings and evaluation of mucosal healing. Our
access to follow-up biopsy data allowed us to examine
potential mechanisms behind the association with psy-
chiatric disorder; however, we found no link between
mucosal healing (at least in the short term) and psy-
chiatric disorders.

This study also had some limitations. The Interna-
tional Classification of Diseases codes and thus the
criteria used for psychiatric diagnoses (Supplementary
Table 1) have changed throughout the years, and this
might influence the rates of psychiatric diagnosis.
Because this was an observational study, we cannot rule
out that residual confounding contributed to the associ-
ation between celiac disease and psychiatric disorders.

The lack of association between mucosal healing and
psychiatric risk in our study contrasts with a study of 53
patients that found that deterioration of quality of life
after a diagnosis is associated with lower adherence to a
gluten-free diet.”” This may be because mucosal healing
is an imperfect marker of adherence, particularly given
the possibility of gradual healing (ie, persistent villus
atrophy that eventually resolves with further time while
maintaining the gluten-free diet).

Clinical Implications

This study showed that although small in absolute
magnitude, there is an increased risk of a psychiatric
disorder in individuals diagnosed with celiac disease in
childhood with an increased risk in the long term,
emphasizing the importance of not just somatic surveil-
lance but also mental health surveillance for timely
support and intervention.

Conclusions

In conclusion, this nationwide population-based
study including more than 19,000 children with celiac
disease found an increased risk of psychiatric disorder.

Clinical Gastroenterology and Hepatology Vol. m, No. m

This risk was highest in the first year after celiac disease
diagnosis but persisted over a long time and into adult-
hood. Mental health surveillance should be integral in the
care of celiac disease.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2020.08.018.
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Supplementary Table 1. Definitions of Celiac Disease and Normal Mucosa Using SNOMED Codes

Disease/condition Topographic code

SNOMED codes

Celiac disease All T64, only T65, T65000, and

T651

All T64, only T65, T65000, and
T651

Normal mucosa

D6218, D62180, D62188, D6218X, D6218Y; M58, M5800,
M58000, M58001, M58005, M58006, M58007

M00100, M00110

SNOMED, Systematized Nomenclature of Medicine.

Supplementary Table 2. ICD Codes Used for Outcomes

Comorbidity ICD-8 (1969-1986)
Psychotic disorders 295, 297-299
Mood disorders 296, 300.4

Anxiety disorders 300 except 300.4, 307

Eating disorders

Psychoactive substance misuse 291, 303, 304
Behavioral disorders

ADHD

Suicide attempt and completed suicide E950-E959
Personality disorders 301

Autism spectrum disorder

ICD-9 (1987-1996) ICD-10 (1997—-present)
295, 297, 298 F20-F29
296, 300E, 311 F30-F39
300 except 300.E, 308-309 F40-F45, F48
307B, 307F F50
291, 3083, 304, 305A, 305X F10-F19
Fo1
314 F90
E950-E959 X60-X84
301 F60-F62, F69
299A F84

ADHD, attention-deficit hyperactivity disorder; ICD-8, International Classification of Diseases, 8th revision; ICD-9, International Classification of Diseases, 9th

revision; ICD-10, International Classification of Diseases, 10th revision.

Supplementary Table 3. ATC Codes Used for Outcomes

Drug ATC code
Antidepressants NOBA
Anxiolytics, hypnotics, and sedatives NO05B, NO5C
Antipsychotics NO5A
ATC,
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Supplementary Table 4. Risk of Any Psychiatric Disorder Overall and by Subgroup in Patients With Celiac Disease and
Matched General Population Comparators, With Follow-Up Evaluation Ending at Age 18 Years

Incidence rate

N (%) Events, N (%) (95% CI) per 1000 PY
Celiac Celiac

Group disease Comparators disease Comparators Celiac disease Comparators HR? (95% Cl)
Overall 19,186 (100) 94,249 (100) 1747 (9.1) 6861 (7.3) 9.9 (9.4-10.4) 7.9 (7.7-8.1) 1.26 (1.20-1.33)
Follow-up period, y

0to <1 19,186 (100) 94,249 (100) 141 (0.7) 402 (0.4) 7.5 (6.3-8.8) 4.4 (3.9-4.8) 1.70 (1.40-2.06)

1 to <5 18,180 (94.8) 89,819 (95.3) 492 (2.7) 1764 (2.0) 7.7 (7.0-8.4) 5.6 (5.3-5.8) 1.40 (1.26-1.55)

5to <10 13,656 (71.2) 67,406 (71.5) 525 (3.8) 1994 (3.0) 9.7 (8.9-10.5) 7.5 (7.1-7.8) .31 (1.19-1.45)

10 to <15 8467 (44.1) 41,719 (44.3) 456 (5.4) 2038 (4.9) 14.1 (12.8-15.3) 12.7 (12.2-13.3) 1 10 (0.99-1.22)

15 to <20 4671 (24.3) 23,007 (24.4) 133 (2.8) 663 (2.9) 18.1 (15.0-21.2) 18.1 (16.8-19.5) 0.98 (0.80-1.19)
Sex

Girls 12,076 (62.9) 59,358 (63.0) 1094 (9.1) 4463 (7.5) 9.8 (9.2-10.4) 8.1 (7.9-8.4) 1.22 (1.14-1.30)

Boys 7110 (37.1) 34,891 (37.0) 653 (9.2) 2398 (6.9) 10.0(9.2-10.8) 7.4 (7.1-7.7) 1.35 (1.23-1.47)
Age, y

<2 5694 (29.7) 27,579 (29.3) 526 (9.2) 2210 (8.0) 6.2 (5.7-6.7) 5.5 (5.2-5.7) 1.10 (0.99-1.21)

2to <6 4545 (23.7) 23,460 (24.9) 387 (8.5) 1726 (7.4) 8.4 (7.5-9.2) 7.2 (6.9-7.5) 1.16 (1.03-1.30)

6 to <11 4244 (22.1) 20,944 (22.2) 463 (10.9) 1677 (8.0) 15.2 (13.9-16.6) 11.1 (10.6-11.6) 1 40 (1.25-1.55)

11 to <16 3508 (18.3) 17,025 (18.1) 324 (9.2) 1157 (6.8) 22.6 (20.1-25.0) 16.3 (15.4-17.3) 1.41 (1.24-1.60)

16 to <18 1195 (6.2) 5241 (5.6) 47 (3.9) 91 (1.7)  41.6 (29.7-53.4) 16.7 (13.3-20.2) 2.32 (1.57-3.44)
Year

1973-1989 1909 (9.9) 9504 (10.1) 93 (4.9) 362 (3.8) 3.4 (2.7-4.1) 2.7 (2.4-2.9) 1.29 (1.02-1.63)

1990-1999 5458 (28.4) 27,113 (28.8) 506 (9.3) 2130 (7.9) 7.0 (6.4-7.6) 59 (5.7-6.2) 1.17 (1.06-1.29)

2000-2009 7643 (39.8) 37,524 (39.8) 872 (11.4) 3461 (9.2) 14.1 (13.2-15.1) 11.4 (11.0-11.7) 1.26 (1.17-1.36)

2010-2016 4176 (21.8) 20,108 21.3) 276 (6.6) 908 (4.5)  18.4 (16.2-20.6) 12.3 (11.5-13.1) 1.49 (1.30-1.71)
Year, first 5 years

of follow-up evaluation

1973-1989 1909 (9.9) 9504 (10.1) 8 (0.4) 15 (0.2) 0.9 (0.3-1.5) 0.3 (0.2-0.5) 2.89 (1.19-7.02)

1990-1999 5458 (28.4) 27,113 (28.8) 40 (0.7) 127 (0.5) 1.5 (1.1-2.0) 1.0(0.8-1.2) 1.51 (1.06-2.17)

2000-2009 7643 (39.8) 37,524 (39.8) 327 (4.3) 1206 (3.2) 9.7 (8.7-10.8) 7.3 (6.8-7.7) 1.37 (1.21-1.55)

2010-2011 1707 (8.9) 8300 (8.8) 115(6.7) 424 (5.1) 15.6 (12.8-18.5) 11.7 (10.6-12.8) 1.36 (1.10-1.68)
Country of birth

Nordic 18,837 (98.2) 90,009 (95.5) 1718 (9.1) 6643 (7.4) 9.8 (9.4-10.3) 7.8(7.6-8.0) 1.25(1.19-1.32)

Other 348 (1.8) 4236 (4.5) 29 (8.3) 218 (5.1) 15.6 (9.9-21.2) 8.9 (7.8-10.1) 1.41 (0.46-4.37)
Level of education, y

<9 659 (3.4) 4333 (4.6) 66 (10.0) 343 (7.9) 10.7 8.1-13.2) 9.2 (8.3-10.2) 1.23 (0.50-3.01)

10-12 8371 (43.6) 40,792 (43.3) 872 (10.4) 3411 (8.4) 106 (9.9-11.3) 8.7 (8.4-9.0) 1.24 (1.13-1.36)

>12 10,136 (52.8) 48,844 (51.8) 808 (8.0) 3097 (6.3) 9.2 (8.5-9.8) 7.0 6.7-7.2) 1.25(1.15-1.37)
Psychiatric diagnoses in family

Parents or sibling 2505 (13.1) 12,627 (13.4) 348 (13.9) 1487 (11.8) 20.7 (18.5-22.9) 17.3 (16.4-18.2) 1.36 (1.10-1.67)

HR, hazard ratio; PY, person-years.

@Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for the highest education attained by parents.
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Supplementary Table 5. Analysis Limited to Those With Available Follow-Up Evaluation Starting at Age 18 Years: Baseline
Characteristics of Study Cohort

Characteristic Celiac disease (n = 11,207) Matched comparators (n = 49,252)

Girls, n (%) 6958 (62.1) 30,266 (61.5)
Boys, n (%) 4249 (37.9) 18,986 (38.5)
Age, y

Mean (SD) 18.0 (0.0) 18.0 (0.0)

Median (IQR) 18.0 (18.0-18.0) 18.0 (18.0-18.0)

Range, minimum-maximum 18.0-18.0 18.0-18.0
Country of birth, n (%)

Nordic country 11,025 (98.4) 47,181 (95.8)

Other 182 (1.6) 2070 (4.2)

Missing (0.0) 1 (0.0)
Highest education level attained by parents, n (%)

<9y 476 (4.2) 2524 (5.1)

10-12y 5365 (47.9) 23,098 (46.9)

>12y 5360 (47.8) 23,581 (47.9)

Missing 6 (0.1) 49 (0.1)
Start year of follow-up evaluation

1973-1989 83 (0.7) 385 (0.8)

1990-1999 782 (7.0) 3744 (7.6)

2000-2009 4985 (44.5) 22,484 (45.7)

2010-2016 5357 (47.8) 22,639 (46.0)
Psychiatric diagnoses in family before index date, n (%)

Parents 2063 (18.4) 9237 (18.8)

Siblings 962 (8.6) 4066 (8.3)

Any of parents or siblings 2712 (24.2) 11,997 (24.4)
Follow-up, y

Mean (SD) 7.4 (5.4) 7.7 (6.5

Median (IQR) 6.4 (3.5-10.2) 6.6 (3.6-10.5)

Range, minimum-maximum 0.0-35.4 0.0-35.7

IQR, interquartile range.
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1393 Supplementary Table 6. Analysis Limited to Those With Available Follow-Up Evaluation Starting at Age 18 Years: Risk of Any 1451

1394 Psychiatric Disorder Overall and by Subgroup in Patients With Celiac Disease and Matched General 1452
1395 Population Comparators 1453
1396 Incidence rate 1454
1397 N (%) Events, N (%) (95% Cl) per 1000 PY 1455
1398 1456
1399 Celiac Celiac Celiac 1457
1400 Group disease = Comparators disease Comparators disease Comparators  HR? (95% Cl) 1458
138;019 Overall 11,207 (%) 49252 (%) 1427 (12.7) 5833 (11.8) 17.2 (16.3-18.1) 15.4 (15.0-15.8) 1.11 (1.04-1.17) 132(9)
1403 Follow-up period, y 1461
1404 0 to <1 11,207 (%) 49,252 (%) 245 (2.2) 983 (2.0) 22.7 (19.8-25.5) 20.6 (19.3-21.9) 1.07 (0.93-1.23) 1462
1to <5 10,405 (92.8) 45,959 (93.3) 680 (6.5) 2662 (5.8) 19.4 (18.0-20.9) 17.0 (16.4-17.7) 1.14 (1.04-1.24)
1405 510 <10 7024 (62.7) 31,802 (64.6) 349 (5.0) 1497 (4.7) 14.8 (13.2-16.3) 13.8 (13.1-14.5) 1.09 (0.96-1.23) 1463
1406 10 to <15 2870 (25.6) 13,460 (27.3) 96 (3.3) 477 35  10.7 (8.5-12.8) 11.1 (10.1-12.1) 0.96 (0.76-1.21) 1464
1407 15 to <20 1003 (8.9) 4895 (9.9) 37 (3.7) 155 (3.2)  11.9 (8.1-15.8) 9.9 (8.3-11.5) 1.15 (0.79-1.68) 1465
1408 >20 355 (3.2) 1815 (3.7) 20 (5.6) 59 (3.3) 135 (7.6-19.4) 7.8 (5.8-9.8)  1.77 (1.01-3.09) 1466
1409 Sex 1467
1410 Girls 6958 (62.1) 30,266 (61.5) 933 (13.4) 3901 (12.9) 18.2 (17.0-19.3) 17.0 (16.4-17.5) 1.06 (0.99-1.15) 1468
1411 Boys 4249 (37.9) 18,986 (38.5) 494 (11.6) 1932 (10.2) 15.6 (14.2-17.0) 13.0 (12.4-13.6) 1.20 (1.08-1.32) 1469
1412 Year 1470
1413 1973-1989 83 (0.7) 385 (0.8) 19 (22.9) 42 (10.9) 9.1 (5.0-13.2) 4.0 (2.8-5.3)  2.18 (1.21-3.91) 1471
1414 1990-1999 782 (7.0) 3744 (7.6) 160 (20.5) 569 (15.2) 11.6 (9.8-13.4) 8.3 (7.6-9.0)  1.39 (1.16-1.66) 1472
2000-2009 4985 (44.5) 22,484 (45.7) 782 (15.7) 3415(15.2) 16.6 (15.4-17.7) 15.9 (15.4-16.5) 1.05 (0.97-1.14)
}j}g 2010-2016 5357 (47.8) 22,630 (46.0) 466 (8.7) 1807 (8.0) 23.4 (21.3-25.5) 21.2 (20.2-22.1) 1.10 (0.99-1.22) }2;2
Year, first 5 years
1417 of foIIow-):Jp evaluation 1475
1418 1973-1989 83 (0.7) 385 (0.8) 4 (4.8) 2 (0.5) 10.0 0.2-19.7) 1.0 0.0-2.5 10.03 (1.21-83.26) 1476
1419 1990-1999 782 (7.0) 3744 (7.6) 42 (5.4) 94 (2.5) 11.1 (7.7-14.4) 51 (4.1-6.2)  2.07 (1.43-3.00) 1477
1420 2000-2009 4985 (44.5) 22,484 (45.7) 447 (9.0) 1868 (8.3) 19.0 (17.3-20.8) 17.6 (16.8-18.4) 1.08 (0.97-1.20) 1478
1421 2010-2011 2078 (18.5) 8954 (18.2) 214 (10.3) 843 (9.4) 22.1 (19.1-25.0) 20.1 (18.7-21.4) 1.11 (0.96-1.29) 1479
1422 Country of birth 1480
1423 Nordic 11,025 (98.4) 47,181 (95.8) 1403 (12.7) 5575 (11.8) 17.2 (16.3-18.0) 15.3 (14.9-15.7) 1.11 (1.04-1.18) 1481
1424 Other 182 (1.6) 2070 (4.2) 24 (132) 258 (12.5) 19.6 (11.8-27.4) 17.4 (15.3-19.5) 1.08 (0.30-3.82) 1482
1425 Level of education, y 1483
1426 <9 476 (4.2) 2524 (5.1) 82 (17.2) 405 (16.0) 16.2 (12.7-19.7) 16.2 (14.6-17.8) 0.64 (0.32-1.26) 1484
1427 10-12 5365 (47.9) 23,098 (46.9) 732 (13.6) 2978 (12.9) 18.0 (16.7-19.3) 16.4 (15.8-17.0) 1.08 (0.98-1.19) 1485
1428 >12 5360 (47.8) 23,581 (47.9) 611 (11.4) 2447 (10.4) 16.4 (15.1-17.7) 14.2 (13.7-14.8) 1.14 (1.02-1.26) 1486
1429 Psychiatric diagnoses 1487
1430 I il 1488
1431 Parents or sibling 2712 24.2) 11,997 (24.4) 507 (18.7) 1947 (16.2) 32.3 (29.5-35.1) 26.5 (25.3-27.6) 1.25 (1.08-1.46) 1489
1432 1490
1433 HR, hazard ratio; PY, person-years. 1491
1434 @Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for the highest education attained by parents. 1492
1435 1493
1436 1494
1437 1495
1438 1496
1439 1497
1440 1498
1441 1499
1442 1500
1443 1501
1444 1502
1445 1503
1446 1504
1447 1505
1448 1506
1449 1507
1450 1508
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1509 Supplementary Table 7. Analysis Limited to Those With Available Follow-Up Evaluation Starting at Age 18 Years: Risk of 1567
1510 Psychiatric Disorders in Patients With Celiac Disease and Matched General Population Comparators 1568
1511 . 1569
1512 Incidence rate 1570
Events, N (%) Time at risk, y (95% CI) per 1000 PY
1513 1571
1514 Celiac Celiac Celiac 1572
1515 Group disease Comparators disease Comparators disease Comparators  HR® (95% Cl) 1573
1516 1574
1517 Psychotic disorders 44 (0.4) 192 (0.4) 90,425 407,384 0.5 (0.3-0.6) 0.5(0.4-0.5)  1.06 (0.76-1.48) 1575
1518 Mood disorders 618 (5.5) 2334 (4.7) 87,660 397,260 7.0 (6.5-7.6) 5.9 (5.6-6.1)  1.19 (1.08-1.30) 1576
1519 Anxiety disorders 809 (7.2) 3401 (6.9) 86,843 392,060 9.3 (8.7-10.0) 8.7 (8.4-9.0)  1.06 (0.98-1.14) 1577
igg? Eating disorders 112 (1.0) 418 (0.8) 90,017 406,167 1.2 (1.0-1.5) 1.0 (0.9-1.1)  1.19 (0.96-1.47) g;g
1522 Psychoactive 409 (3.6) 1660 (3.4) 88,470 399,948 4.6 (4.2-5.1) 42 (4.0-4.4)  1.10 (0.98-1.22) 1580
1523 substance misuse 1581
1524 Behavioral disorders 1 (0.0 18 (0.0) 90,703 408,403 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.34 (0.04-2.62) 1582
1525 aApHD 234 (2.1) 773(16) 89,837 405,659 262329  19(1.8-20) 1.39 (1.19-1.61) 1583
1526 1584
1527 Suicide attempt 135 (1.2) 542 (1.1) 89,787 405,216 5(1.2-1.8) 1.3 (1.2-1.5)  1.15 (0.95-1.39) 1585
1528 Suicide 8 (0.1) 55 (0.1) 90,708 408,483 .1(0.0-0.1) 0.1(0.1-0.2)  0.72 (0.34-1.52) 1586
1529 Personality disorders 108 (1.0) 392 (0.8) 90,091 406,291 2(1.0-1.4) 1.0 (0.9-1.1)  1.23 (0.99-1.52) 1587
igg? Autism spectrum disorder 107 (1.0) 282 (0.6) 90,284 407,310 2 (1.0-1.4) 0.7 (0.6-0.8)  1.69 (1.35-2.12) ggg
1532 Any psychiatric disorder 1427 (12.7) 5833 (11.8) 83,030 378,378 17.2 (16.3-18.1) 15.4 (15.0-15.8) 1.11 (1.04-1.17) 1590
1533 1591
1534 NOTE. n celiac disease/n comparators = 11,207/49,252. 1592
1535 ADHD, attention-deficit hyperactivity disorder; HR, hazard ratio; PY, person-years. 1593
1536 @Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for the highest education attained by parents. 1594
1537 1595
1538 1596
1539 1597
1540 1598
1541 1599
1542 1600
1543 1601
1544 1602
1545 1603
1546 1604
1547 1605
1548 1606
1549 1607
1550 1608
1551 1609
1552 1610
1553 1611
1554 1612
1555 1613
1556 1614
1557 1615
1558 1616
1559 1617
1560 1618
1561 1619
1562 1620
1563 1621
1564 1622
1565 1623
1566 1624

FLA 5.6.0 DTD m YJCGHS57432 proof m 10 December 2020 B 5:29 am W ce DVC



1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682

m 2020

Supplementary Table 8. Comparison of Celiac Disease Patients With Siblings: Baseline Characteristics of Study Cohort

Childhood Celiac Disease and Psychiatric Disorders

Characteristic

Celiac disease (n = 13,015)

Matched comparators (n = 18,024)

Girls, n (%)
Boys, n (%)

Age, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

Categories, n (%)
<2y
2to <6y
6to <11y
11to <16y
16 to <18y

Country of birth, n (%)
Nordic country
Other
Missing

Highest level of education attained by parents, n (%)
<9y
10-12y
>12y
Missing

Starting year of follow-up evaluation
1973-1989
1990-1999
2000-2009
2010-2016

Follow-up evaluation, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

8157 (62.7)
4858 (37.3)

6.9 (4.9)
6.0 2.1-10.8)
0.0-18.0

3086 (23.7)
3400 (26.1)
3419 (26.3)
2518 (19.3)
592 (4.5)

12,831 (98.6)
183 (1.4)
1(0.0)

404 (3.1)
5387 (41.4)
7218 (55.5)

6 (0.0)

1173 (9.0%)
3470 (26.7%)
5365 (41.2%)
3007 (23.1%)

13.1 (8.3)
11.8 (6.4-19.1)
0.0-39.0

8831 (49.0)
9193 (51.0)

7.8 (4.7)
7.1 (3.9-11.4)
0.0-18.0

17,530 (97.3)
493 (2.7)
1(0.0)

739 (4
7515 (41
9760 (54

10 (0.1)

1)
7)
2)

1643 (9.1%)
4924 (27.3%)
7374 (40.9%)
4083 (22.7%)

12.8 (8.5)
11.4 (6.0-18.9)
0.0-44.0

IQR, interquartile range.
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Supplementary Table 9. Comparison of Celiac Disease Patients With Siblings: Risk of Any Psychiatric Disorder Overall and by

Subgroups in Patients With Celiac Disease and Matched Sibling Comparators

Clinical Gastroenterology and Hepatology Vol. m, No. m

Group

N (%)

Events, N (%)

Incidence rate
(95% CI) per 1000 PY

Celiac
disease

Celiac

Comparators disease Comparators Celiac disease Comparators

HR? (95% ClI)

Overall

Follow-up period, y
0 to <1
1to <5
51to <10
10 to <15
15 to <20
>20

Sex
Girls
Boys

Age, y
<2
2 to <6
6 to <11
11 to <16
16 to <18

Year
1973-1989
1990-1999
2000-2009
2010-2016

Year, first 5 years
of follow-up evaluation
1973-1989
1990-1999
2000-2009
2010-2011

Country of birth
Nordic
Other

Level of education, y
<9
10-12
>12

13,015 (100)

13,015 (100)

12,725 (97.8) 17,331 (96.2,)

10,691 (82.1)
7591 (58.3)
4731 (36.4)
3027 (23.3)

8157 (62.7)
4858 (37.3)

3086 (23.7)
3400 (26.1)
3419 (26.3)
2518 (19.3)
592 (4.5)

1173 (9.0)
3470 (26.7)
5365 (41.2)
3007 (23.1)

1173 (9.0)
3470 (26.7)
5365 (41.2)

1207 (9.3)

12,831 (98.6)
183 (1.4)

404 (3.1)
5387 (41.4)
7218 (55.5)

18,024 (100)

18,024 (100)

14,331 (79.5)
10,194 (56.6)
6376 (35.4)
4100 (22.7)

8831 (49.0)
9193 (51.0)

1643 (9.1)
4924 (27.3)
7374 (40.9)
4083 (22.7)

1643 (9.1)
4924 (27.3)
7374 (40.9)
1607 (8.9)

17,530 (97.3)
493 (2.7)

739 (4.1)
7515 (41.7)
9760 (54.2)

1994 (15.3)

1259 (15.4)
735 (15.1)

517 (16.8)
386 (11.4)
537 (15.7)
456 (18.1)
98 (16.6)

235 (20.0)
677 (19.5)
878 (16.4)
204 (6.8)

9(0.8)
34 (1.0)
280 (5.2)
89 (7.4)

1972 (15.4)
22 (12.0)

85 (21.0)
956 (17.7)
953 (13.2)

2411 (13.4)

183 (10.3)
777 (13.5)
757 (13.5)
573 (14.7)
121 (12.7)

244 (14.9)
882 (17.9)

1058 (14.3)
227 (5.6)

2 (0.1)
26 (0.5)
326 (4.4)
117 (7.3)

2362 (13.5)
49 (9.9)

146 (19.8)
1203 (16.0)
1061 (10.9)

11.7 (11.2-12.2)

7.3 (5.8-8.8)
8.8 (8.0-9.7)
11.7 (10.7-12.7)
14.3 (13.0-15.7)
15.9 (14.1-17.6)
13.6 (11.7-15.4)

11.8 (11.2-12.5)
11.4 (10.6-12.2)

8.4 (7.7-9.1)
9.0 (8.1-9.8)
15.0 (13.7-16.2)
18.6 (16.9-20.3)
16.8 (13.5-20.2)

7.4 (6.4-8.3)
9.8 (9.1-10.5)
15.2 (14.2-16.2)
16.9 (14.5-19.2)

1.5 (0.5-2.6)
2.0 (1.3-2.6)
10.8 (9.5-12.0)
15.3 (12.1-18.5)

11.7 (11.1-12.2)
14.1 (8.2-20.0)

12.1 (9.5-14.7)
12.4 (11.6-13.1)
11.0 (10.3-11.7)

10.4 (10.0-10.8)

5.1 (4.0-6.1)
7.3 (6.7-8.0)
10.7 (9.9-11.6)
14.4 (13.2-15.6)
14.3 (12.9-15.8)
10.9 (9.5-12.3)

11.3 (10.6-11.9)
9.6 (9.1-10.2)

8.1 (7.0-9.3)
9.0 (8.4-9.6)
10.9 (10.1-11.7)
13.4 (12.3-14.5)
11.8 (9.7-13.9)

5.5 (4.8-6.2)
9.4 (8.7-10.0)
13.9 (13.0-14.7)
14.2 (12.3-16.0)

0.2 (0.0-0.6)

1.1 (0.7-1.5)

9.4 (8.4-10.4)
15.6 (12.7-18.4)

10.4 (10.0-10.8)
10.9 (7.8-13.9)

12.6 (10.5-14.6)
11.4 (10.7-12.0)
9.3 (8.8-9.9)

1.12 (1.05-1.20)

1.48 (1.07-2.05)
1.26 (1.09-1.46)
1.09 (0.95-1.24)
0.86 (0.74-1.00)
0.96 (0.79-1.16)
1.07 (0.84-1.37)

1.11 (0.99-1.24)
1.27 (1.09-1.47)

1.06 (0.60-1.86)
1.02 (0.81-1.30)
1.15 (0.93-1.41)
1.10 (0.89-1.36)
2.01 (0.64-6.28)

1.27 (1.01-1.60)
1.01 (0.90-1.14)
1.08 (0.98-1.20)
1.14 (0.92-1.42)

12.59 (1.19-132.91)

3.50 (1.75-6.98)
1.23 (1.03-1.47)
0.89 (0.65-1.21)

1.11 (1.04-1.19)
1.36 (0.70-2.63)

1.08 (0.78-1.50)
1.11 (1.00-1.22)
1.13 (1.02-1.25)

HR, hazard ratio; PY, person-years.
@Conditioned on matching set (within family) and adjusted further for age and sex.
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Supplementary Table 10. Comparison of Celiac Disease Patients to Siblings: Risk of Psychiatric Disorders in Patients With
Celiac Disease and Matched Sibling Comparators

Incidence rate

Events, N (%) Time at risk, y (95% CI) per 1000 PY
Celiac Celiac
Group disease Comparators disease Comparators Celiac disesase Comparators HR? (95% CI)
Psychotic disorders 42 (0.3) 62 (0.3) 182,804 245,134 0.2 (0.2-0.3) 0.3 (0.2-0.3)  1.24 (0.79-1.95)
Mood disorders 774 (5.9) 839 (4.7) 179,127 240,967 4.3 (4.0-4.6) 3.5(3.2-3.7) 1.22 (1.09-1.37)
Anxiety disorders 977 (75) 1175(6.5) 178,017 239,219 5.5 (5.1-5.8) 49 (4.6-5.2) 1.12 (1.01-1.23)
Eating disorders 219 (1.7) 172 (1.00 181,713 244,557 1.2 (1.0-1.4) 0.7 (0.6-0.8)  1.59 (1.24-2.05)
Psychoactive substance misuse 448 (3.4) 559 (3.1) 180,260 242,014 2.5 (2.3-2.7) 2.3 (2.1-2.5) 1.14 (0.99-1.31)
Behavioral disorders 50 (0.4) 56 (0.3) 182,753 245,176 0.3 (0.2-0.3) 0.2 (0.2-0.3)  1.19 (0.79-1.80)
ADHD 545 (4.2) 651 (3.6) 180,452 242,462 3.0 (2.8-3.3) 2.7 (2.5-2.9) 1.12 (0.99-1.28)
Suicide attempt 183 (1.4) 212 (1.2) 181,654 244,109 1.0 (0.9-1.2) 0.9 (0.8-1.0) 1.22 (0.97-1.52)
Suicide 9(0.1) 14 (0.1) 183,084 245518 0.0 (0.0-0.1) 0.1 (0.0-0.1) 2.62 (0.76-9.06)
Personality disorders 95 (0.7) 139 (0.8) 182,522 244,787 0.5 (0.4-0.6) 0.6 (0.5-0.7) 0.82 (0.60-1.13)
Autism spectrum disorder 272 (2.1) 263 (1.5) 181,547 244,173 1.5 (1.3-1.7) 1.1 (0.9-1.2) 1.59 (1.31-1.92)
Any psychiatric disorder 1994 (15.3) 2411 (13.4) 170,810 231,138 11.7 (11.2-12.2) 10.4 (10.0-10.8) 1.12 (1.05-1.20)

NOTE. n celiac disease/n comparators = 13,015 /18,024.
ADHD, attention-deficit hyperactivity disorder; HR, hazard ratio; PY, person-years.
@Conditioned on matching set (within family) and further adjusted for age and sex.
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Supplementary Table 11. Characteristics of Children With Celiac Disease Who Underwent a Follow-Up Biopsy

Characteristic

Mucosal healing (n = 2071)

Persistent villus atrophy (n = 533)

Girls, n (%)
Boys, n (%)

Age, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

Categories, n (%)
<2y
2to <6y
6to <11y
11to <16y
16 to <18y

Country of birth, n (%)
Nordic country
Other

Highest level of education attained by parents, n (%)
<9y
10-12y
>12y
Missing

Start year of follow-up evaluation
1973-1989
1990-1999
2000-2009
2010-2016

Psychiatric diagnoses in family before index date, n (%)

Parents
Siblings
Any of parents or siblings

Duration since diagnosis, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

Follow-up period, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

1 280 (61.8)
791 (38.2)

7.0 (4.8)
5.1 (2.9-10.6)
1.0-18.0

82 (4.0)

1 084 (52.3)
415 (20.0)
372 (18.0)

118 (5.7)

2044 (98.7)
27 (1.3)

67 (3.2)
950 (45.9)
1 054 (50.9)
0

127 (6.1%)
729 (35.2%)
995 (48.0%)
220 (10.6%)

188 (9.1)
36 (1.7)
217 (10.5)

1.7 (0.9)
1.4 (1.1-2.0)
0.5-5.0

14.4 (7.2)
13.6 (9.4-20.0)
0.0-34.0

330 (61.9)
203 (38.1)

6.5 (4.8)
4.3 (2.7-9.6)
1.1-18.0

39 (7.3)
291 (54.6)
91 (17.1)
77 (14.4)
35 (6.6)

525 (98.5)
8 (1.5)

37 (6.9)

272 (51.0)

223 (41.8)
1(0.2)

72 (13.5%)

258 (48.4%)

167 (31.3%)
36 (6.8%)

49 (9.2)
14 (2.6)
62 (11.6)

1.8 (1.0)
1.4 (1.1-2.1)
0.5-5.0

17.3 (7.9)
17.8 (10.9-23.3)
0.0-39.0

IQR, interquartile range.
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Supplementary Table 12. Risk of Any Psychiatric Disorder Overall and by Subgroups in Patients With Celiac Disease and
Mucosal Healing Vs Persistent VA

Incidence rate

N (%) Events, N (%) (95% CI) per 1000 PY
Mucosal Mucosal Mucosa
Group healing Persistent VA healing Persistent VA healing Persistent VA HR? (95% ClI)
Overall 2071 (100.0) 533 (100.0) 375 (18.1) 90 (16.9) 12.6 (11.3-13.9) 9.8 (7.7-11.8) 1.21 (0.95-1.53)
Follow-up period, y
0 to <1 2071 (100.0) 533 (100.0) 19 (0.9) 3 (0.6) 9.2 (6.1-13.4) 5.7 (0.0-12.1) 1.15 (0.34-3.90)
1to <5 2045 (98.7) 527 (98.9) 70 (3.4) 10 (1.9) 9.0 6.9-11.1) 4.8(1.8-7.8) 1.48 (0.76-2.89)
5to <10 1845 (89.1) 500 (93.8) 94 (5.1) 19 (3.8) 11.1 (8.9-13.4) 8.2 (4.5-11.9) 1.13 (0.68-1.88)
10 to <15 1495 (72.2) 422 (79.2) 104 (7.0) 27 (6.4) 17.5 (14.2-20.9) 14.5 (9.1-20.0) 1.14 (0.74-1.75)
15 to <20 886 (42.8) 325 (61.0) 60 (6.8) 23 (7.1) 17.4 (13.0-21.8) 17.0 (10.1-24.0) 1.01 (0.62-1.65)
>20 517 (25.0) 222 (41.7) 28 (5.4) 8 (3.6) 13.7 (8.7-18.8) 7.3 (2.2-12.3) 1.89 (0.85-4.19)
Sex
Girls 1280 (61.8) 330 (61.9) 220 (17.2) 59 (17.9) 11.9 (10.4-13.5) 10.4 (7.7-13.0) 1.02 (0.76-1.37)
Boys 791 (38.2) 203 (38.1) 155 (19.6) 31 (15.3) 13.7 (11.6-15.9) 8.8 (5.7-11.9) 1.53 (1.03-2.27)
Age, y
<2 82 (4.0) 39 (7.3) 16 (19.5) 5 (12.8) 3 (4.7-13.8) 5.5(0.7-10.3) 1.89 (0.65-5.55)
2to <6 1084 (52.3) 291 (54.6) 176 (16.2) 54 (18.6) 5(8.1-10.9) 9.4 (6.9-11.9) 1.02 (0.74-1.39)
6 to <11 415 (20.0) 91 (17.1) 73 (17.6) 14 (15.4) 151 (11.7-18.6) 11.0 (5.2-16.7) 1.19 (0.66-2.14)
11 to <16 372 (18.0) 77 (14.4) 84 (22.6) 10 (13.0) 23.7 (18.6-28.7) 11.0 (4.2-17.7) 1.69 (0.86-3.34)
16 to <18 118 (5.7) 35 (6.6) 26 (22.0) 7 (20.0)  23.2 (14.3-32.1) 18.0 (4.7-31.4) 1.39 (0.59-3.28)
Year
1973-1989 127 (6.1) 72 (13.5) 26 (20.5) 12 (16.7) 7.9 (4.9-109) 6.2 (2.7-9.7) 1.32(0.66-2.66)
1990-1999 729 (35.2) 258 (48.4) 143 (19.6) 48 (18.6) 10.0 (8.3-11.6) 9.1 (6.5-11.7) 1.11 (0.80-1.55)
2000-2009 995 (48.0) 167 (31.3) 180 (18.1) 28 (16.8) 16.1 (13.7-18.4) 15.1 (9.5-20.7) 1.21 (0.81-1.83)
2010-2016 220 (10.6) 36 (6.8) 26 (11.8) 2 (5.6) 29.8 (18.3-41.2) 13.5(0.0-32.2) 2.28 (0.53-9.68)
Year, first 5 years
of follow-up evaluation
1973-1989 127 (6.1) 72 (13.5) 0 0 0 0 -
1990-1999 729 (35.2) 258 (48.4) 9(1.2) 4 (1.6) 2.5 (0.9-4.1) 3.1 (0.1-6.2) 0.76 (0.23-2.49)
2000-2009 995 (48.0) 167 (31.3) 58 (5.8) 7 4.2 12.0 (8.9-15.1) 8.6 (2.2-14.9) 1.60 (0.72-3.54)
2010-2011 91 (4.4) 18 (3.4) 11 (12.1) 2(11.1)  25.8 (10.6-41.1) 23.6 (0.0-56.3) 0.92 (0.20-4.33)
Country of birth
Nordic 2044 (98.7) 525 (98.5) 369 (18.1) 90 (17.1) 12.5(11.3-13.8) 9.9 (7.8-11.9) 1.18 (0.93-1.49)
Other 27 (1.3) 8 (1.5) 6 (22.2) 0 21.7 (4.3-39.1) 0 -
Level of education, y
<9 67 (3.2) 37 (6.9) 14 (20.9) 9 (24.3) 13.3 (6.3-20.3) 14.6 (5.1-24.2) 1.02 (0.42-2.52)
10-12 950 (45.9) 272 (51.0) 194 (20.4) 47 (17.3) 13.5 (11.6-15.4) 9.3 (6.6-11.9) 1.30 (0.94-1.80)
>12 1054 (50.9) 223 (41.8) 167 (15.8) 34 (15.2) 11.7 9.9-13.5) 9.6 (6.4-12.8) 1.13 (0.78-1.64)
Psychiatric diagnoses in family
Parents or sibling 217 (10.5) 62 (11.6) 60 (27.6) 12 (19.4) 25.9 (19.4-32.5) 15.7 (6.8-24.6) 1.61 (0.85-3.04)

HR, hazard ratio; PY, patient-years; VA, villous atrophy.
@Adjusted for age, sex, start year of follow-up evaluation, duration since diagnosis, highest education attained by parents, and Nordic country of birth.
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Supplementary Table 13. Outcomes Restricted to Those With a Psychiatric Medication Prescription (July 2006-December

Clinical Gastroenterology and Hepatology Vol. m, No. m

2016): Baseline Characteristics of Study Cohort

Characteristic

Celiac disease (n = 6815)

Matched comparators (n = 32,459)

Girls, n (%)
Boys, n (%)

Age, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

Categories, n (%)
<2y
2to <6y
6to <11y
11to <16y
16 to <18y

Country of birth, n (%)
Nordic country
Other
Missing

Highest level of education attained by parents, n (%)
<9y
10-12y
>12y
Missing

Start year of follow-up evaluation
2006 (July)-2009
2010-2012
2013-2016

Psychiatric diagnoses in family before index date, n (%)
Parents
Siblings
Any of parents or siblings

Follow-up period, y
Mean (SD)
Median (IQR)
Range, minimum-maximum

4361 (64.0)
2454 (36.0)

8.8 (4.8)
8.6 (4.6-12.9)
0.0-18.0

493 (7.2)
1851 (27.2)
2051 (30.1)
1818 (26.7)

602 (8.8)

6608 (97.0)
207 (3.0)
0

150 (2.2)
2431 (35.7)
4224 (62.0)

10 (0.1%)

2761 (40.5%)
2327 (34.1%)
1727 (25.3%)

1240 (18.2)
222 (3.3)
1400 (20.5)

5.5 (2.8)
5.7 (3.2-7.8)
0.0-10.5

20,827 (64.2)
11,632 (35.8)

8.6 (4.8)
8.4 (4.4-12.6)
0.0-18.0

2440 (7.5)
9100 (28.0)
9896 (30.5)
8538 (26.3)
2485 (7.7)

30,230 (93.1)
2226 (6.9)
3(0.0)

1312 (4.0)

12,409 (38.2)

18,624 (57.4)
114 (0.4%)

13,282 (40.9%)
11,112 (34.2%)
8065 (24.8%)

6099 (18.8)
1095 (3.4)
6818 (21.0)

5.6 (2.8)
5.8 (3.3-7.9)
0.0-10.5

IQR, interquartile range.

FLA 5.6.0 DTD m YJCGHS57432 proof m 10 December 2020 B 5:29 am W ce DVC

2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
2320



2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2378

m 2020

Childhood Celiac Disease and Psychiatric Disorders

9.e12

Supplementary Table 14. Outcomes Restricted to Those With a Psychiatric Medication Prescription (July 2006-December
2016): Risk of Any Psychiatric Disorder Including Drug Use Overall and by Subgroups in Patients
With Celiac Disease and Matched General Population Comparators

Incidence rate

N (%) Events, N (%) (95% CI) per 1000 PY

Group Celiac disease Comparators Celiac disease Comparators Celiac disease Comparators HR? (95% ClI)
Overall 6815 (100) 32,459 (100) 1016 (14.9) 3757 (11.6) 26.9 (25.3-28.6) 20.5 (19.8-21.2) 1.34 (1.24-1.43)
Follow-up period, y

0to <1 6815 (100) 32,459 (100) 150 (2.2) 412 (1.3) 22.6 (19.0-26.3) 13.0 (11.7-14.2) 1.73 (1.43-2.09)

1to <5 6424 (94.3) 30,817 (94.9) 535 (8.3) 1903 (6.2) 25.5(23.3-27.7) 18.7 (17.9-19.6) 1.38 (1.25-1.53)

5to <10 3898 (57.2) 19,081 (58.8) 326 (8.4) 1423 (7.5) 32.3 (28.8-35.9) 28.7 (27.2-30.2) 1.15 (1.01-1.30)
Sex

Girls 4361 (64.0) 20,827 (64.2) 663 (15.2) 2503 (12.0) 27.6 (25.5-29.7) 21.3 (20.5-22.2) 1.30 (1.19-1.42)

Boys 2454 (36.0) 11,632 (35.8) 353 (14.4) 1254 (10.8) 25.8 (23.1-28.5) 19.0 (17.9-20.0) 1.42 (1.26-1.60)
Age, y

<2 493 (7.2) 2440 (7.5) 38 (7.7) 128 (5.2)  11.4 (7.8-15.0) 7.8 (6.5-9.2) 1.29 (0.87-1.90)

2to <6 1851 (27.2) 9100 (28.0) 125 (6.8) 513 (5.6) 11.5 (9.5-13.5) 9.6 (8.8-10.5) 1.29 (1.05-1.58)

6to <11 2051 (30.1) 9896 (30.5) 286 (13.9) 953 (9.6)  26.8 (23.7-29.9) 18.1 (17.0-19.3) 1.52 (1.32-1.74)

11 to <16 1818 (26.7) 8538 (26.3) 410 (22.6) 1607 (18.8) 41.8 (37.7-45.8) 33.5 (31.9-35.2) 1.28 (1.14-1.43)

16 to <18 602 (8.8) 2485 (7.7) 157 (26.1) 556 (22.4) 51.7 (43.6-59.7) 42.3 (38.8-45.8) 1.26 (1.05-1.52)
Year

2006 (July)-2009 2761 (40.5) 13,282 (40.9) 582 (21.1) 2291 (17.2) 26.8 (24.7-29.0) 21.7 (20.8-22.5) 1.27 (1.15-1.39)

2010-2012 2327 (34.1) 11,112 (34.2) 314 (13.5) 1119 (10.1) 25.9 (23.0-28.7) 19.0 (17.9-20.1) 1.37 (1.21-1.56)

2013-2016 1727 (25.3) 8065 (24.8) 120 (6.9) 347 (4.3) 30.5 (25.0-36.0) 18.6 (16.6-20.5) 1.66 (1.34-2.05)
Country of birth

Nordic 6608 (97.0) 30,230 (93.1) 987 (14.9) 3521 (11.6) 26.8 (25.2-28.5) 20.5 (19.8-21.1) 1.32 (1.22-1.42)

Other 207 (3.0 2226 (6.9) 29 (14.0) 236 (10.6) 30.2 (19.2-41.1) 20.9 (18.3-23.6) 1.80 (0.57-5.70)
Level of education, y

<9 150 (2.2) 1312 (4.0) 28 (18.7) 191 (14.6)  39.0 (24.6-53.5) 27.7 (23.8-31.6) 0.33 (0.03-3.20)

10-12 2431 (35.7) 12,409 (38.2) 449 (18.5) 1743 (14.0) 33.1 (30.0-36.1) 24.4 (23.3-25.6) 1.23 (1.08-1.41)

>12 4224 (62.0) 18,624 (57.4) 537 (12.7) 1813 (9.7) 22.9 (21.0-24.9) 17.3 (16.5-18.1) 1.30 (1.17-1.45)
Psychiatric diagnoses

in family
Parents or sibling 1400 (20.5) 6818 (21.0) 292 (20.9) 1149 (16.9) 42.4 (37.5-47.2) 33.0 (31.1-34.9) 1.46 (1.18-1.80)

HR, hazard ratio; PY, person-years.
@Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for the highest attained education by parents.
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Supplementary Table 15. Outcomes Restricted to Those With a Psychiatric Medication Prescription (July 2006-December
2016): Risk of Psychiatric Disorders in Patients With Celiac Disease and Matched General

Population Comparators

Incidence rate

HR® (95% Cl)

Events, N (%) Time at risk, y (95% CI) per 1000 PY
Celiac Celiac
Group disease = Comparators disease Comparators Celiac disease Comparators
Any psychiatric disorder 1016 (14.9) 3757 (11.6) 37,750 183,287 26.9 (25.3-28.6) 20.5 (19.8-21.2)
Antidepressants 841 (12.3) 3070 (9.5) 38,377 185,733 21.9 (20.4-23.4) 16.5 (15.9-17.1)
Anxiolytics, hypnotics, 947 (13.9) 3526 (10.9) 37,975 183,989 24.9 (23.3-26.5) 19.2 (18.5-19.8)
and sedatives
Antipsychotics 714 (10.5) 2610 (8.0) 38,735 186,995 18.4 (17.1-19.8) 14.0 (13.4-14.5)

1.34 (1.24-1.43)
1.35 (1.25-1.46)
1.32 (1.23-1.42)

1.34 (1.23-1.46)

NOTE. n celiac disease/n comparators = 6,815 /32,459.

HR, hazard ratio; PY, person-years.

@Conditioned on matching set (age, sex, county, and calendar period) and adjusted further for the highest education attained by parents.
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