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Since the emergence of CoronavirusDisease 2019 (COVID-19) in De- gaps in human participants regarding the basic science of ACE2, COVID-

cember 2019, this latest pandemic has represented a major global
threat. The disease is caused by a novel coronavirus (SARS-CoV-2)
which structurally resembles other coronaviruses (severe acute respira-
tory syndrome [SARS-CoV] and the Middle East Respiratory Syndrome
[MERS-CoV]). Although we are in the process of learning about this dis-
ease and trying to identify interventions that could slow this pandemic,
several experiences from outside the United States, namely from China,
Italy, and Iceland, and from New York have generated some interesting
observations. Even though the virus affects both women and men, men
appear to have disproportionately higher rates of mortality [1,2,8].

SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) for entry
into cells. Limited humandata suggest that SARS-CoV-2 binding to ACE2
may attenuate residual ACE2 activity, skewing ACE/ACE2 balance to-
ward a state of heightened angiotensin II production, leading to pulmo-
nary vasoconstriction, inflammation, and oxidative-related organ
damage resulting in an increased risk for acute lung injury. However,
as ACE2 is an “X” linked enzyme and some reports indicate an increase
in plasma ACE2 in older women, they would appear to be more vulner-
able to SARS-CoV-2. Yet, reports from China, Italy, and New York clearly
document that women have about half of the COVID-19 incidence with
much less disease severity and mortality compared with men. Perhaps
higher ACE2 produces more Ang-1-7, which provides more protection?
It may also be possible that higher ACE2 activity provides a more effi-
cient “sink” in eliminating the virus or preventing its attachment for tar-
get cell entry. Differential regulation of ACE2with sex hormonesmay be
working, as well. Investigation of this disparity could provide important
clues to better understanding complexities of this enzyme and improv-
ing COVID-19 outcomes.

Based on the pathophysiology of SARS-CoV-2 infection and pleiotro-
pic effects of ACE inhibitors (ACE\\Is)/angiotensin receptor blockers
(ARBs), these agentsmay have a potential role in themanagement of se-
lect patients with severe COVID-19. Studies to fill important knowledge
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19 serology and outcomes are clearly needed.
An ongoing clinical trial of convenience, WARRIOR, with projected

enrollment of 4422 women with symptoms and signs of ischemia but
no obstructive coronary artery disease is randomly assigning partici-
pants to either usual care or intensive medical treatment (IMT)
consisting of high dose ACE-I (or ARB), high potency statin, and low-
dose aspirin. Currently ~1000 women are enrolled and available for
COVID-19 investigation, at 50 sites across the US.

Epidemiological data from the epidemics of SARS-CoV in 2003–2004
and MERS-CoV in 2014 showed a similar sex-related pattern indepen-
dent of age [3]. Although theUS currently has the largest number of con-
firmed cases of COVID-19worldwide, the latest update from the Centers
for Disease Control does not provide any sex-specific data regarding
prevalence ormortality related to COVID-19. This is an important obser-
vation which deserves a pause to reflect upon and identify some poten-
tial reasons.

In China and Italy, advancing age of the hospitalized COVID-19
patients, as well as cardiovascular co-morbidities and pre-existing
cardiovascular disease, were predictors of worse outcomes [2,3]. As
epidemiological studies have shown that the prevalence of cardio-
vascular disease and certain risk factors such as smoking tend to be
higher among men, this finding might not be surprising. But this
alone is not likely to explain the remarkable difference in mortality
between sexes (~1.7 fold in Italy).

Animal models suggest that male mice were more susceptible to
SARS-CoV compared with female mice with matched age. This en-
hanced susceptibility was associated with accumulation of inflamma-
tory monocyte macrophages and neutrophils resulting in vascular
leakage and alveolar edema. Moreover, blocking estrogen receptors
among female micewas associatedwith increasedmortality suggesting
that estrogen receptor signaling might offer some protective effect for
female mice [4]. Human studies had long suggested that women have
a stronger humoral and cellular immune response to viral infections in
general [5]. This might be the case for coronaviruses as well. In a
study, which has not undergone peer review, of 331 Chinese patients
with COVID-19, there was no difference in plasma IgG levels among
mild and recovering cases between men and women. But among
severely diseased patients, plasma levels of IgG were higher among
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women comparedwithmen [6]. The viral surface spike protein of SARS-
CoV-2 enters the host cell by binding to the human ACE2 receptor,
which is prevalent in the lung but also present in the endothelium of
blood vessels of other organs including myocardium and brain. Animal
models have also suggested that male sex is associated with increased
expression of ACE2 receptors [7]. In addition, it is well known that
the prevalence of autoimmune disorders such as rheumatoid arthri-
tis and systemic lupus erythematosus is much higher amongwomen.
Perhaps the therapeutic agents used to manage these disorders such
as hydroxychloroquine, which in-vitro blocks the entry of SARS-CoV-
2 into the endothelial cells, and interleukin-6 receptor antagonists
(e.g., tocilizumab and sarilumab), which work to modify the cyto-
kine storm in severe cases, might play a role in treating COVID-19 pa-
tients (Fig. 1).

By observing this pattern of worse outcomes amongmen again with
COVID-19, how could this help usmoving forward? First, future studies,
including the anticipated studies from the US, should address the sex-
differences in the prevalence and outcomes of this disease, and try to
identify the predictors of worse outcomes among both sexes, as it ap-
pears that the virus behaves differently in men versus women. Better
understanding of these prognostic differences could help us better
risk-stratify patients. Second, therapies for certain auto-immune and
viral diseases such as interleukin-6 receptor antagonists and remdesiver
might be potential therapies. There are several ongoing trials evaluating
the merits of these agents in improving clinical outcomes. Finally, there
are two recently launched randomized phase 1 trials to evaluate for a
newly developed vaccine. It is imperative that randomized trials of the
vaccines as well as therapies consider recruiting an equivalent propor-
tion of women and men, as there have been many examples in the
past of therapies later shown to be ineffective in women due to
under-representation of women in the landmark trials.
Fig. 1. Postulated mechanisms for the worse outcomes observe
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