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Testosterone target therapy: focus on
immune response, controversies and clinical
implications in patients with COVID-19 infection
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Abstract: The pandemic acute respiratory syndrome coronavirus 2 (SARS-CoV-2) named
COVID-19 is causing a severe health emergency, and an individual’s hormonal milieu may play
an important role in both susceptibility to infection and severity of clinical course. We analyzed
the role of testosterone in the immune response, and we hypothesized possible mechanisms
to explain the high incidence of COVID-19 infection and a worse clinical course in elderly male
patients. Testosterone may impair the immune response, and this effect could explain the
greater susceptibility of men to infection. Transmembrane serine protease 2 (TMPRSS2) plays
a crucial role in the entry of the virus into the respiratory epithelial cells, leading to COVID-19
disease. It is crucial to emphasize that testosterone levels and chemical castration (e.g. by
androgen deprivation therapy for prostate cancer) may have contrasting roles in the phases
of COVID-19 infection. Whereas low testosterone levels may be protective against the initial
susceptibility (due to a restoration of immunological functions and a block of TMPRSS2), low
testosterone may stimulate a worse clinical course in the advanced COVID-19 infection as it
could exacerbate or activate the cytokine storm. If testosterone levels play these different
roles, it is necessary to carefully identify patients for any indicated testosterone manipulation.
Keywords: COVID-19, SARS-CoV2, male serum testosterone, testosterone replacement
therapy, androgen deprivation therapy, sex differences, immune response, hypogonadism
Received: 28 November 2020; revised manuscript accepted: 13 March 2021.

Introduction
The global COVID-19 pandemic is causing a
health emergency throughout the world.1 From
the beginning of the pandemic, clinical studies
have shown that the main risk factors for mortality from COVID-19 are older age, male sex and
comorbidity.2 Given that male sex and older age
are significant risk factors for a severe course of
COVID-19, investigators have hypothesized that
the hormonal milieu may play an important role
both in the susceptibility to infection and in the
severity of the clinical course.3 Differences
between the male and female in immune responses
are well known.4,5 The two most important factors accounting for the sex bias in immunity are
genetics and sex hormones.6 In this short review,

we analyzed the role of testosterone on the
immune response and hypothesized possible
mechanisms to explain the high incidence of
COVID-19 infection and a worse clinical course
in elderly male patients. Moreover, given the conflicting findings on the role of testosterone from
clinical and epidemiological studies in patients
with COVID-19 infection, we tried to propose a
model to explain these reports.
Testosterone, immune response, prostate
cancer and COVID-19 infection: evidence for
a link?
Evidence point to an immunosuppressive role of
testosterone on different components of the immune
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system and also suggests a role of testosterone in the
different phases of the immune response.7 The negative effect of testosterone on the immune response
has been evaluated in numerous preclinical studies,
and can be summarized in the following effects
shown by Trigunaite et al.:8 androgens (1) appear to
be protective in autoimmunity but promoting of
cancer, (2) suppress antibody (Ab) response to vaccination and infection, (3) suppress inflammatory
immune cells like dendritic cells and macrophages,
(4) promote regulatory immune cells like myeloidderived suppressor cells (MDSCs), and (5) dampen
the development and function of T and B cells.
Therefore, there is increasing evidence that testosterone acts negatively on the immune response in
both bacterial and viral infections, and this powerful
immunosuppressive effect could explain the greater
susceptibility of males to infections including
COVID-19, the lower incidence of autoimmune
diseases in men than women, and the lower response
to vaccines in men compared with women.9–11
However, exceptions to this assumption have been
reported, such as coxsackievirus-induced myocarditis (CIM). According to Di Florio et al., the higher
serum T levels compared with low circulating estrogen in males during CIM contributes to reactive
oxygen species generation in mitochondria, causing
a worse illness progression.12
An additional human model to study the impact
of androgens on the immune response can be
offered by patients with Klinefelter syndrome
(Ks).13,14 In patients with Ks, azoospermia and
infertility are almost inevitably present; however,
a broad spectrum of phenotypes has been
described, probably due to a different profile of
testosterone levels and mosaic forms of the syndrome.15,16 Oketni et al. evaluated the immunological profile of patients with Ks and idiopathic
hypogonadism without replacement therapy, suggesting that both humoral and cellular immunity
is enhanced in male hypogonadism. Moreover,
Ks patients had increased frequency of antiextractable nuclear Ab and anti-cardiolipin Ab
positivity compared with idiopathic hypogonadotropic patients.17 The tendency to develop autoimmunity in Ks could be due to the expression of
additional active genes present on the X chromosome, as recently proposed by Wang et al.18
However, it is also possible that in Ks patients
testosterone deficiency and increased levels of
estradiol are contributing factors for this enhanced
auto-Ab production. These data suggest a role
of hypogonadism in the immune response, including autoimmunity. Indeed, Ks is strongly associated
2

to autoimmune diseases like systemic lupus erythematosus and rheumatoid arthritis.19–21 Importantly,
testosterone replacement therapy has been tested
in animal and human models of autoimmune
disease with encouraging results.22–24
Another important field in which the link between
testosterone levels and immunological response
could be speculated is prostate cancer (PC) and
its treatment, mainly androgen deprivation therapy (ADT). PC is an age-related disease and ADT
is the first-line treatment for locally advanced and
metastatic disease.25 If testosterone impairs the
immune response, we may predict that ADT can
restore immune function and protect against
infections. However, to date there are no clinical
data on the benefit of ADT in microbial infection.
In contrast, there is indirect evidence that supports the role of ADT in activating the immune
system.26 Thymic involution can be reversed in
mouse and rat models after orchiectomy, and this
regrowth is characterized by an increase in the
weight and cellularity of the thymus. Moreover,
this can be reversed when androgens are readministered to the castrate subject.27,28 Sex steroid ablation significantly enhances lymphopoiesis,
as reported by Goldberg et al. in an autologous
hematopoietic stem cell transplantation mouse
model.29 These observations confirm that androgens have an immunosuppressive effect, and ADT
might function to reverse this suppression. If testosterone has an immunosuppressive action, we
can expect it to play different roles in the various
stages of the natural history of COVID-19
infection.
Androgen deprivation therapy and
COVID-19 susceptibility
SARS-CoV-2 viral entry into host cells is dependent on angiotensin converting enzyme 2 (ACE2)
and
transmembrane
serine
protease
2
(TMPRSS2), which have been found to be
expressed in human lungs and other tissues,
including prostate and testis.30 TMPRSS2 plays a
crucial role in the entry of the SARS-CoV-2 virus
into the respiratory epithelial cells, leading to
COVID-19 disease.31 TMPRSS2 is expressed in
prostate epithelium and is regulated by androgen
receptor (AR). Men diagnosed with PC and
treated with the luteinizing hormone-releasing
hormone (LHRH) agonist leuprolide, or doses of
estradiol sufficient to induce castrate serum levels
of testosterone, showed significantly lower
TMPRSS2 transcripts, when compared with
journals.sagepub.com/home/tae
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untreated controls (p < 0.01).32 The finding that
TMPRSS2 plays a crucial role in the entry of the
SARS-CoV-2 virus into the respiratory epithelial
cells, leading to COVID-19 disease, has led to
speculation of a role of ADT in patients with
COVID-19 infection. In this context, ADT could
be useful through a dual mechanism: (1) blocking
TMPRSS2 by interfering with the entry of the
virus at the lung level, and (2) improving the
immune response through blunting of the immunosuppressive effects of testosterone. However,
epidemiological data in patients with PC under
ADT have shown conflicting results. Montopoli
et al.33 analyzed the role of ADT in a large and
unselected series of patients with PC obtained
from the cancer database of Veneto (Italy). They
observed that patients on ADT had lower rates of
SARS-Cov-2 infection [4/5273 cases versus
114/37 161, odds ratio (OR) 4.05, 95% confidence interval (CI) 1.55–10.59, p = 0.00043]. In
contrast, Caffo et al.34 observed a higher lethality
from SARS-CoV2 (25% versus <13.0%), when
compared with the population of infected Italian
males of the same age among a population of
metastatic hormone-sensitive PC (mCSPC) and
metastatic castration-resistant PC (mCRPC) on
ADT. More recently, Klein et al.35 did not
observed a protective role of ADT from SARSCov-2 infection (OR 0.93, 95% CI 0.54–1.61,
p = 0.8) in a cohort of 1,779 men with PC. Given
the differences in the populations analyzed, the
conflicting results of these studies could be consistent with a more complex role of testosterone
in the immune response and the clinical course
and pathophysiology of patients with COVID-19
infection.3
Pathogenesis and clinical course of
COVID-19 infection: hypothesis for a
double-edged role of testosterone
Clinical manifestations of COVID-19 infection
vary from asymptomatic or pauci-symptomatic
cases to complicated cases that develop severe
pneumonia and lead to death.36 Acute respiratory
distress syndrome (ARDS) represents the final
stage for many critically ill patients, and evidence
suggests a specific role for a cytokine storm.37
Since the beginning of COVID-19 infection, it is
known that the severe course of the disease occurs
mostly among elderly patients.38 The relationship
between testosterone levels and age is well documented. It is generally known that during life, testosterone levels decrease after puberty.39,40 The
incidence of low testosterone and symptoms of
journals.sagepub.com/home/tae

hypogonadism in men aged 40–79 years varies
from 2% to 6%41,42 and hypogonadism is more
prevalent in the oldest men with obesity and comorbidities such as dysmetabolic disturbances.40
Moreover, it is generally accepted that levels of
testosterone <300 ng/dl can be regarded as the
cut-off to define that a patient is affected by
hypogonadism.43
Based on the role of androgens in the immune
response and on the variation in androgen levels
throughout life, we may speculate that testosterone could play a double-edged role in the natural
history of COVID-19 infection.44 In the early
phase, the immunosuppressive action of testosterone could explain males’ greater susceptibility
to infection when compared with women in all
age groups. When the infection has been established, in elderly males who frequently develop
ARDS lower testosterone levels related to age
could result in a lower immunosuppressive effect
and thus a more robust cytokine response. In the
aging male, a lower testosterone level is associated as a risk factor for the development of illnesses such as hypertension, diabetes and
cardiovascular disease, and on proinflammatory
cytokines.3,45,46 Therefore, hypogonadism may
have a protective role on the initial COVID-19
infection, but may also lead a patient toward a
more severe clinical course. Based on these considerations we can also expect that ADT for PC
may lower susceptibility to COVID-19 infection
and lead to a worse course in an advanced phase
(Figure 1).
Testosterone levels and severity of clinical
course in patients with COVID-19 infection
Given the immunosuppressive effect of testosterone, we can expect that patients with COVID-19
infection and ARDS have lower testosterone levels. Clinical studies on this topic seem to confirm
this finding. First, Rastelli et al.47 showed that
lower baseline total testosterone levels predict
poor prognosis and mortality in SARS-CoV-2infected men in a series of 31 male patients
affected by SARS-CoV-2 pneumonia and recovered in the respiratory intensive care unit. Similar
results were reported by Salciccia et al.,48 where
total testosterone levels were significantly lower in
the ARDS patients compared with patients without ARDS (p = 0.003) and higher serum testosterone levels were independently associated with
a lower risk of invasive oxygenation (OR: 0.43,
95%CI: 0.23–0.85; p = 0.016). In addition, low
3
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Figure 1. Double-sided role of testosterone in COVID-19 infection related to male age and clinical course.
IL, interleukin; pts, patients; TMPRSS2, transmembrane serine protease 2; TNF, tumor necrosis factor.

total testosterone levels were associated with a
worse clinical COVID-19 phenotype, and
inversely correlated with interleukin-6 (IL-6) levels (p = 0.002). Çayan et al.49 investigated the
effect of serum total testosterone on the prognosis
of a large prospective cohort of 221 consecutive
male patients (>18 years old) with laboratoryconfirmed SARS-CoV-2 who had been hospitalized due to COVID-19. They observed that
baseline serum total testosterone levels were negatively associated with ICU admission (p = 0.001).
Moreover, they observed that serum T levels significantly decreased from pre-COVID-19 level
(458 ± 198 ng/dl) to 315 ± 120 ng/dl at the time
of COVID-19 (p = 0.003). This observation confirms not only that hypogonadism is a risk factor
for a worse clinical course, but also suggests that
hypogonadism and the consequent loss of immunosuppressive effects may represent a pathogenetic mechanism of the virus through testicular
involvement. There is some preliminary evidence
that the testis may be a target of SARS-Cov-2:
SARS-CoV-2 may enter into the host cell by
binding to ACE230 that is expressed in Leydig
and Sertoli cells, as observed by several authors.50
However, the expression of an entry route at the
testicular level is not sufficient to confirm that the
testis represents a target organ for SARS-Cov-2.
Indeed, the virus should be isolated from testicular specimens of patients with COVID-19
4

infection or detected in semen samples. Li et al.51
reported the presence of SARS-CoV-2 in semen
samples of six patients; however, these data were
not confirmed in subsequent studies.52,53 Given
the methodological differences and the type of
population analyzed in these studies, seminal
fluid as a possible route of transmission remains
controversial.54 It is important to note that one
study did report a case of male patient who died
from COVID-19 infection in which SARS-Cov-2
was isolated from testis specimen,55 while others
have failed to prove this finding.52 However, in all
these studies a significant seminiferous tubular
injury reduced Leydig cells, and mild lymphocytic inflammation was observed.55 The results of
these studies do not allow us to state that SARSCov-2 can affect the testis like other viruses (i.e.
HIV, mumps), yet they highlight that the testes of
patients affected by SARS-Cov-2 can be damaged both in the seminiferous component and in
the Leydig cells, likely as a consequence of a generalized inflammatory state.56
Testosterone target therapy: future
strategies in patient with COVID-19 infection
The discovery of the role of TMPRSS2 in the
entry of the SARS-CoV-2 virus into the respiratory epithelial cells led to the speculation for a role
of ADT in the treatment of patients with
journals.sagepub.com/home/tae
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Figure 2. Proposed management of COVID-19 patients according to testosterone levels and stage of disease.

5-ARIs, 5α-reductase inhibitors; GnRH, gonadotropin-releasing hormone; MOF, multi organ failure; SO2, oxygen saturation;
TMPRSS2, transmembrane serine protease 2.

COVID-19 infection.32,33 To date, on Clinicaltrial.
gov there are two trials involving drugs used for
ADT in the treatment of COVID-19 patients:
Degarelix (NCT04397718) a gonadotropin-releasing
hormone (GnRH) antagonist used in metastatic
Hormone Sensitive Prostate Cancer (mHSPC),57
and Enzalutamide (NCT04475601), a new generation anti-androgen inhibiting the expression of
androgen-regulated proteins, such as TMPRSS2,
commonly used in mCRPC. All these studies are
in the recruiting stage and involve critically ill
patients with COVID-19 infection. Based on the
controversial clinical data reported by previous
experiences,33–35 and the potential double-edged
role of testosterone in the natural history of
COVID-19 infection, we may speculate that ADT
could be contraindicated in a critically ill patient,
as the loss of the immunosuppressive effect of circulating testosterone could exacerbate the cytokine
syndrome. If testosterone levels play a different
role in the susceptibility and overt disease phases,
it is necessary to carefully select the type of patient
as well as the indicated testosterone manipulation
(testosterone replacement therapy or ADTs)
(Figure 2). This aspect clearly has important clinical repercussions in patients with PC receiving
ADT or candidates for ADT. If low testosterone
levels give an advantage in the susceptibility phase
to infection due to a restoration of immunological
journals.sagepub.com/home/tae

functions and through the block of TMPRSS2,
we can hypothesize that ADT could represent a
prevention strategy for patients at increased risk of
mortality from COVID-19. In this context, one
trial is available on clinicaltrial.gov (searched on)
with the aim to explore the protective role of
dutasteride in patients with COVID-19 infection
not hospitalized (NCT04446429). Dutasteride is
a 5α-reductase inhibitor (5-ARI) able to block
conversion of testosterone to dihydrotestosterone,
commonly used for benign prostatic hyperplasia
and androgenetic alopecia with a better tolerability profile than ADT. If low testosterone levels can
protect from infection, hypogonadism represents
a clear risk factor for unfavorable results when the
infection has occurred. Available clinical data
indicate low testosterone levels as a risk factor for
the need of assisted mechanical ventilation and
poor outcomes in patients with COVID-19 infection.47–49 Screening for low testosterone levels is
needed for early identification and treatment of
men at high risk of mortality from COVID-19.58
Currently testosterone replacement therapy is recommended in hypogonadal patients mainly for its
effects on erectile function, cognitive function and
mineral bone density. However, there are consistent data on the role of testosterone replacement
therapy as modulator of the immune response in
patients with Acquired Immune Deficiency
5
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Syndrome (AIDS) and autoimmune diseases.24,59,60 The effect of testosterone supplementation therapy is associated with a reduction or
complete abrogation of spontaneous ex vivo production of IL-1β, IL-6 and Tumor Necrosis
Factor (TNF)-α as reported by Corrales et al.61
Given the effect on proinflammatory cytokines
and the favorable safety profile of testosterone
supplementation therapy, we can hypothesize a
role for testosterone therapy in patients with hypogonadism and COVID-19 infection, in which
cytokine syndrome plays a key role. To date, there
have been no clinical trials on this topic; however,
testosterone supplementation therapy should be
tested in hypogonadal patients with COVID-19
infection in randomized controlled clinical trials.
Conclusions
Testosterone levels and their effect on the
immune response can explain some of the differences in COVID-19 incidence and mortality
between males and females. However, it is crucial to emphasize that testosterone and testosterone ablation used in PC may have opposing roles
in the different phases of COVID-19 infection:
low testosterone levels may be protective against
the initial susceptibility and stimulate a worse
clinical course in the advanced COVID-19
infection.
Author contribution(s)
Salciccia, Stefano: Corresponding Author,
Conceptualization,
Methodology,
Writingoriginal draft; Del Giudice, Francesco:
Investigation, Methodology, Writing-review &
editing; Eisenberg, Michael: Formal analysis,
Methodology,
Writing-review
&
editing;
Mastroianni, Claudio Maria: Methodology,
Supervision, Writing-review & editing; De
Berardinis, Ettore: Data curation, Investigation,
Writing-review & editing; Ricciuti, Gian Piero:
Methodology, Validation, Writing-review & editing; Viscuso, Pietro: Data curation, Investigation,
Writing-review & editing; Zingaropoli, Maria
Antonella: Data curation, Formal analysis,
Writing-review & editing; Pasculli, Patrizia: Data
curation, Investigation, Writing-review & editing;
Ciardi, Maria Rosa: Data curation, Formal analysis, Methodology, Writing-review & editing;
Sciarra,
Alessandro:
Conceptualization,
Methodology, Writing-original draft; Maggi,
Martina: Data curation, Methodology, Writingoriginal draft.
6

Conflict of interest statement
The authors declare that there is no conflict of
interest.
Funding
The authors received no financial support for the
research, authorship, and/or publication of this
article.
ORCID iD
Stefano Salciccia
4873-3257

https://orcid.org/0000-0003-

References
1. Livingston E and Bucher K. Coronavirus Disease
2019 (COVID-19) in Italy. JAMA 2020; 323:
1335.
2. Chen N, Zhou M, Dong X, et al. Epidemiological
and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 2020; 395: 507–551.
3. Giagulli VA, Guastamacchia E, Magrone T,
et al. Worse progression of COVID-19 in men:
is testosterone a key factor? Andrology 2021; 9:
53–64.
4. Flanagan KL, Fink AL, Plebanski M, et al.
Sex and gender differences in the outcomes of
vaccination over the life course. Annu Rev Cell
Dev Biol 2017; 33: 577–599.
5. Klein SL and Flanagan KL. Sex differences in
immune responses. Nat Rev Immunol 2016; 16:
626–638.
6. Roved J, Westerdahl H and Hasselquist D. Sex
differences in immune responses: hormonal
effects, antagonistic selection, and evolutionary
consequences. Horm Behav 2017; 88: 95–105.
7. Gubbels Bupp MR and Jorgensen TN.
Androgen-induced immunosuppression. Front
Immunol 2018; 9: 794.
8. Trigunaite A, Dimo J and Jørgensen TN.
Suppressive effects of androgens on the immune
system. Cell Immunol 2015; 294: 87–94.
9. Whitacre CC. Sex differences in autoimmune
disease. Nat Immunol 2001; 2: 777–780.
10. Ngo ST, Steyn FJ and McCombe PA. Gender
differences in autoimmune disease. Front
Neuroendocrinol 2014; 35: 347–369.
11. Amur S, Parekh A and Mummaneni P. Sex
differences and genomics in autoimmune
diseases. J Autoimmun 2012; 38: J254–J265.

journals.sagepub.com/home/tae

S Salciccia, FD Giudice et al.
12. Di Florio DN, Sin J, Coronado MJ, et al. Sex
differences in inflammation, redox biology,
mitochondria and autoimmunity. Redox Biol
2020; 31: 101482.

26. Morse MD and McNeel DG. Prostate cancer
patients on androgen deprivation therapy develop
persistent changes in adaptive immune responses.
Hum Immunol 2010; 71: 496–504.

13. Groth KA, Skakkebæk A, Høst C, et al. Clinical
review: Klinefelter syndrome-a clinical update.
J Clin Endocrinol Metab 2013; 98: 20–30.

27. Greenstein BD, Fitzpatrick FT, Adcock IM,
et al. Reappearance of the thymus in old rats
after orchidectomy: inhibition of regeneration
by testosterone. J Endocrinol 1986; 110:
417–422.

14. Bojesen A and Gravholt CH. Klinefelter
syndrome in clinical practice. Nat Clin Pract Urol
2007; 4: 192–204.
15. Kanakis GA and Nieschlag E. Klinefelter
syndrome: more than hypogonadism. Metabolism
2018; 86: 135–144.
16. Lanfranco F, Kamischke A, Zitzmann M, et al.
Klinefelter’s syndrome. Lancet 2004; 364:
273–283.
17. Oktenli C, Yesilova Z, Kocar IH, et al. Study
of autoimmunity in Klinefelter’s syndrome and
idiopathic hypogonadotropic hypogonadism.
J Clin Immunol 2002; 22: 137–143.
18. Wang J, Syrett CM, Kramer MC, et al. Unusual
maintenance of X chromosome inactivation
predisposes female lymphocytes for increased
expression from the inactive X. Proc Natl Acad Sci
U S A 2016; 113: E2029–E2038.
19. Sawalha AH, Harley JB and Scofield RH.
Autoimmunity and Klinefelter’s syndrome: when
men have two X chromosomes. J Autoimmun
2009; 33: 31–34.
20. Rovenský J. Rheumatic diseases and Klinefelter’s
syndrome. Autoimmun Rev 2006; 6: 33–36.
21. Kobayashi S, Yamamoto S, Tanaka M, et al.
Klinefelter’s syndrome and rheumatoid arthritis.
Report of a case and review of the literature. Clin
Rheumatol 1994; 13: 500–503.
22. Roubinian JR, Papoian R and Talal N.
Androgenic hormones modulate autoantibody
responses and improve survival in murine lupus.
J Clin Invest 1977; 59: 1066–1070.
23. Koçar IH, Yesilova Z, Ozata M, et al. The
effect of testosterone replacement treatment
on immunological features of patients with
Klinefelter’s syndrome. Clin Exp Immunol 2000;
121: 448–452.
24. Cutolo M. Sex hormone adjuvant therapy in
rheumatoid arthritis. Rheum Dis Clin North Am
2000; 26: 881–895.
25. Gillessen S, Attard G, Beer TM, et al.
Management of patients with advanced prostate
cancer: the report of the advanced prostate cancer
consensus conference APCCC 2017. Eur Urol
2018; 73: 178–211.

journals.sagepub.com/home/tae

28. Olsen NJ, Viselli SM, Fan J, et al. Androgens
accelerate thymocyte apoptosis. Endocrinology
1998; 139: 748–752.
29. Goldberg GL, Sutherland JS, Hammet MV,
et al. Sex steroid ablation enhances lymphoid
recovery following autologous hematopoietic stem
cell transplantation. Transplantation 2005; 80:
1604–1613.
30. Ziegler CGK, Allon SJ, Nyquist SK, et al. ARSCoV-2 receptor ACE2 is an interferon-stimulated
gene in human airway epithelial cells and is
detected in specific cell subsets across tissues. Cell
2020; 181: 1016–1035.e19.
31. Hoffmann M, Kleine-Weber H, Schroeder
S, et al. Cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven
protease inhibitor. Cell 2020; 181: 271–280.
32. Lucas JM, Heinlein C, Kim T, et al. The
androgen-regulated protease TMPRSS2 activates
a proteolytic cascade involving components of
the tumor microenvironment and promotes
prostate cancer metastasis. Cancer Discov 2014; 4:
1310–1325.
33. Montopoli M, Zumerle S, Vettor R, et al.
Androgen-deprivation therapies for prostate
cancer and risk of infection by SARSCoV-2: a
population-based study (N = 4532). Ann Oncol
2020; 31: 1040–1045.
34. Caffo O, Zagonel V, Baldessari C, et al. On
the relationship between androgen-deprivation
therapy for prostate cancer and risk of infection
by SARS-CoV-2. Ann Oncol 2020; 31:
1415–1416.
35. Klein EA, Li J, Milinovich A, et al. Androgen
deprivation therapy in men with prostate
cancer does not affect risk of infection with
SARS-CoV-2. J Urol 2021; 205: 441–443.
36. Machhi J, Herskovitz J, Senan AM, et al. The
natural history, pathobiology, and clinical
manifestations of SARS-CoV-2 infections.
J Neuroimmune Pharmacol 2020; 15: 359–386.
37. Moore BJB and June CH. Cytokine release
syndrome in severe COVID-19. Science 2020;
368: 473–474.

7

Therapeutic Advances in Endocrinology and Metabolism 12
38. Zhou F, Yu T, Du R, et al. Clinical course and
risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020; 395: 1054–1062.
Erratum in: Lancet. 2020; 395: 1038.

50. Wang Z and 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: 920.

39. Harman SM, Metter EJ, Tobin JD, et al.
Longitudinal effects of aging on serum total and
free testosterone levels in healthy men. Baltimore
Longitudinal Study of Aging. J Clin Endocrinol
Metab 2001; 86: 724–731.

51. Li D, Jin M, Bao P, et al. Clinical characteristics
and results of semen tests among men with
coronavirus disease 2019. JAMA Netw Open
2020; 3: e208292.

40. Kaufman JM, Lapauw B, Mahmoud A, et al.
Aging and the male reproductive system. Endocr
Rev 2019; 40: 906–972.
41. Wu FC, Tajar A, Pye SR, et al. Hypothalamicpituitary-testicular axis disruptions in older men
are differentially linked to age and modifiable risk
factors: the European Male Aging Study. J Clin
Endocrinol Metab 2008; 93: 2737–2745.
42. Mulligan T, Frick MF, Zuraw QC, et al.
Prevalence of hypogonadism in males aged at
least 45 years: the HIM study. Int J Clin Pract
2006; 60: 762–769.
43. Giagulli VA, Castellana M, Lisco G, et al. Critical
evaluation of different available guidelines for
late-onset hypogonadism. Andrology 2020; 8:
1628–1641.
44. Salciccia S, Del Giudice F, Eisenberg ML,
et al. Androgen-deprivation therapy and SARSCov-2 infection: the potential double-face role of
testosterone. Ther Adv Endocrinol Metab 2020;11:
2042018820942385..
45. Jones TH. Testosterone deficiency: a risk factor
for cardiovascular disease? Trends Endocrinol
Metab 2010; 21: 496–503.
46. Maggio M, Basaria S, Ceda GP, et al. The
relationship between testosterone and molecular
markers of inflammation in older men. J
Endocrinol Invest 2005; 28(11 Suppl.): 116–119.
47. 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.
48. Salciccia S, Del Giudice F, Gentile 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.

Visit SAGE journals online
journals.sagepub.com/
home/tae

SAGE journals

8
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