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GENDER DISPARITY IN COVID-19

Since the earliest phase of the outbreak of Coronavirus Dis-
ease 19 (COVID-19), gender disparities in clinical course and
adverse outcomes of the disease became evident.

The Global Health 5050 website provides updated sex-disag-
gregated data for COVID-19 indicators (http://global
health5050.0rg/covid19), which include at August, 24, 2021,
134,343,423 cases, 5,332,290 hospitalizations, 242,107 Inten-
sive Care Unit admissions, and 3,217,722 deaths. As reported by
this website, men are more represented among COVID-19
patients requiring hospitalization (56.6% vs 43.4%; http://global
health5050.0rg/covid19). The gap is even more evident if
patients admitted to ICU are considered, of whom 67.3% are
men (http://globalhealth5050.0rg/covid19). With the exception
of a very limited number of countries, also mortality for
COVID-19 is unbalanced towards men who represent 58.8% of
deaths attributed to SARS-CoV-2 infection, irrespective of age
(htep://globalhealth5050.0rg/covid19).

The underlying reasons for these differences are not
completely understood. Several hypotheses have been advanced
and it is most likely that multiple factors participate. Clinical and
preclinical evidence has been accrued to explain the role of sex
hormones in the gender discrepancy of COVID-19 outcomes.
Most of the reviews and literature summaries on this topic tend
to bring more out the role of estradiol as a putative protective fac-
tor. In this Expert Opinion, we aimed to highlight the elements
that lead to question estradiol as the key hormone and to take
testosterone (T) in deeper consideration as a modulator of

COVID-19 outcomes in both genders.

LIFESTYLE AS A POSSIBLE SOURCE OF GENDER
DISPARITY

The different exposition to Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) infection due to lifestyle,
including job position, may be a possible factor, which explain
the gender disparity. Globally, men lead a life characterized by

more intensive and various interpersonal exchanges, both for
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recreational activities and professional ones. Moreover, a study
evaluating the attitudes and behaviors towards the pandemic in
more than 21,000 subjects showed that women have a greater
perception regarding the seriousness of COVID-19." Accord-
ingly, they showed a closer agreement with the strategies and pol-
icies for activity restraining and reported a higher compliance
with public health and distancing rules.'

Based on this, one could expect that worse outcomes in men
are secondary to a greater infection rate. This may be apparently
the case for several African, Western, South and Southeast Asian
countries where, however, this excess is likely due to different
opportunity of access to healthcare of men and women. For
most countries, where studies on gender discrepancy in COVID-
19 were mainly conducted, there is substantial similarity in the
male to female ratio among the infected subjects (https://global
health5050.0rg/the-sex-gender-and-covid-19-project/). Moreover,
when infections among healthcare workers are considered, 2 out
of 3 are females (hteps://globalhealth5050.0rg/the-sex-gender-
and-covid-19-project/). Overall, these proportions may suggest
that women are even more prone to be infected by SARS-CoV-2
if exposed to risky environments. In light of this, the greater
severity of the disease in men appears even more dramatic.

COMORBIDITIES AS POSSIBLE SOURCE OF
GENDER DISPARITY

Among the putative conditions affecting the increased severity
in men, different prevalence in risk factors and morbidities
known to worsen the COVID-19 course may be hypothesized.

A recent meta-analysis provided a comprehensive summary of
the clinical characteristics of COVID-19 hospitalized patients
and assessed the risk factors for mortality.2 Male gender was con-
firmed as a risk factor for death. Hypertension, diabetes mellitus
(DM), and cardiovascular diseases (CVD), were the most preva-
lent morbidities” with frequencies among hospitalized COVID-
19 patients (40.8%, 22.3% and 18.5%, respectively) that
exceeded 2-to-3 fold that observed in general population. Studies
with higher representation of subjects with hypertension, DM,
CVD, chronic obstructive pulmonary disease, chronic kidney
disease, and active cancer reported higher mortality rates.” Since
all the aforementioned morbidities recognize male gender as a
nonmodifiable risk factor, this may partly explain the excess in
male hospitalization and mortality for COVID-19. However,
the comparison of COVID-19 patients in the different waves of
outbreaks showed a change in their characteristics with a
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progressive decrease in age and prevalence of some comorbid-
ities’ but a roughly similar male to female ratio among subjects
admitted to hospital.sf5 This suggests that there are further fac-
tors, besides comorbidities, which may explain the adverse out-
comes in men.

SEX HORMONES AS POSSIBLE SOURCE OF
GENDER DISPARITIES

In each field of medicine and biology, when gender disparities
are recognized, sex hormones are the major candidates for being
the responsible. In fact, sex hormones circulate in men and
women at different concentrations.

Evidence on Estrogens

Present literature has greatly underlined the data, which sug-
gest a beneficial effect of estrogens and a detrimental one for
androgens in COVID-19 patients. This is based on the assump-
tion that estrogens are “female” and androgens are “male” hor-
mones. Indeed, preclinical data on animal models of SARS and
Middle East Respiratory Syndrome (MERS) caused by coronavi-
ruses similar to SARS-CoV-2, in line with present epidemiological
data on COVID-19, showed that female mice have better disease
course and lower mortality than males” and that ovariectomy or
tamoxifen were associated with increased mortality.” This may
suggest that estrogens are protective towards coronavirus infection
but it should not be forgotten that ovariectomy causes not only
estrogen but also androgen deprivation. Moreover, selective estro-
gen receptor inhibitors (SERMs), such as tamoxifen, have also tis-
sue-specific pro-estrogenic effects and one of the most notorious
adverse event with SERMs is venous thromboembolism, a life-
threatening event in COVID-19. Hence, the role of sex hor-
mones in COVID-19 is likely to be far more complicate than
“estrogens is the good and androgens the bad.”

As an effect of estrogen levels, females mount a stronger
immune response with higher levels of cytokines and antibodies
that provides better protection from palthogens.7 However, in
COVID-19, the clinical worsening and life-threatening phase
rely right in an exaggerate inflammatory response with the so
called “cytokine storm” for which a hyperactive immune system
could be even detrimental. In addition, some,® although not all,’
studies show that estrogens upregulate angiotensin-converting
enzyme 2 (ACE2) that, on one hand, promotes the most favor-
able effects of renin-angiotensin system but, on the other hand,
is the key enzyme that allow SARS-CoV-2 entering the pneumo-
cytes and starting lung tissue damage and subsequent inflamma-
tory events. The putative beneficial effects of estrogens on
COVID-19 are also disproven by the observation that, in post-
menopausal women, the lower risk of worse COVID-19 out-
comes is still maintained on age-matched men (https://
globalhealth5050.0rg/the-sex-gender-and-covid-19-project/). In
addition, a study on 286 hospitalized COVID-19 male patients
and 281 healthy controls have shown that patients have slightly
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but significantly higher estradiol levels and that higher estradiol
is associated with worse, rather than better, COVID-19 clinical
outcomes.' Estradiol per se has not been confirmed a risk factor
in another recent study (which used mass-spectrometry rather
than immunoassays for sex hormone measurement),'" although
estradiol to T ratio was found higher among men with more
severe COVID-19. These data do not allow attributing definitely
a detrimental effect of estradiol in men with COVID-19 because
they could be the reflection of severely decreased T levels; none-
theless, they allow excluding that estradiol may be beneficial for
men with COVID-19.

Focus on Testosterone

In the dichotomy of estrogens = female and androgens = male,
it is important to consider that, in premenopausal women, serum
estradiol fluctuates considerably peaking at the mid-cycle up to
1,000 pmol/L and declining progressively through the luteal
phase by the lowest values around 50 pmol/L that are achieved
in early follicular phase. In menopausal women, estradiol is com-
monly below 30 pmol/L. Adult men have stable estradiol levels
ranging 30 to 150 pmol/L and, with ageing, only a slight decline
is detected. Although there is, of course, substantial difference in
estradiol levels between men and women, the abovementioned
values show that its magnitude is smaller than it could be
thought, at least for a considerable part of life. Conversely, the
differences in testosterone (T) levels are more pronounced.
Healthy premenopausal women have serum T levels around 0.5-
1.0 nmol/L, which gradually decline with ageing. On the other
hand, in healthy young men, total T has concentrations in the
order of 15-25 nmol/L and, despite T declines with ageing, only
in surgically or drug-induced castration, levels as low as in
women are achieved. In this view, it is rationale to consider the
role of T as a modulating factor of COVID-19 severity, responsi-
ble for the gender discrepancy.

The transmembrane protease/serine subfamily member 2
(TMPRSS?2) is, besides ACE2, another key step of the SARS-
CoV-2 infection. After the spike protein binds ACE2, it allows
the fusion of viral and cell membranes thus promoting the inter-
nalization of SARS-CoV-2. TMPRSS2 is expressed not only in
the airways but also in several other tissues, including the endo-
thelium of micro- and macro-vessels where it favors clotting and,
therefore, predisposes to the most frightening complications of
COVID-19, namely the disseminated intravascular coagulation
and pulmonary embolism.

Before being considered in the pathogenesis of COVID-19
and its complications, TMPRSS2 has been extensively studied in
the context of prostate cancer, where the androgen-dependence of
its expression has been demonstrated. Therefore, it could be
hypothesized that lower T levels could protect from SARS-CoV-2

infection and be the responsible for better outcomes in women.

In an earlier phase of the pandemic, a retrospective study per-
formed in Veneto, one of the most severely affected regions in
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Italy and in the world at that time, provided data supporting the
protective role of low T. By matching the data of regional regis-
tries of cancer patients with those on COVID-19 infected sub-
jects, men with prostate cancer undergoing androgen deprivation
therapy (ADT) were shown to have 3 to 4-fold higher risk of
SARS-CoV-2 infection and of worse outcomes from COVID-
19, as compared with men with cancer not upon ADT."” Tt
should be however recognized that, due to the limited number of
SARS-CoV-2 infections in the study population, the confidence
intervals for the odds ratio were quite wide with borderline statis-
tical significance in some cases. Later on, 2 Brazilian studies
investigated the effect of antiandrogens in patients with mild to
moderate COVID-19, showing a beneficial effect in terms of
viral clearance, reduction of inflammatory markers and clinical

L . 13,14
remission, as compared with placebo.'’

The putative detrimental role of T is in contrast with the
physiologic decline of its levels in ageing men. In fact, the gap in
adverse outcomes between men and women is particularly evi-
dent after the age of 60 years (http://globalhealth5050.0rg/
covid19 last updated on August 24, 2021), when men com-
monly have T levels significantly lower than healthy younger
subjects and in 15-20% of cases achieve values consistent with
hypogonadism. In ageing men, the drop of T in the hypogonadal
range is favored by the presence of comorbidities, including obe-
sity, CVD, DM and other chronic conditions that are highly
prevalent among COVID-19 patients with worse outcomes. In
this view, the role of low T levels, rather than high, should be
considered as a risk factor in COVID-19.

At the beginning of the first wave of SARS-CoV-2 infection
in Italy, we collected data on hospitalized men with COVID-19
with the aim of studying their gonadal function and the possible
relationship with their clinical outcomes.” Our study was the
first one to demonstrate that in men admitted to a sub-intensive
care unit for COVID-19, serum T was severely low with high
luteinizing hormone (LH). This hormone pattern denotes a pri-
mary testicular damage, which is not common to critical patients
that more often have a down-regulation of the hypothalamus-
pituitary-testicular axis with both low T and LH. Noteworthy,
ACE2 and TMPRSS2 are both expressed in the testis with
ACE2 strongly represented in Leydig cells, which may explain
the testicular damage from SARS-CoV-2.'® In our study, we also
showed that low T is a predictive factor for adverse outcomes.
In particular, men with total T <5 nmol/L have 20-fold higher
risk of transfer to intensive care unit and 30 fold higher to die.
Afterwards, other studies with similar design confirmed our

10,17—19
results.

The association of low T with adverse COVID-19 outcomes
in men may have different explanations. Indeed, it could be the
reflection of heavier comorbidity burden and be a simple marker
of frailty. However, T has known effects on the immune system.
In particular, in contrast with estrogens, T has immunosuppres-
sive effects that target several arms of the immune system, includ-
ing the cells effectors of the innate response and those of the
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adaptive response. Among its effects, T is able to downregulate
the production and release of pro-inflammatory cytokines,
including interleukin (IL)-18, IL-6, tumor necrosis factor
(TNF)-a, interferon (IFN)y, IL-12, and induce the production
of anti-inflammatory cytokines, such as IL-10 and IL-4.”" The
overall anti-inflammatory effect of androgens is proven in experi-
mental models of inflammatory and autoimmune diseases in
which T treatment is able to dampen the disease progression.™
Recently, these findings have been confirmed a larger prospective
study, which showed that lower T and increased estradiol to T
ratio were associated more severe COVID-19 status and course

. . RS
and increased cytokine concentrations.

Conclusions on the clinical meaning of low T in men with
COVID-19 cannot be drawn based on the current data. Low T
may represent a marker of frailty. Indeed, it is known that T

1
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commonly declines in subjects with chronic morbidities™ and,

despite studies in are scanty, this is reported also in acute critical
illnesses.””> However, due to the aforementioned role of T on
immune response, a direct pathogenic effect of T in the
COVID-19 clinical course cannot be excluded. The hypothesis
that maintaining normal T levels in men affected by COVID-19
is beneficial should be corroborated by adequately designed ran-
domized placebo-controlled clinical trials evaluating the efficacy
of T replacement therapy. Such studies are not available so far.
However, data exist on experimental animal models of infection
from influenza viruses showing that orchiectomized mice
replaced with T have better disease course and lower inflamma-
tory features in lung dssue than the nonhormone replaced
controls.”

According to these lines of evidence, eugonadal status in men
infected by SARS-CoV-2 is a protective status and severely
decreased T during the infection must be regarded as a risky con-
dition rather than protective. But what about T in women with
COVID-19? As an effect of the aforementioned dichotomy
estrogens=female and androgens=male, the research in the field
of the effects of T in women is in its infancy and its specific role
in COVID-19 has been scarcely investigated. In a German study
on 10 women (mean age 67.5 years; range 54-84 years) hospital-
ized in ICU for COVID-19, circulating T was higher than nor-
mal values of menopausal women in 60% of cases.'’
Interestingly, higher serum T was positively associated with cir-
culating pro-inflammatory cytokine levels.'"® We recently repli-
cated and confirmed these results in a similar cohort of 17
women aged 69.0 [57.5-74.0] years admitted in a sub intensive
care unit for COVID-19. Interestingly, in this cohort, higher T
at the admission was associated with increased circulating makers
of inflammation with a threshold identifiable at T>1 nmol/L,
above which procalcitonin, lactate dehydrogenase and ferritin
steeply increased.”* Curiously, T levels in these women were not
associated with LH. This is apparently paradoxical because, in
women, most of T is produced by the ovary upon LH stimula-
tion. However, in menopausal women, it is expected that the
contribution from the ovary to T production decrease. The other
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steroidogenic gland that has the potential to produce T is the
adrenal although, normally, its contribution to circulating T is
limited. In our cohort, T levels were positively correlated with
cortisol thus supporting the adrenal origin of the hormone.”*
This is an intriguing finding because it suggests that T in women
may be considered a marker of adrenal activation upon stressful
conditions, such as SARS in COVID-19. Indeed, it is reported
that females, either animal models or humans, have a more pro-
nounced response of the hypothalamus-pituitary-adrenal axis to
stressors and they experience a slower habituation to stress than
males.”” This could explain the lively response of T increase
observed in women hospitalized in sub-intensive care unit for
COVID-19. Nonphysiologically high (because higher than
expected in menopausal women) T levels should be considered a
marker of greater effort of the immune system to face a critical
condition. Whether this translates into a successful or unsuccess-
ful effort with better or poor prognosis is still to be studied but it
represents an interesting new field of research for women health.

CONCLUSIONS

In conclusion, the gender disparity concerning COVID-19
outcomes is still to be fully explained. Several factors may con-
tribute. Among these, sex hormones are candidate prognostic fac-
tors. Although detrimental and beneficial role for T and estradiol,
respectively, have been hypothesized, this explanation seems sim-
plistic. In men, low T have been associated with worse COVID-
19 course, whereas in women, higher T is associated with a
heavier immune response. There is still much research work to
do for corroborating these results and to understand is this path-
ophysiologic observation has diagnostic or even therapeutic rele-

vance in COVID-19.

Corresponding Author: Giulia Rastrelli, MD, PhD - Depart-
ment of Experimental and Clinical Biomedical Sciences - Viale
Pieraccini 6, Florence 50139, Italy. Tel: +39 055 2758415; Fax:
+39 055 4271371; E-mail: giulia.rastrelli@unifi.it

Conflict of Interest: The authors report no conflicts of interest.

Funding: None.

STATEMENT OF AUTHORSHIP

Vincenza Di Stasi: Conceptualization and Methodology, Vali-
dation, Investigation, Writing - Review & Editing; Giulia Ras-
trelli:  Conceptualization and  Methodology, Validation,
Investigation, Writing - Original Draft, Supervision, Writing -
Review & Editing.

REFERENCE

1. Galasso V, Pons V, Profeta P, et al. Gender differences in
COVID-19 attitudes and behavior: Panel evidence from eight

J Sex Med 2027;18:1950—-1954

10.

1.

12.

13.

1953

countries. Proc Natl Acad Sci U S A 2020;117:27285-
27291. doi: 10.1073/pnas.2012520117.

. Corona G, Pizzocaro A, Vena W, et al. Diabetes is most impor-

tant cause for mortality in COVID-19 hospitalized patients:
Systematic review and meta-analysis. Rev Endocr Metab Dis-
ord 2021;1:3. doi: 10.1007/s11154-021-09630-8.

. Roth CA, Emmons-Bell S, Alger HM, et al. Trends in patient

characteristics and COVID-19 in-hospital mortality in the
United States during the COVID-19 pandemic. JAMA Netw
Open 2021;4:e218828. doi: 10.1001/jamanetworkopen.
2021.8828.

. Iftimie S, Lopez-Azcona AF, Vallverdu |, et al. First and second

waves of coronavirus disease-19: A comparative study in hos-
pitalized patients in Reus, Spain. PLoS One 2021;16. doi:
10.1371/journal.pone.0248029.

. Bongiovanni M, Arienti R, Bini F, et al. Differences between

the waves in Northern Italy: How the characteristics and the
outcome of COVID-19 infected patients admitted to the emer-
gency room have changed. J Infect 2021. doi: 10.1016/j.
jinf.2021.04.024.

. Channappanavar R, Fett C, Mack M, et al. Sex-based differen-

ces in susceptibility to severe acute respiratory syndrome
coronavirus infection. J Immunol 2017;198:4046-4053. doi:
10.4049/jimmunol.1601896.

. Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, progesterone,

immunomodulation, and COVID-19 outcomes. Endocrinol
(United States) 2020;161. doi: 10.1210/endocr/bgaal2?.

. Zhang L, Zetter MA, Guerra EC, et al. ACE2 in the second act

of COVID-19 syndrome: Peptide dysregulation and possible
correction with oestrogen. J Neuroendocrinol 2021;33. doi:
10.111V/jne.12935.

. Kalidhindi RSR, Borkar NA, Ambhore NS, et al. Sex steroids

skew ACE2 expression in human airway: A contributing factor
to sex differences in COVID-197 Am J Physiol - Lung Cell
Mol Physiol 2020;319:L843-L847. doi: 10.1152/AJPLUNC.
00391.2020.

Salonia A, Pontillo M, Capogrosso P, et al. Severely low tes-
tosterone in males with COVID-19: A case-control study.
Andrology 2021. doi: 10.1111/andr.12993.

Dhindsa S, Zhang N, McPhaul MJ, et al. Association of circu-
lating sex hormones with inflammation and disease severity in
patients with COVID-19. JAMA Netw Open 2021;4. doi:
10.1001/jamanetworkopen.2021.11398.

Montopoli M, Zumerle S, Vettor R, et al. Androgen-deprivation
therapies for prostate cancer and risk of infection by SARS-
CoV-2: A population-based study (N=4532). Ann Oncol
2020;31:1040-1045. doi: 10.1016/j.annonc.2020.04.479.

Cadegiani FA, McCoy J, Gustavo Wambier C, et al. Proxaluta-
mide significantly accelerates viral clearance and reduces time
to clinical remission in patients with mild to moderate COVID-
19: Results from a randomized, double-blinded, placebo-
controlle trial. Cureus 2027;13. doi: 10.7759/cureus.13492.

. Cadegiani FA, McCoy J, Gustavo Wambier C, et al. Early anti-

androgen therapy with dutasteride reduces viral shedding,
inflammatory responses, and time-to-remission in males with


mailto:giulia.rastrelli@unifi.it
https://doi.org/10.1073/pnas.2012520117
https://doi.org/10.1007/s11154-021-09630-8
https://doi.org/10.1001/jamanetworkopen.<?A3B2 re3j?>2021.8828
https://doi.org/10.1001/jamanetworkopen.<?A3B2 re3j?>2021.8828
https://doi.org/10.1371/journal.pone.0248029
https://doi.org/10.1016/j.jinf.2021.04.024
https://doi.org/10.1016/j.jinf.2021.04.024
https://doi.org/10.4049/jimmunol.1601896
https://doi.org/10.1210/endocr/bqaa127
https://doi.org/10.1111/jne.12935
https://doi.org/10.1152/AJPLUNG.<?A3B2 re3j?>00391.2020
https://doi.org/10.1152/AJPLUNG.<?A3B2 re3j?>00391.2020
https://doi.org/10.1111/andr.12993
https://doi.org/10.1001/jamanetworkopen.2021.11398
https://doi.org/10.1016/j.annonc.2020.04.479
https://doi.org/10.7759/cureus.13492

1954

15.

16.

17.

18.

19.

COVID-19: A randomized, double-blind, placebo-controlled
interventional trial (EAT-DUTA AndroCoV trial — biochemi-
cal). Cureus 2021;13. doi: 10.7759/cureus.13047.

Rastrelli G, Di Stasi V, Inglese F, et al. Low testosterone levels
predict clinical adverse outcomes in SARS-CoV-2 pneumonia
patients. Andrology 2021;9:88-98. doi: 10.1111/andr.12821.

Wang Z, Xu X. scRNA-seq profiling of human testes reveals
the presence of the ACE2 receptor, a target for SARS-CoV-2
infection in spermatogonia. Leydig and Sertoli Cells. Cells
2020;9. doi: 10.3390/cellsS040920.

Gayan S, Uguz M, Saylam B, et al. Effect of serum total tes-
tosterone and its relationship with other laboratory parame-
ters on the prognosis of coronavirus disease 2019 (COVID-19)
in SARS-CoV-2 infected male patients: A cohort study. Aging
Male 2020. doi: 10.1080/13685538.2020.1807930.

Schroeder M, Tuku B, Jarczak D, et al. The majority of male
patients with COVID-19 present low testosterone levels on
admission to Intensive Care in Hamburg, Germany: A retrospec-
tive cohort study. MedRxiv 2020; 2020.05.07.20073817.
doi: 10.1101/2020.05.07.20073817.

Salciccia S, Del Giudice F, Centile V, et al. Interplay between
male testosterone levels and the risk for subsequent invasive
respiratory assistance among COVID-19 patients at hospital
admission. Endocrine 2020;70:206-210. doi: 10.1007/
s12020-020-02515-x.

20.

21.

22.

23.

24,

25.

Di Stasi and Rastrelli

Trigunaite A, Dimo J, Jargensen TN. Suppressive effects of
androgens on the immune system. Cell Immunol
2015;294:87-94. doi: 10.1016/j.cellimm.2015.02.004.

Rastrelli G, Corona G, Maggi M. Both comorbidity burden and
low testosterone can explain symptoms and signs of testos-
terone deficiency in men consulting for sexual dysfunction.
Asian J Androl 2020;22:265-273. doi: 10.4103/aja.
aja_61_19.

Dong Q, Hawker F, McWilliam D, et al. Circulating immunore-
active inhibin and testosterone levels in men with critical ill-
ness. Clin Endocrinol (Oxf) 1992;36:399-404. doi: 10.1111/
j-1365-2265.1992.th01466.x.

Vom Steeg LG, Vermillion MS, Hall OJ, et al. Age and testos-
terone mediate influenza pathogenesis in male mice. Am J
Physiol - Lung Cell Mol Physiol 2016;311:L1234-L1244. doi:
10.1152/ajplung.00352.2016.

Rastrelli G, Di Stasi V, Inglese F, et al. Preliminary evidence of
the role of circulating testosterone levels in a cohort of women
with SARS-CoV-2 infection. Endocr Abstr 2021;73. doi:
10.1530/endoabs.73.aep835.

Heck AL, Handa RJ. Sex differences in the hypothalamic
—pituitary—adrenal axis’ response to stress: an impor-
tant role for gonadal hormones. Neuropsychophar-
macology 2019;44:45-58. doi: 10.1038/541386-018-
0167-9.

J Sex Med 2021;18:1950—-1954


https://doi.org/10.7759/cureus.13047
https://doi.org/10.1111/andr.12821
https://doi.org/10.3390/cells9040920
https://doi.org/10.1080/13685538.2020.1807930
https://doi.org/10.1101/2020.05.07.20073817
https://doi.org/10.1007/s12020-020-02515-x
https://doi.org/10.1007/s12020-020-02515-x
https://doi.org/10.1016/j.cellimm.2015.02.004
https://doi.org/10.4103/aja.aja_61_19
https://doi.org/10.4103/aja.aja_61_19
https://doi.org/10.1111/j.1365-2265.1992.tb01466.x
https://doi.org/10.1111/j.1365-2265.1992.tb01466.x
https://doi.org/10.1152/ajplung.00352.2016
https://doi.org/10.1530/endoabs.73.aep835
https://doi.org/10.1038/s41386-018-<?A3B2 re3j?>0167-9
https://doi.org/10.1038/s41386-018-<?A3B2 re3j?>0167-9

