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C oronavirus disease 2019 (COVID-
19) is a quickly evolving public
health emergency. Currently, actual

death rates associated with COVID-19
cannot be calculated with accuracy. Among
other things, this is due to availability of
testing modalities and selection procedures
for testing, as well as asymptomatic disease,
all leading to undetected cases, thereby
impacting the estimation of death rates.
Nevertheless, on the basis of data released
from several countries and a recent study us-
ing a multinational COVID-19 registry,1

despite similar infection rates or even in
some cases more female than male infec-
tions, men appear to be disproportionately
affected by COVID-19 and at higher risk of
mortality than women.

A significant proportion of COVID-19
patients have underlying cardiovascular dis-
ease (CVD). Importantly, it appears that
elderly individuals with coronary heart dis-
ease or hypertension are more likely to be
infected and to develop more severe symp-
toms. Consequently, CVD and hypertension
are generally associated with increased crude
fatality rates. Although sex-disaggregated
data are currently scarce, it is not unreason-
able to expect that the proportion of COVID-
19 patients with CVD would be predomi-
nantly male.2 This could be an explanation
for the increased mortality observed in
male COVID-19 patients and is a hypothesis
that can be tested as data become available.

However, independent of pre-existing
cardiovascular conditions, increasing evi-
dence supports a link between COVID-19
and increased morbidity and mortality from
cardiovascular complications. Generally, res-
piratory infections are associated with a
short-term increase in cardiovascular risk
and the emerging data show that
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COVID-19 patients have acute coronary
events. Myocardial injury was demonstrated
by elevated cardiac biomarkers, that is, high
sensitivity troponin I, indicating myocardial
ischemia or non-ischemic myocardial events,
including myocarditis. This is not surprising,
given the severe respiratory infection and
hypoxia due to COVID-19. Cardiac arrhyth-
mias have also been reported in COVID-19
patients. Furthermore, among patients who
died, substantial cardiac damage was
observed. All these findings have been dis-
cussed in detail.3 We put forward that male
COVID-19 patients have an elevated risk of
cardiovascular complications, thereby
contributing to increased mortality.

POTENTIAL MECHANISMS OF
SEX-SPECIFIC CARDIOVASCULAR RISK
In light of this hypothesis, we propose here
potential mechanisms implicated in
COVID-19 pathogenesis that may provoke
cardiovascular injury and dysfunction in a
sex-biased manner, contributing to a greater
risk in male patients (Figure). These may
include pathways that regulate immune re-
sponses associated with elevated risk of inci-
dent CVD. Local and systemic inflammation
may lead to plaque instability and rupture.
Patients with COVID-19 have elevated in-
flammatory markers and neutrophilia.
Furthermore, inflammatory mononuclear
infiltrate in myocardial tissue of patients
with COVID-19 indicates myocardial inflam-
mation. Dysregulation of cellular pathways
associated with circulating leukocytes and
imbalanced responses of T helper cells are
indicative of cytokine storm, which may
result in cardiomyocyte injury with loss of
membrane integrity. A hyper-inflammatory
state further sustained by aberrant cytokine
release may promote hypercoagulability
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FIGURE. Potential mechanisms of sex-biased cardiovascular risk in coronavirus disease 2019 (COVID-19)
patients. Biological sex leads to male-biased regulation of several pathomechanisms that may contribute to
increased cardiovascular vulnerability of male patients to COVID-19, thereby leading to worse outcomes.
ACE ¼ angiotensin-converting enzyme; ANG ¼ angiotensin; F ¼ female; M ¼ male; RAAS ¼ renin-
angiotensin-aldosterone system.

SEX-BASED CARDIAC VULNERABILITY TO COVID-19
and thrombotic microangiopathy, ultimately
leading to myocardial infarction. Therefore,
increases in inflammatory factors and cell
infiltration may contribute to greater
Mayo Clin Proc. n November 2020;95(11):2332-2335 n https://doi.o
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vulnerability to cardiac dysfunction and
worse prognosis in male COVID-19 patients.
In this context, male-biased cardiac inflam-
matory responses are negatively related to
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cardiac function.4,5 In contrast, the female
sex is associated with finely tuned physiolog-
ical inflammatory responses linked to
improved functional recovery.6 Hypoxia-
dependent excessive intracellular calcium
may lead to cardiomyocyte death. Patients
with COVID-19 present with increased
lactate dehydrogenase levels. Notably, the
degree of cardiac cell death is more pro-
nounced in males than females under
various conditions.7

Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) uses angiotensin-
converting enzyme 2 (ACE2) as a host cell
entry receptor.8 ACE2 is an X-linked gene
with male-biased expression in several tis-
sues, including the heart.9 However, it is
currently unclear how circulating and tissue
concentrations of ACE2 could influence
SARS-CoV-2 susceptibility and disease viru-
lence in the heart. In patients with heart fail-
ure, plasma concentrations of ACE2 were
found to be higher in men than in women,
with the investigators suggesting that this
might explain the higher incidence and fatal-
ity rate of COVID-19 in men.10 However,
soluble ACE2 converts angiotensin II, a
potent vasoconstrictor also involved in cell
proliferation, hypertrophy, generation of
oxidative radicals, and inflammation, into
angiotensin 1-7, an angiotensin with antiox-
idant and anti-inflammatory effects, which
further decreases angiotensin II levels. As a
functional receptor on the cell surface also
for SARS-CoV, ACE2 is downregulated via
endocytosis upon viral entry into cells.8,11

As a result, there is decreased availability of
ACE2 for shedding, thereby affecting soluble
ACE2 levels and angiotensin II production,
ultimately promoting further pro-
inflammatory effects, oxidative stress and
vasoconstriction.11 In this context, there ap-
pears to be an important distinction in the
potential regulatory role between the
membrane-bound and soluble forms of
ACE2, with the latter conferring protection.
Consequently, lower soluble ACE2 levels
may be a contributing factor to increased
vulnerability of male patients to COVID-19,
accounting for imbalance of the renin-
Mayo Clin Proc. n November 2020;9
angiotensin-aldosterone system. Assessment
of soluble and membrane-bound ACE2
levels in the presence of SARS-CoV-2 and
the interplay with biological sex would
contribute to clarifying this seemingly con-
flicting situation indicating the complexity
of the renin-angiotensin-aldosterone system.

Several of the proposed mechanisms
have been implicated in sex-biased regula-
tion of cardiovascular (patho)physiology7

and could be relevant to sex-dependent car-
diovascular morbidity and mortality in
COVID-19 patients, ultimately leading to
male-biased susceptibility and severity.
Certainly, this is an area for future
investigation.

THERAPEUTIC OPPORTUNITIES
Although strategies such as social distancing
to slow the transmission of the virus are
important, hospitals must be prepared to
care for cardiovascular complications in
COVID-19 patients. This is particularly
important given that several therapeutic
agents evaluated for the treatment of
COVID-19 have not been shown to be effica-
cious. In light of the present theory, there
must be extra consideration of sex-specific
aspects in the management of these patients.
Subsequently, treatment strategies for car-
diovascular complications arising from
COVID-19 are necessary, which, however,
include the sex-biased epidemiologic obser-
vations made so far. Along this line, overall
immunomodulation may be among the ther-
apeutic options for targeting pathways dis-
cussed here. In particular, anti-
inflammatory drugs/immunosuppressive
agents, cytokine inhibitors, monoclonal anti-
bodies, including antieinterleukin-1 and
antieinterleukin-6, could protect against
cardiac injury particularly in male patients.
A glucocorticoid and interferon-backbone
combination regimen could also confer car-
diovascular benefit. Complement inhibitors,
anticoagulants, antiplatelets, and fibrino-
lytics may also be important components of
a combination therapy in COVID-19
patients protecting against cardiovascular
complications. Furthermore, considering
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the potentially sex-biased imbalance of the
renin-angiotensin-aldosterone system, solu-
ble human recombinant ACE2 would be ex-
pected to be beneficial. Several trials are
underway. However, there is a lack of sex-
specific analysis in the emerging concepts
and in the development of treatment strate-
gies. Nevertheless, the interaction of biolog-
ical sex with potential pharmacologic
agents under investigation and clinical
testing should not be neglected.12
CONCLUSION
Early identification of risk factors for
morbidity and mortality is necessary during
a pandemic, and overwhelmed health care
systems need to facilitate appropriate care
and prompt access to treatment strategies
for those at highest risk. Cardiovascular
comorbidities and complications are com-
mon in patients with COVID-19. Male pa-
tients appear to be at higher risk of
mortality and we have highlighted potential
mechanisms that may provoke cardiovascu-
lar injury and dysfunction in a sex-
dependent manner. However, it is currently
unclear if biological sex imposes an indepen-
dent risk or there is an effect of other (pre-
existing) factors (eg., smoking and limited
intensive care support). We call upon public
health agencies and health care systems to
report and release sex-disaggregated data to
facilitate further analyses.

Abbreviations and Acronyms: ACE2 = angiotensin-con-
verting enzyme 2; COVID-19 = coronavirus disease 2019;
CVD = cardiovascular disease
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