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Men and COVID-19:
A Pathophysiologic Review

Martin S. Lipsky, MD'2 and Man Hung, PhD, MED, MSTAT, MSIS, MBA 345

Abstract

Coronaviruses are single-stranded ribonucleic acid viruses that can cause illnesses in humans ranging from the common
cold to severe respiratory disease and even death.In March 2020, the World Health Organization declared the 2019
novel coronavirus disease (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
as the first pandemic. Compared to women, most countries with available data report that men with COVID-19 have
greater disease severity and higher mortality. Lab and animal data indicate that men respond differently to the SARS-
CoV-2 infection, offering possible explanations for the epidemiologic observations. The plausible theories underlying
these observations include sex-related differences in angiotensin-converting enzyme 2 receptors, immune function,
hormones, habits, and coinfection rates.In this review we examine these factors and explore the rationale as to
how each may impact COVID-19. Understanding why men are more likely to experience severe disease can help in
developing effective treatments, public health policies, and targeted strategies such as early recognition and aggressive

testing in subgroups.
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Coronaviruses, a large group of single-stranded ribonu-
cleic acid (RNA) viruses, cause illnesses in humans
ranging from the common cold to severe disease includ-
ing severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS).In December
2019 in Wuhan, China, a new coronavirus appeared that
virologists believe originated in bats and transferred to
humans via an intermediary animal host (Andersen et al.,
2020). The new virus is now known as the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and
causes the disease recognized by the World Health
Organization (WHO) as 2019 new coronavirus disease
or COVID-19 (MayoClinic, 2020). As a novel virus with
little or no preexisting immunity to it, the SARS-CoV-2
spread through China and many countries. Recognizing
its worldwide spread, in March 2020 the WHO declared
COVID-19 as the first pandemic caused by a new coro-
navirus (WHO, 2020c).

COVID-19 infection can be asymptomatic or cause
symptoms such as cough, fever, and shortness of breath
that usually appear within 5 to 6 days of infection. While

the disease appears to produce mild to moderate illness
in most people, in others the infection can cause life-
threatening pneumonia and death. While each day scien-
tists learn more about the disease, the current consensus
is that transmission occurs primarily from droplets trans-
mitted by person-to-person contact as well as when a
person touches a virally contaminated surface or object
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and then touches his or her mouth, nose, or eyes (Li,
Guan, et al., 2020).

Pathophysiology

Named after its surface spikes that give it a crown-like
appearance, the coronavirus usually first infects the cells
lining the upper respiratory tract. The surfaces of these
cells are rich in angiotensin-converting enzyme 2 (ACE2)
receptors and the corona spikes act like a “key,” binding
to the ACE2 receptor or “lock” to open an entry for the
virus into the cell.Once inside the cell, the virus diverts
the cell’s machinery from its normal function and turns
the cell into viral factories that produce and release large
numbers of new viruses that then target more cells.Early
symptoms are mild, resembling the common cold, and in
about 80% of individuals the immune system resolves the
infection without further progression.In about 15% of
individuals the virus infects the cells of the lower respira-
tory tract, leading to cough, fever, shortness of breath,
and pneumonia (Wu & McGoogan, 2020). Lower respira-
tory infection triggers a heightened immune response
sending signals to release cytokines, which can cause a
high temperature and general malaise. If the immune
function is effective, the virus can be effectively sup-
pressed and the affected person enters the recovery phase.

Roughly 5% of individuals experience life-threatening
respiratory failure and multiorgan dysfunction. If the
virus disrupts the immune response and triggers excess
inflammation, the lung alveoli begin to fill with fluid and
severely compromise gas exchange. The virus enters the
circulation from the lung and can affect other organs,
which have a large number of ACE2 receptors on their
cell surfaces. The risk of disease progression and devel-
oping life-threatening disease is higher if the patient is
older, is immunocompromised, or has comorbidities such
as hypertension and diabetes (Lin et al., 2020). The exact
case fatality rate remains uncertain but is likely in the 1%
to 2% range (Cascella et al., 2020; WHO, 2020b).

Epidemiology

Worldwide there have been over 12,000,000 COVID-19
cases and more than 550,000 deaths. As of July 12, 2020,
the United States reported more than 3,000,000 cases and
135,000 deaths (WHO, 2020a).

Current reports continue to reflect earlier epidemio-
logical observations that while SARS-CoV-2 infects all
age groups, older men with chronic illnesses appear to be
more severely affected.The first suggestion that men
might be disproportionately affected emerged from an
early report from China (Chen et al., 2020). Since then
similar trends have been observed in other countries. In
Italy, a report on 3,200 COVID-19-related deaths showed
higher death rates for men than for women across all age

groups, with men accounting for about 70% of deaths
(Onder et al., 2020). To date, most countries with avail-
able data also report a disproportional mortality burden
among men, with the largest male-to-female ratios seen
in the Dominican Republic, Netherlands, Denmark, and
Philippines (GlobalHealth5050, 2020).

Not all states in the United States break down their
COVID-19 reporting by sex. However, in a recent analy-
sis of the 26 states with >2,000 COVID-19 cases, half of
the states disaggregated data using sex as a variable.
Similar to global findings, these 13 states reported that
men are twice as likely to die from COVID-19 than wom-
enare (Bischof et al.,, 2020). Disparities in outcomes
between men and women in illnesses caused by patho-
genic coronaviruses are not new.In both the SARS
outbreak in 2002—-2003 and the MERSof 2012, men expe-
rienced higher mortality rates (Karlberg et al., 2004).

Data from the U.S. Centers for Disease Control and
Prevention on COVID-19 hospitalization and mortality
rates also demonstrate disparities among racial and ethnic
minorities, with mortality rates for African American and
Latino men exceeding those for White or Asian males.
The research literature exploring racial disparities and
COVID-19 is limited (Shah et al., 2020), but after adjust-
ing for differences in sociodemographic and clinical
characteristics, race was no longer associated with
increased mortality(Price-Haywood et al., 2020). These
findings make it likely that the greater prevalence of con-
ditions such as obesity, diabetes, and hypertension and
socioeconomic factors including poorer access to testing
and treatment account for most if not all the mortality dif-
ference among men of color (Yancy, 2020).

The reason why mortality rates differ between men
and women remains uncertain. Proposed explanations
include differences in ACE2 receptors, immune function,
hormones, habits, coinfection rates, and gender influ-
ences related to masculinity.In this review we examine
these factors and explore the rationale as to how each
may impact COVID-19.

Potential Factors Impacting
COVID-19

ACE2 Receptors

ACE2 receptors are found on the cell surface and help
regulate a protein called angiotensin II. Angiotensin II can
increase blood pressure and inflammation, potentially
damaging blood vessel linings and causing other tissue
injury. ACE2 plays a role in converting angiotensin II to
other molecules that counteract its effects.

Infection with SARS-CoV-2 begins when the virus
binds to a host cell’s ACE2 receptor, creating a cellular
doorway for the virus to infect the cell (Verdecchia et al.,
2020). ACE2 is commonly expressed on the epithelial
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cells of the alveoli, trachea, and bronchi, and bronchial
serous glands of the respiratory tract, making them tar-
gets for the SARS-CoV2 virus. Studies suggest that men
have more ACE2 receptors than women do and express
more ACE2 in their lungs and heart, potentially explain-
ing the male predilection for more severe disease
(Cascella et al., 2020; Sama et al., 2020). Interestingly,
there are differences in ACE2 receptors in the reproduc-
tive organs, with the testes having significantly more
ACE2 receptors than the ovaries (Sharma et al., 2020).
Also, when the virus binds to ACE2, it inhibits the recep-
tor’s normal function, which includes inhibiting inflam-
mation. An imbalance between proinflammatory and
anti-inflammatory mechanisms can increase tissue injury,
especially in the heart and lung. Differences in ACE2
receptors may adversely affect inflammatory control,
leading to a more persistent viral presence and damaging
inflammation in men. Some evidence suggests that ACE2
may also be higher in patients with hypertension, diabe-
tes, and coronary heart disease and may in part explain
the association of these comorbidities with COVID-19
severity and mortality (Sama et al., 2020).

Immune System Differences

Differences in immune defenses likely contribute to the
discrepancies in COVID-19 outcomes between men and
women. Females typically generate higher innate and
adaptive immune responses when compared with males
and mount a more vigorous response to most invading
pathogens (Araneo et al., 1991; Barrat et al., 1997; Roberts
et al., 2001). Previous studies point to better outcomes for
respiratory infections in women,and men with pneumonia
are more likely to come to the hospital sicker and more
likely to die from pneumonia than women are, even when
controlling for behaviors and chronic conditions (Reade
et al., 2009). Epidemiological evidence from influenza
outbreaks and pandemics also reveals a higher morbidity
and mortality for menthan that for women in some age
groups (Klein et al., 2012).In animal studies, male animals
have poorer immune responses when exposed to the coro-
navirus and experience more damage to their lungs
(Vermillion et al., 2018).For both SARS and the MERS
coronavirus outbreaks, men fared worse than women did.
A key difference in women that may explain their
greater natural immune response is that women have two
X chromosomes in their cells, while men have one. The X
chromosome contains several important genes related to
immunity and immune regulation that are extensively
involved in shaping sex-specific innate and adaptive
immune responses (Schurz et al., 2019). Although X
chromosome inactivation might be expected to balance
female and male immune gene expression, several genes
on the X chromosomes can escape inactivation, which
results in women producing more proteins coded by these

genes.While the mechanism of how these genes become
active remains uncertain, X gene activation may account
for most immune differences between the sexes.An
example relevant to coronavirus infection is the X chro-
mosome gene coding for the protein called Toll-like
receptor 7 (TLR7). TLR7 helps control the innate immune
response by recognizing single-stranded RNA of viral
origin, like an RNA coronavirus that might be overex-
pressed in women and contribute to clearing the SARS-
CoV2 faster (Souyris et al., 2018).

Sex Hormones

Sex hormones play a role in modulating the immune sys-
tem and contribute to variations seen in the immunologic
responses of men and women. They help balance the
immune response between combating a viral infection
and triggering harmful inflammation. In general, the male
sex hormone testosterone is immunosuppressive, while
the female sex hormone estrogen tends to enhance the
immune response (Klein et al., 2015).However, the
impact of sex hormones on the SAR-CoV-2 is complex
and not fully understood. A recent German study found
that that critically ill male COVID-19 patients suffer from
severe testosterone and dihydrotestosterone deficiencies
and concluded that androgens are required to mount a
strong antiviral immune response to combat infection
in men (Schroeder et al., 2020). In contrast, another
study found that prostate patients’ androgen deprivation
therapy unexpectedly had better COVID-19 outcomes
(Montopoli et al., 2020). They recognized that coronavi-
rus entry into human cells is primed by a cell surface ser-
ine protease, an enzyme encoded by the transmembrane
serine protease 2 (TMPRSS2) gene (Paoloni-Giacobino
et al., 1997). TMPRSS?2 is an androgen-regulated gene
found in the lung tissue, and Montopoli et al. (2020)
speculated that testosterone stimulates TMPRSS2 gene
expression, causing an increased susceptibility of men for
severe SARS-CoV-2 infections.This theory suggests that
androgen deprivation might block or decrease the sever-
ity of SARS-CoV-2 infections.

In contrast, some theoretical evidence suggests that
low testosterone may be harmful.Inflammatory cytokines
have a central role in the progression of COVID-19 infec-
tion. While a robust immune system is needed to fight an
infection, unchecked, the response may be detrimental.
Several studies demonstrate that hypogonadism is associ-
ated with increased proinflammatory cytokines and that
testosterone may play a role in regulating the cascade of
events leading to progression of COVID-19 infection due
to the cytokine storm (Mohamad et al., 2019).

Since estrogen activates the immune system, an alterna-
tive explanation for the male/female difference for severe
COVID-19 is that the female hormone estrogen may be
protective. Evidence from both animal and human studies
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supports this theory. Studies in female mice found that
estrogen inhibited SARS-CoV replication, thereby protect-
ing the mice from infection (Robinson et al., 2014). Female
mice with artificially induced estrogen suppression, oopho-
rectomy, or hysterectomy lose this protection when
infected with the coronavirus and have mortality rates
similar to those of male mice (Channappanavar et al.,
2017). The thought that estrogen might be protective sug-
gests that supplemental estrogen might boost the immune
system. Ongoing trials are exploring whether giving men
estrogen improves COVID-19 outcomes.

Reade et al. (2009) also studied immune function in the
SARS-CoV-2 infection and found significant differences
between men and women in their levels of tumor necrosis
factor, interleukin-6, interleukin-10, antithrombin III,
Factor IX, plasminogen activator inhibitor-1, and D-dimer.
In some cases, concentrations for men were lower, while
in others they were higher.Since sex hormones exert spe-
cific effects on male and female immunocompetence at
both the cellular and the molecular level, it is not surpris-
ing to find differences in immune and inflammatory bio-
markers between men and women. For example, estrogen
receptors are found in most cells of the innate and adap-
tive immune system including T cells, B cells, neutrophils,
macrophages, dendritic cells, and natural killercells, while
androgen receptors are prominent in T and B lymphocytes
(Fish, 2008).Others also speculate that the different hor-
monal milieu could have a profound pathophysiological
role in SARS-CoV-2 infection, with endogenous testo-
sterone leaving men more prone to develop more serious
complications related to the SARS-CoV-2 infection
(Salonia et al., 2020).Given the range of findings and tes-
tosterone’s multifaceted role in an intricate system, at this
time perhaps all one can conclude is that testosterone can
modulate the immune system. While in general testoster-
one causes a less robust immune response and estrogen
helps females mount stronger immune responses, the
more robust immune response in females may also lead to
immunopathology resulting in fatal outcomes.Exactly
how and if sex hormones positively or negatively affect
outcomes in the milieu of COVID-19 remains uncertain
and represents an area of future inquiry. Unraveling the
exact role of the sex hormones offers the promise of devel-
oping beneficial therapeutic interventions.

Hygiene and Habits

Differences in hygiene and habits provide another explana-
tion for the sex-related differences seen with the SARS-
CoV-2 infection.Studies demonstrate that women wash
their hands more often than men do, raising speculation
that this might account for differences in COVID-19
between men and women (Suen et al., 2019).In this case,
there should be differences in the number of COVID-
19 cases as well as mortality. However, available

sex-disaggregated data for COVID-19 indicate that the
number of COVID-19 cases appear to be comparable
between men and women (Jin et al., 2020), making hygiene
an unlikely explanation for a death rate that is two times
greater for men than for women (Kocher et al., 2020).

An early theory was that higher smoking rates among
men accounted for sex-related differences.Intuitively
smokers would appear to be at greater risk from a respira-
tory infection especially since smokers are at greater risk
for dying from influenza. While early studies from China
suggested that smoking might account for the male—
female gap, later studies did not (Cai, 2020; Zhang et al.,
2020). A meta-analysis concluded that smoking was not a
risk factorand surprisingly epidemiologic data from
France suggested that smokers might even be at lower risk
than nonsmokers (Fontanet et al., 2020; Vardavas &
Nikitara, 2020).

Based on preliminary data from the United States,
persons with underlying health conditions such as diabe-
tes mellitus, chronic lung disease, and cardiovascular
disease appear to be at higher risk for severe COVID-19-
associated disease than persons without these conditions
(CDC, 2020). Another possibility is that men tend to
have higher rates of obesity, high blood pressure, diabe-
tes, cancer, and lung and cardiovascular disease, all of
which have been linked to COVID-19 severity. While
most studies continue to note a male predilection (Del
Rio & Malani, 2020; Lawton, 2020), one New York—
based study found that when they factored these condi-
tions into the analysis, although being male increased
the risk for hospitalization, sex was no longer one of the
main risk factors for severe COVID-19 (Petrilli et al.,
2020).Currently sex-disaggregated data are incomplete
(Shah et al., 2020), and this study highlights the need for
both further study and including sex in COVID-19 data
collection and reporting.

Finally, a study conducted in China found that men with
COVID-19 in hospital were more likely than women to be
carrying other viruses, including flu, and bacteria, suggest-
ing that carrying more microbial pathogens may contribute
to the severity of COVID-19 symptoms (Li, Zhang, et al.,
2020).Typically, men have lower vaccine rates than women
do for influenza and pneumonia, which might also account
for a higher coinfection rate (Bergman, 2017).

Masculinity

Sex refers to the biological distinctions between males and
female, while gender is the socially constructed differences
between men and women that give rise to masculinity and
femininity (Short et al., 2013). Masculinity is a social
determinant of health (Lutfiyya et al., 2014) and aspects of
masculinity intersect with biology in ways that may impact
male COVID-19 mortality both currently and in the future.
Toxic masculinity refers to cultural norms associated with
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health-impeding behaviors and highlights engaging in
risky behaviors such as the underutilization of health-care
services, drinking to excess, and smoking. These and other
unhealthy behaviors contribute to high blood pressure, car-
diovascular disease, and other comorbidities associated
with increased SARS-CoV-2-related mortality.

Alcohol misuse is already a public health concern in
the United States and over 9 million adult men have an
alcohol use disorder (NIH, 2020). Alcohol has the physi-
ological potential to unfavorably complicate COVID-19
in multiple ways, including adverse effects on the immune
and respiratory systems, where excessive alcohol intake
can damage the epithelial cells that line the lungs (Boe
et al., 2009).Ultimately, by complicating COVID-19 pre-
vention, treatment, and recovery, excessive alcohol intake
could certainly contribute to poorer outcomes in men.

While both male and females may delay seeking care,
men tend to delay care more often and visit their doctors
less often than women do (Mahalik et al., 2007). Arguably
without the availability of effective early treatment,
delaying care may not currently worsen COVID-19 but
may become an important issue as new therapies merge.
For example, flu antivirals work best when administered
carly in the disease course (Papenburg et al., 2020).
If drugs active against the SARS-CoV-2 virus act simi-
larly, then delaying care could adversely affect outcomes
in the future.While not directly linked to COVID-19
mortality, delaying care for other emergencies can indi-
rectly cause pandemic-related collateral damage (Gilligan
& Gologorsky, 2020; Rosenbaum, 2020). During the
COVID-19 pandemic, emergency room visits and
hospitalization drastically decreased for heart disease
and stroke, two potentially non-COVID-19-related life-
threatening conditions (Masroor, 2020). For example,
large hospital systems in California, Massachusetts, and
New York City have reported 43%—50% reductions in
admissions for myocardial infarction (MI) and other
acute cardiovascular conditions (Lange et al., 2020).
Health behavior seems to be the likely cause, since a
short-term decline in the incidence of heart disease of this
magnitude is biologically implausible.Early interventions
for these conditions can improve outcomes and mascu-
line behavior related to delaying or avoiding care might
indirectly add to male mortality during the pandemic.

Wearing masks also seems to be a masculinity-related
issue (Capraro & Barcelo, 2020). Data strongly suggest
that wearing masks reduces viral transmission, yet
fewer men than women wear masks (Chu et al., 2020).
According to the survey of 2,459 people, men who
shunned maskwearing cited concerns that face masks
make them look weak and uncool (Capraro & Barcelo,
2020). Opponents of maskwearing often view not wear-
ing masks in terms of bravery and risk-taking and, by
implication, brand mask wearers as effete or cowardly.
Resistance to mask wearing is not new and during the

1918 flu pandemic, men needed more convincing to
wear masks than women did.

Implications

There are several reasons why understanding how COVID-
19 affects men and women differently is important.One is
that it can provide clues to understanding the pathophysiol-
ogy of the SARS-CoV-2 infection that might lead to suc-
cessful interventions. Already trials are in place to explore
new options using existing drugs such as estrogen and/or
progesterone therapy for men and angiotensin II receptor
blockers (Healio, 2020; Sriram & Insel, 2020). The differ-
ence in TMPRSS2 gene expression suggests that drugs
that inhibit the enzyme’s activity might be beneficial.
Differences in immune responses between men and women
are often overlooked in the design and implementation of
vaccination strategies (Klein & Pekosz, 2014). With mul-
tiple candidate vaccines, it will be important to disaggre-
gate vaccine response by sex since vaccines may be more
effective if matched to an individual’s biological sex.Also,
as new vaccines are licensed, men and women may need a
different dosage to trigger immunity.Undoubtedly it will
be hard to ramp up production as new vaccines come on
line; therefore, vaccine availability might be extended by
giving lower doses to women without compromising effec-
tiveness.In addition to vaccines, other studies examining
preventive and therapeutic treatment should include pro-
spective sex- and gender-sensitive analyses in light of how
the SARS-CoV-2 differentially affects men and women.
The Randomised Evaluation of COVID-19 Therapy
(RECOVERY) trial reported that in patients hospitalized
with COVID-19, dexamethasone reduced mortality among
those patients receiving respiratory support (Rezaie, 2020).
At this stage the disease is dominated more by immunopa-
thology and less by active virus replication.The beneficial
effect of dexamethasone likely depends on using the right
dose, at the right time, and in the right patient. Sex-related
immune response differences raise the possibility that dos-
ing and timing might need to be tailored to biologic sex
(Horby et al., 2020).

Many men believe they are less vulnerable to COVID-19
(Capraro & Barcelo, 2020), and that has consequences for
how safe they really are during the pandemic. Educating
men about their increased risk of dying from COVID-19
might help in developing healthier behaviors.Having male
role models demonstrating and endorsing healthy habits,
wearing masks, and sharing their COVID-19 stories poten-
tially could help mitigate the spread of infection.Another
noteworthy dimension of toxic masculinity is the tendency
of some men to disregard the importance of personal hygiene
and handwashing. Rebranding mask wearing and hand-
washing as altruistic, patriotic, and a service to vulnerable
individuals might help men to view mask wearing, cleanli-
ness, and hygiene as being consistent with masculinity.
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Finally, a better understanding of COVID-19 risk fac-
tors can aide triage decisions, inform policy makers, and
improve projections on how to distribute resources. The
alarming rate at which minority men die from COVID-19
highlights the need to address the conditions of their lives
and the issues of insufficient resourcesand inequitable
testing and treatment.

Conclusions

Compared to women, men infected with COVID-19 expe-
rience more disease severity and a higher mortality. Lab and
animal data indicate that men respond differently to SAR-
CoV-2 infection and provide a basis for the epidemiologic
findings.These results are driving new therapeutic options.
Continuing to collect data disaggregated by sex can help
understand why men are more likely to experience severe
disease (Baker et al., 2020). These insights can direct public
health policies and targeted treatment strategies such as
early recognition and aggressive testing that reduce mor-
bidity and mortality among men (Smith et al., 2020).

Acknowledgments

The authors sincerely thank the Clinical Outcomes Research
and Education at Roseman University of Health Sciences
College of Dental Medicine for the support of this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Man Hung "2 https://orcid.org/0000-0003-2827-3740

References

Andersen, K. G., Rambaut, A., Lipkin, W. 1., Holmes, E. C., &
Garry, R. F. (2020). The proximal origin of SARS-CoV-2.
Nature Medicine, 26(4), 450-452. doi: 10.1038/s41591-020-
0820-9.

Araneo, B. A., Dowell, T., Diegel, M., & Daynes, R. A. (1991).
Dihydrotestosterone exerts a depressive influence on the
production of interleukin-4 (IL-4), IL-5, and gamma-inter-
feron, but not IL-2 by activated murine T cells. Blood, 78(3),
688—699.

Baker, P., White, A., & Morgan, R. (2020). Men’s health:
COVID-19 pandemic highlights need for overdue policy
action. Lancet, 395(10241), 1886—1888. doi: 10.1016/S0140-
6736(20)31303-9.

Barrat, F., Lesourd, B., Boulouis, H. J., Thibault, D., Vincent-
Naulleau, S., Gjata, B., Louise, A., Neway, T., & Pilet, C.

(1997). Sex and parity modulate cytokine production dur-
ing murine ageing. Clinical and Experimental Immunology,
109(3), 562-568. doi: 10.1046/j.1365-2249.1997.4851387 x.

Bergman, R. (2017). CDC: Fewer than half of Americans get
flu vaccine. The Nation’s Health, 47(9), E45.

Bischof, E., Wolfe, J., & Klein, S. L. (2020). Clinical trials for
COVID-19 should include sex as a variable. Journal of
Clinical Investigation, 130(7), 3350-3352. doi: 10.1172/
JCI139306.

Boe, D. M., Vandivier, R. W., Burnham, E. L., & Moss, M. (2009).
Alcohol abuse and pulmonary disease. Journal of Leukocyte
Biology, 86(5), 1097-1104. doi: 10.1189/j1b.0209087.

Cai, H. (2020). Sex difference and smoking predisposition in
patients with COVID-19. The Lancet Respiratory Medicine,
8(4), €20. doi: 10.1016/S2213-2600(20)30117-X.

Capraro, V., & Barcelo, H. (2020). The effect of messaging and
gender on intentions to wear a face covering to slow down
COVID-19 transmission. https://doi.org/10.31234/osf.io/
tg7vz

Cascella, M., Rajnik, M., Cuomo, A., Dulebohn, S. C., & Di
Napoli, R. (2020). Features, evaluation and treatment coro-
navirus (COVID-19). In StatPearls.

CDC. (2020). Preliminary estimates of the prevalence of selected
underlying health conditions among patients with corona-
virus disease 2019 - United States, February 12-March 28,
2020. MMWR Morbidity and Mortality Weekly Report,
69(13), 382-386. doi: 10.15585/mmwr.mm6913e2.

Channappanavar, R., Fett, C., Mack, M., Ten Eyck, P. P.,
Meyerholz, D. K., & Perlman, S. (2017). Sex-based differ-
ences in susceptibility to severe acute respiratory syndrome
coronavirus infection. Journal of Immunology, 198(10),
4046-4053. doi: 10.4049/jimmunol.1601896.

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., Qiu,
Y., Wang, J., Liu, Y., Wei, Y., Xia, J., Yu, T., Zhang, X.,
& Zhang, L. (2020). Epidemiological and clinical charac-
teristics of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: A descriptive study. Lancet, 395(10223),
507-513. doi: 10.1016/S0140-6736(20)30211-7.

Chu, D. K., Akl, E. A., Duda, S., Solo, K., Yaacoub, S., &
Schunemann, H. J., & on behalf of theCOVID-19 Systematic
Urgent Review Group Effort (SURGE) study authors
(2020). Physical distancing, face masks, and eye protection
to prevent person-to-person transmission of SARS-CoV-2
and COVID-19: A systematic review and meta-analysis.
Lancet, 395(10242), 1973-1987. doi: 10.1016/S0140-
6736(20)31142-9.

Del Rio, C., & Malani, P. N. (2020). COVID-19-New insights
on arapidly changing epidemic. JAMA, 323(14), 1339-1340.
doi: 10.1001/jama.2020.3072.

Fish, E. N. (2008). The X-files in immunity: Sex-based dif-
ferences predispose immune responses. Nature Reviews
Immunology, 8(9), 737-744. doi: 10.1038/nri2394.

Fontanet, A., Tondeur, L., Madec, Y., Grant, R., Camille, B., Jolly,
N., Fernandes Pellerin, S., Ungeheuer, M.-N., Cailleau, 1.,
Kuhmel, L., Temmam, S., Huon, C., Chen, K.-Y., Crescenzo,
B., Munier, S., Demeret, C., Grzelak, L., Staropoli, L., Bruel,
T., ... Hoen, B. (2020). Cluster of COVID-19 in northern
France: A retrospective closed cohort study. medRxiv. doi:
https://doi.org/10.1101/2020.04.18.20071134.


https://orcid.org/0000-0003-2827-3740
https://doi.org/10.31234/osf.io/tg7vz
https://doi.org/10.31234/osf.io/tg7vz
https://doi.org/10.1101/2020.04.18.20071134

Lipsky and Hung

Gilligan, J., & Gologorsky, Y. (2020). Collateral damage dur-
ing the COVID-19 pandemic. World Neurosurgery. doi:
10.1016/j.wneu.2020.05.091.

GlobalHealth5050. (2020). COVID-19 sex-disaggregated data
tracker. http://globalhealth5050.org/covid19

Healio. (2020). Study investigates estrogen patch use to lessen
COVID-19 complications. https://www.healio.com/endocrin
ology/hormone-therapy/news/online/%7B334d4dd8-cc70-
4672-9521-735440eef7da%7D/study-investigates-estrogen-
patch-use-to-lessen-covid-19-complications

Horby, P., Lim, W. S., Emberson, J., Maftham, M., Bell, J.,
Linsell, L., Staplin, N., Brightling, C., Ustianowski, A.,
Elmahi, E., Prudon, B., Green, C., Felton, T., Chadwick,
D., Rege, K., Fegan, C., Chappell, L. C., Faust, S. N., Jaki,
T., ... Landray, M. J. (2020). Effect of dexamethasone in
hospitalized patients with COVID-19: Preliminary report.
https://doi.org/10.1101/2020.06.22.20137273

Jin, J. M., Bai, P., He, W., Wu, F., Liu, X. F., Han, D. M., Liu,
S., & Yang, J. K. (2020). Gender differences in patients with
COVID-19: Focus on severity and mortality. Front Public
Health, 8, 152. doi: 10.3389/fpubh.2020.00152.

Karlberg, J., Chong, D. S., & Lai, W. Y. (2004). Do men have
a higher case fatality rate of severe acute respiratory syn-
drome than women do? American Journal of Epidemiology,
159(3),229-231. doi: 10.1093/aje/kwh056.

Klein, S. L., Hodgson, A., & Robinson, D. P. (2012). Mechanisms
of sex disparities in influenza pathogenesis. Journal of
Leukocyte Biology, 92(1), 67-73. doi: 10.1189/j1b.0811427.

Klein, S. L., Marriott, I., & Fish, E. N. (2015). Sex-based dif-
ferences in immune function and responses to vaccination.
Transactions of the Royal Society of Tropical Medicine and
Hygiene, 109(1), 9-15. doi: 10.1093/trstmh/trul67.

Klein, S. L., & Pekosz, A. (2014). Sex-based biology and the
rational design of influenza vaccination strategies. Journal
of Infectious Diseases, 209(Suppl 3), S114-S119. doi:
10.1093/infdis/jiu066.

Kocher, K. M., Delot-Vilain, A., Spencer, D., LoTemiop, J., &
Delot, E. C. (2020). Paucity and disparity of publicly avail-
able sex-disaggregated data for the COVID-19 epidemic
hamper evidence-based decision-making. medRxiv. doi:
https://doi.org/10.1101/2020.04.29.200837009.

Lange,J. L., Ritchey, M. D., Goodman, A. B., Dias, T., Twentyman,
E., Fuld, J., Schieve, L. A, Imperatore, G., Benoit, S. R., Kite-
Powell, A., Stein, Z., Peacock, G., Dowling, N. F., Briss, P. A.,
Hacker, K., Gundlapalli, A. V., & Yang, Q. (2020). Potential
indirect effects of the COVID-19 pandemic on use of emer-
gency departments for acute life-threatening conditions —
United States, January—May 2020. MMWR Morbidity and
Mortality Weekly Report, 69, 795-800.

Lawton, G. (2020). Men hit harder by covid-19. New Sci,
246(3279), 8. doi: 10.1016/S0262-4079(20)30786-7.

Li, J., Zhang, Y., Wang, F., Liu, B., Li, H., Tang, G., Chang, Z.,
Liu, A., Fu, C., Gao, J., & Li, J. (2020). Sex differences in
clinical findings among patients with coronavirus disease
2019 (COVID-19) and severe condition. medRxiv. doi:
https://doi.org/10.1101/2020.02.27.20027524.

Li, Q., Guan, X., Wu, P., Wang, X., Zhou, L., Tong, Y., Ren,
R., Leung, K. S. M., Lau, E. H. Y., Wong, J. Y., Xing,
X., Xiang, N., Wu, Y., Li, C., Chen, Q., Li, D., Liu, T.,

Zhao, J., Liu, M., . . . Feng, Z. (2020). Early transmission
dynamics in Wuhan, China, of novel coronavirus-infected
pneumonia. New England Journal of Medicine, 382(13),
1199-1207. doi: 10.1056/NEJMoa2001316.

Lin, L., Lu, L., Cao, W., & Li, T. (2020). Hypothesis for poten-
tial pathogenesis of SARS-CoV-2 infection-a review
of immune changes in patients with viral pneumonia.
Emerging Microbes & Infections, 9(1), 727-732. doi:
10.1080/22221751.2020.1746199.

Lutfiyya, M. N., Cannon, M., & Lipsky, M. S. (2014). An argu-
ment for male gender as a root cause or fundamental social
determinant of health. Disease-A-Month, 60(4), 145-149.
doi: 10.1016/j.disamonth.2014.02.002.

Mabhalik, J. R., Burns, S. M., & Syzdek, M. (2007). Masculinity
and perceived normative health behaviors as predictors
of men’s health behaviors. Social Science & Medicine,
64(11),2201-2209. doi: 10.1016/j.socscimed.2007.02.035.

Masroor, S. (2020). Collateral damage of COVID-19 pandemic:
Delayed medical care. Journal of Cardiac Surgery, 35(6),
1345-1347. doi: 10.1111/jocs.14638.

MayoClinic. (2020). Coronavirus disease 2019 (COVID-19).
https://www.mayoclinic.org/diseases-conditions/coronavi-
rus/symptoms-causes/syc-20479963

Mohamad, N. V., Wong, S. K., Wan Hasan, W. N., Jolly, J.
J., Nur-Farhana, M. F., Ima-Nirwana, S., & Chin, K. Y.
(2019). The relationship between circulating testosterone
and inflammatory cytokines in men. Aging Male, 22(2),
129-140. doi: 10.1080/13685538.2018.1482487.

Montopoli, M., Zumerle, S., Vettor, R., Rugge, M., Zorzi, M.,
Catapano, C. V., Carbone, G. M., Cavalli, A., Pagano, F,
Ragazzi, E., Prayer-Galetti, T., & Alimonti, A. (2020).
Androgen-deprivation therapies for prostate cancer and
risk of infection by SARS-CoV-2: A population-based
study (n = 4532). Annals of Oncology, 31(8), 1040—-1045.
doi: 10.1016/j.annonc.2020.04.479.

NIH. (2020). Alcohol Facts and Statistics. https://www.niaaa.
nih.gov/publications/brochures-and-fact-sheets/alcohol-
facts-and-statistics

Onder, G., Rezza, G., & Brusaferro, S. (2020). Case-fatality rate
and characteristics of patients dying in relation to COVID-
19 in Ttaly. JAMA, 323(18), 1775-1776. doi: 10.1001/
jama.2020.4683.

Paoloni-Giacobino, A., Chen, H., Peitsch, M. C., Rossier, C., &
Antonarakis, S. E. (1997). Cloning of the TMPRSS?2 gene,
which encodes a novel serine protease with transmem-
brane, LDLRA, and SRCR domains and maps to 21q22.3.
Genomics, 44(3), 309-320. doi: 10.1006/geno.1997.4845.

Papenburg, J., Mubareka, S., Allen, U. D., Skowronski, D. M.,
Stiver, H. G., Aoki, F. Y., & Evans, G. A. (2020). Guidance
on the use of antiviral agents for the 2019-2020 influenza
season. JAMMI, 5(2), 57-60.

Petrilli, A., Jones, S. A., Yang, J., Rajagopalan, H., O’Donnell,
L. F., Chernyak, Y., Tobin, K., Cerfolio, R. J., Francois,
F., & Horwitz, L. 1. (2020). Factors associated with hos-
pitalization and critical illness among 4,103 patients with
COVID-19 disease in New York City. BMJ, 369, m1966.
doi: https://doi.org/10.1101/2020.04.08.200577944683.

Price-Haywood, E. G., Burton, J., Fort, D., & Secoane, L.
(2020). Hospitalization and mortality among Black


http://globalhealth5050.org/covid19
https://www.healio.com/endocrinology/hormone-therapy/news/online/%7B334d4dd8-cc70-4672-952f-735440eef7da%7D/study-investigates-estrogen-patch-use-to-lessen-covid-19-complications
https://www.healio.com/endocrinology/hormone-therapy/news/online/%7B334d4dd8-cc70-4672-952f-735440eef7da%7D/study-investigates-estrogen-patch-use-to-lessen-covid-19-complications
https://www.healio.com/endocrinology/hormone-therapy/news/online/%7B334d4dd8-cc70-4672-952f-735440eef7da%7D/study-investigates-estrogen-patch-use-to-lessen-covid-19-complications
https://www.healio.com/endocrinology/hormone-therapy/news/online/%7B334d4dd8-cc70-4672-952f-735440eef7da%7D/study-investigates-estrogen-patch-use-to-lessen-covid-19-complications
https://doi.org/10.1101/2020.06.22.20137273
https://doi.org/10.1101/2020.04.29.20083709
https://doi.org/10.1101/2020.02.27.20027524
https://www.mayoclinic.org/diseases-conditions/coronavirus/symptoms-causes/syc-20479963
https://www.mayoclinic.org/diseases-conditions/coronavirus/symptoms-causes/syc-20479963
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/alcohol-facts-and-statistics
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/alcohol-facts-and-statistics
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/alcohol-facts-and-statistics
https://doi.org/10.1101/2020.04.08.200577944683

American Journal of Men’s Health

patients and White patients with Covid-19. New England
Journal of Medicine, 382(26), 2534-2543. doi: 10.1056/
NEJMsa2011686.

Reade, M. C., Yende, S., D’ Angelo, G., Kong, L., Kellum, J. A.,
Barnato, A. E., Milbrandt, E. B., Dooley, C., Mayr, F. B.,
Weissfeld, L., & Angus, D. C., & For the Genetic and
Inflammatory Markers of Sepsis (GenIMS) Investigators
(2009). Differences in immune response may explain
lower survival among older men with pneumonia.
Critical Care Medicine, 37(5), 1655-1662doi: 10.1097/
CCM.0b013e31819da853.

Rezaie, S. (2020). The RECOVERY Trial: Dexamethasone for
COVID-19? https://rebelem.com/the-recovery-trial-dexa-
methasone-for-covid-19/

Roberts, C. W., Walker, W., & Alexander, J. (2001). Sex-
associated hormones and immunity to protozoan para-
sites. Clinical Microbiology Reviews, 14(3), 476-488. doi:
10.1128/CMR.14.3.476-488.2001.

Robinson, D. P., Hall, O. J., Nilles, T. L., Bream, J. H., &
Klein, S. L. (2014). 17beta-estradiol protects females
against influenza by recruiting neutrophils and increasing
virus-specific CD8 T cell responses in the lungs. Journal
of Virology, 88(9), 4711-4720. doi: 10.1128/JVI1.02081-13.

Rosenbaum, L. (2020). The untold toll - the pandemic’s
effects on patients without Covid-19. The New England
Journal of Medicine, 382(24), 2368-2371. doi: 10.1056/
NEJMms2009984.

Salonia, A., Corona, G., Giwercman, A., Maggi, M., Minhas, S.,
Nappi, R. E., Sofikitis, N., & Vignozzi, L. (2020). SARS-
CoV-2, testosterone and frailty in males (PROTEGGIMI):
A multidimensional research project. Andrology. Advance
online publication. doi: 10.1111/andr.12811.

Sama, I. E., Ravera, A., Santema, B. T., van Goor, H., Ter
Maaten, J. M., Cleland, J. G. F., Friedrich, A. W, Samani,
N.J., Ng, L. L., Dickstein, K., Lang, C. C., Filippatos, G.,
Anker, S. D., Ponikowski, P., Metra, M., van Veldhuisen,
D. J., & Voors, A. A. (2020). Circulating plasma concen-
trations of angiotensin-converting enzyme 2 in men and
women with heart failure and effects of renin-angiotensin-
aldosterone inhibitors. European Heart Journal, 41(19),
1810-1817. doi: 10.1093/eurheartj/ehaa373.

Schroeder, M., Tuku, B., Jarczak, D., Nierhaus, A., Bai, T.,
Jacobsen, H., Zickler, M., Mueller, Z., Stanelle-Bertram, S.,
Meinhardt, A., Aberle, J., Kluge, S., & Gabriel, G. (2020).
The majority of male patients with COVID-19 present
low testosterone levels on admission to intensive care in
Hamburg, Germany: A retrospective cohort study. medRxiv.
doi: https://doi.org/10.1101/2020.05.07.20073817.

Schurz, H., Salie, M., Tromp, G., Hoal, E. G., Kinnear, C. J.,
& Moller, M. (2019). The X chromosome and sex-
specific effects in infectious disease susceptibility. Human
Genomics, 13(1), 2. doi: 10.1186/540246-018-0185-z.

Shah, M., Sachdeva, M., & Dodiuk-Gad, R. P. (2020).
COVID-19 and racial disparities. Journal of the American
Academy of Dermatology, 83(1), e35. doi: 10.1016/j.
jaad.2020.04.046.

Sharma, G., Volgman, A. S., & Michos, E. D. (2020). Sex dif-
ferences in mortality from COVID-19 pandemic: Are men

vulnerable and women protected? JACC Case Reports, 2,
1407-1410. doi: 10.1016/j.jaccas.2020.04.027.

Short, S. E., Yang, Y. C., & Jenkins, T. M. (2013). Sex, gender,
genetics, and health. American Journal of Public Health,
103(Suppl 1), S93-S101. doi: 10.2105/AJPH.2013.301229.

Smith, J. A., Griffith, D. M., White, A., Baker, P., Watkins,
D. C., Drumond, M., & Semlow, A. (2020). COVID-19,
Equity and men’s health: Using evidence to inform future
public health Policy, practice and research responses in
pandemics. International Journal of Men’s Social and
Community Health, 3(1), ¢48—c64.

Souyris, M., Cenac, C., Azar, P., Daviaud, D., Canivet, A.,
Grunenwald, S., Pienkowski, C., Chaumeil, J., Mejia, J.
E., & Guery, J. C. (2018). TLR7 escapes X chromosome
inactivation in immune cells. Science Immunology, 3(19),
caap8855. doi: 10.1126/sciimmunol.aap8855.

Sriram, K., & Insel, P. A. (2020). A hypothesis for pathobiol-
ogy and treatment of COVID-19: The centrality of ACE1/
ACE2 imbalance. British Journal of Pharmacology, 8(2),
236-241. doi: 10.1111/bph.15082.

Suen, L. K. P., S0, Z. Y. Y., Yeung, S. K. W, Lo, K. Y. K., &
Lam, S. C. (2019). Epidemiological investigation on hand
hygiene knowledge and behaviour: A cross-sectional study
on gender disparity. BMC Public Health, 19(1), 401. doi:
10.1186/s12889-019-6705-5.

Vardavas, C. 1., & Nikitara, K. (2020). COVID-19 and smok-
ing: A systematic review of the evidence. Tobacco Induced
Diseases, 18, 20. doi: 10.18332/tid/119324.

Verdecchia, P., Cavallini, C., Spanevello, A., & Angeli, F.
(2020). The pivotal link between ACE2 deficiency and
SARS-CoV-2 infection. European Journal of Internal
Medicine, 76, 14-20. doi: 10.1016/j.jim.2020.04.037.

Vermillion, M. S., Ursin, R. L., Attreed, S. E., & Klein, S. L.
(2018). Estriol reduces pulmonary immune cell recruitment
and inflammation to protect female mice from severe influ-
enza. Endocrinology, 159(9), 3306-3320. doi: 10.1210/
en.2018-00486.

WHO. (2020a). Coronavirus disease (COVID-19) Situation
Report 174. https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports

WHO. (2020b). Coronavirus disease (COVID-2019) Situation
Report 46. https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports

WHO. (2020c). Rolling updates on coronavirus disease
(COVID-19). https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/events-as-they-happen

Wu, Z., & McGoogan, J. M. (2020). Characteristics of and
important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: Summary of a report of
72314 cases from the Chinese center for disease control
and prevention. JAMA. doi: 10.1001/jama.2020.2648.

Yancy, C. W. (2020). COVID-19 and African Americans.
JAMA, 323(13), 1239-1242. doi: 10.1001/jama.2020.6548.

Zhang, J. J., Dong, X., Cao, Y. Y., Yuan, Y. D., Yang, Y. B.,
Yan, Y. Q., Akdis, C. A., & Gao, Y. D. (2020). Clinical
characteristics of 140 patients infected with SARS-CoV-2
in Wuhan, China. Allergy, 75(7), 1730-1741. doi: 10.1111/
all.14238.


https://rebelem.com/the-recovery-trial-dexamethasone-for-covid-19/
https://rebelem.com/the-recovery-trial-dexamethasone-for-covid-19/
https://doi.org/10.1101/2020.05.07.20073817
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen

	Men and COVID-19: A Pathophysiologic Review
	Let us know how access to this document benefits you.
	Citation Details

	Men and COVID-19: A Pathophysiologic Review

