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Abstract

People with cardiovascular disease (CVD) often contract coronavirus disease 2019 (COVID-19). However, the interaction
between COVID-19 and CVD is unclear. In this systematic review, the available evidence for the crosstalk between
COVID-19 and CVD and its treatment was analysed. A search was performed in the electronic databases MEDLINE and
EMBASE. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infects human cells via angiotensin-converting
enzyme 2. SARS-CoV-2 can cause CVD by inducing cytokine storms, creating an imbalance in the oxygen supply and demand
and disrupting the renin–angiotensin–aldosterone system; SARS-CoV-2 infection can also lead to the development of CVD
through the side effects of therapeutic drugs, psychological factors, and aggravation of underlying CVD. The most common
CVDs caused by SARS-CoV-2 infection are acute myocardial injury, arrhythmia, and heart failure. Studies have found that there
is an interaction between COVID-19 and CVD. Underlying CVD is associated with a high risk of mortality in patients with
COVID-19. SARS-CoV-2 infection can also cause new-onset CVD. Clinicians need to pay close attention to cardiovascular
complications during the diagnosis and treatment of patients with COVID-19 to reduce patient mortality.
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Introduction

Coronavirus disease 2019 (COVID-19) was first reported in
China in late December 2019 and broke out in Wuhan.
There are now > 1 000 000 confirmed cases worldwide.
Because it is highly contagious, the population is generally
susceptible, it has a long incubation period, and its diverse
clinical manifestations and other characteristics pose a
serious threat to human health. Severe acute respiratory
syndrome (SARS) coronavirus 2 (SARS-CoV-2) belongs to
the β-coronaviruses. It is a single-stranded positive-sense
RNA virus with a nonsegmented envelope and a diameter
of 50 to 200 nm.1 It is currently the seventh member of
the genus Coronavirus that can infect humans. Of the other
six coronaviruses that have been identified as infecting
humans, four (229E, OC43, NL63, and HPU1) are wide-
spread but only cause common upper respiratory infection

symptoms. The other two are SARS-CoV and Middle East
respiratory syndrome coronavirus (MERS-CoV), which can
cause fatal diseases.2 Whole-genome sequencing results
showed that the SARS-CoV-2 genome has 79.5% sequence
identity with the SARS-CoV genome, and the virus is
considered to be associated with SARS-CoV.3 SARS-CoV-2
infection mainly affects the respiratory tract, and the first
clinical manifestations are mostly fever, dry cough, fatigue,
and wheezing. Severe cases can progress to severe
pneumonia, acute respiratory distress syndrome, and
systemic multiple organ dysfunction.4 However, it is worth
noting that increasing case data show that SARS-CoV-2
infection can cause cardiovascular events,5,6 which
aggravate the condition and affect the prognosis; these
cardiovascular events include acute myocardial injury and
arrhythmia and cardiac dysfunction, in addition to causing
respiratory diseases.4,7
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This article summarizes the treatment experience of
frontline clinical experts and refers to the published literature
and the new coronavirus pneumonia diagnosis and treatment
programme (trial version 7) issued by the Chinese Health
Commission to discuss the mechanism and treatment of
cardiovascular disease (CVD) caused by COVID-19. We hope
this information can be helpful to our counterparts at home
and abroad.

Interaction between coronavirus
disease 2019 and cardiovascular
disease

CVD is the most common noncommunicable epidemic in
China8 and around the world.9 CVD is present in nearly 20%
of the total population, and the number of cardiovascular pa-
tients is as high as 290 million in China.10 Therefore, many
COVID-19 patients have coexisting chronic CVD. As of 11
February 2020, out of the 44 672 patients confirmed to have
COVID-19, 2683 patients (12.8%) had hypertension and 873
patients (4.2%) had CVD.11 This is the most common
co-morbid condition among patients admitted to the hospital
for COVID-19.4,7 The mortality rate of COVID-19 patients with
CVD was found to be 10.5%, the mortality rate of COVID-19
patients with hypertension was 6.0%, and the mortality rate
of COVID-19 patients without co-morbidities was 0.9%.12

The Chinese Center for Disease Control and Prevention’s
analysis of 72 314 cases of COVID-19 in China found that
the current crude mortality rate of COVID-19 is 2.6%, while
the mortality rate is 10.5% in patients with CVD.13 Death
occurs in COVID-19 patients with CVD approximately 11 times
more frequently than in patients without co-morbid CVD.11 In
another study, a retrospective analysis of 112 COVID-19
patients with CVD admitted to Wuhan Xiehe Hospital from
20 January 2020 to 15 February 2020 reported that there
were 17 deaths, with a mortality rate of 15.2%.14 Hospitalized
patients in Northern Italy with concomitant cardiac disease
and COVID-19 had an extremely poor prognosis than had
subjects without a history of cardiac disease, with a higher
mortality rate.15 Experimental research also found that
patients with basic heart diseases exhibited increased expres-
sion of angiotensin-converting enzyme 2 (ACE2) and a high
probability of heart attack and progression to severe disease
after SARS-CoV-2 infection.16 The assessment of ACE2 expres-
sion in normal and diseased human myocardial samples by
bulk nuclei and single-nucleus RNA-seq suggests that prior
CVD is the predominant driver of cardiomyocyte-specific
increased transcription of ACE2.17 These findings may provide
a pathological link between SARS-CoV-2 infection and viral
myocarditis, helping explain why individuals with underlying
CVD have a worse prognosis and higher mortality after
infection with SARS-CoV-2.18,19

A retrospective single-centre case series analysed patients
with COVID-19 at the Seventh Hospital of Wuhan City, China,
from 23 January 2020 to 23 February 2020.20 They found that
the mortality rate during hospitalization was 7.6% (8 of 105)
in COVID-19 patients without underlying CVD and with
normal troponin protein T (TnT) levels, 13.3% (4 of 30) in
those with underlying CVD and normal TnT levels, 37.5% (6
of 16) in those without underlying CVD but with elevated
TnT levels, and 69.4% (25 of 36) in those with underlying
CVD and elevated TnT levels. Patients with underlying CVD
were more likely to have elevated TnT levels than patients
without CVD (36 [54.5%] vs. 16 [13.2%]).20 In another cohort
study of 416 patients with confirmed cases of COVID-19 who
were consecutively enrolled in a centre of the People’s
Hospital of Wuhan University, China, from 20 January 2020
to 10 February 2020, cardiac injury during hospitalization
occurred in 19.7% of the patients, and cardiac injury was
found to be an independent risk factor for in-hospital
death.21 A study population including 99 consecutive patients
with COVID-19 admitted to the hospital between 4 and 25
March 2020 in Italy found that mortality was higher in 53
COVID-19 patients with cardiac disease than in 46 COVID-19
patients without cardiac disease (36% vs. 15%, log-rank
P = 0.019; relative risk 2.35; 95% confidence interval
1.08–5.09).15 These results indicate not only that underlying
CVD is a high-risk factor for death in people with COVID-19
but also that secondary myocardial damage caused by
COVID-19 is a sign of disease exacerbation.

Based on the close interaction between COVID-19 and
CVD, can myocardial markers be used clinically as predictors
of prognosis in COVID-19 patients? A study22 included
1099 COVID-19 patients from 552 hospitals in 31 provinces
in China, and these patients were classified into severe
and nonsevere groups according to the adult
community-acquired pneumonia guidelines issued by the
American Thoracic Association. Admission to the intensive
care unit (ICU) for treatment, mechanical ventilation, and
death were identified as the main composite endpoints of
the study. The results of the study showed that myocardial
injury markers (including lactate dehydrogenase [LDH] and
creatinine kinase) were expressed at higher levels in critically
ill patients and patients with major composite endpoint
events than in nonsevere patients. In addition, in a family
cluster of COVID-19 cases in Shenzhen, three of five patients
with confirmed cases of COVID-19 had increased LDH levels
(> 214 U/L); all three patients were older than 60 years,
and their symptoms worsened after onset.23 The first
reported COVID-19 patient in the USA also showed increased
LDH levels during hospitalization.24 The aforementioned
studies showed that troponin elevation likely reflects
nonischaemic or secondary myocardial injury23 and confirm
that myocardial markers, especially high-sensitivity cardiac
troponin, can be used as predictors of prognosis in
COVID-19 patients.25
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Main impact of coronavirus disease
2019 on the cardiovascular system

Acute myocardial injury

Acute myocardial injury is defined as an increase in
troponin protein I (TnI)/troponin T or a new abnormality
detected by electrocardiogram and echocardiography.
Clinical studies have shown that 7.2% to 23.0% of patients
with COVID-19 have acute myocardial injury, mainly
manifested as TnI levels above the 99th percentile reference
upper limit or new abnormalities on electrocardiogram and
echocardiogram.7,26–28 A clinical study involving 41 patients
with COVID-19 pointed out that five (12%) patients had
myocardial damage due to SARS-CoV-2 infection (serum
TnI > 28 ng/L), of whom four patients were treated in the
ICU, accounting for 31% of the total ICU patients.4 Another
clinical study involving 138 COVID-19 patients also showed
that the condition of patients with acute myocardial injury
during infection is more likely to deteriorate, leading to
admission to the ICU.7 These findings suggest that acute
myocardial injury caused by SARS-CoV-2 infection is very
common and may lead to severe clinical phenotypes or
adverse endpoints in patients with COVID-19.29

Arrhythmia

SARS-CoV, which caused a global epidemic in 2003, is related
to SARS-CoV-2, which causes COVID-19.30 Therefore, the two
viruses may have similar effects on the heart. A report
involving 121 patients with SARS showed that 87 patients
(71.9%) developed tachycardia unrelated to fever during
hospitalization, and nearly 40% of them continued to develop
tachycardia even during follow-up; other arrhythmias included
bradycardia (18 cases) and paroxysms of atrial fibrillation (one
case).31 Similarly, in a study of 138 hospitalized COVID-19 pa-
tients, arrhythmias represented the leading complication
(19.6%) after acute distress respiratory syndrome, occurring
in 44.4% of ICU patients.32 COVID-19 patients with elevated
troponin levels had a higher incidence of arrhythmia than
those with normal troponin levels (11.5% vs. 5.2%,
P < 0.001).20 These studies suggested that arrhythmia may
also be an important cardiac complication in patients with
COVID-19. It is believed that myocardial damage might be a
main driver of the enhanced risk of arrhythmia in these
patients.32 In addition to participating in myocardial injury, in-
flammatory cytokines, especially IL-6, can directly promote
QTc prolongation by regulating ion channels in
cardiomyocytes and indirectly promote QTc prolongation by
inhibiting CYP450-3A4 to increase the bioavailability of con-
comitant QT-prolonging drugs. In addition, inflammatory cyto-
kines can induce the overactivation of the cardiac sympathetic

system and increase the electrical instability of the heart due
to their direct stimulation of the autonomic nervous system.33

In fact, some ‘off-label’ drugs used to combat viral invasion
and replication may promote QTc prolongation.34

Heart failure

A clinical study of 99 patients with confirmed cases of
COVID-19 released by Wuhan Jinyintan Hospital showed that
as of 25 January 2020, 11 (11%) of these patients had died,
and patients infected with SARS-CoV-2 with no previous his-
tory of chronic heart disease can also experience severe heart
failure and eventually die of sudden cardiac death.35 With re-
gard to heart failure reported in the literature, the possibility
of cor pulmonale should be considered. Lung involvement in
patients with COVID-19 can cause an imbalance in pulmonary
ventilation perfusion and a reduction in the pulmonary vascu-
lar bed. The occlusion of microvessels and the reduction of
functional residual capacity can lead to increases in pulmo-
nary vascular resistance, which, in turn, cause pulmonary hy-
pertension and pulmonary heart disease, eventually leading
to right ventricular involvement and right heart failure. Al-
though there are few reported cases of heart failure in
COVID-19 patients, the importance of the clinical signs of
heart failure should be emphasized.36 Once the patient shows
signs of heart failure, it should be treated promptly to reduce
the case-fatality rate. Dyspnoea and fatigue are the two main
symptoms of heart failure, and they are also very common in
patients with COVID-19, especially the severe form.4,30 In ad-
dition, COVID-19 and heart failure can cause hypoxemia,
which is the basic pathophysiological mechanism leading to
death.35 As a result, the diagnosis of chronic heart failure in
COVID-19 patients has become more difficult and important.

Main mechanism of cardiovascular
damage in coronavirus disease 2019

Destruction of the balance of the renin–
angiotensin–aldosterone system

Previous studies confirmed that SARS-CoV enters the host
cell after binding to ACE2 on the host cell surface with its S
protein.37 Based on single-cell sequencing data, Han’s team
found that the human organ expression level of ACE2 from
high to low was the ileum, heart, kidney, bladder, oesopha-
gus, lung, and trachea. The rate of positivity for ACE2 on
myocardial cells is 7.5%.38 Therefore, SARS-CoV-2 can enter
cardiomyocytes through ACE2. The current study found that
the mean systolic blood pressure (145 mmHg) of patients
with COVID-19 who were in the ICU was higher than that of
patients with COVID-19 (120 mmHg) who were not in the
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ICU, which could suggest that severe illness may be related to
the down-regulation of ACE2.4 Therefore, it is speculated that
some patients with COVID-19 also have an imbalance in the
renin–angiotensin–aldosterone system (RAAS). It is well
known that ACE inhibitors (ACEIs) and angiotensin II receptor
blockers (ARBs) are widely used to regulate the RAAS.

Therefore, it is unclear whether ACEIs/ARBs can be used in
COVID-19 patients with co-morbid CVD39–41 (Figure 1). There
are currently three opinions on this topic in academic circles.
One perspective is that RAAS inhibitors exert their protective
effects by inhibiting the ACE-Ang II-AT1R axis and activating
the ACE2/Ang-(1-7)/Mas pathway.42 The second view is that,
on the one hand, ACEIs/ARBs can reduce the level of Ang II in
the body,43 prevent cytokine storms caused by the excessive
activation of Ang II, and slow the progression of COVID-19
into the severe form.44,45 On the other hand, ACEIs/ARBs
can improve the balance of the RAAS in COVID-19 patients

with CVD, alleviate the deterioration of CVD, and allow more
time for the treatment of COVID-19.27,40,46,47 Another per-
spective is that the use of ACEIs/ARBs is not related to the se-
verity of the disease. First, the gene for ACE2 is located on the
X chromosome,48 which means that men have half the
amount of ACE2 as women, but men are actually at higher
risk than women.49 This observation shows that the amount
of ACE2 is not necessarily positively related to the risk of
SARS-CoV-2 infection. The occurrence of viral infection may
be related to the amount of virus inhaled, the virulence of
the virus, and the body’s own immunity. In addition, ACE2
is widely distributed in multiple organs throughout the body,
but the virus overwhelmingly invades the lung tissue and in-
vades extrapulmonary tissue to a much lesser degree.49 This
further indicates that the amount of ACE2 is not positively
correlated with the risk of infection; this is speculated to be
mainly related to the deposition of the virus in the respiratory

Figure 1 Possible effects of ACEIs/ARBs on the renin–angiotensin–aldosterone system (RAAS) in patients with underlying cardiovascular diseases after
SARS-CoV-2 infection. ① One view is that RAAS inhibitors may lead to an increased ACE2 reflex in patients with COVID-19, and SARS-CoV-2 infects
humans by binding to ACE2. Therefore, the use of ACEIs/ARBs has the potential to accelerate viral replication or entrance into cells. ② The second view
is that ACEIs/ARBs can reduce the level of Ang II in the body, prevent cytokine storms caused by the excessive activation of Ang II, and improve the
balance of the RAAS in COVID-19 patients with cardiovascular disease.③ Another view is that the use of ACEIs/ARBs is not related to the severity of the
disease. ACE2, angiotensin-converting enzyme 2; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.
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tract of the lung, while viraemia is less severe. Some recent
authoritative studies have shown that previous treatment
with ACEIs/ARBs did not increase the risk of SARS-CoV-2
infection or the likelihood of severe illness in COVID-19
patients.50,51 ACEIs/ARBs should not be discontinued to
prevent a severe case of COVID-19.52,53 Prospective trials
are needed to ascertain whether these drugs may have
protective effects.54

Cytokine storm

Previous studies have found that cytokine storms play a
crucial role in the pathogenesis of SARS and MERS55–57 and
may be related to cardiovascular complications associated
with SARS-CoV infection.31 Similar to patients infected with
SARS-CoV and MERS-CoV, those infected with SARS-CoV-2
can exhibit an enhanced Th1 response and the release of
the corresponding inflammatory factors.23 At the same time,
the expression of interleukin (IL)-4 and IL-10 is also increased,
which indicates that the Th2 response is enhanced.4,22

Cytokine storms cause the proliferation of highly
pro-inflammatory CCR4+CCR6+Th17 cells, CD8+ T cells
express high concentrations of cytotoxic particles, and the
overactivation of T cells leads to stronger inflammatory
storms.58 A study involving 123 patients diagnosed with
COVID-19 found that plasma levels of IL-6 and IL-10 were
higher in patients with severe disease and that their CD4+ T
and CD8+ T cells were lower than in patients with mild
disease.59 The other two studies reached the same
conclusion.27,60 Therefore, the cytokine storm caused by
SARS-CoV-2 infection may be one of the important
mechanisms underlying myocardial injury.

Oxygen supply and demand imbalance

Hypoxemia, respiratory failure, shock, or hypotension
induced by pulmonary infections can lead to insufficient
oxygen supply to the myocardium. After infection, the body’s
metabolism increases, which increases the burden on the
heart and then leads to an imbalance in the oxygen supply
and demand in the body.61 The imbalance in the oxygen
supply and demand in the body will cause the body to
become hypoxic, increase anaerobic fermentation, and cause
acidosis and the production of oxygen free radicals in the cell,
thereby destroying the phospholipid layer of the cell
membrane.62,63 As the duration of hypoxia increases, the
intracellular calcium ion concentration increases significantly,
leading to intracellular calcium overload and further causing
myocardial cell damage. This phenomenon is more obvious
in patients with chronic CVD, such as coronary heart disease
and heart failure.64,65

Side effects of treatment drugs

Clinical studies have confirmed the effects of chloroquine on
arrhythmia caused by prolonged QT intervals, conduction
disturbances, and increased autonomy.66,67 The clinical
manifestations of chloroquine-induced cardiotoxicity are not
specific, and one or more of the following abnormalities can
appear68,69: (i) cardiac conduction disorders; (ii) ventricular
premature beats, sometimes in the doublet or triplet,
occasionally atrial flutter or atrial fibrillation; and (iii) a history
of ventricular fibrillation and cardiac arrest in individual cases.
The dosage of and indication for chloroquine were specified
in the COVID-19 protocol (trial seventh edition), and it was
pointed out that additional data on adverse cardiac reactions
were needed.

Psychological factors

SARS-CoV-2 infections, especially severe infections, can cause
significant anxiety.70 These physical and psychological stress
processes lead to the release of large quantities of catechol-
amines, leading to direct myocardial damage.71

Underlying cardiovascular diseases

There is a high proportion of elderly patients among critically
ill patients. Therefore, the chances of critically ill COVID-19
patients having co-morbid CVD are higher.26 According to
reports on clinical observations and research, approximately
one-third of COVID-19 patients have hypertension and
CVD.4,22 In this group of patients, SARS-CoV-2 infection
aggravates the existing CVDs.

Treatment

Treatment of cardiovascular complications

Treatment is based on the correction of hypoxia, general
treatment, and myocardial nutrition; there are additional
appropriate treatments according to the type of arrhythmia.
At the same time, clinicians should be alert to the occurrence
of malignant arrhythmias.72 β-Receptor blockers can be given
to reduce the heart rate. Patients with atrial fibrillation and
supraventricular tachycardia can undergo cardioversion
therapy. Those with tachycardia can immediately be given
electrical cardioversion, beta-blockers, amiodarone, and
sedative-induced hibernation. When concomitant heart
failure requires the active correction of hypoxia, diuresis,
and vasodilator treatment, positive inotropic drugs such as
digitalis, dobutamine, and levosimendan can be given at the
same time if necessary.
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Treatment of coronavirus disease 2019

Remdesivir (GS-5734), an adenosine analogue, interferes with
the action of viral RNA-dependent RNA polymerase through
its active form, GS-441524, resulting in the reduced produc-
tion of viral RNA. A recent double-blind, randomized,
placebo-controlled trial of intravenous remdesivir treatment
in 1063 COVID-19 patients showed that remdesivir can signif-
icantly reduce the recovery time of patients.73 Another study
showed no significant difference between the 5 day course
and 10 day course of remdesivir in patients with severe
COVID-19 who did not require mechanical ventilation. Unfor-
tunately, there was no placebo control group in the study, so
the magnitude of the effect of remdesivir is uncertain.74

Lopinavir and ritonavir, protease inhibitors, are used to
treat HIV infection. There are some suggestions that the use
of lopinavir–ritonavir can shorten ICU stays and the time to
hospital discharge.75 However, a recent study including hospi-
talized adult patients with severe COVID-19 found no benefit
with lopinavir–ritonavir treatment compared with standard
care.75 Therefore, the possibility of a treatment benefit needs
further investigation in future trials.

Earlier studies suggested that chloroquine can effectively
inhibit SARS-CoV-2 infection.76 Therefore, chloroquine has
been used as a clinical drug for the treatment of COVID-19.
However, the role of hydroxychloroquine and chloroquine
in the treatment of COVID-19 has been challenged by recent
studies. A recent randomized trial showed that after high-risk
or moderate-risk exposure to COVID-19, hydroxychloroquine
had no preventive effect when used as postexposure prophy-
laxis within 4 days after exposure.77 An observational study
from a large medical centre in New York City found no asso-
ciation between hydroxychloroquine use and intubation or
death.78 An analysis of the World Health Organization

Pharmacovigilance Database described potentially lethal
acute cardiac proarrhythmogenic effects leading to ventricu-
lar arrhythmias mainly with azithromycin but also with
hydroxychloroquine, and the two have a synergistic effect.67

In addition, the prolonged use of hydroxychloroquine was
also associated with potentially lethal heart failure.67

Conclusion and future directions

There is an interaction between COVID-19 and CVD.
SARS-CoV-2 can cause CVD, including acute myocardial injury,
arrhythmia, and heart failure, through a variety of pathways.
COVID-19 patients with underlying CVD have a higher mortal-
ity rate. Therefore, close attention should be paid to cardio-
vascular complications during the diagnosis and treatment
of COVID-19 to reduce the mortality of patients. At present,
there is insufficient evidence that the use of ACEIs/ARBs
aggravates the condition of COVID-19 patients. Therefore, it
is not necessary to stop treatment with ACEIs/ARBs in CVD
patients after SARS-CoV-2 infection.
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