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COVID-19 and Angiotensin-Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers
What Is the Evidence?
Coronavirus disease 2019 (COVID-19) is a current
pandemic infection caused by a positive-sense RNA
virus named the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The particularly infectious
capacity of the virus, along with mortality rates ranging
from 1% to above 5%, has raised concerns across the
globe.1 Older patients with comorbid conditions including pulmonary disease, cardiac disease, kidney disease,
diabetes, and hypertension have been associated with
even higher mortality rates, suggesting particularly susceptible populations.
The increased mortality and morbidity of COVID-19
in patients with hypertension is an association that has
been observed in a number of initial epidemiological
studies outlining the characteristics of the COVID-19 epidemic in China. Wu et al2 found hypertension to have a
hazard ratio of 1.70 for death and 1.82 for acute respiratory distress syndrome in 201 patients with COVID-19.
Zhou et al3 found hypertension to have a hazard ratio of
3.05 for in-hospital mortality in 191 patients with
COVID-19.
Neither of these studies2,3 adjusted for confounding variables and thus it remains unclear if this association is related to the pathogenesis of hypertension or another associated comorbidity or treatment. There has
been a growing concern that this association with hypertension is confounded by treatment with specific antihypertensive medications: angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor
blockers (ARBs).
The link with ACEIs and ARBs is because of the
known association between angiotensin-converting
enzyme 2 (ACE2) and SARS-CoV-2. ACE2 has been
shown4 to be a co-receptor for viral entry for SARSCoV-2 with increasing evidence that it has a protracted
role in the pathogenesis of COVID-19. ACE2 has a broad
expression pattern in the human body with strong
expression noted in the gastrointestinal system, heart,
and kidney with more recent data identifying expression of ACE2 in type II alveolar cells in the lungs. The
concern that ACEIs and ARBs affect the severity and
mortality of COVID-19 is 2-fold. One suggestion is that
ACEIs could directly inhibit ACE2; however, ACE2 functions as a carboxypeptidase and is not inhibited by clinically prescribed ACEIs.5
In addition, there is concern that the use of ACEIs
and ARBs will increase expression of ACE2 and
increase patient susceptibility to viral host cell entry
and propagation. There has been considerable evidence in animal models as well as some evidence in
humans showing increased expression of ACE2 in the
heart, brain, and even in urine after treatment with
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ARBs; however, there is limited evidence showing
changes in serum or pulmonary ACE2 levels. More relevant, the significance of ACE2 expression on
COVID-19 pathogenesis and mortality is not specifically known.
ACE2 primarily acts to counterbalance the effect of
ACE. As ACE generates angiotensin II from angiotensin I,
ACE2 generates angiotensin (1-7) from angiotensin II
which, after binding to the Mas receptor broadly, shifts
the balance from vasoconstriction with angiotensin II to
vasodilation with Mas receptor activation in the effected vascular bed. The role this vasodilatory effect has
in the pathogenesis of COVID-19 is unclear but some animal data suggest a link. ACE2 and angiotensin (1-7) have
been found to be protective in a number of different lung
injury models.
In an acid lung injury model in mice, ACE2 downregulation by SARS-CoV, the SARS virus responsible for
the SARS outbreak in 2003, worsened lung injury that
was improved by treatment with ARB. This suggested
SARS-CoV exacerbates lung injury by decreasing ACE2
that is reversed by ARB treatment.6 Although these preclinical data suggest that increasing ACE2 expression can
attenuate SARS-CoV-2–induced lung injury, there is no
direct clinical evidence that has proven ACE2 to be an
effective treatment for viral-induced lung injury. Of note,
a preliminary trial of ACE2 infusion in 10 patients with
acute respiratory distress syndrome was completed in
humans but was not powered to show efficacy on pulmonary function.7 There is even less evidence to demonstrate that treatment with ACEIs or ARBs can decrease severity of pulmonary injury by SARS-CoV-2,
though preclinical data suggest a potential mechanism
of benefit.
Despite the lack of evidence, there have been advocates for both the use and cessation of ACEIs, ARBs,
or both during the treatment for COVID-19 in patients
with hypertension. This has prompted some individuals to solicit changes in their hypertensive medications
and growing uncertainty from physicians on what should
be done. Changes in antihypertensive medications would
require patients to visit their pharmacy and possibly obtain blood work, which would increase their exposure
and risk of infection. Antihypertensive medication
changes between classes additionally require frequent
dose adjustment and management of adverse effects
and increases the risk of medical errors.
In response, the Council on Hypertension of the
European Society of Cardiology made the following
statement, “The Council on Hypertension strongly recommends that physicians and patients should continue treatment with their usual anti-hypertensive
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therapy because there is no clinical or scientific evidence to suggest that treatment with ACEIs or ARBs should be discontinued because of the COVID-19 infection.”8 This statement has been followed by similar statements from a number of different societies
suggesting patients continue their current hypertensive medication regimen. On March 17, 2020, the American Heart Association,
the Heart Failure Society of America, and the American College of
Cardiology put out a joint statement advocating for patients to continue ACEIs and ARBs as prescribed and that changes in medications in the setting of COVID-19 should be completed only after careful assessment.9
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There is insufficient clinical or scientific evidence to determine
how to appropriately manage hypertension in the setting of
COVID-19. As such, this provides an opportunity for the research
community to better outline the renin-angiotensin system and specifically ACE2 in the pathogenesis of COVID-19 while clinical data are
accumulated to determine if there is a link between the use of ACEIs,
ARBs, or both and COVID-19 mortality and morbidity. Until more substantial data are available to guide decision-making one way or the
other, physicians should be available to listen to patients’ concerns
and provide reassuring advice about antihypertensive medications
in the era of the COVID-19 pandemic.
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