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widely used. When we have little idea about ap
propriate therapy, we have an obligation to help 
by performing studies that will help us to learn 
together with our patients.
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SARSCoV2, the coronavirus that causes Covid19, 
enters human cells by binding of its viral spike 
protein to the membranebound form of the 
monocarboxypeptidase angiotensinconverting 
enzyme 2 (ACE2).1 From the viewpoint of human 
physiology, ACE2 plays an important regulatory 
role in the renin–angiotensin–aldosterone system 
(RAAS), metabolizing angiotensin II (a potent 
vasoconstrictor) to generate angiotensin(1–7) 
(a vasodilator).2 Studies in animals have suggest
ed that angiotensinconverting–enzyme (ACE) in
hibitors and angiotensinreceptor blockers (ARBs) 
may upregulate ACE2 expression,3 thus increas
ing the availability of target molecules for SARS
CoV2.

These considerations have led to speculation 
that ACE inhibitors and ARBs might be harmful 
in patients with Covid19.4,5 Although this is only 
a hypothesis, the argument has aroused poten
tial concerns. Case series have indicated that 
hypertension, diabetes, and coronary artery dis
ease — conditions for which clinicians often 
prescribe RAAS inhibitors — are more common 
in patients with severe Covid19 than in those 
with milder illness.6 Coverage of the hypothesis 
by the press and some websites has emphasized 
the theoretical risk with statements such as, 
“People with high blood pressure and diabetes 
could be at higher risk of severe or fatal corona
virus symptoms because of how their medicines 

work, scientists say,”7 and, “[Reports suggest 
that] you are four times as likely to die from 
Covid19 if you are taking one of these drugs, 
prior to contracting the virus.”8

In this rapidly evolving setting, clinicians are 
weighing the alleged harm of continuing these 
medications in patients for whom ACE inhibi
tors and ARBs have known benefit against the 
harm to their cardiovascular and kidney health 
associated with discontinuing them. Three arti
cles now published in the Journal provide data 
about whether ACE inhibitors and ARBs are in
deed harmful in the context of the Covid19 epi
demic. All are observational studies with the 
looming possibility of confounding, but each 
has unique strengths, and their message is con
sistent — none of the three studies showed evi
dence of harm with continued use of ACE inhibi
tors and ARBs.

Mehra et al.9 conducted a database study in
volving patients who had been hospitalized in 11 
countries on three continents. The study included 
8910 patients who had received a diagnosis of 
Covid19, who had been admitted to the hospital 
between December 20, 2019, and March 15, 
2020, and who had either died in the hospital or 
survived to hospital discharge. In multivariate 
logisticregression analysis, an age greater than 
65 years, coronary artery disease, congestive 
heart failure, history of cardiac arrhythmia, 
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chronic obstructive pulmonary disease, and cur
rent smoking were associated with an increased 
risk of inhospital death. Female sex was associ
ated with a decreased risk. Neither ACE inhibi
tors nor ARBs were associated with an increased 
risk of inhospital death. A secondary analysis 
that was restricted to patients with hypertension 
(those for whom an ACE inhibitor or ARB would 
be indicated) also did not show harm.

Mancia et al.10 conducted a case–control study 
involving patients with confirmed Covid19 in 
the Lombardy region of Italy, which has been 
severely affected by the pandemic. In this analy
sis, 6272 people with confirmed SARSCoV2 
infection that had been diagnosed between Feb
ruary 21 and March 11, 2020, were compared 
with 30,759 controls who were matched accord
ing to age, sex, and municipality of residence. In 
a conditional logisticregression multivariate analy
sis, neither ACE inhibitors nor ARBs were asso
ciated with the likelihood of SARSCoV2 infec
tion. An additional analysis comparing patients 
with severe or fatal infections with matched 
controls also did not show an association be
tween these drugs and severe Covid19.

Reynolds et al.11 conducted a study based on 
data from the electronic health records of 12,594 
patients in the New York University (NYU) 
Langone Health system who were tested for 
Covid19 between March 1 and April 15, 2020. 
A total of 5894 patients had a positive test, 
among whom 1002 had severe illness (defined as 
admission to the intensive care unit, mechanical 
ventilation, or death). Propensityscore matching 
was performed among all tested patients and 
among patients with hypertension (to assess 
whether the likelihood of a positive test result 
was associated with each of several antihyperten
sive drug classes), as well as among Covid19–
positive patients and all such patients with hyper
tension (to assess whether the likelihood of severe 
illness among those with a positive test was as
sociated with the same drug classes). The inves
tigators’ Bayesian analysis showed no positive 
association for any of the analyzed drug classes, 
including ACE inhibitors and ARBs, for either a 
positive test result or severe illness.

Taken together, these three studies do not 
provide evidence to support the hypothesis that 
ACE inhibitor or ARB use is associated with the 
risk of SARSCoV2 infection, the risk of severe 

Covid19 among those infected, or the risk of 
inhospital death among those with a positive 
test. Each of these studies has weaknesses in
herent in observational data, but we find it reas
suring that three studies in different populations 
and with different designs arrive at the consis
tent message that the continued use of ACE in
hibitors and ARBs is unlikely to be harmful in 
patients with Covid19. Several other smaller 
studies from China and the United Kingdom 
have come to the same conclusion.1215

We note that Mehra et al. found that use of 
either ACE inhibitors or statins may be associ
ated with a lower risk of inhospital death than 
nonuse, but neither of the other two studies es
timated a lower risk of Covid19 or the likeli
hood of a positive test among patients treated 
with these agents. The unexpected result in the 
study by Mehra et al. may be due to unmeasured 
confounding and, in the absence of a random
ized trial, should not be regarded as evidence to 
prescribe these drugs in patients with Covid19.

Professional scientific societies and experts 
have spoken with one voice in advising that pa
tients should not discontinue ACE inhibitor or 
ARB therapy out of a concern that they are at 
increased risk for infection, severe illness, or death 
during the Covid19 pandemic.1618 The data from 
these three studies support those recommenda
tions. Ultimately, one or more randomized trials 
will be needed to answer definitively the ques
tion of whether ACE inhibitors or ARBs pose a 
harm to patients with Covid19.

Note added in proof: An expression of concern in 
regard to the study by Mehra et al.9 was published 
on June 2, 2020, at NEJM.org.
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Eric J. Rubin, M.D., Ph.D.

On May 1, 2020, we published “Cardiovascular 
Disease, Drug Therapy, and Mortality in Covid19,”1 
a study of the effect of preexisting treatment 
with angiotensinconverting enzyme (ACE) in
hibitors and angiotensinreceptor blockers (ARBs) 
on Covid19. This retrospective study used data 
drawn from an international database that includ
ed electronic health records from 169 hospitals on 
three continents. Recently, substantive concerns 
have been raised about the quality of the infor
mation in that database. We have asked the au
thors to provide evidence that the data are reliable. 
In the interim and for the benefit of our readers, 
we are publishing this Expression of Concern 
about the reliability of their conclusions.

Studies of ACE inhibitors and ARBs in Covid19 

can play an important role in patient care. We 
encourage readers to consult two other studies 
we published on May 1, 2020, that used indepen
dent data to reach their conclusions.2,3

Disclosure forms provided by the author are available with the 
full text of this editorial at NEJM.org.
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