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a b s t r a c t

Since the new severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) has emerged from China,
the infection (novel corona virus disease-2019, COVID-19) has affected many countries and led to many
deaths worldwide. Like SARS-CoV, angiotencin converting enzyme (ACE)2 as a functional receptor for
SARS-CoV2 is essential for the virus to make an entry into the cell. ACE2 is a part of Renin-Angiotensin-
Aldosterone System, which is expressed in several organs that opposes the angiotensin (Ang) II functions
by converting Ang II to Ang (1-7), the one with vasodilation effects. The death rate of COVID-19 is
estimated to be approximately 3.4%; however, some comorbid conditions like underlying cardiovascular
disease, hypertension, and diabetes increase the risk of mortality. In addition, cardiovascular involve-
ment as a complication of SARS-CoV2 could be direct through either ACE2 receptors that are expressed
tremendously in the heart, or by the surge of different cytokines or by acute respiratory distress
syndrome-induced hypoxia. Traditional risk factors could aggravate the process of COVID-19 infection
that urges the triage of these high-risk patients for SARS-CoV2. Currently, there is no effective, proven
treatment or vaccination for COVID-19, but many investigators are struggling to find a treatment strategy
as soon as possible. Some potential medications like chloroquine by itself or in combination with azi-
thromycin and some protease inhibitors used for the treatment of COVID-19 have cardiovascular adverse
effects, which should be kept in mind while the patients taking these medications are being closely
monitored.
© 2020 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)
was first detected in Wuhan, China, in December 2019. The novel
corona virus disease-2019 (COVID-19) spread rapidly, reaching
epidemic proportions in China and many other countries. Now, by
11 Mar 2020, there are over 118,000 cases of COVID-19 and 4628
deaths in 114 countries around the world.1

The coronavirus sweeping across the world, has been
announced a pandemic on 11 Mar 2020 by WHO.1

The new corona virus belongs to the Betacorona virus genus,
which is a positive-stranded RNA virus with a crown-like
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appearance as seen under an electron microscope (coronam is the
Latin term for crown) because of the presence of spike glycopro-
teins on the envelope. It has a round or elliptic shape and often
pleomorphic form with a diameter of approximately 60e140 nm.2

The Chinese CDC report has divided the clinical manifestations
of COVID-19 according to the severity of symptoms. In all, 81% of
cases have mild symptoms including mild pneumonia; 14% of cases
showed severe manifestations like dyspnea, respiratory frequency
� 30 breaths/min, blood oxygen saturation � 93%, PaO2/FiO2 ratio
[the ratio between the blood pressure of the oxygen (partial pres-
sure of oxygen, PaO2) and the percentage of oxygen supplied
(fraction of inspired oxygen, FiO2)] < 300, and/or lung in-
filtrates > 50% within 24 - 48 h. In addition, 5% of cases showed
critical expressions like respiratory failure, septic shock, and/or
multiple organ dysfunction or failure.4

The death rate of Covid-19 is estimated to be approximately 3.4%
globally according to WHO.1 However, the fatality rate of Covid-19
will be higher in special populations with comorbid diseases like
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cancer (5.6%), hypertension (6.0%), chronic respiratory disease
(6.3%), diabetes (7.3%), and cardiovascular disease (CVD) (10.5%).3

Previous studies have shown a relationship between cardio-
vascular metabolic diseases and SARS and Middle East Respiratory
coronavirus (MERS), the two other types of corona viruses that
reached epidemic proportions a few years ago.5-7

In a systematic analysis of 637 MERS-CoV cases by Badawi, et al,
it was reported that diabetes and hypertension were prevalent in
about 50% of the patients and cardiac diseases were present in 30%
of the cases.7

Currently, there is not any proven therapeutic medication for
COVID-19, and conservative strategies including cardiorespiratory
ventilation support are the main approach. Knowing the patho-
genesis of COVID-19 infectionwill be helpful in developing effective
medication.

It has been identified that angiotensin-converting enzyme 2
(ACE2) is the essential receptor for SARS-CoV virus to enter into the
cell. 8-11Lung and cardiovascular involvement as complications of
SARS-CoV2 are the twomain causes of death among these patients.
In this review, the pathophysiology of SARS-CoV2 infection along
with a special focus on cardiovascular involvement has been
explained.

2. SARS-CoV2 origin

The family Coronaviridae includes a large number of viruses that
are found in birds and mammals . 12,13At first, human coronaviruses
were characterized in the 1960s, and were linked with a large
percentage of respiratory infections both in children and adults.12

During the SARS-CoV epidemic in the late 2002, globally, more
than 8000 human cases and 774 deaths occurred.12 After the SARS
epidemic, bats have been considered as a potential reservoir spe-
cies that could be concerned with future coronavirus-related hu-
man pandemics.14

During 2012, MERS-CoV emerged in Saudi Arabia 15,16 and 919
out of 2521 (35%) deaths occurred.17 Amain role in the transmission
of the virus to humans has been attributed to dromedary camels,18

and its origin has been again suggested to bats.19

A full-genome sequence analysis of the new coronavirus (SARS-
CoV2) revealed that it belongs to the Betacoronavirus genus, but it is
divergent from SARS-CoV and MERS-CoV that caused epidemics in
the past.20 The analysis of the genome of the SARS-CoV2 by Para-
skevis and his colleagues showed that although it is closely related
to BatCoV RaTG13 sequence throughout the genome (sequence
similarity is 96.3%), there is a discordant clustering with the
Bat_SARS-like coronavirus sequences showing that BatCoV RaTG13
does not provide the exact variant that caused the outbreak in
humans, but the hypothesis that SARS-CoV2 has been derived from
bats is very prospective.21

3. Renin-Angiotensin-Aldosterone System (RAAS)

Renin-angiotensin-aldosterone system (RAAS) is a vital complex
system in the human body for survival by maintaining vascular
tone, regulating extracellular fluid, and arterial pressure.22,23

Prorenin, the precursor of renin, which is a 406 amino-acid-long
protein could be proteolytically activated in the kidney by neuro-
endocrine convertase 1 (proprotein convertase 1) or cathepsin B
and nonproteolytically in many tissues by the renin/prorenin re-
ceptor.24 The secreted renin hydrolyzes liver-secreted protein
angiotensinogen to angiotensin (Ang) I.25

Ang I undertakes cleavage in the lung capillaries, endothelial
cells, and kidney epithelial cells by the endothelial-bound angio-
tensin-converting enzyme (ACE). ACE is a carboxypeptidase
enzyme, also known as kininase II, converts Ang I into the peptide
Ang II, which has a vasoconstrictive role on all blood vessels, and
degrades bradykinin as well.26,27 It increases blood pressure, heart
rate, and stimulates plasminogen activator inhibitor (PAI)-1 and
PAI-2 that results in increasing prothrombotic activities.28

Furthermore, it stimulates the adrenal gland cortex to secrete
aldosterone, which maintains sodium-potassium homeostasis by
stimulating kidney proximal tubules to increase sodium trans-
portation, resulting in sodium retention and potassium loss.29 Ang
II can also impact the release of prostaglandins, which can influence
renal vasoconstriction. Cyclooxygenase 1-derived prostaglandin E 2
and its receptor have been identified as crucial for the Ang II-
dependent hypertension.31 Therefore, Ang II is a critical regulator
of blood volume, pressure, and pH. After binding to prorenin/renin
receptors, circulating renin and prorenin trigger the local genera-
tion of Ang II and facilitate Ang II-independent signaling cascades.30

Ang II can be degraded into Ang III by aminopeptidase-A en-
zymes on red blood cells.31 There are other degraded forms of Ang II
as well, with a variable degree of affinity for Ang receptors. In fact,
the degradation of Ang II with ACE2 enzyme is the basis for treating
diabetic nephropathy.32,33

The cardiac RAAS is upregulated in all types of cardiac injuries
such as volume overload, myocardial infarction, and heart failure
34-37 as a homeostatic response to restore cardiac function.
Compensatory hypertrophy of cardiac myocytes could be induced
by Ang II, which is an inotropic and growth factor.38 Ang II is also an
essential factor in left ventricular remodeling after myocardial
infarction or afterload-induced cardiac hypertrophy.39

The zinc metallopeptidase, ACE2, is the only known human
homologue of ACE. Since its discovery in 2000, ACE2 has been
implicated in heart function, hypertension, and diabetes, with its
effects being mediated, in part, through its ability to convert from
Ang II to Ang-(1e7) that the latter opposes the pressor, prolifera-
tive, and profibrotic functions of Ag II.40,41 ACE and ACE2, both are
central enzymes in the RAS but ACE2 is not inhibited by ACE in-
hibitors, it could not convert Ang I to Ang II, as well as, could not
inactivate bradykinin.8,42 In contrast, ACE2 cleaves a single residue
from Ang I to generate Ang 1e9, and a residue from Ang II to
generate Ang 1e7. Hence, ACE2 negatively regulates the RAAS by
inactivating Ang II.8

ACE2 is a type 1 integral membrane glycoprotein, being
expressed and active in most tissues 43,44 that act as a carboxy-
peptidase rather than ACE, which acts as a dipeptidase. The main
locations of ACE2 receptors are cells in contact with the external
environment like lung alveolar epithelial cells and enterocytes of
the small intestine.11 ACE2 is also present in arterial and venous
endothelial cells, arterial smooth muscle cells, in renal, and car-
diovascular tissue.43-45 The main substrate of ACE2 appears to be
Ang II, but other peptides may also be degraded by ACE2 at lower
affinity.44-47

In the kidney, ACE2 and ACE also have antagonistic functions;
while, ACE2 is critical for renal homeostasis and its deficit has been
associated with albuminuria and glomerular injury (glomerulo-
sclerosis), ACE is bad for the kidney.32,33,42

In the heart, ACE2 functions as the principal pathway for the
metabolism of Ang II,39,48 likely through the Nicotinamide-adenine
dinucleotide phosphate (NADPH) oxidase system with the p 47
(phox) subunit, and consequently diminishes the adverse effects of
Ang II in the heart.49 Interestingly, the triggered disruption of ACE2
in mice results in severe cardiac contractility defect, increased Ang
II levels, and the upregulation of hypoxia-induced genes in the
heart,50 possibly by acting as a natural counterpart of ACE1,51

suggesting that the balance of ACE and ACE2 in the heart is an
important driving factor for progressive cardiac disease.52-55

Lung is a major source of Ang II synthesis due to the high level of
RAAS activity in this organ. In addition, ACE2 is also highly
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expressed in the lung that appears to have a role in regulating the
balance of circulating Ang II/Ang 1e7 levels. Ang II induces pul-
monary vasoconstriction in response to hypoxia, which is impor-
tant in preventing shunting in patients with pneumonia or lung
injury.54 Locally increased Ang II production also triggers increasing
vascular permeability facilitating pulmonary edema.55

An interesting study by Crackower et al revealed that there is a
Yin-Yang nature of ACE and ACE2 expression.55 They observed that
Ace2 knockout mice show major cardiac contractility defects and
increased levels of Ang II. However, double knockout mice, inwhich
both Ace and Ace2 genes have been deleted, do not show the car-
diac defects of the Ace2 knockout alone.

Donoghue et al examined the effect of the transgenic over-
expression of ACE2 in the heart of a mouse, and demonstrated that
there is a high rate of lethal ventricular arrhythmia, which is
associated with the disruption of gap junction formation.56
4. ACE2 as the receptor for SARS-CoV2

ACE2 has been identified as the functional receptor for SARS-
CoV by Li et al.8 They showed that ACE2 can be immunoprecipitated
by the S1 domain of the SARS-CoV virus and that ACE2 can promote
viral replication. The demonstration of ACE2 expression in human
organs can potentially identify the possible routes of infection for
SARS-CoV, and possible ways of spread and replication throughout
the body.11 Hamming et al demonstrated that type I and type II
pneumocytes are markedly positive for ACE2, while bronchial
epithelial cells show only weak staining.11

Many similarities have been shown between SARS-CoV-2 with
the original SARS-CoV using computer modeling.57 SARS-CoV spike
protein has strong binding affinity to human ACE2, based on
biochemical interaction studies and crystal structure analysis.
SARS-CoV-2 and SARS-CoV spike proteins share 76.5% identity in
amino acid sequences and, imperatively, the SARS-CoV-2 and SARS-
CoV spike proteins have a high degree of homology.58,59

It was stated that residue 394 (glutamine) in the SARS-CoV-2
receptor-binding domain, corresponding to residue 479 in SARS-
CoV, can be recognized by the critical lysine 31 on the human
ACE2 receptor.60,61 Further analysis even suggested that SARS-CoV-
2 distinguishes human ACE2 more competently than SARS-CoV
increasing the ability of SARS-CoV-2 to transmit from person to
person.60 Thus, the SARS-CoV-2 spike protein was also predicted to
have a strong binding affinity to human ACE2.

While, upper respiratory tract does not appear to be a primary
site of entrance for SARS-CoV due to the modest ACE2 expression
11,62 that results in low transmissibility of the virus; this is not the
case for SARS-CoV2. The potentially higher level of transmissibility
of SARS-CoV-2 when compared with SARS-CoV might be specu-
lated that the new virus might exploit cellular attachment-
promoting factors with higher efficiency than SARS-CoV, which
leads to robust infection of ACE2þ cells in the upper respiratory
tract.63 In addition to the lung, extrapulmonary ACE2 positive tis-
sues are vulnerable to SARS-CoV and SARS Cov-2 spread.11,64,65

Both SARS-CoV and SARS-CoV2 spike glycoprotein (S) use ACE2
as the receptor for entrance into the cytoplasm. The spike (S) pro-
tein of coronaviruses facilitates viral entry into target cells. The S1
surface subunit of S protein binds to ACE2 receptor, which sim-
plifies viral attachment to the surface of target cells. In addition, the
entry requires S protein priming by the type 2 transmembrane
cellular proteases (TMPRSS2) that entails S protein cleavage at the
S1/S2 and the S2’ site and allows the fusion of viral and cellular
membranes, a process driven by the S2 subunit.63 The efficiency of
ACE2 usage in the process of the SARS-S/ACE2 interface determines
the transmissibility of SARS-CoV.59,66
SARS-CoV uses the endosomal cysteine proteases cathepsin B
and L (CatB/L),67 and the serine protease TMPRSS2 68-70 for S pro-
tein priming in cell lines, so the inhibition of both proteases is
essential for the vigorous blockade of viral entry.71 However, only
TMPRSS2 activity is indispensable for viral spread and pathogenesis
in the infected host, while CatB/L activity is unnecessary.70,72-74

As endosomal low PH is essential for CatB/L activity; Hoffmann
and his colleagues employed ammonium chloride to elevate
endosomal PH and consequently block the CatB/L activity to eval-
uate the role of CatB/L in the process of SARS-CoV2 entrance into
the cells. Ammonium chloride treatment strongly inhibited both
SARS-CoV2 and SARS-CoV driven entry into TMPRSS2� 293T cells,
suggesting CatB/L necessity.63

In addition, the employment of the serine protease inhibitor
camostat mesylate, which is active against TMPRSS2 71 partially,
and adding ammonium chloride to camostat mesylate completely
blocked the entry of SARS-CoV 2 virus to the TMPRSS2� 293T
cells.63

Furthermore, SARS-CoV 2 can use TMPRSS2 for S protein
priming and camostat mesylate, an inhibitor of TMPRSS2, which
blocks the SARS-CoV 2 infection of lung cells.63 They established
that antibody responses against SARS-CoV could at least partially
protect against SARS-CoV 2 infection.63
5. Cardiovascular involvement by SARS-CoV2

SARS-CoV2 particularly involves alveolar epithelial cells,
resulting in respiratory symptoms that are more severe in patients
with CVD, which might be linked with increased secretion of ACE2
in these patients compared with healthy individuals. In addition,
ACE2 expression could be increased by taking ACE inhibitor med-
ications in hypertensive patients.75 ACE inhibitors and angiotensin
receptor blockers (ARBs) are widely used in various patients with
kidney disease, heart failure, coronary artery disease (CAD), HTN,
and diabetes.

The circulating and organ levels of ACE2 in the heart and
atherosclerotic vessels are increased in patients with CAD and heart
failure. In addition, a large proportion of the variation in plasma
ACE2 levels has been attributed to hereditary factors.76

The cardiovascular system is at the risk of COVID-19 involve-
ment by the direct infection as well as due to the indirect
involvement of hypoxemia induced by pneumonia and acute res-
piratory distress syndrome (ARDS).

In a recent case report on 138 hospitalized COVID-19 patients,
16.7% of patients developed arrhythmia and 7.2% experienced acute
cardiac injury as well as other COVID-19 associated complications.
Some cases of acute onset heart failure, myocardial infarction,
myocarditis, and cardiac arrest have also been reported. However,
the reporting does not yet define the prevalence of cardiac com-
plications in CVD-naive versus cardiac comorbid patients.77

In a retrospective, multicenter cohort Chinese study, 191 pa-
tients were included, of whom 137 were discharged and 54 died in
hospital. A total of 48% of patients had a comorbidity: hypertension
being the most common comorbidity in 30% of patients, followed
by diabetes in 19% of patients, and coronary heart disease in 8% of
patients.78
5.1. Endothelial dysfunction

Vascular endothelium is an active organ with paracrine, auto-
crine, and endocrine functions, which is vital for the regulation of
vascular tone and the maintenance of vascular homoeostasis.79

Endothelial dysfunction is the primary factor of microvascular
dysfunction characterized by vasoconstriction and subsequent
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organ ischemia, inflammation associated with tissue edema, and a
procoagulant state.80

In a postmortem analysis, Varga, et al observed the direct viral
infection of endothelial cells in several patients, all of whom had
underlying conditions including HTN, kidney disease, CAD, and
diabetes.81 The presence of viral elements within endothelial cells
and an accumulation of inflammatory cells, with the evidence of
endothelial and inflammatory cell death have been described by
authors suggesting that SARS CoV-2 infection facilitates endothe-
liitis as a direct consequence of viral involvement and of the host
inflammatory response.81 Moreover, it has been suggested that the
induction of apoptosis and pyroptosis might have an important role
in endothelial cell damage in patients with COVID-19. COVID-19-
endotheliitis could explain the systemic impaired microcircula-
tory function in different vascular beds and their clinical sequelae
in patients with COVID-19.81

The above-mentioned finding is much more important in pa-
tients with preexisting endothelial dysfunction including male sex,
smoking, hypertension, diabetes, obesity, and established cardio-
vascular disease, all associated with adverse outcome.81

5.2. Myocardial injury

Myocardial injury could complicate the course of COVID-19.
According to Chen's report, the first death was a 61-year-old man
with no previous chronic underlying disease. The patient was
admitted in ICU and developed severe respiratory failure, heart
failure, and sepsis, and then experienced a sudden cardiac arrest on
the 11th day of admission and was declared dead.82

In a report released by the National Health Commission of China
(NHC), among the people who died from COVID-19, 11.8% of pa-
tients without underlying CVD had substantial heart damage, with
elevated levels of cardiac troponin I (cTnI) or cardiac arrest during
hospitalization.83

Li, et al conducted a meta-analysis of six studies including 1527
patients with COVID-19 infection to evaluate the prevalence of
cardiovascular metabolic diseases in COVID-19 in ICU/severe and
non-ICU/severe patients.84

They reported 8.0% patients with COVID-19 who suffered acute
cardiac injury and this incidence was much higher in ICU/severe
patients, about thirteenfold more than non-ICU/cardiac patients.

In anothermeta-analysis of four studies, it was suggested that in
patients with severe infection, high sensitivity cTn I was signifi-
cantly higher at admission compared to those with a nonsevere
course.85

Sometimes, myocardial involvement could progress rapidly and
aggressively, and leads to fulminant myocarditis. One case of
fulminant myocarditis has been stated in a 37-year-old patient in a
case report by Hu et al.6

It has been described that troponin levels remained high in
nonsurvivors throughout the clinical course and increased with
illness deterioration.86 Although, myocardial injury could occur in
patients without a history of heart failure, it is more common in
patients with preexisting heart failure (14.6% vs. 1.5%).87

The most common cause of myocarditis in developed countries
is viral infections.169 Acute Myocardial injury could be the direct
result of SARS-CoV2 through ACE2 receptors, which is highly
expressed in the cardiovascular system. 43-45 SARS-CoV viral RNA
was detected in 35% of autopsied human heart samples from SARS-
CoV infected patients during the Toronto SARS outbreak in Oudit's
report.89 They also endorsed that pulmonary infection with the
human SARS-CoV in mice led to an ACE2-dependent myocardial
infection.89

Another mechanism for cardiac involvement could be cytokines
triggered by an imbalanced response by type 1 and type 2 T helper
cells.51,88 Huang and his colleagues noted that the patients infected
with SARS-CoV2 had high amounts of various cytokines like
interleukin(IL)1b, Interferon (IFN) g, IFN g-induced protein 10 kDa
(IP10), and monocyte chemoattractant protein 1 (MCP1), probably
leading to activated T-helper-1 cell responses. Moreover, patients
requiring ICU admission had higher concentrations of granulocyte
colony-stimulating factor, IP10, MCP1, macrophage inflammatory
protein 1A (MIP1A), and tumor necrosis factor a than did those not
requiring ICU admission, suggesting that the cytokine storm was
associated with disease severity.90,91 However, SARS-CoV2 infec-
tion also initiated increased secretion of T-helper-2 cytokines (e.g.,
IL4 and IL10) that suppresses inflammation, which differs from
SARS-CoV infection.90,91

The third mechanism for cardiac injury is hypoxemia due to
respiratory dysfunction caused by COVID-19.83 Huang et al re-
ported that 32% COVID-19 patients had various degrees of hypox-
emia and needed high-flow nasal cannula or higher-level oxygen
support.90 Chen et al reported that up to 76% of patients required
oxygen therapy.82 In fact, COVID-19 infection-induced severe
pneumonia causes significant gas exchange alteration leading to
hypoxemia, which ominously lessens the energy supply by cell
metabolism, therefore increases anerobic fermentation, causing
intracellular acidosis and oxygen-free radicals, which lead to the
phospholipid layer of cell membrane detriment. Meanwhile,
hypoxia-induced influx of calcium ions also leads to injury and
apoptosis of cardio myocytes.84
5.3. Acute Heart Failure

Acute heart failure could evolve in patients with COVID-19 with
several potential mechanisms. Myocardial injury as mentioned in
the previous section could result in acute heart failure.92 Other
mechanisms include ARDS-induced hypoxemia, acute kidney
injury, and subsequent volume overload, exacerbation of chronic
heart failure,92 and sustained/repetitive cardiac arrhythmia.93

In a report by Arentz et al, among 21 patients admitted to an ICU
for severe COVID-19, 7 (33.3%) patients developed dilated cardio-
myopathy, characterized by globally decreased LV systolic function,
clinical signs of cardiogenic shock, elevated creatine kinase, or
troponin I levels, or hypoxemia, without a past history of systolic
dysfunction.94
5.4. Acute coronary events

Although, to our knowledge, there is no report indicating the
incidence of ST elevation myocardial infarction in patients with
COVID-19, it could be proposed that the rate of myocardial infarc-
tion, acute coronary syndrome (ACS), and non-ST-elevation
myocardial infarction will increase among COVID-19 patients
particularly among those with underlying CVD or risk factors. This
conjecture comes from the previous studies reporting the occur-
rence of ACS and myocardial infarction (MI) among patients with
SARS infection.95,96

In a study by Clyton, et al, there was an association between
recent respiratory infection andMI.97 In this line, a meta-analysis of
caseecontrol studies found a significant association between
recent respiratory infection and acute MI.98

Some pathophysiological mechanisms can be implicated in this
matter. For instance, acute inflammation could result in endothelial
dysfunction, consequent vasoconstriction, and ischemia in sensi-
tive organs like the heart. Furthermore, inflammation-induced
endothelial dysfunction could increase the risk of thrombosis and
thrombotic events.80 In addition, fever and the surge of inflam-
mation could increase the cardiac demand by increasing
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metabolism and heat rate, resulting in cardiac ischemia and cardiac
events particularly in patients with underlying CVD.

5.5. Arrhythmia

As yet, there is extremely limited literature available on the
occurrence of arrhythmia in the context of COVID-19. In a study of
138 hospitalized patients with COVID-19 in Wuhan, arrhythmia
was reported in 16.7% of total patients and in 16 of 36 patients
admitted to the ICU (44%), although the authors did not further
specify its type.93 Thereafter, in a subsequent publication from the
same institution, ventricular tachycardia/ventricular fibrillation
was reported as a complication of the COVID-19 disease in 11 of 187
patients (5.9%), with a significantly higher incidence in patients
with elevated troponin T.99 However, the largest observational
study from China, with 1099 patients from 552 hospitals, did not
report any arrhythmia.100

To our knowledge, there are no specific reports on the occur-
rence of bradycardia in COVID-19 infection. However, an experi-
mental study has shown that coronavirus-infected rabbits have
ECG abnormalities including 2nd degree AV block secondary to
myocarditis and heart failure.101 In severely ill patients admitted in
the ICU due to COVID-19 transient bradycardia and asystole may
occur due to patient turning for prone position, intubation, or tra-
chea suction that likely occurs due to the temporary increased vagal
tone.102

Moreover, in patients with underlying CVD on CVDmedications,
increased QT interval-corrected (QTc) could be the reason of ven-
tricular arrhythmia due to drug-drug interaction.

Also, a heart rate/temperature discordance as what was
observed in typhoid fever was reported in patients with COVID-
19.93,103

6. Underlying cardiovascular disease as a prompting factor
for COVID-19 infection

There are many reports showing the increased rate of infection
with SARS-CoV2 in patients with previous CVD. It appears that the
underlying CVD could aggravate the severity of symptoms and
pneumonia due to SARS-CoV2.83 In one study, among the patients
with severe symptoms of COVID-19, 25% had heart disease and 44%
had arrhythmia.77 Among the comorbid conditions, cardiac disease
and diabetes increased the risk of death by twice as much as other
risk factors.104

According tomortality data released by NHC,17% of patients had
a history of coronary heart disease. Furthermore, data showed that
patients aged >60 years who were infected with SARS-CoV2 had
more systemic symptoms and more severe pneumonia than pa-
tients aged �60 years.83

As stated by Li et al in a meta-analysis respecting the prevalence
and impact of cardio-metabolic comorbidities on COVID-19, the
proportion of cardio-cerebrovascular disease was statistically
significantly higher in ICU/severe patients compared to the non-
ICU/severe cases [RR ¼ 3.30, 95% CI (2.03, 5.36), Z ¼ 4.81,
P < 0.00001].84

Patients with ACS and acute MI are expected to be at higher risk
of mortality due to COVID-19 infection. This is truly supported by
the fact that the patients with severe infection are susceptible to
increased ischemia and cardiac demand, and consequently result in
poorer prognosis.83 Correspondingly, in patients with an underly-
ing cardiac insufficiency, infection with SARS-CoV2 could deterio-
rate the condition and lead to death.83

Cardiac troponins are known to have a crucial role in the eval-
uation of patients with acute chest pain.76 In a recent meta-analysis
by Lippi et al, it was shown that cTnI values are significantly
increased in patients with severe SARS-CoV2 infection compared to
those with milder forms of disease.85 Therefore, it seems judicious
to measure cardiac damage biomarkers instantly after hospitali-
zation for SARS-CoV2 infection, and subsequent monitoring during
hospital stay, which might help in identifying a subset of patients
with possible cardiac injury and predicting the progression of
COVID-19 toward a worse clinical picture.

7. Traditional risk factors in patients with COVID-19 infection

HTN is a comorbid condition, which has been reported to be
associated with increased mortality in patients with COVID-19
infection. Chen and his colleagues reported that 113 (14.4%) pa-
tients who died from COVID-19 more likely had HTN and diabetes
when compared with 161 patients who recovered.85 Furthermore,
according to the China Center for Disease Control and Prevention's
report of 44000 people with laboratory confirmed covid-19, HTN
and diabetes were among comorbid conditions with higher risk of
mortality.4 In addition, a meta-analysis of eight studies including
46248 patients with laboratory confirmed COVID-19 showed that
the subjects with more severe disease more likely had HTN [odds
ratio 2.36 (95% confidence interval 1.46 to 3.83)].105

In this track, Li et al described that HTN was the most prevalent
cardiovascular metabolic comorbidity (17.1%, 95% CI 9.9e24.4%)
followed by cardiocerebrovascular disease (16.4%, 95% CI
6.6e26.1%), and diabetes (9.7%, 95% CI 6.9e12.5%). Although, the
overall proportion of HTN, cardiocerebrovascular diseases and
diabetes were about twofolds, threefolds, and twofolds in ICU/se-
vere cases compared with their non-ICU/severe counterparts,
respectively; they did not find that people with HTN and diabetes
were more susceptible to COVID-19 infection.84

Possible mechanisms of the adverse effect of HTN on the process
of COVID-19 infection might be in part due to the increased
expression of ACE2 receptors in hypertensive patients taking RAAS
inhibitors based on some animal and human studies.106,107 Also,
hypertensive patients might have underlying cardiovascular
atherosclerotic disease, diastolic dysfunction, and chronic kidney
disease, which all expose them to higher risk of morbidity and
mortality.

Older age, which is a cardiovascular risk and the main cause of
death among elderly population, 168 was associatedwith higher risk
of severe COVID-19 in national surveys database in the US, China,
and Italy.108 The case fatality rate in those three databases exceeded
1% around the age of 50-55 years and 10% above 80-85 years (above
70 years in Italy). Those studies reporting the results both based on
unadjusted and multivariable models described the unchanged
pattern of the effect size of age after adjustment for
comorbidities.86,109

In the US, among individuals older than 60 years ranges from
17% to 27%, the percentage of hospitalized patients requiring care in
an ICU is 27%e71% with an infection fatality rate ranging from 2.2%
to 9.3%.110

According to the extensive evidence, Smoking has been accepted
as a negative risk factor on lung health and its causal association
with overabundance of respiratory diseases may be likely due to
the detrimental effect on the immune system.111,112

Previous studies showed that smoking status was associated
with higher mortality in the previous MERS-CoV outbreak.113,114

Among the observational studies concerning the clinical charac-
teristics of patients with COVID-19, a large study consisting of 1099
patients conducted by Guan et al frommultiple regions of mainland
China.101 Descriptive results on the smoking status of patients
revealed that 173 out of 1099 patients with COVID-19 had severe
symptoms, and 926 had nonsevere symptoms. Among the patients
with severe symptoms, 16.9% were current smokers and 5.2% were



Table 1
Mechanisms of different CVD risk factors in the aggravation of COVID-19

CVD risk factors Potential mechanisms for aggravation of COVID-19 infection

DM Increased expression of ACE2 129,131,132

Underlying kidney disease 163

Underlying coronary artery disease 161

Impaired immunity 162

HTN Increased expression of ACE2 106,107,160

Underlying diastolic dysfunction 164

Underlying coronary artery disease 161

Underlying kidney disease 163

Smoking Underlying coronary artery disease 161

Decreased respiratory compliance 167

Decreased functional capacity 167

Underlying HTN 167

Impaired immunity 111,112

Old age Underlying cardiovascular disease 161

Impaired immunity 166

Obesity Decreased respiratory reserve 125

Decreased functional capacity 125

Underlying diabetes 165

Underlying coronary artery disease 161

Underlying HTN 165

Increased inflammatory cytokines125
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former smokers, in contrast to patients with nonsevere symptoms
where 11.8% were current smokers and 1.3% were former smokers.
Moreover, in the group of patients who either needed mechanical
ventilation, admission to ICU or died, 25.5% were current smokers
and 7.6% were former smokers. In contrast, in the group of patients
who did not have these adverse outcomes, only 11.8% were current
smokers and 1.6% were former smokers.

A systematic review and meta-analysis including 5 studies
identified the association between smoking and severity of symp-
toms as smokers were 1.4 times more likely (RR ¼ 1.4, 95% CI:
0.98e2.00) to have severe symptoms of COVID-19 and approxi-
mately 2.4 times more likely to be admitted to ICU, need me-
chanical ventilation or die compared to nonsmokers (RR ¼ 2.4, 95%
CI: 1.43e4.04). However, the results of this meta-analysis have not
been adjusted for other factors, which might assist in the pro-
gression of disease.115

Diabetes is a well-known risk factor for CVD accompanied by
obesity, HTN, and CVD in many cases. Diabates is associated with
increased rate of mortality in patients with COVID-19. Evidence of
the higher risk of mortality among persons with diabetes and the
two previous SARS corona viruses (SARS and MERS) has been re-
ported.116-118

Bearing in mind the high prevalence of CVD, obesity, and hyper-
tension inpatientswith diabetes, it is still unknownwhetherdiabetes
independently contributes to this increased risk. However, according
to one study, plasma glucose levels and diabetes are independent
predictors for mortality and morbidity in patients with SARS.5

In diabetes, there has been an enhanced ACE2 expression in
different organs like the lung, kidney, heart, and pancreas in ro-
dents and in the lung of humanmodels,119-121 whichmight result in
facilitating the virus entry to the cell. In addition, circulating levels
of furin, a cellular protease involved in facilitating viral entry by
cleaving the S1 and S2 domain of the spike protein of the virus, are
elevated in patients with diabetes.122 Interestingly, Chen et al
revealed that in patients with diabetes and HTN, the clearance of
SARS-CoV2 was delayed, a finding that needs to be confirmed in
larger studies.123

Potential mechanisms that may increase the susceptibility for
COVID-19 in patients with diabetes include higher affinity for
cellular binding and efficient virus entry, decreased viral clearance,
diminished T cell function, increased susceptibility to hyper
inflammation, and cytokine storm syndrome, and comorbid con-
ditions like CVD.124

Obesity and severe obesity are well established as risk factors for
hospitalization and mechanical ventilation. The increased risk of
hospitalization and mechanical ventilation in these patients is not
surprising because obesity is connected with decreased respiratory
reserve volume, functional capacity, and respiratory system
compliance. In addition, abdominal obesity compromises pulmo-
nary function further in supine position due to the decreased dia-
phragmatic excursion, making ventilation more difficult.
Furthermore, increased inflammatory cytokines associated with
obesity may contribute to the increased morbidity associated with
obesity in COVID-19 infections.125

Zheng et al reported that the presence of obesity in metabolic-
associated fatty liver disease patients was associated with a sig-
nificant increased risk of severe COVID-19 illness even after
adjusting for other risk factors.126

A French retrospective cohort study in patients with COVID-19
illness admitted in ICU, identified the significant increased need
for invasive mechanical ventilation (IMV) with higher grade of
obesity. Overall, 68.6% required IMV of whom the greatest pro-
portion of patients needed IMV was the patients with body mass
index (BMI) >35 kg/m2 (85.7%). BMI had an independent risk factor
for the severity of the disease and need for IMV.127
According to the report of National Center for Health Statistics,
the prevalence of adult obesity and severe obesity from 2017 to
2018 has increased in the US since 2009 - 2010 and is now 42% and
9%, respectively.128 Concerning this report, as well as based on the
above-mentioned studies and the compatible results of the previ-
ous studies about other respiratory infection like H1N1 and their
increased mortality and morbidity with increased BMI, it must
serve as a caution for the care of patients with obesity and partic-
ularly patients with severe obesity. These observations also
emphasize the need for increased observance, precedence on
detection and testing, and forceful therapy for patients with obesity
and COVID-19 infections.125

In addition to above-mentioned mechanisms, other various
mechanisms concerning the increased risk of mortality and
morbidity in COVID-19 patients with traditional risk factors are
mentioned in the Table 1.
8. Long-term CVD risk in recovered patients from COVID-19

COVID-19 infection may also be connected with an elevated
long-term CV risk. Previous studies in patients with pneumonia has
established the long period of hypercoagulability state and sys-
temic inflammatory activity.130 Besides, follow-up studies of the
SARS epidemic demonstrated that patients with a history of SARS-
coronavirus infection often had hyperlipidemia, CV system abnor-
malities, or glucose metabolism disorder. However, the explanation
for metabolic disorder in survivors of SARS could be due to the use
of pulses of methylprednisolone and not because of the infection
itself.130 Although, there is no long-term effects of SARS-CoV2
infection, more inspection is required for recovered patients in
the future based on the information available from SARS.
9. Cardiovascular precautions of therapeutic strategies

Although, currently there is no proven therapeutic medication
or vaccine for SARS-CoV2, and the present best strategy to treat
patients with SARS-CoV2 infection is a supportive approach, there
are some potential medications under investigation. Some of these
medicationsmight have cardiovascular adverse effects that must be
closely monitored.
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9.1. Renin-angiotensin-aldosterone (RAAS) inhibitors

Whether, ARBs like losartan and olmesartan, which are thera-
peuticmedicationswidely used inhypertensive, diabetes, and kidney
disease patients, aggravate the SARS-CoV2 infectionby increasing the
expression of ACE2 as the functional receptor of the virus or prevent
infected patients to progress toward ARDS remain to be established.

Circulating levels of ACE2 are increased not only in patients with
HTN 160 or diabetes,131,132 but also further elevated in patients using
these medications.131,132 Utilizing these medications could increase
the cardiac ACE2 expression about threefold following chronic
treatment (28 days) after MI induced by coronary artery ligation of
rats.75 Losartan was also shown to upregulate renal ACE2 expres-
sion in chronically treated rats.133

A recent hypothesis suggested that ARBs might be beneficial for
patients infected by COVID-19 who experience pneumonia.134 At
the first glance, it appears that the high expression of ACE2 by ARBs
aggravates SARS-CoV2 infection; conversely, it might keep the pa-
tients against acute lung injury, which is one of the main causes of
death due to the virus infection. The latter hypothesis comes from
the fact that infection with SARS-CoV2 downregulates the ACE2
receptors and consequently increases the level of Ang II, which has
vasoconstrictive functions and could worsen the lung involvement.
Currently, taking ARBs diminishes the production of Ang caused by
viral COVID-19-mediated downregulation of ACE2. In addition,
upregulating ACE2 might be another potential mechanism that
helps reduce Ang production by ACE and increasing the production
of the vasodilator Ang 1e7.135

In this matter, multiple cardiac societies, including ACC, AHA,
and ESC currently recommend not to start with ACE inhibitors or
ARBs in patients with COVID-19 but to continue with prior, either
class of ACE inhibitors or ARBs.136

9.2. Chloroquine plus azithromycin

A widely used antimalarial and autoimmune disease drug
named chloroquine has been reported as a potential broad-
spectrum antiviral drug through blocking virus infection by
increasing endosomal PH required for virus/cell fusion, as well as by
the glycosylation of cellular receptors of SARS-CoV.137-139 Chloro-
quine has been reported to be possibly effective in blocking SARS-
CoV-2 infection at both entry and postentry stages in vitro.140 In
addition, chloroquine acts as an immunomodulatory drug, which
could synergistically enhance its antiviral effect in vivo.105

However, chloroquine has been shown to cause atrioventricular
(AV) blocks and prolonged QTc. Also, hydroxychloroquine, which is
the more potent synthetic form of chloroquine, is being used for
empirical management of COVID-19 based on a small French trial
along with azithromycin, a macrolide antibiotic.141,142 Hydroxy-
chloroquine can similarly produce conduction defects in the heart.
Additive effects of concomitant use of beta-blockers or calcium
channel blockers can induce severe bradycardia leading to cerebral
hypoperfusion with syncope and/or fall.143

The combination of azithromycin and chloroquine products has
been utilized with improved recovery of symptoms.141,142 As azi-
thromycin is known to increase QTc, it could theoretically further
increase QTc in combinationwith chloroquine and increase the risk
of torsade de point and ventricular arrhythmia. Monitoring of QTc
along with electrolytes (particularly potassium) is necessary when
these medications are going to be started by physicians.144

9.3. Protease inhibitors

Lopinavir/ritonavir are FDA-approved drugs for HIV-1 infec-
tion.145 A trial of lopinavir-ritonavir in adults hospitalized with
severe COVID-19 by Cao B et al showed no survival benefit
following treatment with lopinavir/ritonavir in hospitalized adult
patients with severe COVID-19. At this time, this is not currently a
recommended treatment option for COVID patients. However, as
there is not a definite treatment for COVID-19 infection, these drugs
might be used in severe ill patients in some centers. Therefore, it
must be noticed that these medications could prolong PR and QT
intervals leading to high-grade AV blocks and rarely torsade de
Pointes. Moreover, they could increase serum lipid levels and
decrease the serum concentration of clopidogrel and prasugrel,
while they could increase the serum level of ticagrelor and
statins.145

In addition, lopinavir/ritonavir enhances the effects of factor Xa
inhibitors such as apixaban and rivaroxaban through the inhibition
of CYP3A4, thereby increasing bleeding risk. Thus, extreme atten-
tion is warranted in patients on multiple cardiovascular
medications.145

Ribavirin, which is sometimes combined with lopinavir/ritona-
vir, has not been established to directly affect the heart but can
indirectly influence the heart by increasing the levels of lopinavir/
ritonavir. It has also been reported to reduce the effect of warfarin
and to have noncardiac side effects.146
9.4. Remdesivir

Remdesivir is an adenosine analog, which incorporates into
nascent viral RNA chains and results in premature termination,147

which has been recognized as a promising antiviral drug against
a wide range of RNA viruses including SARS CoV infection in
cultured cells, mice, and nonhuman primate models.147

Wang et al demonstrated that remdesivir functioned at the
stage of postvirus entry, and revealed its high efficacy in the control
of SARS-CoV2 infection in vitro.147

Although its side effects have not yet been well known, there
was a patient who developed hypotension and bradycardia when
this medication was used to treat Ebola.148
9.5. Colchicine

Colchicine, which is an alkaloid extracted from plants of the
genus Colchicum (autumn crocus) has a well-established thera-
peutic usage in gout and familial Mediterranean fever.149 How-
ever, it has also been used in other diseases including Behcet's
disease, pericarditis, CAD, and other inflammatory and fibrotic
conditions. Current results suggest that colchicine downregulates
multiple inflammatory pathways and modulates innate
immunity.149

Colchicine has been utilized safely in a variety of cardiovascular
clinical conditions including acute pericarditis,155 prevention of
postpericardiotomy syndrome,150 prevention of atrial fibrillation
recurrence after cardiac surgery, or ablation procedures.151

Colchicine is a nonselective inhibitor of NLRP3 inflamma-
some.152 In the experimental models, it has been found that
inflammasome NLRP3 is a major pathophysiological component in
the development of ARDS.153,154 On the other hand, SARS-CoV2
proteins, such as viroporins E, 3a, and 8A, play a considerable role
in viral replication and pathogenetic sequelae.155 There are evi-
dence supporting that these 3 SARS-CoV2 proteins provoke the
activation of inflammasome NLP3.156,157 Based on the said infor-
mation, it is assumed that colchicine might be an impending useful
and safe drug to limit myocardial necrosis and pneumonia in the
context of COVID-19. A clinical trial based on this hypothesis is
undergoing.
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10. Conclusion

COVID-19 tends to be more severe in patients with CVD, HTN,
and diabetes. The cTnI measurement and its monitoring as an easy
and available laboratory test could be considered in high-risk
hospitalized patients with COVID-19. On the other hand, in pa-
tients with underlying CVD and traditional risk factors, it is sensible
to screen these patients for SARS-CoV2 to plan and integrate
aggressive therapeutic strategies.

To note, there are currently more than 80 clinical trials to test a
variety of potential SARS-CoV-2 treatments.158 As both SARS-CoV
and SARS-CoV2 share ACE2 receptors to make an entry into the
cells, it is wise to utilize the results of the previous researches of
SARS-CoV for SARS-CoV2. Among the potential drugs, remdesivir
and chloroquine are the two most focused drugs. Now, six clinical
trials regarding the use of remdesivir are undergoing performance
tests.159

Some potential used drugs have adverse cardiovascular side
effects that must be noted by the physicians. Until a proper,
approvedmedication is found, the conservative approach and focus
on the adverse effects of potential and empirically used drugs must
be the priority.
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