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Abstract

Background: Real-world evidence and ethnic differences on the association between
autoimmune inflammatory rheumatic diseases (AIRDs), AIRDs-related drug use, and COVID-
19 are inconsistent. This study aimed to investigate the potential association between AIRD
and COVID-19 early in the COVID-19 pandemic in the context of AIRDs.

Methods: We performed an exposure-driven propensity score-matched study using a Korean
nationwide cohort linked to general health examination records. We analyzed all Korean
patients aged >20 years who underwent severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) testing from January 1 to May 30, 2020 (n=133,609). Positive SARS-CoV-2

testing, severe COVID-19 illness, and COVID-19-related death were the main outcomes.

Findings: After matching, patients with AIRD showed an increased likelihood of SARS-
CoV-2 infectivity (adjusted odds ratio [aOR], 1.19; 95% CI, 1.03—1.40), severe COVID-19
outcomes (aOR, 1.26; 95% CI, 1.02—-1.59), and COVID-19-related death (aOR, 1.69; 95%
CI, 1.01-2.84). Similar positive results were observed in patients with connective tissue
diseases and inflammatory arthritis. Patients with AIRD who were treated with any doses of
systemic steroids or disease-modifying antirheumatic drugs (DMARDs) were not associated

with COVID-19-related outcomes, but those receiving high dose (=10 mg/day) of systemic

steroids had an increased likelihood of positive SARS-CoV-2 testing (aOR, 1.50; 95% CI,
1.05-2.15), severe COVID-19 outcomes (aOR, 1.95; 95% CI, 1.13-3.35), and COVID-19-
related death (aOR, 3.26; 95% CI, 1.20-8.28). Similar patterns of association were found

between different sensitivity analyses.
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Interpretation: Early in the COVID-19 pandemic, AIRD contribute to an increased likelihood
of positive SARS-CoV-2 testing, worse clinical outcomes of COVID-19 as well as COVID-
19-related deaths in South Korea. A high dose of systemic corticosteroid, but not DMARD:s,
showed an adverse effect on COVID-19 infectivity and COVID-19-related clinical outcomes.
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Research in context

Evidence before this study

We searched PubMed, MEDLINE, Embase (Ovid), and Google Scholar on October 26, 2020,
for studies published in English describing AIRDs and susceptibility to and clinical outcomes
of COVID-19, using the search ‘COVID-19°, ‘SARS-CoV-2’, ‘Coronavirus’, ‘theumatoid’,
‘connective tissue disease’, ‘rheumatic disease’, ‘severe acute respiratory syndrome’,
‘mortality’, and their variants. Although several studies reported the relationships between
autoimmune inflammatory rheumatic diseases (AIRDs) and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infectivity, COVID-19 outcomes, or mortality, the conclusions
have been inconsistent, mainly ascribed to non-hypothesis-driven analysis, sampling bias,
and/or measurement bias. Furthermore, real-world evidence and ecthnic differences on the
association between autoimmune inflammatory rheumatic diseases (AIRDs), AIRDs-related

drug use, and COVID-19 are lacking.

Added value of this study

Using a Korean nationwide cohort, we determined the potential association of AIRDs with the
risk of SARS-CoV-2 infection, COVID-19 severity, and COVID-19-related deaths in 133,609
patients who underwent SARS-CoV-2 testing early in the COVID-19 pandemic. We found that
patients with AIRD, namely, inflammatory arthritis and connective tissue disease, have an
increased risk of SARS-CoV-2 infectivity, severe COVID-19 outcomes, and mortality. Patients

with AIRDs treated with any dose of systemic corticosteroid or disease-modifying

9
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antirheumatic drugs (DMARDs) were not associated with an increased risk of any of the
aforementioned COVID-19 outcomes; however, those with AIRDs receiving a high dose of
systemic corticosteroid (>10 mg/day) had an increased risk of SARS-CoV-2 infection, COVID-

19 severity, and COVID-19-related deaths.

Implications of all the available evidence

AIRD has contributed to an increased likelihood of SARS-CoV-2 infection and worse clinical
outcomes of COVID-19 as well as COVID-19-related deaths in South Korea early in the
COVID-19 pandemic. A high dose of systemic corticosteroid, but not DMARDs, showed an
adverse effect on COVID-19 infectivity and COVID-19-related clinical outcomes. Our study
provides an advanced understanding of the relationship between AIRD, including its treatment,
and the pathogenesis of COVID-19. Clinicians and patients should be aware that those with a
history of AIRDs might have an increased risk of SARS-CoV-2 infection, severe COVID-19

outcomes, and mortality.
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INTRODUCTION

In December 2019, a novel respiratory infection due to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was reported in Wuhan, China, and the virus-related illness,
called coronavirus disease (COVID-19), has resulted in a rapidly spreading pandemic.'*> With
the rapid increase in the number of patients with COVID-19 and related deaths, immediate
reporting of information on the disease’s clinical progression, epidemiological evidence, and
patient prognosis is crucial, which could, in turn, expedite the advancement of hospital
guidelines and strategies to control SARS-CoV-2 infection.?

Autoimmune inflammatory rheumatic diseases (AIRDs) are a heterogeneous class of
conditions associated with the stimulation of the host’s immune system.* Although several
studies reported the relationships between AIRDs and SARS-CoV-2 infectivity, COVID-19
outcomes, or mortality,*® the conclusions have been inconsistent mainly ascribed to non-
hypothesis-driven analysis, sampling bias, and/or measurement bias. Furthermore, recently
published papers have shown that ethnicity data may be important in the context of COVID-
19.7 However, to the best of our knowledge, no studies have so far reported the exact effect of
Asian ethnicity on COVID-19 in the context of AIRDs, which may offer a vital scientific
understanding on the relatively undetermined pulmonary consequences of COVID-19 in
patients with AIRDs and on the influence of COVID-19 in the course and management of
AIRDs. Hence, we aimed to determine the association of SARS-CoV-2 infectivity, severe
COVID-19 outcomes, and COVID-19-related death with AIRDs using a Korean nationwide

cohort linked to general health examination records early in the COVID-19 pandemic.
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METHODS

Korean nationwide cohort

The dataset in this study was obtained from a Korean national health insurance claims-based
database. Briefly, this large-scale nationwide cohort included all subjects who underwent
SARS-CoV-2 testing between January 1 and May 30, 2020, in the Republic of Korea via the
services expedited by the Korean National Health Insurance Service (KNHIS), the Korea
Centers for Disease Control (KCDC), and the Ministry of Health and Welfare, Republic of
Korea. The dataset links general health examination results from the KNHIS and national
COVID-19-related register from the KCDC. Therefore, the dataset in this study comprises
records of personal data, healthcare records of in- and outpatients, pharmaceutical visits,
general health examination results, COVID-19-associated clinical consequences, and death
documents in the past 3 years (January 1, 2018 to July 30, 2020). All subject-associated
medical documents utilized in this study were kept confidential. The study protocol was

approved by the Institutional Review Board of Sejong University (SJU-HR-E-2020-003).
Study population

We analyzed all subjects aged >20 years who had SARS-CoV-2 testing in the Republic of
Korea from January 1, 2020 to May 30, 2020 by medical or KCDC referral (n=133,609).
SARS-CoV-2 infection was confirmed by a positive result on a real-time reverse
transcriptase—polymerase chain reaction assay of nasal or pharyngeal swabs according to the
World Health Organization guideline.®!° For each subject, the cohort entry data (individual

index data) was the date of the first SARS-CoV-2 testing. Patient’s medical history was

13



216  evaluated using the appropriate International Classification of Disease 10th revision (ICD-10)
217  codes, as reported previously.®!? Current use of medications (aspirin, metformin, statin,

218  systemic steroid, and disease-modifying antirheumatic drugs [DMARDs; methotrexate—

219  leflunomide—azathioprine, sulfasalazine, anti-tumor necrosis factor (TNF)-a agent, and other
220  biologics]) was defined based on the medications received within 3 month before the

221  individual index date.!® Anti-TNF-a agents available in South Korea were infliximab,

222 adalimumab, etanercept, certolizumab, and golimumab. Other biologics available were

223 tocilizumab, rituximab, abatacept, ustekinumab, ixekizumab, and secukinumab. The region of
224 residence was classified as Seoul Capital Area, Daegu/Gyeongbuk area, or other area, as

225  previously reported.'"'* Information on age, sex, household income, and residency of a

226  nursing facility was obtained from insurance eligibility data. Body mass index, smoking

227  habits, frequency of alcohol consumption, sufficient aerobic activity (more than 500

228  metabolic equivalent task min/week) were obtained from the general health examination by

229  personal medical interview.
230  Exposure

231  Inflammatory arthritis (IA) was defined as rheumatoid arthritis, psoriatic arthritis,
232 orspondyloarthritis based on the ICD-10 code, with at least two claims within 1 year.!>!¢
233 Connective tissue disease (CTD) was defined as systemic lupus erythematosus, Sjogren’s
234 syndrome, systemic sclerosis, polymyalgia rheumatica, mixed connective tissue disease,
235  dermatomyositis/polymyositis, polyarteritis nodosa, or vasculitis, based on the ICD-10

236  code.'>!® Patients with AIRD were those with IA or CTD. We defined rheumatic disease

237  based on the ICD-10 code. IA and CTD were overlapping in some patients.
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Outcomes

The endpoints of this study were a positive laboratory test result, severe COVID-19 (intensive
care unit [ICU] admission, application of invasive ventilation, or death), and COVID-19-

related death.®10

Statistical analysis

In the nationwide cohort, pre-existing AIRD was defined as the “exposure;” a positive SARS-
CoV-2 test result or severe COVID-19 outcomes were defined as the “outcomes.” We
generated 12 matched cohort studies to demonstrate the robustness (or reliability) of our main
findings. Firstly, exposure-driven propensity score matching was performed to adjust the
baseline covariates of the two groups (i.e., patients with and without AIRDs) and to minimize
potential confounding factors from the predicted probability of 1) patients with AIRD vs.
those without AIRD (matched cohort A), 2) patients with IA vs. those without IA (matched
cohort B); and 3) patients with CTD vs. those without CTD (matched cohort C). Each
matching was commenced in a 3:1 ratio using a “greedy nearest-neighbor” algorithm.
Secondly, we implemented three additional exposure-driven propensity score matching
strategies based on the nationwide cohort study without linking the general health
examination records (matched cohorts D-F; Figure S1 and S2). Finally, to avoid
overmatching bias, we selected the matched covariates by using the directed acyclic graph
approach (Figure S15 and S16) and performed six additional matching (matched cohorts G-
L) based on matched cohort A-F. A directed acyclic graph approach was used to confirm
adequate potential mediators and thus provided a visualization of the causal relationship

between AIRD (“exposure”) and the risk of COVID-19 (“outcome”).!? The observation

15
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period was between January 1, 2015, and July 31, 2020.

Subsequently, we utilized a logistic regression model with minimal adjustment for age (20—
39, 40-59, and >60 years) and sex and full adjustment for age; sex; region of residence
(Seoul Capital Area, Daegu/Gyeongbuk area, and other areas); residency of a skilled nursing
facility; a history of diabetes mellitus, cardiovascular disease, cerebrovascular disease,
chronic obstructive pulmonary disease, hypertension, or chronic kidney disease; household
income (low, middle, and high); smoking (never, ex-, and current); alcoholic drinks (<1, 1-2,

3—4, =5 days per week); body mass index (< 25, 25-30, and =30 kg/m?); sufficient aerobic

activity; and current use of aspirin, metformin, and/or statin. Adequacy of the matching was
established by comparing exposure-driven propensity score densities and standardized mean
differences (SMDs; Figure S3-S14). Adjusted odds ratios (aORs) with 95% confidence

intervals (Cls) were extimated after adjusting for the potential confounders.

Statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary,
NC) and R software version 3.6.1 (R Foundation, Vienna, Austria). Directed acyclic graphics

were presented using DAGitty (version 2.3; http://www.dagitty.net/). A two-sided P value

<0.05 was considered statistically significant.
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RESULTS

Descriptive overview

The demographics and clinical characteristics of the 133,609 patients (age groups: 27.8%

[20-39 years], 36.1% [40-59 years], and 36.1% [=60 years]; male 70,050 [52.4%]) who

underwent SARS-CoV-2 testing were analyzed (Table 1). A total of 8297 patients (6.2%)
were diagnosed with AIRDs; specifically, 7140 patients (5.3%) were diagnosed with IA and
1953 patients (1.5%) with CTDs (Figure 1 and 2).

COVID-19 and AIRD

After exposure-driven propensity score matching of the study subjects (matched cohort A;
n=31,905), no major asymmetries in the baseline covariates evaluated by SMD between
groups were found (Table 2; all SMDs <0.08). The SARS-CoV-2 positive result rate was
4.4% (365/8222) in subjects with AIRDs and 3.8% (891/23,683) in those without AIRDs
(fully aOR, 1.19; 95% CI,1.03—1.40). Subjects with AIRDs were more likely to develop
severe clinical outcomes of COVID-19 (fully aOR, 1.26; 95% CI, 1.02—1.59) and were more
likely to have a higher risk of COVID-19-related deaths (fully aOR, 1.69; 95% CI, 1.01—
2.84).

After another propensity score matching (matched cohort B; n=27,933; patients without vs.
those with [A and matched cohort C; n=7437; patients without vs. those with CTD), no
asymmetries in baseline covariates were noted (Table 2; all SMDs<0.08). Patients with IA
had an increased risk of SARS-CoV-2 infectivity (fully aOR, 1.20; 95% CI, 1.03—1.40),
severe COVID-19 illness (fully aOR, 1.27; 95% CI, 1.01-1.63), and COVID-19-related

deaths (fully aOR, 1.81; 95% CI, 1.02-3.18). Patients with CTD were associated with
17
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increased SARS-CoV-2 infectivity (fully aOR, 1.33; 95% CI, 1.02—-1.74), severe COVID-19
(fully aOR, 1.71; 95% CI, 1.06-2.71), but not associated with COVID-19-related deaths
(fully aOR, 1.87; 95% CI, 1.71-4.85).

Subgroup analysis stratified by use of DMARDs and systemic steroid

Table 3 shows the subgroup analysis of SARS-CoV-2 infectivity, severe COVID-19, and
COVID-19-related deaths in the context of AIRDs stratified by DMARD and systemic steroid
use. Subjects with AIRDs treated with any dose of systemic corticosteroid were not
associated with a likelihood of SARS-CoV-2 infectivity, severe COVID-19, or COVID-19-

related deaths; however, those with AIRDs treated with high dose (=10 mg/day) of systemic

corticosteroid had an increased likelihood of SARS-CoV-2 infectivity (fully aOR, 1.47; 95%
CIL, 1.05-2.03), severe COVID-19 (fully aOR, 1.76; 95% CI 1.06-2.96), and COVID-19-
related deaths (fully aOR, 3.34; 95% CI, 1.23-8.90). Patients with AIRDs treated with
DMARD showed no association with the risk of SARS-CoV-2 infection, severe COVID-19,
and COVID-19-related mortality.

Sensitivity analysis

We conducted several sensitivity analyses (Table S1). First, we performed the additional
exposure-driven propensity score-matching in the cohort without linking the general health
examination results (matched cohorts D-F; Table S2 and S3), and the findings were consistent
with our main results. Second, we conducted minimal selected matching by the directed
acyclic graph approach in the original cohort (matched cohorts G-I; Table S5) and the cohort
without linking the general health examination results (matched cohorts J-L; Table S6). The
results from six matched cohorts yielded results comparable to our primary findings. Third,

analyses using the matched cohort D also indicated a significantly increased likelihood of
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SARS-CoV-2 infectivity, severe COVID-19 and COVID-19-related deaths in patients with
AIRDs treated with a high dose of systemic steroid (>10 mg/day) (Table S4). Finally, the use
of the same analysis in the fully unmatched cohort also showed that patients with AIRDs had
an increased risk of SARS-CoV-2 infectivity, severe COVID-19, and COVID-19-related
deaths in either crude and adjusted models, a finding comparable to our matched results

(Figure S17-S19).
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DISCUSSION

Using a Korean nationwide cohort, we determined the potential association of AIRDs with
the risk of SARS-CoV-2 infection, COVID-19 severity, and COVID-19-related deaths in
133,609 patients who underwent SARS-CoV-2 testing. We found that patients with AIRDs,
IAs, or CTDs have an increased risk of SARS-CoV-2 infection and severe COVID-19
outcomes. Those with AIRDs and [As were associated with an increased likelihood of
COVID-19-related mortality. Interestingly, patients with AIRDs treated with high dose of a
systemic corticosteroid had a higher SARS-CoV-2 infectivity, severe COVID-19 outcomes,
and COVID-19-related mortality. Patients with AIRD receiving DMARDs were not
associated with an increased risk of any of /the aforementioned COVID-19 outcomes. Similar
patterns of association were found between different sensitivity analyses from matched
cohorts D-L.

SARS-CoV-2 infectivity

A previous meta-analysis suggested that patients with AIRDs have an increased risk of SARS-
CoV-2 infection;!” however, the results are limited in that the study mainly included
hospitalized patients and had a small sample size, skewed clinic-based data, selection bias (i.e.,
not all patients were laboratory-confirmed cases), and insufficient confounding adjustment.'’
In our study, we used nationwide data and employed a sophisticated statistical technique
(exposure-driven propensity score matching with sufficient confounding adjustment). Our
results showed that patients with AIRDs have an increased risk of SARS-CoV-2 infection, a
finding that corresponds well with a previous meta-analysis.!” However, no study has shown

the different infectivity to SARS-CoV-2 infection between patients with IA and those with
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CTD. We believe this is the first study to demonstrate that patients with IA and CTD are at
increased risk of SARS-CoV-2 infection independently.
COVID-19 severity and mortality

18,19 or positive association?’ between AIRD

Previous studies have suggested no association
and COVID-19 severity and COVID-19-related deaths in Western cohorts. Our findings from
a Korean nationwide cohort support studies showed that patients with AIRDs have an
increased likelihood of COVID-19 infectivity, severe COVID-19 outcomes, and COVID-19-
related mortality. A previous epidemiologic study also reported that Asian ethnicity is
associated with higher ICU admission and COVID-19-related mortality rates,>! which is
consistent with our main findings. The reason for such adverse association of COVID-19
with Asian ethnicity may be due to higher angiotensin-converting enzyme (ACE) level and
lower androgen level which lead to increased ACE2 expression, cross-immunity such as past
exposure to infections (i.e. malaria), regional temperature and humidity which can influence
virus survival and host immune response.?? Further, we found no association between CTDs
and COVID-19-related death, but these findings may be due to the small number of subjects
with CTDs, which calls for further large-scaled and international studies.

DMARD:s, systemic steroid, and COVID-19

The use of DMARD was not associated with any COVID-19-related endpoints in the
nationwide cohort study. The relationship of systemic steroid use in patients with AIRDs in
the context of COVID-19 outcomes has preliminary evidence, but the supporting evidence
remains lacking. First, researcher should have caution when interpreting the the systemic

steroid use results in patients with AIRDs, which can be influenced by unmeasured

confounding factors in observational studies. A previous study reported no relationship
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between inhaled steroid use and severe COVID-19, although the hazard ratio was statistically
significant (hazard ratio, 1.39; 95% CI, 1.10-1.76).% The present results of a nationwide
cohort study suggest that patients with AIRD receiving any dose of systemic steroids do not
have an increased risk of SARS-CoV-2 infectivity, COVID-19-related outcomes, or its
mortality. However, the subjects with AIRD receiving a high dose of systemic steroids have
an increased risk of SARS-CoV-2 infectivity and COVID-19-related outcomes and mortality,
which corresponds well with a well-designed cohort study that demonstrated that a high dose
of systemic steroid might have a higher odds of hospitalization for COVID-19?*, In addition,
we advanced our knowledge on the SARS-CoV-2 by showing the novel results that patients
on a high dose of systemic steroids have a higher risk for SARS-CoV-2 infection. A
corticosteroid may reduce ACE2 expression levels?®, which may lead to altered SARS-CoV-2
susceptibility either beneficially (i.e., reduced SARS-CoV-2 entry) or adversely (i.e., reduced
beneficial effect of ACE2 from hyperinflammation)?S, thereby suggesting an unknown effect
of systemic corticosteroids. Researchers should exercise caution when interpreting data
regarding systemic steroid use in patients with COVID-19 in the context of AIRDs.

Basic mechanisms in AIRD and COVID-19

First, proinflammatory cytokines, such as IL-6, TNF-a, and IL-1, which have been reported
as the pathogenic factors produced by macrophages after T lymphocytes bearing T-cell
receptors recognize SARS-CoV-2 bound to the surface of cells in most rheumatic diseases,
may be culpable for the tissue destruction in various organs in patients with COVID-19.%" It
is plausible that rheumatic disorders and COVID-19 could influence each other at the
pathogenic level, which ultimately results in the fatal decline of patients’ condition. Second,

the immunological abnormalities due to rheumatic disease affect most circulating T cells,
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which evolve from an early stage in the rheumatic disease course.?® T cell dynamics in
patients with AIRD (i.e., lack of T cell receptor rearrangement excision circle-positive cells
and abnormalities in T cell homeostasis) suggests that an AIRD patients' ability to react to
novel antigens, such as during SARS-CoV-2 infection, is compromised.?® Third, ACE2
receptor and transmembrane serine protease 2 have an important role in the entry of SARS-
CoV-2 and are highly expressed in autoimmune diseases®’ and chronic inflammatory
diseases®®, suggesting that patients with AIRDs may be at a higher risk of poor COVID-19
outcomes, which is consistent with our finding that those with AIRDs have a higher COVID-
19 severity and COVID-19-related mortality. Hence, we conjectured that SARS-CoV-2 could
potentially aggravate AIRDs, which could, in turn, exacerbate viral infection and result in
devastating COVID-19 sequelae. This indicates a complex biopathological mechanism
wherein underlying AIRDs could adversely influence the pathogenesis of COVID-19.
Strengths and limitations

The main strengths of our study include the use of a nationwide cohort with a large sample size
(n=219,959 patients), several strict exposure-driven propensity score matching (12 matched
cohorts), and adjustment for various potential confounders by linking the general health
examination records (i.e., household income, body mass index, smoking habits, frequency of
alcohol consumption, and sufficient aerobic activity). Our study provides potential evidence of
the contribution of AIRD to an increased risk of SARS-CoV-2 infection and severe clinical
consequences of COVID-19. We also reported the harmful association of a high dose of

systemic steroid in patients with AIRDs on COVID-19.
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This study has some limitations. First, the diagnosis of AIRDs was based on ICD-10 codes,
which may be imprecise; however, numerous previous studies have also used these
definitions'® and the results of our cohort study were supported by those of our several
additional matched cohorts. Second, as our database included patients who underwent SARS-
CoV-2 tests; therefore, the systemic factors of our subjects may vary from those of the
general population. Although there exists potential for prevalence-induced bias, our study
was performed with a large population-established cohort and with exposure-driven
propensity score matching to ensure the reliability of our results. Third, we did not have
accurate data on the individual viral loads and contact tracing result, we need to be careful
about the interpretation of SARS-CoV-2 test positive results although we used the large-scale
and national level dataset. Finally, COVID-19 outcomes have improved in accordance with
physician experience and management strategies for COVID-19. 3! Since we used the dataset
that reflected the initial period of the pandemic in Korea, caution should be exercised when

generalizing our results.
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Conclusions

AIRDs contribute to an increased likelihood of SARS-CoV-2 infection, worse clinical
outcomes of COVID-19 and COVID-19-related deaths in the Republic of Korea. Patients with
[As and CTDs have an increased risk of SARS-CoV-2 infection and worse clinical outcomes
of COVID-19. In addition, AIRD treatment with a high dose of systemic corticosteroid
adversely affected SARS-CoV-2 infectivity, severe COVID-19 outcomes, and COVID-19-
related mortality; treatment with DMARDs was not associated with an increased risk of worse
clinical outcomes of COVID-19. Similar patterns of association were found between different
sensitivity analyses from 12 matched cohorts. Thus, our study provides an advanced
understanding of the relationship between AIRD, including its treatment, and the pathogenesis
of COVID-19. Clinicians and patients should discern that those with a history of AIRDs might
be at an increased risk of SARS-CoV-2 infection and severe COVID-19 outcomes and its

mortality early in the COVID-19 pandemic.
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Disposition of patients in the Korean nationwide cohort linked to the general health

examination records

AIRD, autoimmune inflammatory rheumatic disease; CTD, connective tissue disease; 1A,

inflammatory arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure 1

All patients aged over 20 years-old who underwent SARS-CoV-2 testing and received the
national general health examination between January 1 and May 30, 2020 in South Korea
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556 Figure 2

557  Flowchart depicting the study enrollment in the Korean nationwide cohort linked to the general
558  health examination records

559  AIRD, autoimmune inflammatory rheumatic disease; CTD, connective tissue disease; IA,
560 inflammatory arthritis; KCDC, Korea Centers for Disease Control; SARS-CoV-2, severe acute

561  respiratory syndrome coronavirus 2.

Eligible criteria from:

* Aged over 20 years-old

* Atleast one SARS-CoV-2 test by medical or KCDC referral

* At least one general health examination between January 1, 2018 and index data
* In South Korea

‘ Eligible Korean nationwide cohort G to LL

January 1, January 1, July 30,
2018 2020 2020

Primary outcome

* Test positive

* Severe COVID-19 illness
*  COVID-19-related death

Cohort entry (Individual index data)

Enter cohort at date of SARS-CoV-2 test between
January 1 and May 30, 2020.

* Subjects with AIRD

. jects without AIRD
Subjects withou End of study (July 30, 2020)

562
563
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564

Table 1

565  Baseline covariates of patients who underwent SARS-CoV-2 testing and received general health examination in the nationwide cohort.

AIRD
Characteristics Entire cohort AIRD 1A CTD
Total, n (%) 133,609 8297 7140 1953
Age, years, n (%)
20-39 37,125 (27.8) 782 (9.4) 623 (8.7) 255 (13.1)
40-59 48,278 (36.1) 2595 (31.3) 2207 (30.9) 719 (36.8)
= 60 48,206 (36.1) 4920 (59.3) 4310 (60.4) 979 (50.1)
Sex, n (%)
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Male

Female

Region of residence, n (%)

Seoul Capital Area

Daegu/Gyeongbuk area

Other area

Resident of a skilled nursing facility, n (%)
History of diabetes mellitus, n (%)

History of cardiovascular disease, n (%)
History of cerebrovascular disease, n (%)
History of COPD, n (%)

History of hypertension, n (%)

63,559 (47.6)

70,050 (52.4)

59,632 (44.6)

25,820 (19.3)

48,157 (36.0)

6616 (5.0)

29,699 (22.23)
25,637 (19.2)
15,905 (11.9)
16,706 (12.5)

29,443 (22.0)

3048 (36.7)

5249 (63.3)

3640 (43.9)

1625 (19.6)

3032 (36.5)

606 (7.3)
3441 (41.5)
3134 (37.8)
1881 (22.7)
2006 (24.2)

3146 (37.9)

2618 (36.7)

4522 (63.3)

3073 (43.0)

1467 (20.6)

2600 (36.4)

517 (7.2)
3004 (42.1)
2681 (37.6)
1640 (23.0)
1714 (24.0)

2735 (38.3)

625 (32.0)

1328 (68.0)

928 (47.5)

310 (15.9)

715 (36.6)

117 (6.0)
752 (38.5)
744 (38.1)
393 (20.1)
482 (24.7)

700 (35.8)
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History of chronic kidney disease, n (%)

Current use of aspirin, n (%)

Current use of metformin, n (%)

Current use of statin, n (%)

Household income, n (%)

Low (0-39 percentile)

Middle (40—79 percentile)

High (80—100 percentile)

Smoking, n (%)

Never smoker

45,781 (34.3)

11,891 (8.9)

13,807 (10.3)

31,208 (23.4)

40,632 (30.4)

54,934 (41.1)

38,043 (28.5)

87,771 (65.7)

4654 (56.1)

1210 (14.6)

1260 (15.2)

3230 (38.9)

2978 (35.9)

2851 (34.4)

2468 (29.8)

5955 (71.8)

4047 (56.7)

1045 (14.6)

1115 (15.6)

2837 (39.7)

2573 (36.0)

2461 (34.5)

2106 (29.5)

5130 (71.9)

1015 (52.0)

282 (14.4)

235 (12.0)

659 (33.7)

686 (35.1)

673 (34.5)

594 (30.4)

1468 (75.2)
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Ex-smoker
Current smoker
Alcoholic drinks, days per week, n (%)
<1
1-2
34

=5

Body mass index, kg/m?, n (%)
<25

25-30

22,031 (16.5)

23,807 (17.8)

83,130 (62.2)

41,590 (31.1)

6585 (4.9)

2304 (1.7)

86,641 (64.9)

39,081 (29.3)

1339 (16.1)

1003 (12.1)

6347 (76.5)

1495 (18.0)

306 (3.7)

149 (1.8)

5298 (63.9)

2493 (30.1)

1132 (15.9)

878 (12.3)

5507 (77.1)

1240 (17.4)

258 (3.6)

135 (1.9)

4508 (63.1)

2189 (30.7)

299 (15.3)

186 (9.5)

1486 (76.1)

383 (19.6)

62 (3.2)

22 (1.1)

1374 (70.4)

491 (25.1)
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=30

Sufficient aerobic activity, n (%)

Current use of systemic steroid, n (%)

Current use of DMARDs, n (%)

Methotrexate—leflunomide—azathioprine, n (%)

Sulfasalazine, n (%)

Antimalarials, n (%)

Anti-TNF-alpha agent, n (%)

Other biologics, n (%)

7887 (5.9)

62,418 (46.7)

16,268 (12.2)

8149 (6.1)

487 (0.3)

7781 (5.8)

852 (0.6)

1413 (1.1)

506 (6.1)

4105 (49.5)

2446 (29.5)

3519 (42.4)

439 (5.3)

1692 (20.4)

489 (5.9)

348 (4.2)

443 (6.2)

3527 (49.4)

1977 (27.7)

3048 (42.7)

432 (6.1)

1491 (20.9)

452 (6.3)

327 (4.6)

88 (4.5)

984 (50.4)

859 (44.0)

1313 (67.2)

80 (4.1)

727 (37.2)

124 (6.3)

72 (3.7)

566  AIRD, autoimmune inflammatory rheumatic disease; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; DMARD,

567  disease-modifying antirheumatic drug; IA, inflammatory arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard
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569

deviation; TNF; tumor necrosis factor.
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570

Table 2

571  3:1 propensity score-matched covariates and aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19 outcomes, or COVID-19-related

572 death in patients with AIRD, IA, or CTD.

Matched cohort A Matched cohort B Matched cohort C
Characteristics None AIRD SMD None 1A SMD None CTD SMD
Total, n (%) 23,683 8222 20,834 7099 5541 1896
Age, years, n (%) 0.008 0.002 0.018
20-39 2131
(9.0) 765 (9.3) 1766 (8.5) 617 (8.7) 662 (12.0) 225 (11.9)
40-59
7384 (31.2) 2560 (31.1) 6543 (31.4) 2189 (30.8) 1984 (35.8) 695 (36.7)
=60 14,168 (59.8) 4897 (59.6) 1(205%5 4293 (60.5) 2895(52.3) 976 (51.5)
Sex, n (%) 0.037 0.022 0.003
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Male

Female

Region of residence, n (%)

Seoul Capital Area

Daegu/Gyeongbuk area

Other area

Resident of a skilled nursing facility, n (%)

History of diabetes mellitus, n (%)
History of cardiovascular disease, n (%)
History of cerebrovascular disease, n (%)
History of COPD, n (%)

History of hypertension, n (%)

9206 (38.9)

14,477 (61.1)

10,284(43.4)

4734 (20.0)

8665 (36.6)

1700 (7.2)

9656 (40.8)
8393 (35.4)
5092 (21.5)

5028 (21.2)

13,082 (55.2)

3048 (37.1)

5174 (62.9)

3597 (43.8)

1604 (19.5)

3021 (36.7)

606 (7.4)

3426 (41.7)
3095 (37.6)
1874 (22.8)
1940 (23.6)

4630 (56.3)

0.002

0.008

0.020

0.050

0.035

0.062

0.022

7908 (37.96)

12,926
(62.0)

8921 (42.8)

4208 (20.2)

7705 (37.0)

1526 (7.3)

8563 (41.1)
7391 (35.5)
4573 (22.0)
4351 (20.9)

11,666
(56.0)

2618 (36.9)

4481 (63.1)

3045 (42.9)

1458 (20.5)

2596 (36.6)

517 (7.3)

2993 (42.2)
2659 (37.5)
163 1(23.0)
1674 (23.6)

4031 (56.8)

0.005

0.002

0.023

0.045

0.028

0.071

0.016

1819 (32.8)

3722 (67.2)

2614 (47.2)

946 (17.1)

1981 (35.8)

345 (6.2)

2043 (36.9)

1932 (34.9)
1069 (19.3)
1246 (22.5)

2798 (50.5)

625 (33.0)

1271 (67.0)

899 (47.4)

299 (15.8)

698 (36.8)

116 (6.1)

735 (38.8)

710 (37.5)
388 (20.5)
458 (24.2)

987 (52.1)
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0.037

0.004

0.039

0.054

0.029

0.039

0.031



History of chronic kidney disease, n (%)

Current use of aspirin, n (%)

Current use of metformin, n (%)

Current use of statin, n (%)

Household income, n (%)

Low (0-39 percentile)

Middle (40-79 percentile)

High (80—-100 percentile)

Smoking, n (%)

Never smoker

3808 (16.1)

3274 (13.8)

3652 (15.4)

9077 (38.3)

8208 (34.7)

8393 (35.4)

7082 (29.9)

16,938 (71.5)

1436 (17.5)

1206 (14.7)

1260 (15.3)

3207 (39.0)

2944 (35.8)

2825 (34.4)

2453 (29.8)

5885 (71.6)

0.042

0.027

0.003

0.015

0.015

0.007

3337 (16.0)

2913 (14.0)

3254 (15.6)

7993 (38.4)

7298 (35.0)

7374 (35.4)

6162 (29.6)

14971 (71.9)

1221 (17.2)

1045 (14.7)

1115 (15.7)

2825 (39.8)

2554 (36.0)

2449(34.5)

2096 (29.5)

5096 (71.8)

0.036

0.023

0.002

0.031

0.012

0.002

911 (16.4)

715 (12.9)

701 (12.7)

1826 (33.0)

1845 (33.3)

1940 (35.0)

1756 (31.7)

4248 (76.7)

368 (19.4)

269 (14.2)

235 (12.4)

647 (34.1)

666 (35.1)

645 (34.0)

585 (30.9)

1416 (74.7)

42

0.077

0.038

0.008

0.025

0.039

0.054



Ex-smoker
Current smoker
Alcoholic drinks, days per week, n (%)
<1
1-2
34

=5

Body mass index, kg/m?, n (%)
<25

25-30

3748 (15.8)

2997 (12.7)

18,001 (76.0)

4417 (18.7)

896 (3.8)

369 (1.6)

15,175 (64.1)

7155 (30.2)

1336 (16.3)

1001 (12.2)

6281 (76.4)

1486 (18.1)

306 (3.7)

149 (1.8)

5242 (63.8)

2477 (30.1)

3304 (15.9)

2559 (12.3)

<0.001

15,960
(76.6)

3818 (18.3)

733 (3.5)

323 (1.6)

0.012

13,281
(63.8)

6408 (30.8)

1128 (15.9)

875 (12.3)

5471 (77.1)

1235 (17.4)

258 (3.6)

135 (1.9)

4481 (63.1)

2179 (30.7)

0.005

0.022

762 (13.8)

531 (9.6)

4282 (77.3)

1053 (19.0)

136 (2.5)

70 (1.3)

3856 (69.6)

1455 (26.3)

296 (15.6)

184 (9.7)

0.054

1440 (76.0)

373 (19.7)

61 (3.2)

22(1.2)

0.028

1324 (69.8)

484 (25.5)
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=30

1353 (5.7) 503 (6.1) 1145 (5.5) 439 (6.2) 230(4.2) 88 (4.6)

Sufficient aerobic activity, n (%) 11,673 (49.3) 4062 (49.4) 0.002 10,211 0.007 2862 (51.7) 957 (50.5)

3503 (49.3)
(49.0)

COVID-19, n (%) 891 (3.8) 365 (4.4) 796 (3.8) 327 (4.6) 188 (3.4) 84 (4.4)
Minimally aOR” (95% CI) 1.0 (ref) 1.18 (1.05-1.35) 1.0 (ref) 1.19 (1.03-1.38) 1.0 (ref) 1.32 (1.02-1.72)
Fully aOR?® (95% CI) 1.0 (ref) 1.19 (1.03-1.40) 1.0 (ref) 1.20 (1.03-1.40) 1.0 (ref)  1.33 (1.02-1.74)

Severe COVID-19%, n (%) 285(1.2) 127 (1.5) 234 (1.1) 103 (1.5) 51 (0.9) 30 (1.6)
Minimally aOR” (95% CI) 1.0 (ref) 1.28 (1.04-1.60) 1.0 (ref) 1.28 (1.02-1.62) 1.0 (ref) 1.73 (1.09-2.73)
Fully aOR? (95% CI) 1.0 (ref) 1.26 (1.02-1.59) 1.0 (ref) 1.27 (1.01-1.63) 1.0 (ref) 1.71 (1.06-2.71)

COVID-19-related death, n (%) 40 (0.2) 24 (0.3) 32 (0.2) 20 (0.3) 11 (0.2) 7(0.4)
Minimally aOR” (95% CI) 1.0 (ref) 1.74 (1.04-2.88) 1.0 (ref) 1.84 (1.06-3.22) 1.0 (ref) 1.85 (0.72-4.82)
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Fully aOR? (95% CI) 1.0 (ref) 1.69 (1.01-2.84) 1.0 (ref) 1.81 (1.02-3.18) 1.0 (ref) 1.87 (0.71-4.85)

573

574

575

576

577

578

579

580

581

582

583

584

An SMD <0.1 indicates no major imbalance. All SMD values were <0.08 in the propensity score-matched cohort.

Data in bold indicate significant differences (P < 0.05).

aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; CTD, connective tissue disease; DMARD, disease-modifying antirheumatic drug; IA, inflammatory arthritis; SARS-CoV-2, severe

acute respiratory syndrome coronavirus 2; SD, standard deviation; SMD, standardized mean difference.

"Minimally adjusted: adjustment for age (20-39, 40-59, and >60 years) and sex.

SFully adjusted: adjustment for age; sex; region of residence (Seoul Capital Area, Daegu/Gyeongbuk area, and other area); resident of a
skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD, hypertension, and chronic kidney

disease; household income (low, middle, and high); smoking (never, ex-, and current); alcoholic drinks (<1, 1-2, 3-4, =5 days per week);

body mass index (< 25, 25-30, and =30 kg/m?); sufficient aerobic activity; and current use of aspirin, metformin, and statin
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585

586
587

! Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.
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588

Table 3

589  Propensity-score-matched subgroup analysis of aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19 outcomes, or COVID-19-related

590  death in patients with AIRD stratified by DMARD and systemic steroid (matched cohort A).

Events Factors N (%) Adjusted OR (95% CI)
COVID-19 Treated without DMARD 140/3021 (4.6) 1.0 (ref)”

Treated with DMARD 225/5201 (4.3) 0.90 (0.70-1.17)
COVID-19 Treated without systemic steroid 244/5803 (4.2) 1.0 (ref) ¥

Treated with systemic steroid (any dose)

Treated with systemic steroid (=10 mg/day)

121/2419 (5.0)

49/302 (6.1)

1.18 (0.92-1.51)

1.47 (1.05-2.03)

Severe COVID-193%

Severe COVID-19%

Treated without DMARD

Treated with DMARD
Treated without systemic steroid

Treated with systemic steroid (any dose)

45/3021 (1.5)
82/5201 (1.6)
82/5803 (1.4)

45/2419 (1.9)

1.0 (ref)”
1.01 (0.69-1.50)
1.0 (ref)

1.34 (0.92-1.95)

47



Treated with systemic steroid (=10 mg/day)

20/802 (2.5)

1.76 (1.06-2.96)

COVID-19-related death

COVID-19-related death

Treated without DMARD

Treated with DMARD
Treated without systemic steroid

Treated with systemic steroid (any dose)

Treated with systemic steroid (=10 mg/day)

8/3021 (0.3)

16/5201 (0.3)
13/5803 (0.2)
11/3419 (0.5)

6/802 (0.8)

1.0 (ref)”
1.19 (0.52-2.74)
1.0 (ref)
2.02 (0.89-4.56)

3.34 (1.23-8.90)

591
592

593

594

595

596

597

598

Data in bold indicate significant differences (P < 0.05).

aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary

disease; DMARD, disease-modifying antirheumatic drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Risk factors were adjusted for age (20-39, 40-59, and >60 years); sex; region of residence (Seoul Capital Area, Dacgu/Gyeongbuk area, and
other area); resident of a skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD,

hypertension, and chronic kidney disease; household income (low, middle, and high); smoking (never, ex-, and current); alcoholic drinks (<1,
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599

600

601

602

603

604

605

606

607

1-2, 3-4, =5 days per week); body mass index (< 25, 25-30, and =30 kg/m?); sufficient aerobic activity; and current use of aspirin,
metformin, statin, and systemic steroid.

Risk factors were adjusted for age (20-39, 40-59, and >60 years); sex; region of residence (Seoul Capital Area, Daegu/Gyeongbuk area, and
other area); resident of a skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD,

hypertension, and chronic kidney disease; household income (low, middle, and high); smoking (never, ex-, and current); alcoholic drinks (<1,

1-2, 3-4, =5 days per week); body mass index (< 25, 25-30, and =30 kg/m?); sufficient aerobic activity; and current use of aspirin,

metformin, and statin and DMARD.

¥ Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.
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matching in matched cohort B
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The density and distribution of propensity scores before and after

Figure S7 31
matching in matched cohort E
The density and distribution of propensity scores before and after

Figure S8 32
matching in matched cohort F
The density and distribution of propensity scores before and after

Figure S9 33
matching in matched cohort G
The density and distribution of propensity scores before and after

Figure S10 34
matching in matched cohort H
The density and distribution of propensity scores before and after

Figure S11 35
matching in matched cohort I
The density and distribution of propensity scores before and after

Figure S12 36
matching in matched cohort J
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Figure S13 37
matching in matched cohort K
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Figure S14 38
matching in matched cohort L
Directed acyclic graph demonstrating the implicitly assumed causal
association between AIRD (“exposure”) and risk of COVID-19

Figure S15 39
(“outcome”) in the Korean nationwide cohort linked to the general
health examination records before matching.
Directed acyclic graph showing the implicitly assumed causal
association between AIRD (“exposure”) and risk of COVID-19

Figure S16 40
(“outcome”) in the Korean nationwide cohort without linking the
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Figure S18 Propensity score-matched association of IA with SARS-CoV-2 42
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Figure S19

Propensity score-matched association of CTD with SARS-CoV-2
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Table S1. Sensitivity analyses and justification.

Sensitivity analysis (1 to 10) Cohort Justification

1. Risk of positive SARS-CoV-2 test, severe COVID-19 Matched cohort A, B, C - Main results

outcomes, or COVID-19-related death in patients with - Social-economic status, body mass index, physical activity, cigarette
AIRD, IA, or CTD smoking, and consuming alcoholic drinks can affect the COVID-19

and AIRD. We consider these covariates by linking the national general
health examination results.

- Matching covariates were selected for age; sex; region of residence;
resident of a skilled nursing facility; a history of diabetes mellitus,
cardiovascular disease, cerebrovascular disease, COPD, hypertension,
and chronic kidney disease; household income ; smoking; alcoholic
drinks; body mass index; sufficient aerobic activity; and current use of

aspirin, metformin, and statin

2. Subgroup analysis of the risk of positive SARS-CoV-2 Matched cohort A - To investigate the association of COVID-19-related outcomes by

test, severe COVID-19 outcomes, or COVID-19-related current use of DMARD and systemic steroid.
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death in patients with AIRD stratified by DMARD and

systemic steroid

3. Risk of positive SARS-CoV-2 test, severe COVID-19 Matched cohort D, E, F
outcomes, or COVID-19-related death in patients with

AIRD, IA, or CTD

- We constructed an original dataset without linking the general health
examination records to obtain a large sample number.

- Matching covariates were selected for age; sex; region of residence;
resident of a skilled nursing facility; a history of diabetes mellitus,
cardiovascular disease, cerebrovascular disease, COPD, hypertension,
and chronic kidney disease; and current use of aspirin, metformin, and

statin

4. Subgroup analysis of the risk of positive SARS-CoV-2 test, Matched cohort D
severe COVID-19 outcomes, or COVID-19-related death in
patients with AIRD stratified by DMARD and systemic

steroid

- To investigate the association of COVID-19-related outcomes by

current use of DMARD and systemic steroid.
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5. Risk of positive SARS-CoV-2 test, severe COVID-19 Full-unmatched cohort

outcomes, or COVID-19-related death in patients with AIRD

- Propensity score matching can introduce unintended bias into
theestimation. We repeated the main analysis by analysis from

unmatched subjects.

7. Risk of positive SARS-CoV-2 test, severe COVID-19 Matched cohort G, H, 1
outcomes, or COVID-19-related death in patients with

AIRD, IA, or CTD

- To avoid overmatching issues, we selected the matching covariates in
matched A, B, C by using the DAG approach. DAGs can be used to
select covariates for support causal interpretation.

- Matching covariates were selected for age; sex; region of residence;

resident of a skilled nursing facility.

8. Risk of positive SARS-CoV-2 test, severe COVID-19 Matched cohort J, K, L
outcomes, or COVID-19-related death in patients with

AIRD, IA, or CTD

- To avoid overmatching issues, we selected the matching covariates in
matched D, E, F by using the DAG approach. DAGs can be used to
select covariates for support causal interpretation.

- Matching covariates were selected for age; sex; region of residence;
resident of a skilled nursing facility; household income ; smoking;

alcoholic drinks; body mass index.

AIRD, autoimmune inflammatory rheumatic disease; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; DMARD,
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disease-modifying antirheumatic drug; [A, inflammatory arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

57



Table S2. Baseline covariates of patients who underwent the SARS-CoV-2 test in the nationwide cohort.

AIRD
Characteristics Entire cohort AIRD 1A CTD
Total, n (%) 212,678 11,766 10,038 2875
Age, years, n (%)
20-39
78,372 (36.9) 1590 (13.5) 1247 (12.4) 581 (20.2)
40-59
63,057 (29.7) 3303 (28.1) 2772 (27.6) 950 (33.0)
> 60
71,249 (33.5) 6873 (58.4) 6019 (60.0) 1344 (46.8)
Sex, n (%)
Male
100,038 (47.0) 4284 (36.4) 3647 (36.3) 905 (31.5)
Female 112,640 (53.0) 7482 (63.6) 6391 (63.7) 1970 (68.5)
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Region of residence, n (%)

Seoul Capital Area

Daegu/Gyeongbuk area

Other area

Resident of a skilled nursing facility, n (%)
History of diabetes mellitus, n (%)

History of cardiovascular disease, n (%)
History of cerebrovascular disease, n (%)
History of COPD, n (%)

History of hypertension, n (%)

History of chronic kidney disease, n (%)

Current use of aspirin, n (%)

Current use of metformin, n (%)

97,733 (46.0)

39,063 (18.4)

75,882 (35.7)

13,015 (6.1)
44,845 (21.1)
40,526 (19.1)

25,991 (12.2)

25,081 (11.8)
68,817 (32.4)

18,561 (8.7)

17,551 (8.3)

19,687 (9.3)

59

5410 (46.0)

2150 (18.3)

4206 (35.8)

1045 (8.9)
4890 (41.6)
4640 (39.4)
2784 (23.7)
2841 (24.2)
6706 (57.0)

2306 (19.6)

1722 (14.6)

1734 (14.7)

4527 (45.1)

1925 (19.2)

3586 (35.7)

898 (9.0)
4257 (42.4)
3956 (39.4)
2420 (24.1)

2435 (24.3)

5801 (57.8)

1900 (18.9)

1490 (14.8)

1538 (15.3)

1433 (49.8)

431(15.0)

1011 (35.2)

190 (6.6)

1072 (37.3)
1126 (39.2)
586 (20.4)
667 (23.2)

1502 (52.2)

651 (22.6)

398 (13.8)

316 (11.0)



Current use of statin, n (%)

Current use of systemic steroid, n (%)

Current use of DMARDs, n (%)

Methotrexate—leflunomide—azathioprine, n (%)

Sulfasalazine, n (%)

Antimalarials, n (%)

Anti-TNF-alpha agent, n (%)

Other biologics, n (%)

42,695 (20.1)

26,048 (12.2)

7713

12,503 (5.9)

716 (0.3)

11749 (5.5)

1448 (0.7)

2160 (1.0)

4294 (36.5)

2808 (23.9)

5243 (44.6)

652 (5.5)

2620 (22.2)

752 (6.4)

529 (4.5)

3759 (37.5)

2992 (29.8)

4592 (45.7)

636 (6.3)

2257 (22.5)

685 (6.8)

490 (4.9)

891 (31.0)

1404 (48.8)

1921 (66.8)

153 (5.3)

1196 (41.6)

203 (7.1)

121 (4.2)

AIRD, autoimmune inflammatory rheumatic disease; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; DMARD,

disease-modifying antirheumatic drug; 1A, inflammatory arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard

deviation; TNF; tumor necrosis factor.



Table S3. 3:1 propensity score-matched covariates and aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19 outcomes, or COVID-

19-related death in patients with AIRD, IA, or CTD.

Matched cohort D Matched cohort E Matched cohort F
Characteristics None AIRD SMD None IA SMD None CTD SMD
Total, n (%) 34,343 11,698 29,578 9991 8352 2832
Age, years, n (%) 0.022 0.014 0.023
20553 4352 (12.7) 1559 (13.3) 3541 (12.0) 1237 (12.4) (1158562) 547 (19.3)
40-53 9475 (27.6) 3276 (28.0) 8062 (27.3) 2750 (27.5) (2372“‘;) 942 (33.3)
= 60 20,516 (59.7) 6863 (58.7) 1(209;)5 6004 (60.1) (1?66) 1343 (47.4)
Sex, n (%) 0.019 0.013 0.007
Male 12,894 (37.5) 4284 (36.6) 1(2’79?)6 3646 (36.5) (2362921) 903 (31.9)
Female 21,449 (62.5) 7414 (63.4) 1(2268)2 6345 (63.5) (566765) 1929 (68.1)
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Region of residence, n (%) 0.004 0.002 0.018

Seoul Capital Area 15,808 (46.0) 5377 (46.0) 13,389(45.3) 4505 (45.1) (‘;%482) 1417 (50.0)
Dacgu/Gyeongbuk arca 6348 (18.5) 2132 (18.2) 5593 (18.9) 1910 (19.1) (111491) 417 (14.7)
Other area 10,596 2869
12,187 (35.5) 4189 (35.8) G55 3576 (35.8) (340 998 (35.2)
Resident of a skilled nursing facility, n (%)  2992(8.7) 1044 (8.9) 0.008 2623 (8.9) 897 (9.0) 0.004 546 (6.5) 190 (6.7) 0.007
History of diabetes mellitus, n (%) 14,130 (41.1) 4868 (41.6) 0.010 12,395 4230 (423) 0010 3097 1058 (37.4)  0.006
(41.9) (37.1)
History of cardiovascular disease, n (%) 13,323 (38.8) 4599 (39.3) 0.012 11,460 3929(39.3)  0.013 3199 1096 (38.7)  0.009
(38.8) (38.3)
History of cerebrovascular disease, n (%) 8089 (23.6) 2771 (23.7) 0.004 2408 (24.1) 0012 1634 566 (20.0)  0.012
6994 (23.7) (196)
History of COPD, n (%) 7838 (22.8) 2796 (23.9) 0.029 2398 (24.0)  0.028 1871 651(23.0)  0.016
6793 (23.0)
(22.4)
History of hypertension, n (%) 19,649 (57.2) 6676 (57.1) 0.003 17,188 5782(57.9)  0.005 4314 1469 (51.9)  0.005
(58.1) (51.7)
History of chronic kidney disease, n (%) 6377 (18.6) 2266 (19.4) 0.024  5255(17.8) 1876 (18.8) 0.030 1769 624 (22.0) 0.024
21.2)
Current use of aspirin, n (%) 4892 (14.2) 1707 (14.6) 0.011 4288 (14.5) 1480 (14.8)  0.010 1048 380 (134)  0.028
(12.6)
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Current use of metformin, n (%) 5049 (14.7) 1731 (14.8) 0.003 4481 (15.2) 1538 (15.4) 0.008 920 (11.0) 315 (11.1) 0.004
Current use of statin, n (%) 12,459 (36.3) 4264 (36.5) 0.004 10,967(37.1) 3733 (37.4) 0.006 2577 868 (30.7) 0.005
(30.9)

COVID-19, n (%) 1345 (3.9) 527 (4.5) 1156 (3.9) 457 (4.6) 298 (3.6) 127 (4.5)

Minimally aOR” (95% CI) 1.0 (ref) 1.16 (1.02-1.31) 1.0 (ref) 1.18 (1.06-1.32) 1.0 (ref) 1.26 (1.03-1.57)

Fully aOR? (95% CI) 1.0 (ref) 1.21 (1.06-1.39) 1.0 (ref) 1.22 (1.09-1.38) 1.0 (ref) 1.28 (1.03-1.61)
Severe COVID-19%, n (%) 391 (1.1) 165 (1.4) 349 (1.2) 144 (1.4) 85 (1.0) 44 (1.6)

Minimally aOR” (95% CI) 1.0 (ref) 1.21 (1.02-1.45) 1.0 (ref) 1.22 (1.01-1.49) 1.0 (ref) 1.54 (1.07-2.21)

Fully aOR?® (95% CI) 1.0 (ref) 1.24 (1.04-1.49) 1.0 (ref) 1.23 (1.02-1.50) 1.0 (ref) 1.55 (1.08-2.22)
COVID-19-related death, n (%) 55(0.2) 30 (0.3) 45 (0.2) 27 (0.3) 13 (0.2) 9(0.3)

Minimally aOR” (95% CI) 1.0 (ref) 1.62 (1.03-2.51) 1.0 (ref) 1.79 (1.10-2.88) 1.0 (ref) 2.05 (0.89-4.80)

Fully aOR? (95% CI) 1.0 (ref) 1.62 (1.03-2.53) 1.0 (ref) 1.80 (1.10-2.89) 1.0 (ref) 2.06 (0.89-4.83)
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An SMD <0.1 indicates no major imbalance. All SMD values were <0.03 in the propensity score-matched cohorts.

Data in bold indicate significant differences (P < 0.05).

aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; CTD, connective tissue disease; DMARD, disease-modifying antirheumatic drug; IA, inflammatory arthritis; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; SD, standard deviation; SMD, standardized mean difference.

"Minimally adjusted: adjustment for age (20-39, 40-59, and >60 years) and sex.

SFully adjusted: adjustment for age; sex; region of residence (Seoul Capital Area, Daegu/Gyeongbuk area, and other area); resident of a
skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD, hypertension, and chronic kidney

disease; and current use of aspirin, metformin, and statin

* Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.
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Table S4. Propensity-score-matched subgroup analysis of aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19 outcomes, or COVID-

19-related death in patients with AIRD stratified by DMARD and systemic steroid (matched cohort D).

Events Factors N (%) Adjusted OR (95% CI)
COVID-19 Treated without DMARD 210/4444 (4.7) 1.0 (ref)

Treated with DMARD 317/7254 (4.4) 0.91 (0.72-1.17)
COVID-19 Treated without systemic steroid 382/8901 (4.3) 1.0 (ref) ¥

Treated with systemic steroid (any dose)

Treated with systemic steroid (=10 mg/day)

145/2797 (5.2)

58/920 (6.3)

1.21 (0.93-1.57)

1.50 (1.05-2.15)

Severe COVID-198

Severe COVID-198

Treated without DMARD

Treated with DMARD
Treated without systemic steroid

Treated with systemic steroid (any dose)

Treated with systemic steroid (=10 mg/day)

60/4444 (1.4)
105/7254 (1.5)
116/8901 (1.3)
49/2797 (1.8)

23/920 (2.5)

1.0 (ref)
1.10 (0.77-1.57) ™
1.0 (ref)

1.34 (0.90-1.91)

1.95 (1.13-3.35)

COVID-19-related death

Treated without DMARD

10/4444 (2.3)
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Treated with DMARD 20/7254 (2.8)
COVID-19-related death Treated without systemic steroid 18/8901 (0.2)
Treated with systemic steroid (any dose) 12/2797 (0.4)

Treated with systemic steroid (=10 mg/day) 6/920 (0.7)

1.24 (0.59-2.65)
1.0 (ref)
2.14 (0.99-4.50)

3.26 (1.20-8.28)

Data in bold indicate significant differences (P < 0.05).

aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary

disease; DMARD, disease-modifying antitheumatic drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Risk factors were adjusted for age (20-39, 40-59, and >60 years); sex; region of residence (Seoul Capital Area, Dacgu/Gyeongbuk area, and

other area); resident of a skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD,

hypertension, and chronic kidney disease; and current use of aspirin, metformin, statin, and systemic steroid.

Risk factors were adjusted for age (20-39, 40-59, and >60 years); sex; region of residence (Seoul Capital Area, Daegu/Gyeongbuk area, and

other area); resident of a skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD,

hypertension, and chronic kidney disease; and current use of aspirin, metformin, and statin and DMARD.
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¥ Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.

Table SS. 3:1 propensity score-matched covariates selected by DAGs and aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19

outcomes, or COVID-19-related death in patients with AIRD, TA, or CTD in the Korean nationwide cohort linked with the general health

examination records.

Matched cohort G Matched cohort H Matched cohort I

Characteristics None AIRD SMD None IA SMD None CTD SMD
Total, n (%) 24,782 8286 21,342 7132 5854 1952
Matched covariates selected by DAGs
Age, years, n (%) 0.001 <0.001 0.003

20-39 2341 (9.45) 782 (9.4) 1865 (8.8) 622 (8.7) 771(13.2) 255 (13.1)

40-59 7775 (31.4) 2592 (31.3) 6607 (31.0) 2206 (30.9) 2155(36.8) 719 (36.8)

= 60 14,666 (59.2) 4912 (59.3) 1(268;;) 4304 (60.4) 2928 (50.0) 978 (50.1)
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Sex, n (%)

Male

Female

Region of residence, n (%)

Seoul Capital Area

Daegu/Gyeongbuk area

Other area

Resident of a skilled nursing facility, n (%)

Household income, n (%)

Low (039 percentile)

Middle (40-79 percentile)

High (80—-100 percentile)

9130 (36.8)

15,652 (63.2)

10,888 (43.9)

4811 (19.4)

9083 (36.7)

1775 (7.2)

8854 (35.7)

8547 (34.5)

7381 (29.8)

3044 (36.7)

5242 (63.3)

3640 (43.9)

1617 (19.5)

3029 (36.6)

601 (7.3)

2973 (35.9)

2848 (34.4)

2465 (29.8)

0.002

0.001

0.003

0.002
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7848 (36.8)

13,494
(63.2)

9204 (43.1)

4347 (20.4)

7791 (36.5)

1498 (7.0)

7644 (35.8)

7383 (34.6)

6315 (29.6)

2618 (36.7)

4514 (63.3)

3071 (43.1)

1462 (20.5)

2599 (36.4)

515(7.2)

2569 (36.0)

2460 (34.5)

2103 (29.5)

0.001

<0.001

0.008

1875 (32.0)

3979 (68.0)

2790 (47.7)

918 (15.7)

2146 (36.7)

345 (5.9)

2054 (35.1)

2017 (34.5)

1783 (30.5)

625 (32.0)

1327 (68.0)

927 (47.5)

310 (15.9)

715 (36.6)

116 (5.9)

685 (35.1)

673 (34.5)

594 (30.4)

<0.001

0.002

<0.001



Smoking, n (%)

Never smoker

Ex-smoker

Current smoker

Alcoholic drinks, days per week, n (%)

<1

1-2

34

=5

Body mass index, kg/m?, n (%)

<25

17,840 (72.0)

3964 (16.0)

2978 (12.0)

18,989 (76.6)

4487 (18.1)

890 (3.6)

416 (1.7)

15,886 (64.1)

5953 (71.8)

1336 (16.1)

997 (12.0)

6341 (76.5)

1494 (18.0)

304 (3.7)

147 (1.8)

5297 (63.9)

0.002

0.005

0.006
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15,378
(72.1)

3361 (15.8)

2603 (12.2)

16,463
(77.1)

3738 (17.5)

761 (3.6)

380 (1.8)

13,553
(63.5)

5129 (71.9)

1128 (15.8)

875 (12.3)

5502 (77.2)

1239 (17.4)

257 (3.6)

134 (1.9)

4507 (63.2)

0.003

0.004

0.009

4408 (75.3)

895 (15.3)

551 (9.4)

4457 (76.1)

1147 (19.6)

183 (3.1)

67 (1.1)

4131 (70.6)

0.003

1468 (75.2)

298 (15.3)

186 (9.5)

0.001

1485 (76.1)

383 (19.6)

62 (3.2)

22 (1.1)

0.006

1373 (70.3)



Unmatched covariates

History of diabetes mellitus, n (%)
History of cardiovascular disease, n (%)
History of cerebrovascular disease, n (%)
History of COPD, n (%)

History of hypertension, n (%)

History of chronic kidney disease, n (%)

Current use of aspirin, n (%)

Current use of metformin, n (%)

Current use of statin, n (%)

7444 (30.0)

1452 (5.9)

7401 (29.9)
6570 (26.5)
4318 (17.4)
3974 (16.0)

11,671 (47.1)

2736 (11.0)

3185 (12.9)

3506 (14.2)

8044 (32.5)

2490 (30.1)

499 (6.0)

3434 (41.4)
3130 (37.8)
1878 (22.7)
2000 (24.1)

4649 (56.1)

1472 (17.8)

1209 (14.6)

1256 (15.2)

3223 (38.9)

70

6527 (30.6)

1262 (5.9)

6528 (30.6)
5725 (26.8)
3830 (18.0)
3523 (16.5)

10,117
(47.4)

2343 (11.0)

2738 (12.8)

3100 (14.5)

7057 (33.1)

2186 (30.7)

439 (6.2)

3001 (42.1)
2677 (37.5)
1636 (22.9)
1710 (24.0)

4041 (56.7)

1236 (17.3)

1044 (14.6)

1114 (15.6)

2833 (39.7)

1466 (25.0)

257 (4.4)

1526 (26.1)
1392(23.8)
924 (15.8)
839 (14.3)

2390 (40.8)

590 (10.1)

652 (11.1)

692 (11.8)

1593 (27.2)

491 (25.2)

88 (4.5)

751 (38.5)
743 (38.1)
392 (20.1)
481 (24.6)

1014 (52.0)

399 (20.4)

282 (14.5)

234 (12.0)

658 (33.7)



Sufficient aerobic activity, n (%) 11,934 (48.2) 4096 (49.4) 10,238 3521 (49.4) 2829 (48.3) 983 (50.4)
(48.0)
COVID-19, n (%) 1024 (3.7) 365 (4.4) 816 (3.8) 327 (4.6) 191 (3.3) 84 (4.3)
Fully aOR® (95% CI) 1.0 (ref) 1.0 (ref) 1.21 (1.06- 1.0 (ref) 1.35 (1.04-
1.21 (1.07-1.38)
1.39) 1.76)
Severe COVID-19 %, n (%) 315 (1.1) 127 (1.5) 240 (1.1) 103 (1.4) 51 (0.9) 30 (1.5)
Fully aOR® (95% CI) 1.0 (ref) 1.38 (1.12-1.68) 1.0 (ref) 1.30 (1.03- 1.0 (ref) 1.78 (1.14-
1.65) 2.82)
COVID-19-related death, n (%) 46 (0.2) 24 (0.3) 32 (0.2) 20 (0.3) 11 (0.2) 7(0.4)
Fully aOR® (95% CI) 1.0 (ref) 1.77 (1.06-2.90) 1.0 (ref) 1.89 (1.06- 1.0 (ref) 1.93 (0.72-
3.34) 4.96)

An SMD <0.1 indicates no major imbalance. All SMD values were <0.01 in the propensity score-matched cohort.

Data in bold indicate significant differences (P < 0.05).
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aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; CTD, connective tissue disease; DAGs, directed acyclic graphs; DMARD, disease-modifying antirheumatic drug; IA, inflammatory
arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; SMD, standardized mean difference.

*Minimally adjusted: adjustment for age (20-39, 40-59, and >60 years) and sex.

SFully adjusted: adjustment for age; sex; region of residence (Seoul Capital Area, Daegu/Gyeongbuk area, and other area); resident of a
skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD, hypertension, and chronic kidney

disease; household income (low, middle, and high); smoking (never, ex-, and current); alcoholic drinks (<1, 1-2, 3-4, =5 days per week);

body mass index (< 25, 25-30, and =30 kg/m?); sufficient aerobic activity; and current use of aspirin, metformin, and statin

* Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.
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Table S6. 3:1 propensity score-matched covariates selected by DAGs and aOR (95% CI) of positive SARS-CoV-2 test, severe COVID-19

outcomes, or COVID-19-related death in patients with AIRD, IA, or CTD in the Korean nationwide cohort.

Matched cohort J Matched cohort K Matched cohort L

Characteristics None AIRD SMD None 1A SMD None CTD SMD
Total, n (%) 35,298 11,766 30,114 10,038 8625 2875
Matched covariates selected by DAGs
Age, years, n (%) <0.001 <0.001 <0.001

20-39 4770 (13.5) 1590(13.5) 3741 (12.4) 1247 (12.4) (123)423) 581 (20.2)

40-59 9909 (28.1) 3303(28.1) 8316 (27.6) 2772 (27.6) (%25(())) 950 (33.0)

=60 20,619 (58.4) 6873(58.41) 18,057 (60.0) 6019(60.0) (i(?é) 1344 (46.8)
Sex, n (%) <0.001 <0.001 <0.001

Male 12,852 (36.4) 4284 (36.4) 10,941 (36.3) 3647 (36.3) (171155) 905 (31.5)
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Female

Region of residence, n (%)

Seoul Capital Area

Daegu/Gyeongbuk area

Other area

Resident of a skilled nursing facility, n (%)

Unmatched covariates

History of diabetes mellitus, n (%)

History of cardiovascular disease, n (%)

History of cerebrovascular disease, n (%)

History of COPD, n (%)

History of hypertension, n (%)

22,446 (63.6)

16,230 (46.0)

6450 (18.3)

12,618 (35.8)

3135 (8.9)

10,407 (29.5)

9678 (27.4)

6546 (18.5)

5527 (15.7)

16,575 (47.0)

7482 (63.6)

5410 (46.0)

2150 (18.3)

4206 (35.8)

1045 (8.9)

4890 (41.6)

4640 (39.4)

2784 (23.7)

2841 (24.2)

6706 (57.0)

<0.001

<0.001
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19,173 (63.7)

13,581 (45.1)

5775 (19.2)

10,758 (35.7)

2694 (9.0)

9082 (30.2)

8494 (28.2)

5785 (19.2)

4877 (16.2)

14,494 (48.1)

6391 (63.7)

4527 (45.1)

1925 (19.2)

3586 (35.7)

898 (9.0)

4257 (42.4)

3956 (39.4)

2420 (24.1)

2435 (24.3)

5801 (57.8)

<0.001

<0.001

5910
(68.5)

4299
(49.8)

1293
(15.0)

3033
(35.2)

570 (6.6)

2433
(28.2)

2186
(25.3)

1508
(17.5)

1394
(16.2)

3595
(41.7)

1970 (68.5)

1433 (49.8)

431 (15.0)

1011 (35.2)

190 (6.6)

1072 (37.3)

1126 (39.2)

586 (20.4)

667 (23.2)

1502 (52.2)

<0.001

<0.001



History of chronic kidney disease, n (%) 4186 (11.9) 2306 (19.6) 3635 (12.1) 1900 (18.9) 1003 (11.6) 651 (22.6)
Current use of aspirin, n (%) 4432 (12.6) 1722 (14.6) 3917 (13.0) 1490 (14.8) 957 (11.1) 398 (13.8)
Current use of metformin, n (%) 4612 (13.1) 1734 (14.7) 4016 (13.3) 1538 (15.3) 1058 316(11.0)
(12.3)
Current use of statin, n (%) 10,380 (29.4) 4294 (36.5) 9092 (30.2) 3759 (37.5) 2266 891 (31.0)
(26.3)
COVID-19, n (%) 1288 (3.7) 530 (4.5) 1136 (3.8) 457 (4.6) 290 (3.4) 127 (4.4)
Fully aOR" (95% CI) 1.0 (ref) 1.20 (1.02-1.38) 1.0 (ref) 1.19 (1.02-1.42) 1.0 (ref)  1.31 (1.05-1.62)
Severe COVID-19%, n (%) 388 (1.1) 168 (1.4) 327 (1.1) 144 (1.4) 79 (0.9) 40 (1.4)
Fully aOR” (95% CI) 1.0 (ref) 1.26 (1.03-1.54) 1.0 (ref) 1.35 (1.14-1.62) 1.0 (ref) 1.56 (1.08-2.28)
COVID-19-related death, n (%) 51(0.1) 31 (0.3) 42 (0.1) 27 (0.3) 12 (0.1) 9(0.3)
Fully aOR” (95% CI) 1.0 (ref) 1.73 (1.05-2.78) 1.0 (ref) 1.90 (1.20-2.99) 1.0 (ref) 2.23(0.91-5.35)

An SMD <0.1 indicates no major imbalance. All SMD values were <0.001 in the propensity score-matched cohort.

Data in bold indicate significant differences (P < 0.05).
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aOR, adjusted odds ratio; AIRD, autoimmune inflammatory rheumatic disease; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; CTD, connective tissue disease; DAGs, directed acyclic graphs; DMARD, disease-modifying antirheumatic drug; IA, inflammatory
arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; SMD, standardized mean difference.

“Fully adjusted: adjustment for age (20-39, 40-59, and >60 years); sex; region of residence (Seoul Capital Area, Dacgu/Gyeongbuk area, and
other area); resident of a skilled nursing facility; history of diabetes mellitus, cardiovascular disease, cerebrovascular disease, COPD,

hypertension, and chronic kidney disease; and current use of aspirin, metformin, and statin

¥ Requirement of oxygen therapy, admission to the intensive care unit, invasive ventilation, or death.
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Figure S1. Disposition of patients in the Korean nationwide cohort without linking the general
health examination records
AIRD, autoimmune inflammatory rheumatic disease; CTD, connective tissue disease; IA,

inflammatory arthritis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure S2. Flowchart showing the study enrollment in the Korean nationwide cohort without

linking the general health examination records

AIRD, autoimmune inflammatory rheumatic disease; CTD, connective tissue disease; 1A,

inflammatory arthritis; KCDC, Korea Centers for Disease Control; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.
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* In South Korea
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20  Figure S3. The density and distribution of propensity scores before and after matching in matched

21 cohort A
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27  Figure S6. The density and distribution of propensity scores before and after matching in matched
28  cohortD
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Figure S13. The density and distribution of propensity scores before and after matching in matched
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45  Figure S15. Directed acyclic graph demonstrating the implicitly assumed causal association

46  between AIRD (“exposure”) and risk of COVID-19 (“outcome”) in the Korean nationwide
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54

cohort linked to the general health examination records before matching. Confounders,
potential mediators, and exposure-outcome associations are indicated.

AIRD, autoimmune inflammatory rheumatic disease; BMI, body mass index; CBVD,
Cerebrovascular disease; CKD, chronic kidney disease; COPD, chronic obstructive

pulmonary disease; CVD, cardiovascular disease; DM, Diabetes Mellitus
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Figure S16. Directed acyclic graph showing the implicitly assumed causal association

between AIRD (“exposure”) and risk of COVID-19 (“outcome”) in the Korean nationwide

cohort without linking the general health examination records before matching. Confounders,

potential mediators, and exposure-outcome associations are indicated.

AIRD, autoimmune inflammatory rheumatic disease; CBVD, Cerebrovascular disease; CKD,

Chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular

disease; DM, Diabetes Mellitus

Age

Sex

Nursing facility

\
\\

Metformin

¥) Legend

@ exposure
@ outcome
ancestor of exposure

@ ancestor of outcome

ancestor of exposure and
outcome

COovID-19

e pos Korean nationwide cohort

== biasing path

95




65

66

67

68

69

syndrome coronavirus 2.

Figure S17. Propensity score-matched association of AIRD with SARS-CoV-2

AIRD, autoimmune inflammatory rheumatic disease; SARS-CoV-2, severe acute respiratory

Outcome Odds ratio (95% CI) E‘:["l;sl)i';,;:;"' fl‘l’:g"(,,i/:) ?:;lrét:)“
COVID-19
Full unmatched cohort (crude) - 6823/200,912 (3.4) 530/11,766 (4.5) 1.34 (1.23-1.47
Full unmatched cohort (adjusted) === 6823/200,912 (3.4) 530/11,766 (4.5) 1.25 (1.10-1.39
Matched cohort A == 891/23,683(3.8)  365/8222(4.4)  1.19 (1.03-1.40
Matched cohort D == 1345/34,343(3.9) 527/11,698 (4.5) 1.21 (1.06-1.39
Matched cohort G = 1024/27,782(3.7)  365/8286(4.4)  1.21 (1.07-1.38
Matched cohort J —a— 1288/35,298(3.7) 530/11,766 (4.5) 1.20 (1.02-1.38
Severe COVID-19
Full unmatched cohort (crude) —— 1467/200,912 (0.7) 168/11,766 (14)  1.96 (1.67-2.30
Full unmatched cohort (adjusted) —a— 1467/200,912 (0.7) 168/11,766 (1.4) 1.72 (1.40-2.10
Matched cohort A —— 285/23,683(1.2)  127/8222(1.5)  1.26 (1.02-1.59
Matched cohort D —a— 391/34,343(1.1)  165/11,698 (1.4)  1.24 (1.04-1.49
Matched cohort G — 315/24,782(1.1)  127/8286(1.5)  1.38 (1.12-1.68
Matched cohort J — 388/35,298(1.1) 168/11,766 (14) 1.26 (1.03-1.54
COVID-19-related death
Full unmatched cohort (crude) 8 200/200,912(0.1) 31/11.766(0.3)  2.65 (1.82-3.87
Full unmatched cohort (adjusted) i = 200/200,912(0.1)  31/11,766(0.3)  2.24 (1.32-3.55
Matched cohort A k = 40/23,683(0.2)  24/8222(03)  1.69 (1.01-2.84
Matched cohort D [ = 4 55/34,343(0.2)  30/11,698(0.3)  1.62 (1.03-2.53
Matched cohort G r = 46/24,782(0.2)  24/8286(03)  1.77 (1.06-2.90
Matched cohort J = 51/35,298 (0.1)  31/11,766(0.3)  1.73 (1.05-2.78

T T
1.0 1.5 2.0

|
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Figure S18. Propensity score-matched association of IA with SARS-CoV-2

AIRD, autoimmune inflammatory rheumatic disease; [A, inflammatory arthritis; SARS-CoV-

2, severe acute respiratory syndrome coronavirus 2.
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77

78

Giitsiia Odds ratio (95% CI) Events in non-AIRD (%)  Events in IA (%) ?;;;,rét;;)
COVID-19
Matched cohort B Tt 796/20.834 (3.8) 327/7099 (4.6)  1.20 (1.03-1.40
Matched cohort E = 1156/29,578 (3.9) 457/9991 (4.6) 1.22 (1.09-1.38
Matched cohort H i 816/21,342(3.8) 327/7132 (4.6) 1.21 (1.06-1.39
Matched cohort K — 1136/30,114 (3.8) 457/10,038(4.6)  1.29 (1.11-1.50
Severe COVID-19
Matched cohort B — 234/20,834(1.1) 103/7099 (1.5) 1.27 (1.01-1.63
Matched cohort E L 349/29,578 (1.2) 144/9991 (1.4) 1.23 (1.02-1.50
Matched cohort H L 240/21,342(1.1) 103/7132(1.4) 1.30 (1.03-1.65
Matched cohort K —— 327/30,114(1.1) 144/10,038(1.4)  1.35 (1.14-1.62
COVID-19-related death
Matched cohort B - 32/20,834 (0.2) 20/7099 (0.3) 1.81 (1.02-3.18
Matched cohort E —_—— 45/29,578 (0.2) 27/9991(0.3) 1.80 (1.10-2.89
Matched cohort H - 32/21,342(0.2) 20/7132(0.3) 1.89 (1.06-3.34
Matched cohort K —_— 42/30,114(0.1) 27/10,038(0.3)  1.90 (1.20-2.99
10 1.5 20 40

Figure S19. Propensity score-matched association of CTD with SARS-CoV-2

AIRD, autoimmune inflammatory rheumatic disease; CTD, connective tissue disease; SARS-
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79  CoV-2, severe acute respiratory syndrome coronavirus 2.

80
Giiileiing Odds ratio (95% CI) Events in non-AIRD (%) Event(s“/ior; CTD (();"lsizrétli)o
COVID-19
Matched cohort C I 188/5541 (3.4) 84/1896(4.4)  1.33(1.02-1.74
Matched cohort F I 298/8352 (3.6) 127/2832(4.5) 128 (1.03-1.60
Matched cohort I e 190/5854 (3.3) 84/1952 (4.3) 1.35 (1.04-1.76
Matched cohort L O 290/8625 (3.4) 127/2875(44)  1.31(1.05-1.62
Severe COVID-19
Matched cohort C e R 51/5541(0.9) 30/1896(1.6) 1.71 (1.06-2.71
Matched cohort F e 85/8352(1.0) 44/2832(1.6) 1.55 (1.08-2.22
Matched cohort I _ 51/5854(0.9) 30/1952(1.5) 1.78 (1.14-2.82
Matched cohort L — 79/8625 (0.9) 4012875 (1.4) 1.56 (1.08-2.28
COVID-19-related death
Matched cohort C 11/5541 (0.2) 7/1896 (0.4) 1.87 (0.71-4.85
Matched cohort F - 13/8352(0.2) 9/2832(0.3) 2.06 (0.89-4.83
Matched cohort I = 11/5854(0.2) 7/1952(0.4) 1.93 (0.72-4.96
Matched cohort L 12/8625 (0.1) 9/2875(0.3) 2.23(0.91-5.35
10 15 20 £0
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