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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
CeD is
paradoxically a condition of both increased and defective immune activity.

immunity in the small bowel in response to the ingestion of gluten.'

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 disease®™
and viral illnesses including influenza® and varicella zoster.® Though the magnitude
of risk increase is modest, these associations have been found for multiple forms of
infection.” Unlike inflammatory bowel disease, in which infection risk is attributed

to immunosuppression brought about by medical therapy,® 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.” 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.'® 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.'' 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.

|dentification 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, 20002009,
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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,'> 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.'> 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."* (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

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 Jan 1969 to Dec 2017

9,037 Excluded

130 Not found in other health care registers
7,506 Death before Feb 1, 2020
1,205 Emigrated before Feb 1, 2020

196 No matched comparator

calendar period matched

204,453 age, sex, county, and

general population comparators

40,963 patients with
Celiac disease

20,561 Excluded

13 Not found in other health care registers
11,593 Death before Feb 1, 2020
8,341 Emigrated before Feb 1, 2020
614 Celiac disease before Feb 1, 2020

40,963 patients with Celiac disease
183,892 matched general population comparators

Figure | Flow chart of patients with celiac disease and their matched comparators.
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Table | 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)
Median (IQR)

Range, min-max

26.5 (21.8)
214 (6.5-43.7)
0.0-92.4

25.0 (20.9)
19.6 (6.1-41.2)
0.0-92.6

Age categories, no. (%)
<|8y
18y - <40y
40y - <60y
260y

18,773 (45.8%)

10,247 (25.0%)
8065 (19.7%)
3878 (9.5%)

88,147 (47.9%)
47,350 (25.7%)
34,527 (18.8%)

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%)
260y 10,562 (25.8%) 41,350 (22.5%)

Country of birth, no (%)
Nordic country
Other
Missing

39,245 (95.8%)
1717 (4.2%)
1 (0.0%)

168 842 (91.8%)
15,045 (8.2%)
5 (0.0%)

Level of education, no (%)
<9 years
10-12 years
>|2 years

Missing

5459 (13.3%)
9825 (24.0%)
7040 (17.2%)
18,639 (45.5%)

24,226 (13.2%)
43,456 (23.6%)
29,370 (16.0%)
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%)
20002009 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 | (Continued).

Characteristics Celiac Matched
Disease Comparators
(n=40,963) (n=183,892)
Alcohol liver disease and alcohol use 363 (0.9%) 1881 (1.0%)
disorder
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 1226 (3.0%) 5486 (3.0%)
disorder
Obesity/Dyslipidemia 2617 (6.4%)
797 (1.9%)
2000 (4.9%)

7979 (19.5%)

10,123 (5.5%)
2792 (1.5%)
6934 (3.8%)

28,393 (15.4%)

Obstructive sleep apnea
Cancer

Psychiatric disease

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.

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

2020
Outcome N Events (%) Time at Risk (Years) Incidence Rate (95% CI) per HR* (95% CI) HR** (95%
1000 PY Cl)
Celiac Comparators Celiac Comparators Celiac Comparators
Disease Disease Disease
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 68 (0.17%) 230 (0.13%) 20,254 90,995 34 (2642) 2.5 (22-2.9) 1.08 (0.82-1.42) | 1.09 (0.82-1.46)
combined
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).

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
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Table 3 Risk of Covid-19 (Hospital Admission) Overall and by Subgroups in Patients with Celiac Disease and Matched General

Population Comparators from February | to July 31, 2020

Group N (%) N Events (%) Incidence Rate (95% CI) per HR* (95% CI) HR** (95%
1000 PY Cl)
Celiac Comparators Celiac Comparators Celiac Comparators
Disease Disease Disease
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-<Im 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 (45-10.2) 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 (22-6.6) 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%) I (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%) 32 (1.945) 2.8 (2.2-33) 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%) 22 (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 (24-6.6) 5.0 (3.9-6.0) 0.83 (0.49-1.39) 0.88 (0.50-1.53)
260y 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 (1.54.3) 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 (24-6.1) 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 (1.943) 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
<I8y 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%) 26 (1.1-4.2) 24 (1.7-3.1) 1.09 (0.56-2.10) 1.13 (0.56-2.28)
260y 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).

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)."> This may be related to the
risk of invasive

previously-documented increased

pneumococcal disease; another population-based study
found a 1.46-fold increased risk of that outcome.* This
susceptibility, which has been found in multiple settings’
may be due to the well-recognized functional hyposplen-
ism that is present in some patients with CeD.'® This

mechanistic explanation is not applicable to other

submit your manuscript

126

Dove

Clinical Epidemiology 2021:13


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

Dove

Lebwohl et al

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 | 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 (0.2-04) 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]).

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.>'7 An intrinsic susceptibility to viruses is also
suggested by a prior study linking CeD to an increased
risk of herpes zoster infection.® Multiple studies suggest-
ing that CeD may be triggered by viruses such as
reovirus,18 rotavirus,lg and enterovirus?’ 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.*
Likewise, in the analysis of hospitalization for influenza,
CeD was associated with an excess risk of only 16 events
per 100,000 person-years.”

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

A Hospital admission
25%

20%

15%

10%

5%

0%
T T T

T T ! T
0 25 50 75 100 125 150
Follow-up days

Subjects (events)
Celiac disease 58 (11) 46 (0) 42 (0) 30 (0 20 © 2 (0 O
Comparators 202 (29) 170 (5) 146 (1) 114 (0) 64 (0) 12 (0) 1

Celiacdisease ———-—- Comparators

being diagnosed with Covid-19.>' 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.”? 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 disease” and diabetes®*
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;*° 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.?*’

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

Any COVID-19
25% |

20%
15%

10%

5%

0%

T T T T
0 25 50 75 100 125 150
Follow-up days
Subjects (events)
Celiac disease 414 (20) 362 (2) 248 (0) 153 (0) 79 (0) 21 (0) 0
Comparators 1793 (65) 1570 (8) 1066 (1) 607 (0) 305 (0) 71 (0) 2

Celiacdisease ———-—- Comparators

Figure 2 Kaplan—Meier failure curves of time from hospital admission for Covid- |9 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 | to July 31, 2020.
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generalizability of these findings.?® 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,”” 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.*

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,’’ 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.** 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.”> 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.>* 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.
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