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ABSTRACT

When men are exposed to the coronavirus infection (SARS-CoV-2), compared with women,
they will suffer from more severe consequences of this disease, leading to a higher death
rate. These differences are probably due to sex-specific behaviors, genetic and hormonal
factors, and sex differences in biological pathways associated with SARS-CoV-2 infection.
Several socio-behavioral factors are involved in pathogenesis in men compared to women.
However, sexual-biological differences and their effects on SARS-COV-2 outcomes have
received less scholarly attention. Sexual-biological differences between healthy
populations and age- and sex-specific conditions such as pregnancy and menopause also
play a role. More extensive studies on gender-specific differences and robust analyses are
needed to determine how gender can alter the cellular and molecular pathways associated
with SARS-CoV-2. This will improve biomarker interpretation and clinical management of
SARS-COV-2 patients by facilitating a personalized medicine approach to risk stratification,
prevention, and treatment. The present review summarizes the available literature on the
proposed molecular and cellular markers associated with SARS-COV-2 infection, their
association with health outcomes, and any gender-specific variation reported.
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Introduction

n December 31, 2019, the World Health

Organization (WHO) received the first report of

pneumonia of unknown origin in Wuhan,

China. The disease was later named
coronavirus disease 2019 (COVID-19) or severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). It
quickly spread worldwide, leading to a high mortality rate.
COVID-19 compelled countries to implement measures like
social distancing and quarantine. However, specific
treatments for the disease are still lacking, and gender-
disaggregated data are notably scarce in the literature.
Nevertheless, available data indicate higher mortality rates
in men and the elderly. Gender differences in COVID-19
outcomes may result from a combination of biological
factors (genetic and hormonal) and gender-specific
behaviors. For instance, men are more likely to engage in
risky activities such as smoking and alcohol consumption.
Research has shown that certain enzymes, such as
angiotensin-converting enzyme 2 (ACE2) and
transmembrane protease, serine 2 (TMPRSS2) play a role in
SARS-CoV-2 cell entry, and their expression influences the
severity of the infection. Notably, TMPRSS?2 is regulated by
androgens, which may make men more susceptible to the
virus. While most research has focused on the male
reproductive system, reports of menstrual irregularities in
women suggest that COVID-19 may also affect the female
reproductive system. Women tend to experience fewer
severe complications, possibly due to differences in immune
responses regulated by the X chromosome. This review
article aims to identify knowledge gaps related to gender
disparities in COVID-19 and their implications for
screening, prevention, and treatment strategies.

Methods

Literature Search

A review was performed by searching through PubMed,
Scopus, and Web of Science for articles published between
January 2020 and September 2022. We used the following
keywords: "SARS-CoV-2, " "COVID-19," "gender, " "sex
hormones, " "androgens, " “estrogens, " "immune response,
" and "pathogenesis." We included original research,
systematic reviews, and meta-analyses focusing on the
impact of gender and sex hormones on SARS-CoV-2 in
humans or relevant animal models. Articles not published in
English and those unrelated to the topic were excluded.

Results

Numerous studies have explored the role of ACE2 and
Transmembrane Serine Protease 2 (TMPRSS2) in viral cell
entry, initiating investigations in animals and humans to
understand their influence on SARS-CoV-2 infection and
severity. Chromosomal and genetic variations, along with
sex hormone-mediated ACE2 and TMPRSS2 regulation
throughout the life cycle, are likely factors. Notably, the

ACE2 gene resides on the X chromosome, evading X
chromosome inactivation, with variable sex-dependent
expression across multiple tissues. Predominantly expressed
in the lung, heart, vascular endothelium, kidney, testis,
gastrointestinal tract, and circulating plasma, ACE2 is
influenced by estrogen, which, via estrogen receptor
signaling, reduces ACE enzyme expression, elevates ACE2,
Mitochondrial Assembly Protein, and angiotensin type 2
receptor (AT2R) expression, reducing inflammation,
fibrosis, and enhancing tissue repair.

The association of TMPRSS2 with prostate cancer
suggests that men on androgen deprivation therapy have
lower SARS-CoV-2 risk. TMPRSS2 expression appears to
be similar between genders in non-sex-specific tissues.
Yet, androgens exclusively induce TMPRSS2 gene
transcription, and patients with severe SARS-CoV-2
exhibit androgenic alopecia. This suggests androgen levels
contribute to severe infection risks. However, gender-
specific comparisons of TMPRSS2 expression and SARS-
CoV-2 outcomes remain limited.

C-reactive protein (CRP) serves as an early marker of
disease severity, with values exceeding 15 mg/L signaling
severity and those surpassing 200 mg/L correlating with a
higher risk of death. Notably, men with severe SARS-CoV-
2 exhibit elevated CRP levels independent of age and
comorbidities. Additionally, interleukins (ILs), including
IL-2 and TNF-a, are notably higher in young and old men
with SARS-CoV-2 compared to women. Inflammatory
cytokines and chemokines are also expressed at higher levels
in male SARS-CoV-2 patients. Further investigation is
required to understand the interactions between CRP,
interleukins, and SARS-CoV-2 outcomes.

Lymphocytes, crucial in responding to viral agents, are
associated with SARS-COV-2 severity. Although male
gender has been inversely associated with lymphocyte
counts in some studies, meta-analyses suggest that gender
does not affect lymphopenia or disease severity.
Immunoglobulin G (IgG) levels against SARS-CoV-2 tend
to be higher in women. These findings align with evidence
that women exhibit stronger antibody production and more
effective immune responses. The roles of sex steroids, such
as testosterone and estrogen, are recognized in these
acquired immune responses.

Neutrophil-to-lymphocyte ratio (NLR), a marker of
inflammation, exhibits sex-specific variations. Interferon
levels, important in regulating viral signaling pathways, tend
to be higher in women, suggesting a potential sex-specific
therapeutic approach.

Women with polycystic ovary syndrome (PCOS) face
increased cardiometabolic risks and may be at higher risk of
severe COVID-19. Hyperandrogenism is common in PCOS,
and antiandrogens could be considered as a potential
intervention for severe COVID-19 in women with PCOS.

Low vitamin D levels have been linked to disease
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severity, especially in the context of cardiometabolic
diseases. While the relationship between vitamin D and
COVID-19 severity remains debated, vitamin D's
immunomodulatory properties are noteworthy. Thrombotic
pathways regulation and its association with obesity and
diabetes, which are risk factors for severe COVID-19,
warrant further investigation.

Conclusion

The higher SARS-CoV-2 mortality rate and increased
disease severity in men compared to women are likely due
to a combination of behavioral/lifestyle risk factors, the
prevalence of underlying diseases, increasing age, and sex-
biological differences.

Based on the available literature, we conclude that sex-
biological differences may influence SARS-CoV-2
pathogenic mechanisms, the risk of infection, disease
severity, outcomes, and biomarkers. Indeed, experimental
and epidemiological evidence suggests that most of the
biomarkers tested for SARS-CoV-2 infection risk and
severity differ by gender at baseline in healthy populations.
However, the role of gender in the risk of infection and
disease severity is complex, and the available data are not
uniformly consistent. A notable example is the immune
response: although women generally exhibit a stronger
immune response, men are more likely to develop a cytokine
storm associated with poor SARS-CoV-2 outcomes. Further
investigation of immunomodulation by sex hormones, age,
and X-linked gene expression may help explain the worse
survival in men, and sexual risk factors for SARS-CoV-2
infection may influence SARS-CoV-2 outcomes and
prognosis.

In summary, despite differences between studies, there
is a general consensus that men are more susceptible to
SARS-CoV-2 infection and tend to develop more severe
cases of the disease, leading to a poorer prognosis compared
to women. This gender difference may be attributed to
various factors, including differences in health status,
lifestyle, as well as hormonal and immune system variables.
Although several studies report lower disease severity in
women with Covid-19, the exact explanation for this gender
gap is not yet fully understood.
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