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IMPORTANCE The role of angiotensin-converting enzyme inhibitors (ACEI) and angiotensin II
receptor blockers (ARB) in the setting of the coronavirus disease 2019 (COVID-19) pandemic
is hotly debated. There have been recommendations to discontinue these medications,
which are essential in the treatment of several chronic disease conditions, while, in the
absence of clinical evidence, professional societies have advocated their continued use.

OBJECTIVE To study the association between use of ACEIs/ARBs with the likelihood of testing
positive for COVID-19 and to study outcome data in subsets of patients taking ACEIs/ARBs
who tested positive with severity of clinical outcomes of COVID-19 (eg, hospitalization,
intensive care unit admission, and requirement for mechanical ventilation).

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study with overlap propensity
score weighting was conducted at the Cleveland Clinic Health System in Ohio and Florida. All
patients tested for COVID-19 between March 8 and April 12, 2020, were included.

EXPOSURES History of taking ACEIs or ARBs at the time of COVID-19 testing.

MAIN OUTCOMES AND MEASURES Results of COVID-19 testing in the entire cohort, number of
patients requiring hospitalizations, intensive care unit admissions, and mechanical ventilation
among those who tested positive.

RESULTS A total of 18 472 patients tested for COVID-19. The mean (SD) age was 49 (21) years,
7384 (40%) were male, and 12 725 (69%) were white. Of 18 472 patients who underwent
COVID-19 testing, 2285 (12.4%) were taking either ACEIs or ARBs. A positive COVID-19 test
result was observed in 1735 of 18 472 patients (9.4%). Among patients who tested positive,
421 (24.3%) were admitted to the hospital, 161 (9.3%) were admitted to an intensive care
unit, and 111 (6.4%) required mechanical ventilation. Overlap propensity score weighting
showed no significant association of ACEI and/or ARB use with COVID-19 test positivity
(overlap propensity score–weighted odds ratio, 0.97; 95% CI, 0.81-1.15).

CONCLUSIONS AND RELEVANCE This study found no association between ACEI or ARB use and
COVID-19 test positivity. These clinical data support current professional society guidelines to
not discontinue ACEIs or ARBs in the setting of the COVID-19 pandemic. However, further
study in larger numbers of hospitalized patients receiving ACEI and ARB therapy is needed to
determine the association with clinical measures of COVID-19 severity.
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C oronavirus disease 2019 (COVID-19), caused by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has developed into a pandemic since it was first

identified in Wuhan, China.1 At the time of this writing, there
have been approximately 2 million cases reported and more
than 120 000 deaths (6%) due to COVID-19 across 211 coun-
tries worldwide.2 SARS-CoV-2 binds to the extracellular do-
main of the transmembrane angiotensin-converting enzyme
2 (ACE2) receptor to gain entry into host cells.3 While angio-
tensin-converting enzyme inhibitors (ACEI) and angiotensin
II receptor blockers (ARB) have been shown to upregulate ACE2
expression in some animal models,4,5 there are a limited num-
ber of human studies showing mixed results on plasma ACE2
levels, and there are none on their effect on lung-specific ex-
pression of ACE2, to our knowledge.6 Patients with hyperten-
sion, diabetes, and cardiovascular diseases (among other un-
derlying disease conditions that are often treated with these
agents) have been reported to have the highest case fatality
rates.7 These observations have led to concerns that patients
who are taking these medications are at an increased risk for
becoming infected with SARS-CoV-2 and may have worse
outcomes.8,9 However, it has also been postulated that up-
regulation of ACE2 may improve outcomes in infection-
induced acute lung injury in patients with SARS-CoV or SARS-
CoV-2 infections.10,11 Moreover, in the setting of SARS-CoV-2
infection, in certain high-risk patients, the withdrawal of ACEIs
or ARBs may be harmful.6 Several professional societies, in the
absence of sufficient clinical evidence, have recommended
continued use of these medications.12

We sought to clarify the potential association of ACEI
and/or ARB use with the likelihood of having a positive SARS-
CoV-2 test to help assess whether use of these drugs is asso-
ciated with an increase in likelihood of viral infectivity, an ef-
fect that might occur with upregulation of ACE2. As the
downstream pathways of ACE2 are cell protective and viral
binding to ACE2 may downregulate ACE2 expression, we also
aimed to determine whether ACEI or ARB use was associated
with differences in clinical outcomes.

Methods
Study Design and Oversight
A retrospective cohort analysis of a prospective, observa-
tional, institutional review board–approved registry of all pa-
tients tested for COVID-19 within the Cleveland Clinic Health
System in Ohio and Florida was performed. Data were ex-
tracted via previously validated automated feeds13 from elec-
tronic health records (EPIC; EPIC Systems Corporation) and
manually by a study team trained on uniform sources for the
study variables. Study data were collected and managed using
REDCap14,15 electronic data capture tools hosted at the Cleve-
land Clinic. Baseline characteristics, comorbidities, medica-
tions, test results, and clinical outcomes of all patients were
extracted from the registry. The exposures of interest were ACEI
or ARB use as recorded in the medication list in the electronic
medical records at the time of testing for SARS-CoV-2. Owing
to the potentially differential effects of the 2 medication classes

on ACE2 expression, exposures to ACEIs and ARBs were evalu-
ated in separate and pooled analyses.

A waiver of informed consent (oral or written) from study
participants in the COVID-19 registry was granted by the Cleve-
land Clinic Health System institutional review board. This co-
hort study is reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.16

Study Population
The cohort included all patients tested for COVID-19 from
March 8, 2020, to April 12, 2020. The testing protocol was
modified during the course of the study owing to increasing
demand and limitations of testing capabilities. Prior to March
18, the criteria for testing were less stringent (recent travel to
a high-risk area, symptoms of respiratory illness, physician dis-
cretion, or a history of contact with a patient with COVID-19).
Starting March 18, owing to a high demand for tests, a deci-
sion was made to prioritize testing for patients who had 2 of 3
qualifying symptoms: cough, difficulty breathing, fever (tem-
perature >38 °C), and at least 1 of the following criteria: older
than 60 years or younger than 36 months, receiving immuno-
suppressive therapy, cancer, end-stage kidney disease and re-
ceiving dialysis, diabetes, hypertension, coronary artery dis-
ease, heart failure with reduced ejection fraction, lung disease,
contact with an individual with COVID-19, HIV/AIDS, or solid
organ transplants. After March 21, diarrhea was added to the
3 qualifying symptoms.

Testing was also available during the entire time to health
care workers with temperature of more than 38 °C and/or acute
respiratory symptoms (cough, shortness of breath), and/or di-
arrhea and those admitted to the emergency department or the
hospital.

Given previous beliefs that coinfection of SARS-CoV-2 with
other respiratory viruses is rare, a reflex-testing algorithm was
implemented to conserve resources. All patient specimens were
first tested for the presence of influenza A/B and respiratory
syncytial virus, and only those negative for influenza and re-
spiratory syncytial virus were subsequently tested for SARS-
CoV-2. Forty patients were admitted to the hospital more than

Key Points
Question What is the association of use of angiotensin-converting
enzyme inhibitors (ACEI) and angiotensin II receptor blockers
(ARB) with testing positive for coronavirus disease 2019
(COVID-19)?

Findings In this cohort study of 18 472 patients, 1322 (7.2%) were
taking ACEIs and 982 (5.3%) were taking ARBs. A positive
COVID-19 test result was observed in 1735 (9.4%) tested patients,
and among all patients with positive test results, 116 (6.7%) were
taking ACEIs, and 98 (5.6%) were taking ARBs; there was no
association between ACEI/ARB use and testing positive for
COVID-19 (overlap propensity score–weighted odds ratio, 0.97;
95% CI, 0.81-1.15).

Meaning These data support various society guidelines to
continue current treatment of chronic disease conditions with
either ACEI or ARB during the COVID-19 pandemic.
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once, and this analysis only includes their most severe hospi-
tal admission according to intensive care unit (ICU) status and
need for mechanical ventilation.

Laboratory Confirmation
Nasopharyngeal and oropharyngeal swab specimens were col-
lected and pooled for testing by trained medical personnel. In-
fection with SARS-CoV-2 was confirmed by laboratory test-
ing using the Centers for Disease Control and Prevention reverse
transcription–polymerase chain reaction SARS-CoV-2 assay that
was validated in the Cleveland Clinic Robert J. Tomsich Pa-
thology and Laboratory Medicine Institute. This assay used an
extraction kit (MagNA Pure; Roche) and 7500 Dx Real-Time PCR
System instruments (Applied Biosystems). Between March 8
and 13, 2020, the tests were sent out to LabCorp in Burling-
ton, North Carolina. All testing was authorized by the Food and
Drug Administration under an Emergency Use Authorization
and in accordance with the guidelines established by the Cen-
ters for Disease Control and Prevention.

Study Outcomes
The primary outcome was a positive laboratory test result for
COVID-19. We also performed a secondary analysis of the clini-
cal outcomes of COVID-19 among patients with positive test
results and included hospital admission, admission to the ICU,
and mechanical ventilation during index hospitalization.

Statistical Analysis
All descriptive statistics were reported as counts (percent-
ages) or means (SDs). For comparison of demographic vari-
ables and comorbidities among cohorts, independent-
sample t tests were used for numeric variables, while χ2 or
Fisher exact tests were used for categorical variables.

Given that patients prescribed ACEIs or ARBs are more
likely to have underlying comorbidities, overlap propensity
score weighting was performed to address potential confound-
ing. A propensity score for taking ACEIs (ARBs) was esti-
mated from a multivariable logistic regression model contain-
ing patient age, sex, and presence of hypertension, diabetes,
coronary artery disease, heart failure, and chronic obstruc-
tive pulmonary disease. Propensity score distributions accord-
ing to ACEI and ARB usage are shown in the eFigure in the
Supplement. The overlap propensity score weighting method
was then applied, in which each patient’s weight is the prob-
ability of that patient being assigned to the opposite medica-
tion group.17 Overlap propensity score–weighted logistic re-
gression models investigated associations between medication
status and the probability of testing positive for COVID-19, as
well as other clinical outcomes. As a separate analysis, pa-
tients taking either ACEIs or ARBs were combined into 1 group
and compared with patients not taking either of the 2 medi-
cations. Body mass index values were missing for approxi-
mately one-third of the patients; these data are only reported
descriptively in Table 1 but were not included in overlap pro-
pensity score weighting.

All statistical analyses were performed using SAS version
9.4 (SAS Institute). P values were 2-sided, with a significance
threshold of .05. Data analysis began April 2020.

Results
The data set consisted of 18 472 patients tested for SARS-
CoV-2. The mean (SD) age was 49 (21) years, 7384 (40%) were
male, and 12 725 (69%) were white. A positive COVID-19 re-
sult was observed in 1735 tested patients (9.4%). Among pa-

Table 1. Characteristics of All Patients Tested for SARS-CoV-2 and Patients Who Tested Positive by ACEI and ARB Use

Characteristic

No. (%)

All patients tested for SARS-CoV-2 (n = 18 472) Patients who tested positive for SARS-CoV-2 (n = 1735)

ACEI
P
value

ARB
P
value

ACEI
P
value

ARB
P
valueYes No Yes No Yes No Yes No

Total 1322 (7) 17 150 (93) NA 982 (5) 17 490 (95) NA 116 (7) 1619 (93) NA 98 (6) 1637 (94) NA

Age,
mean (SD), y

62 (16) 48 (21) <.001 65 (14) 48 (21) <.001 63 (15) 53 (19) <.001 65 (13) 53 (19) <.001

Male 699 (53) 6685 (39) <.001 437 (45) 6947 (40) .003 67 (58) 792 (49) .08 58 (59) 801 (49) .06

White 955 (72) 11 770 (69)

<.001

665 (68) 12 060 (69)

<.001

57 (49) 1038 (65)

<.001

59 (60) 1036 (64)

.15Black 284 (22) 3342 (20) 255 (26) 3371 (19) 50 (43) 369 (23) 31 (32) 388 (24)

Othera 81 (6) 1952 (11) 61 (6) 1972 (11) 9 (8) 201 (13) 8 (8) 202 (12)

BMI, >30b 613 (54) 4306 (41) <.001 480 (55) 4439 (41) <.001 60 (59) 399 (45) .01 48 (60) 411 (46) .02

Diabetes 626 (48) 2852 (17) <.001 484 (50) 2994 (17) <.001 63 (54) 269 (17) <.001 48 (50) 284 (18) <.001

CAD 380 (29) 1799 (11) <.001 331 (34) 1848 (11) <.001 24 (21) 137 (9) <.001 23 (24) 138 (9) <.001

Hypertension 1235 (94) 6077 (36) <.001 939 (96) 6373 (37) <.001 112 (97) 570 (37) <.001 90 (93) 592 (38) <.001

COPD 301 (23) 1885 (11) <.001 244 (25) 1942 (11) <.001 13 (11) 101 (6) .06 16 (16) 98 (6) <.001

HF 329 (25) 1550 (9) <.001 305 (32) 1574 (9) <.001 16 (14) 130 (8) .07 19 (20) 127 (8) <.001

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared); CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; HF, heart failure; NA, not
applicable; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

a The other category included Asian, American Indian/Alaska Native, Hispanic
American, Native Hawaiian/other Pacific Islander, multiracial, other, or prefer
not to answer

b BMI data were available for 11 780 patients.

Association of Use of ACEI and ARB With Testing Positive for COVID-19 Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online May 5, 2020 E3

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by franck Boccara on 05/06/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2020.1855?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.1855
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.1855


tients with positive test results, 421 (24.3%) were admitted to
the hospital, 161 (9.3%) were admitted to an ICU, and 111 (6.4%)
required mechanical ventilation. The cohort had a substan-
tial prevalence of comorbidities: hypertension (7312 [40%]),
diabetes (3478 [19%]), coronary artery disease (2179 [12%]),
chronic obstructive pulmonary disease (2186 [12%]), and heart
failure (1879 [10%]).

SARS-CoV-2 Test Positivity and ACEI and/or ARB Use
Among all tested patients, 1322 (7.2%) were taking ACEIs and
982 (5.3%) were taking ARBs. Among all patients with posi-
tive SARS-CoV-2 test results, 116 (6.7%) were taking ACEIs and
98 (5.6%) were taking ARBs. Patients taking either ACEIs or
ARBs had more comorbidities than those not taking these medi-
cations (Table 1).

After overlap propensity score weighting for both ACEIs
and ARBs, the test positivity rate was 8.6% in patients taking
ACEIs compared with 9.5% in patients not taking ACEIs (over-
lap propensity score–weighted odds ratio [OR], 0.89; 95% CI,
0.72-1.10). Test positivity rate was 10.0% in patients taking
ARBs compared with 9.3% in patients not taking ARBs (over-
lap propensity score–weighted OR, 1.09; 95% CI, 0.87-1.37)
(Figure and Table 2).

Clinical Outcomes in Patients
With Positive SARS-CoV-2 Results
Among patients with positive test results and overlap propen-
sity score weighing, 54% taking ACEIs (vs 39% not taking ACEIs)
were admitted to the hospital (OR, 1.84; 95% CI, 1.22-2.79); 24%
taking ACEIs (vs 15% not taking ACEIs) were admitted to an ICU

Figure. Association of ACEI and ARB With Results of SARS-CoV-2 Testing (Primary Outcome)
and Secondary Clinical Outcomes: Overlap Propensity Score Weighted–Analysis ORs With 95% CIs

Lower
likelihood

Higher
likelihood

1010.1
OR (95% CI)

Outcome
Test positive 

OR
(95% CI)

ACEI vs no ACEI 0.89 (0.72-1.10)
ARB vs no ARB 1.09 (0.87-1.37)
ACEI/ARB vs no ACEI/ARB 0.97 (0.81-1.15)

Hospital admission
ACEI vs no ACEI 1.84 (1.22-2.79)
ARB vs no ARB 1.61 (1.04-2.50)
ACEI/ARB vs no ACEI/ARB 1.93 (1.38-2.71)

ICU admission
ACEI vs no ACEI 1.77 (1.07-2.92)
ARB vs no ARB 1.16 (0.67-2.02)
ACEI/ARB vs no ACEI/ARB 1.64 (1.07-2.51)

Use of ventilator
ACEI vs no ACEI 1.35 (0.74-2.47)
ARB vs no ARB 1.12 (0.59-2.12)
ACEI/ARB vs no ACEI/ARB 1.32 (0.80-2.18)

ACEI indicates angiotensin-
converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; ICU,
intensive care unit; OR, odds ratio;
SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

Table 2. Overlap Propensity Score–Weighted Characteristics and SARS-CoV-2 Test Positivity Among ACEI and ARB Usage Groups
in All SARS-CoV-2 Tested Patients

Characteristic

All tested patients, %a

ACEI ARB ACEI/ARB

Yes No Yes No Yes No
Count, No. 1322 17 150 982 17 490 2285 16 187

Age, y 62 62 65 65 62 62

Male 51 51 44 44 47 47

Diabetes 45 45 48 48 43 43

CAD 28 28 33 33 29 29

Hypertension 93 93 95 95 93 93

COPD 22 22 25 25 23 23

HF 25 25 30 30 26 26

Tested positive 8.6 9.5 10.0 9.3 9.1 9.4

OR (95% CI) 0.89 (0.72-1.10) 1.09 (0.87-1.37) 0.97 (0.81-1.15)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; HF, heart failure; OR, odds ratio; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.

a Reported is either the overlap propensity score–weighted mean or proportion
for each group.
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(OR, 1.77; 95% CI, 1.07-2.92); and 14% taking ACEIs (vs 11% not
taking ACEIs) required mechanical ventilation (OR, 1.35; 95%
CI, 0.74-2.47). Similarly, among patients with positive test re-
sults and overlap propensity score weighting, 53% taking ARBs
(vs 41% not taking ARBs) were admitted to the hospital
(OR, 1.61; 95% CI, 1.04-2.50); 20% taking ARBs (vs 18% not tak-
ing ARBs) were admitted to an ICU (OR, 1.16; 95% CI, 0.67-
2.02); and 14% taking ARBs (vs 12% not taking ARBs) re-
quired mechanical ventilation (OR, 1.12; 95% CI, 0.59-2.12)
(Table 3). When patients taking either ACEI or ARBs were com-
bined into 1 group and overlap propensity score–weighted to
patients not taking either of the 2 medications, the results were
similar (Figure, Table 2, and Table 3).

Deaths
Among 1705 patients with SARS-CoV-2 with death status avail-
able, 42 deaths (2.5%) occurred. Eight of 211 patients (3.8%)
were in the ACEI or ARB cohort and 34 of 1494 (2.1%) were in
the no-ACEI or no-ARB cohort.

Discussion
In this cohort of 18 472 patients who underwent COVID-19 test-
ing, 2285 (12.4%) were taking ACEIs or ARBs. Taking either an
ACEI or ARB was not associated with an increase in the like-
lihood of testing positive for SARS-CoV-2 infection (Figure). Al-
though unadjusted analyses suggested that taking either ACEIs
or ARBs was associated with worse clinical outcomes as de-
fined by requiring hospital admission, admission to the ICU,
or requiring mechanical ventilation, it should be noted that
these medications are often used in the treatment of patients
with underlying chronic disease conditions. Thus, we used

overlap propensity score weighting to adjust for underlying
confounding factors. Overlap propensity score–weighted analy-
sis showed a higher likelihood of hospital admission among
patients with positive test results who were taking either ACEIs
or ARBs. There was a higher likelihood of ICU admission among
patients with positive test results who were taking ACEIs, but
no such difference was observed among those taking ARBs.
There was no difference in either groups with regard to re-
quirement of mechanical ventilation during index hospital-
ization (Table 3). However, data with regard to clinical out-
comes and measures of COVID-19 severity taking ACEIs and
ARBs must be interpreted with caution and be considered only
hypothesis generating, owing in part to the small sample size
and the wide width of the confidence intervals in addition to
the limitations of the study discussed below.

The current debate about ACEIs/ARBs and SARS-CoV-2 is
based on the concern that these agents may upregulate ACE2
expression. Because SARS-CoV-2 enters into the respiratory epi-
thelial cell by binding its viral spike protein to the extracellu-
lar domain of the structural transmembrane ACE2 receptor,
these agents could potentially increase the risk of infection and
worse outcomes. However, ACE2 converts angiotensin II, which
promotes vasoconstriction, inflammation, and fibrosis, into an-
giotensin-(1-7), which may potentially protect the lung from
acute injury. At present, there is no convincing evidence that
ACEIs/ARBs have effects on the transmembrane ACE2 recep-
tor in humans that would predispose to COVID-19 infection.6

While the effect of ACEI/ARBs on SARS-CoV-2 infection at
the molecular level is being debated, the limited amount of
clinical evidence available has added to the controversy. In a
retrospective study of 187 patients with COVID-19, prior use
of ACEIs or ARBs (in 19 patients) was associated with el-
evated troponin levels, which was indirectly associated with

Table 3. Overlap Propensity Score–Weighted Characteristics and Clinical Outcomes Among ACEI and ARB Usage Groups
in Patients Who Tested Positive for SARS-CoV-2

Characteristic

All patients who tested positive, %a

ACEI ARB ACEI/ARB

Yes No Yes No Yes No
Count, No. 116 1619 98 1637 212 1523

Age, y 63 63 64 64 63 63

Male 57 57 58 58 55 55

Diabetes 51 51 48 48 46 46

CAD 21 21 23 23 22 22

Hypertension 97 97 92 92 93 93

COPD 12 12 16 16 14 14

HF 15 15 19 19 17 17

Admitted to hospital 54 39 53 41 53 36

OR (95% CI) 1.84 (1.22-2.79) 1.61 (1.04-2.50) 1.93 (1.38-2.71)

Admitted to ICU 24 15 20 18 22 15

OR (95% CI) 1.77 (1.07-2.92) 1.16 (0.67-2.02) 1.64 (1.07-2.51)

Use of ventilator 14 11 14 12 14 11

OR (95% CI) 1.35 (0.74-2.47) 1.12 (0.59-2.12) 1.32 (0.80-2.18)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; HF, heart failure; ICU, intensive care unit; OR,
odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

a Reported is either the overlap propensity score–weighted mean or proportion
for each group.
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worse clinical outcomes.18 However, in a study of elderly pa-
tients with hypertension with COVID-19, those taking ARBs (10
patients) had better outcomes compared with those who were
taking other antihypertensive agents.19

In animals, ACEIs and ARBs have different effects on car-
diac membrane ACE2 activity.5 It would be of interest to ana-
lyze for differences in clinical outcomes among patients tak-
ing ACEIs and ARBs in future studies with larger data sets.

Limitations
With any observational study, there is a risk of confounding
factors. To attempt to overcome this limitation, we per-
formed an overlap propensity score–weighted analysis. De-
spite the robust initial sample size, there were few events in
the ACEI or ARB users. As these data reflect test results early
in the course of the pandemic, it will be of interest to repeat
these analyses with larger data sets and later in the course of
the pandemic. The data analyzed included information about
patients receiving either ACEIs or ARBs at the time of testing
but did not include information on duration of ACEI or ARB
use before or after testing. Thus, we could not address the ef-
fect of duration of use of these agents or withdrawal effects
after infection, eg, at the time of hospitalization. The data re-
flected the medication list in the electronic medical record,
which may have inaccuracies owing to nonadherence to medi-
cations in the ACEI or ARB groups and nonascertainment bias
from patients in the control group taking ACEIs or ARBs that
was not recorded. In our secondary analyses, hospital admis-
sion was likely based on more subjective criteria than ICU ad-
mission or mechanical ventilation. There may have been a
lower threshold to admit patients taking either ACEIs or ARBs

or with the underlying disease conditions associated with these
medications. The majority of the study population was white,
which limits the generalizability of the results because there
are reports of differences in expression of ACE2 among vari-
ous races/ethnicities.20 This should be considered before ex-
trapolating the results to other ethnic groups. It is possible that
some patients who tested positive may have been subse-
quently admitted to a hospital outside our health care system
and thus were lost to follow-up. One can reasonably expect that
these patients would not introduce a bias in the study be-
cause taking ACEIs/ARBs would not influence where a per-
son is admitted.

Conclusions
In this study of the associations of ACEI and ARB use with
COVID-19 test positivity, the frequency of positive test results
was not significantly different in patients taking either ACEIs
or ARBs at the time of testing. ACEIs and ARBs are important
medications in the management of coronary artery disease,
heart failure, diabetes, and hypertension. As there may be a risk
to withdrawing these agents, our study, showing no signifi-
cant greater susceptibility with regard to test positivity, sup-
ports the recommendations of several professional societies12

that have recommended continuation of these medications. Re-
sults of the secondary analyses of association of ACEI or ARB
use and markers of clinical disease severity, including hospital
admission, ICU admission, or mechanical ventilation require-
ment, require replication and reanalysis in larger numbers of pa-
tients later in the course of the current COVID-19 pandemic.
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