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The aim of this review is to provide a short update on whether treatment with angiotensinconverting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) has beneficial or
harmful effects in patients infected with SARS-CoV-2. Epidemiological studies have shown that
SARS-CoV-2 infects all age groups, presenting a higher incidence in elderly patients with various
comorbidities such as hypertension, diabetes mellitus, and cardiovascular diseases. A large proportion of these patients are treated with ACEIs and ARBs. Since it has been demonstrated that
SARS-CoV-2 uses angiotensin converting enzyme type 2 (ACE2) as an entry point into host cells,
it is important to know whether ACEIs and ARBs could modify the expression of this enzyme, and
thus promote the viral infection. Animal studies and a few studies in humans have shown that
renin angiotensin system (RAS) inhibitors increase tissue expression of ACE2, but with potentially
beneficial effects. In this context, it is imperative to provide appropriate guidance for clinicians
and patients. The major cardiology associations across the world have released statements in
which they recommend healthcare providers and patients to continue their treatments for hypertension and heart failure as prescribed.
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In December 2019, a number of cases of atypical pneumonia with an unknown
pathogen were reported in Wuhan City, Hubei Province, China. The pathogen
was later identified as a member of the Coronaviridae family and was named
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), while the disease caused is called coronavirus disease 2019 (COVID-19). The severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory
syndrome-related coronavirus (MERS-CoV) are also part of this family. As a
side note, this is the third consecutive decade in which a coronavirus crosses
species to infect humans (SARS-CoV has infected more than 8,000 people in
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2002–2003, and MERS-CoV has infected more than 2,500
people since 2012).1,2 On January 13, the first case of COVID-19 infection was reported outside of China, while in
Europe, the first case was reported on January 24. Due to
the high rate of contagion and the aggressiveness of the
disease, but also due to the lack of reactivity from the authorities, on March 11, the World Health Organization declared it a pandemic. Until the middle of June 2020, there
were 7,670,880 confirmed cases and 427,097 deaths, across
311 countries worldwide.3 Unfortunately, in the absence of
an effective treatment or medical intervention, attempts
to control the spread of the infection have relied on nonpharmaceutical intervention. This includes promotion of
personal hygiene, social distancing, closing of schools and
other public places, identification of infected cases and
their contacts, and also preparation of health systems for
a wave of severely ill patients who require intensive care
and isolation.4
From the beginning of the pandemic it was shown that
positive patients were more likely to have hypertension,
diabetes mellitus, and other cardiovascular diseases, and
had a clear indication for treatment with angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs). This had given rise to several concerns
because SARS-CoV-2 uses angiotensin-converting enzyme
type 2 (ACE2) to enter the host cells. Also, renin angiotensin system (RAS) inhibitors increase the expression of
ACE2, presumably resulting in higher infectivity of SARSCoV-2, with development of a more severe form of the disease.5,6 Because of these hypotheses, the rapidly evolving
nature of the infection, and also panic spread via news and
social media, official statements based on medical evidence
were necessary for both clinicians and patients.
The aim of this paper is to offer a brief look at the current evidence regarding the continuation or interruption
of treatment with ACEIs and ARBs in the context of the
COVID-19 pandemic.

Clinical profile of patients
that are vulnerable to COVID-19
infection and complications
Initial epidemiological studies have shown that SARSCoV-2 infects all age groups, but elderly male patients
with comorbidities, especially cardiovascular diseases,
hypertension, or diabetes have a higher risk of developing
a more severe form, requiring admission to the intensive
care unit and mechanical ventilation.7,8 An observational
study on 8,910 patients with COVID-19 found that old age,
coronary heart disease, heart failure, a history of cardiac
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arrhythmias, chronic obstructive pulmonary disease, and
smoking were associated with a higher risk of in-hospital
death.9 In this context, many clinicians and patients had
become aware of the possible interrelation between SARSCoV-2 and the RAS. Due to the high global prevalence
of hypertension, estimated at 1.13 billion in 2015, a high
number of patients are likely be treated with RAS antagonists (ACEIs or ARBs).10 The majority of studies regarding
COVID-19 patients did not take into account the treatment for various comorbidities, and therefore the number
of patients taking ACEIs or ARBs is unclear. However, two
studies have shown that 15–20% of hospitalized patients
were on treatment with ACEIs or ARBs, and about 50%
of them discontinued treatment during hospitalization.9,11

What is the link between the
RAS and SARS-CoV-2?
The RAS plays a central role in blood pressure regulation.
Renin is an enzyme that is synthesized and released by the
juxtaglomerular cells in response to decreased blood pressure and low sodium levels, or due to an increased activation of the sympathetic nervous system. Renin converts
the enzymatically inactive angiotensinogen to angiotensin
I, which is transformed into angiotensin II by the angiotensin-converting enzyme (ACE), present in the endothelium
of lung vessels. Angiotensin II is a strong vasoconstrictor, particularly at the level of arterioles, acting on both
the short- and long-term regulation of blood pressure and
increasing peripheral vascular resistance. Angiotensin II
also reduces sodium excretion by stimulating the release
of aldosterone. Besides hemodynamic effects, angiotensin II stimulates the inflammatory response and promotes
the generation of reactive oxygen species.12 Angiotensin
II is then converted to angiotensin-1-7 (Ang-1-7) by the
membrane-bound ACE 2. Ang-1-7 causes vasodilation and
presents anti-inflammatory and antifibrotic effects. Thus,
ACE2 has two effects: reducing plasma concentrations of
angiotensin II (decreasing vasoconstriction) and production of Ang-1-7 (increasing vasodilation).13 Despite its
beneficial effects, ACE2 has a dark side: SARS-CoV-2 uses
this enzyme for gaining access into host cells. Binding and
entry of SARS-CoV-2 is facilitated by attachment between
the S (spike) protein located on the viral envelope and the
enzymatic domain of ACE2.14 However, a cofactor represented by the serine protease TMPRSS2 is needed for
priming the S protein and activating the entry process.15,16
Expression of both ACE2 and TMPRSS2 has been found
in human nasal and respiratory tissues, bronchial epithelium, and type II alveolar cells.17
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Thus, ACE2 may be considered the link between the
RAS and SARS-CoV-2. However, the question still remains
whether ACEIs and ARBs can influence the concentration
of ACE2 and modify the course of SARS-CoV2 infection.
ACEIs and ARBs are first-choice medication used for the
treatment of hypertension and heart failure. In the past few
months, the usefulness of RAS inhibitors has become an issue due to lack of proper clinical data on their effects in the
setting of COVID-19. The main concern is that ACEIs or
ARBs could increase the level of ACE2, leading to a higher
number of viral entry points and increasing the susceptibility to infection or severity of the disease. The dilemma
arose from the fact that increased levels of ACE2 reduce
inflammation and can lead to a milder form of lung injury.
Currently, there are two hypotheses regarding this mecha-

nism. One states that RAS inhibition may have a harmful
effect by increasing ACE2 levels and thereby promoting
viral entry. The second hypothesis claims that RAS inhibition decreases angiotensin II synthesis and using ARB
prevents angiotensin II from binding to angiotensin II
type I receptor (AT1R) and also stabilizes the AT1R-ACE2
complex. This is subsequently preventing ACE2 internalization and degradation, with a weaker inflammatory response and attenuated lung injury.18 These classes of medications do not interact directly with ACE2 because they
do not bind and inhibit the active site of the enzyme, but
there has been significant evidence in animal studies that
showed increased expression of ACE2 after treatment with
ARBs and ACEIs.19,20 Angiotensin II treatment promoted
ACE2 internalization, leading to a significant reduction in

TABLE 1. Outcomes of the main studies investigating the relationship between Sars-CoV-2 infection and the use of ACE inhibitors or
angiotensin receptor blockers
Study

Population

Aim

Finding

Commentary

Mehra et al.9

8,910 patients who were
discharged alive or died

Relationship of cardiovascular disease and drug
therapy with in-hospital
death among hospitalized
patients with COVID-19

No increased risk of inhospital death was found to
be associated with the use
of ACEIs or ARBs

Factors associated with increased
risk of in-hospital death: >65 years,
coronary artery disease, heart
failure, cardiac arrhythmia, chronic
obstructive pulmonary disease,
current smoking

Meng et al.32

51 positive patients with
hypertension

Ability of RAS inhibitors to
Therapy with ACEIs or
protect against COVID-19 in ARBs was associated with
patients with hypertension decreased viral load

Mancia et al.33

6,272 positive patients
30,759 controls

Association between the
use of RAS inhibitors and
susceptibility to COVID-19

ACEIs and ARBs were not
associated with the risk for
COVID-19 infection

Reynolds et al.34

12,594 patients tested for
COVID-19 and taking antihypertensive drugs

Relation between five
classes of antihypertensive
drugs (ACEI, ARB, BB, CCB,
thiazide diuretics) and likelihood of a positive test

No class of antihypertension drugs was associated
with an increase in the risk
for testing positive

Mehta et al.35

18,472 tested for COVID-19

Association between use of No association between
ACEIs or ARBs with testing ACEI or ARB use and COpositive for COVID-19
VID-19 test positivity

de Abajo et al.36

1,139 positive patients11,390
controls

Use of RAS inhibitors and
risk for admission to hospital in COVID-19 patients

RAS inhibitors did not
increase risk of COVID-19
requiring admission

Khera et al.37

a) 853 positive outpatients
receiving ACEIs or ARBs
vs. 853 positive outpatients
receiving other antihypertensive drugs

Use of ACEIs or ARBs and
risk for hospitalization

Patients receiving ACEIs
were less frequently
hospitalized than those
receiving other antihypertensive drugs. There was
no significant association
between ARB therapy and
hospitalization.

b) 1,731 COVID-19 patients
taking ACEIs and 1,580
COVID-19 patients taking
ARBs matched to COVID-19
patients taking other antihypertensive drugs

Mortality in inpatient cohort
receiving ACEIs or ARBs
vs. inpatient cohort taking
other antihypertensive
drugs

Mortality did not differ between inpatient groups

Use of ACEIs or ARBs did not show
any association with mortality in
positive patients

Patients with diabetes mellitus and
treatment with RAS inhibitors had a
lower risk for hospital admission
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its enzymatic activity on the cell membrane. Losartan not
only prevented internalization and degradation of ACE2,
but also increased its expression 3-fold.21 In two lung injury animal models, the activation of angiotensin type 1
receptors had led to increased intensity of tissue injury,
while a marked signaling of the ACE2 system has reduced
the harmful effects.19,22 Another study showed that in mice,
gene expression of ACE2 was increased 5-fold and 3-fold
after treatment with lisinopril and losartan, respectively.13
Of note, in mice, the loss of ACE is associated with resistance to SARS-CoV-2 infection, but also with increased
vascular permeability, edema, leucocyte infiltration, and
lung injury.19,20 Conversely, overexpression of the ACE2
gene favored a better outcome after myocardial infarction
in remodeling and improving ejection fraction.23,24
In humans, the effects of RAS inhibitors on the activity
of ACE2 and Ang-1-7 are scarce. The blockade of AT1R,
achieved by the administration of losartan or olmesartan,
was accompanied by significant upregulation of ACE2 expression and increased levels of Ang-1-7.25 Similarly, in another study, Ang-1-7 levels were not modified after initial
treatment with captopril in patients with hypertension, but
after exposure to captopril for 6 months, the level of ANG1-7 increased.26 The majority of data regarding the effect
of RAS inhibitors on ACE2 expression was acquired from
preclinical models and may not always translate to human
physiology. Although ACE2 is insensitive to ACEIs, studies have shown that ACEI treatment in patients with viral
pneumonia was associated with improved outcomes.27–30
Furthermore, treatment with RAS inhibitors was associated with a reduction in viral load. This was probably an
indirect effect of these drugs, resulting from the regulation
of the immune response and inhibition of the inflammatory pathways rather than due to a direct blockage of virus
replication.31,32
In several studies, treatment with ACEIs or ARBs was
not associated either with a higher incidence of COVID-19
infection, or with more severe forms of infection or worse
outcomes. One study even showed that the group of patients taking ACEIs/ARBs had a lower risk of mortality
compared to controls, who have been prescribed a different anti-hypertensive regimen.9,32–37
Table 1 shows the main results of the studies investigating the link between ACE inhibition and SARS-CoV-2 infection.
The effects of treatment with ACEIs/ARBs in patients
infected with SARS-CoV-2 are not fully understood. However, the cessation of RAS inhibitors, in the absence of a
clear evidence or established reason, may have deleterious
effects on the underlying cardiovascular disease.38,39 Al-
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though these drugs produce an increase in ACE2 expression, thus promoting viral entry in host cells, it seems that
patients on this medication have a lower risk for developing a more severe illness or worse outcomes. The Council of Hypertension of the ESC released a statement that
strongly advises physicians and patients to continue treatment with their prescribed anti-hypertensive medication;
there is no scientific evidence to demonstrate that treatment with ACEIs and ARBs should be discontinued in the
presence of SARS-CoV-2 infection.40 Also the American
Heart Association, the Heart Failure Society of America,
and the American College of Cardiology are advocating
that patients should continue treatment with RAS inhibitors prescribed for hypertension, ischemic heart disease,
and heart failure. Changes in medications should be made
only after careful assessment and based on the latest scientific evidence.41

Conclusions
Even though the major cardiology associations have released statements regarding the safety of continuing treatment with ACEIs and ARBs, the role of these drugs in
SARS-CoV-2 infection is still under debate. There is a lack
of solid scientific evidence regarding the discontinuation
of treatments with RAS inhibitors in patients with COVID-19 and cardiovascular diseases. Although additional
data may further shed light on the benefits and disadvantages of treatment with ACEIs and ARBs, physicians need
to consider the undesirable results of discontinuing proven
therapies in response to concerns that currently are not
based on solid data.
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