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Background/Aims: There are concerns that the use of renin-angiotensin system
(RAS) blockers may increase the risk of being infected with severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) or progressing to a severe clinical course
after infection. This this study aimed to investigate the influence of RAS blockers
on the risk and severity of SARS-CoV-2 infection.

Methods: We conducted a retrospective cohort study analyzing nationwide claims
data of 215,184 adults who underwent SARS-CoV-2 tests in South Korea. The
SARS-CoV-2 positive rates and clinical outcomes were evaluated according to the
use of RAS blockers in patients with hypertension (n = 64,243).

Results: In total, 38,919 patients with hypertension were on RAS blockers. The
SARS-CoV-2 positive rates were significantly higher in the RAS blocker group
than in the control group after adjustments (adjusted odds ratio [OR], 1.22; 95%
confidence interval [CI], 1.10 to 1.36; p < 0.001), and matching by propensity score
(adjusted OR, 1.16; 95% CI, 1.03 to 1.32; p = 0.017). Among the 1,609 SARS-CoV-2-
positive patients with hypertension, the use of RAS blockers was not associated
with poor outcomes, such as mortality (adjusted OR, 0.81; 95% CI, 0.56 to 1.17; p =
0.265), and a composite of admission to the intensive care unit and mortality (ad-
justed OR, 0.95; 95% CI, 0.73 to 1.22; p = 0.669). Analysis in the propensity score-
matched population showed consistent results.

Conclusions: In this Korean nationwide claims dataset, the use of RAS blockers
was associated with a higher risk to SARS-CoV-2 infection but not with higher
mortality or other severe clinical courses.

Keywords: Coronavirus infections; Hypertension; Angiotensin-converting en-
zyme inhibitor; Angiotensin receptor antagonists

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has officially become a pandemic, with
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more than 2 million confirmed cases and more than
100,000 deaths worldwide. Elderly patients and those
with underlying comorbidities such as cardiovascular
disease and hypertension are considered to be at higher
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risk of morbidity and mortality from SARS-CoV-2 infec-
tion [1]. Many of these patients are on renin-angiotensin
system (RAS) blockers, and the effect of angiotensin-con-
verting enzyme (ACE) inhibitors and angiotensin recep-
tor blockers (ARBs) on the clinical outcomes of patients
with coronavirus disease (COVID-19) has been contro-
versial. Given that the angiotensin-converting enzyme
2 (ACE2) is the cell entry receptor for SARS-CoV-2 vi-
rus [2]. there is growing concern that pre-existing use of
ACE inhibitors and ARBs might increase the expression
of ACE2 and, therefore, possibly increase the risk of be-
ing infected with SARS-CoV-2 and/or progressing to a
severe and fatal course after infection [3-5).

As a response to this concern, there have been rec-
ommendations for both the continued use and cessa-
tion of ACE inhibitors and ARBs among patients with
COVID-19 [4,6]. Unfortunately, current evidence is in-
sufficient to either support or oppose this concern. To
date, there are only a few human studies evaluating the
effect of RAS blockers on patients with COVID-19. Sever-
al studies have shown that patients on RAS blockers did
not have a higher risk of severe COVID-19 than those
who did not receive any RAS blockers [7-10]. However,
whether RAS blockers increases the risk of being infect-
ed with SARS-CoV-2 infection is challenging to answer.
Therefore, this study aimed to determine the influence
of RAS blockers on the risk and severity of SARS-CoV-2
infection, using medical claims data.

METHODS

Data source and study population

The South Korean healthcare system is governed by
the Ministry of Health and Welfare and covers approx-
imately 97% of the overall Korean population. The
claims data of Health Insurance Review and Assessment
Service (HIRA) contains comprehensive information
such as patients’ diagnosis, procedures, surgeries, treat-
ment, and prescription history. Recently, the Ministry of
Health and Welfare and HIRA initiated a global research
collaboration “OpenDatagCovid19” project (https://hi-
ra-covidig.net/). This project provides, via their website,
insurance claims data for those who tested for SARS-
CoV-2 infection, along with all the claim records up to
3 years before the individual’s date of SARS-CoV-2 test.
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As of May 27, 2020, data up to May 15, 2020 was released,
and Korea Centers for Disease Control & Prevention
(KCDC) data was merged to HIRA claims data with re-
spect to SARS-CoV-2 confirmation and mortality.

The dataset included data of 234,427 subjects who had
been tested for SARS-CoV-2 infection. Among 215,184
patients older than 19 years, 64,243 patients with hy-
pertension were included in the study. All SARS-CoV-2
infection cases were confirmed via reverse transcriptase
polymerase chain reaction. This study was approved by
the Institutional Review Board of Seoul National Uni-
versity Bundang Hospital (IRB No. X-2005-613-902) and
conformed to the tenets of the Declaration of Helsinki.
The requirement for informed consent was waived off
as all study participants were anonymized.

Definitions of SARS-CoV-2 cases, comorbidities, and
clinical outcomes

SARS-CoV-2 positive cases were predefined in the pro-
vided dataset, based on both COVID-19 case data from
the KCDC. Claims data for the prescription of ACE in-
hibitors or ARBs were screened. Subjects were confirmed
to be on ACE inhibitors or ARBs if their prescription
had covered more than 4 weeks of an 8-week duration
before the SARS-CoV-2 test (medication possession ra-
tio > 50%). Prescription data on other classes of antihy-
pertensive medication (beta-blocker, calcium-channel
blocker, and diuretics) were also screened in the same
manner.

Baseline comorbidities were also defined using ICD-
10 codes as follows: hypertension, I10-13, I15; heart fail-
ure, I50; history of myocardial infarction, 121, 22; and di-
abetes mellitus, E11-14. Chronic obstructive pulmonary
disease (COPD) and asthma were defined using a com-
bination of ICD-10 codes (J43.1-9, J44 for COPD; J45, J46
for asthma) and prescription history of relevant drugs at
least twice in 2019. The detailed claim codes used for the
definitions are provided as a supplementary file.

This study has two main outcomes: [1] positive SARS-
CoV-2 test among subjects that had been tested, and [2]
mortality among SARS-CoV-2 (+) patients. The second-
ary outcome measure was severe clinical course among
SARS-CoV-2 (+) patients, defined as a composite of re-
quiring oxygen therapy, admission to the intensive care
unit (ICU), and mortality. A composite of ICU admission
and mortality were also evaluated. The flowchart of the
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215,184 Adults tested for SARS-CoV-2

64,243 Patients with hypertension

RAS blockers (n = 38,231) Control (n = 26,012)

Propensity score matching

RAS blockers (n = 20,178) Control (n =20,178)

E RAS blockers (n = 535)
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7,083 SARS-CoV-2 (+) patients

1,609 Patients with hypertension

RAS blockers (n = 1,041) Control (n = 568)

Propensity score matching

Control (n = 535)

Figure 1. Schematic figure of the study population. (A) The risk of renin-angiotensin system blockers for severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection was evaluated in patients with hypertension who had been tested for
SARS-CoV-2. (B) The risk for severe clinical courses were evaluated in SARS-CoV-2 (+) patients. RAS, renin-angiotensin system.

scheme of the study is presented in Fig. 1.

Statistical analysis

Pearson’s chi-square test or Fisher’s exact test were used
for categorical variables, and the Student’s t test was
used for continuous variables. Outcomes from logistic
regression were presented as odds ratios (ORs) with 95%
confidence intervals (CIs). Comparison between RAS
blocker user and non-user were performed in patients
with hypertension. To address potential sources of bias,
propensity score matching was additionally performed.
The baseline clinical characteristics were incorporat-
ed into a non-parsimonious logistic regression mod-
el to compute the propensity score for the use of RAS
blocker. The included covariates were age, sex, diabetes
mellitus, heart failure, history of myocardial infarction,
asthma or COPD, and use of other classes of antihyper-
tensive medications. Then, propensity score-matching
iteration from the eighth digit to the third digit in the
SARS-CoV-2 tested population, and to the first digit in
the SARS-CoV-2 (+) population were performed. In total,
20,178 matched pairs regarding the use of RAS blocker
were selected from the overall SARS-CoV-2 tested pop-
ulation (c-statistics = 0.671) and 535 pairs from those that
tested positive for SARS-CoV-2 (c-statistics = 0.666). The
baseline characteristics and outcomes were compared
again between the patients who were not on RAS block-
ers (control group) and the patients on RAS blockers
(RAS blocker group) at the time of SARS-CoV-2 testing.

https://doi.org/10.3904/kjim.2020.390

All statistical tests were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA), and p < 0.05 was consid-
ered statistically significant.

RESULTS

Baseline characteristics

In total, 38,231 (59.5%) patients with hypertension were
on ACE inhibitors or ARBs at the time of testing. The
comparison of baseline characteristics between the RAS
blocker user and non-user in the overall hypertensive
and matched population are presented in Table 1. In the
overall hypertensive population, the RAS blocker group
patients were younger than those of the control group.
Male sex and diabetes mellitus were more prevalent, and
the proportion of heart failure and COPD/asthma were
lower in the RAS blocker group. Most patients (96.3%)
in the RAS blocker group used ARBs. After matching by
propensity score, these parameters became comparable
between the groups.

Risk of SARS-CoV-2 infection

The ORs for positive SARS-CoV-2 tests are presented in
Table 2. The positive rate of SARS-CoV-2 tests was sig-
nificantly higher in the RAS blockers group than in the
control group before (OR, 1.25; 95% CI, 1.13 to 139; p <
o0.001) and after adjustment for age, sex, diabetes, heart
failure, history of myocardial infarction, airway diseases
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Table 1. The comparison of baseline characteristics between RAS blocker user and non-user in the overall hypertensive and

matched population

Overall patients with hypertension Matched population
Characteristic RAS blocker Control RAS blocker Control
(n=38,231) (n=26,012) pvalue (n=20,178) (n=20,178) pvalue
Age, yr 66.8 +14.7 69.3+14.9 <0.001 68.9 £ 13.7 68.9 £13.7 0.783
Male sex 20,067 (52.5) 13,431 (51.6) 0.033 10,205 (50.6) 10,230 (50.7) 0.803
Heart failure 5,315 (13.9) 4,054 (15.6) <0.001 2,397 (11.9) 2,419 (12.0) 0.736
Prior MI 2,377 (6.2) 1,689 (6.5) 0.159 858 (4.3) 842 (4.2) 0.692
Diabetes 17,731 (46.4) 11,000 (42.3) <0.001 8,729 (43:3) 8,720 (43.2) 0.928
COPD or asthma 7,028 (18.4) 5,181 (19.9) < 0.001 3,530 (17.5) 3,527 (17.5) 0.969
RAS blocker 38,231 (100) o <0.001 20,178 (100) o <0.001
ACEi 1,626 (4.3) o <0.001 935 (4.6) o <0.001
ARB 36,811 (96.3) o <0.001 19,316 (95.7) o <o0.001
Beta-blocker 9,366 (24.5) 6,017 (23.1) < 0.001 4,224 (20.9) 4,233 (21.0) 0.912
Calcium-channel blocker 22,556 (59.0) 11,662 (44.8) <0.001 10,379 (51.4) 10,370 (51.4) 0.929
Diuretics 8,566 (22.4) 1,250 (4.8) <0.001 1,032 (5.1) 1,032 (5.1) 1.000
SARS-CoV-2 (+) 1,041 (2.7) 568 (2.2) <0.001 547 (2.7) 472 (2.3) 0.017

Values are presented as mean = SD or number (%).

RAS, renin-angiotensin system; MI, myocardial infarction; COPD, chronic obstructive pulmonary disease; ACEi, angioten-
sin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SARS-CoVa2, severe acute respiratory syndrome coronavirus 2.

(COPD or asthma), and other classes of antihypertensive
medications (OR, 1.22; 95% CI, 1.10 to 1.36; p < 0.001).
Other than RAS blocker usage, younger age and female
sex were associated with higher SARS-CoV-2 positivi-
ty rates in the multivariate analysis. Diabetes mellitus,
cardiovascular and airway diseases were correlated with
lower SARS-CoV-2 positive tests. Analysis in the propen-
sity score-matched population also showed significant-
ly higher SARS-CoV-2 positive rate in the RAS blocker
group than that in the control group (OR, 1.16; 95% CI,
1.03 to 1.32; p = 0.017).

Clinical outcomes in the SARS-CoV-2—positive pop-
ulation
In total, 7,083 subjects tested positive for SARS-CoV-2
infection, and among them, 1,609 patients had history
of hypertension. The clinical outcomes were compared
according to the use of RAS blockers in the SARS-CoV-2
(+) patients with hypertension. The baseline characteris-
tics of the overall SARS-CoV-2 (+) with hypertension and
the matched population are presented in Table 3.

The overall mortality rate in this dataset was 3.2%
(227/7,083). Among patients with hypertension, the mor-
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tality rate was 10.3% (165/1,609), and the predictors for
mortality are shown in Table 4. Use of beta-blocker, old-
er age, diabetes mellitus, cardiovascular disease, and air-
way diseases were significantly associated with a higher
mortality in the univariate logistic regression analysis.
In multivariate analysis, age (per 10 years, adjusted OR,
3.11; 95% CI, 2.56 t0 3.79; p < 0.001), diabetes mellitus (ad-
justed OR, 2.24; 95% CI, 1.56 to 3.22; p < 0.011), and airway
diseases (adjusted OR, 1.95; 95% CI, 1.21 t0 3.13; p = 0.000)
were significantly associated with higher mortality. Pa-
tients on RAS blockers showed lower mortality in the
univariate analysis (OR, 0.59; 95% CI, 0.43 to 0.82; p =
0.001), but there was no significant difference after ad-
justments for comorbidities and other classes of medi-
cations (adjusted OR, 0.81; 95% CI, 0.56 to 1.17; p = 0.265)
or matching by propensity score (OR, 0.88; 95% CI, 0.59
to 1.33; p = 0.545). With respect to a composite of ICU ad-
mission and mortality, there was no significant differ-
ence between the RAS blocker and the control groups
after adjustment or propensity score matching (adjusted
OR, 0.95; 95% CI, 0.73 to 1.22; p = 0.669) (adjusted OR,
1.05; 95% CI, 0.79 to 1.40; p = 0.720). Analyses on severe
clinical course (a composite of oxygen therapy, ICU ad-
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Table 2. Clinical factors associated with SARS-CoV-2 infection in the overall and matched population
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Overall patients with hypertension (n = 64,243)

Matched population (n = 40,356)

Variable Unadjusted OR Adjusted OR Adjusted OR

(95% CI) pvalue (05% CI) pvalue (05% CI) pvalue
RAS blocker 1.25(1.13-1.39) <0.001 1.22 (1.10-1.36) <0.001 1.16 (1.03-1.32) 0.017
Age, 10 yr 0.92 (0.89-0.95) <0.001 0.95 (0.91-0.98) 0.001 0.96 (0.92—1.01) 0.089
Female sex 1.43 (1.30-1.58) <o0.001 1.44 (1.30-1.59) <0.001 135 (1.19-1.54) <o0.001
HF or prior MI 0.57(0.49-0.66)  <o0.001  0.68(0.57-0.80)  <0.001 0.66 (0.53—0.82) < 0.001
Diabetes 0.80 (0.72—0.88) <o0.001  0.86(0.78-0.96) 0.005 0.84 (0.73-0.95) 0.008
COPD or asthma 0.47 (0.40-0.56) <0.001 0.52(0.44-0.61)  <0.001 0.49 (0.39 - 0.61) <0.001
Beta-blocker 0.76 (0.67-0.86) <0.001  0.89(0.78-1.01) 0.069 0.96 (0.81-1.14) 0.608
Calcium-channel blocker  0.99 (0.89-1.09) 0.761 0.95 (0.86-1.05) 0.288 1.11 (0.98-1.26) 0.103
Diuretics 1.21 (1.06-1.38) 0.004 1.12 (0.98-1.28) 0.106 1.01 (0.76-1.34) 0.935

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OR, odds ratio; CI, confidence interval; RAS, renin-angiotensin
system; HF, heart failure; M1, myocardial infarction; COPD, chronic obstructive pulmonary disease.

Table 3. Baseline characteristics of SARS-CoV-2 positive population

SARS-CoV-2 (+) patients with hypertension Matched population
Variable RAS blocker Control RAS blocker Control
(n=1,041) (n=568) pralue (n=535) (n=535) pralne
Age, yr 64.6 £12.7 69.0 +14.1 < 0.001 683+12.4 68.2+13.9 0.871
Male sex 455 (43.7) 244 (43.0) 0.772 239 (44.7) 235 (43.9) 0.806
Heart failure 84(8.1) 55 (9.7) 0.271 51(9.5) 52(9.7) 0.917
Prior MI 39 (3.8) 26 (4.6) 0.418 24 (4.5) 22 (4.1) 0.763
Diabetes 420 (40.4) 212 (37.3) 0.236 210 (39.2) 201 (37.6) 0.572
COPD or asthma 105 (10.1) 58 (10.2) 0.937 53(9.9) 56 (10.5) 0.762
RAS blocker 1,041 (17.8) o <o0.001 535 (100) o <0.001
ACEi 45 (4-3) o < 0.001 35 (6.5) o <0.001
ARB 998 (95.9) o <0.001 502 (93.8) o <0.001
Beta-blocker 185 (17.8) 127 (40.7) 0.026 117 (21.9) 110 (20.6) 0.601
Calcium-channel blocker 556 (53.4) 295 (51.9) 0.572 280 (52.3) 285 (53.3) 0.760
Diuretics 250 (24.0) 37 (6.5) <0.001 39 (7.3) 37 (6.9) 0.812

Values are presented as mean + SD or number (%).

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RAS, renin-angiotensin system; MI, myocardial infarction;

COPD, chronic obstructive pulmonary disease; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor

blocker.

mission, and mortality) showed similar trends (Fig. 2).

Analysis on the effects of other classes of antihyper-
tensive medications

Baseline characteristics after matching by propensity
score for each class of antihypertensive medications in
the SARS-CoV-2 tested and the SARS-CoV-2 (+) popula-

https://doi.org/10.3904/kjim.2020.390

tion with hypertension are provided as Supplementary
Tables 1 and 2. Other classes of antihypertensive medi-
cations were not associated with the rate of SARS-CoV-2
positive tests (Supplementary Table 3). Clinical out-
comes of SARS-CoV-2 infection were also not associated
with the use of other classes of antihypertensive med-
ications after adjustments for comorbidities and other
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Table 4. Predictors of death in SARS-CoV-2 (+) patients with hypertension

SARS-CoV-2 (+) with hypertension (n = 1,6009)

Variable

Unadjusted OR (95% CI) pvalue Adjusted OR (95% CI) pvalue
RAS blocker 0.59 (0.43—0.82) 0.001 0.81(0.56-1.17) 0.265
Age, 1o yr 2.87 (2.41-3.41) <0.001 3.11 (2.56-3.79) <0.001
Female sex 0.76 (0.55-1.04) 0.088 0.47 (0.32—0.68) <o0.001
HF or prior MI 2.64 (1.77-3.94) <0.001 1.34 (0.82—2.19) 0.244
Diabetes 2.23 (1.61-3.09) <0.001 2.24 (1.56-3.22) <0.001
COPD or asthma 2.65 (1.74—4.02) <0.001 1.95 (1.21-3.13) 0.006
Beta-blocker 1.49 (1.02-2.16) 0.039 1.21 (0.78-1.89) 0.404
Calcium-channel blocker 0.87(0.63-1.20) 0386 0.87(0.60-1.24) 0.437
Diuretics 1.03 (0.68-1.56) 0.902 1.12 (0.70-1.80) 0.637

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OR, odds ratio; CI, confidence interval; RAS, renin-angiotensin
system; HF, heart failure; M1, myocardial infarction; COPD, chronic obstructive pulmonary disease.

RAS blocker
(no./total no.)

Control
(no./total no.)

Infection risk HTN 1,041/38,231 568/26,012
Matched 547/20,178 472[20,178
Death HTN 88/1,041 77/568
Matched 61/535 66/535
ICU/Death HTN 228/1,041 150/568
Matched 141/535 135/535
0,/ICU/Death HTN 378/1,041 236/568
Matched 219/535 220/535

Adjusted OR

(95% Cl)
1.22 (1.10-1.36) A
1.16 (1.03-1.32) -
0.81(0.56-1.17) A
0.88 (0.59-1.33) e
095 (0.73-1.22) A
1.05 (0.79-1.40) —a—
1.01 (0.80-1.27) —k—
099 (0.77-1.28) ——
I T i T ]
025 05 1 2 4
Odds ratio

Figure 2. Risk of renin-angiotensin system (RAS) blockers for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and its outcomes. The use of RAS blockers was associated with higher SARS-CoV-2 infection rate but was not associ-
ated with higher mortality or other severe clinical courses in both patients with hypertension and propensity score matched
population. OR, odds ratio; CI, confidence interval; HTN, hypertension; ICU, intensive care unit.

classes of medications or matching by propensity score
(Supplementary Table 4).

DISCUSSION

Hypertension is one of the most prevalent comorbid
ities in COVID-19 patients and is also associated with
poor outcomes [1]. Given that the ACE2 is the cell entry
receptor for SARS-CoV-2 virus and that ACE inhibitors
and ARBs are frequently used to manage hypertension,
the use of RAS blockers in patients with COVID-19 has
been controversial. Recent studies suggested that the

S128 www.kjim.org

use of RAS blockers was not associated with poor out-
comes in hospitalized COVID-19 patients [7,8]. Howev-
er, clinical evidence is still insufficient to determine if
there is an association between the use of RAS blockers
and COVID-19. Moreover, the effect of RAS blockers
on the risk of being infected with SARS-CoV-2 is more
difficult to determine from lack of data. In the current
study, we analyzed HIRA claims data of those tested for
SARS-CoV-2 infection and found that the use of RAS
blockers may increase the risk of SARS-CoV-2 infection.
However, it is not associated with more severe clinical
courses. These results support the theory that there may
be a dual role of ACE inhibitors/ARBs in COVID-19 [11].

https://doi.org/10.3904/kjim.2020.390


www.kjim.org

Lee J, et al. RAS blockers and SARS-CoV-2 infection

RAS blockers and the risk of SARS-CoV-2 infection
ACE?2 is the functional receptor for SARS-CoV-2 cell en-
try [2], and although the results are inconsistent, select
preclinical animal studies showed higher ACE2 expres-
sion after the use of RAS blockers [12-14]. In contrast,
data from human studies showed that RAS blockers have
little to no effect on urinary or plasma ACEz2 levels [15].
It is also uncertain if changes in urinary or plasma ACE2
levels reflect changes in tissue ACE2. Despite insuffi-
cient evidence, there are still concerns about the use of
RAS blockers, particularly that they may alter ACE2 and
play a role in COVID-19. In this study, the use of RAS
blockers was associated with a significantly higher rate
of SARS-CoV-2 infection after adjustment or matching
by propensity score, indicating that more caution may
be needed while managing patients on RAS blockers.

In contrast, a recent studies from Italy and US report-
ed that the use of RAS blockers did not affect the risk
of developing COVID-19 [9,16]. The systematic review
from these studies also showed similar outcomes [17].
The disparity in results may be explained by the differ-
ences in the study population. The Korean government
has conducted extensive testing and tracing measures,
including the use of advanced information technolo-
gy [18] to control the spread of the virus. This enabled
the identification of a large group of individuals who
are suspected to have been exposed to, but not infected
with, SARS-CoV-2 as the control group. In contrast, in
the previously mentioned Italian study [16], the subjects
not tested for SARS-CoV-2 infection were designated as
the control group and those infected with SARS-CoV-2
may have been unintentionally included. The Italian
Ministry of Health had issued stringent testing policies,
and testing was limited to those with mild symptoms
or did not require hospitalization [19]. Tests for SARS-
CoV-2 were also limited in the US and contact tracing
was not widely available [20]. In the study by Reynolds
et al. [9], 46.8% of the patients tested for COVID-19 were
positive. In contrast, the positive rate was 3.3% in our
study population, suggesting that this dataset is well de-
signed to assess the risk of SARS-CoV-2 infection. It was
suggested in the systematic review that previous studies
were mostly from symptomatic patients and therefore
these results may not apply to patients with mild or no
symptoms [17].

Another study from Korea reported that use of RAS

https://doi.org/10.3904/kjim.2020.390
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blockers was not associated with the increased risk of
COVID-19 [21]. The previous study included individu-
als without hypertension and those that were not test-
ed for SARS-CoV-2 infection. Moreover, the underlying
comorbidities of the population were not assessed and
there were no adjustments for comorbidities or other
antihypertensive medications.

Other than the use of RAS blockers, age, sex, diabetes,
cardiovascular and airway diseases were also associated
with higher risk of SARS-CoV-2 infection. Comorbidi-
ties suggested as risk factors for severe COVID-19 were
associated with lower SARS-CoV-2 infection rate in our
population. There is no clear biological explanation for
this. One possible explanation is that changes in behav-
ioral pattern may have contributed to these results. Sub-
jects at higher risk for severe outcomes might had been
more cautious than healthy subjects with respect to per-
sonal protection and hygiene during this pandemic. A
recent report on the association between risk perception
of COVID-19 and self-protective behaviors may support
this explanation [22].

RAS blockers and clinical outcomes

In addition to the risk of infection, the use of RAS block-
ers was also suggested to affect the clinical course of
SARS-CoV-2 infection [4,5], and some media sources even
recommended discontinuation of RAS blockers in pa-
tients with known or suspected COVID-19. Despite these
theoretical concerns and uncertainties, there is evidence
of potential benefit, rather than harm, of RAS blockers in
the treatment of COVID-19. In preclinical studies, RAS
blockade attenuated SARS-CoV-1-induced acute lung in-
jury [23] and other viral-induced lung injuries [24]. Previ-
ous studies have suggested that the use of RAS blockers
did not have an adverse effect on the clinical course of
COVID-19 [8-10,16]. There were even suggestions that
RAS blockers were associated with a lower mortality rate
[7]. This study also showed that the pre-existing use of
RAS blockers did not increase the risk of mortality, ad-
mission to the ICU, or oxygen therapy. These findings
support the recommendations from relevant profession-
al societies that advocated for the continued use of ACE
inhibitors/ARBs unless clinically indicated [25].

Characteristics of the study population
It is noteworthy that the general trend of SARS-CoV-2
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data in South Korea is different from those in China,
Ttaly, Spain, or United States. The proportion of posi-
tive test results and case fatality rate were relatively low-
er, and the overall population was younger [19]. South
Korea had experienced an exponential spread of SARS-
CoV-2 infection earlier than most countries. By late Feb-
ruary 2020, the number of COVID-19 infections was the
second highest after China. Using the extensive testing
and tracing measures, the spread of virus was controlled
without overwhelming the capacity of the healthcare sys-
tem, which may have translated into the relatively lower
fatality rate than that in other countries. Therefore, our
data may represent the effects of the RAS blockers on the
clinical course of COVID-19 in the setting of adequate
healthcare management.

Limitations

This study had some limitations. This is an observation-
al study, thus there may be additional unknown con-
founders or bias affecting our results despite propensity
score matching. Since most of the study population was
Asian, it is not known if the results could be applied to
population of other ethnicities. Also, the effects of RAS
blockers on SARS-CoV-2 infection may be different
across the strains of COVID-19. The risk of infection
may be influenced by the preventive measures taken by
each individual. As this study was based on claims data,
additional beneficiaries’ information such as severity of
conditions, laboratory results, and smoking status was
not available. In addition, the use of RAS blockers was
determined by prescription and may not coincide with
the actual drug use. Dosage or adherence to drugs were
not evaluated in this study. Further, less than 5% of sub-
jects in the RAS blocker group were prescribed ACE in-
hibitors, and thus it was not feasible to assess the effect
of ACE inhibitors and ARBs separately.

Conclusions

In this Korean nationwide claims dataset, the use of
RAS blockers was associated with a higher risk of SARS-
CoV-2 infection but not with higher mortality or other
severe clinical courses. Possible precautions should be
taken in patients on RAS blockers, in order to reduce
their exposure to SARS-CoV-2, and help control the
spread of COVID-19.
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1. The use of renin-angiotensin system (RAS)
blockers was associated with a higher risk of
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. However, the use of
RAS blockers was not a risk factor for severe
clinical courses.

2. These findings support the recommendations
for continued use of RAS blockers in patients
with hypertension unless clinically indicated.
Nevertheless, possible precautions should be
taken in patients on RAS blockers, in order to
reduce their exposure to SARS-CoV-2 and help
control the spread of coronavirus disease.
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Supplementary Table 3. Antihypertensive medication and SARS-CoV-2 susceptibility in propensity score matched patients

with hypertension

Patients on medication Control Adjusted OR (95% CI) pvalue
RAS blocker 547/20,178 (2.7) 472/20,178 (2.3) 1.16 (1.03-1.32) 0.017
Calcium-channel blocker 598/22,560 (2.7) 605/22,560 (2.7) 0.99 (0.88-1.11) 0.823
Beta-blocker 243/11,770 (2.1) 271/11,770 (2.3) 0.89 (0.75-1.07) 0.212
Diuretics 281/9,342 (3.0) 252/9,342 (2.7) 1.12 (0.94-1.33) 0.215

Values are presented as SARS-CoV-2 (+)/total no. (%). Hypertensive patients on RAS blockers showed higher SARS-CoV-2 pos-
itive rate than subjects without RAS blockers after matching for propensity score. Patients were propensity score matched for
age, sex, heart failure, diabetes, history of myocardial infarction, asthma or chronic obstructive pulmonary disease, and other

classes of medication.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OR, odds ratio; CI, confidence interval; RAS, renin-angiotensin

system.
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Supplementary Table 4. Association between each class of antihypertensive medication and clinical outcomes in patients with

hypertension
SARS-CoV-2 (+) with HTN Matched population
Outcome o= 17.609) -
No. of events A(?;;i/toegI?R pvalue No. of events Ad(J;i/zegIc))R pvalue
RAS blocker 1,070 (535 pairs)*
Death 165 0.81 (0.56-1.17) 0.265 127 0.88 (0.59-1.33) 0.545
ICU/death 378 0.95 (0.73-1.22) 0.669 276 1.05 (0.79-1.40) 0.720
0,/ICU/death 614 1.01 (0.80-1.27) 0.956 439 0.99 (0.77-1.28) 0.939
Calcium-channel blocker 1,304 (652 pairs)*
Death 165 0.87 (0.60-1.24) 0.437 130 1.05 (0.61-1.80) 0.875
ICU/death 378 1.01 (0.79-1.29) 0.943 304 1.15 (0.88-1.51) 0.305
0,/ICU/death 614 1.07 (0.86-1.33) 0.556 502 1.17 (0.92-1.48) 0.208
Beta-blocker 508 (254 pairs)*
Death 165 1.21 (0.78-1.89) 0.404 69 1.01 (0.57-1.78) 0.976
ICU/death 378 1.18 (0.86-1.61) 0.303 146 0.90 (0.60-1.36) 0.626
0,/ICU/death 614 1.05 (0.79-1.40) 0.744 225 0.76 (0.52-1.10) 0.143
Diuretics 572 (286 pairs)*
Death 165 1.12 (0.70-1.80) 0.637 56 1.21 (0.66—2.22) 0.544
ICU/death 378 0.90 (0.65-1.25) 0.532 128 0.85 (0.57-1.29) 0.453
0,/ICU/death 614 0.86 (0.64-1.15) 0.301 211 0.82 (0.57-1.18) 0.203

Patients on each class of medication were matched to patients not using that medication according to propensity scores.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HTN, hypertension; OR, odds ratio; CI, confidence interval;
RAS, renin-angiotensin system; ICU, intensive care unit.

*Number of matched population.
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