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INTRODUCTION
A severe atypical pneumonia was discovered in Wuhan, China in
December 2019 which was later determined to be caused by
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) [1].
To date, nearly over 175 million cases of coronavirus disease 2019
(COVID-19) have been reported worldwide, with over 3.8 million
deaths, and over 2.3 billion vaccines administered [2]. Since its
discovery, an abundance of studies have been conducted to
better understand the complex pathophysiology of the disease, its
consequences to the human body and epidemiologic trends to
elucidate groups that are at greatest risk. A multitude of evidence
was available early in the pandemic highlighting a clear sex-
difference with greater burdens of disease in men including worse
outcomes (both hospitalization and death) even when considering
known COVID-19 risk factors, such as age [3]. In an effort to better
understand this trend many studies have proposed hypotheses to
explain these differences, one of which has included the possible
role of androgens [4, 5]. However, to date the relationship
between testosterone and COVID-19 remains unclear and some-
what controversial. Here we review COVID-19 pathophysiology,
explore some hypotheses for the observed sex differences,
interrogate the role of androgen states in COVID-19 and highlight
the evidence of testosterone replacement therapy (TRT).

COVID-19 PATHOGENESIS
COVID-19 is a single-stranded RNA virus transmitted through
respiratory droplets with an incubation period of 2–14 days.
Structurally, COVID-19 consists of an inner nucleoprotein encapsu-
lated by an envelope which on its surface has spike proteins
necessary for viral infectivity [6]. The spike proteins engage with the
host via direct binding of the angiotensin-converting enzyme 2
(ACE2) receptor, a key component of the renin-angiotensin-
aldosterone system necessary for human fluid and blood pressure
regulation [6]. Spike proteins are further primed through engagement
of the transmembrane protease serine 2 (TMPRSS2) receptor [6]. Both
of these have been discovered as critical for both infection and viral
entry emphasizing their importance in the disease process. While ACE
is well known in the respiratory system, secondary to its production in
the lungs following stimulation of renin produced by the kidney,
receptors for ACE2 and TMPRSS2 have actually been identified in
multiple diffuse organ systems throughout the body. Specific to

males, receptors have been identified in both the prostate and testis,
as well as specifically Sertoli cells, Leydig cells and spermatogonia [7].

SEX DIFFERENCE AND COVID-19
Numerous reports have attempted to understand the sex-
difference observed in COVID-19, whether secondary to an innate
sex-variable physiology or acquired from lifestyle and behavior
[3, 8]. Initially, it was hypothesized that the presence of receptors
on male-specific tissue was contributory to some of the observed
differences, including some clinical presentations such as orchitis.
From a lifestyle perspective it was hypothesized that the presence
of additional comorbidities in men and/or higher proportions of
high-risk behaviors such as smoking were responsible, but this
independently has been an insufficient explanation [3]. Alterna-
tively, since ACE2 is an X-linked gene, it has been suggested that
differential X chromosome inactivation may be in part responsible
for the differences [8]. Furthermore, since TMPRSS2 is an
androgen-regulated gene, as discovered through the ERG:
TMPRSS2 fusion gene in prostate cancer, this has been suggested
to possibly provide insight into a potential hormonal dependent
explanation for the sex difference [8]. Finally, there is evidence to
suggest differential immune responses based on sex that is driven
by hormonal impacts of progesterone and estrogen on the
immune system, a finding which is supported by increased rates
of COVID-19 in post-menopausal women [8]. However, to date
these hypotheses have not been entirely sufficient to explain the
observed differences.

COVID-19 AND MALE REPRODUCTIVE HORMONES
Given these hypotheses, it seemed plausible that a hormonal
difference, such as differences in androgen levels, play a pivotal
role in the COVID-19 infection. However, to date, the evidence has
been mixed, with some data supporting the concept that high
androgen states confer worsened disease and other reports
suggesting that low testosterone states are associated with more
severe outcomes. Overall this divide has illustrated that perhaps
there is a complex interplay with androgens, and specifically
testosterone, in COVID-19 and suggests some persistent caution
when manipulating these hormones in an effort to mitigate the
COVID-19 disease course.
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One of the first studies suggesting a hormonal difference in
COVID-19 outcomes occurred in a group of men with prostate
cancer on androgen depravation therapy (ADT). This study
examined a total of 4532 men from 68 hospitals in the Italian
region of Veneto as of April 1, 2020. They found that men with
prostate cancer who were not on ADT had significantly higher
odds of disease positivity as well as both mild and severe disease
[4]. These data implied that a hormone deficient, effectively
hypogonadal, state offered protection against COVID-19 and its
subsequent outcomes. As an extension to this, other hormone
modulating therapies could also be considered such as five-alpha
reductase inhibitors, which block the conversion of testosterone
to dihydrotestosterone, or medications such as spironolactone, a
steroidal anti-androgen, to also offer the same protection [9]. In
the five-alpha reductase inhibitor study, they examined 1432
COVID-19 patients from two high volume centers in Italy from
March 1st to April 24th 2020 specifically targeting men who had
received long-term treatment. The evidence for these alternative
hormone-modulating therapies is less impressive but does
provide some support that hormone manipulation may moderate
the effects of COVID-19.
In general, it has been challenging to study acute serum

hormone levels at the time of COVID-19 illness, given the known
variations that occur with acute illness, the known physiological
variations, and the lack of pre-COVID comparator hormone data in
many studies [10]. Nonetheless, in opposition to the protective
hypogonadal state, various studies have demonstrated that low
testosterone states are associated with worse disease. One of the
first reports to present hormone data during COVID-19 infection
was a retrospective series which demonstrated that men with
SARS-CoV-2 infection, compared to age-matched healthy men,
had comparable levels of testosterone but had higher luteinizing
hormone (LH) and prolactin, as well as a lower testosterone to LH
ratio [11]. The authors suggest that this state may be representa-
tive of compensated hypogonadism, with elevated LH represent-
ing the bodies attempt to maintain testosterone levels. Another
study demonstrated that in a cohort of men admitted to hospital,
almost 90% of these men had evidence of acquired hypogonad-
ism and of these, 85% of cases were secondary [12]. This was not
surprising as low testosterone levels have also been associated
with severe illnesses and respiratory failure [13, 14]. In their report,
they also found that lower testosterone levels were associated
with worse outcomes, the opposite of the previous ADT study [12].
More recently, a prospective study was conducted which assessed
serum hormone levels at multiple time points including at the
time of presentation, and up to four subsequent time points (up to
28 days) post admission if they were hospitalized and data were
available [5]. They compared 24 men who never had severe
COVID-19 of which no patient was hospitalized beyond 7 days, to
31 men who had severe COVID-19 at presentation, and 35 men
who developed severe COVID-19. They found that men with
severe COVID had significantly lower testosterone levels up to
7 days post presentation as well as at baseline.
An understanding of the role of testosterone in other disease

processes may also be helpful to understand and support the
relationship between hypogonadal states and poor COVID-19
outcomes. Since testosterone production declines in men after
age 30, at a rate of 1-2% per year, there is a resultant greater rate
of hypogonadism in elderly men [15]. This supports the currently
observed increase in worse COVID-19 outcomes as well as death
in men of increasing age [3]. While a similar trend was also
observed for aging women, this may be secondary to menopause
and a loss of immune protection from progesterone and estrogen
[16]. There are also numerous associations between hypogonad-
ism and various medical comorbidities, some of which are also risk
factors for COVID-19, including diabetes, sleep apnea and
metabolic syndrome [5]. Men with hypogonadism have also been
shown to have worsened respiratory outcomes, such as in chronic

obstructive pulmonary disorder, further potentiating the worse
COVID-19 disease course in men with low testosterone [17].
There is however an important caveat to consider here since

there is data to support hypogonadal men secondary to ADT with
protective outcomes, as well as opposing data to suggest worse
outcomes in otherwise hypogonadal men. Taken together, this
indicates that these two groups of individuals are inherently
different and not comparable simply because of a similar
testosterone level, and perhaps there is an underlying physiologic
difference in these individuals that requires further investigation.
Furthermore, even amongst those who are hypogonadal without
the use of ADT, is it that the lower testosterone is responsible for
worse outcomes or does severe disease result in a more
prominent decline in testosterone? [18] Answers to these
questions are critical when considering the role of androgens in
COVID-19 as well as considering testosterone replacement therapy
(TRT) in COVID-19.

TESTOSTERONE REPLACEMENT THERAPY AND COVID-19
TRT aims to improve men with documented testosterone
deficiency (<300 ng/dl) and associated signs and/or symptoms
of testosterone deficiency including reduced energy, loss of
muscle mass, diminished libido, altered mood, abnormal bone
mass and poorly controlled sugars [19, 20]. TRT may be provided
in multiple forms including oral, buccal, nasal, gels, pellets, and
intramuscular injections with variable benefits and efficacy rates
[19, 20]. Testosterone is however not benign, including reported
increased risks of thromboembolic events, and is contraindicated
in both prostate and breast cancer, polycythemia, severe heart
failure, severe urinary symptoms, obstructive sleep apnea, and
those desiring fertility as it inhibits spermatogenesis [19].
So, if there is an androgen-dependent effect on COVID-19, it

seems plausible that hormone manipulation, in the form of TRT,
could provide a possible solution to mitigate disease severity. To
date, while there have been other hormone manipulation studies
(i.e., progesterone) demonstrating symptomatic improvement,
limited data exists for TRT [21]. That said, testosterone adminis-
tration in hypogonadal men may have a logical role in the COVID-
19 pathophysiology as men with testosterone deficiency tend to
have elevated levels of pro-inflammatory cytokines including IL-6,
IL-1, and TNF-alpha [22]. In these men, the administration of
testosterone supplementation is thought to blunt this inflamma-
tory response, and therefore reduce the possible cytokine storm
which arises from COVID-19, thus alleviating some of the severe
disease outcomes secondary to respiratory compromise.
Furthermore, as previously mentioned, testosterone has a

protective role in some systemic conditions including bone health
and diabetes [20]. Since testosterone in deficient patients has
been shown to reduce hospitalization, all-cause mortality and
prevention of diabetes, it provides overall health benefits [23]. As
an extension, since comorbidities such as diabetes are a well-
known risk factor for COVID-19, strategies to prevent this and
other hypogonadism related conditions may theoretically dimin-
ish hospitalization and/or death rates [1].
To date there are limited cohort studies of TRT and COVID-19.

One recent retrospective study examined 32 men on TRT who
were propensity-score-matched to 63 men not on TRT, in an effort
to have comparable populations on factors other than TRT usage
[24]. In their report they interestingly found no difference in
outcomes including hospital admission, intensive care stay, use of
mechanical ventilators, and death. This suggests that hormonal
correction of men into a eugonadal state may be removing the
harmful effects that have been observed from hypogonadism.
Importantly, the authors also found no difference for thromboem-
bolic events, a known concern for TRT administration.
This begs the question, is it safe to administer testosterone to

men with hypogonadism and COVID-19? To date, the evidence is
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insufficient to determine if there is a therapeutic benefit of TRT
initiation, and therefore this should be approached with caution.
For men previously on TRT with new COVID-19 infection, this
group likely warrants closer attention. Given the side effects of TRT
including impacts to hematocrit and thyroid hormone levels, as
well as the systematic impacts of COVID-19, these patients will
likely require close follow-up [25]. Furthermore, given the
unknown risk of COVID-19 long term, TRT and non-TRT patients
may require closer and more rigorous follow-up than currently
suggested by standard guidelines, until more definitive data
becomes available.

THE NEED FOR FURTHER STUDIES
To date, the long-term impact of testosterone on COVID-19
remains to be clearly elucidated, and from the available data,
testosterone may be still be acting as a double-edged sword.
While there have been some reports suggesting that a low
testosterone state is protective, there is increasingly strong
evidence suggesting a negative impact of hypogonadism and
COVID-19. This however has been insufficient to independently
explain the observed sex difference in COVID-19. Overall, the
mechanisms are likely multidimensional and interdependent on a
wide variety of other factors. Longitudinal studies are needed to
further understand the long-term impact of hormones in the
context of COVID-19, and prospective studies are required to
provide definitive evidence of the role of TRT both as a treatment,
and the optimal management of patients already on TRT.
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