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There are in fact two things, science and opinion; the former begets knowledge, the latter ignorance. –
Hippocrates1 
 
 Cardiometabolic disease, especially hypertension, is a common risk factor for mortality among 
individuals with SARS-CoV-2 disease (COVID-19). The role of hypertension and vascular disease in 
COVID-19 has raised considerable debate around how to best manage anti-hypertensive therapy to alter 
disease trajectory2-5. Given the role of the ACE2 receptor in SARS-CoV-2 viral entry6, angiotensin system 
modulation by ACE inhibitors (ACE-I) or angiotensin-II receptor blockers (ARBs) in clinical management 
have taken center stage in this controversy. ACE2 is a carboxypeptidase that processes angiotensin-II to the 
angiotensin(1-7) fragment, a vasodilatory, anti-inflammatory peptide, which is hypothesized to reduce 
downstream angiotensin-II signaling and subsequent organ injury. Clinical ACE-I/ARBs do not directly 
block ACE2, and their effect on the regulation of ACE2 in model systems is mixed and appears context- 
and even tissue-dependent7-9. Nevertheless, the distribution of ACE2 expressed in type II alveolar cells in 
the lung and vascular endothelium more generally10—in conjunction with some reports in support of higher 
ACE2 expression after drug exposure—have raised the hypothesis that ACE-I/ARB therapy may facilitate 
SARS-CoV-2 entry and severe COVID-19.  
 
 In this issue of Circulation Research15, Zhang et al. present retrospective observational data 
from >3000 individuals (including 1128 patients with hypertension) with COVID-19 in Hubei, China, to 
start to address this important clinical concern. COVID-19 diagnosis was secured by chest computed 
tomographic findings or PCR-based confirmation, and patients with severe acute or chronic clinical 
conditions apart from COVID-19 were excluded. Of note, individuals who discontinued treatment for 
hypertension were not excluded. The primary outcome was 28-day all-cause mortality. Consistent with 
prior reports, hypertension was associated with greater severity of illness and poorer outcomes. Given the 
retrospective observational design, propensity score-based matching was performed on an array of potential 
confounders related to ACE-I/ARB exposure, including age, sex, systemic inflammatory markers, and 
selected comorbid illness. In both unmatched and propensity matched cohort regressions with adjustment, 
the investigators observed that a prior or concurrent exposure to ACE-I/ARB was associated with a lower 
hazard of the primary outcome. In addition, in the propensity matched subsample of individuals on any 
hypertensive therapy, ACE-I/ARB had a similar association.  
 
 While these investigators are to be congratulated for this study and the care of COVID-19 patients, 
their conclusions have to be viewed in the context of a retrospective observational design. Statistical 
considerations include the use of a single method for propensity matching, residual confounding by 
unknown confounders or mediators (e.g., circulating ACE2 levels) or by features still different between 
ACE-I/ARB and non-ACEI/ARB groups (e.g., D-dimer, lipid lowering therapies, other anti-hypertensives), 
selection biases in terms of region and penetrance of different types of anti-hypertensive therapy, and 
difficulties in handling individuals who ceased therapy in hospital for worsening illness. Duration of 
antecedent ACE-I/ARB therapy may impact degree of ACE2 induction. Moreover, the time on ACE-I/ARB 
therapy during hospitalization (and better characterization of those individuals forced toward 
discontinuation for worsening disease severity) are likely critical factors. It is important to note that, while 
the investigators used standard techniques to attempt to reduce bias in this observational study via 
propensity matching, it is not a randomized study and the residual confounding inherent to this approach 
renders the conclusions hypothesis-generating at best. 
 
 With these caveats in mind, why might angiotensin system blockade with ACE-I/ARB be “protective” 
(or at least not necessarily harmful)? Certainly, for both SARS-CoV-1 and SARS-CoV-2, ACE2—
potentially upregulated in target organs by ACE-I/ARB—is requisite for viral entry. Strikingly, after SARS-
CoV-1 viral entry, the virus reduces cellular ACE2 expression, with subsequent lung injury dependent on 
the presence of ACE211. Reduced ACE2 expression has been associated with increased pulmonary 
inflammation12, with complete abrogation of ACE2 (and subsequent higher circulating angiotensin-II) 
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associated with lung injury in an avian influenza model13. This physiology is mirrored in myocardial tissue: 
infection with SARS-CoV-1 in mice reduces myocardial ACE2 expression, and patients with SARS-CoV-
1 in the heart exhibit increased myocardial inflammation in conjunction with lower ACE2 expression14. 
These observations have been clear since the first SARS crisis and have renewed interest in clinical studies 
of angiotensin system modulation in COVID-19 via recombinant ACE2 administration (clinicaltrials.gov 
identifier NCT04287686) and randomized studies examining the role of losartan in COVID-19 
(NCT04312009, NCT04311177).  
 
 Needless to say, these studies (and others with appropriate randomization and controls) are sorely 
needed to offer our patients relief from COVID-19. The current pandemic, however, has forced a nimble 
response to guide therapeutic decisions in the immediate term. How do we interpret the findings of Zhang 
et al. in this context? The conclusions of this study should not be taken as a surrogate for appropriate 
randomized data guiding the clinical management of individuals on ACE-I/ARB with COVID-19. While 
we cannot conclude from this data anything on the pathophysiologic/mechanistic role of ACE-I/ARB 
during COVID-19, it offers retrospective, observational support to ongoing randomized controlled studies 
of these medications in the fight against COVID-19. Currently, outside of clear clinical indications to stop 
these medications that have existed long before the current pandemic (e.g., expected or concurrent 
worsening renal failure, hyperkalemia, hypotension, etc.), the withdrawal of these medications in the 
context of those conditions in which they have a proven benefit (e.g., heart failure with reduced left 
ventricular ejection fraction) may actually inflict more harm than good. In the end, we must rely on 
randomized clinical science for the benefit of our patients, and the study of Zhang and colleagues is a 
directed step toward that goal. 
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