Open Forum Infectious Diseases ST
SETDSA (Ve

Infectious Diseases Society of America hiv medicine association

Effects of Recent Use of Renin-Angiotensin System Inhibitors
on Mortality of Patients With Coronavirus Disease 2019

Seongman Bae,"* Ju Hyeon Kim,>® Ye-Jee Kim,® Joon Seo Lim," Sung-Cheol Yun,® Young-Hak Kim,2 Sang-Oh Lee,' and Sung-Han Kim"

'Department of Infectious Diseases, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea, “Department of Cardiology, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, Republic of Korea, *Department of Clinical Epidemiology and Biostatistics, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea, and
*Clinical Research Center, Asan Institute for Life Sciences, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea

Background. There is growing concern about the potential harmful effects of angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin II receptor blockers (ARBs) in patients with coronavirus disease 2019 (COVID-19) and cardiovascular
diseases (CVDs). The aim of this study was to evaluate the association between recent exposure to ACEIs/ARBs and in-hospital
mortality in patients with COVID-19.

Methods. We used data from a nationwide cohort of patients with COVID-19 from the health insurance claims data of South
Korea, which were released for research purposes for public health by the Ministry of Health and Welfare of South Korea. Patients
with COVID-19 were identified using the relevant diagnostic code. Propensity score matching (1:1) was carried out among patients
with CVD according to the type of medication (ACEIs/ARBs vs other), and the risk of death was assessed.

Results. A total of 4936 patients with COVID-19 were analyzed, of whom 1048 (21.2%) had CVD. Of the 1048 patients with
CVD, 864 (82.4%) received at least 1 antihypertensive medication before the diagnosis of COVID-19, including 359 (41.6%) who
received ACEIs/ARBs and 505 (58.4%) who received drugs other than ACEIs/ARBs. Using the propensity scores for ACEI/ARB use,
we matched 305 pairs of patients receiving ACEIs/ARBs and patients receiving other drugs. Recent use of ACEIs/ARBs was not sig-
nificantly associated with in-hospital mortality in unadjusted analysis (odds ratio [OR], 0.62; 95% CI, 0.33-1.14) or propensity score
matching analysis (OR, 1.00; 95% CI, 0.46-2.16).

Conclusions. In patients with COVID-19 and underlying CVDs, the recent use of ACEIs/ARBs was not significantly asso-
ciated with in-hospital mortality. These findings do not support stopping or modifying ACEIs/ARBs in patients during the current

COVID-19 pandemic.
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The morbidity and mortality associated with the ongoing co-
ronavirus disease 2019 (COVID-19) pandemic are particularly
severe in older adults with underlying cardiovascular diseases
(CVDs), who are commonly treated with renin-angiotensin
system (RAS) inhibitors such as angiotensin-converting en-
zyme inhibitors (ACEIs) and angiotensin II receptor blockers
(ARBs) [1, 2]. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) enters host cells by interacting with angiotensin-
converting enzyme 2 (ACE2) as the receptor [3]. Notably, in-
creased ACE2 expression has been shown to be associated with
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RAS inhibitors in an animal model [4], and there is a growing
concern that continuing RAS inhibitor treatment in patients
with COVID-19 may negatively affect clinical outcomes. On
the other hand, ACE2 has been shown to have a significant
protective role in severe acute lung injuries [5, 6], suggesting
that RAS inhibitors may confer clinical benefits rather than
harm in COVID-19 by upregulating the expression of ACE2.
We thus evaluated the effects of recent exposure to ACEIs/
ARBs on in-hospital mortality in patients with COVID-19 and
underlying CVDs.

METHODS

Study Design and Database

This study was conducted using the National Health Insurance
(NHI) claims data of the COVID-19 patient cohort released by
the Ministry of Health and Welfare of South Korea. This claims
database includes comprehensive information on health care
services such as procedures, diagnostic tests, and treatment, in-
cluding prescriptions as well as the demographic characteristics
of patients [7, 8]. Adult patients (aged 18 years or older) who
were hospitalized for COVID-19 between January 20, 2020, and
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March 31, 2020, were identified. In this population with con-
firmed COVID-19 patients, individuals with CVDs, including
hypertension, ischemic heart disease, or heart failure, were
identified. Among these CVD patients, recent use of ACEIs/
ARBs or other medicines for CVD was assessed by checking
prescription records. The in-hospital mortality of patients with
CVD receiving ACEIs/ARBs was comparted with that of pa-
tients with CVD receiving cardiovascular medication other
than ACEIs/ARBs.

Patient Consent Statement

The protocol of this study was approved by the Institutional
Review Board of Asan Medical Center (52020-0489), which
waived the requirement for written or verbal consent from the
patients based on the observational nature of the study and
the fact that the patient identifiers were fully encrypted before
analysis.

Definitions

Patients with COVID-19 were identified by the relevant diag-
nostic code (U07.1) according to the International Classification
of Diseases, Tenth Revision (ICD-10). An emergency ICD-
10 code for COVID-19 was announced by the World Health
Organization, and “U07.1” was assigned to the diagnosis of
COVID-19 confirmed by laboratory testing. In South Korea,
all COVID-19 cases were diagnosed by reverse transcription
PCR (RT-PCR) in lower respiratory tract samples or nasopha-
ryngeal swab samples. The date of hospitalization with diag-
nosis of COVID-19 was defined as the index date. Underlying
comorbidities were identified using ICD-10 codes when 2 or
more hospital visits with the relevant diagnostic codes within a
year before the index date were recorded. Patients with CVDs
included those with hypertension, ischemic heart disease, or
heart failure, as described elsewhere [9]. Prescription history
was determined when records of reimbursements for ACEIs/
ARBs or other drugs were confirmed for at least 30 days until
the date of admission for COVID-19. Death was determined
by identifying all inpatient claim records that indicated death.

Statistical Analysis

Categorical variables are presented as frequency (percentage),
and continuous variables are presented as mean (SD); statis-
tical comparisons were made using the Mann-Whitney U test,
Student ¢ test, XZ test, or Fisher exact test, as appropriate. For
patients with CVD, a propensity score-matched cohort com-
prising ACEI/ARB users and non-ACEI/ARB users (active
comparator group) was created and adjusted for potential
confounders including age, sex, types of insurance coverage, di-
abetes, dyslipidemia, chronic lung disease, chronic renal disease,
chronic liver disease, rheumatic disease, inflammatory bowel
disease, malignancy including hematologic malignancy and
solid tumor, solid organ transplant, HIV infection, depression,

and duration of CVD. The drugs used in the comparator group
included beta-blockers, calcium-channel blockers, diuretics,
and alpha-blockers (Supplementary Table 1).

Each individual in the ACEIs/ARBs group was matched with
an individual in the active comparator group at a 1:1 ratio using
propensity scores. The propensity score-matched pairs were
created using calipers of width equal to 0.1 SDs of the logit of
the propensity score. We employed the standardized difference
of means (SDM) to check for differences in baseline character-
istics, and SDMs <0.1 indicated a negligible difference. Model
discrimination was assessed with c-statistics (0.671), and model
calibration was assessed with the Hosmer-Lemeshow test
(x* = 7.8094; df = 8; P = .4523). After calculating the predicted
probabilities, we matched each ACEI/ARB user to the other
drug users using the Greedy algorithm. Odds ratios and corre-
sponding confidence intervals for in-hospital death were calcu-
lated by conditional logistic regression in the matched samples.
In addition, several sensitivity analyses were performed to test
the robustness of our findings. In these analyses, we excluded
i) patients with heart failure or ii) patients with heart failure or
ischemic heart disease.

All reported P values are 2-sided, and those <.05 were con-
sidered statistically significant. Data manipulation and sta-
tistical analyses were conducted using SAS, version 9.2 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

A total of 4936 adult patients (aged 18 years or older) with
COVID-19 were hospitalized between January 20, 2020, and
March 31, 2020. The mean age was 44.6 years, and 2746 (55.6%)
were female. The overall mortality rate was 1.7% (84/4936).
Among COVID-19 patients, 1048 (21.2%) had CVD and the
remaining 3888 (78.8%) did not. The baseline clinical charac-
teristics of patients with CVD and those without are shown in
Supplementary Table 2. Patients with CVD (5.2% [55/1048])
had higher mortality than those without CVD (0.7% [29/3888];
P < .001). Of the 1048 patients with CVD, 184 (17.5%) who
did not receive any antihypertensive drug until the diagnosis
of COVID-19 were excluded from the final analysis because
they could have had different clinical characteristics (ie, mild
hypertension, white coat hypertension) compared with those
who received antihypertensive drugs. Finally, the remaining
864 patients who had a prescription history of 1 or more prede-
fined drugs before the diagnosis of COVID-19 were analyzed.
Of these 864 patients, 359 (41.6%) were ACEI/ARB users, as
shown in Figure 1.

The demographic characteristics of the ACEI/ARB user
group and the comparator group that received drugs other than
ACEIs/ARBs are summarized in Table 1. Compared with non-
ACEI/ARB users, those receiving ACEIs/ARBs had a higher
prevalence of diabetes (35.6% vs 46.2%; P = .002) and chronic
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Figure 1.

Flowchart of study population and propensity score—matched cohort. Abbreviations: ACEls/ARBs, angiotensin-converting enzyme inhibitors/angiotensin Il

receptor blockers; COVID-19, coronavirus disease 2019; CV, cardiovascular; CVD, cardiovascular disease.

kidney disease (11.9% vs 30.1%; P < .001). Fourteen (3.9%) pa-
tients in the ACEI/ARB group and 32 (6.3%) patients in the
non-ACEI/ARB group died during hospitalization; crude anal-
ysis revealed that recent use of ACEIs/ARBs was not signifi-
cantly associated with mortality (odds ratio [OR], 0.62; 95% CI,
0.33-1.14) (Table 2). After propensity score matching, all vari-
ables were adjusted, and the SDM for each variable was <10%
(Table 1). In the matched cohort, both groups consisted of 305
patients. Propensity score matching analysis also revealed that
the recent use of ACEIs/ARBs was not significantly associated
with mortality (4.6% [14/305] vs 4.6% [14/305]; OR, 1.00; 95%
CI, 0.46-2.16) (Table 2). A difference in COVID-19 mortality
according to ACEI/ARB use was not observed in the sensitivity
analyses with a modified definition of CVD (Supplementary
Table 3). In addition, ACEI/ARB use was not significantly as-
sociated with severe COVID-19, including admission to in-
tensive care unit and the need for mechanical ventilation
(Supplementary Table 4).

DISCUSSION

Due to a lack of available clinical data, concerns regarding the
possible harmful effects of RAS inhibitors on patients with
COVID-19 have been growing. Two recent observational
studies from China have provided some evidence supporting
the continuous use of RAS inhibitors for patients with hyper-
tension who are hospitalized with COVID-19 [10, 11]. Li et al.

found no significant associations between baseline treatment
with ACEIs/ARBs and severity of clinical outcomes in a co-
hort of 362 patients with COVID-19 who were admitted to a
single center in Wuhan [10]. Using propensity score-matched
analysis in 1128 patients from 9 hospitals in China, Zhang et al.
reported similar observations that the inpatient use of ACEIs/
ARBs was associated with a lower risk of all-cause mortality
[11]. However, these studies focused on the association of the
in-hospital use of ACEIs/ARBs with mortality in patients who
required hospitalization due to moderate to severe COVID-19.
Therefore, such patient selection is likely to have led to bias
that a certain proportion of patients with severe COVID-19
showing hypotension might have recently discontinued the
use of antihypertensive drugs. Therefore, data on patients with
prior or recent exposure to ACEIs/ARBs before the diagnosis of
COVID-19 are limited, especially in those with varying degrees
of COVID-19 including mild diseases in the general population.

As of May 1, 2020, 2 additional observational studies have
been published [12, 13]. Propensity score matching analysis
from New York Langone Health comprising 5894 patients with
SARS-CoV-2 and 1002 patients with severe COVID-19 showed
no significant associations between prior use of ACEIs/ARBs and
diagnosis of COVID-19 or severe COVID-19 [12]. A population-
based case—control study from Italy also revealed that recent use
of ACEIs/ARBs was not significantly associated with likelihood
of SARS-CoV-2 infection or severe COVID-19 [13]. Therefore,
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Table 1.

Baseline Clinical Characteristics of Patients With COVID-19 and CVD According to ACEI/ARB Use Before and After Propensity Score Matching

Before Matching, No. (%)

After Matching, No. (%)

ACEIs/ARBs Others ACEIs/ARBs Others
(n =359) (n = 505) P SDM (n = 305) (n = 305) P SDM
Age, mean (SD), y 63.3 (14.5) 65.3 (14.1) 63.8 (14.5) 63.5 (14.2)
<50 61 (17) 77 (15.2) 49 -0.0696 49 (16.1) 51 (16.7) .83 0.0202
>50 298 (83) 428 (84.8) 256 (83.9) 254 (83.3)
Sex
Male 199 (65.4) 245 (48.5) .045 0.1388 165 (54.1) 165 (54.1) >.99 0
Female 160 (44.6) 260 (51.5) 140 (45.9) 140 (45.9)
Type of insurance coverage
National health insurance 299 (83.3) 435 (86.1) .25 -0.0793 257 (84.3) 261 (85.6) .65 -0.0365
Medicaid 60 (16.7) 70 (13.9) 48 (15.7) 44 (14.4)
Underlying diseases
Cardiovascular disease®
Hypertension 355 (98.9) 491 (97.2) .09 302 (99) 298 (97.7) .20
Ischemic heart disease 77 (21.4) 71 (14.1) .005 67 (22) 46 (15.1) .03
Heart failure 73 (20.3) 70 (13.9) .01 59 (19.3) 44 (14.4) N
Diabetes 166 (46.2) 180 (35.6) .002 -0.2168 139 (45.6) 133 (43.6) .63 -0.0402
Dyslipidemia 232 (64.6) 316 (62.6) .b4 -0.0426 206 (67.5) 193 (63.3) 27 -0.0886
Chronic lung disease® 95 (26.5) 160 (31.7) 10 0.1152 87 (28.5) 86 (28.2) .93 -0.0072
Chronic kidney disease 108 (30.1) 60 (11.9) <.001 -0.4586 67 (22) 58 (19) .37 -0.0744
Chronic liver disease 6 (1.7) 7 (1.4) 73 -0.0232 5 (1.6) 4(1.3) >.99 -0.0267
Rheumatic disease 10 (2.8) 23 (4.6) 18 0.0942 10 (3.3) 8(2.6) .63 -0.0349
Inflammatory bowel disease 0(0) 0(0) 0(0) 0(0)
Solid tumor 42 (11.7) 57 (11.3) .85 -0.0129 34 (11.1) 35 (11.5) .90 0.0103
Hematologic malignancy 1(0.3) 2(0.4) >.99 0.0203 0(0) 0(0)
Solid organ transplantation 6 (1.7) 4(0.8) -0.0798 3(1) 3(1) >.99
HIV 1(0.3) 0(0) . 0 (0) 0 (0) .
Depression 10 (2.8) 7 (1.4) 14 -0.0980 9(3) 7(2.3) .61 -0.0459
Treatment
Lopinavir/ritonavir 33 (14.4) 69 (21.8) .03 48 (15.7) 67 (22.0) .049
Hydroxychloroquine sulfate 11 (4.8) 35 (11.1) .01 21 (6.9) 35 (11.5) .049
Camostat mesilate 1(0.4) 0(0) 42 1(0.3) 0 (0) >.99
Nafamostat mesilate 0(0) 2(0.6) .51 0(0) 1(0.3) >.99
Methylprednisolone 1(0.4) 11 (3.5) .02 3(1) 9(3.0) 14

Abbreviations: ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; SDM, standard-

ized difference of means.
“Cardiovascular disease includes hypertension, heart failure, and ischemic heart disease.

°Chronic lung disease includes chronic obstructive pulmonary disease and asthma.

the results of our analysis using the propensity-matched cohort
in patients with CVD according to the recent use of ACEIs/ARBs
from nationwide data are in line with the latter studies [12, 13].
Taken together, these observational studies in different popula-
tions with different study designs do not consistently provide ev-
idence that recent or in-hospital use of ACEI/ARB is associated
with the risk of SARS-CoV-2 infection, severe illness, or death.
Therefore, these data support the recommendations of multiple

international scientific communities that RAS inhibitors should
be continued for indications known to be beneficial in otherwise
stable patients with COVID-19 [14, 15].

This study has several limitations inherent to its observa-
tional nature and to the use of health insurance claims data,
such as possible misclassification. However, the structure of the
population in our study in terms of age and sex was consistent
with that of the data announced by the Korean government in

Table 2. Risk of Mortality in COVID-19 Patients Receiving ACEls/ARBs Compared With Those Receiving Other Drugs

ACEIs/ARBs Users, No Event, No (%) Other Drug Users, No Event, No (%) OR (95% Cl)
Before PS matching 859 14 (3.9) 505 32 (6.3) 0.62 (0.33-1.14)
After PS matching 305 14 (4.6) 305 14 (4.6) 1.00 (0.46-2.16)

Abbreviations: ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; COVID-19, coronavirus disease 2019; OR, odds ratio; PS, propensity score.
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the same period [16]. Second, there is a possibility of misclassi-
fication because the diagnosis of diseases was made only by
ICD-10 codes. In addition, we were not able to assess compli-
ance of patients to the prescribed medicine. Third, there were
only 46 deaths in the included patients receiving medication for
CVD, which may limit the power of the analysis in this study. In
addition, information on the specific exposure status to ACEI/
ARB during hospitalization and other clinical data (eg, vital
signs, clinical presentations, and laboratory values) were not
included in our analysis. Therefore, further studies are needed
on whether discontinuation or continuation of ACEIs/ARBs in
patients before the diagnosis of COVID-19 affects COVID-19
outcomes. Fourth, other indications of ACEI/ARB use, such
as diabetes with proteinuria, were not considered in our study.
Therefore, the effect of ACEI/ARB use on COVID-19 in pa-
tients with diabetes cannot be extrapolated through this study.

In conclusion, recent use of ACEIs/ARBs before diagnosis of
COVID-19 was not significantly associated with mortality in
patients with CVD. These findings support the recent recom-
mendations of multiple societies on maintaining the prescrip-
tion of ACEIs/ARBs during the COVID-19 pandemic.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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