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Background: Patients with celiac disease (CeD) are at increased risk of certain viral 
infections and of pneumococcal pneumonia, raising concerns that they may be susceptible 
to severe coronavirus disease 2019 (Covid-19). We aimed to quantify the association 
between CeD and severe outcomes related to Covid-19.
Methods: We performed a population-based cohort study, identifying individuals with CeD 
in Sweden, as defined by small intestinal villus atrophy diagnosed at all (n=28) Swedish 
pathology departments during the years spanning 1969–2017, and alive on February 1, 2020. 
We compared these patients to controls matched by sex, age, county, and calendar period. We 
performed Cox proportional hazards with follow-up through July 31, 2020, assessing risk 
of 1) hospital admission with a primary diagnosis of laboratory-confirmed Covid-19 (co- 
primary outcome); and 2) severe disease as defined by admission to intensive care unit and/or 
death attributed to Covid-19 (co-primary outcome).
Results: Among patients with CeD (n=40,963) and controls (n=183,892), the risk of hospital 
admission for Covid-19 was 2.9 and 2.2 per 1000 person-years respectively. After adjusting 
for comorbidities, the risk of hospitalization for Covid-19 was not significantly increased in 
patients with CeD (HR 1.10; 95% CI 0.80–1.50), nor was the risk of severe Covid-19 
increased (HR 0.97; 95% CI 0.59–1.59). Results were similarly null when we compared 
CeD patients to their non-CeD siblings with regard to these outcomes. Among all patients 
with CeD and controls hospitalized with a diagnosis of Covid-19 (n=58 and n=202, respec-
tively), there was no significant difference in mortality (HR for CeD compared to controls 
0.96; 95% CI 0.46–2.02).
Conclusion: In this population-based study, CeD was not associated with an increased risk 
of hospitalization for Covid-19 or intensive care unit and/or death attributed to Covid-19.
Keywords: Covid-19, celiac disease, epidemiology, infection, SARS-CoV-2

Introduction
Celiac disease (CeD) is characterized by the activation of innate and adaptive 
immunity in the small bowel in response to the ingestion of gluten.1 CeD is 
paradoxically a condition of both increased and defective immune activity. 
Though it is characterized by an immune hyper-responsiveness to ingested gluten, 
multiple studies have shown that patients with CeD have an increased susceptibility 
to, and/or worse outcomes in, infections such as invasive pneumococcal disease2–4 

and viral illnesses including influenza5 and varicella zoster.6 Though the magnitude 
of risk increase is modest, these associations have been found for multiple forms of 
infection.7 Unlike inflammatory bowel disease, in which infection risk is attributed 
to immunosuppression brought about by medical therapy,8 the infection risks 
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associated with CeD (in which such therapy is offered to 
only a small minority of patients with refractory CeD) 
appear to be intrinsic to the disease.

This increased risk of infection has led to concern that 
patients with CeD may be at risk of contracting SARS-CoV-2 
and developing severe outcomes in the coronavirus disease 
2019 (Covid-19). As the Covid-19 pandemic has evolved, 
there has been an urgent need to identify risk factors for 
severe outcomes so as to risk-stratify patients for monitoring 
and therapeutic interventions.9 An analysis of a questionnaire 
administered to patients in Italy in March, 2020 (during the 
height of the pandemic in that country to date) found that 
approximately one third of CeD patients responded that they 
do not know if their condition places them at increased risk of 
severe complications of Covid-19 infection.10 In this study, 
we performed a population-based analysis, aiming to quan-
tify the association between CeD and severe outcomes 
related to Covid-19.

Methods
We performed an analysis of the ESPRESSO cohort, 
a nation-wide histology-based population of patients with 
gastrointestinal disease in Sweden; a subset of this cohort, 
consisting of patients with CeD, was analyzed in the pre-
sent study. Full details of the ESPRESSO cohort have been 
reported previously.11 In brief, between 2015 and 2017, 
data from all (n=28) pathology departments in Sweden 
were queried for histopathology records pertaining to all 
gastrointestinal specimens in the years spanning 
1969–2017. These specimens were linked to the patient’s 
personal identity number, topography within the gastroin-
testinal tract, and morphology.

Identification of CeD Subjects and 
Controls
Within this cohort, we identified all patients with CeD 
using the Systematized Nomenclature of Medicine 
(SNOMED) codes corresponding to villus atrophy (see 
Supplementary Table S1). Each patient was then matched 
by Statistics Sweden to up to 5 control subjects using the 
following matching parameters: age, gender, county, and 
calendar period.

Outcomes
We had two primary outcomes: 1) hospitalization for Covid- 
19, defined as the first date of a hospital admission with 
aprimary discharge diagnosis ICD-10 code U07.1 within the 

Swedish National Patient Registry (Supplementary Table S2); 
and 2) severe Covid-19 as defined by a composite of either 
admission to intensive care unit with a Covid-19 diagnosis 
code, death with Covid-19 listed as the underlying cause, or 
death within 30 days of Covid-19 being listed as a primary 
diagnosis in the patient register. Data on intensive care admis-
sions were derived from the Swedish Intensive Care Registry 
(SIR), which collects individual patient data from all Swedish 
intensive care units (n=83). In co-operation with the Public 
Health Agency of Sweden, mandatory surveillance data of 
COVID-19 is routinely reported.

We analyzed the following secondary outcomes: 1) 
a composite of the above outcomes (hospitalizations or 
severe Covid-19); 2) all-cause mortality during the observa-
tion period; 3) the development of Covid-19 (regardless of 
severity), defined as any mention of a Covid-19 diagnosis 
code (see Supplementary Table S2) in the patient register, the 
cause of death register, the Swedish Public Health Agency, or 
any inclusion criteria in the outcomes listed above.

Finally, we also examined death after diagnosis of Covid- 
19, an all-cause mortality analysis restricted to those CeD 
patients and controls who had a diagnosis of Covid-19.

Statistical Analysis
We used stratified Cox proportional hazards, with follow- 
up time commencing on February 1, 2020, and continuing 
until death, the development of a Covid-19-related out-
come, or July 31, 2020. Hazard Ratios (HR) and corre-
sponding 95% confidence intervals (CI) were conditioned 
on matching parameters to estimate the association 
between CeD and the Covid-19-related outcomes listed 
above. In addition to these conditioned HR’s, we also 
reported HR’s with further adjustment for educational 
attainment, country of birth (Nordic versus other), and 
the following medical comorbidities documented prior to 
the index date (date of CeD diagnosis and corresponding 
date in controls): cardiovascular disease, diabetes, chronic 
obstructive pulmonary disease (COPD), end-stage renal 
disease, alcohol liver disease/alcohol use disorder, obe-
sity/dyslipidemia, obstructive sleep apnea, cancer, and 
psychiatric disease. The diagnosis codes used to ascertain 
these medical comorbidities are listed in Supplementary 
Table S3.

After calculating risk estimates for the overall cohort, 
we performed stratified analyses by the following para-
meters: follow-up time (per month), age group at diagnosis 
and at start of follow-up (<18, 18-<40, 40-<60, and ≥60 
years), gender, year of diagnosis (1969–1999, 2000–2009, 
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2010–2017), country of birth (Nordic or other), and edu-
cational attainment (≤9 years, 10–12 years, >12 years).

Sensitivity Analyses
Given the association between medical comorbidities and 
Covid-19 outcomes,12 we repeated the analyses, now by 
matching CeD patients to controls by means of propensity 
scores. Patients with CeD were matched 1:5 on birth year, 
sex, county and a nearest neighbor propensity score algo-
rithm including age, sex, education, Nordic country of birth 
and the above-mentioned list of comorbidities. For this ana-
lysis we were limited to comorbidities up until 2016. In the 
spring of 2020, the Swedish Ethical Review Authority cre-
ated a fast-track for Covid-19 research that allowed research-
ers to update existing cohorts with data on deaths and 
hospital care for Covid-19 (until July 31, 2020) as well as 
data on death dates (until July 31, 2020), to allow researchers 
to examine cohort members still alive in 2020. The 
ESPRESSO cohort was updated accordingly, but the extra 
ethical permit did not include update of non-Covid-19- 
related information. For that reason, our data on comorbidity 
were limited to the original data retrieval for the ESPRESSO 
cohort (up until Dec 31, 2016, but not for years 2017–2020).

In addition, we considered that the development of 
Covid-19 is often a function of social factors, such as 
socioeconomic status and living arrangement.13 We 

therefore performed an analysis comparing patients with 
CeD to their non-CeD siblings, using the Total Population 
Register, and further adjusting for all of the previous- 
mentioned covariates as well as age and gender.

Ethics Approval
This cohort was approved by the Stockholm Ethics Review 
Board (No. 2014/1287-31/4) on August 27, 2014, with 
a Covid-19-specific amendment: 2020–02307. The Ethics 
Review Board waived the requirement for informed consent; 
this was a register-based study with large-scale pseudony-
mized data. Swedish Ethics review boards typically waive 
patient consent for such studies.14 (We included safeguards 
to ensure patient data confidentiality, and the research adhered 
to the Declaration of Helsinki.)

Results
Of the 50,000 individuals in Sweden with small intestinal 
villus atrophy during the years spanning 1969–2017, 9037 
were excluded due to not being identified in other health care 
registers (n=130), death before February 1, 2020 (n=7506), 
emigration prior to February 1, 2020 (n=1205), or lack of 
a matched comparator (n=196). The remaining 40,963 indivi-
duals were matched to 204,453 controls (Figure 1).

Baseline characteristics of the cohort are shown in 
Table 1. Females comprised nearly 65% of patients with 

Figure 1 Flow chart of patients with celiac disease and their matched comparators.
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CeD. The mean age of CeD diagnosis was 26.5 years and 
the mean age at the start of follow-up (February 2020) was 
42.8 years. Cardiovascular disease was present in 13.3% 
of patients with CeD, compared to 9.8% of controls. 
Diabetes was present in 7.3% and 3.1% of patients with 
CeD and controls, respectively.

Among 40,963 individuals with CeD, 58 (0.14%) were 
hospitalized with Covid-19 during the six-month follow-up 
period, yielding an incidence of 2.9/1000 person-years. The 
corresponding rate for controls was 0.11% and 2.2/1000 per-
son-years (see Table 2). There was no significant increased 
risk of hospitalization for Covid-19 in CeD patients com-
pared to controls (HR 1.10; 95% CI 0.80–1.50).

Severe Covid-19 developed in 24 individuals with 
celiac disease (0.06%) and 78 controls (0.04%), with cor-
responding incidences of 1.2 and 0.9 per 1000 person- 
years, respectively. There was no significant association 
between CeD and the development of severe Covid-19 
(HR 0.97; 95% CI 0.59–1.59). This null relationship was 
also found when considering hospitalizations and severe 
Covid-19 as a composite outcome (1.09; 95% CI 0.82–-
1.46), all-cause mortality during this period (HR 0.97; 

Table 1 Baseline Characteristics of Study Cohort

Characteristics Celiac 

Disease 

(n=40,963)

Matched 

Comparators 

(n=183,892)

Females, no. (%) 26,413 (64.5%) 119 438 (65.0%)

Males, no (%) 14,550 (35.5%) 64,454 (35.0%)

Age at index date

Mean (SD) 26.5 (21.8) 25.0 (20.9)

Median (IQR) 21.4 (6.5–43.7) 19.6 (6.1–41.2)

Range, min-max 0.0–92.4 0.0–92.6

Age categories, no. (%)

<18y 18,773 (45.8%) 88,147 (47.9%)

18y - <40y 10,247 (25.0%) 47,350 (25.7%)

40y - <60y 8065 (19.7%) 34,527 (18.8%)

≥60y 3878 (9.5%) 13,868 (7.5%)

Age at start of follow-up

Mean (SD) 42.8 (21.8) 41.0 (20.8)

Median (IQR) 36.6 (25.6–60.9) 34.8 (24.8–57.3)

Range, min-max 4.7–99.0 4.2–98.6

Categories, no. (%)

<18y 4490 (11.0%) 21,736 (11.8%)

18y - <40y 17,531 (42.8%) 81,888 (44.5%)

40y - <60y 8380 (20.5%) 38,918 (21.2%)

≥60y 10,562 (25.8%) 41,350 (22.5%)

Country of birth, no (%)

Nordic country 39,245 (95.8%) 168 842 (91.8%)

Other 1717 (4.2%) 15,045 (8.2%)

Missing 1 (0.0%) 5 (0.0%)

Level of education, no (%)

≤9 years 5459 (13.3%) 24,226 (13.2%)

10–12 years 9825 (24.0%) 43,456 (23.6%)

>12 years 7040 (17.2%) 29,370 (16.0%)

Missing 18,639 (45.5%) 86,840 (47.2%)

Level of education using highest level of 

education in parents when missing, no 

(%)

≤9 years 6443 (15.7%) 29,469 (16.0%)

10–12 years 17,707 (43.2%) 80,106 (43.6%)

>12 years 16,317 (39.8%) 72,295 (39.3%)

Missing 496 (1.2%) 2022 (1.1%)

Index year

1969–1989 2844 (6.9%) 11,846 (6.4%)

1990–1999 9938 (24.3%) 42,958 (23.4%)

2000–2009 16,925 (41.3%) 75,916 (41.3%)

2010–2016 11,256 (27.5%) 53,172 (28.9%)

Disease history ever before index date, 

no. (%)

Any cardiovascular disease 1867 (4.6%) 5305 (2.9%)

Diabetes 1902 (4.6%) 1914 (1.0%)

COPD 166 (0.4%) 551 (0.3%)

End-stage renal disease 49 (0.1%) 65 (0.0%)

(Continued)

Table 1 (Continued). 

Characteristics Celiac 

Disease 

(n=40,963)

Matched 

Comparators 

(n=183,892)

Alcohol liver disease and alcohol use 

disorder

363 (0.9%) 1881 (1.0%)

Obesity/Dyslipidemia 578 (1.4%) 2500 (1.4%)

Obstructive sleep apnea 187 (0.5%) 797 (0.4%)

Cancer 684 (1.7%) 2116 (1.2%)

Psychiatric disease 2513 (6.1%) 8946 (4.9%)

Disease history ever before start of 

follow-up, no. (%)

Any cardiovascular disease 5466 (13.3%) 18,066 (9.8%)

Diabetes 3001 (7.3%) 5707 (3.1%)

COPD 584 (1.4%) 1862 (1.0%)

End-stage renal disease 202 (0.5%) 227 (0.1%)

Alcohol liver disease and alcohol use 

disorder

1226 (3.0%) 5486 (3.0%)

Obesity/Dyslipidemia 2617 (6.4%) 10,123 (5.5%)

Obstructive sleep apnea 797 (1.9%) 2792 (1.5%)

Cancer 2000 (4.9%) 6934 (3.8%)

Psychiatric disease 7979 (19.5%) 28,393 (15.4%)

Follow-up to hospital admission, 

months

Mean (SD) 5.9 (0.3) 5.9 (0.2)

Median (IQR) 6.0 (6.0–6.0) 6.0 (6.0–6.0)

Range, min-max 0.1–6.0 0.0–6.0

Abbreviation: COPD, chronic obstructive pulmonary disease.
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95% CI 0.81–1.15), or the development of any Covid-19 
(HR 1.00; 95% 0.89–1.11, see Table 2).

Stratified analyses are shown in Table 3. The risk of 
hospitalization for Covid-19 was highest among those ≥60 
years (8.3/1000 person years among patients with CeD and 
6.3/1000 person-years among controls). There was no sig-
nificant association between CeD and hospitalization for 
Covid-19 when stratified by follow-up time, gender, 
age, year of diagnosis or educational attainment.

When considering those patients with CeD and controls 
who were diagnosed with Covid-19, among those who were 
hospitalized (CeD n=58, controls n=202), the absolute risk 
of death was 19.0% in those with CeD and 17.3% in con-
trols. There was no association between CeD and the risk of 
mortality among those hospitalized with Covid-19 (HR 0.96; 
95% CI 0.46–2.02). Among all patients with CeD who were 
diagnosed with Covid-19 (n=414) and all controls diagnosed 
with Covid-19 (n=1793), the overall mortality rate was 5.3% 
in both CeD patients and 4.1% in controls. There was no 
association between the presence of CeD and mortality 
among those diagnosed with Covid-19 (HR 0.80; 95% CI 
0.48–1.31, see Table 4 and Figure 2).

Sensitivity Analyses
We repeated the analyses, now matching patients with CeD 
(n= 40,755) to controls, (n=202,028) using propensity score 
matching including comorbidities up until 2016 (see 
Supplementary Table S4). There was no association between 
CeD and the primary outcome of hospital admission for 
Covid-19 (HR 1.13; 95% CI 0.85–1.51), or the development 

of severe Covid-19 (HR 1.02; 95% CI 0.66–1.58). Stratified 
analyses likewise showed no significant associations (see 
Supplementary Tables S5 and S6).

When we compared CeD patients (n= 28,168) to their 
non-CeD siblings (n= 45,669), there was likewise no asso-
ciation between CeD and hospitalization for Covid-19 (HR 
1.08; 95% CI 0.64–1.85), or the development of severe 
Covid-19 (HR 0.62; 95% CI 0.22–1.75, see 
Supplementary Tables S7 and S8.

Discussion
In this population-based cohort study set in Sweden during 
its first six months of the Covid-19 pandemic, we found 
that the incidence of hospitalization for Covid-19 or severe 
Covid-19 was not increased among people with CeD 
compared to a control group matched by age, gender, 
county, and calendar period of cohort entry. Though the 
risk of hospitalization for Covid-19 was approximately 1 
in 1000 over the six-month period, and the risk of being 
diagnosed with Covid-19 was approximately 1% (see 
Table 2), there was no difference in these outcomes 
when comparing CeD patients to controls. This finding 
was robust to sensitivity analyses that employed the use 
of two alternative methods for selection of controls, 
including propensity-score matching, and an analysis of 
siblings.

The rationale for studying CeD as a risk factor for 
adverse outcomes related to Covid-19 stems from an 
extensive literature on morbidity in CeD related to 
respiratory disease and viruses. A recently-published 

Table 2 Risk of Covid-19 in Patients with Celiac Disease and Matched General Population Comparators from February 1 to July 31, 
2020

Outcome N Events (%) Time at Risk (Years) Incidence Rate (95% CI) per 

1000 PY

HR* (95% CI) HR** (95% 

CI)

Celiac 

Disease

Comparators Celiac 

Disease

Comparators Celiac 

Disease

Comparators

Main outcomes

Hospital admission 58 (0.14%) 202 (0.11%) 20,254 90,995 2.9 (2.1–3.6) 2.2 (1.9–2.5) 1.08 (0.80–1.45) 1.10 (0.80–1.50)

Severe Covid-19 24 (0.06%) 78 (0.04%) 20,265 91,032 1.2 (0.7–1.7) 0.9 (0.7–1.0) 1.03 (0.65–1.63) 0.97 (0.59–1.59)

Secondary outcomes

Main outcomes 

combined

68 (0.17%) 230 (0.13%) 20,254 90,995 3.4 (2.6–4.2) 2.5 (2.2–2.9) 1.08 (0.82–1.42) 1.09 (0.82–1.46)

All-cause mortality 185 (0.45%) 597 (0.32%) 20,266 91,036 9.1 (7.8–10.4) 6.6 (6.0–7.1) 1.02 (0.86–1.21) 0.97 (0.81–1.15)

Any Covid-19 414 (1.01%) 1793 (0.98%) 20,193 90,731 20.5 (18.5–22.5) 19.8 (18.8–20.7) 1.01 (0.90–1.12) 1.00 (0.89–1.11)

Notes: *Conditioned on matching set (age, sex, county, and calendar period); **Conditioned on matching set and further adjusted for education, Nordic country of birth, 
and medical comorbidities at index date (cardiovascular disease, diabetes, COPD, end-stage renal disease, alcohol liver disease/alcohol use disorder, obesity/dyslipidemia, 
obstructive sleep apnea, cancer, psychiatric disease). (n celiac disease/n comparators = 40,963/183,892).
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analysis of the ESPRESSO cohort found that overall 
mortality in patients with CeD was increased (HR 1.21; 
95% CI 1.17–1.25), and that this increase was also seen 
when for deaths attributed to respiratory disease (HR 
1.21; 95% CI, 1.08–1.37).15 This may be related to the 
previously-documented increased risk of invasive 

pneumococcal disease; another population-based study 
found a 1.46-fold increased risk of that outcome.4 This 
susceptibility, which has been found in multiple settings3 

may be due to the well-recognized functional hyposplen-
ism that is present in some patients with CeD.16 This 
mechanistic explanation is not applicable to other 

Table 3 Risk of Covid-19 (Hospital Admission) Overall and by Subgroups in Patients with Celiac Disease and Matched General 
Population Comparators from February 1 to July 31, 2020

Group N (%) N Events (%) Incidence Rate (95% CI) per 

1000 PY

HR* (95% CI) HR** (95% 

CI)

Celiac 

Disease

Comparators Celiac 

Disease

Comparators Celiac 

Disease

Comparators

Overall 40,963 (100%) 183 892 (100%) 58 (0.14%) 202 (0.11%) 2.9 (2.1–3.6) 2.2 (1.9–2.5) 1.08 (0.80–1.45) 1.10 (0.80–1.50)

Follow-up

0-<1m 40,963 (100%) 183 892 (100%) 0 1 (0.00%) 0.0 (0.0–0.0) 0.1 (0.0–0.2) – –

1-<2m 40,930 (99.9%) 183 786 (99.9%) 7 (0.02%) 30 (0.02%) 2.1 (0.5–3.6) 2.0 (1.3–2.7) 0.93 (0.40–2.16) 1.09 (0.38–3.14)

2-<3m 40,890 (99.8%) 183 664 (99.9%) 25 (0.06%) 75 (0.04%) 7.3 (4.5–10.2) 4.9 (3.8–6.0) 1.23 (0.78–1.95) 1.41 (0.85–2.33)

3-<4m 40,836 (99.7%) 183 471 (99.8%) 15 (0.04%) 61 (0.03%) 4.4 (2.2–6.6) 4.0 (3.0–5.0) 0.90 (0.51–1.59) 0.90 (0.49–1.65)

4-<5m 40,798 (99.6%) 183 332 (99.7%) 10 (0.02%) 32 (0.02%) 2.9 (1.1–4.8) 2.1 (1.4–2.8) 1.22 (0.60–2.50) 1.04 (0.45–2.41)

5-<6m 40,763 (99.5%) 183 209 (99.6%) 1 (0.00%) 3 (0.00%) 0.3 (0.0–0.9) 0.2 (0.0–0.4) 1.28 (0.13–12.78) –

Sex

Females 26,413 (64.5%) 119 438 (65.0%) 35 (0.13%) 114 (0.10%) 2.7 (1.8–3.6) 1.9 (1.6–2.3) 1.17 (0.79–1.71) 1.09 (0.72–1.65)

Males 14,550 (35.5%) 64,454 (35.0%) 23 (0.16%) 88 (0.14%) 3.2 (1.9–4.5) 2.8 (2.2–3.3) 0.97 (0.61–1.54) 1.17 (0.71–1.95)

Age at index date

<18y 18,773 (45.8%) 88,147 (47.9%) 4 (0.02%) 20 (0.02%) 0.4 (0.0–0.9) 0.5 (0.3–0.7) 0.91 (0.31–2.67) 0.97 (0.27–3.42)

18y - <40y 10,247 (25.0%) 47,350 (25.7%) 11 (0.11%) 41 (0.09%) 2.2 (0.9–3.4) 1.7 (1.2–2.3) 1.17 (0.60–2.30) 1.32 (0.61–2.85)

40y - <60y 8065 (19.7%) 34,527 (18.8%) 18 (0.22%) 85 (0.25%) 4.5 (2.4–6.6) 5.0 (3.9–6.0) 0.83 (0.49–1.39) 0.88 (0.50–1.53)

≥60y 3878 (9.5%) 13,868 (7.5%) 25 (0.64%) 56 (0.40%) 13.2 (8.0–18.4) 8.3 (6.1–10.4) 1.37 (0.85–2.22) 1.25 (0.74–2.13)

Index year

1969–1989 2844 (6.9%) 11,846 (6.4%) 3 (0.11%) 17 (0.14%) 2.1 (0.0–4.6) 2.9 (1.5–4.3) 0.57 (0.16–1.99) 0.46 (0.12–1.69)

1990–1999 9938 (24.3%) 42,958 (23.4%) 21 (0.21%) 61 (0.14%) 4.3 (2.4–6.1) 2.9 (2.2–3.6) 1.36 (0.82–2.25) 1.37 (0.79–2.36)

2000–2009 16,925 (41.3%) 75,916 (41.3%) 26 (0.15%) 62 (0.08%) 3.1 (1.9–4.3) 1.7 (1.2–2.1) 1.53 (0.96–2.44) 1.50 (0.89–2.53)

2010–2017 11,256 (27.5%) 53,172 (28.9%) 8 (0.07%) 62 (0.12%) 1.4 (0.4–2.4) 2.4 (1.8–2.9) 0.50 (0.24–1.05) 0.47 (0.21–1.06)

Age at start of follow- 

up

<18y 4490 (11.0%) 21,736 (11.8%) 0 1 (0.00%) 0.0 (0.0–0.0) 0.1 (0.0–0.3) – –

18y - <40y 17,531 (42.8%) 81,888 (44.5%) 4 (0.02%) 26 (0.03%) 0.5 (0.0–0.9) 0.6 (0.4–0.9) 0.71 (0.25–2.03) 0.81 (0.28–2.38)

40y - <60y 8380 (20.5%) 38,918 (21.2%) 11 (0.13%) 47 (0.12%) 2.6 (1.1–4.2) 2.4 (1.7–3.1) 1.09 (0.56–2.10) 1.13 (0.56–2.28)

≥60y 10,562 (25.8%) 41,350 (22.5%) 43 (0.41%) 128 (0.31%) 8.3 (5.8–10.8) 6.3 (5.2–7.4) 1.15 (0.81–1.63) 1.18 (0.83–1.69)

Country of birth

Nordic 39,245 (95.8%) 168 842 (91.8%) 50 (0.13%) 155 (0.09%) 2.6 (1.9–3.3) 1.9 (1.6–2.1) 1.15 (0.83–1.59) 1.13 (0.80–1.59)

Other 1717 (4.2%) 15,045 (8.2%) 8 (0.47%) 47 (0.31%) 9.4 (2.9–16.0) 6.3 (4.5–8.1) – –

Level of education

≤9 years 6443 (15.7%) 29,469 (16.0%) 17 (0.26%) 59 (0.20%) 5.4 (2.8–7.9) 4.1 (3.0–5.1) 1.18 (0.58–2.40) 1.25 (0.55–2.86)

10–12 years 17,707 (43.2%) 80,106 (43.6%) 25 (0.14%) 77 (0.10%) 2.9 (1.7–4.0) 1.9 (1.5–2.4) 1.13 (0.65–1.96) 1.14 (0.61–2.13)

>12 years 16,317 (39.8%) 72,295 (39.3%) 13 (0.08%) 52 (0.07%) 1.6 (0.7–2.5) 1.5 (1.1–1.8) 0.98 (0.48–1.98) 0.90 (0.40–2.07)

Notes: *Conditioned on matching set (age, sex, county, and calendar period); **Conditioned on matching set and further adjusted for education, Nordic country of birth, 
and medical comorbidities at index date (cardiovascular disease, diabetes, COPD, end-stage renal disease, alcohol liver disease/alcohol use disorder, obesity/dyslipidemia, 
obstructive sleep apnea, cancer, psychiatric disease).
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respiratory pathogens that are not dependent on splenic 
function such as tuberculosis and influenza, both of 
which have been found to be increased in patients with 
CeD.5,17 An intrinsic susceptibility to viruses is also 
suggested by a prior study linking CeD to an increased 
risk of herpes zoster infection.6 Multiple studies suggest-
ing that CeD may be triggered by viruses such as 
reovirus,18 rotavirus,19 and enterovirus20 likewise point 
to a susceptibility of this population to viral infections. 
Despite these concerns, it is important for health care 
providers and patients to recognize that the absolute risk 
increases are small. In the study of pneumococcal dis-
ease, the absolute increase was only 0.04% (0.15% vs 
0.11%) over a median follow-up of 10.5 years.4 

Likewise, in the analysis of hospitalization for influenza, 
CeD was associated with an excess risk of only 16 events 
per 100,000 person-years.5

The results of the current study results suggest that 
CeD does not confer additional risk related to Covid-19. 
This is consistent with a recent survey study of 138 
patients enrolled in a CeD clinic in Padua, Italy; upon 
contact by telephone in April 2020, none had reported 

being diagnosed with Covid-19.21 A subsequent interna-
tional survey of CeD patients based on self-reported CeD 
and Covid-19 diagnoses likewise found no increased risk 
of developing Covid-19 compared to controls.22 An inter-
national registry for healthcare professionals, SECURE- 
Celiac (www.covidceliac.org), is tracking patients with 
CeD who develop Covid-19, so as to identify disease- 
specific risk factors for severe outcomes. The null results 
also suggest that the previously-described associations 
between CeD and cardiovascular disease23 and diabetes24 

are not sufficiently strong so as to mediate an increased 
risk of Covid-19, even though they are established risk 
factors for severe outcomes in Covid-19;25 when examin-
ing HR’s that do not adjust for these and other comorbid-
ities, there remained no significant association between 
CeD and Covid-19 in our analysis. These null results 
regarding severe outcomes are concordant with earlier 
data on other immune-mediated diseases.26,27

This study has a number of limitations. The cohort is 
based in Sweden, where regulations regarding social dis-
tancing and school and restaurant closures were distinct 
from that of other countries, which may impact the 

Table 4 Risk of All-Cause Mortality in Individuals with Covid-19 and Celiac Disease and Matched General Population Comparators 
with Covid-19 from February 1 to July 31, 2020

Outcome N Exposed (%) N Death (%) Incidence Rate (95% CI) HR (95% CI) Adjusted HR* 

(95% CI)
Celiac Disease Comparators Celiac Disease Comparators Celiac Disease Comparators

Inclusion Criterion

Hospital admission 58 202 11 (19.0%) 35 (17.3%) 0.9 (0.4–1.5) 0.9 (0.6–1.1) 1.11 (0.57–2.19) 0.96 (0.46–2.02)

Any Covid-19 414 1793 22 (5.3%) 74 (4.1%) 0.3 (0.2–0.4) 0.2 (0.2–0.3) 1.29 (0.80–2.07) 0.80 (0.48–1.31)

Notes: *Adjusted for age, sex, index year, education, Nordic country of birth, and medical comorbidities at index date [cardiovascular disease, diabetes, COPD, end-stage 
renal disease, alcohol liver disease/alcohol use disorder, obesity/dyslipidemia, obstructive sleep apnea, cancer, psychiatric disease]).

Figure 2 Kaplan–Meier failure curves of time from hospital admission for Covid-19 infection (A) and time from diagnosis of any Covid-19 infection (B) to all-cause mortality 
in patients with celiac disease and in general population comparators from February 1 to July 31, 2020.
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generalizability of these findings.28 This is particularly 
relevant in light of the fact that many risk factors for 
Covid-19 have social components, such as living arrange-
ments and occupation,29 which may interact with regional 
regulatory conditions with regard to risk. At the same 
time, the lack of a generalized lockdown is likely to have 
increased the number of individuals exposed to Covid-19, 
and indeed the current study was able to identify more 
than 400 CeD patients who developed Covid-19. Our 
analysis of severe Covid-19 warranting intensive care 
was limited to those patients who were accepted into an 
intensive care unit; however, this potential for selection 
bias is balanced by the fact that we included death related 
to Covid-19 in this composite outcome. Taking advantage 
of our statistical power, this study was able to rule out 
even small excess risks for severe Covid-19 (the upper 
95% CI for hospital admission was 1.50 and for severe 
Covid-19 1.59). We did not have data on human leukocyte 
antigen (HLA) haplotype in this study. While genetic risk 
factors for Covid-19 infection or outcomes are not yet well 
understood, it is possible that the genetics underpinning 
CeD, especially HLA haplotype DQ2 that is present in 
>90% of individuals with CeD, might impact the immune 
responses to Covid-19, though the lack of difference in 
infection rates makes that unlikely.30

In addition, given that Covid-19 carries a wide range of 
symptom severity, it is likely that a substantial proportion of 
individuals in this cohort were infected with Covid-19 but 
were undiagnosed; nevertheless, our primary outcomes, hos-
pitalization with Covid-19 and severe Covid-19, renders 
under-ascertainment of individuals with mild infection less 
relevant. This study evaluated patients diagnosed with CeD; 
as a substantial proportion of patients with CeD are 
undiagnosed,31 we are unable to extrapolate these findings to 
patients with undiagnosed (and untreated) CeD. Our primary 
and secondary outcomes are clinically relevant, but do not 
include other outcomes of Covid-19 that are increasingly 
being reported, including prolonged disability.32 It is possible 
that there is an association between CeD and Covid-19 that our 
cohort did not detect due to our sample size; in a post-hoc 
calculation of this cohort, we had 80% power to detect 
a hazard ratio of 1.42 or greater. Nevertheless, though a risk 
of more modest magnitude may be present, it would pale in 
comparison to the established risk factors for severe Covid-19 
outcomes such as older age, hypertension, and diabetes.25 The 
scope of our study precluded an evaluation of whether Covid- 
19 was associated with gastrointestinal symptoms in CeD 
patients; a variety of gastrointestinal manifestations have 

been reported in patients with Covid-19.33 Strengths of this 
study include its population-based setting and use of multiple 
control groups to test the robustness of our findings. The fact 
that older patients and males in this cohort had a higher 
incidence of our primary and secondary outcomes lends inter-
nal validity to this study.

In conclusion, we found that patients with CeD were 
not at increased risk of hospitalization for Covid-19 in this 
population-based study; nor were they at increased risk for 
Covid-19-related severe outcomes including intensive care 
unit admission or mortality; nor was overall mortality 
elevated in people with CeD during the first six-months 
of the Covid-19 pandemic in Sweden. Based on these data, 
having a diagnosis of CeD does not appear to place an 
individual at increased risk for severe Covid-19.

Data Sharing Statement
Other researchers can apply for our data through the dif-
ferent Swedish pathology departments, and through the 
Swedish National Board of Health and Welfare.

Author Contributions
All authors made substantial contributions to conception and 
design, acquisition of data, or analysis and interpretation of 
data; took part in drafting the article or revising it critically for 
important intellectual content; agreed to submit to the current 
journal; gave final approval of the version to be published; and 
agree to be accountable for all aspects of the work.

Funding
BL: The Louis and Gloria Flanzer Philanthropic Trust. 
JFL: Karolinska Institute.

Disclosure
Dr Benjamin Lebwohl reports grants from The Louis and 
Gloria Flanzer Philanthropic Trust, during the conduct of the 
study; grants from Celiac Disease Foundation, personal fees 
from Takeda, personal fees from Anokion, outside the sub-
mitted work.

Dr. Joseph Murray has received study grants from 
Nexpep/ImmusanT, National Institutes of Health, 
Immunogenix, Takeda Pharmaceutical, Allakos, Oberkotter, 
and Cour; consultancy fees from Bionix, Lilly Research 
Laboratory, Johnson & Johnson, Dr. Schar USA, UCB 
Biopharma, Celimmune, Intrexon Corporation, Chugai 
Pharma, Kanyos, and Boehringer Ingelheim; holds patents 
licensed to Evelo Biosciences; and receives royalties from 
Torax Medical., during the conduct of the study.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2021:13 128

Lebwohl et al                                                                                                                                                         Dovepress

http://www.dovepress.com
http://www.dovepress.com


Professor Jonas F Ludvigsson reports research support 
from Janssen, outside the submitted work. The authors 
report no other conflicts of interest related to this work.

References
1. Lebwohl B, Sanders DS, Green PHR. Coeliac disease. Lancet. 

2018;391(10115):70–81. doi:10.1016/S0140-6736(17)31796-8
2. Thomas HJ, Wotton CJ, Yeates D, Ahmad T, Jewell DP, 

Goldacre MJ. Pneumococcal infection in patients with coeliac 
disease. Eur J Gastroenterol Hepatol. 2008;20(7):624–628. 
doi:10.1097/MEG.0b013e3282f45764

3. Simons M, Scott-Sheldon LAJ, Risech-Neyman Y, Moss SF, 
Ludvigsson JF, Green PHR. Celiac disease and increased risk of 
pneumococcal infection: a systematic review and meta-analysis. 
Am J Med. 2018;131(1):83–89. doi:10.1016/j. 
amjmed.2017.07.021

4. Röckert Tjernberg A, Bonnedahl J, Inghammar M, et al. Coeliac 
disease and invasive pneumococcal disease: a population-based 
cohort study. Epidemiol Infect. 2017;145(6):1203–1209. 
doi:10.1017/S0950268816003204

5. Mårild K, Fredlund H, Ludvigsson JF. Increased risk of hospital 
admission for influenza in patients with celiac disease: a nationwide 
cohort study in Sweden. Am J Gastroenterol. 2010;105 
(11):2465–2473. doi:10.1038/ajg.2010.352

6. Ludvigsson JF, Choung RS, Marietta EV, Murray JA, Emilsson L. 
Increased risk of herpes zoster in patients with coeliac disease - 
nationwide cohort study. Scand J Public Health. 2018;46 
(8):859–866. doi:10.1177/1403494817714713

7. Ludvigsson JF, Olén O, Bell M, Ekbom A, Montgomery SM. Coeliac 
disease and risk of sepsis. Gut. 2008;57(8):1074–1080. doi:10.1136/ 
gut.2007.133868

8. Brenner EJ, Ungaro RC, Gearry RB, et al. Corticosteroids, but not 
TNF antagonists, are associated with adverse COVID-19 outcomes in 
patients with inflammatory bowel diseases: results from an interna-
tional registry. Gastroenterology. 2020;159:481–491.e3. doi:10.1053/ 
j.gastro.2020.05.032

9. Zhang JJY, Lee KS, Ang LW, Leo YS, Young BE. Risk factors for severe 
disease and efficacy of treatment in patients infected with COVID-19: 
a systematic review, meta-analysis, and meta-regression analysis. Clin 
Infect Dis. 2020;71(16):2199–2206. doi:10.1093/cid/ciaa576

10. Siniscalchi M, Zingone F, Savarino EV, D’Odorico A, Ciacci C. 
COVID-19 pandemic perception in adults with celiac disease: an 
impulse to implement the use of telemedicine. Dig Liver Dis. 
2020;52:1071–1075. doi:10.1016/j.dld.2020.05.014

11. Ludvigsson JF, Lashkariani M. Cohort profile: ESPRESSO 
(Epidemiology Strengthened by histoPathology Reports in Sweden). 
Clin Epidemiol. 2019;11:101–114. doi:10.2147/CLEP.S191914

12. Yang J, Zheng Y, Gou X, et al. Prevalence of comorbidities and its 
effects in patients infected with SARS-CoV-2: a systematic review 
and meta-analysis. Int J Infect Dis. 2020;94:91–95. doi:10.1016/j. 
ijid.2020.03.017

13. Abedi V, Olulana O, Avula V, et al. Racial, Economic, and Health 
Inequality and COVID-19 Infection in the United States. J Racial 
Ethn Health Disparities. 2020. doi:10.1007/s40615-020-00833-4

14. Ludvigsson JF, Håberg SE, Knudsen GP, et al. Ethical aspects of 
registry-based research in the Nordic countries. Clin Epidemiol. 
2015;7:491–508. doi:10.2147/CLEP.S90589

15. Lebwohl B, Green PHR, Söderling J, Roelstraete B, Ludvigsson JF. 
Association between celiac disease and mortality risk in a swedish 
population. JAMA. 2020;323(13):1277–1285. doi:10.1001/ 
jama.2020.1943

16. Canova C, Ludvigsson J, Baldo V, Barbiellini Amidei C, Zanier L, 
Zingone F. Risk of bacterial pneumonia and pneumococcal infection 
in youths with celiac disease - a population-based study. Dig Liver 
Dis. 2019;51(8):1101–1105. doi:10.1016/j.dld.2019.02.010

17. Ludvigsson JF, Sanders DS, Maeurer M, Jonsson J, Grunewald J, 
Wahlström J. Risk of tuberculosis in a large sample of patients with 
coeliac disease–a nationwide cohort study. Aliment Pharmacol Ther. 
2011;33(6):689–696. doi:10.1111/j.1365-2036.2010.04572.x

18. Bouziat R, Hinterleitner R, Brown JJ, et al. Reovirus infection triggers 
inflammatory responses to dietary antigens and development of celiac 
disease. Science. 2017;356(6333):44–50. doi:10.1126/science.aah5298

19. Stene LC, Honeyman MC, Hoffenberg EJ, et al. Rotavirus infection 
frequency and risk of celiac disease autoimmunity in early childhood: 
a longitudinal study. Am J Gastroenterol. 2006;101(10):2333–2340. 
doi:10.1111/j.1572-0241.2006.00741.x

20. Kahrs CR, Chuda K, Tapia G, et al. Enterovirus as trigger of coeliac 
disease: nested case-control study within prospective birth cohort. 
BMJ. 2019;364:l231. doi:10.1136/bmj.l231

21. Zingone F, D’Odorico A, Lorenzon G, Marsilio I, Farinati F, 
Savarino EV. Risk of COVID-19 in celiac disease patients. 
Autoimmun Rev. 2020;19:102639. doi:10.1016/j.autrev.2020.102639

22. Zhen J, Stefanolo JP, Temprano M, et al. The risk of contracting COVID-19 
is not increased in patients with celiac disease. Clin Gastroenterol Hepatol. 
2020;19:391–393. doi:10.1016/j.cgh.2020.10.009

23. Emilsson L, Lebwohl B, Sundström J, Ludvigsson JF. Cardiovascular 
disease in patients with coeliac disease: a systematic review and 
meta-analysis. Dig Liver Dis. 2015;47(10):847–852. doi:10.1016/j. 
dld.2015.06.004

24. Elfström P, Sundström J, Ludvigsson JF. Systematic review with 
meta-analysis: associations between coeliac disease and type 1 
diabetes. Aliment Pharmacol Ther. 2014;40(10):1123–1132. 
doi:10.1111/apt.12973

25. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute 
respiratory distress syndrome and death in patients with coronavirus 
disease 2019 pneumonia in wuhan, china. JAMA Intern Med. 
2020;180:934. doi:10.1001/jamainternmed.2020.0994

26. Hormati A, Ghadir MR, Zamani F, et al. Are there any association 
between COVID-19 severity and immunosuppressive therapy? 
Immunol Lett. 2020;224:12–13. doi:10.1016/j.imlet.2020.05.002

27. Faye AS, Lee KE, Laszkowska M, et al. Risk of adverse outcomes in 
hospitalized patients with autoimmune disease and COVID-19: 
a matched cohort study from New York City. J Rheumatol. 2020. 
doi:10.3899/jrheum.200989

28. Kamerlin SCL, Kasson PM. Managing COVID-19 spread with voluntary 
public-health measures: Sweden as a case study for pandemic control. Clin 
Infect Dis. 2020;71:3174–3181. doi:10.1093/cid/ciaa864

29. Baker MG, Peckham TK, Seixas NS, Nelson CC. Estimating the 
burden of United States workers exposed to infection or disease: 
A key factor in containing risk of COVID-19 infection. PLoS One. 
2020;15(4):e0232452. doi:10.1371/journal.pone.0232452

30. Ellinghaus D, Degenhardt F, Bujanda L, et al. Genomewide association 
study of severe Covid-19 with respiratory failure. N Engl J Med. 2020; 
383:1522–1534.

31. Choung RS, Unalp-Arida A, Ruhl CE, Brantner TL, Everhart JE, 
Murray JA. Less hidden celiac disease but increased gluten avoidance 
without a diagnosis in the United States: findings from the national 
health and nutrition examination surveys from 2009 to 2014. Mayo 
Clin Proc. 2016. doi:10.1016/j.mayocp.2016.10.012

32. Salisbury H. Helen Salisbury: when will we be well again? BMJ. 
2020;369:m2490. doi:10.1136/bmj.m2490

33. Hormati A, Shahhamzeh A, Afifian M, Khodadust F, Ahmadpour S. 
Can COVID-19 present unusual GI symptoms? J Microbiol Immunol 
Infect. 2020;53(3):384–385. doi:10.1016/j.jmii.2020.03.020

Clinical Epidemiology 2021:13                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
129

Dovepress                                                                                                                                                        Lebwohl et al

https://doi.org/10.1016/S0140-6736(17)31796-8
https://doi.org/10.1097/MEG.0b013e3282f45764
https://doi.org/10.1016/j.amjmed.2017.07.021
https://doi.org/10.1016/j.amjmed.2017.07.021
https://doi.org/10.1017/S0950268816003204
https://doi.org/10.1038/ajg.2010.352
https://doi.org/10.1177/1403494817714713
https://doi.org/10.1136/gut.2007.133868
https://doi.org/10.1136/gut.2007.133868
https://doi.org/10.1053/j.gastro.2020.05.032
https://doi.org/10.1053/j.gastro.2020.05.032
https://doi.org/10.1093/cid/ciaa576
https://doi.org/10.1016/j.dld.2020.05.014
https://doi.org/10.2147/CLEP.S191914
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1007/s40615-020-00833-4
https://doi.org/10.2147/CLEP.S90589
https://doi.org/10.1001/jama.2020.1943
https://doi.org/10.1001/jama.2020.1943
https://doi.org/10.1016/j.dld.2019.02.010
https://doi.org/10.1111/j.1365-2036.2010.04572.x
https://doi.org/10.1126/science.aah5298
https://doi.org/10.1111/j.1572-0241.2006.00741.x
https://doi.org/10.1136/bmj.l231
https://doi.org/10.1016/j.autrev.2020.102639
https://doi.org/10.1016/j.cgh.2020.10.009
https://doi.org/10.1016/j.dld.2015.06.004
https://doi.org/10.1016/j.dld.2015.06.004
https://doi.org/10.1111/apt.12973
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.imlet.2020.05.002
https://doi.org/10.3899/jrheum.200989
https://doi.org/10.1093/cid/ciaa864
https://doi.org/10.1371/journal.pone.0232452
https://doi.org/10.1016/j.mayocp.2016.10.012
https://doi.org/10.1136/bmj.m2490
https://doi.org/10.1016/j.jmii.2020.03.020
http://www.dovepress.com
http://www.dovepress.com


Clinical Epidemiology                                                                                                                       Dovepress 

Publish your work in this journal 
Clinical Epidemiology is an international, peer-reviewed, open access, 
online journal focusing on disease and drug epidemiology, identifica-
tion of risk factors and screening procedures to develop optimal pre-
ventative initiatives and programs. Specific topics include: diagnosis, 
prognosis, treatment, screening, prevention, risk factor modification, 

systematic reviews, risk & safety of medical interventions, epidemiol-
ogy & biostatistical methods, and evaluation of guidelines, translational 
medicine, health policies & economic evaluations. The manuscript 
management system is completely online and includes a very quick 
and fair peer-review system, which is all easy to use.  

Submit your manuscript here: https://www.dovepress.com/clinical-epidemiology-journal

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2021:13 130

Lebwohl et al                                                                                                                                                         Dovepress

http://www.dovepress.com
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Methods
	Identification of CeD Subjects and Controls
	Outcomes
	Statistical Analysis
	Sensitivity Analyses
	Ethics Approval

	Results
	Sensitivity Analyses

	Discussion
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure
	References

