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IMPORTANCE Celiac disease may be associated with a modest but persistent increased

long-term mortality risk. It is uncertain whether this risk has changed in the era of wider
diagnosis rates, less severe clinical disease, and more widespread availability
of gluten-free food.
OBJECTIVE To evaluate the association between celiac disease and mortality risk in a

population-based cohort in Sweden.
DESIGN, SETTING, AND PARTICIPANTS All individuals in Sweden with celiac disease diagnosed
between 1969 and 2017 were identified through the Epidemiology Strengthened by
histoPathology Reports in Sweden (ESPRESSO) cohort. Participants (n = 49 829) were
observed starting on the day of the biopsy. The final date of follow-up was December 31, 2017.
EXPOSURES Celiac disease was defined by the presence of small intestinal villus atrophy on
histopathology specimens during the years 1969-2017 from Sweden’s 28 pathology
departments. Each individual was matched with as many as 5 control participants in the
general population by age, sex, county, and calendar period.
MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality, and the
secondary outcome was cause-specific mortality. Patients with celiac disease were compared
with controls using stratified Cox proportional modeling, stratifying by year of diagnosis.
RESULTS There were 49 829 patients with celiac disease, including 24% who were diagnosed
between the years 2010 and 2017. The mean (SD) age at diagnosis was 32.2 (25.2) years and
62.4% were women. During a median follow-up time of 12.5 years, 13.2% (n = 6596) died.
Compared with controls (n = 246 426), overall mortality was increased in those with celiac
disease (9.7 vs 8.6 deaths per 1000 person-years; absolute difference, 1.2 per 1000
person-years; hazard ratio [HR], 1.21 [95% CI, 1.17-1.25]). The relative increase in mortality risk
was present in all age groups and was greatest in those diagnosed in the age range of 18 to 39
years (1.9 vs 1.1 per 1000 person-years; HR, 1.69 [95% CI, 1.47-1.94]; P values for
heterogeneity comparing 18-39 years with 40-59 years and with ⱖ60 years were both
<.001). Individuals with celiac disease were at increased risk of death from cardiovascular
disease (3.5 vs 3.4 per 1000 person-years; HR, 1.08 [95% CI, 1.02-1.13]), cancer (2.7 vs 2.2 per
1000 person-years; HR, 1.29 [95% CI, 1.22-1.36]), and respiratory disease (0.6 vs 0.5 per
1000 person-years; HR, 1.21 [95% CI, 1.08-1.37]). When compared with controls, the overall
mortality risk was greatest in the first year after diagnosis (15.3 vs 6.5 per 1000 person-years;
HR, 2.34 [95% CI, 2.14-2.55]) but persisted beyond 10 years after diagnosis (10.5 vs 10.1 per
1000 person-years; HR, 1.15 [95% CI, 1.10-1.20]). The mortality risk was likewise present for
patients diagnosed during the years 2010-2017 (7.5 vs 5.5 per 1000 person-years; HR, 1.35
[95% CI, 1.21-1.51]).
CONCLUSIONS AND RELEVANCE In a Swedish population studied between 1969 and 2017,
a diagnosis of celiac disease compared with the general population was associated
with a small but statistically significant increased mortality risk.

JAMA. 2020;323(13):1277-1285. doi:10.1001/jama.2020.1943

Author Affiliations: Celiac Disease
Center, Department of Medicine,
Columbia University Medical Center,
New York, New York (Lebwohl,
Green, Ludvigsson); Mailman School
of Public Health, Department of
Epidemiology, Columbia University,
New York, New York (Lebwohl);
Department Medical Epidemiology
and Biostatistics, Karolinska
Institutet, Stockholm, Sweden
(Söderling, Roelstraete, Ludvigsson);
Department of Pediatrics, Örebro
University Hospital, Örebro
University, Örebro, Sweden
(Ludvigsson).
Corresponding Author: Jonas F.
Ludvigsson, MD, PhD, Department of
Medical Epidemiology and
Biostatistics, Karolinska Institutet,
Stockholm, Sweden (jonasludvigsson
@yahoo.com).

(Reprinted) 1277

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Columbia University Libraries User on 04/07/2020

Research Original Investigation

Celiac Disease and Mortality Risk in a Swedish Population

C

eliac disease is an immune-based enteropathy characterized by malabsorption, small intestinal villus atrophy, and antibodies to transglutaminase, triggered by
the ingestion of gluten, a protein found in wheat, rye, and
barley.1 Morbidity and mortality have been documented in undiagnosed celiac disease,2 and clinical, serologic, and histologic normalization typically occurs after institution of the gluten-free diet; however, most studies have shown that even after
diagnosis, celiac disease is associated with increased
mortality.3-5 This increased risk has been attributed to the multiple morbidities associated with celiac disease including lymphoproliferative malignancy,6 osteoporotic fracture,7 type 1
diabetes,8 and other conditions.9,10
Large population-based studies of celiac disease have reported a 1.3- to 2-fold mortality risk increase,11 but these studies largely predate the increase in diagnosis rates that have occurred since the year 2000, when awareness of celiac disease,
widespread availability of serologic testing, and a rise in seroprevalence all contributed to an increased incidence of celiac disease.2,12 Moreover, other studies have shown no increased overall mortality risk,13 a risk that is declining in more
recent years,14 or a long-term risk that is restricted to those with
a diagnosis in childhood.15 It is uncertain whether patients diagnosed in this era have a similar mortality increase, as higher
diagnosis rates may result in a less severe clinical phenotype.
The objective of this study was to evaluate the association between celiac disease and mortality risk in a populationbased cohort in Sweden. This analysis also includes siblings
as a secondary comparator group and the assessment of mucosal healing as a modulator of mortality risk.

Methods
Study Design
This was a population-based, retrospective cohort study.
The study was approved by the Stockholm Ethics Review Board
(No. 2014/1287-31/4) on August 27, 2014. The ethics review
board waived the requirement for informed consent.

Participants
The Epidemiology Strengthened by histoPathology Reports in
Sweden (ESPRESSO) cohort consists of histopathology specimens submitted from patients to all (N = 28) pathology departments in Sweden.16 Between 2015 and 2017, these pathology departments provided all gastrointestinal histopathology
records including personal identity number, topography within
the gastrointestinal tract, and morphology.

Exposure
We identified those specimens submitted during the years
spanning 1969-2017 with topography codes corresponding to
the small intestine (but not ileum) and Systematized Nomenclature of Medicine (SNOMED) codes corresponding to villus
atrophy (eTable in the Supplement). A validation study of a previous query of these data in 2006-2008 with medical record
review found that this methodology yielded patients with a
clinical diagnosis of celiac disease with a positive predictive
1278

Key Points
Question Is celiac disease associated with increased mortality?
Findings In this population-based cohort study of 49 829 patients
in Sweden with celiac disease followed up for a median of 12.5
years, the mortality rate compared with general population
controls was 9.7 vs 8.6 deaths per 1000 person-years, a difference
that was statistically significant.
Meaning In a Swedish population, celiac disease was associated
with a small but statistically significant increased mortality risk.

value of 95%17 (see Sensitivity Analyses regarding recent guidelines now allowing the diagnosis of celiac disease to be made
in select cases of children without an intestinal biopsy). Each
individual with celiac disease was then matched to 5 control
participants from the general population by Statistics Sweden
using the following matching parameters: age, sex, calendar
year, and county within Sweden.

Outcomes
The primary outcome was all-cause mortality. Individuals
with celiac disease and controls were linked to the Swedish
Cause of Death Register. 18 The secondary outcome was
cause-specific mortality, based on diagnosis codes, to classify
causes of death as due to cardiovascular disease, cancer,
respiratory disease, and other causes (eTable 2 in the Supplement). We subsequently performed stratified analyses by
follow-up time, age, sex, country of birth, educational attainment, and calendar period. For the latter category, we additionally compared those diagnosed on or after January 1,
2010, to the overall cohort, restricting all individuals to the
first 3 years of follow-up time after diagnosis; this restricted
time frame was chosen to allow for comparability, given the
changing risk over time after diagnosis.

Statistical Analysis
We used Cox regression conditioned on matching factors (age,
sex, county, and calendar year) to estimate the association between celiac disease and mortality. The proportional hazard
assumption was tested by including an interaction term of the
exposure and follow-up time in the model. The proportional
hazard assumption was violated for overall follow-up less than
1 year and 1 to less than 5 years, but not for 5 to less than 10
years, 10 years or greater, or for 1 year or greater. As such, we
report overall hazard ratios (HRs), as well as HRs stratified by
follow-up time: less than 1 year, 1 year to less than 5 years, 5
years to less than 10 years, 10 years or greater, and 1 year or
less. Testing for heterogeneity between age groups was performed by including an interaction term of the exposure and
age in the Cox regression model. Patients were followed-up until death, emigration, or December 31, 2017 (patients were censored on December 31, 2016, for the cause-specific mortality
analysis, given that cause-specific mortality data were
only available until this date). At a 2-sided significance level
of 0.05, we had 80% power to detect a 1.04-fold increased
risk of death. Because of the potential for type 1 error due to
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Figure. Flowchart of Identified Patients and Their Matched Comparators
50 000 Patients with first-ever biopsy characterized by topography code T64,
T65, T65000, or T651, and SNOMED code included in the inclusion
criteria in January 1969 through December 2017
171 Excluded
130 Not found in other health
care registers
24 Death on the same date
as date of biopsy
10 No matched comparator
7 Other data irregularities
49 829 Patients with celiac disease

246 471 Individuals from general
population matched by age,
sex, county, and calendar
period as comparators

45 Excluded
21 Not found in other health
care registers
24 Other data irregularities

49 829 Patients with celiac disease included in the analysis
246 426 Matched general population comparators included in the analysis

multiple comparisons, findings for analyses of secondary endpoints should be interpreted as exploratory.

SNOMED indicates Systematized
Nomenclature of Medicine.

identified via their corresponding International Classification
of Diseases codes (see eTable 3 in the Supplement) and were
included in the model as time-dependent variables.

Sensitivity Analyses
We performed the following sensitivity analyses to test the robustness of the findings.
Narrowing the Definition of Celiac Disease
So as to reduce the chance that the mortality risk is driven by
individuals with villus atrophy but without celiac disease, we
repeated the analysis but excluded individuals with inflammatory bowel disease and any gastrointestinal cancer at the
time of the intestinal biopsy, and we limited the sample of cases
to those who had a celiac disease–associated visit recorded in
the national patient register within 6 months of villus atrophy diagnosis.
Further Adjustment for Confounders
Because educational attainment, country of birth, and additional immune-based morbidity may confound the association between celiac disease and mortality, we performed further adjustment, including the following variables to the
model: educational attainment, country of birth (Nordic
country or elsewhere), type 1 diabetes, autoimmune thyroid
disease, rheumatoid arthritis, and inflammatory bowel disease. Educational attainment was classified into the following categories: compulsory school (0-9 years); upper secondary (10-12 years), and college or university (≥13 years). For
individuals diagnosed when younger than 18 years, we
instead included the highest educational attainment of the 2
parents. Missing information on education (<5%) and country of birth (<0.01%) were replaced by using a missing indicator category. Type 1 diabetes, autoimmune thyroid disease,
rheumatoid arthritis, and inflammatory bowel disease were

Seropositive Patients
For a subset of the cohort (n = 3307), serologic data were available, indicating a positive celiac disease–related serology (antibodies to tissue transglutaminase, endomysium, native gliadin, or deamidated gliadin). We repeated the main analysis,
restricted to known seropositive patients.
Siblings as Comparators
Using the Swedish Total Population Register with data on
families,19 we identified a subset of patients with celiac disease who had at least 1 sibling without celiac disease who was
alive at the time of the index case’s celiac disease diagnosis.
We then compared the patient with celiac disease with his or
her sibling(s) with regard to all-cause mortality, conditioned
on matching set within family, and further adjusting for all of
the previous covariates in addition to age and gender.
Era of Nonbiopsy Diagnosis
In 2012, the European Society for Paediatric Gastroenterology Hepatology and Nutrition published guidelines that allow for a pediatric diagnosis of celiac disease to be made without an intestinal biopsy, if certain clinical and laboratory criteria
are met.20 To determine whether this change had an effect on
the prognosis of those with biopsy-diagnosed celiac disease,
we repeated the overall analysis, now limited to children
(younger than 18 years) diagnosed in the years 2010-2011, and
again among those children diagnosed in the years 20122014. In this analysis, follow-up was censored at 3 years to
equalize the relative contribution of the first year after diagnosis to the overall risk estimate.
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Table 1. Baseline Characteristics of Study Cohort
No. (%)
Characteristic

Celiac disease
(n = 49 829)

Matched comparators
(n = 246 426)

Female sex

31 086 (62.4)

154 056 (62.5)

Male sex

18 743 (37.6)

92 370 (37.5)

Age at diagnosis, y
Mean (SD)

32.2 (25.2)

31.9 (25.1)

Median (interquartile range)

28.5
(8.4-53.5)

28.0 (8.3-53.0)

Range

0.0-95.4

0.0-95.8

<18 y

19 632 (39.4)

98 080 (39.8)

≥18-<40 y

10 913 (21.9)

54 212 (22.0)

Age categories

Results

≥40-<60 y

9946 (20.0)

49 268 (20.0)

≥60 y

9338 (18.7)

44 866 (18.2)

Country of birth
No. of participants

49 827 (100.0)

246 414 (100.0)

Nordic country

47 765 (95.9)

226 192 (91.8)

Other country

2062 (4.1)

20 222 (8.2)

Level of education
No. of participants

28 496 (57.2)

139 930 (56.8)

≤9 y

8617 (30.2)

44 048 (31.5)

10-≤12 y

11 856 (41.6)

58 570 (41.9)

>12 y

8023 (28.2)

37 312 (26.7)

Parents’ highest level of education
(used when patient’s level of
education is missing
No. of applicable participants

47 682 (95.7)

235 572 (95.6)

≤9 y

9798 (20.5)

50 987 (21.6)

10-≤12 y

20 090 (42.1)

99 391 (42.2)

>12 y

17 794 (37.3)

85 194 (36.2)

1969-1989

4339 (8.7)

21 604 (8.8)

1990-1999

13 585 (27.3)

67 331 (27.3)

2000-2009

19 914 (40.0)

98 232 (39.9)

2010-2017

11 991 (24.1)

59 259 (24.0)

Type 1 diabetes

1565 (3.1)

667 (0.3)

Inflammatory bowel disease

1401 (2.8)

365 (0.1)

Autoimmune thyroid disease

1126 (2.3)

1852 (0.8)

Rheumatoid arthritis

423 (0.8)

1096 (0.4)

≤30

114 (0.2)

121 (<0.1)

≤90

280 (0.6)

401 (0.2)

≤365

757 (1.5)

1599 (0.6)

All follow-up time

6596 (13.2)

28 890 (11.7)

Start year of follow-up

Disease history before start
of follow-up

Deaths
Days after index date

Follow-up Histology and Mortality
Previous analyses of an older subset of this cohort found
an association between persistent villus atrophy and risk
of lymphoproliferative malignancy 21 and osteoporotic
fracture22 but not mortality.23 We tested for an association
between persistent villus atrophy (corresponding to a Marsh
score of ≥3; 0, preinfiltrative stage-4, most-advanced
1280

stage)24 and all-cause mortality, comparing these patients
with those showing healed villi on follow-up biopsy. For this
analysis we included all patients with celiac disease who had
a follow-up biopsy between 6 months and 5 years after their
initial biopsy. We adjusted for age, sex, year of diagnosis,
follow-up duration, educational attainment, country of
birth, and autoimmune comorbidity (type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, and inflammatory bowel disease).

Among 50 000 individuals identified with a relevant histology and SNOMED code pertaining to celiac disease, 171 were
excluded due to data irregularities or a lack of corroborating
information in other health care records. The remaining 49 829
individuals with celiac disease were matched to 246 426 controls (Figure).
Baseline characteristics of celiac disease patients and controls are shown in Table 1. The mean age at diagnosis was 32
years and 62% were female. Among celiac disease patients, 39%
were younger than 18 years at the time of diagnosis, and 64%
were diagnosed after January 1, 2000, including 24% who were
diagnosed after January 1, 2010. Autoimmune comorbidity, including type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, and inflammatory bowel disease, were more
common in patients with celiac disease than in controls (see
eTable 4 in the Supplement).
During a median follow-up time of 12.5 years, 6596 (13.2%)
patients with celiac disease died, yielding a mortality rate of
9.7 deaths per 1000 person-years, compared with 8.6 deaths
per 1000 person-years in controls, an absolute risk difference
of 1.2 per 1000 person-years (Table 2). The risk of mortality was
increased in those with celiac disease (HR, 1.21 [95% CI, 1.171.25]). When considering cause-specific mortality, the increase was present for death from cardiovascular disease (3.5
vs 3.4 per 1000 person-years; HR, 1.08 [95% CI, 1.02-1.13]), cancer (2.7 vs 2.2 per 1000 person-years; HR, 1.29 [95% CI, 1.221.36]), respiratory disease (0.6 vs 0.5 per 1000 person-years;
HR, 1.21 [95% CI, 1.08-1.37]), and other causes (2.9 vs 2.3 per
1000 person-years; HR, 1.35 [95% CI, 1.28-1.43]). When further adjusting for educational attainment, region of birth, and
the presence of type 1 diabetes, autoimmune thyroid disease,
rheumatoid arthritis, and inflammatory bowel disease, the
overall mortality increase was diminished but remained elevated compared with controls (HR, 1.14 [95% CI, 1.11-1.18]).
Cause-specific mortality estimates were likewise attenuated
after adjustment for these covariates (Table 2).
Stratified analyses by age, sex, year, country of birth, educational attainment, and comorbidity are shown in Table 3. The
mortality risk associated with celiac disease remained elevated throughout the study period, was present in males and
females, and all age strata. The increase in risk was greatest
in those diagnosed as young adults (aged 18-39 years, 1.9 vs
1.1 per 1000 person-years; HR, 1.69 [95% CI, 1.47-1.94]; P value
for heterogeneity comparing 18-39 years with 40-59 years and
with ≥60 years was <.001). Mortality risk was most elevated
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1.21 (1.08-1.37)

1.23 (1.16-1.31)
1.16 (1.03-1.32)
1.22 (1.15-1.29)

1.29 (1.22-1.36)

time-dependent medical comorbidities (type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, and
inflammatory bowel disease).

1.35 (1.28-1.43)

2.3
(2.3-2.4)
2.9
(2.8-3.0)
0.5
(0.5-0.6)
0.6
(0.6-0.7)
2.2
(2.2-2.3)
2.7
(2.6-2.9)

Indicates conditioned on matching set (age, sex, county, and calendar period).

Indicates conditioned on matching set and further adjusted for education, Nordic country of birth, and
b

1.14 (1.11-1.18)
Adjustedb

a

1.21 (1.17-1.25)
Conditioneda

HR (95% CI)

Abbreviations: HR, hazard ratio; IQR, interquartile range.

1.03 (0.98-1.08)

1.08 (1.02-1.13)

3.4
(3.4-3.5)
3.5
(3.4-3.7)
8.6
(8.5-8.7)
9.7
(9.5-9.9)

12.5
(6.8-19.4)

Incidence rate per 1000
person-years (95% CI)

12.9 (8.3)

11.7
(6.0-18.7)
11.6
(6.0-18.6)
11.7
(6.0-18.7)
11.6
(6.0-18.6)
11.7
(6.0-18.7)
11.6
(6.0-18.6)
11.7
(6.0-18.7)
11.6
(6.0-18.6)

3 169 268

Median (IQR)

12.6
(6.8-19.6)

12.8 (8.3)

636 806
3 169 268

12.9 (8.3)
12.8 (8.3)

636 806
3 169 268

12.9 (8.3)
12.8 (8.3)

636 806
3 169 268

12.9 (8.3)
12.8 (8.3)

636 806

13.6 (8.4)
Mean (SD)

3 377 760
678 990
Total

13.7 (8.4)

7319 (3.0)
1837 (3.7)
1713 (0.7)
406 (0.8)
7117 (2.9)
1736 (3.5)
10 892 (4.4)
2246 (4.5)
28 890 (11.7)
6596 (13.2)
Follow-up y

Deaths, no (%)

Comparators
Celiac disease

49 744
246 009
49 744
246 009
49 744
246 009
49 744
246 426
49 829

Other cause of death

Comparators
Celiac disease

Respiratory disease

Comparators
Cancer

Celiac disease
Comparators
Celiac disease

jama.com

No.

Era of Nonbiopsy Diagnosis
Among children younger than 18 years with villus atrophy, 3682
were diagnosed with celiac disease between January 1, 2010,
and December 31, 2014. When comparing children diagnosed
in 2010-2011 (n = 1770) with those diagnosed in 2012-2014
(n = 1912) when small intestinal biopsy might be omitted in

Cardiovascular disease

Siblings as Comparators
The analysis was then restricted to individuals with celiac disease who had at least 1 sibling alive at the time of diagnosis who
did not have celiac disease (eTable 8 in the Supplement). When
comparing individuals with celiac disease (n = 32 558) with
their siblings (n = 56 442), conditioned on matching set (within
each family) and additionally adjusting for age and sex, those
with celiac disease had an increased mortality risk (HR, 1.26
[95% CI, 1.17-1.35]). The cause-specific mortality associations
were present as in the main analysis (Table 4).

Comparators

Positive Serologies
When restricting the celiac disease population to those with
positive serologies (among participants with available serologic data) there were 3307 patients with celiac disease. The
mean age of these patients was 25 years (eTable 6 in the
Supplement). The mortality rate was 5.5 deaths per 1000
person-years among patients with celiac disease vs 4.7 per
1000 person-years in matched controls. When compared
with matched controls (n = 15 853) the mortality risk was
not significantly different (HR, 1.02 [95% CI, 0.89-1.17];
eTable 7 in the Supplement).

Celiac disease

Narrowing the Definition of Celiac Disease
When excluding individuals with inflammatory bowel disease and gastrointestinal cancer at the time of the intestinal
biopsy (eTable 5 in the Supplement), the overall HR for mortality in celiac disease was 1.13 (95% CI, 1.09-1.16; 9.4 vs 8.5
per 1000 person-years). When limiting the analysis to those
whose diagnosis of celiac disease was confirmed via the
Swedish National Patient Register (n = 22 115 [44.4% of the initial cohort]), the overall HR was 1.17 (95% CI, 1.09-1.24; 5.7 vs
5.0 per 1000 person-years).

All-cause mortality

Sensitivity Analyses

Table 2. Risk of All-Cause Mortality (Follow-up Until December 31, 2017) and Cause-Specific Mortality (Follow-up Until December 31, 2016) in Patients With Celiac Disease
and Matched General Population Comparators

in the first year after diagnosis compared with controls (15.3
vs 6.5 per 1000 person-years; HR, 2.34 [95% CI, 2.14-2.55]) and
diminished thereafter. Among individuals followed for 10 years
or more, the mortality risk remained elevated (10.5 vs 10.1 per
1000 person-years; HR, 1.15 [95% CI, 1.10-1.20]). When restricted to individuals diagnosed on or after January 1, 2010,
compared with controls, the association between celiac disease and mortality remained significant (7.5 vs 5.5 per 1000
person-years; HR, 1.35 [95% CI, 1.21-1.51]) When comparing
those diagnosed on or after January 1, 2010, to the overall cohort, restricting all individuals to the first 3 years of follow-up
time after diagnosis, those diagnosed in the most recent time
period had the same short-term mortality risk (8.2 vs 5.1 per
1000 person-years; HR, 1.58 [95% CI, 1.35-1.83]) as that of the
overall cohort (10.4 vs 6.8 per 1000 person-years; HR, 1.58 [95%
CI, 1.49-1.68]).
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1282

49 829 (100)

Overall

243 135 (98.7)

41 516 (83.3)

30 251 (60.7)

48 899 (98.1)

≥5-<10

≥10

18 743 (37.6)

Male sex

10 913 (21.9)

9946 (20.0)

9338 (18.7)

≥18-<40

≥40-<60

≥60

13 585 (27.3)

19 914 (40.0)

11 991 24.1)

1990-1999

2000-2009

2010-2017
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18 441 (37.0)

14 827 (29.8)

6855 (13.8)

10-12

>12

Missing

365 (0.1)

20 167

4101

4803

10 021

15 199

7553

Conditioned on matching set (age, sex, county, and calendar period).

1401 (2.8)

Inflammatory bowel disease

1096 (0.4)

10 230

19 239

344 024

1 020 551

1 346 506

666 678

209 739

3 167 915

284 746

1 175 498

1 341 976

575 538

444 373

734 633

712 441

1 486 310

1 250 547

2 127 213

3 132 815

1 339 368

887 869

Conditioned on matching set and further adjusted for education, Nordic country of birth, and time dependent

423 (0.8)

Rheumatoid arthritis

1852 (0.8)

667 (0.3)

66 946

209 099

275 979

126 965

21 650

657 328

57 523

239 014

267 823

114 629

87 028

146 049

144 239

301 673

249 758

429 231

629 667

268 241

179 030

905 577

244 945

3 377 760

Comparators

b

1126 (2.3)

Autoimmune thyroid disease

34 738 (14.1)

70 702 (28.7)

90 913 (36.9)

50 073 (20.3)

20 222 (8.2)

226 192 (91.8)

59 259 (24.0)

98 232 (39.9)

67 331 (27.3)

21 604 (8.8)

44 866 (18.2)

49 268 (20.0)

54 212 (22.0)

98 080 (39.8)

92 370 (37.5)

154 056 (62.5)

205 882 (83.5)

182 394

49 322

678 990

Celiac disease

Time at risk, y

a

1565 (3.1)

Type 1 diabetes

Comorbidity

9706 (19.5)

≤9

Level of education, y

47 765 (95.9)

Nordic

Country of birth

4339 (8.7)

1969-1989

Year

19 632 (39.4)

<18

Age, y

31 086 (62.4)

Female sex

≥1

149 993 (60.9)

48 899 (98.1)

243 135 (98.7)

49 829 (100)

≥1-<5

246 426 (100)

246 426 (100)

Comparators

0-<1

Follow-up, y

Celiac disease

Group

No. (%)

67 (18.4)

379 (34.6)

456 (24.6)

57 (8.5)

6595 (19.0)

2624 (3.7)

7014 (7.7)

12 657 (25.3)

1318 (6.5)

27 571 (12.2)

1572 (2.7)

9354 (9.5)

12 428 (18.5)

5536 (25.6)

21 467 (47.8)

6207 (12.6)

818 (1.5)

398 (0.4)

14 227 (15.4)

14 663 (9.5)

27 291 (11.2)

13 586 (9.1)

7382 (3.6)

6323 (2.6)

1599 (0.6)

28 890 (11.7)

Comparators
8.6 (8.5-8.7)

Comparators

8.3 (8.1-8.5)

7.0 (6.8-7.2)

1.09 (1.02-1.15)

1.14 (1.07-1.21)

2.34 (2.14-2.55)

1.21 (1.17-1.25)

Conditioneda

HR (95% CI)

6.9 (6.8-7.0)

8.7 (8.6-8.8)

1.20 (1.15-1.25)

1.13 (1.09-1.16)

8.4 (8.2-8.7)

1.1 (1.1-1.2)

0.3 (0.2-0.3)

1.20 (1.13-1.27)

1.69 (1.47-1.94)

1.56 (1.27-1.91)

9.6 (9.4-9.9)

6.3 (5.9-6.6)

8.7 (8.6-8.8)

5.5 (5.2-5.8)

8.0 (7.8-8.1)

1.18 (1.10-1.26)

1.69 (1.11-2.58)

1.20 (1.17-1.24)

1.35 (1.21-1.51)

1.12 (1.07-1.18)

1.27 (1.22-1.33)

2.6 (2.5-2.7)

5.2 (5.1-5.3)

1.31 (1.14-1.50)

1.18 (1.10-1.27)

7.5 (5.6-9.5)

12.9 (11.3-14.5) 13.9 (10.6-17.3) 6.00 (0.72-49.84)

34.6 (28.9-40.3) 37.8 (34.0-41.6) 2.50 (0.49-12.89)

23.5 (20.5-26.4) 30.0 (27.2-32.8) 1.23 (0.65-2.31)

4.5 (3.6-5.5)

23.3 (22.1-24.4) 19.2 (18.7-19.6) 1.18 (1.09-1.26)

3.2 (3.0-3.5)

5.9 (5.6-6.2)

21.6 (20.8-22.4) 19.0 (18.7-19.3) 1.19 (1.13-1.26)

8.7 (7.5-10.0)

9.7 (9.5-10.0)

7.5 (6.8-8.2)

8.8 (8.4-9.2)

10.7 (10.3-11.1) 9.3 (9.1-9.4)

10.5 (9.9-11.0)

54.3 (52.8-55.9) 48.3 (47.7-49.0) 1.18 (1.14-1.22)

10.0 (9.5-10.6)

1.9 (1.7-2.1)

0.4 (0.3-0.5)

13.2 (12.7-13.6) 11.4 (11.2-11.6) 1.22 (1.17-1.27)

7.7 (7.4-8.0)

9.3 (9.0-9.5)

10.5 (10.1-10.9) 10.1 (10.0-10.3) 1.15 (1.10-1.20)

8.9 (8.5-9.4)

7.8 (7.3-8.2)

15.3 (14.3-16.4) 6.5 (6.2-6.8)

9.7 (9.5-9.9)

Celiac disease

Mortality rate (95% CI)
per 1000 person-years

2.87 (0.47-17. 1)

1.58 (0.73-3.42)

1.11 (1.03-1.20)

1.20 (1.04-1.38)

1.11 (1.03-1.20)

1.14 (1.08-1.20)

1.60 (1.01-2.51)

1.14 (1.10-1.17)

1.29 (1.15-1.45)

1.07 (1.01-1.12)

1.20 (1.14-1.25)

1.10 (1.02-1.18)

1.13 (1.09-1.17)

1.12 (1.05-1.19)

1.36 (1.16-1.60)

1.35 (1.08-1.68)

1.16 (1.11-1.21)

1.13 (1.08-1.18)

1.07 (1.04-1.11)

1.09 (1.04-1.14)

1.02 (0.96-1.08)

1.10 (1.03-1.17)

2.14 (1.92-2.39)

1.14 1.11-1.18)

Conditioned
and adjustedb

medical comorbidities (type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, and inflammatory
bowel disease.

260 (18.6)

142 (33.6)

240 (21.3)

87 (5.6)

1558 (22.7)

673 (4.5)

1621 (8.8)

2744 (28.3)

189 (9.2)

6407 (13.4)

431 (3.6)

2105 (10.6)

2862 (21.1)

1198 (27.6)

4727 (50.6)

1467 (14.7)

277 (2.5)

125 (0.6)

3288 (17.5)

3308 (10.6)

5839 (11.9)

2823 (9.3)

1602 (3.9)

1414 (2.9)

757 (1.5)

6596 13.2)

Celiac disease

No. (%) events

Table 3. Risk of All-Cause Mortality Overall and by Subgroups in Patients With Celiac Disease and Matched General Population Comparators
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Table 4. Risk of All-Cause (Follow-up Until December 31, 2017) and Cause-Specific (Follow-up Until December 31, 2016) Mortality in Patients
With Celiac Disease and Their Siblings
All-cause mortality

Cardiovascular disease

Cancer

Respiratory disease

Other cause of death

Celiac
disease

Siblings

Celiac
disease

Siblings

Celiac
disease

Siblings

Celiac
disease

Siblings

Celiac
disease

Siblings

No.

32 558

56 442

32 494

56 340

32 494

56 340

32 494

56 340

32 494

56 340

Deaths, No. (%)

1580 (4.9)

2696 (4.8)

310 (1.0)

643 (1.1)

564 (1.7)

939 (1.)

79 (0.2)

124 (0.2)

486 (1.5)

759 (1.3)

Total

445 951

771 317

415 745

720 669

415 745

720 669

415 745

720 669

415 745

720 669

Mean (SD)

13.7 (8.2)

13.7 (8.3)

12.8 (8.2)

12.8 (8.3)

12.8 (8.2)

12.8 (8.3)

12.8 (8.2)

12.8 (8.3)

12.8 (8.2)

12.8 (8.3)

Median (IQR)

12.5
(7.0-19.3)

12.6
(6.8-19.4)

11.6
(6.1-18.4)

11.7
(5.9-18.5)

11.6
(6.1-18.4)

11.7
(5.9-18.5)

11.6
(6.1-18.4)

11.7
(5.9-18.5)

11.6
(6.1-18.4)

11.7
(5.9-18.5)

3.5
(3.4-3.7)

3.5
(3.4-3.6)

0.7
(0.7-0.8)

0.9
(0.8-1.0)

1.4
(1.2-1.5)

1.3
(1.2-1.4)

0.2
(0.1-0.2)

0.2
(0.1-0.2)

1.2
(1.1-1.3)

1.1
(1.0-1.1)

Follow-up, y

Incidence rate per 1000
person-years (95% CI)
Hazard ratio (95% CI)
Conditioneda

1.30 (1.22-1.39)

1.09 (0.94-1.26)

1.36 (1.22-1.53)

1.55 (1.14-2.11)

1.32 (1.17-1.49)

Adjusted Ib

1.21 (1.13-1.30)

1.05 (0.91-1.23)

1.27 (1.13-1.43)

1.40 (1.01-1.95)

1.16 (1.01-1.32)

Adjusted IIc

1.26 (1.17-1.35)

1.13 (0.96-1.33)

1.26 (1.11-1.42)

1.64 (1.15-2.34)

1.24 (1.08-1.43)

a

Indicates conditioned on family.

b

Indicates conditioned on family and further adjusted for education, Nordic
country of birth, and time-dependent medical comorbidities (type 1 diabetes,

selected cases, the risk estimates for mortality were the same,
but the CIs were wide (2010-2011, 0.4 vs 0.2 per 1000 personyears; HR, 1.67 [95% CI, 0.34-8.26]; vs 2012-2014, 0.2 vs 0.1
per 1000 person-years; HR, 1.67 [95% CI, 0.17-16.02]; see
eTable 9 in the Supplement).

Persistent Villus Atrophy
Among patients with celiac disease who underwent a follow-up
biopsy between 6 months and 5 years after their initial diagnosis (n = 9843) persistent villus atrophy was present in 2919
(29.7%; eTable 10 in the Supplement). Those with persistent
villus atrophy had a mean age of 44.0 years at the time of
follow-up biopsy, compared with 32.8 years among those with
mucosal healing. Although the unadjusted mortality risk was
greater among patients with persistent villus atrophy (12.5 vs
5.8 per 1000 person-years), after adjusting for age, sex, year
of diagnosis, follow-up duration, educational attainment, country of birth, and autoimmune comorbidity, there was no significant association between persistent villus atrophy and overall mortality when compared with celiac disease patients with
mucosal healing (HR, 0.99 [95% CI, 0.87-1.13]; see eTable 11
in the Supplement).

Discussion
In this study, patients diagnosed with celiac disease had a small
but statistically significant increased mortality risk compared with the general population. The mechanism by which
celiac disease is associated with increased mortality risk is unknown, though it is plausible that chronic inflammation, a
driver of mortality in other contexts,25 may be the underlying
cause in this population.
Though mortality was increased across age strata, the risk
was greater in those diagnosed as young adults (aged 18-39
years) compared with those aged 40 to 59 years (P for hetero-

autoimmune thyroid disease, rheumatoid arthritis, and inflammatory bowel
disease).
c

Indicates conditioned on Adjusted I criteria and further adjusted for age and sex.

geneity <.001) and those aged 60 and older (P for heterogeneity <.001). These younger patients have longer time periods to bear the effects of the disease compared with individuals
diagnosed as older adults, who may have developed the disease later in life or had a more mild clinical phenotype that did
not rise to the threshold of diagnosis until later in life.
To our knowledge, this study has the largest number of
deaths (n = 6596) in an investigation of mortality risk in
celiac disease to date. An analysis of a subset of this cohort,
including 29 096 individuals with celiac disease and 3049
deaths, had previously found an increased mortality risk
with an overall hazard ratio of 1.39 (95% CI, 1.33-1.45).5 The
present estimate (HR, 1.21 [95% CI, 1.17-1.25]) does not overlap with this previous estimate, raising the possibility that
the mortality increase is somewhat attenuated but is nevertheless present. However, the lack of a clear decline over time
in the era-stratified risk estimates in the present analysis suggests that there has not been a substantial mitigation of risk.
The persistent increased mortality risk in the most recent
time period (2010-2017) is also congruent with a study in the
United Kingdom that included 1092 individuals with celiac
disease and 142 deaths. In that study, the overall standardized mortality ratio (1.37) was similar among patients diagnosed before 1990 (correlating with the advent of serologic
testing), 1990-1999 (the serologic era), and 2000 onward
(a time period of increasing awareness of the protean clinical
manifestations of celiac disease). 4 As such, despite the
improved diagnosis rates that have been documented in the
United States12 and Europe,26 this expansion has not been
accompanied by a substantial dilution of risk.
The excess risk of death associated with respiratory disease raises the possibility that the increased rates of pneumococcal disease27,28 and death from respiratory disease4 previously described in celiac disease may be contributing to
mortality. Vaccination against pneumococcus has been advocated in this population, though prospective studies are
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lacking.29 Still, the results regarding mortality from respiratory disease should be interpreted with caution; given the small
proportion of patients with celiac disease who died of respiratory causes (0.8%), only a small subset of whom may have
had a vaccine-preventable illness.
On sensitivity analysis, when the sample was restricted
to those patients with celiac disease who had elevated serologies, there was no significantly increased mortality compared
with controls. There are a number of plausible explanations
for this finding. Those individuals whose serologies were
drawn after their biopsy are subject to immortal time bias (
ie, follow-up during a period when they cannot be at risk of
death, since their inclusion was determined by subsequent
seropositivity), which would diminish the overall HR; this is
suggested by the finding of zero deaths in the celiac disease
group in the first 30 days after diagnosis (see eTable 6 in the
Supplement). Moreover, those with seronegative disease
(which is associated with increased mortality30 ) were all
excluded from that analysis. However, it is also possible that
this null finding was due to chance, particularly given the
relatively small sample size and number of deaths (n = 289)
in this subanalysis.
In the current study, celiac disease was linked to a 26% increased risk of death in comparison between individuals with
celiac disease vs their siblings. This is notable since sibling
analyses reduce residual confounding in taking shared genetics and early environmental factors into account.
The overall risk estimate (HR, 1.21 [95% CI, 1.17-1.25]) was
similar to that computed by Tio et al in a systematic review and
meta-analysis of mortality in celiac disease published in 2012
(odds ratio, 1.24 [95% CI, 1.19-1.30]).31 However, that study did
not consider change in mortality risk over time. In contrast,
an analysis of patients in the United Kingdom
with celiac disease diagnosed during the years spanning 19982012 found no increased risk of death compared with agematched controls.13,32 That analysis, based on claims codes for
office visits and limited to primary care practices, may not have
encompassed the full spectrum of patients with celiac disease. Furthermore, when restricting their analysis to incident cases of celiac disease, there were fewer than 100 deaths
in each category of cause-specific mortality (cardiovascular disease, cancer, and respiratory disease), limiting their ability to
conduct subanalyses with sufficient precision. Another analysis of mortality risk in celiac disease, set in the Lothian region
of Scotland and including 237 deaths, found that beyond 25
years, mortality was no longer increased among those diagnosed with celiac disease as adults (standardized mortality ratio, 0.97 [95% CI 0.74-1.24]), but was persistently increased
among those diagnosed in childhood (standardized mortality
ratio, 2.24 [95% CI, 1.45-3.30]).15 In contrast, in this study, mortality risk was present across age strata, including children. This
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mortality risk diminished after diagnosis and institution of the
gluten-free diet but remained modestly elevated in the long
term. The mortality risk in celiac disease persisted over time,
despite changes in diagnosis rates, diagnostic modalities, and
access to gluten-free food choices. Though mortality decreased in the years after diagnosis and may reflect the beneficial effect of the gluten-free diet on mortality, the lack of a
substantial change in mortality risk in recent years, characterized by improved access to diagnosis and treatment, is consistent with the notion that mucosal healing does not modify
the risk of death.23

Limitations
This study has several limitations. First, the reliance on histopathology codes raises the possibility of misclassification,
though the algorithm that was used has been shown to have a
high positive predictive value for celiac disease, as noted
above.17 Given the possibility that mortality risk may be driven
by patients without celiac disease who were misclassified as
having this condition, the analysis was repeated excluding
those patients with inflammatory bowel disease and gastrointestinal cancer (2 prominent conditions associated with villus atrophy in a prior validation study that affect mortality).17
The fact that the mortality risk was present after excluding
these patients and was again present when restricting the
analysis to those with a register-confirmed diagnosis of celiac disease suggests that celiac disease, and not its mimickers or accompanying conditions, was driving mortality.
Second, the partial data on serology, together with the fact
that celiac disease may be diagnosed without a duodenal biopsy
in symptomatic children, according to 2012 guidelines,20 raises
the possibility of selection bias. But in additional sensitivity analysis, mortality estimates were not significantly different in the periods preceding and following this recommendation.
Third, the mechanism by which celiac disease is associated with increased mortality risk could not be ascertained in
this study. On cause-specific mortality analysis, the risk of
death from cardiovascular causes was markedly diminished
after adjustment for type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, and inflammatory bowel disease;
it is possible that as-yet unidentified confounders, if adjusted
for, would result in similar diminution of risk of mortality from
other causes.

Conclusions
In a Swedish population studied between 1969 and 2017, a diagnosis of celiac disease compared with the general population was associated with a small but statistically significant increased mortality risk.
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