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Abstract
Purpose of Review This review focuses on the associations between the renin-angiotensin system, hypertension, and severe acute
respiratory syndrome (SARS-COV-2) infection. A brief prelude on the current state of affairs with COVID-19 is given. In
addition to an overview of ACE2, Ang II, and Ang (1–7), this review presents a brief statement on hypertension, including the
function of enzymes involved in the control of hypertension, cardiovascular disease, diabetes mellitus, and other malignancies.
Recent Findings There is currently no data in support of the concerns raised with the use of ACEIs/ARBs.Many researchers have
voiced concerns that the use of ACEIs and ARBs may increase tissue ACE2 levels. These researchers therefore recommend that
individuals on ACEIs/ARB’s medications withhold such antihypertensive drugs, unless advised by their physicians to do so.
Summary SARS-CoV-2 uses ACE2 receptors as the port of entry to human hosts. ACE2 and ACE are different enzymes and
ACE inhibitors do not inhibit ACE2. Therefore, the use of ARB’s or ACEIs should not be discontinued if an individual is infected
by SARS-CoV-2. Further studies are required to investigate the effect of ACEIs and ARBs on ACE2 expression and COVID-19.

Keywords Renin-angiotensin system . Hypertension . SARS-COV-2 . Angiotensin-converting enzyme inhibitors . Angiotensin
II

Introduction

The causative agent for COVID-19 disease which causes se-
vere acute respiratory syndrome is the coronavirus-2 (SARS-
CoV-2) [1]. The disease is primarily spread by respiratory
droplets [1, 2], perhaps by aerosol spread is also likely [1].
According to the who, it is believed that the virus may be
transmitted by aerosol especially in crowded places or during
the delivery of a speech [1]. The SARS-CoV-2, like all other
coronavirus (SARS-CoV-1 and Middle East Respiratory

syndrome (MERS-CoV)), enters the human body and binds
to angiotensin-converting enzyme-2 (ACE2) receptors [3, 4].
Angiotensin-Converting Enzyme-2 receptors are expressed in
most tissues and organs of the body, but substantial numbers
are present in lung parenchymal cells, mainly in type 2 alve-
olar epithelial cells [4, 5].

Most individuals infected with SARS-CoV-2 present
with mild clinical manifestations, such as fever, dry cough,
myalgia, excessive sputum production, loss of smell, and
diarrhea [4, 6–8]. However, the elderly and those with co-
morbid conditions, such as asthma or respiratory problems,
cardiovascular abnormalities, diabetes mellitus, liver and
kidney problems, are more likely to have pneumonia, ei-
ther bilateral or unilateral, as a result of infection of the
lower respiratory tract [6–13, 14••, 15, 16].

Reverse-transcriptase polymerase chain reaction (R-T
PCR) is recognized as the gold standard for the identi-
fication of COVID-19 disease, despite having a low
sensitivity compared to chest computerized tomography
(CT) scan which in most cases, show positive results of
lung infection as indicated by a picture of ground-glass
opacities or nodules or bilateral reticular nodular opaci-
ties [9–13].
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Classical Renin-Angiotensin System

Angiotensin-Converting Enzyme

The renin-angiotensin-aldosterone system (RAAS) is a master
regulator of arterial blood pressure; electrolyte and water bal-
ance [14••, 15–18]. New developments in renin-angiotensin
system (RAS) have described two different systems of RAS:
the classical and the local or tissue RAS [14••, 19]. However,
the classical RAS together with aldosterone are chiefly re-
sponsible for maintenance of systemic arterial blood pressure
and body fluid homeostasis, while the tissue RAS governs the
entire activities of the body tissue concerned [14••, 20••]. A
drop in arterial pressure activates the release of renin into the
circulatory system where it acts on angiotensinogen (formed
in the liver) to convert it to angiotensin I (Ang I) [17, 21, 22].
The angiotensin-converting enzyme (ACE) receptors occur in
the endothelial cells of the circulatory system [20••, 23••], and
the secretion of ACE occurs in the lungs’ endothelial cells
where it converts Ang I to Ang II [24]. Angiotensin II is a
powerful vasoconstrictor causing the blood pressure to rise to
normal levels [14••, 20••, 23••]. However, when the systemic
arterial blood pressure is low, it additionally requires homeo-
static control of body fluids and electrolyte levels which are
the functions of the renal system [25]. The tissue-specific RAS
which are found in most body tissues include renin,
angiotensinogen, ACE, and ACE inhibitors [19].

ACE2 Receptors, ANG-(1–7), ANG (1–9), and
Hypertension

ACE2, Ang (1–7), and Ang (1–9)

Donoghue et al. and Tipnis and co-workers independently
identified ACE2 receptors but the latter called the same en-
zyme ACEH. In addition, both research groups have declared
that ACE2 and ACEH share a common homology with ACE
[26, 27]. In addition, both research groups have identified that
ACE2 or ACEH receptors are located in the heart, kidney, and
testes including endothelial cells in these organs [26, 27].
However, Tipnis and co-workers also found moderate levels
of ACEH receptors in the ileum, colon, and the ovary [27].
Angiotensin-converting enzyme 2 or ACEH converts Ang I to
Ang-(1–9) but ACE is required to convert Ang-(1–9) to the
active form of ANG-(1–7). However, ACE2/ACEH can con-
vert Ang II directly into Ang (1–7). The function of Ang (1–7)
is to drop blood pressure whenever it rises (by the action of
ANG II) back to normal levels (Fig. 1). Both research groups
have identified ACE2 as being primarily produced in the heart
and kidneys, and indicate that these two organs play a role in
the regulation of arterial blood pressure and in the homeostasis
of liquid and electrolyte balance [28]. Subsequently, Harmer
et al. have observed that ACE2 receptors are present in 72

tissues of the body and confirmed that mRNA expression
levels were high in the testicular tissues, left ventricle of the
heart, the renal systems, and the gastrointestinal system in-
cluding the ileum, duodenum, jejunum, caecum, and colon.
Of the 72 tissues studied, the highest expression levels were
observed in the ileum [29]. Additional studies by Li et al. and
Hamming et al. localized ACE2 receptors in other tissues,
such as the respiratory system [4, 30].

There are two forms of ACE2 receptors: the membrane
bound or transmembrane ACE2 which is responsible for the
conversion of Ang I or Ang II into Ang (1–9) or Ang (1–7),
respectively. However, ACE converts Ang (1–9) into Ang (1–
7) [31, 32]. Ang1-7 is responsible for causing hypotension or
excretion of electrolytes (mainly sodium) and water by the
renal system [32]. In addition, ACE2 receptors have binding
sites for SARS-CoV-2 as reported by Yan et al. [32].
However, the soluble form of ACE2 is present in the circula-
tory system and is responsible for binding of SARS-CoV-2
[32, 33]. Batlle et al. suggest that circulating ACE2 may be
used for targeting, modification, detection, or other novel ther-
apeutic and diagnostic applications for treatment or prevention
of COVID-19 [33].

The SARS-CoV-2 virus uses ACE2 receptors for cell entry
into the human body but physiologically the main function of
ACE2 enzyme is for maturation of Ang I or Ang II in blood
pressure regulation [3, 32]. Therefore Ang II (as the main
octopeptide of RAAS) is not only a very strong vasoconstric-
tor which raises systemic arterial pressure but also carries out a
broad array of physiological and pathological influences by
binding to specific broad array of receptors [19, 28]. Among
the more well-known studied are Ang II type 1 (AT1) and
Ang II type 2 (AT2) G-protein-coupled receptors [28]. The

Fig. 1 Action of ACE-2 and ACE on the formation of ANG-(1–7) from
ANG I and ANG II
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AT1 receptors are situated in the vasomotor centers of the
brain stem, kidneys, adrenal glands, vascular smooth cells,
and in the heart. The ATIR are the main receptors of Ang II,
which causes vasoconstriction of the vascular smooth mus-
cles, increasing the total peripheral resistance, excitation of
the vasomotor centers to increase the heart rate and cardiac
contractility, and increasing salt and water reabsorption by the
kidneys, as they are a major site for blood pressure regulation
[23••]. The AT1 receptors are antagonists of AT2 receptors,
which generally cause blood vessels (arterioles) to dilate,
thereby decreasing the arterial blood pressure. However, in
normal individuals, the action of ACE on Ang I causes the
formation of Ang II, while ACE2 through conversion of Ang
II into Ang (1–7) causes hypotension because it is a vasodila-
tor [14••, 26, 27, 34, 35]. Since the kidneys are the primary
blood pressure regulators, Crackover et al. determined ACE2
enzyme levels in the kidneys [23••]. However, ACE2 only has
renal effects if the systemic arterial blood pressure rises above
normal (brought about by Ang II) or it is below normal levels,
which will require absorption of sodium and water by the
kidneys.

Hypertension

Angiotensin-converting enzyme (ACE) and angiotensin-
converting enzyme 2 (ACE2) receptors have two opposing
effects on blood pressure. While ACE generates Ang II,
ACE2 is responsible for hypotensive effects by generating
Ang (1–7) which act through Mas receptors found mainly
on the blood vessels causing vasodilation. However, hyper-
tension still occurs in some individuals. The main types are
primary, the exact cause of which is unknown, and secondary
[23••]. However, it is known that primary hypertension is
related to lifestyle and genetic factors, and in addition, certain
population groups respond to ACEIs/ARBs drugs and other
hypertensive medications [23••, 36], while other population
groups (mainly those of African ancestry) may respond only
to diuretics and calcium channel blockers [36, 37]. Therefore,
in individuals with hypertension or diabetes or with cancer,
the accepted norm is to prescribe ACEIs, ARBs, calcium
channel blockers, diuretics, alpha, or beta-blockers. Figure 2
is a diagram on the control of hypertension, based on the 2020
guidelines of the International Society of Hypertension (ISH)
[38].

SARS-CoV-2: Virus Entry into a Given Human
Cell

The SARS-CoV-2 viruses use the ACE2 receptors in the lung
parenchyma and in other organs and the cellular protease,
TMPRSST, to enter a given cell [39, 40]. Thus, ACE2 recep-
tors and the protease enzyme TMPRSST are both essential for

the viral entry into a given cell [40]. However, there is no
direct evidence showing that ACE2 receptors are used for
entry into the human body in all COVID-19 patients.

Development of a Vaccine for SARS-CoV-2

Gurwitz is of the view that the development of a vaccine is
time consuming and it may be developed too late for its effec-
tive use, because the SARS-CoV-2 virus may have mutated
[41]. In addition, Gurwitz states that AT1 receptor blockers
,which do not depend on mutations, should be used as thera-
peutic agents for reducing the aggressiveness and high mor-
tality of the SARS-CoV-2 virus infection [41].

The Use of ACEIs and ARBs in COVID-19
Disease

Investigations Using Normal Animals Without Being
Infected with a Coronavirus

The most common pharmaceutical drugs used for hyperten-
sion, and other cardiovascular diseases (CVDs), are (ACEIs)
(such as lisinopril, enalapril) or ARBs (such as losartan). In
order to test the effects of using ACEIs and ARBs, Ferrario
et al. used the ACEI (lisinopril) or ARB (losartan) in experi-
mental animals (normal rats) and measured, besides other pa-
rameters, ACE2 mRNA expression levels in plasma and car-
diac muscle tissue. These researchers found that the adminis-
tration of ACEI or ARB caused an increase in ACE2 mRNA
expression levels [42••].

Fig. 2 Treatment of hypertension, cardiovascular diseases, diabetes
mellitus, chronic kidney diseases (Guidelines International Society of
Hypertension, 2020). 1ACEIs—Angiotensin-Converting enzyme
inhibitors; 2ARBS—Angiotensin II receptor blockers; 3CCB—calcium
channel blocker
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Effects of Animal Models on SARS-COV-2
Infection in Humans

The problems arose when it was realized that SARS-CoV-2
also uses ACE2 receptors to enter host cell/s and if ACEIs/
ARBs were used (for whatever reason), it would mean that
viral entry into the cells would increase.Many researchers [16,
39, 40, 43–53], including Sommerstein et al., wrongly be-
lieved that the treatment of experimental animals with
ACEIs/ARBs causes increased mRNA expression levels of
ACE2, which may mean that more viruses would enter the
cells with the use of ACEIs or ARBs [54]. However, we take
into account that the research by Ferrario et al. was done in
normal rats, which were not hypertensive or have CVDs, di-
abetes mellitus, or malignancies, for which ACEIs or ARBs
are commonly used [42••]. According to a few research
groups, the publication by Ferrario et al. [42••] invoked the
“lay press” and caused concerns and even anxiety among
patients and their clinicians [50, 51, 54, 55]. Nevertheless,
Sommerstein et al. are also of the view that the long-term
intake of ACEIs/ARBs would facilitate SARS-CoV-2 entry
and replication in host cells; however, currently, these re-
searchers believe the intake of these medications s by individ-
uals infected with SARS-CoV-2 would be protective and safe-
guard against pulmonary complications [54]. Sommerstein
et al. indicated that they support the position and the joint
statements issued by the European and American Societies
of Cardiology, who express that ACEIs and ARBs are safe
and should be continued as prescribed [54]. Sommerstein
et al. also clarified that the research by Ferrario et al. bears
no consequences to COVID-19 disease [54].

We observed that some researchers interpreted that the use
of ACEI/ARB in COVID-19 disease, and the upregulation
ACE2 mRNA expression (using ACEI/ARB) levels found
by Ferrario et al. [42••], attributed a protective role that could
reduce lung injury by leading away from Ang II (which is
responsible for lung injury) to the pathway ACE2-Ang (1–7)
[51, 56]. For the benefit of those who may have missed the
point, we wish to reiterate that Ferrario et al. carried out their
research in normal rats, which were not hypertensive, or hav-
ing other cardiac diseases, diabetes mellitus or malignancies,
nor were they being treated with either ACEIs or ARBs for
any of the said abnormalities. Ferrairio et al. observed that
treatment of normal rats with ACEI (lisinopril) caused an in-
crease in cardiac muscle ACE2 mRNA expression levels and
use of losartan caused a similar effect in mRNA expression
levels [42••].

Zhou et al. confirmed that in both SARS-CoV-2 and
SARS-CoV, which had caused a similar outbreak in China
and other countries during 2002–2003, both used ACE2 re-
ceptors to gain entry into human body cells [4, 57].
Importantly, to further correct the perception of many re-
searchers [40] and the lay press, we need to emphasize that

Turner et al. [34], one of the co-workers of Tipnis et al. [27],
stated categorically that ACEH/ACE2 is not inhibited byACE
inhibitors. In addition, we are of the view that there is no direct
association between ACE and ACE2 receptors, nor is there a
direct association between the use of ACEIs and ARBs in
SARs-CoV-2 infection. We are also of the view that it is not
detrimental to the SARS-CoV-2 patients who were treated
with ACEIs/ARBs to continue with their treatment with
ACEIs/ARBs unless they experience a drop in their arterial
pressure below the accepted normal range, in which case such
patients are advised to see a physician or a cardiologist. In
addition, we support the statements issued by several global
cardiology and hypertension organizations that those who
have contracted SARS-CoV-2 infection should continue with
their treatments with ACEIs and ARBs medications [58–60].

Regarding tissue expression, a few researchers are of the
view that the use of ACEIs/ARBs increases ACE2 levels in
the heart and the kidney but not in the lungs [61]. It also
believed that the use of ACEIs/ARBs increases ACE2 levels
in the brain, heart, and the kidney [61]. It is thought that
because ACE2 levels increase by the use of ACEIs/ARBs
during COVID-19 disease, it results in cardiac problems
[61]. The available literatures on COVID-19 on the continued
use of ACEIs/ARBs are of contrasting views. While some
researchers are of the view that the use of ACEIs/ARBs does
more harm than good to SARS-CoV-2 patients by increasing
ACE2 receptor expression levels [61–63], other researchers
are of the view that perhaps ACEIs/ARBs should be replaced
with calcium channel blockers [62]. However, to switch med-
ication from one (prescribed) to another (not prescribed) is a
lengthy process in many countries. We would like to offer an
advice of caution to those unsure of ACEI or ARB usage or
that they should reflect on the findings of Ferrario et al. on the
notion that ACE2 receptors would cause more SARS-CoV-2
binding, as normal rats were used in their findings of the
increased mRNA expression levels of ACE2 in cardiac cells.
Alexandre et al. were of the view that they would rather wait
on the outcome of the clinical trials (Reference Numbers
NCT04312009 and NCT04311177), and in the interim follow
the position of international societies such as the French
Society of Hypertension and the European Society of
Cardiology (ESC) and many publications against stopping
ACEI/ARB in COVID-19 [48].

Emilsson et al. were prompted by findings of Ferrario et al.
[42••] to investigate ACE2 levels in SARS-CoV-2 patients
who received ARBIs/ARBs [64]. These researchers had the
following question: “Does treatment with antihypertensive
medications angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin II receptor blockers (ARBs) result
in elevated levels of cellular receptor for the coronavirus
SARS-CoV-2, ACE2?” [64]. In their study, they found that
serum levels of ACE2 were unaffected and therefore they
concluded that those SARS-CoV-2 patients taking ACEIs or
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ARBs should not discontinue taking these medications [64].
Notably, these investigators measured ACE2 levels in serum,
which was the soluble form of ACE2, and ideally should have
measured the transmembrane levels of ACE2 levels, which is
the form of ACE2 that exists in the tissues. Similarly, Sama
et al. [65] measured circulating concentration of ACE2 in men
(median age 69 years) and women (median age 75 years) to
validate the use of ACEIs/ARBs or mineralocorticoid receptor
antagonists (MRAs) in this population cohort. These re-
searchers studied 1123men and 575 womenwith heart failure,
and they found that ACE2 levels were higher in men com-
pared to women (accounting for the higher death rate in men),
and the use of these inhibitors was superior to non-use of the
inhibitors/blockers [65].

Guo et al. are of the view that the use of ACEIs/ARBs
should continue in spite of upregulated ACE2 because
“ACE2 is like a double-edged sword,” ACE2 is upregulated
when SARS-CoV-2 viruses bind to types 1 and 2 epithelial
cells in the lung parenchyma [66]. Furthermore, some re-
searchers believe that the use of ACEs/ARBs results in an
increase in ACE2 mRNA expression levels elsewhere in the
body [66]. In a separate retrospective study, utilizing 3936
patients with COVID infections, Guo et al. observed that the
use of ACEI/ARBs was not associated with severity of the
disease but they found that the mortality rate was lower when
compared to non-users of the drug [67].

In addition, Busse et al. reported that the use of ACEIs/
ARBs in COVID-19 disease is purely speculative; however,
these researchers have decided to support the American
College of Cardiology (ACC) and the ESC and both organi-
zations have issued statements advising the continuation of
treatment of COVID-19 with ACEIs/ARBs [39]. Likewise,
Esler and Esler have a hypothesis that the administration of
ACEIs and ARBs to hypertensive patients with COVID-19
disease may be harmful but nevertheless they supported the
administration of ACEIs/ARBs to these patients until proven
that the use of ACEIs/ARBs are harmful [46]. Battistoni and
Volpe also agree with the said statement [47]; however, these
researchers felt that the binding of SARS-CoV-2 to ACE2
causes downregulation of ACE2 [47].

We agree with the sentiments expressed by Danser et al.
[68]. Many researchers were/are of the view that the ESC
recommends that COVID-19 patients, despite being hyperten-
sive, diabetic, or other cardiovascular complications, should
continue taking these medications, because currently there is
no clinical or scientific evidence available to suggest that
ACEIs or ARBs should be discontinued if they are infected
with COVID-19. Furthermore, the ACC suggests that should
patients afflicted with, for example, heart failure, hyperten-
sion, and ischemic heart disease contract COVID-19, then
the attending physician should continue with the respective
medications, and the final decision to continue or not should
depend on the hemodynamic status and clinical presentation

of SARS-CoV-2 individual at the time of contracting the virus
[40]. Interestingly, Battistoni et al. state that SARS-Cov-2 has
higher affinity for ACE2 than SARS-CoV and describe the
state of ACE2 in the unbound form or soluble form of ACE2
[47].

Recent Comments/Reviews on the Use
of Angiotensin-Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers

Vaduganathan et al. believe that both ACEIs and ARBs are
prescribed medications worldwide and as such guidance on
the use of these drugs in COVID-19 patients is urgently re-
quired; however, they are hopeful that a clinical trial is under-
way to resolve the anomaly [43]. These authors are also con-
cerned that abrupt withdrawal of RAAS inhibitors may be
harmful in certain high-risk or suspected patients with
COVID-19 [43]. In addition, they are of the opinion that the
use of those RAAS inhibitors should still be continued [43].

Furthermore, any relationship between ACE and ACE2
receptors in the lungs is not confirmed because the ACE2
receptors are found in different cellular types, while the
ACE receptors, which are responsible for conversion of
ANG I into ANG II, are mainly found in the endothelial cells
(mostly in the lungs). The ACE2 receptors occur mainly in
type 2 cells in the lung parenchyma.

On the other hand, Patel and Varma believe that there is a
strong relationship between ACEI and ARB usage and sever-
ity of SARS-CoV-2 infection and mortality in human beings
[45]. Their belief is that ACEIs inhibit ACE2, but this is not
possible because ACE2 is a carboxypeptidase, and the other
concern is that the use of ACEIs and ARBs would increase the
expression of ACE2 and thus will allow more viral entry and
propagation [45]. However, these researchers also believe that
there is even less evidence available to show that treatment of
ACEIs and or ARBs can decrease the pulmonary injury
caused by SARS-CoV-2. However, they then reiterate the
statements made by a number of organizations such as the
Council on Hypertension of the European Society of
Cardiology, the American Heart Association, the Heart
Failure Society of America, and the ACC; advocating that
the patients should continue taking ACEIs/ARBs as pre-
scribed until a careful assessment is made. In the meantime,
these researchers feel that there is insufficient clinical or sci-
entific evidence available on the management of hypertension
in COVID-19 disease [45].

Kai and Kai also believe that administration of ACEIs/
ARBs to SARS-CoV-2 patients could increase the infectivity
of the virus, and could also increase the expression of ACE2 in
the cardiovascular and renal system, and aggravate the mor-
bidity and mortality of SARS-CoV and the severity of the
infection in hypertensive and other CVD patients [69].
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Pertaining to COVID-19 disease, similar concerns have been
raised, including the high mortality rate of COVID-19 in older
patients with comorbidities such as hypertension, diabetes
mellitus cardiovascular disease, chronic pulmonary disease,
and cancer [69]. In addition, individuals have been concerned
whether the use of ACEIs and ARBs could have contributed
to the high mortality and morbidity rates. These researchers
think that proper adjustments have not been made for age and
comorbidities and therefore the burden seems to be high.
However, these researchers are, nevertheless, of the view that
the use of ACEIs/ARBs should not be withheld but should be
continued, especially as this is in keeping with a number of
relevant International Organizations [69].

Verdecchia et al. [70] have to be acknowledged for provid-
ing an excellent review, but these researchers did not consider
that prescribing ACEIs/ARBs is mainly to assist the control of
hypertension. They may have not factored why primary hy-
pertension occurs and what happens to the so-called ACE2
receptors.

Fang et al. are of the view that ACEIs or ARBs may
become a new method of treating COVID-19 patients
[71]. Sriram and Insel in a review article concluded that
individuals with SARS-CoV-2 on ACEIs/ARBs should
continue with this medication [72]. Similarly, other re-
searchers who did not find any significant difference in
hypertensive patients who tested positive for COVID-19
disease, viz. between those on either ACEIs or ARBs and
hypertensive patients not on either medications, and sup-
ported continued ACEIs or ARBs prescriptions [73–75].
However, Mehta et al. and Felice et al. are of the view
that a larger sample size should be used to either confirm
or refute their opinion [73, 75]. In addition, according to
Kuster et al., neither the withdrawal nor replacement of
ACEIs or ARBs in patients with hypertension COVID-19
disease is advisable [51].

Retrospective Studies Showing No Harm
in Using ACEIs or ARBs in COVID-19

In a study among individuals with hypertension and COVID-
19, Wang et al. tried to determine an association between use
of ACEI/ARBs and all-cause mortality [52]. They carried out
their study at 9 different hospitals in mainland China among
1128 adult hypertensive patients. For this study, the re-
searchers compared 188 patients on ACEIs/ARBs (ACEIs/
ARBs group) with 198 without using ACEIs/ARBs (non-
ACEIs/ARBs) group (taking other antihypertensive medica-
tions). After adjusting for all covariates, these researchers
found that the hypertensive group on ACEIs/ARBs was asso-
ciated with decreased mortality compared to non-users of
ACEIs/ARBs [52].

Recently, Yang et al. observed that hypertensive patients,
taking ACEIs or ARBs or without taking these drugs, had a
non-significant difference in the death rates between the two
groups [76]. Furthermore, in an outpatients study using a large
sample size, in the USA, the use of ACEIs/ARBs compared
with the use of other hypertensive medications in patients with
COVID-19 disease requiring hospitalization. The study found
that the use of ACEIs on their own and the use of ARBs alone
compared with the use of other medications in individuals
with hypertension and COVID-19 did not show the need for
hospitalization in outpatients [77]. The second component of
the studywas to see if there was any association between those
taking ACEIs compared to other drugs for hypertension in the
inpatient mortality rate. The study found that mortality rate is
not associated with the use of ACEIs compared to other anti-
hypertensive drugs [77].

Another group in New York City assessed the risk of pre-
vious treatment of ACEIs, ARBs, ß-Blockers, calcium chan-
nel blockers or thiazide diuretics for hypertension, and the
likelihood of testing positive or negative for COVID-19 dis-
ease, in addition to contracting a severe (defined as admitted
into intensive care, put on a mechanical ventilator, or death)
SARs-CoV-2 illness [78]. These researchers observed no sub-
stantial increase in the likelihood of testing positive for
COVID-19 or the severity of COVID-19 disease among pa-
tients treated with antihypertensive medications [78]. In an-
other study in mainland China, on SARS-CoV-2 infected 42
hypertensive patients (ages 55.8–69 years) were divided into
two groups: the ACEI/ARB (n=17) and non-ACEI/ARB
(n=25) groups. The latter group were treated for
antihypertension drugs: calcium channel blockers, ß-
Blockers, or diuretics) [79]. No significant differences in
blood pressure were noted between the two groups.
Furthermore, during hospitalization in the non-ACE/ARB
group, 12 patients developed severe hypertension and one
patient died, whereas in the ACEI/ARB group, 12 developed
severe hypertension and none died [79]. In addition, in the
ACEI/ARB group, the risk of developing severe hypertension
was higher than in the non-ACEI/ARB group [79]. In the UK,
a large study by Bean et al. consisted of 1200 patients with
COVID-19 disease in a mixed ethnicity population group.
They compared individuals onACEIs/ARBs (commonly used
drugs by hypertensive and diabetic patients) and those not on
ACEIs/ARBs [80]. They found that those taking ACEIs/
ARBs were significantly older than those not taking any med-
ication [80]. In an unadjusted logistic regression analysis,
these workers found no difference between those who were
on ACEIs/ARBs and those not taking these medications [80].
In a retrospective study of 362 hospitalized hypertensive pa-
tients with COVID-19 disease, Li et al. investigated 115 pa-
tients who were taking ACEIs or ARBs and compared them to
those not taking these medications. No differences in severity
of the illness and in death rate (survivors vs non-survivors)
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and in complications developed [81]. Another retrospective
study by Peng et al., in SARS-CoV-2 hypertensive patients
with combined cardiovascular disease (CVD), found that the
use of ACEIs/ARBs did not affect the morbidity or mortality
[82].

Case Control Study Showing No Harm
in Using ACEIs/ARBs in COVID-19

Mancia et al. were one of the few researchers to perform a real
case (n= 6272) control (n=10 759) study in Italy [83]. The two
groups were matched according to age, biological sex, and the
municipal area of residence. These researchers observed that
the use of ACEIs and ARBs was more common among the
case group than the control group and case group had a worse
clinical profile than the control group because the case group
had higher prevalence of cardiovascular diseases [83]. After
adjustment for confounders, they found no differences be-
tween the two groups [83].

Finally, the Board members and the Director of the Italian
Society of Hypertension has made the following direct state-
ment on the use of RAAS Inhibitors (including ACEIs and
ARBs) in COVID-19 disease [84]:

iThe experiments were done only on animal models and
not on human beings, and to date, there is no evidence that
individuals with hypertension are over-represented in
COVID-19 disease.

iiThere is no clinical evidence in humans that associates the
intake of ACEIs/ARBs with COVID-19 disease.

iiiThere is no clinical evidence in SARS-CoVo-2 corona-
virus patients that confirms the harmful effects of ACEIs/
ARBs or protective effects in the context of COVID-19 epi-
demic [84].

In addition, reiterates the previous statement release that
the use of ACEIs and ARBs should not be withdrawn [84].

Conclusion

In normal individuals, ACE2 is a homolog of ACE and
it has hypotensive effects. Entry of SARS-CoV-2 into
the cells is by binding to ACE2 receptors. Because
ACE and ACE2 are different enzymes ACE, inhibitors
do not inhibit ACE2. Further studies are required to
investigate if the use of ACEIs or ARBs does not up-
regulate ACE2 in COVID-19, and in fact, there is no
data supporting evidence available the claim that this
medications allows more virus entry into the any cell.
Therefore, RAS blockers or ACEIs should not be
discontinued during COVID infection unless there is a
good reason for example when there is a fall in system-
ic arterial pressure.
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