
© 2020 International Journal of the Cardiovascular Academy | Published by Wolters Kluwer - Medknow 143

Review Article

Introduction

A novel coronavirus was recognized as the reason of a 
group of pneumonia cases of unidentified etiology in 
Wuhan, China, at the end of December 2019, hence named 
as coronavirus disease‑2019  (COVID‑19).[1] COVID‑19 
has quickly become widespread, resulting in a pandemic, 
affecting millions of people worldwide.[1,2] Meanwhile, an 
interesting fact was observed and described first in Wuhan.[2] 
Infection has been detected more in men than woman (about 
60% of infected were men).[1,2] Besides, death rate and severe 
course of disease observed more in men than women (2.8% 
death rate for men vs. 1.7% for female).[1,2] Not only China 
but also other countries repeated the Chinese experience; 
for instance, 58% of COVID‑19‑infected patients as well 
as 70% of infection‑related deaths were observed in men 
in Italy.[3]

There are numerous observations of gender differences 
in different infectious diseases’ course in the literature.[4,5] 
Moreover, the data from recent coronavirus epidemics – severe 
acute respiratory syndrome  (SARS, 2003) and Middle East 
respiratory syndrome  (MERS, 2012)  –  demonstrated a sex 
susceptibility (mortality in males 21.9% vs. females 13.2%).[6,7]

Although the underlying mechanism of this phenomenon 
is still unknown, factors such as, the effect of X 
chromosome, immunologic distinction, lifestyle choices, and 
employment status are mostly associated with lower female 
mortality  [Figure 1]. The aim of this review is to highlight 
the most relevant connections between COVID‑19 and low 
mortality rate in women globally.
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The Effect of X Chromosome

The X chromosome translates most immune‑mediated genes 
in the human genome which could be an explanation of 
higher female immune response.[8] Angiotensin‑converting 
enzyme 2 (ACE2) and its role in viral transmission are one of 
the most discussable points in the current COVID‑19‑related 
literature.[9,10] An interesting explanation of the influence of 
X chromosome and hormones in the severity of COVID‑19 
is proposed by Foresta et al.[11] According to recent findings, 
ACE2 binds the viral spike protein, this allows transmembrane 
serine protease‑2  (TMPRSS2) to prime S protein.[11] This 
favors viral infection of human alveolar epithelial cells. There 
is a difference in ACE2, TMPRSS2, and ACE expression in 
males and females.[12] ACE2 is particularly important in tissue 
response to viral infection because it converts angiotensin I 
into angiotensin 1–7, which binds to Mas receptor (MasR).[12] 
MasR has a protective role in promoting hypotensive and 
anti‑infammatory pathways.[12] Conversely, ACE converts 
angiotensin I into angiotensin II/III which causes tissue 
injury, by binding angiotensin II Type  1 receptor. ACE2 
expression is higher in women because its gene is located on 
the X chromosome (two copies) and estrogens promote ACE2 
expression.[13] In males, there are lower ACE2 levels compared 
to women because they have just one copy of ACE2 gene and 
lower estrogens production.[9,10] The low ACE2 pool in men 
favors the ACE pathway which causes tissue injury.[9,10]

Another enzyme that plays a key role in the penetration, 
spread and replication of the SARS‑Cov‑2 virus in the human 
body and which is responsible for the second step of virus 
penetration, is TMPRSS2, which is encoded by the TMPRSS2 
gene.[14] TMPRSS2 is also crucial for viral activation and 
cell entry not only in COVID‑19 but also in other types of 
coronaviruses and influenza viruses, such as SARS‑CoV 
and H1N1.[15] TMPRSS2 gene expression was firstly cloned 
and marked in prostate cancer.[16] Moreover, it is known that 
TMPRSS2 related androgen expression regulates the prostat 
cancer cells.[17] The high appearance of TMPRSS2 in prostate 
cancer in addition to the robust association with androgens 

brings up to the idea of the potential role of this protease in 
the COVID‑19 outbreak.[17]

TMPRSS2 is expressed in the lung, but also outside, that can 
facilitate the extrapulmonary viral dissemination into the whole 
body.[18] Some small immunohistochemistry studies put forward 
the idea that this protein is present more in bronchial epithelial 
cells than in surfactant producing type II alveolar cells and alveolar 
macrophages.[18]

Different factors of TMRPSS2 protein expression in the lung 
could align with risk factors of TMRPSS2 fusion‑positive prostate 
cancer and might be useful to be investigated in terms of risk 
reduction of respiratory infection.[17,18]

Furthermore, the promoter of TMPRSS2 has androgen‑responsive 
elements.[11] This leads to increased expression of TMPRSS2 in 
males.[11] These could be the explanation why with the same viral 
load, men experience more severe tissue damage, compared to 
women.[11]

The Effect of Immunology

The initial pathogenesis of the SARS is due to the COVID‑19 viral 
infection; however, an excessive and aggressive inflammatory 
response is the key factor of survival in severe cases.[19,20] Hence, 
one of the possible explanation for gender different predisposition 
relies on immunologic system and the influence of hormones on 
the immunological factors.[21,22] Estrogen (E2)/progesterone (P4) 
appeared to have a pivotal role in immunomodulation and 
protection from the development of COVID‑19 disease.[21] This 
is supported by the knowledge achieved with SARS‑CoV2 
predecessors  (SARS‑CoV and MERS‑CoV). A  translational 
research on a SARS‑CoV‑infected mice model demonstrated 
that male mice were more keen on developing severe 
infection, and their mortality rate was higher compared to 
female mice.[22] Examination of the male infected mice lungs 
showed more severe hyperemia and vascular leakage. This was 
consequent to an excessive inflammatory and cytokine innate 
response.[22] Estrogens or estrogen‑receptor agonist/modulator 
had a protective function on female mice; indeed, ovariectomy 
resulted in increased mortality. Conversely, androgen did not 
show any influence on the disease outcome.[22] These findings 
were consistent with another research which detected where 
influenza A virus replication was decreased in human nasal 
epithelial cells by estrogen‑receptor‑2 agonists/modulators.[23]

Eestrogens receptors are expressed in all immune cells (CD4+ T 
lymphocytes, CD8+ T cells, monocytes, and B lymphocytes.[24] 
Experiments on human models and mice demonstrated that 
estrogens suppress the production of interleukin  (IL)‑6, IL‑1 
β, IL‑17 and tumor necrosis factor  (highly pro‑inflammatory 
cytokines) and decrease migrations of immune cells into the 
inflamed area. Furthermore, estrogens increase the production 
of anti‑inflammatory cytokines by CD4+ helper and promote 
immune tolerance by T regulatory cells.[24]

A similar immunomodulatory and anti‑inflammatory hormone is 
produced by progesterone (P4).[25,26] Progesterone is able to reduce 

Figure 1: Factors associated with low female mortality
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the production of pro‑inflammatory IL‑1β and IL‑12 cytokines 
and favors the CD4+ Th2‑type cell, which has anti‑inflammatory 
effect.[25,26] Furthermore, estrogens favor the production of 
antibodies (Abs) by B‑cells.[25,26] On the base of the effectiveness 
of serum of convalescent patients in SARS‑CoV2‑infected 
patients, it seems that Abs have an important role in the 
neutralization of the virus.[25,26]

Another interesting aspect which could explain the sex 
difference in the severity of COVID‑19 is related to Vitamin 
Ds affect on the immunological system.[27,28] In the translational 
model, Vitamin D was able to decrease influenza A and rotavirus 
replication.[29] Although it has not been proven in case of 
COVID‑19, it is possible that supplementation of Vitamin D, 
quite common in female old patients, can exert a protective effect 
like the one in case of respiratory syncytial virus‑infection.[30]

The Effect of Demographic and Sociological 
Factors

Although sex and gender are often used synonymously, they 
imply profound differences in the meaning.[31] Sex refers to the 
pure biological determinants of an individual, while gender 
refers to the sum of social roles, education, behaviors, and 
activities that are considered appropriate for men and women 
in any given society.[31] Thus, when analyzing the striking 
difference in mortality between male and female affected by 
COVID‑19, the possible explanations seem to go beyond the 
simple biological differences.

Italian pilot data of patients with severe COVID‑19 disease 
show strong associations with existing comorbidities such 
as hypertension, cardiovascular disease and chronic lung 
diseases.[32] The presence of cardiovascular diseases increases 
overall patients’ fragility and in the COVID‑19 setting has been 
observed to enhance the risk of death.[32] Coherently, the higher 
incidence in male population of heart and lung disease to a 
certain extent can be explained by to the gendered behaviors. 
For example, rates of smoking tobacco and drinking alcohol are 
all substantially higher in men than women.[32] These behaviors 
on the one hand increase the risk of developing comorbidities 
associated with adverse outcomes in COVID‑19, and on the 
other hand, they reflect some gender‑based customs that may 
expose male population to a higher risk of COVID‑19 clinical 
worse expression.[32]

About 50% of men in China smoke compared to 2% of 
women.[33] Preliminary data suggest that smoking is associated 
with adverse outcomes of COVID‑19, specifically a higher risk 
of being admitted to the intensive care unit, need for mechanical 
ventilation, and death.[34] Although the difference of smoking 
among genders is not that striking in some western European 
countries, such as Germany and Spain,[35] it still remains in the 
overall global population and may partially explain the excess 
of male Covid‑19 mortality,[35] especially when considering its 
exponential effects taken together with the other risks factors 
exposing man to a higher risk of COVID‑19 mortality.[35]

One of the other gender‑based drivers as possible explanations 
for gender gap in COVID‑19 mortality is men’s general lower 
perception of dangerous situations, their lower attitude of 
feeling disease’s symptoms, and in turn not seeking medical 
attention on time.[36] Besides, a meta‑analysis conducted in 2016 
showed that women are about 50% more likely than men to use 
nonpharmaceutical protective equipment during a pandemic, 
such as wearing face masks, using soap for handwashing, and 
avoiding public transport.[37] Similarly, a survey conducted 
between March 2 and 13 found that women were more concerned 
about COVID‑19 than men (62% vs. 58%).[38] This suggests that 
deliberate observance of health measures, such as social distancing 
during the COVID‑19 pandemic, may be at least lower among 
men.[38]

The Effect of Obesity

Obesity is another factor of COVID‑19‑related mortality.[39] In a 
study of roughly 17,000 UK inhospital patients with COVID‑19, 
male population requiring hospital admission was significantly 
higher  (60.2% vs. 39.8%) and patients who were obese, with 
a body mass index (BMI) of more than 30, had a 33% greater 
risk of death than those who were not obese.[39] Nevertheless, 
international rates of obesity are higher in women than in men, and 
interestingly, severe obesity (BMI ≥40) impacts life expectancy 
more in men than in women, by a reduction of as much as 20 years 
in men and by about 5 years in women.[40] The greater reduction 
in life expectancy for men seems to be consistent with the pattern 
of fat distribution.[41] These differences between the two patterns 
of obesity include anatomical, physiological, molecular, clinical, 
and prognostic outcomes with visceral adipose tissue being more 
prone to production of inflammatory and immune cells, compared 
to subcutaneous adipose tissue.[41] Moreover, android obesity 
has a more direct effect on pulmonary mechanics than gynoid 
obesity and is strongly related to worse metabolic and clinical 
consequences of obesity.[42] In addition to the endocrine effects, 
android obesity may enhance COVID‑19 mortality through 
its detrimental effects on lung capacity, namely by decreasing 
lung and chest wall compliance and possibly contributing to the 
respiratory symptoms of obesity such as wheezing, dyspnea, and 
orthopnea.[43]

Conclusion

The novel COVID‑19 pandemic creates an enormous health 
burden globally. Although men and women are equally likely 
to contact COVID‑19, men are significantly more prone to 
suffer from severe consequences of the disease.[1] As the 
data from all over the world enhance, the underlying unique 
pathophysiological mechanisms of the disease’s different 
course among genders will hopefully be explored.
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