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Background. Renin-angiotensin-aldosterone system (RAAS) inhibitors may facilitate host cell entry of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) or attenuate organ injury via RAAS blockade. We aimed to assess the associations between
prior use of RAAS inhibitors and clinical outcomes among Korean patients with coronavirus disease 2019 (COVID-19).

Methods. We performed a nationwide population-based cohort study using the Korean Health Insurance Review and Assessment
database. Claim records were screened for 69 793 individuals who were tested for COVID-19 until 8 April 2020. Adjusted odds ratios
(ORs) were used to compare the clinical outcomes between RAAS inhibitor users and nonusers.

Results. Among 5179 confirmed COVID-19 cases, 762 patients were RAAS inhibitor users and 4417 patients were nonusers. Relative
to nonusers, RAAS inhibitor users were more likely to be older, male, and have comorbidities. Among 1954 hospitalized patients with
COVID-19, 377 patients were RAAS inhibitor users, and 1577 patients were nonusers. In-hospital mortality was observed for 33 RAAS
inhibitor users (9%) and 51 nonusers (3%) (P <.001). However, after adjustment for age, sex, Charlson comorbidity index, immuno-
suppression, and hospital type, the use of RAAS inhibitors was not associated with a higher risk of mortality (adjusted OR, 0.88; 95%
confidence interval, 0.53-1.44; P = .60). No significant differences were observed between RAAS inhibitor users and nonusers in terms
of vasopressor use, modes of ventilation, extracorporeal membrane oxygenation, renal replacement therapy, and acute cardiac events.

Conclusions. Our findings suggest that prior use of RAAS inhibitors was not independently associated with mortality among

COVID-19 patients in Korea.
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Inlate 2019, several pneumonia cases with an undetermined cause
were identified in Wuhan (Hubei province, China), and similar
cases were rapidly observed in other Chinese provinces and other
countries [1, 2]. On 3 January 2020, a novel coronavirus (severe
acute respiratory syndrome coronavirus 2 [SARS-CoV-2]) was
isolated from these patients [1], and the corresponding disease
was subsequently named coronavirus disease 2019 (COVID-19)
by the World Health Organization. Severe cases, including cases
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that resulted in death, have been observed in older patients and
patients with comorbidities, including hypertension, coronary
artery disease, diabetes, and chronic kidney disease [3-5].

Both SARS-CoV-1 and SARS-CoV-2 require human
angiotensin-converting enzyme 2 (ACE2) to enter the host cell
[6, 7]. Interestingly, ACE2 expression is increased in patients
with diabetes [8] and after treatment using renin-angiotensin-
aldosterone system (RAAS) inhibitors, such as angiotensin-
converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARBs) [9]. Given that mechanism, and the fact that
several Chinese studies have identified more severe outcomes
in COVID-19 patients with comorbidities that meet the indi-
cations for ACE inhibitors and ARBs [3-5], there are concerns
regarding the use of these drugs in COVID-19 cases [10]. In ad-
dition, SARS-CoV-2 appears to downregulate ACE2 expression,
which is a key enzyme that counteracts RAAS by degrading an-
giotensin II to angiotensin-(1-7) and thereby attenuates organ
injury [11]. Blockage of RAAS and increased ACE2 expression
attenuated lung injury induced by SARS-CoV in preclinical
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model [11, 12]. Nevertheless, discontinuation of RAAS inhib-
itor treatment could lead to clinical deterioration in patients
with cardiovascular diseases, and clinical data are lacking re-
garding the theoretical relationships between RAAS inhibitor
use and COVID-19 severity. Recent Chinese studies demon-
strated that inpatient use of RAAS inhibitors was not associ-
ated with mortality in COVID-19 patients with hypertension
[13, 14]. However, prehospital drug use was not evaluated in
these studies, thereby questioning adequate exposure to RAAS
inhibitors. Therefore, this nationwide population-based cohort
study evaluated records from the Korean Health Insurance
Review and Assessment (HIRA) database to determine whether
prior use of RAAS inhibitors was associated with clinical out-
comes among patients with COVID-19.

METHODS

Data Sources and Study Subjects
Limited real-world clinical data are available to phys-
icians and policy makers during the COVID-19 pandemic.
Therefore, the Republic of Korea’s government decided to
share the world’s first nationwide database of de-identified
COVID-19 patient data with domestic and international
researchers [15]. The database contains claim records (in-
cluding for a 5-year period before hospitalization) for 69 793
individuals who were tested for COVID-19 and for whom
hospitals issued claims to the HIRA until 8 April 2020. The
database includes detailed information regarding demo-
graphic characteristics, diagnoses, prescriptions, procedures,
and patient outcomes. The diagnostic codes were assigned
on the basis of the Korean Classification of Diseases, sev-
enth revision (KCD-7), which is a modified version of the
tenth revision of the International Classification of Diseases
(ICD-10). Use of drugs was identified using Anatomical
Therapeutic Chemical codes and HIRA general name codes.
The study protocol for analysis of de-identified patient data
was exempted from review by the Institutional Review Board
of Chung-Ang University (1041078-202004-HR-082-01).
We included patients with COVID-19 who were > 18 years
old. Confirmed COVID-19 cases were identified using the fol-
lowing KCD-7/ICD-10 codes: B34.2 (coronavirus infection,
unspecified site), B97.2 (coronavirus as the cause of diseases
classified to other chapters), U18 (provisional assignment of
new diseases of uncertain etiology or emergency use), U18.1
(novel coronavirus infection), and U07.1 (coronavirus disease
2019 [COVID-19]). These diagnostic codes were given only if
a definitive diagnosis of COVID-19 was made based on posi-
tive nasopharyngeal swab specimens tested with real-time re-
verse transcription-polymerase chain reaction assays [16]. The
index date was defined as the date of the COVID-19 diagnosis.
All patients were followed until the first instance of death or 8
April 2020.

RAAS Inhibitors

This study identified all RAAS inhibitors, including ACE in-
hibitors and ARBs that were prescribed within 1 year before the
index date. For the present study, RAAS inhibitor users were
defined as patients with RAAS inhibitor use at 1-30 days be-
fore the index date, whereas nonusers were defined as patients
who had never received RAAS inhibitors or had received them
at 31-365 days before the index date. A prescription duration
of > 7 days was required to define drug use. The detailed types
and codes for RAAS inhibitors are described in Supplementary
Table 1.

Data Collection and Definitions

Comorbidities were defined on the basis of claim codes within
1 year before the index date and evaluated on the basis of the
Charlson comorbidity index [17]. The presence of hyper-
tension, which is not included in the Charlson comorbidity
index, was separately identified using the ICD-10 codes (see
Supplementary Table 2). Data were also collected regarding
previous use of steroids (oral or intravenous for > 30 days
during the previous year) and immunosuppressants (see
Supplementary Table 3). Immunosuppression was identi-
fied on the basis of an underlying disease or condition that
affected the immune system (eg, human immunodeficiency
virus infection or malignancy) or if the patient was receiving
immunosuppressive therapy. The type of hospital in which
a diagnosis of COVID-19 has been established was defined
according to the center’s number of beds and medical special-
ties (see Supplementary Material).

Data were extracted regarding antibiotics, antivirals,
hydroxychloroquine, steroids, and vasopressors that were used
during the hospitalization (see Supplementary Tables 3 and
4). In-hospital steroid treatment was defined as only intrave-
nous corticosteroid treatment (methylprednisolone or hydro-
cortisone). Vasopressor use was defined as the administration
of norepinephrine, epinephrine, vasopressin, dopamine, or
dobutamine during the hospitalization. Procedure codes were
also used to identify cases that involved conventional oxygen
therapy, high flow nasal cannula, mechanical ventilation, extra-
corporeal membrane oxygenation (ECMO), and renal replace-
ment therapy (see Supplementary Table 5).

In-hospital mortality was defined as the primary study out-
come. The secondary outcomes included vasopressor use,
modes of ventilation, ECMO, renal replacement therapy, and
acute cardiac events (cardiac arrest, myocardial infarction, and
acute heart failure).

Statistical Analysis

Logistic regression models were used to calculate odds ratios
(ORs) and 95% confidence interval (CIs) for in-hospital
mortality according to RAAS inhibitor use. The associa-
tion of RAAS inhibitor use with in-hospital mortality was
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also assessed in the subgroup of patients with hypertension,
given the fact that previous studies have identified more se-
vere outcomes in these patients. Multivariate logistic regres-
sion analysis was performed to adjust for age, sex, Charlson
comorbidity index, immunosuppression, and hospital type.
A separate analysis was also performed to ascertain the ef-
fects of in-hospital medication exposures, vasopressor use,
and mechanical ventilation. The rate at which excess ACE2
would disappear from host cell membranes after withdrawal
of RAAS inhibitors is unclear. Thus, as sensitivity anal-
ysis, the patients who received RAAS inhibitors at any time
during the 365 days before the index date were analyzed
to compare the clinical outcomes between RAAS inhibitor
users and nonusers. The associations between RAAS inhib-
itor use and mortality were assessed on the basis of strati-
fication according to age, sex, Charlson comorbidity index,
diabetes, hypertension, myocardial infarction, cerebrovas-
cular disease, chronic pulmonary disease, chronic kidney
disease, and immunosuppression. Furthermore, we evalu-
ated whether prior RAAS inhibitor use was significantly as-
sociated with any of the secondary outcomes. All tests were

2-tailed, and differences were considered statistically signif-
icant at P-values of < .05. All statistical analyses were per-
formed using SAS software (version 9.4; SAS Institute, Cary,
NC, USA).

RESULTS

Among the 69 793 individuals who were tested, 5179 pa-
tients were confirmed to have COVID-19. These patients
with COVID-19 were classified as RAAS inhibitor users
(762 patients) or nonusers (4417 patients). In total, 732 users
(96%) received ARBs, and 110 patients received RAAS inhibi-
tors at 31-365 days before the index date and were classified
as nonusers (see Supplementary Table 6). The patients’ base-
line characteristics are described in Table 1. The RAAS in-
hibitor users were more likely to be older, male, and have the
comorbidities listed in Table 1. Moreover, RAAS inhibitor users
were more likely to be immunosuppressed.

Among the 5179 patients with COVID-19, hospitaliza-
tion was observed for 1954 patients (38%). Based on the ab-
sence of claims data, we assume that the remaining patients
stayed at home or received out-of-hospital treatment, such as

Table 1. Baseline Characteristics of the 5179 Patients with COVID-19 According to RAAS Inhibitor Use

RAAS Inhibitor Status

All
Patients Users Nonusers
(n=5179) (n =762) (n = 4417) P
Age, years <.001
Mean (SD) 44.6 (18.0) 62.5(14.7) 41.5(16.6)
Range
18-39 2357 (46) 49 (6) 2308 (52)
40-59 1669 (32) 269 (35) 1400 (32)
60-79 947 (18) 343 (45) 604 (14)
>80 206 (4) 101 (13) 105 (2)
Sex <.001
Female 2884 (56) 362 (48) 2522 (57)
Male 2295 (44) 400 (52) 1895 (43)
Comorbidities
Diabetes 870 (17) 366 (48) 504 (11) <.001
Hypertension 11567 (22) 719 (94) 438 (10) <.001
Myocardial infarction 49 (1) 27 (4) 22 (1) <.001
Congestive heart failure 225 (4) 109 (14) 116 (3) <.001
Cerebrovascular disease 333 (6) 141 (19) 192 (4) <.001
Chronic pulmonary disease 1475 (28) 304 (40) 1171 (27) <.001
Chronic liver disease 1002 (19) 269 (35) 733 (17) <.001
Chronic kidney disease 263 (5) 145 (19) 118 (3) <.001
Malignancy 326 (6) 77 (10) 249 (6) <.001
Charlson comorbidity index <.001
Mean (SD) 15(2.2) 3.3(2.8) 1.2 (1.9)
Range
0-2 4142 (80) 362 (48) 3780 (86)
3-5 707 (14) 253 (33) 454 (10)
>6 330 (6) 147 (19) 183 (4)
Immunosuppression 999 (19) 211 (28) 788 (18) <.001

Data are shown as number (%) or mean (SD), and P-values were calculated using the % or Fischer exact test, as appropriate.

Abbreviations: COVID-19, coronavirus disease 2019; RAAS, renin-angiotensin-aldosterone system; SD, standard deviation.
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Table 2. Clinical Outcomes Among the 1954 Hospitalized Patients With COVID-19

RAAS Inhibitor Status

All Patients Users Nonusers
(n=1954) (n=377) (n=1577) P
Primary outcome
In-hospital mortality 84 (4) 33(9) 51 (3) <.001
Secondary outcomes
Vasopressor use 54 (3) 24 (6) 30 (2) <.001
Conventional oxygen therapy 276 (14) 94 (25) 182 (12) <.001
High flow nasal cannula 71 (4) 35 (9) 36 (2) <.001
Mechanical ventilation 36 (2) 14 (4) 22 (1) .003
ECMO 3(0.2) 1(0.3) 2(0.1) 47
Renal replacement therapy 13 (1) 4 (1) 9 (1) .29
Acute cardiac events
Cardiac arrest 18 (1) 8(2) 10 (1) .01
Myocardial infarction 49 (3) 7 (2) 42 (3) .37
Acute heart failure 135 (7) 36 (10) 99 (6) .02

Data are shown as number (%), and P-values were calculated using the y? or Fischer exact test, as appropriate.

Abbreviations: COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; RAAS, renin-angiotensin-aldosterone system.

at community treatment centers. The hospitalized patients in-
cluded 377 patients who used RAAS inhibitors and 1577 pa-
tients who were nonusers. And 365 users (97%) received ARBs,
and 40 patients received RAAS inhibitors at 31-365 days
before the index date and were classified as nonusers (see
Supplementary Table 6). The in-hospital treatments included
antibiotics (599 patients, 31%), antivirals (782 patients, 40%),
hydroxychloroquine (412 patients, 21%), and intravenous ster-
oids (75 patients, 4%) (see Supplementary Table 7). Each treat-
ment type was more common among RAAS inhibitor users.

The overall mortality rate for the entire cohort was 1.6%
(84/5179 patients), and in-hospital mortality was observed for
33/377 RAAS inhibitor users (9%) and for 51/1577 nonusers
(3%) (P < .001) (Table 2). The survival curves for the entire co-
hort and the hospitalized patients are shown in Supplementary
Figures 1 and 2. The in-hospital procedures included vaso-
pressor treatment (54 patients, 3%), conventional oxygen
therapy (276 patients, 14%), high flow nasal cannula (71 pa-
tients, 4%), mechanical ventilation (36 patients, 2%), ECMO (3
patients, 0.2%), and renal replacement therapy (13 patients, 1%)
(Table 2). Relative to nonusers, RAAS inhibitor users were more
likely to develop cardiac arrest and acute heart failure, and these
observations were not influenced when we evaluated subjects
who received RAAS inhibitors at any time during the 365 days
before the index date (see Supplementary Table 8).

However, multivariate analysis that adjusted for baseline im-
balances revealed that RAAS inhibitor use was not independently
associated with a higher risk of mortality among COVID-19 pa-
tients (adjusted OR, 0.88; 95% CI, .53-1.44; P = .60) (Table 3).
This finding was not influenced when we evaluated subjects who
received RAAS inhibitors at any time during the 365 days before
the index date (see Supplementary Table 9). The analysis that ad-
ditionally adjusted for in-hospital medications, vasopressor use,
and mechanical ventilation was consistent with the overall results
(see Supplementary Table 10). The multivariate results were gen-
erally consistent across all subgroups (Figure 1), and there were
generally no significant differences in the secondary outcomes be-
tween the RAAS inhibitor users and nonusers (Table 4).

Among the 1157 patients with hypertension and COVID-19,
there were 719 patients who used RAAS inhibitors and 438 pa-
tients who were nonusers. The RAAS inhibitor users were more
likely to have diabetes, and nonusers were more likely to have
malignancy and be immunosuppressed (see Supplementary
Table 11). In-hospital mortality was observed for 31/348 RAAS
inhibitor users (9%) and for 25/194 nonusers (13%) (P = .14)
(see Supplementary Table 12). Multivariate analysis that ad-
justed for baseline imbalances revealed that RAAS inhibitor use
was not independently associated with a higher risk of mortality
among hypertensive COVID-19 patients (adjusted OR, 0.71;
95% CI, .40-1.26; P = .25) (see Supplementary Table 13).

Table 3. Crude and Adjusted Odds Ratios for the Risk of In-hospital Mortality According to RAAS Inhibitor Use

No. of Patients No. of Events

Unadjusted OR (95% Cl) P

Adjusted OR® (95% Cl) P

RAAS inhibitor nonusers 4417 51
RAAS inhibitor users 762 33

1 (reference)
3.88 (2.48-6.05) <.001

1 (reference)
.88 (.63-1.44) .60

Abbreviations: Cl, confidence interval; OR, odds ratio; RAAS, renin-angiotensin-aldosterone system.

#Adjusted for age, sex, Charlson comorbidity index, immunosuppression, and hospital type.

2124 « CID 2020:71 (15 October) « Jungetal

120z Aey g1 uo 1senb Aq 091218S/1L2L2/9L/L L/31one/pIo/woo dno-olwepeoe//:sdiy wou) papeojumoq


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa624#supplementary-data

Subgroup No. of patients No. of events Adjusted OR*(95% CI)
Total 5179 84 f ! 0.88 (0.53-1.44)
Age range, years

18-39 2357 1 I 70.32 (0-100+)

40-59 1669 15 } = 1.25(0.37-4.24)

60-79 947 31 f = 0.92 (0.43-1.99)

>80 206 37 { 0.63 (0.28-1.39)
Sex

Male 2295 42 I - 0.93 (0.47-1.84)

Female 2884 42 f = 0.76 (0.37-1.58)
Charlson Comorbidity Index

0-2 4142 26 f = 0.93 (0.35-2.46)

3-5 707 41 = i 0.58 (0.28-1.2)

>6 330 17 f 1.63 (0.58-4.59)
Diabetes

Yes 870 43 f = 0.86 (0.44-1.67)

No 4309 41 f = 0.86 (0.4-1.89)
Hypertension

Yes 1157 56 f = { 0.71 (0.4-1.26)

No 4022 28 } 3.24 (0.66-15.92)
Myocardial infarction

Yes 49 3 L 0 (0-100+)

No 5130 81 f = ! 0.89 (0.54-1.48)
Cerebrovascular disease

Yes 333 21 } = 1.08 (0.42-2.8)

No 4846 63 f = ! 0.82 (0.45-1.48)
Chronic pulmonary disease

Yes 1475 46 f = 1.31(0.68-2.51)

No 3704 38 f - ! 0.49 (0.21-1.14)
Chronic kidney disease

Yes 263 5 } 5.52 (0.19-100+)

No 4916 79 f = 0.93 (0.55-1.58)
Immunosuppression

Yes 999 30 = 0.73 (0.32-1.7)

No 4180 54 | ' | T | 1(0.53-1.87)

0 0.5 1 1.5

Favors RAAS inhibitor Favors control

Figure 1. Forest plot of the association between RAAS inhibitor use and in-hospital mortality according to subgroup. Abbreviations: Cl, confidence interval; OR, odds ratio;
RAAS, renin-angiotensin-aldosterone system. *Adjusted for age, sex, Charlson comorbidity index, immunosuppression, and hospital type.

DISCUSSION

The present study revealed a significantly higher mortality rate
among patients with COVID-19 who were using RAAS in-
hibitors, relative to patients who were not receiving RAAS in-
hibitors. However, RAAS inhibitor users were older, had more
comorbidities, and were more likely to receive in-hospital treat-
ments. The elevated risk of mortality among RAAS inhibitor
users disappeared after adjusting for these confounding factors.

The use of RAAS inhibitors is thought to upregulate ACE2
expression and facilitate host cell entry of SARS-CoV [6, 7].
Furthermore, ACE2 is predominantly expressed in lung alveolar
epithelial cells and in many extrapulmonary tissues, including
the heart and kidneys [18]. However, preclinical models have
revealed inconsistent findings regarding the effects of RAAS
inhibitors on ACE2 expression [9, 19]. Moreover, ACE2 may

protect against organ injury by reducing angiotensin II activity,
and experimental models have indicated that decreased ACE2
activity may contribute to respiratory virus-induced lung injury
[20]. A recent study also suggested that patients with COVID-
19 appeared to exhibit RAAS activation, increased viral load
levels, and subsequent lung injury [21]. The present study re-
vealed that, relative to nonusers, RAAS inhibitor users had a
higher mortality rate and more advanced ventilatory support.
Nevertheless, the potential for confounding precludes causal
inference regarding the relationship between RAAS inhibitor
use and lung injury. In addition, the effects of ARBs on ACE2
expression are inconsistent in animal models [9, 19], whereas
ACE inhibitors do not affect directly the activity of ACE2 [22].
Thus, it would be interesting to perform subgroup analysis ac-
cording to specific RAAS inhibitors. However, our study had a
relatively small sample of ACE inhibitor users, relative to ARB

RAAS Inhibitors in COVID-19 « CID 2020:71 (15 October) « 2125

120z Aey g1 uo 1senb Aq 091218S/1L2L2/9L/L L/31one/pIo/woo dno-olwepeoe//:sdiy wou) papeojumoq



Table 4. Crude and Adjusted Odds Ratios for the Risk of Secondary Outcomes According to RAAS Inhibitor Use

No. of Patients No. of Events Unadjusted OR (95% Cl) P Adjusted OR® (95% Cl) P
Vasopressor use 5179 54 4.76 (2.77-8.18) <.001 1.33 (.74-2.38) .34
Conventional oxygen therapy 5179 276 3.31 (2.55-4.30) <.001 1.08 (.80-1.45) .62
High flow nasal cannula 5179 71 5.86 (3.66-9.39) <.001 1.78 (1.06-2.99) .03
Mechanical ventilation 5179 36 3.74 (1.91-7.34) <.001 1.03 (.50-2.13) .93
ECMO 5179 3 2.90 (.26-32.03) .38 1.44 (.10-20.06) .79
Renal replacement therapy 5179 13 2.59 (.79-8.41) M 74 (.21-2.57) .63
Acute cardiac event 5179 194 1.69 (1.19-2.39) .003 .88 (.59-1.31) 158

Abbreviations: Cl, confidence interval; ECMO, extracorporeal membrane oxygenation; OR, odds ratio; RAAS, renin-angiotensin-aldosterone system.

?Adjusted for age, sex, Charlson comorbidity index, immunosuppression, and hospital type.

users (see Supplementary Table 6), limiting conclusions for the
association of ACE inhibitors with mortality. Additional studies
are required to define the mechanisms through which RAAS in-
hibitors modulate ACE2 and exert beneficial or harmful effects
among patients with COVID-19.

Three Chinese studies of patients with severe COVID-19 re-
vealed that hypertension, diabetes, and coronary artery disease
were the most common comorbidities, and that older age was
a risk factor for mortality [3-5]. An Italian cohort of critically
ill patients were predominantly older men, and hypertension
was the most common comorbidity, which was followed by
cardiovascular disorders, hypercholesterolemia, and diabetes
[23]. In Korea, the case fatality rate was higher among older
men with comorbidities that included cardiovascular disease,
diabetes, and neurologic disease [24]. These poor outcomes
are likely related to age-dependent defects in immune func-
tion and an excessive host response to viral infection [25]. The
protective effects of both sex hormones and a second X chro-
mosome, which carries several genes encoding for innate im-
mune molecules, may explain the low susceptibility of female
patients to viral infections [26]. Moreover, ACE2 is located on
the X chromosome, and there is a possibility that the dosage
effect of sex chromosome may impact ACE2 activity due to es-
cape from X-inactivation [27]. The present study revealed that
22% of patients were >60 years old, and 44% of patients were
men, which are similar to the official statistics from the Korea
Centers for Disease Control and Prevention as of 5 April 2020
(>60 years old: 24%, men: 40%). We did not separately estimate
the individual risk factors for mortality, although it would be
reasonable to assume that baseline factors (eg, age, sex, and
comorbidities) did affect the study outcomes, given that the
associations with RAAS inhibitor use disappeared after adjust-
ment for these factors.

In clinical practice, RAAS inhibitors are typically used to treat
cardiovascular diseases, diabetes, and chronic kidney disease
[28, 29]. Unfortunately, the withdrawal of RAAS inhibitors may
result in severe clinical decompensation in patients with heart
failure [30]. In addition, myocardial dysfunction has been ob-
served during the course of COVID-19 [31]. Dysregulation of
ACE2 may play a role in myocardial injury, as ACE2 knockout

in animal models led to angiotensin II-induced injury and ad-
verse left ventricular remodeling [32]. Furthermore, ACE2 ex-
pression was reduced in viral RNA-positive heart samples from
patients who died of SARS [33]. The present study revealed
RAAS inhibitor users to have higher proportions of vasopressor
use, cardiac arrest, and acute heart failure, although these rela-
tionships were not significant after adjustment for confounding
factors. Therefore, our findings suggest that RAAS inhibitors
should be continued in COVID-19 patients, especially pa-
tients with high risks of heart failure and myocardial infarction.
Future studies are needed to evaluate the association between
RAAS inhibitor discontinuation and outcomes among COVID-
19 patients.

To the best of our knowledge, ours is the first comprehen-
sive study to evaluate whether prior RAAS inhibitor use was
associated with outcomes in a nationwide cohort of Asian
COVID-19 patients. However, the findings suggest that RAAS
inhibitor use was not independently associated with COVID-
19 outcomes after adjusting for baseline demographic char-
acteristics, comorbidities, and in-hospital treatments. These
data support the recommendations of major medical societies,
which suggest continuation of RAAS inhibitors in patients with
COVID-19 [34, 35]. Thus, our “real-world” evidence regarding
this relationship is crucial, given the concerns regarding ill-ad-
vised discontinuation among patients who rely on these drugs
[36]. At the time of publication, there have been 3 large retro-
spective studies investigating the associations between the use
of RAAS inhibitors and the risk of COVID-19 or in-hospital
mortality in international, Italian, and New York City cohorts
[37-39]. Although these studies provide information similar to
ours, the evaluation of the associations of RAAS inhibitors with
COVID-19-related outcomes in an Asian population is clini-
cally relevant, given that the East Asian populations have higher
ACE2 expression in tissues than other populations under sim-
ilar conditions [40].

The present study has several limitations. First, the accuracy
of diagnostic codes may be limited, and there is always a pos-
sibility of over- or undercoding. However, the Korean HIRA
Service vigorously audits insurance claims, and numerous
peer-reviewed publications have been based on HIRA data. It
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is also unlikely that there were discrepancies between the data-
base disease codes and the actual diseases, as epidemic inves-
tigations were performed for all COVID-19 cases. Moreover,
RAAS inhibitors are not available as over-the-counter drugs or
via self-pay prescriptions in Korea. Second, the retrospective
observational design cannot exclude the possibility of residual
confounding and precludes causal inference regarding the re-
lationship between RAAS inhibitors and COVID-19-related
outcomes. Thus, randomized controlled studies would be
needed to establish causality, although it would not likely be
feasible to enroll a sufficient number of patients in a short pe-
riod. Thus, observational data are currently the best available
evidence regarding RAAS inhibitor use among patients with
COVID-19. Third, database limitations made it impossible to
obtain information regarding a potential control group (eg,
patients who were not sick enough to be tested for COVID-
19). In addition, the database did not include information re-
garding smoking status and laboratory results. Nevertheless,
our primary objective was to evaluate whether RAAS inhib-
itor use was associated with outcomes among patients with
COVID-19. Finally, additional information regarding the
cause of death was not available in the database. In this study,
the probability of survival dropped abruptly in the first few
days for the entire cohort and the hospitalized patients. It is
possible that early mortality may be related to acute cardiac
event or acute pulmonary embolism rather than COVID-19-
related respiratory disease.

In conclusion, our results indicate that prior use of RAAS
inhibitors was not independently associated with mortality
among Korean patients with COVID-19. However, controversy
regarding the role of RAAS blockade in COVID-19 cases calls
for urgent multicenter trials.
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