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AB S T R AC T
Introduction: The emergence of the global COVID-19 pandemic

caused by the severe acute respiratory syndrome coronavirus (SARS-CoV-
2) has created a substantial burden on healthcare systems worldwide re-
sulting in over 4 million deaths. The systemic impacts of COVID-19 infec-
tion are severe and broad in their implications, and the cardiovascular sys-
tem is no exception. The SARS-CoV-2 binds the angiotensin-converting
enzyme-2 (ACE2) receptor to infect host cells, with ACE2 representing a
critical regulator of blood pressure homeostasis and proper cardiovascu-
lar functioning.

Discussion: Patients with a history of cardiovascular disease are at
an increased risk for hospitalization and mortality, and COVID-19 infec-
tion has now been demonstrated to initiate acute, but serious, episodes
of cardiovascular events such as stroke or myocardial infarction (MI). As
cases continue to rise around the world, understanding the interplay be-
tween COVID-19 infection and the cardiovascular system will be impor-
tant for healthcare systems to adequately respond to the pandemic and
prepare for future challenges.

Conclusion: Evidence suggests that COVID-19 infection can spur
the onset of various cardiovascular pathologies, including thrombosis,
stroke, arrhythmia, andMI, and these complications contribute to poorer
patient outcomes. Patients presenting with symptoms of cardiovascu-
lar disease may also be foregoing medical treatment out of fear that is
brought on by the pandemic or due to strain on healthcare systems pre-
venting access to care. The direct physiological and indirect social con-
sequences of COVID-19 will undoubtedly lead to further challenges for
healthcare systems now and in the future.

Relevance: This paper discusses the deleterious cardiovascular con-
sequences induced by the global COVID-19 pandemic.
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1 | INTRODUCTION

In December of 2019, the world was introduced to a
novel coronavirus, coined the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which is respon-
sible for the Corona Virus Disease-19 (COVID-19) pan-
demic. Since its emergence in China, COVID-19 has es-
calated into a global pandemic infecting over 199million
people and resulting in over 4.2 million deaths world-
wide. (1) As case counts continue to climb, it has be-
come increasingly evident that patients with underlying
cardiovascular disease have an increased risk of mortal-
ity and morbidity as a result of COVID-19 infection.

Cardiovascular disease encompasses a wide range of
pathologies including heart disease and stroke and is re-
ported by the World Health Organization as the leading
cause of mortality worldwide. Clinical and epidemiolog-
ical evidence presents a clear link between pre-existing
cardiovascular disease and the severity of COVID-19
infection, as people with underlying cardiovascular dis-
ease appear to bemore vulnerable to becoming severely
ill and/or dying from the virus. (2) However, the asso-
ciation between infectious disease and cardiovascular
disease is not a recent discovery. Over the last cen-
tury clinicians have noted an increase in incidence of
acute myocardial infarction (MI) during outbreaks of in-
fluenza. (3) In a cohort of 332 patients, the incidence
of admissions for MI was six-times higher during the 7
days after confirmation of influenza infection than dur-
ing the control interval (1 year pre-and post-confirmed
influenza infection). (4) Other observational studies us-
ing clinical data have further confirmed an increased in-
cidence ratio and increased odds for adverse cardiovas-
cular reactions following lab-confirmed influenza infec-
tion in large cohorts of patients. (5, 6) While these stud-
ies give strong support for influenza’s role in increasing
the likelihood of cardiovascular events, the pathological
mechanisms underlying these observations have been
reconsidered in the wake of the global COVID-19 pan-
demic.

Considering the rapid spread of COVID-19 across the
world and the inability of countries to address and ade-
quately respond to the effects of the pandemic, there

is an increased need for understanding the interplay be-
tween COVID-19 infection and cardiovascular disease.
This review will briefly introduce how COVID-19 inter-
acts with the cardiovascular system, describe why pa-
tients with cardiovascular disease are at an increased
risk of succumbing to COVID-19, and discuss what the
long-term cardiovascular implications of COVID-19 in-
fection could mean.

2 | THE MECHANISMS BEHIND
COVID-19 INFECTION AND
RELEVANCE TO THE CARDIO-
VASCULAR SYSTEM

COVID-19 infection is described as having three phases,
beginning with mild upper respiratory syndrome, fol-
lowed by a parenchymal pulmonary phase characterized
by marked hypoxemia, and finally progression to a hy-
perinflammatory prothrombotic phase with multiorgan
dysfunction and strong potential for thromboembolism.
The substantial proinflammatory response to viral in-
fections upregulates the frequency of immune cell sub-
sets, such as macrophages, that induce a cytokine storm.
Further systemic effects include increased expression
of tissue factor, markers of thrombin generation and
platelet activation, complement activation, and an in-
creased risk of intravascular thrombosis. Whether, and
to what degree, the clinically recognized cardiovascular
manifestations of COVID-19 are a direct result of viral
injury, prolonged hypoxemia, vascular endothelial cell in-
fection/inflammation, cardiac pericyte infection, or in-
travascular thrombosis remains unknown. Vascular com-
plications of COVID-19 have also been reportedwith ev-
idence of viral particles within vascular endothelial cells
and diffuse vascular endothelial cell injury associated
with increases in inflammatory mediators of the lungs,
heart, kidneys, and intestinal tissues that could culmi-
nate in thrombotic disease, stroke, arrhythmias, myocar-
dial infarction, neurological manifestations including en-
cephalopathy, acute respiratory distress syndrome, pro-
teinuria, acute kidney injury, septic shock, and multiple
organ failure (Figure 1). (7)
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F IGURE 1 COVID-19 induces systemic inflammation that affects the lungs, heart, brain and kidney.
The coronavirus, SARS-CoV-2, that causes the disease, COVID-19, enters the cell using the ACE2 receptor. The principal point of entry is
the upper respiratory tract. Viral entry into the cell induces inflammation in the respiratory tract, manifesting in progressive systemic
inflammation with a cytokine storm. The increase of immune cells, cytokines, and inflammatory mediators affects several organs such as the
heart, lung, brain and kidney. The progression of systemic inflammation can promote acute respiratory distress syndrome, acute kidney
injury, thrombosis, stroke, arrhythmias, myocardial infarction, septic shock, and multiple organ failure.

Similar to the SARS-CoV-1 virus responsible for the
2002-2004 SARS epidemic, viral entry of SARS-CoV-2
occurs after proteolytic cleavage of the viral spike (S)
protein upon binding to angiotensin-converting enzyme-
2 (ACE2) receptor. This binding, in concert with S-
protein priming by the host cell transmembrane pro-
tease serine 2 precursor (TMPRSS2), leads to host
cell entry of the virus. Notably, SARS-CoV-2 is more
pathogenic, at least in part due to its 10- to 20-fold
increased binding affinity to ACE2 as compared to the
SARS-CoV-1 virus (Figure 1). (8)The fact that SARS-CoV-
2 utilizes ACE2 to gain entry into host cells provides
strong evidence that COVID-19 infection can have a
direct impact on the cardiovascular system. ACE2 is
a key modulator of the renin-angiotensin-aldosterone-
system (RAAS). The RAAS is a principal regulator of
blood volume and blood pressure homeostasis; con-

sequently, perturbations to RAAS signaling are at the
root of many cardiovascular diseases like hypertension
and heart failure. (9) ACE2 is positioned at a key in-
tercept in this homeostatic process by virtue of being
highly expressed in type II alveolar cells of the lung, car-
diac myocytes, cardiac pericytes, and vascular endothe-
lium, serving to convert the pro-hypertensive and pro-
inflammatory peptide angiotensin (Ang) II to Ang 1–7.
The effects of Ang 1-7 are multi-factorial and include
vasodilatory, natriuretic, anti-inflammatory, and antioxi-
dant effects. (10)

ACE2 expression levels are found to be increased
in many cardiovascular diseases, possibly as a negative
feedback mechanism to counter the effects of Ang II,
and may help explain why the symptoms of COVID-
19 appear to be more severe in patients with existing
cardiovascular conditions. (11) Increased expression of
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ACE2 provides more potential docking sites for SARS-
CoV-2 increasing the risk for initial infection. Subse-
quently, when the virus gains entry to the cell, ACE2
is internalized and thus no longer able to exert its anti-
inflammatory effects. (12) Viral particles have been iden-
tified in endothelial cells providing a possible trigger for
endothelial damage throughout the cardiovascular sys-
tem. (13) Endothelial damage is linked with hyperco-
agulability and may explain the increased incidence of
thrombosis and ischemic stroke seen with COVID-19
infection. (14, 15) Infection of kidney endothelial cells
is speculated to contribute to acute kidney injury in pa-
tients with COVID-19 and may exacerbate pre-existing
cardiovascular conditions. (15, 16)

3 | DISCUSSION

3.1 | Deleterious Cardiovascular
Manifestations of COVID-19 Infection

A concerning feature of COVID-19 is its unknown po-
tential for long-term negative impact on cardiovascular
health. A study released fromHong Kong demonstrated
that 42.3% of COVID-19 survivors with non-severe dis-
ease andwithout overt cardiacmanifestations displayed
cardiac abnormalities up to four weeks post hospital dis-
charge, with up to 8% displaying signs of myocardial in-
jury. (17) The studywas limited in patient number and in
duration (only 4weeks post infection); however, it raises
concern for a potential future influx of patients with car-
diovascular disease as the number of people who have
been infected continues to rise. The substantial sys-
temic inflammation induced by COVID-19 infection is
likely to have a sizable impact on cardiovascular func-
tion, as the immune system is a known driver of many
cardiovascular pathologies. The following sections will
briefly describe what the most frequently reported car-
diac manifestations of COVID-19 infection are and high-
light the mechanisms for how COVID-19 could induce
these poor cardiovascular outcomes.

3.1.1 | Thrombotic Disorders

It is now well established that COVID-19 infection can
induce a hypercoagulable state that can leave those in-
fected at an increased risk of acute thrombotic events
or coagulation abnormalities. (14) In fact, thrombotic
events were reported by one study in up to 31% of the
patients admitted to the ICUwith a diagnosis of COVID-
19. (18) The occurrence of thrombotic events in COVID-
19 patients is often identified by elevated circulating D-
dimer levels(19), which is a fibrin degradation product.
(20) In COVID-19 patients, the degree of D-dimer el-
evation correlates strongly with mortality(19, 21) and
may serve as an important prognostic tool for monitor-
ing the severity of the infection. Temporal increases in
D-dimer levels are a strong predictor for patient mortal-
ity, resulting in a critical diagnostic tool for early inten-
sive medical interventions. (21, 22) Other biomarkers
used to identify the occurrence of thrombosis include
Von Willebrand Factor, fibrinogen, and P-selectin, all of
which have consistently been found to be elevated in
COVID-19, marking the progression of the disease. (23)

Several mechanisms have been proposed to ex-
plain how SARS-CoV-2 induces this hypercoagulable
state, including endothelial injury(24) and increased in-
flammatory, and prothrombotic factors. (22, 25) Pro-
inflammatory cytokines such as interleukin (IL)-6, IL-1,
and interferon- have been reported to be significantly el-
evated in COVID-19 patients. (25) These cytokines are
known to damage endothelial cells, and this endothe-
lial injury can trigger pro-thrombotic cellular cascades.
Endothelial cells also highly express ACE2; therefore,
they are more susceptible to infection with SARS-CoV-
2. (13) Once infected, endothelial cells can enter in an
inflammatory state of cellular death, termed pyropto-
sis, triggering further immune activation, inflammation,
and subsequent thrombosis. Because the occurrence of
thrombotic events in COVID-19 patients has been as-
sociated with poorer patient outcomes,(26) several clin-
ical trials have emerged to identify the efficacy of anti-
coagulant therapies in the treatment of COVID-19 pa-
tients. (reviewed by (27))
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3.1.2 | Stroke

In April 2020, it was estimated that as many as 4.9%
of patients with COVID-19 had an episode of acute is-
chemic stroke during initial hospitalization. (28) Asmore
data has been collected, it appears that stroke actu-
ally occurs in closer to 1-2.7% of COVID-19 patients.
(29-32) However, whether SARS-CoV-2 infection con-
tributes to the development of stroke is still controver-
sial. A study of 14,483 patients infectedwith COVID-19
found a stroke prevalence of 1.1%, of which 42.6%were
of cryptogenic in etiology. (32) The authors, along with
several other groups, suggest that the hypercoagulabil-
ity state associated with elevated D-dimer could be an
underlying cause for the increased proportion of crypto-
genic stroke in patients; consequently, COVID-19 could
represent a novel stroke mechanism. (32-34) However,
a more recent study looking at a database of 27,676 pa-
tients, 8 163 of which had confirmed COVID-19, found
that acute stroke occurred in only 1.3% of infected pa-
tients, compared to 1%without COVID-19. This implies
that COVID-19 did not significantly influence the occur-
rence of acute stroke. (31) Similarly, a smaller study from
Italy did not find an association between COVID-19 in-
fection and stroke incidence. (35) Notably, neither of
the aforementioned studies investigated the incidence
of cryptogenic stroke. Therefore, we cannot exclude the
possibility that COVID-19 could influence the incidence
of cryptogenic stroke. Further investigation is required
to determine whether COVID-19 infection influences
stroke occurrence.

3.1.3 | Arrhythmias

Arrhythmias, or alterations to the rhythm of the heart,
have been one of themost common pathological cardiac
manifestation of COVID-19 infection. A global study
consisting of 4,526 patients from 12 countries and 4
continents found that approximately 18% of COVID-19
patients developed some form of arrythmia. (36) Even
more concerning, the authors found that 40% of pa-
tients with arrhythmia needed to be mechanically venti-
lated, and only half survived. Another recent publication

from Hong Kong followed patients with uncomplicated
COVID-19 infection for up to 4 weeks post hospital dis-
charge and found that 28% of patients developed an ar-
rhythmia. (17) The mechanistic details for how SARS-
CoV-2 can induce arrhythmia is still being deciphered,
but there is emerging evidence that SARS-CoV-2 can di-
rectly infect cardiomyocytes and induce acutemyocardi-
tis, which can lead to the development of arrhythmias.
(37, 38)

Interestingly, a 100-day observational study of 5,963
patients in the United States found that the incidence of
ventricular arrhythmias decreased as the pandemic pro-
gressed, with the largest percent decrease in the states
also with the highest COVID-19 case counts (up to 39%
decrease in incidence). (39) In a subpopulation of 2,458
patients that had been monitored before the onset of
the pandemic as well as during the pandemic, there was
a significant reduction in ventricular arrhythmias. The
authors speculated that this decline in the frequency
of arrhythmia was due to a reduction in factors that
favour or trigger arrhythmia, including reduced work-
place and/or social stressors while working from home
as well as decreased physical stressors induced by vig-
orous exercise. However, the authors remain uncertain
about the exact reasons for the decreased incidence of
arrythmia. It appears that COVID-19 infection can trig-
ger the development of arrhythmia in infected individ-
uals, but the social and workplace changes set in place
for the pandemic may actually be decreasing the over-
all occurrence of arrhythmia in the general population.
It will be interesting to follow future studies on the is-
sue to see how the incidence of arrhythmias change as
the pandemic progresses and safety protocols are lifted
across the globe.

3.1.4 | Myocardial Infarction

In early 2020 the cardiovascular complications associ-
ated with COVID-19 became much more apparent, and
studies finding an increased risk for MI associated with
COVID-19 infection began to appear in the literature.
(40) A study of 5,119 Danish COVID-19 patients found
that the instance of acuteMI was approximately 5 times
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higher in the 14 days following COVID-19 diagnosis
when compared to the 180 days before COVID-19 di-
agnosis. (41) A study across 4 hospital sites in New
York City also found significant increases in the haz-
ard ratio for arterial thrombotic events in COVID-19 pa-
tients, with MI being included under the umbrella of
these events. (26) When looking at patients 45 years
or older, the overall hazard ratio for arterial thrombotic
events ranged from 1.65 to 2.71 with the highest haz-
ard ratio associated with the oldest cohort (75 years old
and up). In Sweden, a study investigating 1,946 cases of
out-of-hospital cardiac arrest (OHCA) and 1,080 cases
of in-hospital cardiac arrest (IHCA), found that 10% of
all OHCA and 16% of all IHCA patients had COVID-19.
(42) Patients with a confirmed COVID-19 diagnosis had
a 3.4-fold (OHCA) and 2.3-fold (IHCA) increased risk of
30 day mortality in comparison to non-COVID-19 in-
fected individuals.

In contrast to the information presented above, many
hospital sites have actually seen a lower instance of MI
than what would have be observed before the COVID-
19 pandemic. In Italy, researchers found a significant re-
duction in admissions for MI across the country when
they compared the week of March 12 to 19 in 2020
with that of 2019. (43) Surprisingly, a reduction of nearly
50% inMI admissions was observed from 2019 to 2020.
A similar study looking at patients admitted for MI in
Austria found that over the course of March 2 to 29,
2020, there was a nearly 40% decline in hospital admis-
sions and in medical interventions for acute coronary
syndrome and MI. (44) This may sound like a sliver of
positivity in the midst of the pandemic; however, inves-
tigations into excess deaths due to COVID-19 paint a
more sombre picture.

While the available literature presents a surplus of
theory and speculation about hypothesized increases in
the instance of MI with COVID-19 infection, there is rel-
atively limited clinical evidence for increased MI in pa-
tients with a confirmed COVID-19 diagnosis. In theory,
both type 1 and/or type 2 MI could be precipitated by
COVID-19 infection. Type 1 MI is generally character-
ized by plaque rupture and thrombus formation(45), and
type 1 MI could be induced by systemic inflammatory

stress as a result of COVID-19, leading to plaque insta-
bility and rupture. (46) In the case of type 2 MI, hypoxic
respiratory failure along with fever, tachycardia, and en-
docrine dysfunction, as a result of infection, may lead
to an imbalance between cardiac oxygen supply and de-
mand. (47) Both of these outcomes have a relatively
poor prognosis without immediatemedical intervention,
and as more clinical data becomes available, it will be
possible to better understand the cardiovascular risks
associated with COVID-19. At the moment, our under-
standing of the real-world association between MI and
COVID-19 infection remains limited to the data that has
been released.

3.2 | Cardiovascular Disease and the
Link with COVID-19 Mortality

Cardiovascular disease is one of the most frequently as-
sociated co-morbidities of COVID-19 infection, and it
has been linked with a significant increase in the risk for
mortality. (48) A summary of studies around the world
that present data pertaining to the incidence of cardio-
vascular disease andCOVID-19mortality is presented in
Table 1. In general, it appears that patients with cardio-
vascular disease who become infected are more likely
to end up in the intensive care unit (ICU), and they are
also at an increased risk for mortality, regardless of their
country of residence. A global study found that the pro-
portion of the population with cardiovascular disease
significantly correlatedwith that same country’s COVID-
19 case fatality rate. (49) It was found that for every 1%
increase in a country’s incidence of cardiovascular dis-
ease, the death rate from COVID-19 was 19% higher.

The most prevalent comorbidity with COVID-19
upon hospital admission is hypertension (30-55% of
COVID-19 patients, Table 1). The presence of elevated
systolic blood pressure upon hospital admission was
a strong predictor for the severity of respiratory dis-
tress and overall patient mortality. (50) Early in the
pandemic, there was controversy as to whether or not
the usage of angiotensin converting enzyme inhibitors
(ACEI) or angiotensin receptor blockers (ARBs) should
be discontinued in patients with COVID-19, as there
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TABLE 1 Prevalence of comorbid cardiovascular disease upon admission and its effect on mortality.
CVD – Cardiovascular Disease, Other CVD defined as coronary artery disease, heart failure, stroke, vascular disease, congestive heart
failure or arrhythmia.
*Prevalence with an arrhythmia
† Prevalence of coronary heart disease and cerebrovascular disease combined.
‡ Numbers represent prevalence of composite endpoints: admission to intensive care unit, mechanical ventilation or death.
§ Based off of number of patients with arrythmia and cerebrovascular disease combined.
|| All patients in the study were admitted to the ICU. ||
¶ 920 patients were still hospitalized at the time of publication, therefore only the total number of patients that were either discharged or
who had died were used for calculating %.
**Patients categorized as severely ill.
†† Prevalence of coronary artery disease and congestive heart failure combined.

was fear over the effects these commonly prescribed
anti-hypertensives could have on ACE2 expression, and
in turn, COVID-19 infection rates. (12) However, sev-
eral studies have since emerged assuaging this concern,
reporting no significant differences in hospitalization,
length of stay, or mortality when these medications
were administered. (48, 51-53) Interestingly, a recent
observational study found that the transmission rate of
COVID-19 to household contacts was actually lower in
patients being treated with ACEI or ARB; however, cau-
tion must be observed in assuming a causal relationship.

(54) Currently, the AmericanHeart Association supports
the continued use of RAAS inhibitors for the manage-
ment of blood pressure in patients infected with SARS-
CoV-2. (55)

3.3 | COVID-19 and Ramifications for
Cardiovascular Disease Patient Care

Beyond the numbers of lives lost that were directly at-
tributed to COVID-19 infection, there remains a poten-
tial for cataclysm in the backlog of patients from an over-
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strained health care system. During the first and sec-
ond waves of the COVID-19 pandemic in Canada, many
hospitals forewent non-urgent procedures to reduce the
burden on an already overstrained health care system.
A study conducted in Ontario, Canada, showed that
more than 1,200 medical procedures, including coro-
nary artery bypass graft, angioplasty, and valve surgery,
were postponed every month due to the pandemic. (49)
This study revealed the serious disruption to essential
health care services that were needed by patients living
with cardiovascular disease.

In addition to decreased access to crucial medical ser-
vices for patients, there may also be hesitancy on the
part of patients to seek out medical attention due to so-
cial distancing and/or concerns of contracting COVID-
19 in the hospital setting. (56) Consequently, it seems
that many patients are not presenting themselves to
health centres when experiencingmild symptoms of car-
diovascular trouble out of anxiety or fear. (57) This phe-
nomenon is ultimately leading tomore deaths outside of
the clinical setting and contributing to excess deaths not
directly attributed to COVID-19. While hospitalization
rates for MI have decreased in the United States and Eu-
rope, fatality rates for patients hospitalized for acute MI
have increased. (58) This could be the result of patients
who are experiencing mild symptoms avoiding medical
care, while patients with severe symptoms seek out
treatment. In turn, only the more severe cases would
be treated in the clinical setting, and these patients are
less likely to survive, increasing fatality rates. In addition,
the patients experiencing mild symptoms may develop
more severe symptoms later, leading to a poorer progno-
sis when they eventually present to the clinic. Specula-
tion exists that the rates of hospital admissions for car-
diovascular events will have a sharp increase over the
coming months and years, as the patients who previ-
ously ignored their symptoms will be forced to access
the treatment they initially avoided. This phenomenon
is separate from the potential long-term cardiovascular
complications that may arise from COVID-19 itself. (59)
Taking into account (i) the increase in sedentary lifestyle
as a result of large-scale lockdowns, (ii) the decrease in
hospital visits for non-life threatening conditions due to

disruptions in treatment from COVID-19, and (iii) the
drug shortages paired with a lack of financial stability
leading to fewer prescription refills, the occurrence of
severe cardiovascular events has the potential to see a
dramatic rise over the coming years. (60-62)

4 | CONCLUSION

The COVID-19 pandemic has had a devastating toll
on health care systems worldwide. Patients with un-
derlying cardiovascular disease are at an increased risk
for hospitalization, admission to the ICU, and mortality
when compared to the general population. In addition,
accumulating evidence suggests that COVID-19 infec-
tion itself can induce the onset of various cardiovascu-
larmanifestations, including thrombosis, stroke, arrhyth-
mia, and MI. It is clear that these complications con-
tribute to worse outcomes for patients suffering from
COVID-19. Finally, patients with overt cardiovascular
complications may be foregoing medical interventions
out of fear or anxiety elicited from the COVID-19 pan-
demic. Taken together, the COVID-19 pandemic has di-
rect and indirect effects on the occurrence and manage-
ment of cardiovascular disease, and it is a matter to be
taken seriously by both clinicians and the research com-
munity alike.
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