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ABSTRACT

By the end of December 2019 new corona virus began to spread
from Wuhan, China and caused a worldwide pandemic. COVID-19
deaths and prevalence represented sex discrepant patterns with
higher rate of deaths and infection in males than females which
could bejustified by androgen-mediated mechanisms. This review
aimed to assess the role of androgens in COVID-19 severity and
mortality. Androgens increase expressions of Type Il transmem-
brane Serine Protease (TMPRSS2) and Angiotensin Converting
Enzyme 2 (ACE2), which both facilitate new coronavirus entry into
host cell and their expression is higher in young males than fe-
males. According to observational studies, prevalence of COV-
ID-19 infections and deaths was more in androgenic alopecic
patients than patients without androgenic alopecia. The COV-
ID-19 mortality rates in aged men (> 60 years) were substantially
higher than aged females and even young males caused by high
inflammatory activities such as cytokine storm due to hypog-
onadism in this population. Use of anti-androgen and TMPRSS2
inhibitor drugs considerably modified COVID-19 symptoms. An-
drogen deprivation therapy also improved COVID-19 symptoms
in prostate cancer: overall the role of androgens in severity of
COVID-19 and its associated mortality seemed to be very impor-
tant. So, more studies in variety of populations are required to
define the absolute role of androgens.
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Introduction

The new coronavirus pneumonia began to spread in Wuhan, China,
by the end of December 2019. On February 11, 2020, the World
Health Organization (WHO) named this disease as coronavirus dis-
ease 2019 (COVID-19). Since the initiation of outbreak, COVID-19
has caused significant damage and challenges around the world.
As of September 2021, there have been 231 703 120 confirmed
cases of COVID-19, including 4 746 620 deaths, reported to WHO.
Recently, many studies have been conducted on the pathogenic
characteristics of the new corona virus and its associated factors
[1,2]. These studies have linked increased COVID-19 associated
deaths to age, male gender, leukocytosis, high levels of lactate de-
hydrogenase, heart damage, hyperglycemia, and high corticoste-
roid use [2]. The female immune system often responds significant-
ly to viral infections, which can be explained by the role of estro-
gens in strengthening the immune system, as this has led to an
increase in autoimmune diseases among women [3, 4]. According
to a review study conducted by Li et al., who analyzed 1994 pa-
tients’ information, the incidence of COVID-19 in men was signifi-
cantly higher, which could suggest the role of sexhormones [1].In
another clinical trial study, gender was mentioned as a primary fac-
tor in determining the severity of the disease, which is highly sig-
nificant [5]. Such a role for sex hormones, especially androgens, in
the exacerbation of COVID-19 disease, mentioned in a number of
studies, may raise hope for the use of anti-androgens as a treat-
ment for COVID-19 [6, 7]. The infectivity mechanism of the severe
acute respiratory syndrome-coronavirus-2 (SARS-COV-2) is medi-
ated through Type Il transmembrane Serine Protease (TMPRSS2),
Angiotensin Converting Enzyme 2 (ACE2), and the androgen re-
ceptor (AR) whose expression is increased by androgens.

The aim of this review is to define the pathophysiology of this
sex-discrepancy in COVID-19 deaths with a focus on androgens
role. In this review, the androgens’ role was also explained by rela-
tion of androgen levels, immune system activity and aging.

Sex and gender aspects in COVID-19

According to previous research, in the COVID-19 pandemic, there
were more deaths in males than females. Other deadly coronavi-
ruses (CoVs), such as the Middle East respiratory syndrome (MERS)-
CoV and the severe acute respiratory syndrome (SARS)-CoV, have
also shown a sex-dependent pattern. The high number of severe
male cases could reveal information on CoV’s androgen-mediated
pathogenic effects as well as the immune responses to these im-
pacts [8]. After adjusting for age and baseline diseases, the risks of
dying from COVID-19 were 1.7 times greater in males than females,
according to an observational study by Vahedian-Azimi et al. the
gender difference was most noticeable at older ages, with males
aged>59.5 years old having a 2.32-fold higher risk of mortality
than females in the same age range [9]. Because women’s X-linked
genes are functional mosaics, and the X chromosome has a high
density of immune-related genes, women’s innate and adaptive
immune responses are often stronger than men. Females have fast-
er pathogen clearance and vaccine efficacy than males, but this also
contributes to their increased vulnerability to inflammatory and
autoimmune disorders [10]. Uneven levels of progesterone, a ster-
oid hormone with anti-inflammatory properties, may be responsi-
ble for the gender differences in illness severity and mortality out-

comes in COVID-19. Premenopausal women’s natural and adaptive
immune cells express progesterone receptors, which control re-
gional and systemic inflammation. The function of estrogen in fe-
male immune responses has drawn a lot of interest. Severe COVID-
19 complications are less likely to occurin younger women or those
with higher estrogen levels. The direct antiviral activity of T-lym-
phocyte cells may be better promoted by higher levels of estrogen,
and the uncontrolled immune response (cytokine storm) that has
been seen in COVID-19-related respiratory failure may be better
modulated [11-13].

Testosterone levels were found to be connected with COVID-19
clinical severity even before admission to the hospital, with testos-
terone levels being significantly lower in elderly males who required
the most intensive care and were at the highest risk of mortality
[14]. In vitro exposure of endothelial cells to dihydrotestosterone
(DHT), which is a testosterone derivative, worsened spike protein
S1-mediated endothelial injury and elevated monocyte adhesion
to endothelial cells. Findings from patients hospitalized due to
COVID-19 also showed higher circulating VCAM-1 and E-Selectin
levels in men, in comparison to women indicating higher endothe-
lial injury [15]. Endothelial injury leads to dysrequlated vascular
tone, elevated permeability, elevated procoagulant activity, and
impaired vascular formation, collectively contributing to more se-
vere disease [16]. The study by Karkin et al. showed that COVID-19
may cause erectile dysfunction. The results of this study represent-
ed that the levels of testosterone of patients before and after
COVID-19 were significantly different. They also concluded that
high testosterone levels increase the rate of hospitalization in the
intensive care unit by intensifying the disease [17].

This shows that severe COVID-19 symptoms could be caused by
androgen-mediated pathways as it will be explained.

Androgens’ role in ACE2 and TMPRSS2 expression
regulation as well as regulation of viral entry and
fusion in COVID-19

ACE2 is a zinc-dependent metalloprotease, a terminal carboxypep-
tidase and a type | transmembrane glycoprotein that is highly ex-
pressed in the heart, testis, and kidney, as well as at lesser levels in
othertissues [18, 19]. ACE2 is expressed in human Airway Smooth
Cell (ASM) and also the epithelial of the lung. ACE2 is expressed at
alower level in female ASM than in male ASM, and estrogen reduc-
es ACE2 expression in human ASM cells, whilst testosterone increas-
esit[20,21]. Trimers of the transmembrane spike (S) glycoprotein
of SARS-CoV-2 facilitate viral entry into the host cell. S binds to
ACE2, which acts as a cellular receptor on the surface of host cells,
then this enzyme mediates subsequential viral uptake and fusion
into the host cell, dependent on process by target cell proteases
[22]. Both ACE2 protein and mRNA are present in the highest con-
centrations in the testis of men. It is proved that ACE2 expression,
which is an independent luteinizing hormone and is androgen de-
pendent is restricted to Leydig and Sertoli cells in testis of human
and it is also a fundamental production of adult Leydig cells [23].
TMPRSS2 transcription was also observed in human Leydig-like cells
[24]. These findings suggest that Leydig cells and Sertoli cells of
testis could also be potential targets for SARS-CoV-2 and sex dis-
crepancy of COVID-19 deaths can also be justified by this informa-
tion. TMPRSS2 is one of the target cell proteases that has been
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implicated in SARS-CoV-2 entrance. S is activated for fusion into
the cell through its membrane, after cleavage by TMPRSS2 via sub-
stantial, irreversible conformational changes [25-27]. The expres-
sion of TMPRSS2 is positively modulated by androgens [28, 29].
Thereby elevated expression of ACE2 and TMPRSS2 by androgens
can lead to increased viral entry as well as infectivity and thereby
disease severity [30]. Based on these information ACE2 and TM-
PRSS2 can be considered as targets for reduction of viral entry and
subsequently prevents disease development, but based on previ-
ous studies ACE2 downregulation, they are linked to a worsening
of severity of SARS-induced lung injury. It has also been reported
that when the SAR-SCoV-2 spike protein binds to ACE2, it causes
ACE2 to downregulate, resulting in reduced angiotensin1-7 syn-
thesis in the lungs and acute respiratory injury [31, 32]. It was also
observed that androgen depletion in older men was associated with
lower ACE2 levels [33] and this may explain the higher mortality
due to COVID-19in this population; thereby, TMPRSS2 is an appeal-
ing target because it has no obvious detrimental phenotype when
itis knocked out [34]. Furthermore, in animal models of coronavi-
rus infection, TMPRSS2 expression levels have been associated to
COVID-19 severity [35] and its inhibition has recently been found
to prevent SARS2-spike-facilitated entrance into the lung cell [22].
It is reported that TMPRSS2 knockout meaningfully prevented
SARS-CoV-2 infection and significantly decreased its severity in vivo
[36]. However, new studies have shown that dependence on TM-
PRSS2 varies according to the variant. Zhao et al. concluded that in
VeroE6/TMPRSS2 cells, Omicron variant displayed weaker cell-cell
fusion activity when compared to Delta variant. By considering all
aspects, their findings imply that TMPRSS2 does not contribute to
omicron variant infection and cell entry, which is primarily mediat-
ed by the endocytic pathway. The clinical symptoms or severity of
the COVID-19 may be impacted by the difference in route of cell
entry between the Omicron and Delta variants [37]. Meng et al.
showed in their study that when compared to Delta, the Omicron
spike protein has a higher affinity for ACE2. Higher cellular RNA ex-
pression of TMPRSS2 was significantly correlated with the defect
in Omicron pseudo-typed virus entry to specific cell types, and de-
letion of TMPRSS2 adversely affected Delta entry more than Omi-
cron [38].

Testosterone measured before COVID-19 can be directly relat-
ed, inversely related, or unrelated to COVID-19 severity and mor-
tality. Since testosterone is not measured on a regular basis in all
persons unlike other clinical lab test, it is hard to find studies that
measured testosterone before COVID-19, additionally testoster-
one measured during or after COVID-19 is not as accurate for as-
sessing the relation between testosterone level and COVID-19 se-
verity and mortality, because during COVID-19 infection or even
long after COVID-19 (even after 3 months) testosterone levels are
affected due to detrimental effects of SARS-CoV-2 infection on Ley-
dig cells. Testosterone post-COVID levels cannot be considered as
accurate as pre-COVID due to absence of post-COVID testosterone
levels of persons who died as well. One study that dosed testoster-
one before COVID-19 showed a direct relationship between tes-
tosterone level and COVID-19 severity as well as mortality [39].
Still, testosterone is not necessarily the major determinant of an-
drogens in terms of prediction of COVID-19 severity. If that were

the case, young men would be the ones who would suffer the most,
while the old men are the ones that suffer the most, as it will be ex-
plained in next section of this study. Additionally, anabolic steroids,
which are DHT derivatives may put their users at higher risk of
COVID-19 infection and severity [40]. These results may be ex-
plained by the fact that higher level of androgens including testos-
terone causes higher expression of TMPRSS2 specially in Leydig
cells, which poses cells to higher SARS-CoV-2 entry and infection
and resultantly more severe disease.

The ARis a nuclear receptor that belongs to the family of steroid
receptors and its expression is increased by androgens. It is a tran-
scription factor that is activated by ligand binding (by endogenous
androgens, such as testosterone and DHT) and then translocates
from the cytoplasm to the nucleus, where it forms a homodimer
with regulatory areas of target genes, after that, the activated re-
ceptor promotes transcription of genes (> Fig. 1) [41,42]. Several
molecular studies have proved that TMPRSS2 is a target gene of AR
in prostate cancer cells [28, 43, 44]. Activation of AR escalates TM-
PRSS2 levels in various tissues, most notably in prostate. Also, mul-
tiple lung lines have been reported to express functional AR in vitro
studies [45-47]. The evidence shows that men have higher TM-
PRSS2 expression in their lungs [48]. Autopsy studies showed a
strong correlation between AR expression and SARS-CoV-2 infec-
tivity [49]. Further assessment upon clinical information on pa-
tients with COVID-19 proved that some specific genetic variants of
AR (different in polyQ/AGA length) are associated with more ad-
vanced COVID-19 severity, which shows that AR sensitivity matters
as much or even more than hormonal levels, as demonstrated in
women with Poly Cystic Ovarian Syndrome (PCOS) or hyperandro-
genism [50,51].

Androgens, aging, and immune system

From another point of view, the COVID-19 severity can be justified
by correlation between aging, immune system activity, and andro-
gen levels; depressed androgen levels known as “hypogonadism,”
begins at advanced ages, around the age of 30 [52-54]. As testos-
terone levels fall with age, 20 percent to 50 percent of males over
60 have significantly lower testosterone levels [55, 56]. Further-
more, low testosterone levels have a substantial relationship with
frailty [57] and mortality in older men [58], with the latter being
particularly prominentin older men with metabolic syndrome [59].
Avariety of co-morbidities have been linked to getting older. Met-
abolic syndrome, obesity, diabetes mellitus, and other chronic
health disorders that might induce hypogonadism are more com-
mon in older men. These same co-morbidities also predispose older
men to a higher risk of serious disease and death. A variety of caus-
es of hypogonadism in older men are controllable, according to
multiple studies, and hypogonadism can be reversed with weight
loss or better illness control [60]. A number of studies have found
that androgen deprivation, which fundamentally decreases andro-
gens level in PCa patients, causes components of the metabolic
syndrome [61-63] and treatment with testosterone reduces insu-
lin resistance, obesity, and dyslipidemia in hypogonadal men
[58, 64]. Low testosterone is strongly associated with multiple met-
abolic diseases - almost accurately dividing healthy from truly un-
healthy ones — and low testosterone worsens these diseases. Low
testosterone leads to worse outcomes in all diseases in an inde-
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> Fig. 1 The viral spike protein must first recognize the host cell ACE2 receptor before the host cell TMPRSS2 can proteolytically activate the viral
spike protein, which is the dominant mechanism by which SARS-CoV-2 enters host cells; androgens bind to androgen receptors, and then androgen
receptor move from cytoplasm to nucleus and elevates transcription of genes related to inflammatory cytokines, ACE2 and TMPRSS2, and subse-
quently their expression. In aged men with COVID-19, decreased levels of testosterone, due to hypogonadism, which is further decreased by SARS-
COV-2 infection leads to cytokine storm that makes the COVID-19 mortality and severity worse. ADA: Androgenic Alopecia; ADT: Androgen Depriva-
tion Therapy; PCOS: Poly Cystic Ovarian Syndrome; ACE2: Angiotensin Converter Enzyme 2; TMPRSS2: Transmembrane Serine Protease 2. (Created

with BioRender.com). [rerif]

pendent manner, even when it is in the presence of metabolic dis-
eases [65, 66].

The menopausal transition is defined by a change in sex steroid
profile in women who have seen a significant decrease in ovarian
estrogen production. After menopause, the ovaries stop produc-
ing estrogen, and estrogen is generated primarily from adipose tis-
sue. Androgens are produced by both the ovaries and the adrenal
glands in women [67, 68]. Between the ages of 20 and 40, serum
testosterone levels in women drop by half [68-70]. These decreas-
es also happen for androgen dehydroepiandrostenedione sulfate
and androstenedione. Following the last menstrual period, there
is no further decrease in testosterone [71]. There is an increase in
serum testosterone reaching levels in older 60 to 80 year old
women, albeit the amount of this increase is quite varied [68, 69].
Testosterone has been demonstrated to play a role in frailty in older
males, but its role in frailty in older women appears to be less im-
portant [57]. Although the age-related decline in testosterone hap-
pens in both men and women, it begins significantly earlierin men

and continues throughout their lives, whereas it reaches a maxi-
mum reduction in women just before menopause. Unlike men,
older women have a recovery in circulating testosterone levels,
which, while variable, occasionally approaches levels that is seen in
the young [69]. Furthermore, as estrogen production declines, the
overall androgenicity ratio (androgen/estrogen) in women increas-
eswith age [69, 71]. The phenotypic alterations found in postmen-
opausal women, such as hirsutism, are likely due to an increase in
androgenicity [72]. It remains to be explored whether this rise in
testosterone and androgenicity contributes to fewer severe out-
comes and fatalities in old women compared to males. Inflamma-
tion is the immune system’s response to infections and other po-
tentially damaging stimuli. It might be the cause or a symptom of
disorders that affect the cardiovascular, respiratory, or reproduc-
tive systems. The activation of innate and adaptive immune cells,
as well as the proteins produced by these cells, causes inflamma-
tion [73].
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Aging is linked to immune system decline and remodeling,
which increases the chance of severe complications from infectious
illnesses [74,75]. Increased systemic inflammation [e. g., higher
serum concentrations of interleukin (IL)-6 and tumor necrosis fac-
tor (TNFa)] and a diminished ability to respond to specific immu-
nological challenges are both linked to aging [76, 77]. Enhanced
mortality in aging is caused by a general impairment of overall im-
mune function and an increased inflammatory response. Indeed,
people over 65 account for the majority of influenza-related hos-
pitalizations and more than 70 % of influenza-related deaths
[78,79]. Furthermore, males are more likely than females to be
hospitalized and succumb to influenza virus infections in those
aged 80 and up [80, 81]. Sex steroids, such as testosterone, can
have a majorimpact on inflammatory cell activity and immune re-
sponse modulation. Testosterone alters metabolic, cardiovascular,
and immunological processes, which has a significant impact on
health and disease [82-84]. Testosterone primarily suppresses im-
munological functions through acting on ARs in immune cells,
which regulate target gene expression [85]. Testosterone inhibits
immune cell activity by lowering inflammatory and boosting an-
ti-inflammatory mediator expression in macrophages and T lym-
phocyte cells, protecting against a number of inflammation medi-
atedillnesses [85, 86]. Role of testosterone in the pathophysiology
of inflammation was reviewed by Traish et al. [87]. Low testoster-
one levels have been associated with higher rates of infection-re-
lated hospitalizations and all-cause mortality in male hemodialysis
patients [88]. Testosterone levels have also been linked to higher
mortality and illness severity following influenza infections as indi-
viduals get older [89]. Additionally, administration of testosterone
replacement therapy (TRT) in elderly male mice reduces mortality
and decreases illness severity independent of alterations in pulmo-
nary inflammation or viral replication [90].

IL-6 is a tightly regulated, pro-inflammatory cytokine that is ex-
pressed at low levels except during infections, trauma, or other
stresses. Testosterone is among the factors that have been shown
to negatively regulate the expression of the IL-6 gene. Low testos-
terone levels in young men have been linked to low-grade system-
icinflammation and are considered part of the mechanism under-
lying the negative health outcomes in male hypogonadism [91].
IL-6 levels are increased in LOH even when there is no infection,
trauma, or stress. The age-related rise in IL-6 is believed to be re-
sponsible for some of the phenotypic changes in advanced aging
in men, especially those that resemble chronic inflammatory dis-
ease [76]. In addition, levels of the soluble IL-6 receptor, the inflam-
matory marker are also elevated in older men [92] and higher lev-
els of IL-6 have been shown to suppress androgen generation [93].
TRT has been shown to decrease levels of TNFa, another inflamma-
tory cytokine, in hypogonadic men with chronic inflammatory dis-
ease [94], indicating that testosterone may reduce the inflamma-
tory process and decrease the burden of illness. TRT has also been
reported to reduce the spontaneous, but not inducible, generation
of inflammatory cytokines by monocytes [95], suggesting that the
impact of TRT is probably limited. Evidence shows that, although
TRT was more efficacious in lowering inflammation in hypogonad-
ic men than in eugonadal men, in general testosterone protects
againstinflammation regardless of clinical status [96]. The studies
has shown that IL-6 levels were increased in the blood of the

patients infected with SARS-CoV-2, which can be considered as a
characteristic biomarker [97, 98]. Reports on the administration of
tocilizumab for COVID-19 at doses similar to those used for the
remedy of cytokine release syndrome have represented rapid im-
provement in patients. In these reports, rapid administration of
anti IL-6 receptor therapy for patients with acute respiratory dis-
tress syndrome (ARDS) was critical [99, 100]. The society for im-
munotherapy of cancer sponsors the use of IL-6 or IL-6 receptor
blocking antibodies [101]. According to a previous observational
study about half of the COVID-19 positive patients developed ARDS
[102]. Fifty percent of ARDS patients died, and older patients were
more likely to develop ARDS. Critical diseases, like ARDS, are linked
to neuroendocrine alterations associated with increased morbidi-
ty and mortality [103]. Critical disorders develop in two steps, the
acute and chronic stages. Cytokines are thought to be responsible
for early response changes, and other endogenous and exogenous
(e. g., medications) factors contribute to the chronic changes. Itis
assumed that cytokines are behind the early response changes, and
other endogenous factors, like dopamine and cortisol, and exog-
enous factors like medications, are proved to contribute to the
chronic changes [103, 104]. Testosterone levels reduce during the
early phase and continue to decrease during the chronic phase. The
reduction in testosterone appears to be independent of LH levels,
suggesting dysfunction of the hypothalamic-pituitary-gonadal axis
[105,106]. It was found that 50 % of men older than 65 years who
were hospitalized for acute illnesses, such as respiratory infections,
had hypogonads, and low testosterone levels, which were associ-
ated with in-hospital mortality [107, 108]. ARDS, a complication
of severe sepsis, and sepsis-related morbidity and mortality, which
were more common in men than women, were shown to be asso-
ciated with high levels of IL-6, and occurred regardless of age or
disease [109]. Low levels of testosterone were observed in male
patients with severe sepsis and respiratory failure [110, 111] indi-
cating that hypogonadism may provide a permissive environment
for serious complications in men. Testosterone is one of the phar-
macological therapies available for mitigating the catabolic re-
sponse in critical diseases [112]. Actually, low testosterone level is
a component of the proinflammatory profile linked to ARDS [113],
and it is proved that TRT reduces airway inflammation in asthma
[114]. As a result, interactions between aging, low testosterone,
comorbidities, and inflammation provide a rich environment for
severe complications associated with COVID-19, including cytokine
storm; a condition which is highly mediated by IL-6-STAT3 signal-
ing and is responsible for high number of deaths in COVID-19 pa-
tients specially older men; As previously noticed, gender difference
was most noticeable at males aged >59.5 years [9], because old
men in addition to testosterone drop than young men experience
following SARS-COV-2 infection, have metabolic diseases due to
hypogonadism prior to SARS-COV-2 infection, which worsens
COVID-19 outcomes and subsequently put them at higher risk of
all cause death as well as severe COVID-19. A recently published
study states men with hypogonadism are at greater risk of severe
COVID-19 compared to healthy persons [115]. This is why aged
male COVID-19 patients experience more mortality than young
male patients.
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Testosterone decrease after SARS-CoV-2 infection
and its relation to COVID-19 severity and mortality

According to data noted in the previous section of the present
study, direct probable effects of SARS-CoV-2 on testis and subse-
quently reduction in testosterone production, which may lead to
cytokine storm as well as hyper catabolic states, contribute to the
severe complications of COVID-19. SARS-CoV-2 has high tropism
for Leydig cells and levels of testosterone substantially decreases
following viral infection by SARS-CoV-2 [116]. A study proved that
men with a severe COVID-19 infection had lower serum total tes-
tosterone levels compared to healthy ones [117]. In another study
it is shown that during COVID-19, levels of testosterone were sig-
nificantly decreased in comparison to healthy controls [118].

Post-COVID testosterone measurement is possibly strictly linked
to persisting symptoms, many of them related to low testosterone.
Because testosterone recovery predicts COVID-19 recovery, which
means that, obviously, lower testosterone during or even after 1
month of COVID-19 (as measured by this study) could mean worse
disease course, confounding cause and effect [119]. However re-
sults of an study showed similarity between median testosterone
concentrations measured 7 months before COVID-19 and 3-9
months after [115].

Itis proved in a study that even more than 90 days after recov-
ery from COVID-19, when compared with healthy control, sperm
concentration, total sperm count, and total motility were signifi-
cantly declined, showing a persistent effect of COVID-19 on male
testicles, reinforcing that these are not only affected but affected
for prolonged periods of time [120].

Based on findings of above studies, testosterone measured dur-
ing or after can be an indirect marker of the level of infectivity, as
the virus has strong prediction for the Leydig cells, which produce
testosterone. Correspondingly, countless studies that measured
testosterone during hospitalization, showed that the lower testos-
terone levels the worse outcome appears, as testosterone can be
considered as a marker of level of viral aggression.

Worse outcomes in COVID-19 patients following decrease in
level of testosterone may be justified by the fact that low level of
testosterone induces cytokine storm and is associated with meta-
bolic diseases and worse outcomes in all diseases as well as hyper-
catabolic states as mentioned in previous section which resultant-
ly led to higher severity and mortality in COVID-19 patients. In ad-
dition, lower level of androgens is associated with decrease in ACE2
expression, which leads to acute respiratory injury as already men-
tioned.

Impact of drugs that affect androgen-mediated
mechanisms in COVID-19

It is probable that anti-androgens inhibiting androgen signaling
will decrease TMPRSS2 expression in the lungs and therefore viral
entrance. As a result, anti-androgens have been offered as a COVID-
19 therapy option [105-107].

Expression of TMPRSS2 has been reduced in response to anti-an-
drogens at the RNA and protein levels. Enzalutamide (ENZA) suc-
cessfully reduces the expression of TMPRSS2, blocks the viral en-
trance and decreases mortality as well. The anti-androgens bical-
utamide (BIC) and ENZA, which are AR antagonist significantly
reduced the viral entry, the latter reducing the cellular entry by

about 50% [48]. In addition to being an AR antagonist, Enzaluta-
mide inhibits translocation of AR from cytoplasm to nucleus as well
asits binding to DNA. In the study of Leach et al., reduction of TM-
PRSS2 levels by Enzalutamide in human lung cells and mouse lung
caused prevention of virus entry [121]. However, Baratchian et al.
in a molecular study indicated that ENZA did not suppress TMIPRSS2
activity, while ACE2 was moderately affected [122, 123].

Camostat, a TMPRSS2 inhibitor, has been shown to be able to
preventvirus entry [124]. Tannic acid by forming a thermodynami-
cally stable complex was another investigated TMPRSS2 inhibitor
that could inhibit both SARS-CoV-2 Mpro and TMPRSS2 [125].

Men who use 5a-reductase inhibitors, which are commonly
used to treat androgenetic alopecia (AGA) and benign prosthetic
hyperplasia, displayed significantly reduced symptoms of COVID-
19 and all-cause mortality [126].

Proxalutamide is a second-generation non-steroidal anti-andro-
gen (NSAA), an AR antagonist, with the highest anti-androgenic
capacity compared to any NSAA. Proxalutamide has increased the
recovery rate, reduced the mortality rate and shortened hospital
stay for hospitalized COVID-19 patients [127]. Based on a clinical
study the cure rate of patients with COVID-19 treated with proxalu-
tamide was higher than patients treated with placebo on day 14.
Overall mortality decreased by 77.7 % in 28 days as well [128]. Sub-
stantial improvements seen in immunological, inflammatory and
thrombotic markers with proxalutamide can support reduction of
hospitalization [129]. Proxalutamide also significantly improves
lung injury in patients with COVID-19 [130]. Cadegianietal.ina
double-blind, randomized clinical trial (DB-RCT), investigated the
efficacy of proxalutamide 200 mg/day, compared to placebo group
regarding viral clearance. The patients were non-hospitalized, with
mild to moderate COVID-19. The results showed that seven-day
remission was much better in the proxalutamide group as the av-
erage clearance time was lower. However, no significant difference
was seen between genders in this study. Proxalutamide could be
helpful for viral clearance in COVID-19 patients over 40 years old
[131].

In a RCT study by Zimerman et al., it was concluded that to
achieve the reduction in mortality rate observed by proxalutamide
in COVID-19 patients, patients should adhere on and complete the
14-day treatment, otherwise the administration of this drug (if its
interrupted too early) has no effect or even may worsen the mor-
tality rates [132].

Recent publication on sabizabulin shows reduction of more than
50% in mortality rate among hospitalized COVID-19 patients [133].
The strongest actions of sabizabulin are in its ability to disrupt AR
through different pathways, developed for castration-resistant
prostate cancer that did not respond to NSAAs [134].

For men with mild COVID-19 treated early with nitazoxanide and
azithromycin, dutasteride therapy reduces viral shedding and in-
flammation as well as time-to-remission [135]. Brief administration
of finasteride partially improves oxygen saturation, but does not
influence other outcomes in hospitalized men over 50 years of age
with COVID-19[136]. Compared to nonhyperandrogenic women,
hyperandrogenism had a more severe and prolonged clinical pres-
entation, however, the risk of COVID-19 complications was still not
high in any of the groups. Spironolactone reduced any additional
hyperandrogenic-related risks [137].
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According to Nickols and co-workers, randomized clinical trial,
androgen suppression via temporary medical castration by degare-
lix, which is a luteinizing hormone releasing hormone antagonist
that binds to the gonadotropin-releasing hormone receptors in the
pituitary gland and immediately suppresses secretion of luteiniz-
ing and follicle-stimulating hormone, did not improve clinical out-
comes for hospitalized men suffering from COVID-19 [138]. This
result may be explained by the fact that degarelix, that does not
inhibit the androgen receptor and does not increase estradiol, does
not seem to work for COVID-19, showing the importance of andro-
gen receptors and proportions between DHT, testosterone and es-
tradiol, compared to testosterone levels alone. It can be also said
that decrease in androgen levels by degarelix via luteinizing hor-
mone releasing hormone antagonism may lead to ACE2 downreg-
ulation, which is linked to a worsening of severity of SARS-induced
lunginjury [31,32].

According to results achieved in the above studies, it can be con-
cluded that two determinants play more important roles more than
testosterone levels: The ratio between testosterone, DHT (dihy-
drotestosterone) and estradiol, and the sensitivity to androgenic
hormones through ARs as mentioned earlier as well. Since studies
that inhibited only testosterone, instead of the receptor, had little
or no results, such as degarelix.

COVID-19 in patients with androgenic alopecia

Androgenic alopecia is a common kind of hair loss in the human
scalp induced by two androgens: testosterone and 5-DHT. Al-
though both androgens bind to the AR and trigger androgen-sen-
sitive genes in human hair dermal papilla cells, 5-DHT has a far high-
er binding affinity and potency in inducing the involved andro-
gen-sensitive genes than testosterone [139]. The highest
concentration of ARs are found on the scalp, and there are even
more in individuals with androgenic alopecia [140]. We reviewed
several studies to explore the potential association between AGA
and COVID-19 severity.

According to a cross-sectional study by Miguel et al., among the
98 middle-aged COVID-19 patients in Peru, of those 32.7 % with
comorbidities, and 45.9 % with AGA, the severity of the infection
was statistically significant in alopecic patients. According to sta-
tistical analysis, alopecic patients were at a higher risk of moderate
to severe COVID-19 symptoms. Overall, 57.1 % of the patients re-
quired oxygen therapy. Among patients with oxygen therapy, pa-
tients without alopecia (24.5 %) were considerably less than those
with alopecia. Among patients hospitalized for more than 14 days,
those without alopecia (32.1 %) were substantially lower than those
with alopecia (71.1%) [141].

Wambier et al. proposed an association between AGA and the
severe effects of COVID-19. A total of 175 individuals who devel-
oped COVID-19 were assessed. Of the patients, 122 were men and
53 were women. In total, 67 % of patients presented with AGA. In
both sexes, who had alopecia, the age was highly variable, while
the most people with alopecia had advanced ages. So, this point
can also indicate the importance of the androgen depletion in de-
veloping COVID-19 symptoms. These results indicate that a signif-
icant proportion of people hospitalized for COVID-19 have AGA.
The authors added that assumption of the androgen-mediated se-
verity of COVID-19 should be validated in larger studies. They also

mentioned that it is still not possible to make a definite conclusion
about the relationship between AGA and severity of COVID-19
[142].

In another observational study by Goren et al., a total of 41 Cau-
casian men admitted to hospitals diagnosed with bilateral SARS-
CoV-2 pneumonia were analyzed; the average age of the patients
was 58 years. Of those, 29 (71 %) had a clinically significant AGA di-
agnosis (Hamilton-Norwood scale higher than 2), and 12 (29 %)
showed clinically irrelevant signs of AGA (Hamilton-Norwood 1 or
2)and 16 (39 %) were classified as severe AGA (Hamilton-Norwood
4to7)[6].

Lee and Yousaf et al. in an observational study examined seve-
rity of hairloss in 1941 hospitalized male tested for COVID-19. The
examined individuals were divided into following models: model
1: “no hair loss,” model 2: “slight hair loss,” model 3: “moderate
hair loss,” model 4: “serious hair loss”. The cohort included 1605
patients with negative COVID-19 result and 336 patients with posi-
tive COVID-19. A relation between rate of positive COVID-19 oc-
currence and baldness severity was observed; COVID-19 was found
to be positive in 15.03 percent of the 592 model 1 individuals,
16.83 percent of the 404 model 2 persons, 18.15 percent of the
551 model 3 subjects and 20.05 percent of the 394 model 4 indi-
viduals. Model 4 patients were considerably more likely in COVID-
19 positive patients (p=0.0468). Models 2 and 3 did not differ sig-
nificantly from model 1 in terms of the number of positive COVID-
19results. No correlation between rate of COVID-19 positivity and
any other variable was observed in this study [143].

Muller et al. performed a population survey on valid question-
naires of 43 595 individuals (39 789 controls, 2332 suspected
COVID-19 cases and 1474 confirmed COVID-19 cases) in Brazil. The
survey comprised demographics (sex, age, skin color, and body
composition), amount of hair (head full of hair, mild alopecia, and
baldness), hair color, systemic comorbidities, COVID-19 status and
outcome severity. According to this review study both extensive
gray hair and alopecia were associated with COVID-19 severity
[144].

In the other observational study by Ghafoor et al., there was ex-
panded frequency and severity of AGA observed in males compared
with females hospitalized with COVID-19. There were 300 patients,
220 (73.33 %) men and 80 (26.67 %) women. Severe alopecia
(HNS3-7) and mild to moderate Hamilton-Norwood scale (HNS3-
3) were observed in 43 (20 %) and 177 (80.55 %) cases, respective-
ly, in men. 37 (46 %) of the females had AGA while 43 (54 %) did not.
Severe alopecia (Ludwig scale 2-3) and mild to moderate alopecia
(Ludwig scale 2) were presentin 9 (24.32 %) and 28 (75.68 %) of the
37 females with AGA, respectively. a meaningful elevation in oc-
currence (95 %) and severity of AGA and poor outcomes in males
(p=0.000), in comparison to females (46 %) (p=0.273,), with re-
markable adverse COVID-19 disease results in the younger age
group of male and also in few females of younger age group suffer-
ing from AGA without any comorbidities was noted [145]. Results
from a prospective cohort study of 77 men with AGA hospitalized
due to COVID-19 showed that anti-androgens, which were used
for treatment of AGA improved COVID-19 symptoms. Anti-andro-
gens, which are commonly utilized within the treatment of AGA are
finasteride, dutasteride, spironolactone, and bicalutamide. Among
the anti-androgen modalities, 5a-reductase inhibitors are the fore-
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most well endured due to the direct inhibition (intracellular) of DHT
generation from testosterone in target tissues, not influencing tes-
tosterone levels. Dermatologists are eager to encourage their pa-
tients to preserve systemic AGA treatment with anti-androgens,
especially 5a-reductase inhibitors [ 146].

According to an observational study, women with PCOS, who
may have AGA as well as increased levels of testosterone because
of the high levels of LH, are possibly at expanded chance of serious
COVID-19 disease, but in this study it was shown that Cox propor-
tional hazards regression model found no relation between andro-
gen excess and hirsutism observed in PCOS women with increased
risk of infection with COVID-19 [147].

A cross-sectional case-control analysis assessed the symptoms
of COVID-19 in the following two groups: not hyperandrogenic or
hyperandrogenic. A diagnosis of PCOS with two of the three Rot-
terdam criteria met, idiopathic hirsutism with at least eight points
on the Ferriman-Gallwey scale, or androgenetic alopecia verified
by trichoscopy indicate whether a condition is non-hyperandro-
genic or hyperandrogenic. In this study, Cadegiani et al. found that
the incidence of several common clinical symptoms of COVID-19
was significantly higher in hyperandrogenic females than in their
nonhyperandrogenic counterparts [148]. A study by Stasi et al. has
assessed the role of testosterone in a cohort of women with SARS-
COV-2 pneumonias. The result showed that the higher total testos-
terone and calculated free testosterone are associated with a great-
er severity of the disease [149].

COVID-19 in PCa patients and efficacy of androgen
deprivation therapy in these patients

The overall prevalence of cancerin patients with COVID-19 in stud-
ies was 2.0 %. In the analysis of other subgroups based on sample
size, in studies with sample size <100, the prevalence was slightly
higherthan 0.3 %, butin larger studies, with sample size> 100, the
overall prevalence was lower than 2.0 % [150]. Cancer patients are
more susceptible to infection than non-cancer patients due to the
systemic state of immunosuppression caused by malignancies or
anticancer therapies, such as chemotherapy or surgery [151].
Therefore, these patients may be at higher risk for COVID-19 and
experience a worse prognosis [152].

The observational study was performed by Kuderer et al. on 928
COVID-19 patients (18 years older) with active or pervious malig-
nancies [including prostate cancer (PCa)], from the United States,
Canada, and Spain with mean age of 66; 50 % of patients were male.
The endpoint for all mortality within 30 days of diagnosis was
COVID-19. they stated that the dependent factors associated with
the increase in 30-day mortality, after partial adjustment, were: in-
creasing age, male gender, smoking, number of comorbidities and
active cancer; race and ethnicity, obesity, type of cancer, type of
anticancer treatment, and recent surgery were not associated with
mortality [139].

Based on the study by Experton et al., which has developed a
dual socio-clinical risk model for severe COVID-19 disease in the
medicare population, comprised mostly of individuals aged 65 and
over, PCa was more resistant to death or hospitalization by COVID-
19. Among COVID-19 cases, patients with the most severe disease
resulting in either hospitalization or death had higher frequencies
of diabetes, chronic obstructive pulmonary disease (COPD), end-

stage renal disease (ESRD), chronic kidney disease, hypertension,
ischemic heart disease, cerebrovascular disease, pulmonary fibro-
sis or pulmonary hypertension, chronic liver disease and asthma.
Between 39 variables, prostate cancer was the third less sensitive
variable to COVID-19 related death or hospitalization and overall
was a protective factor [153].

Based on the results of a meta-analysis study conducted by Ku-
derer and another study by Mou et al. [140] PCa patients are not
more susceptible than individuals with other types of cancer or ma-
lignancy to COVID-19 but it seems that COVID-19 and PCa have
important common risk factors that can be used as therapy targets
for COVID-19. TMPRSS2 is predominantly expressed in the pros-
tate. In the lung cancer cell line and the LnCaP prostate cancer cell
line, TMPRSS2 is expressed as androgen-dependent [28]. TMPRSS2
plays a pivotal role in progression of both COVID-19 and PCa, and
also can be a great therapeutic target for both diseases. As TM-
PRSS2 has been shown to activate Protease-Activated Receptor-2
(PAR2), a G protein- coupled receptor; PAR2 activation overregu-
lates the matrix metalloproteinase (MMP)-2 and MMP-9 in extra-
cellular matrices, which Both are key proteases in tumor cell me-
tastasis [154]. In addition, PCa is initiated when TMPRSS2 fuses with
the ERG family of genes, which is known to induce cellular prolifer-
ation [142]. PCaiis particularly similar to COVID-19 because the risk
factors for both diseases are similar: male gender, old age and ra-
cial inequalities [155]. It is also proved that active AR promotes
tumor growth in PCa, hence therapy approaches for PCa generally
target this signaling axis, such as androgen deprivation and hor-
monal therapies like anti-androgens [ 144, 156]. According to these
information, it can be concluded that, androgen-deprivation ther-
apy (ADT) which is used for treatment of PCa and functions by de-
creasing the expression of TMPRSS2 [157] and also activity of AR
can also be a great treatment for COVID-19 [158].

It was shown that in an observational study by Montopoli, rate
of hospitalization (50 vs. 66.7 %) and occurrence of severe COVID-
19 (25vs. 27.2 %), was lower in PCa patients with COVID-19 under-
going ADT (n=4, with ages of 94, 80, 75, and 68) compared to
those not undergoing ADT (n=114). No death was observed in ADT
receiving group while 15.8 % of patients not undergoing ADT died
due to COVID-19. COVID-19 infection rates were five times lower
in those on ADT compared to those who did not get this treatment.
It was found that cancer patients are more exposed to COVID-19
virus than non-cancer patients [159]. It should be said that it may
be impossible to draw a conclusion based on this small sample of
ADT patients (n=4) and in larger samples different results from re-
sults of this study should be observed.

Patel and colleagues in a cohort study collected data from 58
PCa patients with COVID-19 receiving ADT (GnRH analog or antag-
onist, n=22) or not receiving ADT (n=36) [160]. At the baseline,
individuals in the ADT group had a higher occurrence of metastat-
ic disease (64 % versus 0%, p<0.001) and more advanced rates of
pulmonary disease (27 vs. 6 %, p<0.02), in comparison to the non-
ADT group. After controlling for age, cardiac disease, and pulmo-
nary disease, ADT represented lesser amounts of hospitalization
(p<0.02) and supplemental oxygen requirements (p=0.036). ADT
use was also linked with a protective effect on need for intubation
(p=0.192) and mortality (p=0.22) (albeit non-significant) [160].
The mean age of patients was not reported.
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An observational study by Lee et al., which was the largest popu-
lational study on the effects of ADT, reported that ADT was linked
to alower chance of testing positive for SARS-CoV-2 (p=0.001, 295
of 3057). ADT patients were tested positive for COVID-19 with
mean age of 73.9, in comparison to 2427 positive cases in 36 096
individuals not on ADT with other cancers and mean age of 62.9.
ADT was also linked to a lower risk of severe COVID-19 outcomes
[161].

Another study also failed to show the protective effects of ADT
against COVID-19 in PCa patients (mean age of 75 and n=11 for
ADT, and 78.2 years for non-ADT: n=50) [162] in which no signifi-
cant difference was observed between ADT and non ADT group re-
garding COVID-19 mortality and severity. Overall, though, men
with prostate cancer undergoing ADT are at greater risk for the con-
sequences of COVID-19. ADT is also associated with an increased
risk of type 2 diabetes and several other diseases, and severe sar-
copenia. Therefore, the lack of increased risk in this population is
sufficient to demonstrate a relative protection.

But after all these improving effects of ADT, in a retrospective
observational study by Gedeborg et al., with collected data from
2015 to 2020 in PCa patients older than 60, findings showed that
the mortality rate in 2020 increased in both ADT and non ADT
groups compared to the period 2015-2019 and this increase in
mortality was most likely due to COVID-19. The mortality rate in
2020 in patients not on ADT treatment was substantially lower than
patients receiving ADT treatments (3.62 %, 18.87 %, 6.49 and
11.84 % for non ADT group: n=86 644, GnRH group: n=10 555, bi-
calutamid monotherapy group: n=13 172 and any ADT group:
n=23729, respectively) [163]. As mentioned in one of the previ-
ous sections of the present study (androgens, aging, and immune
system), the higher mortality rate in elder men with COVID-19
(men older than 60) than in women at the same age and also
younger men was due to cytokine storm caused by androgen de-
pletion in LOH. In two previous mentioned studies, the higher mor-
tality rate in ADT groups compared to non ADT group and insuffi-
ciency of this treatment can be explained by the effect of ADT treat-
ment which may further decrease androgen levels in elder men and
thereby exacerbates cytokine storm as well as hyper catabolic state
and subsequently leads to higher mortality rate. Even the disasso-
ciation of anticancer treatment from COVID-19 deaths (including
PCa)in Kuderer study [139] is probably due to the mean age of pa-
tients (66 years old) that were observed (the mean age for PCa pa-
tients was not reported).

Although, both androgen related mechanisms (relationships
between androgens, aging and immune system, and also correla-
tion between androgens and TMPRSS2 expression) have been
shown to have fundamental roles in COVID-19 deaths in men but
all of the results obtained from above studies in PCa patients can-
not be justified just by these 2 mechanisms and other mechanisms
are likely to be involved.

The difference observed in results of mentioned studies could
be due to the behavioral pattern of the participants in this study
and their different exposures with infection; the individuals in the
study were not also all in the same condition in terms of disease
stage, the drugs they received and immune system status.

The absolute role of androgens in preventing or promoting
COVID-19infections, especially in men aged more than 60, seems

to be highly controversial. According to previous studies, both high
and low testosterone levels can predispose person to severe COVID-19
[164,165]. In theory it seems that androgens, including testoster-
one, suppress cytokine storm, and that they can reduce the sever-
ity of disease; it also seems that use of ADT can causes worsening
of symptoms, but this condition was not observed in Montopoli et
al. and Patel et al. studies, and contradictory results was reported.
Therefore, further studies with suitable design are needed to elu-
cidate other involved mechanisms and relationships.

Conclusion

The review of literature on role of androgens in severity and morta-
lity of COVID-19 symptoms proved fundamental roles for androgens
in developing COVID-19 symptoms and also in causing COVID-19
associated deaths. As it was shown that the development of COVID-
19 symptoms and its associated deaths were substantially higherin
males, especially elderly males than young females and also in pa-
tients with androgenic alopecia than patients without it. Since men
have substantially higher level of androgens, expression of TMPRSS2,
which is required for SARS-COV-2 cell entry is higher in men, espe-
cially in their testis which cause higher virus entry and thereby infec-
tion. In addition, drop in androgen levels including testosterone, in
men due to infection of Leydig cells by SARS-COV-2 in testis leads to
cytokine storm, hypercatabolic states and thereby worse outcomes
in disease. More severity and mortality in aged males than young
ones are due to hypogonadism associated with aging, which leads
to metabolic disease and comorbidities that worsens COVID-19 out-
comes along with testosterone depletion following viral infection of
Leydig cells. Still further studies are needed to define the exact role
of androgens as well as effect of ratio between male sex hormones
and female sex hormones and their associated mechanismsin sever-
ity and mortality of COVID-19.
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