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Might renin–angiotensin system blockers play a

role in the COVID-19 pandemic?
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Since December 2019, a new coronavirus, named SARS-CoV-2, has spread globally, affecting >200 000 people worldwide with the so-
called COVID-19 disease. The scientific community is actively and constantly working to identify the mechanisms involved in the diffusion
of this virus and the pathogenesis of the infection, with its most frequent and severe complication, namely interstitial pneumonia. To date,
SARS-CoV-2 is known to enter the host cells via the angiotensin-converting enzyme 2 protein. For this reason, the hypothesis that drugs
capable of increasing the expression of this protein may have a role in the spread of the virus and in the symptomatology of affected
patients has taken hold. The purpose of this Editorial is to briefly show the evidence currently available in this regard and to provide ideas
for future research.
...................................................................................................................................................................................................
Keywords SARS-CoV-2 • Hypertension • RAS system

Since December 2019, starting from an initial outbreak in the Wuhan
region in China, a new virus of the coronavirus family (CoVs) has
spread rapidly throughout the world, being classified as ‘pandemic’
on 11 March 2020. The burden in terms of deaths of this new virus,
named SARS-CoV-2, has exceeded that of the previous severe acute
respiratory syndrome (SARS) epidemic during 2002. Today, >1 mil-
lion people are infected worldwide, known as coronavirus disease
2019 (COVID-19) cases, most of which occur in the age group 30–
80 years, with mild to moderate flu-like manifestations such as fever
and cough. However, a variable percentage of people, �20% in
China, have developed severe forms of interstitial pneumonia, up to
critical conditions, with a mortality rate of >2%.1 SARS-CoV-2, which
is an RNA virus, has�80% homology with the previous SARS-CoV.2

This evidence led to the generation of the hypothesis that the SARS-
CoV-2 was able, like SARS-CoV, to use the angiotensin-converting
enzyme 2 (ACE2) protein as a cell receptor through which enter
cells. This has now been confirmed in different species.3 Moreover, it
has been shown that the SARS-CoV-2 structure includes a distinct
loop with flexible glycyl residues, leading to a receptor-binding do-
main with a higher affinity for ACE2 compared with SARS-CoV.4 The
angiotensin-converting enzyme (ACE) and its close homologue
ACE2 belong to the ACE family of dipeptidyl carboxydipeptidases,
but have two opposing physiological functions. ACE cleaves angioten-
sin I to generate angiotensin II, which binds to the angiotensin II type
1 receptor (AT1R) to constrict blood vessels, thereby increasing

blood pressure. In contrast, ACE2 inactivates angiotensin II, generates
angiotensin (1-7), a heptapeptide having a potent vasodilator function
via the Mas receptor,5 and might also generate angiotensin (1-9) from
angiotensin I, which is then processed to become angiotensin (1-7).
ACE2 is a type I membrane protein expressed in the lungs, liver, tes-
tes, heart, kidneys, and intestine.6 Previous data support an increased
ACE2 expression, especially in the myocardium, in several cardiovas-
cular diseases (CVDs) such as hypertension and heart failure (HF), as
a counter-regulatory, protective mechanism.7 Similarly, preclinical
evidence exists that the AT1R blockers (ARBs), commonly used as
anti-hypertensive drugs, might increase ACE2 expression, especially
in the heart and kidney, during both acute and chronic treatment for
CVDs such as hypertension, myocardial infarction, and HF.8–10 On
the contrary, evidence about the up-regulation of ACE2 expression
by ACE inhibitors (ACEIs) is more conflicting.11 Mineralocorticoid re-
ceptor antagonists have also been shown to increase ACE2 levels.12

Taken together, available observations suggest that chronic AT1R
blockade results in ACE2 up-regulation, even though specific data on
the lungs, which would be relevant to SARS-CoV-2 infection, are
lacking and the correlation between measured soluble ACE2 and
membrane-bound ACE2 is not known.13

Recently, the critical importance of the renin–angiotensin system
(RAS) in the pathogenesis of acute lung disease [i.e. acute respiratory
distress syndrome (ARDS)] has emerged. In summary, in acute
lung injury, ACE, angiotensin II, and AT1R function as lung
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Figure 1 The Role of Renin Angiotensin System in lung damage. ACE, angiotensin converting enzyme; ACE2, angiotensin converting enzyme type
2; ACEi, ACE inhibitors; AT I, angiotensin I; AT II, angiotensin II; AT 1-9, angiotensin 1-9; AT 1-7, angiotensin 1-7; AT1R, angiotensin type I receptor;
AT2R, angiotensin type 2 receptor; ARB, angiotensin type I receptor inhibitors.
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injury-promoting factors, whereas ACE2 protects against lung in-
jury.14 Therefore, it has been suggested that ARBs might be beneficial
in acute lung injury. In this regard, previous observations on SARS-
CoV might be relevant to the COVID-19 disease, which is often com-
plicated by acute lung failure. Indeed, it has been demonstrated that
the coronavirus spike protein binds to ACE2, leading to ACE2 down-
regulation, which in turn results in excessive production of angioten-
sin II by ACE, while less ACE2 can convert it into angiotensin (1-7).
This, in turn, contributes to lung injury, as angiotensin-stimulated
AT1Rs lead to vasoconstriction of lung vessels, increased pulmonary
vascular permeability, inflammation, and interstitial fibrosis, thereby
increasing lung damage.15,16 Therefore, the higher ACE2 expression
due to chronically medicating SARS-CoV-2-infected patients with
ARB may protect them against acute lung injury by blocking the dele-
terious effect of angiotensin II, as well as by decreasing the production
of angiotensin II by up-regulating ACE2, which in turn increases the
production of angiotensin (1-7). This latter may mediate a beneficial
effect on both lungs and heart.17 Accordingly, ACE2 has also been
shown to protect against acute lung injury in several animal models of
ARDS15,16 (Figure 1). Indeed, the loss of ACE2 expression in mutant
mice resulted in enhanced vascular permeability, increased lung oe-
dema, neutrophil accumulation, and worsened lung function.15

Similarly, captopril has been found to reduce lung damage by lipopo-
lysaccharides due to an increase in ACE2 activity.18 Therefore, it has
been suggested that ARBs/ACEIs might be beneficial for patients with
COVID-19 suffering from pneumonia.19,20 Moreover, in the past
SARS epidemic, previous findings supported the opportunity to de-
velop ACE2 as a novel drug for ARDS in SARS, even though these
similar drugs have not been released so far.14

Case series currently available have shown a variable, but relevant,
percentage of people affected by hypertension (�15–30%), diabetes,
and cardiac disease among patients admitted to hospital for COVID-
19 disease, and these subsets of subjects tend also to develop more
frequently severe illness resulting in death.21–28 Nonetheless, it must
be stated that most studies so far only enrolled small samples, with-
out adjusting for confounding factors.24–28 Therefore, the increase in
prevalence of hypertension among patients with the worst outcomes
may reflect their increasing age, which has a major prognostic influ-
ence. In contrast, recent data from the Istituto Superiore di Sanità in
Italy reported that the most common concurrent comorbidities
observed in COVID-19 patients were hypertension (73.8%), diabetes
(33.9%), ischaemic heart disease (30.1%), and atrial fibrillation
(22%).29 The ongoing survey from the Centers for Disease Control
and Prevention in the USA reported among 74 439 cases 10% of
cases of diabetes and 9% of cases of CVDs.30

When looking at specific data on ACEI/ARB usage in retrospective
studies, there is no solid evidence supporting worse outcomes.31

Despite this, a separate analysis for ACEIs and ARBs in studies with
larger samples providing the necessary adjustment for comorbidities
would be of great relevance. Indeed, it should be emphasized that
any comorbidity of COVID-19 patients which has an indication for
the use of an ACEI/ARB might also have heavily influenced their mor-
tality and morbidity rate. Therefore, the dissection of the specific
prognostic burden of each comorbidity and associated therapies may
be quite hard to achieve.11 Therefore, from what we know so far, the
discontinuation of an effective antihypertensive therapy with an ACEI

or ARB to possibly avoid the entrance of SARS-CoV-2, as suggested
by some,32 is not supported by evidence. Similar considerations
have recently also been shared by authoritative international soci-
eties.33–36 Moreover, even though ACEIs and ARBs might increase
ACE2 levels in the lungs, this might not be relevant to SARS-CoV-2
infection. Indeed, the intestinal epithelium has a high expression of
ACE2; nonetheless, gastrointestinal symptoms are much less fre-
quent in patients affected by COVID-19.37

Future studies should aim (i) to understand whether CVDs might
influence per se the outcome of patients affected by COVID-19 dis-
ease; (ii) to determine the influence of the RAS system and active
treatments on SARS-CoV-2 infection and on the development of
COVID-19 disease (given the fact that in many CVDs increased levels
of ACE2 play a protective role, so that its down-regulation by SARS-
CoV-2 would be highly detrimental per se in this critical subset of
patients due to an increase in angiotensin II); and (iii) to evaluate pos-
sible therapies for COVID-19 disease involving components of the
RAS. To achieve the first goal, well-designed large case series studies
and registries, which are already enrolling all over the world, would
help.38–43 For the second aim, not only case series, but also autoptic
exams should investigate the expression and activation of RAS com-
ponents in different organs during COVID-19 infection in patients
treated or not with an ACEI/ARB, also investigating ACE2 polymor-
phisms which could impact the affinity for the spike protein of SARS-
CoV-2. Knock-in or knock-out models for RAS molecules could also
be useful to understand how COVID-19 might develop interactions
with the RAS. Moreover, randomized controlled trials should be initi-
ated to show whether the modulation of RAS inhibition (starting,
stopping, or continuing) would lead to better or worse outcomes in
COVID-19. Lastly, experimental studies might show possible effect-
ive RAS-related therapies. In this regard, there are three active, but
not yet recruiting trials, investigating the role of angiotensin (1-7) infu-
sion, ACEIs, and losartan in patients affected by COVID-19.44–46.
One randomized trial is already recruiting to assess whether a shift to
a non-ARB/ACEI regimen would be beneficial or detrimental for
hypertensive patients affected by COVID-19.47
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