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ABSTRACT

In recent months SARS-CoV-2 has spread rapidly throughout the world. The case fatality rate is higher in cardiovascular
disease and hypertension. Other comorbidities do not seem to confer the same risk, therefore the understanding of the
relationship between infection and cardiovascular system could be a crucial point for the fight against the virus. A great
interest is directed towards the angiotensin 2 converting enzyme (ACE 2) which is the SARS-CoV-2 receptor and creates
important connections between the virus replication pathway, the cardiovascular system and blood pressure. All cardio-
vascular conditions share an imbalance of the renin angiotensin system in which ACE 2 plays a central role. In the early
pandemic period, much confusion has appeared about the management of therapy with angiotensin converting enzyme
inhibitors and angiotensin receptor blockers especially in infected patients and in those at risk of critical illness in case of
infection. In this article we will try to reorder the major opinions currently emerging on this topic.
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evere acute respiratory syndrome coronavirus

2 (SARS-CoV 2) has spread rapidly through-
out the world! and many scientists are making
several efforts to reduce mortality of coronavirus
disease-19 (COVID-19).

The case fatality rate (CFR) seems higher in
some patients, in particular among those with pre-
existing comorbidities, such as cardiovascular dis-
ease (CVD) (10.5%). Heart and Lung are closely
tied, it is well known that pathological changes in

Vol. 68 - No. 4

lung parenchyma occurring in acute distress respi-
ratory syndrome (ARDS) affect heart-lung inter-
action and could lead to worse consequences in
patients with CVD. However, even patients with
isolated hypertension have a high CFR (6%) which
appears greater than cancer patients (5.6%).2
Since angiotensin-converting enzyme (ACE
2) has been identified as a SARS-CoV-2 recep-
tor,3-5 there has been a great deal of confusion
about the relationship between the infection and
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all those conditions that alter the renin-angioten-
sin-aldosterone system (RAAS) such as cardio-
vascular diseases and antihypertensive drugs.
Many doctors are still wondering how ACE-
inhibitors (ACE-i) and angiotensin II receptor
blockers (ARBs) should be managed in patients
infected with SARS-CoV-2 and in those at risk of
infection. In this article we will try to review the
major opinions currently emerging on this topic.

RAAS physiopathology

RAAS is a hormonal regulator of blood volume
and systemic vascular resistance, involving kid-
neys, lungs, systemic vasculature, and the brain.¢

The angiotensin 1 converting enzyme (ACE)
cleaves angiotensin [ to generate angiotensin
11, the peptide which binds to and activates an-
giotensin receptor subtype 1 (AT),), resulting in
vessel constriction. On the contrary, ACE 2 inac-
tivates angiotensin Il while generating angioten-
sin 1-7, a heptapeptide with strong vasodilator
effect via activation of its Mas receptor, acting
as a negative regulator of the renin-angiotensin
system’9 (Figure 1).

Furthermore, it was previously postulated that,
in the ARDS, ACE, angiotensin II, and angioten-
sin II receptor AT,, promote the disease patho-
genesis, whereas ACE 2 and the angiotensin I
receptor AT, protect from ARDS.10

ACE 2-SARS-CoV-2 interaction

SARS-CoV-2 infection results from the interac-
tion between the spike protein (S) of the virus
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Figure 1.—Role of ACE2 as renin angiotensin system regu-
lator and SARS-CoV-2 binding site.

ACE: Angiotensin converting enzyme; ACE-i: angiotensin
converting enzyme inhibitors; ARBs: angiotensin recep-
tor blockers; AT1: angiotensin receptor subtype 1; SARS-
CoV-2: severe acute respiratory syndrome Coronavirus 2.
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to ACE 2!1, which is highly expressed in the
heart and lungs, blood vessels, epithelial cells of
kidney and intestine.!2- 13 Some authors hypoth-
esized that SARS-CoV causes robust downregu-
lation of cellular ACE 2 expression levels, and
it has been suggested that this mechanism is in-
volved in the severity of disease.!4

Importantly, during SARS-CoV emergency
in 2003, some studies already showed the im-
portant role of ACE 2 and RAAS in acute lung
injury (ALI) due to SARS-CoV infection.’ Au-
thors demonstrated a reduced ACE 2 expression
induced by virus and an attenuation of acute lung
failure by blocking RAAS pathway in mice.3

ACE 2 and inflammation

In the above-mentioned paper by Imai et al.,10 au-
thors demonstrated that loss of ACE 2 expression
in mutant mice resulted in enhanced vascular per-
meability, increased lung edema, neutrophil accu-
mulation, and worsened lung function. Important-
ly, treatment with catalytically active recombinant
ACE 2 protein improved the symptoms of ALI in
both the wild type and ACE 2 knockout mice.

Furthermore, it was hypothesized that ACE 2
activity may influence endotoxin-induced des-
Arg9 bradykinin (DABK)/B1 receptor signaling
and neutrophil infiltration.!5 Authors demon-
strated that, after the exposure to inflammatory
stimuli, ACE 2 activity is impaired, activating
the DABK/BKBIR axis. This mechanism pro-
motes the production and release of chemokines
from airway epithelial cells, which recruit neu-
trophils to the lung. Authors demonstrated this
mechanism in mice, after loss of ACE function
due to endotoxin inhalation.

Moreover, in another previously published
work conducted on mice with lipopolysaccha-
ride (LPS)-induced ALI, expression of ACE 2
was reduced, while an overexpression of ACE
2 regulates the ACE2/Ang-(1-7)/Mas and ACE/
Ang II/AT, axes to balance the RAAS and at-
tenuate inflammatory response.!6

From this point of view, ACE 2 seems to have
a role in reducing inflammation and it has been
suggested that modulating its expression could
be considered as a potential therapeutic strategy
for inflammatory lung diseases.
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Recently, starting from biological evidence
suggesting that ACE-i may increase the risk of
lung cancer through the accumulation of bra-
dykinin and substance P in the lung, it has been
demonstrated that the use of ACE-i was associ-
ated with a 14% increased risk of lung cancer.!2

ACE 2: localization
and genetic polymorphism

ACE 2 expression in human tissues and appa-
ratus

Even though ACE 2 is expressed on lung alveo-
lar epithelial cells, enterocytes, endothelial cells
of the blood vessels and arterial smooth muscle
cells,!7 its spike protein-binding site is mainly
concentrated in type II alveolar cells (AT2),
which in turn express many other genes that
code for positive regulators of viral replication
and transmission.!8 Interestingly, as previously
demonstrated by Jia and colleagues,!® ACE 2 ex-
pression correlates with the differentiation state
of epithelia, being more expressed on the apical
surface of polarized airway epithelia. Moreover,
authors demonstrated that, undifferentiated cells
expressing little levels of ACE 2 were barely in-
fected with SARS-CoV, differently from well-
differentiated cells.

ACE 2 genetic polymorphism (race and gender)

Considering the high variability of ACE 2 ex-
pression in different human tissues that reflects
differences in their susceptibility to the infection,
it was hypothesized that specific ACE 2 variants
could reduce the association with S viral bind-
ing protein,20 and thus, genetic polymorphisms
could determine different grades of susceptibil-
ity. Zhao et al.,'$ using single-cell RNA analysis,
previously demonstrated that Asian male have a
higher ACE 2 expression cell ratio than Cauca-
sian and African-Americans; while Cai,2! using
a RNA seq and micro array, indicated the ab-
sence of significant gender and race difference.
Cao et al.?2 analyzed the coding-region variants
in ACE 2 gene and the allele frequencies (AFs)
expression from the China Metabolic Analytics
Project (ChinaMAP) and 1000 Genomes Proj-
ect (1KGP) databases. Authors did not find any
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proof of the existence of natural resistant vari-
ants for viral S-protein binding but differences
in AFs distribution, probably related with a po-
tential variability of ACE2 expression in differ-
ent populations and ethnics in Asia. These re-
sults deserve further research in order to confirm
ACE 2 role in ALI pathogenesis and a different
susceptibility to SARS-CoV-2 infection among
different populations.23 However, the genetic as-
sumptions underlying the differences in ACE 2
expression and function in different populations
are still unknown.

For what concerns gender differences, some
studies have shown how genetic differences of
ACE 2 can be associated with a different cardio-
vascular risk, for some alleles only in women24
for others in both sexes.25 Other studies have
shown that different ACE 2 alleles are associ-
ated with a hypertensive phenotype in differ-
ent ethnicities.2¢ The ACE 2 allele maps to the
X chromosome, in an area that seems to escape
random inactivation, a process that balances the
gene expression linked to the X chromosome in
women.2’

For this last reason and for other gender dif-
ferences mentioned above, the hypothesis that
ACE?2 is among those responsible for gender dif-
ferences in hypertension and ischemic heart dis-
ease cannot be excluded.

The COVID-19 CFR is now showing gen-
der differences, with higher mortality in males.2
Also, in this context it cannot be excluded that
ACE 2 is implicated in the gender difference that
characterizes the severity of the disease in case
of SARS-CoV-2 infection. However, there are
currently no studies examining this possibility.

ACE 2 and smoke habit

The above-mentioned paper by Cai2! observed
a significantly higher ACE 2 gene expression
in smokers as compared with non-smoker. The
mechanism involved in this altered expression
of ACE 2 is still unknow, but authors postulated
that smokers may be more susceptible to COV-
ID-19, and that smoking history should be con-
sidered in identifying susceptible subjects. The
main limitation of the mentioned study was that
the analyzed data were from the normal lung tis-
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sue of patients with lung adenocarcinoma, which
may be different with the lung tissue of healthy
people.

ACE 2 activity and drugs

ACE-i and angiotensin receptor blockers (ARBs)
are widely employed in patients with arterial hy-
pertension, heart failure and kidney disease.28
Although both classes of drugs act on the RAAS,
ACE-i inhibit the formation of angiotensin II and
consequently the downstream effects mediated
by both angiotensin II AT, (vasoconstriction,
cell growth, sodium and water retention, sympa-
thetic activation) and angiotensin II AT, recep-
tor. The non-selective inhibition of angiotensin
receptors inhibits the breakdown of bradykinin
and increases circulating bradykinin levels; this
mechanism is involved in the pathogenesis of
ACE-i induced cough and angioedema.?® Con-
versely, ARBs have the specific effect of displac-
ing angiotensin II from the AT, receptor and their
associated autocrine cascade with bradykinin, ni-
tric oxide, and vasoactive prostaglandins is con-
siderably less important than that occurring with
ACE-i.

From the laboratory bench
to the patient’s bedside

Since it has been demonstrated that the bind-
ing of the SARS-CoV S protein to ACE 2 leads
to ACE 2 downregulation,3 which results in an
overproduction of angiotensin by ACE, it was
postulated that this mechanism contributes to
lung injury, because of an increased pulmonary
vascular permeability due to a lower production
of angiotensin 1-7 by ACE 2.30

Starting from the hypothesis regarding their
anti-inflammatory effect, drugs causing ACE 2
up-regulation could be considered as protective.
Ferrario et al.30 in 2005 studied a population of
Lewis rats, 12 days after continuous administra-
tion of lisinopril, losartan or both, and demon-
strated that selective blockade of either angio-
tensin II synthesis or activity, induced increases
in ACE 2 gene expression and ACE 2 activity.
Moskowitz et al. in 20043! postulated that both
ACE-i and ARBs might be considered as gen-
eral viral antidotes, thanks to the attenuation of
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the cytokine in viral diseases. Recently, some
authors hypothesized that, more specifically, an-
giotensin receptor 1 (AT,) inhibitors might be
beneficial for patients infected by COVID-19
who develop pneumonia,32-34 thanks to the dem-
onstrated up-regulation of ACE 2 expression
following chronic treatment (28 days) in rats.35
Indeed, as underlined above, ARBs not only are
related with ACE 2 up-regulation, but, unlike
ACE-i, they do not seem to be associated with
increased bradykinin levels.

Conversely, considering that, as described
above, ACE2 is the binding site for SARS-
CoV-2, the suggestion to treat COVID-19 pa-
tients with ARBs for their associated ACE2 up-
regulation seems counter-intuitive. The expres-
sion of ACE 2 is relatively limited in healthy
subjects, but it is increased in diabetics,3¢ and
is substantially upregulated in hypertensive pa-
tients in therapy with ACE-i and ARBs.37 Respi-
ratory symptoms related with SARS-CoV-2, tend
to be more severe in patients with pre-existing
CVD, often treated with RAAS inhibitors. Start-
ing from this evidence, some authors3s. 39 ad-
vanced the hypothesis that diabetic hypertensive
patients treated with ACE-i and ARBs could be
at higher risk of developing COVID-19 due to
the increased specific receptor (ACE2) expres-
sion, and suggested a therapeutic shift to calcium
channel blockers (CCB).

Starting from the evidences about inflamma-
tory mechanisms underlying ARDS pathogen-
esis during 2003 SARS-CoV emergency? it
seems that, although the protective role of ACE
2 up-regulation could seem paradoxical, it may
protect patients against ALI rather than putting
patients at higher risk to develop ARDS.32

Currently, the available evidence comes only
from observational studies with many potential
confounding factors, although often involving a
large number of patients.

A database of 169 Asian, European and North
American hospitals (Surgical Outcomes Col-
laborative registry) on 8910 patients with CO-
VID-19 revealed no association between ARBs
administration and in-hospital mortality (OR
1,23-95% CI: 0.87-1.74), while an increased sur-
vival was shown for patients taking ACE-i (OR
0.33-95% CI: 0.20-0.54). Similar results were
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confirmed in the subgroup analysis of hyperten-
sive patients.40

Moreover, in a retrospective study conducted
in 9 hospitals of the Hubei province (China),
data on 1128 hypertensive patients hospitalized
for COVID-19 (188 on therapy and 940 not on
therapy with ACE-i nor ARBs) were analyzed.
In this study population, inpatient use of ACE-
i/ARBs were associated with lower risk of all-
cause mortality.4!

Reynolds et al. conducted a study to verify
the relationship between a previous therapy with
different cardiovascular drugs and the likeli-
hood of a positive SARS-CoV-2 test or severe
COVID-19 disease. Among 12,594 patients test-
ed for SARS-CoV-2, 46.8% were positive and
17.0% developed severe illness. 4357 patients
(34.6%) had a previous history of hypertension
and 59.1% among the latter developed positivity
to the test with 24.6% of severe illness. Authors
found no association between therapy with ACE-
i and ARBs, as well as other cardiovascular drug
therapy, and the likelihood of developing positiv-
ity for COVID-19 or severe disease.*2

A case-control study by Mancia et al. involved
6272 case patients with SARS-CoV-2 infection
and 30,759 controls according to sex, age, and
place of residence in Northern Italy. It demon-
strated that COVID-19 patients had a higher
prevalence of cardiovascular disease and cardio-
vascular drug therapy including ACE-i or ARBs,
compared to the control group. However, multi-
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variate analysis showed no association between
the risk of Covid-19 and ACE-i or ARBs.43

Several other observational studies have not
shown a worse prognosis in COVID-19 patients
receiving RAAS inhibitors, rather some studies
have shown a clinical benefit.44-48

A recent meta-analysis by Pirola and
Sookoian,# including 24,676 COVID-19 pa-
tients enrolled in 16 studies, reported a protec-
tive effect of therapy with RAAS modulating
drugs (23% reduced risk of death and/or critical
disease). In drug-specific analysis, therapy alone
with ACE-i explained the result (OR 0.652; 95%
CI: 0.478 to 0.891) while the effect of ARBs
alone did not determine any influence on the out-
come of COVID-19.4

Further, a controlled study is currently recruit-
ing patients to test the effects of intravenous
administration with recombinant human angio-
tensin-converting enzyme 2 (RhACE2-APNO1)
in COVID-19 patients. The primary endpoint is
composed by all cause-death or invasive mechani-
cal ventilation up to 28 days or hospital discharge;
September 2020 is the estimated date for comple-
tion. Considering the available evidence, it is not
easy to predict the effect of the experimental drug
on viral clearance and cardiovascular system.50

Some cardiovascular scientific societies pub-
lished their position statement about the pos-
sible discontinuation of ACE-i and/or ARBs in
hypertension and/or heart failure in the context
of COVID-19 outbreak (Table I). The European

TABLE L.—Main recommendations by scientific community regarding the possible discontinuation of ACE-inhibitors
and/or ARBs in hypertension and/or heart failure in the context of COVID-19 outbreatk.

Hypertension recommendation

Heart failure recommendation

SIC statement
(11 March 2020)

Switch to other drugs is controversial

Benefit from their discontinuation is not
documented

ESH statement
(12 March 2020)
ESC statement
(13 March 2020)
SIIA statement
(13 March 2020)
HFSA/ACC/AHA Statement
(17 March 2020)
COVID-19 and Cardiology
ESC guidelines

Available data do not support a differential use
of RAS blockers

Lack of any evidence regarding their harmful
effect

Lack of any evidence regarding their harmful
effect

No data available demonstrating benefit or
adverse outcomes

No evidence to suggest that ACE-i/ARBs
increase the risk of infection and there is no

Not mentioned

Not mentioned

Not mentioned

No data available demonstrating benefit or
adverse outcomes

No data regarding increased risk of infection;
withdrawal in HF patients may increase HF

(10 June 2020) reason to discontinue

worsening.

ACC: American College of Cardiology; AHA: American Heart Association; ESC: European Society of Cardiology; ESH: European Society of
Hypertension; HFSA: Heart Failure Society of America; RAS: renin-angiotensin system; SIC: Societa Italiana di Cardiologia; SIIA: Societa

Italiana dell’Ipertensione Arteriosa.
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Cardiology Society (ESC), the Italian Cardiolo-
gy Society (Societa Italiana di Cardiologia, SIC),
the Italian Hypertension Society (Societa Italiana
dell’Ipertensione Arteriosa, SIIA), the European
Society of Hypertension (ESH), and the Heart
Failure Society of America (HFSA)/American
College of Cardiology (ACC)/American Heart
Association (AHA) highlighted the lack of any
evidence regarding the harmful effect of ACE-i
and ARBs in the context of COVID-19 outbreak.
The main recommendation remains to not dis-
continue drug therapy in hypertensive and/or
heart failure patients, both infected and at risk
of critical illness in case of SARS-CoV-2 infec-
tion.51-56

Conclusions

Although ACE 2 appears to be the leading actor,
the relationship between the cardiovascular sys-
tem and COVID-19 is not yet well understood.
Much caution should be exercised in the man-
agement of drugs that affect the renin angiotensin
system, as there is no solid information. Accord-
ing to current evidences, official recommenda-
tions by ESC, ESH, SIC, SIIA and HFSA/ACC/
AHA recommend to not discontinue therapy in
any setting of patient. We need large randomized
clinical trials that can give more certainties, with
the hope of finding a mechanism to hinder the
SARS-CoV-2 pathway.
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