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A B S T R A C T

Objectives: Concerns have been expressed that some drugs may increase susceptibility to SARS-CoV-2
infection. In contrast, other drugs have generated interest as potential therapeutic agents.
Methods: All adults aged �18 years who were tested for COVID-19 were included. Exposure was defined
as a prescription of study drugs which would have been continued until 7 days prior to test for COVID-19
or later. The outcome measures were the diagnosis of COVID-19 and severe COVID-19. Disease risk score
matching and multiple logistic regression was used.
Results: Matched claims and testing results were available for 219,961 subjects, of whom 7,341 (3.34%)
were diagnosed with COVID-19. Patients were matched to 36,705 controls, and the subset of 878 patients
of severe COVID-19 also matched with 1,927 mild-to-moderate patients. Angiotensin receptor blockers
were not associated with either the diagnosis of COVID-19 (adjusted OR [aOR], 1.02; 95% confidence
interval [CI], 0.90–1.15) or severe disease (aOR, 1.11; 95% CI, 0.87–1.42). The use of hydroxychloroquine
was not associated with a lower risk for COVID-19 (aOR, 0.94; 95% CI, 0.53–1.66) or severe disease (aOR,
3.51; 95% CI, 0.76–16.22).
Conclusions: In this national claims data-based case-control study, no commonly prescribed medications
were associated with risk of COVID-19 infection or COVID-19 severity.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronavirus disease (COVID-19) is a novel infectious disease
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) that has spread worldwide since the first reported case in
late 2019. Host cell entry of SARS-CoV-2 requires angiotensin-
converting enzyme 2 (ACE2) (Hoffmann et al., 2020). The action of
ACE2 is not directly affected by ACE inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs), although these drugs
reportedly lead to increased expression of ACE2 in various tissues
(Ferrario et al., 2005; Ferrario and Varagic, 2010). Thus, there is
controversy regarding whether treatment using ACEIs or ARBs
might increase the host’s susceptibility to COVID-19.

Most patients with COVID-19 have a mild course of the disease;
however, respiratory failure and death are more common among
older people and those with underlying conditions (Onder et al.,
2020; Richardson et al., 2020; Wu and McGoogan, 2020). Thus,
there is significant interest in repurposing medications that are
used for other indications (Sanders et al., 2020). Hydroxychlor-
oquine (HCQ) and lopinavir/ritonavir were drugs with promising
results from preclinical studies; however, randomized controlled
trials showed no benefit of these agents (Horby et al., 2020; Pan
et al., 2020). Other agents have reportedly been effective in vitro
against other coronaviruses, specifically those that cause severe
acute respiratory syndrome (SARS) or Middle East respiratory
syndrome (MERS-CoV) (Chan et al., 2013; Hoffmann et al., 2020).
However, there is no high-quality clinical evidence to support the
use of these agents for treating COVID-19.

The possible association of commonly used drugs with the risk
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onversely, results from randomized clinical trials using drugs
ith potential therapeutic effects are being published (Beigel et al.,
020; Pan et al., 2020). Still, most of these trials were designed to
tudy the effect of the drugs after a diagnosis, and their
ffectiveness as prophylaxis or early treatment is yet to be tested
horoughly. Therefore, controversy persists regarding the possible
enefits or harm that may be associated with the use of various
rugs for patients with COVID-19.
In the absence of prospective clinical data, carefully curated and

eliable data from a large cohort may be a useful alternative. Thus,
e used nationwide medical insurance claims data and records of
onfirmed COVID-19 patients to evaluate the relationships
etween common medications prescribed prior to COVID-19
esting and the risk of and severity of COVID-19 in South Korea.

aterials and methods

tudy design and data sources

We conducted a retrospective case-control study using
nformation extracted from two national Korean databases. The
orean Health Insurance Review & Assessment Service (HIRA) is a
uasi-governmental agency that reviews all claims made to the
ational Health Insurance Service, which is the universal single
ayer for healthcare in Korea. All reimbursement claims for COVID-
9 tests in suspected cases are sent for review by the HIRA
Supplementary Figure S1). Claims for COVID-19 tests are made
sing a special “public crisis” code (MT043) and can thus identify
ll individuals tested for COVID-19 in Korea. Eligible subjects were
ll individuals �18 years old with an MT043 code. Patients were
dentified by matching this list with data from the Korea Centers
or Disease Control and Prevention (KCDC) registry, which records
ll confirmed patients of COVID-19 in Korea. The study protocol
as approved by the institutional review board of the Gil Medical

Center, Gachon University College of Medicine and Science
(GFIRB2020-118), with a waiver of consent. This study is reported
in accordance with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline (von
Elm et al., 2007).

Definitions and outcome measures

Exposure was defined as the prescription of medications that
was continued up to 7 days or less before testing for COVID-19. The
maximum interval of 7 days between the prescription ending and
COVID-19 testing was selected to account for the incubation period
and delays in diagnosis. Drugs of interest were selected from a list
of pharmaceutical agents with reported inhibitory effects against
SARS-CoV-2 infection in preclinical studies, as well as agents with
theoretical concerns regarding an increased risk of COVID-19
(Supplementary Table S1). Two authors (KH and WJ) reviewed the
literature and selected the drugs of interest; any disagreement was
arbitrated by a third author (JJ).

Outcome measures were (1) the diagnosis of COVID-19 among
all tested individuals and (2) severe disease among the patients
diagnosed with COVID-19. All patients with COVID-19 were
diagnosed through detection of SARS-CoV-2 from nasopharyngeal
swabs or sputa using reverse transcription polymerase chain
reaction, as outlined in national guidelines (Korea Centers for
Disease Control and Prevention, 2020). Severe disease was defined
as the requirement of any of the following during hospitalization or
prior to death: supplementary oxygen, high-flow nasal cannula,
non-invasive ventilation, mechanical ventilation, or extracorporeal
membrane oxygenation.

Comorbidities were categorized into disease groups (Supple-
mentary Table S2) and identified using ICD-10 codes that were
entered in the subject’s record at least twice within 1 year before
the COVID-19 tests. The list of comorbidities and their
Figure 1. Flowchart of study design and subjects.
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Table 1
Baseline characteristics of subjects by diagnosis of COVID-19 and by severity of disease course. Severe diseasewas defined as the requirement of any one of the following: supplementary oxygen, high-flownasal cannula, non-invasive
ventilation, mechanical ventilation, or extracorporeal membrane oxygenation.

Characteristic By diagnosis of COVID-19 among tested individuals By severity among patients with COVID-19

Overall Disease risk score matched Overall Disease risk score matched

Case
(N = 7341)

Control
(N = 212620)

P Case
(N = 7341)

Control
(N = 36705)

P Severe
(N = 954)

Mild-moderate
(N = 6387)

P Severe
(N = 878)

Mild-moderate
(N = 1927)

P

Demographic information
Age, mean (SD), y* 47.1 (19.0) 49.5 (19.9) <0.001 47.1 (19.0) 47.3 (19.7) 0.3786 67.0 (15.1) 44.1 (17.7) <0.001 65.5 (14.7) 61.0 (14.1) <0.001
Sex*

Male 2970 (40.46) 101361 (47.67) <0.001 2970 (40.46) 14882 (40.54) 0.8895 458 (48.01) 2512 (39.33) <0.001 403 (45.90) 879 (45.61) 0.89
Female 2202 (59.54) 111259 (52.33) 4371 (59.54) 21823 (59.46) 496 (51.99) 3875 (60.67) 475 (54.10) 1048 (54.39)

Insurance coverage for low-income household* 619 (8.43) 12031 (5.66) <0.001 619 (8.43) 3034 (8.27) 0.6374 120 (12.58) 499 (7.81) <0.001 114 (12.98) 211 (10.95) 0.12

Comorbidities
Charlson comorbidity index, mean (SD)* 1.23 (1.65) 1.94 (2.36) <0.001 1.23 (1.65) 1.21 (1.65) 0.3431 2.68 (2.19) 1.01 (1.43) <0.001 2.72 (2.22) 1.93 (1.78) <0.001
Diabetes* 1179 (16.06) 44684 (21.02) <0.001 1179 (16.06) 5673 (15.46) 0.1918 370 (38.78) 809 (12.67) <0.001 354 (40.32) 571 (29.63) <0.001
Hypertension* 1576 (21.47) 63868 (30.04) <0.001 1576 (21.47) 7973 (21.72) 0.6306 506 (53.04) 1070 (16.75) <0.001 466 (53.08) 755 (39.18) <0.001
Chronic heart disease* 575 (7.83) 31882 (14.99) <0.001 575 (7.83) 2661 (7.25) 0.0805 220 (23.06) 355 (5.56) <0.001 198 (22.55) 265 (13.75) <0.001
Chronic lung disease* 1464 (19.94) 61506 (28.93) <0.001 1464 (19.94) 7729 (21.06) 0.032 314 (32.91) 1150 (18.01) <0.001 292 (33.26) 477 (24.75) <0.001
Asthma and allergic rhinitis* 4342 (59.15) 133618 (62.84) <0.001 4342 (59.15) 21945 (59.79) 0.3073 570 (59.75) 3772 (59.06) 0.69 537 (61.16) 1146 (59.47) 0.40
Chronic liver disease 1519 (20.69) 55485 (26.10) <0.001 1519 (20.69) 7215 (19.66) 0.0423 334 (35.01) 1185 (18.55) <0.001 319 (36.33) 629 (32.64) 0.06
Chronic kidney disease* 202 (2.75) 15597 (7.34) <0.001 202 (2.75) 915 (2.49) 0.1979 72 (7.55) 130 (2.04) <0.001 70 (7.97) 82 (4.26) <0.001
Malignancy* 320 (4.36) 23540 (11.07) <0.001 320 (4.36) 1654 (4.51) 0.5781 87 (9.12) 233 (3.65) <0.001 82 (9.34) 132 (6.85) 0.02
RA, SLE, GCA, and JIA 214 (2.92) 7729 (3.614) 0.0012 214 (2.92) 993 (2.71) 0.3149 41 (4.30) 173 (2.71) 0.007 41 (4.67) 94 (4.88) 0.81
Other connective tissue disease 22 (0.30) 1242 (0.58) 0.0015 22 (0.30) 171 (0.47) 0.0491 5 (0.52) 17 (0.27) <0.001 5 (0.57) 6 (0.31) 0.34
Chronic neurologic disease* 1001 (13.64) 39495 (18.58) <0.001 1001 (13.64) 4834 (13.17) 0.2824 361 (37.84) 640 (10.02) <0.001 315 (35.88) 461 (23.92) <0.001
Pancreatitis 120 (1.63) 9518 (4.48) <0.001 120 (1.63) 1068 (2.91) <0.001 30 (3.14) 90 (1.41) <0.001 28 (3.19) 45 (2.34) 0.19

Healthcare utilization
Number of hospitalizations, mean (SD) 0.25 (0.90) 0.83 (2.14) <0.001 0.25 (0.90) 0.48 (1.45) <0.001 0.67 (1.48) 0.19 (0.76) <0.001 0.67 (1.51) 0.37 (1.18) <0.001
Number of outpatient visit, mean (SD) 17.19 (21.38) 25.46 (31.94) <0.001 17.19 (21.38) 20.59 (25.37) <0.001 29.44 (35.33) 15.36 (17.70) <0.001 29.89 (36.24) 23.70 (22.54) <0.001
Number of ED visit, mean (SD) 0.12 (0.47) 0.44 (1.56) <0.001 0.12 (0.47) 0.30 (1.52) <0.001 0.25 (0.70) 0.10 (0.42) <0.001 0.25 (0.67) 0.13 (0.46) <0.001

Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; GCA, giant cell arteritis; JIA, juvenile idiopathic arthritis; ED, emergency department.
* Variables used for the calculation of disease risk score.
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orresponding ICD-10 codes were determined before data extrac-
ion. The Charlson comorbidity index (CCI) was calculated
ccording to standard methods (Charlson et al., 1987). Healthcare
tilization was evaluated based on the numbers of claims for
ospitalizations, outpatient visits, and emergency room visits
ithin 1 year before the tests for COVID-19.

tatistical analysis

As the likelihoods of being tested for COVID-19, of testing
ositive, and of undergoing a severe clinical course are all affected
y demographic characteristics and comorbidities, we used
isease risk score (DRS) matching to control for discrepancies
f baseline characteristics. DRS models were constructed to
stimate the propensity for outcome measures with age, sex,
overage for low household income, CCI, and comorbidities
diabetes, hypertension, asthma/allergic rhinitis, chronic heart
iseases, chronic lung diseases, malignancy, chronic kidney
iseases, and chronic neurologic diseases) as covariates. Each
ase of COVID-19 was matched with up to five controls by greedy
atching algorithms; each case of severe COVID-19 was matched
ith up to three controls with mild-to-moderate COVID-19
Stuart, 2010).

A sensitivity analysis was conducted with the prescription of
edications that was continued up to 14 days or less, instead of 7
ays or less, before COVID-19 testing as exposure.
The baseline demographic characteristics and comorbidities of

atients and controls were compared using the χ2 test, Fisher’s
xact test, or Student’s t test, as appropriate. Exposures to the drugs
f interest were compared between DRS-matched groups using
ultivariable logistic regression models with sex, age, region of

esidence, comorbidities, healthcare utilization, and other drugs of
nterest as covariates. All tests were two-tailed, and results were
onsidered statistically significant at P values <0.05. All analyses
ere performed using SAS software (version 9.4; SAS Institute Inc.,
ary, NC, USA).

Results

We identified 219,961 patients who had been tested for COVID-
19, including 7,341 patients (3.34%) who were subsequently
diagnosed with COVID-19 (Figure 1). The mean age of patients
was 49.4 years (range, 18–116 years); 47.4% were male (Table 1).
The most common comorbidities were hypertension (29.8%),
chronic lung diseases (28.6%), chronic liver diseases (25.9%), and
diabetes (20.9%).

Relative to the controls, patients had a significantly lower mean
age (47.1 years vs. 49.5 years, p < 0.001) and were significantly less
likely to be male (40.46% male vs. 47.67% female, p < 0.001). The
controls had more comorbidities and a higher mean CCI (1.94 vs.
1.23, p < 0.001), as well as more frequent hospitalizations,
outpatient visits, and emergency department visits. Among
patients diagnosed with COVID-19, 954 (13.0%) patients were
categorized as having severe disease. Patients with severe COVID-
19 were older and had more comorbidities and higher healthcare
utilization. Through DRS matching, patients were matched with
36,705 controls; the 878 severe patients were matched to 1,927
mild-moderate patients. Differences in characteristics among each
group were substantially reduced after DRS matching.

Drugs commonly used for comorbidities

Angiotensin receptor blockers (ARBs) were not associated with
either the diagnosis of COVID-19 (adjusted OR [aOR], 1.02; 95%
confidence interval [CI], 0.90–1.15; P = 0.75) or severe disease (aOR,
1.11; 95% CI, 0.87–1.42; P = 0.38; Figure 2A and Table 2).
Angiotensin-converting enzyme inhibitors (ACEIs) showed a
marginal association with COVID-19 (aOR, 1.50; 95% CI, 1.00–
2.24; P = 0.05) but were not associated with severe disease (aOR,
0.70; 95% CI, 0.33–1.48; P = 0.35). Use of statins was not associated
with the risk of COVID-19 (aOR, 0.95; 95% CI, 0.86–1.05; P = 0.28) or
severe disease (aOR, 0.89; 95% CI, 0.72–1.10; P = 0.30). Similarly, no
association was observed with the use of metformin and
igure 2. Association of previously administered medications with the risk of COVID-19 and severity.
A) Risk of COVID-19 among tested individuals. (B) Risk of severe disease among patients with COVID-19. Severe disease was defined as the requirement of any one of the
llowing or death: supplementary oxygen, high-flow nasal cannula, non-invasive ventilation, mechanical ventilation, and extracorporeal membrane oxygenation.
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thiazolidinedione. We examined the effect of the combination of
aforementioned drugs on the diagnosis of COVID-19 (Supplemen-
tary Table S3). No significant associations were observed with any
of the combinations.

In contrast, the prescription of nonsteroidal anti-inflammatory
drugs (NSAIDs) was identified as an independent risk factor for
severe disease among persons infected with SARS-CoV-2 (aOR,
1.53; 95% CI, 1.25–1.86; P < 0.001), although it was not associated
with an overall increased risk of COVID-19 (aOR, 1.04; 95% CI, 0.97–
1.12; P = 0.30). However, this higher risk only occurred when
NSAIDs were newly prescribed within 7 days prior to the COVID-19
test (aOR, 1.36; 95% CI, 1.09–1.71; P = 0.006) and not when used for
more than 30 days within 90 days prior to the test (aOR, 0.83; 95%
CI, 0.62–1.10; P = 0.20).

Drugs with potential effect against SARS-CoV-2

those agents were too small. The use of HCQ was not associated
with the risk of COVID-19 infection (aOR, 0.94; 95% CI, 0.53–1.66;
P = 0.82) or with severe disease (aOR, 3.51; 95% CI, 0.76–16.22;
P = 0.11). Azithromycin also did not show an association with
infection (aOR, 0.58; 95% CI, 0.30–1.12; P = 0.10) or severe disease
(aOR, 2.03; 95% CI, 0.39–10.60; P = 0.40). A lack of significant
associations was also observed for camostat, ciclesonide, sirolimus,
mycophenolate, and amiodarone.

Sensitivity analysis

Sensitivity analysis was conducted using an alternative defini-
tion of exposure: the prescription of drugs that was continued up
to 14 days or less prior to testing for COVID-19 (Supplementary
Table S4). The results were generally consistent with the main
analysis with some exceptions. NSAIDs were associated with an
increased risk for COVID-19 diagnosis (aOR, 1.10; 95% CI, 1.03–1.18;

Table 2
Association of previously administered medications with the risk of COVID-19 among tested individuals.

Drug Case
(N = 7341)

Control
(N = 36705)

Crude Adjusted

OR
(95% CI)

P OR
(95% CI)

P

Drugs commonly used for chronic conditions
Angiotensin receptor blockers 835 (11.37) 4106 (11.19) 1.02 (0.94–1.10) 0.64 1.02 (0.90–1.15) 0.75
Angiotensin-converting enzyme inhibitors 42 (0.57) 129 (0.35) 1.63 (1.15–2.32) 0.006 1.50 (1.00–2.24) 0.05
Metformin 329 (4.48) 1545 (4.21) 1.07 (0.95–1.21) 0.29 0.96 (0.82–1.12) 0.58
Thiazolidinedione 51 (0.69) 234 (0.64) 1.09 (0.81–1.48) 0.58 1.17 (0.83–1.65) 0.36
Statins 960 (13.08) 4762 (12.97) 1.01 (0.94–1.09) 0.81 0.95 (0.86–1.05) 0.28
NSAIDs 1216 (16.56) 5864 (15.98) 1.05 (0.98–1.12) 0.26 1.04 (0.97–1.12) 0.30
Drugs with potential therapeutic effect
Hydroxychloroquine 17 (0.23) 105 (0.29) 0.81 (0.48–1.35) 0.42 0.94 (0.53–1.66) 0.82
Camostat 3 (0.04) 29 (0.08) 0.52 (0.16–1.70) 0.28 1.14 (0.31–4.18) 0.84
Ciclesonide 2 (0.03) 3 (0.01) 3.35 (0.56–20.04) 0.19 4.96 (0.68–36.39) 0.12
Other inhaled steroids 29 (0.40) 201 (0.55) 0.72 (0.49–1.06) 0.09 0.94 (0.62–1.43) 0.76
Azithromycin 11 (0.15) 103 (0.28) 0.53 (0.29–0.99) 0.03 0.58 (0.30–1.12) 0.10
Sirolimus 1 (0.01) 3 (0.01) 1.67 (0.17–16.04) 0.66 2.27 (0.16–31.36) 0.54
Mycophenolate 5 (0.07) 59 (0.16) 0.42 (0.17–1.06) 0.07 0.51 (0.19–1.36) 0.18
Amiodarone 5 (0.07) 68 (0.19) 0.37 (0.15–0.91) 0.03 0.41 (0.16–1.09) 0.07
Demographic
Male sex 2970 (40.46) 14882 (40.54) 1.00 (0.95–1.05) 0.89 0.97 (0.91–1.02) 0.22
Age, mean (SD), y 47.05 (18.99) 47.27 (19.65) 0.38 1.00 (0.99–1.00) <0.001
Daegu/Gyeongsangbuk–do 4027 (54.86) 5601 (15.26) 6.75 (6.39–7.12) <0.001 6.77 (6.41–7.16) <0.001
Coverage for low–income households 619 (8.43) 3034 (8.27) 1.02 (0.93–1.12) 0.64 1.09 (0.98–1.21) 0.11
Comorbidities
Charlson comorbidity index, mean (SD) 1.23 (1.65) 1.21 (1.65) 0.34
Diabetes 1179 (16.06) 5673 (15.46) 1.05 (0.98–1.12) 0.19 1.16 (1.04–1.28) 0.005
Hypertension 1576 (21.47) 7973 (21.72) 0.99 (0.93–1.05) 0.63 1.05 (0.95–1.17) 0.35
Chronic heart disease 575 (7.83) 2661 (7.25) 1.09 (0.99–1.19) 0.08 1.36 (1.21–1.53) <0.001
Chronic lung disease 1464 (19.94) 7729 (21.06) 0.93 (0.88–0.99) 0.03 1.07 (1.00–1.16) 0.05
Asthma and allergic rhinitis 4342 (59.15) 21945 (59.79) 0.97 (0.93–1.03) 0.31 1.06 (1.00–1.13) 0.04
Chronic liver disease 1519 (20.69) 7215 (19.66) 1.07 (1.00–1.14) 0.04 1.13 (1.04–1.21) 0.003
Chronic kidney disease 202 (2.75) 915 (2.49) 1.11 (0.95–1.29) 0.20 1.40 (1.17–1.67) <0.001
Malignancy 320 (4.36) 1654 (4.51) 0.97 (0.86–1.09) 0.58 1.46 (1.27–1.69) <0.001
RA, SLE, GCA, and JIA 214 (2.92) 993 (2.71) 1.08 (0.93–1.25) 0.32 1.19 (1.00–1.42) 0.05
Other connective tissue disease 22 (0.30) 171 (0.47) 0.64 (0.41–1.00) 0.05 0.78 (0.48–1.26) 0.31
Chronic neurologic disease 1001 (13.64) 4834 (13.17) 1.04 (0.97–1.12) 0.28 1.14 (1.04–1.25) 0.007
Pancreatitis 120 (1.63) 1068 (2.91) 0.56 (0.46–0.67) <0.001 0.74 (0.60–0.91) 0.005
Healthcare utilization
Number of hospitalizations, mean (SD) 0.25 (0.90) 0.48 (1.45) <0.001 0.892 (0.86–0.93) <0.001
Number of outpatient visit, mean (SD) 17.19 (21.38) 20.59 (25.37) <0.001 0.99 (0.99–0.99) <0.001
Number of ED visit, mean (SD) 0.12 (0.47) 0.30 (1.52) <0.001 0.67 (0.63–0.72) <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; NSAID, nonsteroidal anti-inflammatory drug; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; GCA, giant
cell arteritis; JIA, juvenile idiopathic arthritis; ED, emergency department.
Following a literature review, the following drugs were selected
as having potential therapeutic effects: HCQ, camostat, ciclesonide,
azithromycin, sirolimus, mycophenolate, and amiodarone (Figure
2B and Table 3). Lopinavir/ritonavir and other protease inhibitors,
direct antiviral agents for hepatitis C, and tocilizumab were
excluded from the analysis as the numbers of prescriptions for
11
P = 0.006); however, chronic use (�30 days within the last 90 days)
was associated with a lower risk (aOR, 0.76; 95% CI, 0.68–0.86;
P < 0.001), which was similar to their association with severity.
Ciclesonide (aOR, 6.01; 95% CI, 1.01–35.59; P = 0.05) and myco-
phenolate (aOR, 0.37; 95% CI, 0.14–0.95, P = 0.04) showed statisti-
cally significant associations.
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iscussion

Using Korean health insurance claims and SARS-CoV-2 testing
esults, this large case-control study found that none of the drugs
ommonly used to treat chronic conditions were associated with
he risk of COVID-19 or its severity. ACEIs and ARBs inhibit the
ctivity of ACE1, which is a homolog to ACE2 but is not used by
ARS-CoV for host-cell entry (American College of Cardiology,
020). However, several studies have shown that ACEIs/ARBs
pregulate the expression of ACE2 which has been correlated with
usceptibility to SARS-CoV infection in vitro (Ferrario et al., 2005;
errario and Varagic, 2010; Hattermann et al., 2005; Mossel et al.,
005). Thus, concerns have been raised about a theoretical risk for
OVID-19 in patients taking ACEIs/ARBs. In contrast, other reports
ave indicated that high serum levels of angiotensin II and
ownregulation of ACE2 expression may be related to lung injury
aused by respiratory viral infections (Gu et al., 2016; Kuba et al.,
005). Therefore, ACEIs/ARBs have a theoretical possibility of
ecreasing the risk for severe SARS-CoV-2 infections. However,
here is no firm evidence that ACEIs/ARBs are associated with

with the likelihood of COVID-19 or of severe disease (Mancia et al.,
2020; Reynolds et al., 2020). In general, our results are in line with
those previous studies and affirm the safety of ACEIs/ARBs during
the COVID-19 pandemic. We also observed a lack of association
with other medications commonly used for diabetes and
dyslipidemia—namely metformin, thiazolidinediones, and statins.
Our results suggest that those drugs could be safely continued
without increasing the risk of COVID-19 or of severe disease.

There was a brief controversy over whether the use of NSAIDs
might increase the risk of severe COVID-19 (Little, 2020). We also
observed that the prescription of NSAIDs was associated with a
higher risk of severe COVID-19, albeit the risk of an overall COVID-
19 diagnosis was not higher in patients taking NSAIDs. In our post-
hoc analysis, the chronic use of NSAIDs (�30 days within 90 days
prior to testing) was not shown to increase the risk for severe
COVID-19, while a new prescription within 7 days prior to testing
did increase risk. Our finding suggests that NSAID-use might
indicate the presence of symptoms severe enough to require
pharmaceutical intervention; it seems unlikely that NSAIDs would
directly increase the risk for severe disease among patients with

able 3
ssociation of previously administered medications with the risk of severe disease among patients with COVID-19. Severe disease was defined as the requirement of any one
f the following or death: supplementary oxygen, high-flow nasal cannula, non-invasive ventilation, mechanical ventilation, and extracorporeal membrane oxygenation.

Drug Severe
(N = 878)

Mild–moderate
(N = 1927)

Crude Adjusted

OR
(95% CI)

P OR
(95% CI)

P

Drugs commonly used for chronic conditions
Angiotensin receptor blockers 236 (26.88) 384 (19.93) 1.48 (1.23–1.78) <0.001 1.11 (0.87–1.42) 0.38
Angiotensin-converting enzyme inhibitors 12 (1.37) 24 (1.25) 1.10 (0.55–2.21) 0.79 0.70 (0.33–1.48) 0.35
Metformin 104 (11.85) 168 (8.72) 1.41 (1.09–1.82) 0.01 1.01 (0.75–1.37 0.94
Thiazolidinedione 17 (1.94) 30 (1.56) 1.25 (0.69–2.28) 0.47 0.96 (0.51–1.81) 0.90
Statins 267 (30.41) 478 (24.81) 1.33 (1.11–1.58) 0.002 0.89 (0.72–1.10) 0.30
NSAIDs 255 (29.04) 406 (21.07) 1.53 (1.28–1.84) <0.001 1.53 (1.25–1.86) <0.001
Drugs with potential therapeutic effect
Hydroxychloroquine 5 (0.57) 3 (0.16) 3.67 (0.88–15.40) 0.08 3.51 (0.76–16.22) 0.11
Azithromycin 3 (0.34) 3 (0.16) 2.20 (0.44–10.92) 0.34 2.03 (0.39–10.60) 0.40
Mycophenolate 1 (0.11) 1 (0.05) 2.20 (0.14–35.15) 0.58 2.21 (0.13–37.06) 0.58
Amiodarone 2 (0.23) 2 (0.10) 2.20 (0.31–15.62) 0.43 1.27 (0.17–9.69) 0.82
Demographic
Male sex 403 (45.90) 879 (45.61) 1.01 (0.86–1.19) 0.89 1.09 (092–1.29) 0.35
Age, mean (SD), y 65.47 (14.65) 61.04 (14.14) <0.001 1.01 (1.00–1.02) 0.02
Daegu/Gyeongsangbuk–do 647 (73.69) 1225 (63.57) 1.61 (1.35–1.92) <0.001 1.30 (1.07–1.56) 0.007
Coverage for low–income households 114 (12.98) 211 (10.95) 1.21 (0.95–1.55) 0.12 0.98 (0.75–1.27) 0.85
Comorbidities
Charlson comorbidity index, mean (SD) 2.72 (2.22) 1.93 (1.78) <0.001
Diabetes 354 (40.32) 571 (29.63) 1.60 (1.36–1.90) <0.001 1.24 (1.00–1.54) 0.05
Hypertension 466 (53.08) 755 (39.18) 1.76 (1.50–2.06) <0.001 1.18 (0.94–1.49) 0.16
Chronic heart disease 198 (22.55) 265 (13.75) 1.83 (1.49–2.24) <0.001 1.31 (1.04–1.65) 0.02
Chronic lung disease 292 (33.26) 477 (24.75) 1.52 (1.27–1.80) <0.001 1.21 (0.99–1.47) 0.06
Asthma and allergic rhinitis 537 (61.16) 1146 (59.47) 1.07 (0.91–1.26) 0.40 0.92 (0.76–1.11) 0.40
Chronic liver disease 319 (36.33) 629 (32.64) 1.18 (1.00–1.39) 0.06 0.88 (0.73–1.070) 0.20
Chronic kidney disease 70 (7.97) 82 (4.26) 1.95 (1.40–2.71) <0.001 1.51 (1.05–2.17) 0.02
Malignancy 82 (9.34) 132 (6.85) 1.40 (1.05–1.87) 0.02 1.12 (0.82–1.54) 0.47
RA, SLE, GCA, and JIA 41 (4.67) 94 (4.88) 0.96 (0.66–1.39) 0.81 0.72 (0.47–1.10) 0.13
Other connective tissue disease 5 (0.57) 6 (0.31) 1.83 (0.56–6.02) 0.31 1.76 (0.50–6.21) 0.38
Chronic neurologic disease 315 (35.88) 461 (23.92) 1.80 (1.50–2.12) <0.001 1.303 (1.06–1.60) 0.01
Pancreatitis 28 (3.19) 45 (2.34) 1.38 (0.85–2.22) 0.19 0.88 (0.51–1.51) 0.63
Healthcare utilization
Number of hospitalizations, mean (SD) 0.67 (1.51) 0.37 (1.18) <0.001 1.07 (0.99–1.15) 0.08
Number of outpatient visit, mean (SD) 29.89 (36.24) 23.70 (22.54) <0.001 1.00 (1.00–1.01) 0.37
Number of ED visit, mean (SD) 0.25 (0.67) 0.13 (0.46) <0.001 1.16 (0.97–1.38) 0.11

bbreviations: OR, odds ratio; CI, confidence interval; NSAID, nonsteroid anti-inflammatory drug; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; GCA, giant cell
rteritis; JIA, juvenile idiopathic arthritis; ED, emergency department.
linical outcome in either harmful or protective ways.
A retrospective study of 1,128 patients with COVID-19 and

ypertension revealed that inpatient use of ACEIs/ARBs was
ssociated with a lower risk of mortality (Zhang et al., 2020).
urthermore, two large-scale studies from the United States and
taly demonstrated that the use of ACEIs/ARBs was not associated
1

COVID-19. A recent multicenter retrospective cohort study of
hospitalized patients with COVID-19 also reported a lack of
association between the pre-hospital use of NSAIDs and mortality
(Imam et al., 2020).

Chloroquine (CQ) has been used to treat malaria since the 1940s
and has also been used for the treatment of connective tissue
2
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diseases, including rheumatoid arthritis and systemic lupus
erythematosus (SLE). CQ reportedly inhibits the SARS-CoV-2 in
vitro by inhibiting glycosylation of host receptors and endosomal
acidification (Devaux et al., 2020; Wang et al., 2020). In China, CQ
and HCQ have been recommended for treating COVID-19, and a
small trial indicated that HCQ treatment led to a faster negative
conversion of viral shedding (Gao et al., 2020; Gautret et al., 2020).
However, other studies have suggested a lack of clinical benefit and
even an increased possibility of poor outcomes (Magagnoli et al.,
2020; Molina et al., 2020). A randomized trial of HCQ as a post-
exposure prophylaxis for household or occupational exposure
found that HCQ did not prevent COVID-19-like illness (Boulware
et al., 2020). The present study found that HCQ use was not
associated with a lower risk of COVID-19 and did not prevent
severe disease among infected patients. Together, our results and
those of the recent clinical studies suggest that HCQ does not have
a significant clinical effect against SARS-CoV-2 infection.

Azithromycin is a macrolide antibiotic with an immunomodu-
latory effect (Zimmermann et al., 2018), and in vitro studies have
reported its effectiveness against Zika and Ebola viruses (Madrid
et al., 2015; Retallack et al., 2016). The combination of azithromycin
with HCQ was reported to result in a faster viral clearance in a small
trial from France, which led to a high level of public interest
(Gautret et al., 2020). However, a retrospective study of hospital-
ized patients with COVID-19 showed no reduction of in-hospital
mortality with azithromycin treatment, either alone or in
combination with HCQ (Rosenberg et al., 2020). We also found
no association between the use of azithromycin and the risk for
COVID-19 or severe disease.

SARS-CoV and SARS-CoV-2 engage ACE2 as the receptor for
host-cell entry, with the spike (S) protein of the coronavirus
binding to ACE2 (Hoffmann et al., 2020; Li et al., 2003). In this
process, the S protein must be primed by host-cell proteinases
which include a serine protease known as TMPRSS2 (Glowacka
et al., 2011; Matsuyama et al., 2010). Camostat mesylate is a serine
protease inhibitor that is approved for treating chronic pancreatitis
in Korea and Japan. A recent in vitro study demonstrated that
camostat, a known TMPRSS2 inhibitor, blocks the entry of SARS-
CoV-2 into lung cells (Hoffmann et al., 2020). However, we failed to
observe a protective effect of camostat in our study, although the
number of individuals taking camostat was too small to draw a firm
conclusion (Figure 2A). Results from ongoing clinical trials should
provide more evidence regarding its potential effect against SARS-
CoV-2 infections.

Sirolimus, mycophenolate, and amiodarone reportedly had
inhibitory effects against SARS-CoV and/or MERS-CoV in preclini-
cal studies (Aimo et al., 2020; Cheng et al., 2015; Kindrachuk et al.,
2015). However, the present study failed to detect significant
protective effects for these drugs. From a different point of view,
our results are reassuring that these agents do not increase the
likelihood of mild or severe COVID-19 and can be continued safely.

Ciclesonde and mycophenolate were shown to be associated
with the diagnosis of COVID-19 in the sensitivity analysis only. As
the sensitivity analysis used a less stringent definition of exposure,
we suggest that its result be interpreted carefully. Further studies
are needed to reach a firm conclusion regarding the two drugs.

Our study has several strengths. First, South Korea rapidly
established a large testing capacity and has successfully contained
the SARS-CoV-2 outbreak, suggesting that it is unlikely that a large
number of COVID-19 patients were missed. Further, we were able

The comprehensiveness of our datasets enabled the use of DRS-
matching to mitigate differences in baseline characteristics.
Finally, our methods are transparent, and the results are
reproducible. The HIRA dataset we used are available for public
analysis, and our full coding protocol is included in the Supple-
ments.

The present study does have several limitations. First, many of
the drugs proposed for treatment of COVID-19 are not prescribed
frequently enough to provide sufficient statistical power for
analysis despite the large size of overall study population. Second,
the use of claims data precludes an analysis of prescription
compliance or the accuracy of comorbidity diagnoses. Further,
over-the-counter use of drugs could not be captured. While all
other study drugs require prescription in Korea, NSAID-use might
be underestimated in our study. Third, we could not obtain data
regarding the severity of the underlying conditions, performance
status, and socioeconomic characteristics as this information was
not available in the HIRA or KCDC databases. Finally, the differences
in baseline characteristics between groups remained after DRS-
matching, albeit to a substantially smaller degree. While we tried
to further adjust for those variables using logistic regression, the
possibility of residual confounding cannot be excluded.

In conclusion, we found no association between drugs of
concern, including ARB and HCQ, and the risk of COVID-19 and its
severity. Our results are reassuring in that drugs commonly used
for chronic conditions do not increase the risk for COVID-19.
However, our findings also suggest that repurposing pharmaceu-
tical agents may not provide significant clinical benefits for
patients with COVID-19. Clinical trials are needed to generate high-
quality evidence regarding the efficacy of these agents.
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