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Abstract
Coronavirus disease 2019 (COVID-19) is declared as a pandemic that has spread worldwide, affecting 205 countries. The 
disease affected 1, 40, 43, 176 individuals and caused 5, 97, 583 deaths around the globe. The organism responsible for the 
cause of disease is Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). SARS-CoV-2 enters into the cell 
via receptors present on the cell surface named angiotensin-converting enzyme 2 (ACE2) receptor. Notwithstanding ACE2 
receptors acts as a gateway for infection, and most of the cardiovascular patients are treated with the ACE inhibitors. Thus, 
the role of ACE inhibitors or angiotensin receptor blockers may play a critical role in the severity or outcome of disease. 
Also, the effect of ACE inhibitors varies with the polymorphism in ACE2 receptors present in the individuals. Hence, it is 
the need of the hour to investigate the mechanisms which could better aid in the treatment of COVID-19-infected cardio-
vascular disease (CVD) patients.
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Introduction

Coronavirus Disease (COVID-19) is a recently emerged dis-
ease caused by Severe Acute Respiratory Syndrome Coro-
navirus-2 (SARS-CoV2), a novel coronavirus that leads to 
adverse pulmonary pathological features [1]. COVID-19 is a 
global pandemic as in total 205 countries have been affected 
by the disease around the world. There are 1, 40,43,176 con-
firmed cases worldwide and 5, 97, 583 deaths, as on July 
19th, 2020 [2]. The chaotic situation began in China and 
the number of cases exceeded in other regions than those in 
China and is still currently rising. Furthermore, the number 
of fatalities in many other countries likes the USA, Brazil, 
and India has now exceeded the total in China. COVID-19 
enhances morbidity in patients with cardiovascular diseases 
(CVDs) via interacting with the cardiovascular system on 
multiple levels, thereby, worsening the diseased conditions 
and leading to myocardial injury and dysfunction [1]. Due 
to such a high mortality and morbidity as well as widespread 

occurrence, SARS-CoV2 should be eradicated from every 
part of the world.

Cardiovascular diseases (CVDs) are one of the major rea-
sons of death globally, contributing to almost a third of total 
deaths [3]. However, proper attention has not been paid to 
CVD patients suffering from COVID-19. Various studies 
focusing on the clinical features of COVID-19 have not clas-
sified CVDs, but these CVDs might have links with prog-
nosis of COVID-19. According to a study [4], out of 1099 
COVID-19 cases, 173 suffered from comorbidities such as 
hypertension (23.7%), coronary heart diseases (5.8%), cer-
ebrovascular disease (2.3%), and diabetes mellitus (16.2%). 
Notably, the most recurrent comorbidities demonstrated in 
these studies are often treated with angiotensin-converting 
enzyme (ACE) inhibitor. As, it has been demonstrated that 
the spike protein of SARS-CoV-2 helps in the viral entry 
inside the cell via ACE2 receptors present on the surface of 
epithelial cells of lung and other tissues [5], it can, therefore, 
be hypothesized that the levels of ACE2 are associated with 
SARS-CoV-2 infection susceptibility. Some of the studies 
have shown that ACE inhibitor improves the clinical out-
come of COVID-19 patients with hypertension and recom-
mends the continuation of these medicines [6,7]. Several 
other studies in this regard are ambiguous to the use of ACE 
inhibitors to manage hypertension in the setting of COVID-
19 [8,9]. Further, it has also been studied that the cellular 
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ACE2 expression levels are not same in all individuals and 
polymorphisms of ACE2 may show effect on ACE2 lev-
els [10]. Therefore, in the present review, the role of ACE2 
receptors in the viral entry into the host cell, the effect of 
COVID-19 on the symptoms and prognosis of CVDs, impact 
of ACE inhibitors (ACEI), and angiotensin receptor blockers 
(ARBs) on patients of CVDs suffering from COVID-19 have 
been discussed. Further, the role of ACE2 genetic polymor-
phism in SARS-CoV-2 infection in CVD patients has been 
brought into light. Based on this information, modulation in 
ACE2 medications can be an alternative for the treatment of 
CVD patients infected with COVID-19.

Origin of SARS‑CoV‑2

The present pandemic of SARS-CoV-2 infection affected 
the health and economy worldwide. The first report came 
from the Wuhan Jinyintan hospital, China [11] and WHO-
led laboratory network made it possible to identify this virus 
as the causative agent of COVID-19. The properties like 
mutability and SARS-CoV genome open reading frames 
have contributed to the severe virulence of this virus [12].

The full-length genome sequencing of the virus demon-
strates that this is a member of β-coronavirus 2b lineage 
[13] and as it is not being detected in animals or humans 
previously, it is known as the so called novel corona virus. 
Being similar to the coronavirus responsible for severe acute 
respiratory syndrome (SARS-CoV), International Commit-
tee on Taxonomy of Viruses named it SARS-CoV-2 [14].

SARS-CoV-2, the causative organism for COVID-19, is 
a novel RNA virus with single positive strand. It is the sev-
enth identified human coronavirus [15]. It is thought that 
this virus is originated in bats, like various other coronavi-
ruses, since it shares 89–96% nucleotide similarity with bat 
coronaviruses [16]. Like SARS and Middle East respiratory 
syndrome coronavirus (MERS-CoV), it is believed that it 
is transmitted from bats to human via an intermediate host 
(probably a Malayan Pangolin, which shares 91% nucleotide 
homology) [17]. SARS-CoV-2 invades host cells via (ACE2) 
receptor via its spike protein [18]. The surface spike protein 
of the virus attaches to the human ACE2 receptor followed 
by the spike protein activation by transmembrane protease 
serine 2 (TMPRSS2). This protease cleaves the spike protein 
and brings about conformational changes in the spike protein 
that facilitates viral entry into the host cell [19].

Presently, the studies have shown that the range of incu-
bation period of this virus is 1 to 14 days and the median is 
5–6 days in most of the individuals; however, certain studies 
have shown that it may be upto 24 days [20]. The SARS-
CoV-2 reproductive number (R0) comes out to be in between 
2 and 3, suggesting that its pandemic potential is higher 
than SARS [21]. Although, the major symptoms are fever 

or cough, but most of the patients are asymptomatic [22]. 
At present, it is thought that the transmission of this virus is 
mainly via close contact and respiratory droplets; however, 
asymptomatic carrier may also be a souce of transmission 
[23]. Further, a study proposed that perinatal transmission is 
improbable; nonetheless, more studies are required to ensure 
this finding [24]. Similarly, transmission through fecal–oral 
route is yet to be established by further research [25].

Adverse Cardiac Outcomes and COVID ‑19

The most common affected organ in COVID-19 is lungs 
and results in pulmonary vascular endothelialitis, thrombo-
sis, angiogenesis, interstitial pneumonitis, and severe acute 
respiratory distress syndrome [26]. Besides, multiple organs 
are also involved, particularly the cardiovascular system. 
Various cardiac complications like cardiovascular disease, 
arrhythmia (ventricular tachyarrhythmia, atrial fibrillation 
and ventricular fibrillation), hypertension, cardiac injury, 
heart failure, and fulminant myocarditis have been found 
to influence the mortality of the COVID -19 patients [27]. 
There is a higher prevalence of CVDs in COVID -19 patients 
and 7% of the patients experience myocardial injury (22% 
of the critically ill). It is possible that the CVDs, such as 
ischemic heart disease, heart failure, and cardiac arrhyth-
mia, may have different associations with prognosis of 
COVID-19. Fatigue and dyspnea and are the two cardinal 
symptoms of heart failure, which are generally present in 
COVID-19 patients, especially in severe condition [11]. 
Therefore, COVID-19 diagnosis in patients with chronic 
heart failure is a serious issue. Moreover, both heart fail-
ure and COVID-19 lead to hypoxemia that leads to death 
[28]. Nevertheless, proper attention has not been given to 
CVD patients having COVID-19. Furthermore, it has been 
demonstrated that the response of inflammatory reactions 
occurring in COVID-19 may cause the coronary plaques 
rupture in CAD patients [29]. The active COVID-19 patients 
may barely survive after a myocardial infarction. Notably, 
COVID-19-induced hypoxemia may, consequently, lead to 
atrial fibrillation, which could be intractable prior to the 
improvement in pulmonary function [30]. At present, the 
data concerning COVID-19 and cardiovascular complica-
tions is not sufficient [29]. According to a report, the heart 
failure was reported in 23% of COVID patients admitted in 
hospital in China. Approximately 52% of non-survivors suf-
fered from heart failure as compared with 12% of survivors 
[31]. According to a study by Wang et al. [32], acute cardiac 
injury or new abnormalities detected by echocardiography 
and electrocardiography has been reported in 7.2% of the 
COVID-19 patients. In addition, Guan et al. found that 90 of 
675 (13.3%) COVID-19 patients showed an increased cre-
atinine kinase level and 277 of 675 (41%) patients showed 
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elevated lactate dehydrogenase level. Furthermore, arrhyth-
mia has been observed in 16.7% of the patients. However, 
there is no clear categorization of parameters for arrhythmia 
and echocardiography [33]. As, SARS-CoV is considered as 
a sister to SARS-CoV-2 [34], there is a possibility of having 
similar effects on the heart by these two viruses. Yu et al., 
[35] observed that tachycardia in 71.9% and bradycardia 
in 14.9% were present transiently in COVID -19 patients. 
Consequently, common arrhythmia in COVID-19 patients 
might be tachycardia. Nevertheless, acute cardiac injury 
has been observed in 14% of COVID-19 patients [11]. The 
cardiac injury might be due to hypoxemia, viral infection, 
or worsening of cardiac diseases. Furthermore, the patho-
logical investigation from biopsy samples of COVID-19 
cadaver indicated infiltration of myocardial interstitial by 
mononuclear inflammatory cells, without excessive injury to 
the heart tissue [36]. This observation indicates that myocar-
ditis may be caused by SARS-CoV-2. It has been reported by 
Li et al. [37] that subclinical diastolic impairment is present 
in SARS patients that would reverse the clinical recovery 
of COVID-19 patients. However, no lymphocytic infiltra-
tion or myocytes necrosis has been observed in the patients’ 
heart with the least ejection fraction of left ventricle [37]. 
Therefore, it has been hypothesized that these cardiac dys-
function may be indirect, caused by reduced oxygen supply, 
severe lung failure, and the systemic "cytokines storm” as a 
result of immune response by host to viral infection, where 
a number of cytokines, like tumor necrosis factor and the 
interleukin-6 family, have significant negative influence clin-
ically. Further, whole-genome sequencing, cardiac magnetic 
resonance imaging, polymerase chain reaction, and culture 
of biopsy samples may confirm whether SARS-CoV-2 is 
present in the myocardium [34].

ACE 2, Cardiovascular Disease, 
and COVID‑19

ACE2 receptors are abundantly present in the lungs and 
therefore are the pre-dominant gateway of entry of SARS-
CoV-2. ACE2 is abundantly present in the heart [38] as well, 
and it excessively activates the renin-angiotensin system 
(RAS) resulting in various cardiac complications such as 
congestive heart failure, hypertension, and atherosclerosis 
[39]. Besides the heart and lung, ACE2 receptors are also 
present in the vascular endothelium, intestinal epithelium, 
and the kidneys, thereby, leading to multi-organ dysfunc-
tion [40].

Recently, it has been revealed that SARS-CoV-2 bind-
ing affinity to ACE2 receptor is 10- to 20- fold elevated as 
compared to SARS-CoV, suggesting that human-to-human 
transmission of SARS-CoV-2 could be easily possible 
[29]. Angiotensin-converting enzyme inhibitors (ACEIs)/

angiotensin receptor blockers (ARBs) are majorly used for 
the treatment of CVDs. Notably, various reports have shown 
that ACEIs/ARBs upregulate ACE2 expression besides their 
key pharmacological effect, that is, inhibition of angiotensin-
converting enzyme 1 (ACE1) or blocking angiotensin II type 
1 receptor [41]. Thus, ACE2 may have contradictory roles 
in COVID- 19 patients, particularly those suffering from 
CVDs. ACE2 inhibitors may protect against hypertension, 
myocardial hypertrophy myocardial fibrosis, and arrhythmia, 
[42] along with acting as an entry gate for SARS-CoV-2 
[34]. Previously, various studies have demonstrated that 
ACEI and ARB could enhance the ACE2 receptors expres-
sion [42]. It is, hence, reasonable to think, that treatment 
with ACEI/ARB might augment the SARS-CoV-2 infection 
risk. Conversely, reports illustrated that the ARB losartan 
and recombinant human ACE2 can protect experimental ani-
mal from severe lung injury. Taken into consideration that 
ACEI/ARB therapy is being given to patients with ischemic 
heart disease, hypertension, and heart failure, however, 
special consideration should be provided to patients with 
COVID-19 using ACEI/ARB therapy [32].

A further aspect that should be highlighted is the genetic 
polymorphism that might be one of the reasons for aug-
mented risk of SARS-CoV-2 infection. There is a possibility 
that polymorphism in ACE2 gene, linked to hypertension, 
particularly, in Asian populations, affects the susceptibility 
of SARS-CoV-2 infection and COVID-19 disease outcome. 
It has been proposed that ACE2 gene polymorphisms may 
reduce the affinity of spike protein to the ACE2 receptors 
and lead to subsequent decreased susceptibility to SARS-
COV 2 infection. On the basis of this information, the vari-
ability in rate of infection and/or lethality worldwide could 
be explained by ethnical/geographical variation of ACE 2 
gene polymorphism [43].

Another study suggested that the genotypes of ACE2 gene 
polymorphism in different populations may be linked with 
higher ACE2 expression level [44]. Therefore, patients with 
cardiac diseases or hypertension, treated with the drugs that 
enhance the levels of ACE2 pose a greater risk for severe 
COVID-19 infection and, hence, should be recommended 
for ACE2-modulating medications [45].

Since ACE2 expression may associate with the suscepti-
bility to infection of SARS-CoV- 2 and taking ACEIs/ ARBs 
may predispose CVD patients to the SARS-CoV- 2 infection, 
certain cardiologists may recommend that ACEIs/ARBs 
should be discontinued to avoid the potential risk of infec-
tion of SARS-CoV- 2. Even if so, it is demonstrated that the 
activation of RAS and ACE2 expression downregulation is 
implicated in SARS-CoV-2 infection-associated lung injury. 
It has also been demonstrated that serum level of angio-
tensin II is considerably increased in COVID-19 patients 
and showed an association with lung injury and viral load. 
The activation of RAS may cause extensive dysfunction of 
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endothelial cells and varying degrees of multiple organ inju-
ries [46].

Thus, intake of ACEIs/ARBs might probably decrease 
heart damage caused from the activation of RAS. These pos-
sibilities pose a dilemma for the cardiologists in terms of 
recommending whether to discontinue ACEIs/ARBs or not.

Conclusion

The association of CVDs with outcomes of COVID-19 
is very complex and the scientific community has not yet 
arrived at any conclusion for the use of ACE inhibitors. Fur-
ther, as various reports showed the comorbidities of CVDs 
and COVID-19, the ACE inhibitors should be used with 
preventative measures. In addition, the association of ACE 
polymorphism and the COVID-19 outcome in the CVD 
patients should be studied in a large cohort to identify the 
role of ACE polymorphism in the prognosis and outcome of 
the COVID-19 in CVD patients using ACEIs/ARBs.
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