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With the emergence of coronavirus disease 2019 (COVID-19)
as a global pandemic, individuals with preexisting chronic
health conditions such as hypertension, diabetes, and car-
diovascular disease have been identified as particularly

vulnerable.1 These patients
are also more likely than the
general population to be tak-

ing angiotensin-converting enzyme inhibitors (ACEIs) and an-
giotensin II receptor blockers (ARBs). As the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) virus that
causes COVID-19 gains entry into cells via binding to the an-
giotensin-converting enzyme 2 (ACE2) receptor,2,3 concerns
have been raised that these therapies might facilitate the trans-
mission of the virus or affect outcomes adversely.4-6 Given that
ACEI and ARB therapies are known to provide benefit for the
underlying conditions treated, stopping ACEI/ARB therapy car-
ries risks. Moreover, local inactivation of the renin-angiotensin-
aldosterone system may have protective effects against the de-
velopment and progression of acute lung failure.3 In the
absence of clinical evidence of benefit or risk of ACEIs/ARBs,
current societal statements recommend against discontinu-
ing these drugs other than for standard clinical indications.7

Robust clinical data are needed to clarify the effect of ACEIs/
ARBs on SARS-CoV-2 infection.

Mehta et al8 address this question in a cohort of 18 472
patients who were tested for COVID-19 between March 8 and
April 20, 2020, at 2 centers in the Cleveland Clinic Health
System. Among them, 2285 (12.4%) were either taking an
ACEI or ARB. After overlap weighting based on a propensity
score,9 no association was observed between ACEI/ARB sta-
tus and testing positive (odds ratio [OR], 1.09; 95% CI, 0.87-
1.37). These results, in a contemporary sample, support the
current recommendations of professional societies to con-
tinue ACEI or ARB therapy7 because there was no signal that
these agents increase susceptibility to contracting COVID-19.
However, secondary analyses conducted in a smaller sample
of 1735 individuals who tested positive for COVID-19 showed
a significant association between ACEI/ARB treatment and
hospitalization (OR, 1.93; 95% CI, 1.38-2.71) and need for care
in an intensive care unit (ICU) (OR, 1.64; 95% CI, 1.07 - 2.51),
suggesting greater severity of disease in those who tested
positive. Despite statistical significance, these secondary
results need to be interpreted with caution. To better under-
stand the strengths and weaknesses of each analysis, we
review them with respect to key considerations in compara-
tive effectiveness research, including confounding, general-
izability, selection bias, treatment misclassification, and pre-
cision (Table).

As in many observational comparisons, which lack ran-
domization to balance out patient characteristics across treat-
ment groups, patients taking ACEIs/ARBs in the study by Mehta
et al8 had much higher prevalence of coronary artery disease,
heart failure and cardiovascular risk factors, as well as chronic
obstructive lung disease. To address this problem of confound-
ing, the authors used overlap weighting based on a propen-
sity score that included age, sex, obesity, diabetes, coronary
artery disease, chronic lung disease, hypertension, and heart
failure. After adjustment, there were no differences in the mea-
sured comorbidities, on average, between groups taking ACEIs/
ARBs and groups not taking ACEIs/ARBs. To be successful, this
analysis should include all important confounders. Confound-
ers are variables associated with both ACEI/ARB treatment and
outcome, ie, a positive COVID-19 test result. Factors associ-
ated with ACEI/ARB treatment assignment include cardiovas-
cular disease or risk factors, chronic kidney disease, and other
comorbidities. Factors associated with becoming infected with
COVID-19 are less known. All people are susceptible to novel
viruses, and transmission is strongly related to social interac-
tion. Social distancing decreases transmission rates, par-
ticularly in vulnerable populations that are encouraged to
self-isolate. Therefore, factors that identify vulnerable
populations10 may affect COVID-19 transmission indirectly
through behavior. According to the US Centers for Disease Con-
trol and Prevention, vulnerable groups include older age (>65
years), serious heart conditions, chronic kidney disease, and
other serious health conditions.10 Thus, the primary analysis
of the study by Mehta et al8 is appropriately adjusted for im-
portant confounders, with the possible exception of chronic
kidney disease (a variable related to ACEI/ARB treatment and
high risk in the setting of COVID-19).

In the secondary analysis, the confounders are variables
associated with both ACEI/ARB treatment and outcome, ie, hos-
pitalization and ICU admission. As before, cardiovascular dis-
ease or risk factors and other comorbidities may be associ-
ated with receiving ACEIs/ARBs. In addition, these factors may
directly affect the outcomes of hospitalization and ICU admis-
sion with older, frail, and sick patients having worse out-
comes. An indirect effect is also plausible, in which the pres-
ence of cardiovascular disease and other comorbidities lowers
the threshold on the part of referring clinicians to hospitalize
and move to the ICU those individuals considered to be at
higher risk than the general population. The secondary analy-
sis of Mehta et al8 was adjusted for age and cardiovascular dis-
ease and risk factors, but residual and/or unmeasured con-
founding is likely, and decisions of clinicians to hospitalize
selected patients cannot be accounted for.
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Until testing for SARS-CoV-2 becomes widespread, studies
such as the one by Mehta et al8 are inherently limited to a se-
lect group of individuals who are tested. This selection pro-
cess affects generalizability and can induce bias in treatment
comparisons. Generalizability refers to how broadly the con-
clusions can be applied, that is, to what target population?11 The

protocol for testing in the study by Mehta et al8 prioritized older
patients and those with cardiovascular disease or risk factors,
end-stage kidney disease, and the other conditions identified
as high risk by the Centers for Disease Control and Prevention.10

While not generalizable to all patients in the US, the results of
this study are applicable to a relatively high-risk target popu-
lation, for whom any incremental risk owing to ACEI/ARB would
be important to identify. The secondary analysis is further con-
ditioned on testing positive for COVID-19.

Selection of individuals based on testing can also create
bias in the comparison of treatments. In the primary analysis,
selection bias will occur if there are factors associated with
ACEI/ARB treatment that also make testing more likely (selec-
tion). This is similar to confounding, except that the bias arises
owing to common causes of ACEI/ARB and testing, rather than
common causes of ACEI/ARB and outcome. Among the rea-
sons for testing (listed above), cardiovascular disease or risk
factors and kidney disease are most likely to be associated with
ACEI/ARB use. Selection bias owing to these factors is ad-
dressed by propensity score overlap weighting. Importantly,
COVID-19 symptoms are also likely to induce testing. These
should not be included in adjustment because they are part
of the outcome (having COVID-19). In the secondary analysis,
selection bias may occur if there are factors associated with
ACEI/ARB treatment and either phase of selection: (1) testing
and (2) positive diagnosis. Again, the list of comorbidities is
the same as above and they are adjusted for in the propensity
score (except for kidney disease). In general, until there is wide-
spread and generalized testing in unselected populations, stud-
ies conducted in patients tested for COVID-19 should adjust for
patient comorbidities that affect testing in addition to tradi-
tional confounders.

Treatment status can be defined in various ways, particu-
larly as patients switch over time and in response to COVID-
19. Treatment misclassification occurs when the available treat-
ment status is inaccurate for an alternative, superior definition.
Mehta et al8 define treatment based on whether ACEIs/ARBs
were recorded in the electronic medical record at the time of
testing for SARS-CoV-2. One advantage to this approach is that
it may reflect recent use, during the period of potential viral
exposure. For the primary analysis, this corresponds closely
to the proposed causal mechanism, associated with upregu-
lation of ACE2. However, the secondary analysis evaluates out-
comes after a positive test result. For this analysis, it is un-
clear whether patients continue to take ACEIs/ARBs after being
tested, particularly after hospitalization. Generally, studies of
treatment during COVID-19 should carefully consider whether
treatment changes are relevant to the scientific hypothesis.

The primary analysis of Mehta et al8 achieves good preci-
sion (ie, reasonably narrow confidence intervals) owing to the
large sample size and the use of propensity score overlap
weighting. Overlap weighting has been shown to maximize pre-
cision among a large class of propensity score methods.9,12 Pre-
cision is important to this analysis because the conclusion of
no association is best justified by narrow confidence inter-
vals around an odds ratio of 1.0. The secondary analysis has
lower precision (ie, wider confidence intervals) owing to a
smaller sample size.

Table. Key Considerations in Comparative Effectiveness Research
Applied to Study of Mehta et al8

Principle Primary analysis Secondary analysis
Confounding A confounder is a variable

that is associated with
ACEI/ARB treatment and
outcome, ie, testing positive
for COVID-19. Propensity
score overlap weighting is
used to adjust for measured
confounders, ie,
cardiovascular risk factors.
Bias due to unmeasured
confounders is possible.

A confounder is a variable
that is associated with
ACEI/ARB treatment and
outcome, ie, more severe
COVID-19 outcomes
(hospitalization, ICU,
intubation). Propensity score
overlap weighting is used to
adjust for measured
confounders, ie,
cardiovascular risk factors.
Other unmeasured
comorbidities are likely to
confound this analysis.

Risk of bias: moderate Risk of bias: high

Selection Selection occurs owing to
the limited nature of
COVID-19 testing during the
study period. The cohort is
limited to tested individuals.
Selection affects
generalizability and can
induce bias.

Selection occurs owing to the
limited nature of COVID-19
testing and the requirement
that a patient test positive to
be included. Selection affects
generalizability and can
induce bias.

Generalizability Generalizability is limited to
the type of people who
receive tests (generally
higher risk).

Generalizability is limited to
(1) the type of people who
receive tests and (2) those
with a positive COVID-19
diagnosis.

Risk of bias: low (but limited
generalizability)

Risk of bias: low (but limited
generalizability)

Selection bias
in the
treatment
comparison

Selection bias will occur in
the comparison of ACEI/ARB
if there are factors
associated with ACEI/ARB
treatment that also make
testing more likely
(selection). Most of these
factors are adjusted for in
propensity score overlap
weighting.

Selection bias will arise if
there are factors associated
with ACEI/ARB treatment and
either phase of selection: (1)
testing and (2) positive
diagnosis. Most of these
factors are adjusted for in
propensity score overlap
weighting.

Risk of bias: moderate Risk of bias: moderate

Treatment
misclassification

The treatment interest was
defined based on whether
ACEIs/ARBs were recorded in
the electronic medical
record at the time of testing
for SARS-CoV-2. This may
capture recent use during
the period of potential viral
exposure.

The treatment interest was
defined based on whether
ACEIs/ARBs were recorded in
the electronic medical record
at the time of testing for
SARS-CoV-2. Whether
ACEI/ARB is continued after
positive diagnosis is unclear.

Risk of bias: moderate Risk of bias: moderate/high

Precision Precise results (ie, narrow
confidence intervals) are
due to the large sample size
and use of propensity score
overlap weighting.

Precision is optimized by
propensity score overlap
weighting but is limited by
the smaller sample size.

Risk of error: low Risk of error: moderate

Summary Moderate risk of bias;
consistent with good
observational research.

High risk of bias; associations
are likely “real” and
replicable but explained by
confounding.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin II receptor blocker; COVID-19, coronavirus disease 2019;
ICU, intensive care unit; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
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Mehta et al8 provide important clinical data to support cur-
rent treatment recommendations regarding use in ACEIs/ARBs
in the current COVID-19 pandemic. Despite the limitations of ob-
servational data and the unique challenges of conducting stud-
ies in the setting of COVID-19, the primary analysis is consis-
tent with good observational research. Future research is needed

to replicate these findings as testing becomes more wide-
spreadand/oradditionallyadjustforfactorsrelatedtotestingthat
were not available here. The authors’ interpretation of the sec-
ondary outcomes analysis is appropriately restrained. The ob-
served associations are likely “real” but are likely explained by
confounding and should not be inferred as causal.
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