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Abstract

The emerging SARS-CoV-2 (2019-nCoV) is still following the increasing trend of infection worldwide with
an elderly male predominance. Studies reported that majority of male patients with COVID-19 suffer
from severe testosterone deficiency and are likely to die from the coronavirus mainly due to a less
effective immune response and high level of pro-inflammatory cytokines, a condition called cytokine
storm. Testosterone (a steroid having protective anti-inflammatory properties) therapy reduces
circulating levels of pro-inflammatory cytokines. Testosterone therapy is effective in the management of
elderly Alzheimer's disease where pro-inflammatory cytokines are the potent mediators of inflammatory
processes, and aged men having HIV infection. As, currently there is no specific therapeutic drug
targeting the SARS-CoV-2, and, considering the present pandemic circumstance, and the
immunomodulatory and protective findings of testosterone therapy in previous studies, it can be
hypothesized that testosterone therapy could be a potential approach for treatment of elderly male
COVID-19 patients.
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Introduction

In the 21st century, the proportion of the elderly population is expected to increase significantly. Given the
current SARS-CoV-2 (COVID-19) pandemic, a repeated number of reports consistently stating that elderly
patients or patients with comorbidities (e.g., hypertension, diabetes mellitus, chronic obstructive pulmonary
disease, cardiovascular disease) mostly associated with advanced age run a greater risk for disease
progression and mortality (Zhou et al. 2020, Guo et al. 2020). SARS-CoV-2 infection has also been shown to
have a male predominance, like the 2003 SARS-CoV-1 and the 2012 MERS epidemics (Karlberg et al.
2004). Epidemiological data reported male sex among deceased patients as high as 73% in China (Chen et
al. 2020b), 72% in Pakistan (Global Health 50/50 Report 2020), and 70% in Italy (Onder et al. 2020), thus
highlighting that worldwide case fatality rates were almost three times higher in men than in women,
indicating a firm gender inequality in SARS-CoV-2-associated sequelae. It has been suspected that
testosterone, the principle male sex hormone, may play a potential role in defining age and sex-related
differences in terms of SARS-CoV-2 infection-incidence and clinical outcomes.
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Currently, there is no specific therapeutic drug targeting the SARS-CoV-2. It remains a major challenge to
decide what potential therapeutic regimens to prevent and treat the severely sick COVID-19 patients.
Effective vaccines are essential to combat against the extremely contagious SARS-CoV-2. For this, a lot of
research efforts have been invested to develop vaccines around the world. Until we have specific therapeutic
drugs or vaccines (effective and variant specific) targeting SARS-CoV-2, strategies including early diagnosis,
timely reporting, isolation, and supportive treatments are important line of actions against the pandemic
COVID-19. At present, the treatments of COVID-19 patients are mainly repurposing the available therapeutic
drugs like antiviral drugs, systemic corticosteroids, and anti-inflammatory drugs, and based on symptomatic
conditions. In this context, it is important to consider potential role of testosterone (a steroid having protective
anti-inflammatory properties) in developing treatment strategies for COVID-19 patients.

Association between testosterone and COVID-19

Above 95% testosterone is produced by the Leydig cells, present in between the seminiferous tubules of
testis (Gofur and Ogawa 2019, Gofur et al. 2020), in man. Normal testosterone production in man ranges
between 4 and 8mg/d. Generally, a normal circulating testosterone level exerts protective effects on
respiratory system as it can improve the forced expiratory volume in one second and forced vital capacity
(Mohan et al. 2015). Moreover, testosterone is evident to reduce inflammation through down regulating some
important pro-inflammatory cytokines, including IL-1B, IL-6, and TNF-a. Testosterone is a strong regulator of
its own production through negative feedback mechanism of the hypothalamic-pituitary-gonadal axis under
the influence of luteinizing hormone. However, basal levels of total plasma testosterone are known to have a
progressive age-related decrease (hypogonadism) after age 50 (Kim 1999, Kelly and Jones 2013). Low
plasma testosterone is also observed in men with comorbidities like obesity, diabetes and obstructive sleep
apnea (Bhasin et al. 2018), and such comorbidities are highly prevalent in COVID-19 patients, and thus
consider as risk factors for COVID-19 (Mehra et al. 2020).

SARS-CoV-2 infects cells after entering through the angiotensin-converting enzyme Il receptor (ACE2R) of
ACE?2 expressing cells (mainly present on alveolar epithelial type Il cells, also on heart, kidney, endothelium,
gut and testis cells) of the body (Leung et al. 2020) and leads to the downregulation of ACE2 levels. It should
be noted that, the ACE2 plays a vital role in lung protection and testicular function. This suggests that SARS-
COV2 infection can occur in all cells with ACE2 receptors. The amount of ACE2 mRNA and protein
expression within the testes is higher than in many other tissues (Fan et al. 2020). ACE2 expression has
been demonstrated in testicular tissue, seminiferous duct tissues, spermatogonia, Leydig cells and Sertoli
cells (Shen etal. 2020, Wang and Xu 2020). ACE2 is a constitutive product of adult-type Leydig cells
(Douglas et al. 2004). It can therefore be posited that COVID-19 infection will damage testicular structures
and affect both in sperm production and androgens, particularly testosterone secretion (Okgelik 2021). A
recent study found that testosterone/luteinizing hormone ratios were significantly lower in patients with
COVID-19 infection (Ma et al. 2020). The blood testicular barrier is not cannot adequately function to prevent
passage through the urogenital system during viraemia (Li et al. 2012). Orchitis may occur due to COVID-19
as some other viral diseases including severe acute respiratory syndrome (SARS) virus have also been
shown to cause viral orchitis and cause male infertility (Xu et al. 2006). Moreover, suppression of ACE2
expression by inflammatory cytokines accompanied by the decrease of androgens of the elderly, may
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establish a negative correlation between ACE2 expression and COVID-19 mortality (Chen et al. 2020a).
Another testosterone level reducing hit could be the induction of cytokine storm, the most widely accepted
main culprit of COVID-19-induced damage (Sun et al. 2020). Indeed, it is reported that cytokine storm may
suppress steroidogenesis in the testis by inhibiting defined pathways (Hong et al. 2004, Guzman et al. 2010).
Therefore, it seems that several conditions are combined in elderly male COVID-19 patients that are
associated with low testosterone levels (increasing age, comorbidities, cytokine storm etc.) (Fig. 1). Thus,
these multiple testosterone-reducing hits eventually lead to severe deficiencies in testosterone levels in
elderly male COVID-19 patients preventing them to mount sufficient immune responses to combat the deadly
infection. Moreover, studies from Germany (Schroeder et al. 2020) and Italy (Rastrelli et al. 2021) reported
that the majority of male patients with COVID-19 suffer from severe testosterone deficiency and are likely to
die from the coronavirus. In a laboratory study, removal of gonads from HIN1 influenza A virus infected male
mice resulted in higher death rates compared to gonadally intact male mice (Robinson et al. 2011). In H7N9
infected men, low testosterone levels also correlate with high cytokine responses and lethal outcome (Chen
et al. 2020c). Expert commentators have however put forward postulate that low level of testosterone
predisposes men to a less effective immune response against infectious agents, and male hypogonadism
may trigger a detrimental cytokine dysfunction that might be responsible for adverse clinical outcomes in
COVID-19. Therefore, controlling the depletion of this important hormone might be a good option to the
COVID-19, especially in males with older age and having a confirmed low blood testosterone level.

The potential roles of exogenous testosterone
Testosterone as anti-cytokine therapy

Pro-inflammatory cytokines have a central role in the progression of COVID-19. Moreover, the association
between an increase of pro-inflammatory state and decline in testosterone is observed in elderly men
(Maggio et al. 2005). Reduction of cytokine activity and/or their receptors (anti-cytokine therapy), can be
useful for treatment. In this context testosterone may downregulate inflammation. Several studies showed
that testosterone therapy reduce the circulating levels of pro-inflammatory markers (i.e., via inhibition of the
NF-kB pro-inflammatory pathway etc.) in patients with testosterone deficiency (hypogonadism) (Fig. 1)
(Traish et al. 2018, Mohamad et al. 2019). Like this, testosterone therapy was also effective in the
management of elderly named Alzheimer's disease where pro-inflammatory cytokines are the potent
mediators of inflammatory processes (Ozen et al. 2007). Moreover, treatment of aged male mice with
testosterone improved survival (reduced both mortality and clinical severity) following the 2009 HIN1
influenza A virus infection (Vom Steeg et al. 2016). Immunomodulatory and protective effect of testosterone
is evidenced by regulating differentiation of T lymphocytes. Testosterone replacement effectively inhibits the
development of experimental autoimmune orchitis in rats (Fijak et al. 2011). Testosterone therapy is also
prescribed to older men living with HIV with testosterone deficiency who are experiencing symptoms of
hypogonadism, as men living with HIV who receive testosterone therapy experience faster progression of
atherosclerosis, the silent process of damage that precedes a heart attack or other serious cardiovascular
event (CORI 2020). Based on the findings of the previous studies, a hypothesis arises that testosterone
therapy (as anti-cytokine therapy) may have a role to suppress the progression of COVID-19.
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Fig. 1: Possible effects of testosterone therapy.

Anti-inflammatory role of testosterone

Testosterone can be peripherally converted to estrogen via aromatase enzyme which might add an anti-
inflammatory impact (Stocco 2012). It is also plausible that testosterone might reduce the need for assisted
ventilation through its anti-catabolic role on respiratory muscles (Dillon et al. 2010). A study showed that
hypogonadism was common in mechanically-ventilated patients with acute respiratory failure and was
strongly associated with longer ICU stays (Almoosa et al. 2014). Several small scale clinical studies indicate
that testosterone therapy may improve outcomes in hospitalized chronic obstructive pulmonary disease
(COPD) patients (Baillargeon et al. 2019). An improvement in peak oxygen consumption was also observed
in men receiving testosterone replacement therapy (Caminiti et al. 2009). Recently, it has been suggested
the use of immune modulating drugs or anti-inflammatory drugs to block inflammatory markers to suppress
the advancement of COVID-19. Additionally, exogenous testosterone therapy may have therapeutic potential
to mitigate the destructive inflammatory response to SARS-CoV-2 without hampering the immune system’s
response to the virus, as corticosteroids do (Veronese et al. 2020, Wu et al. 2020).

Conclusion and recommendations

Testosterone therapy has become very popular in recent years. Testosterone therapy is prescribed to elderly
men with subnormal level of testosterone to relieve the signs and symptoms of testosterone deficiency.
Though there are some controversies on testosterone therapy that testosterone may increase the severity of
COVID-19, considering the present pandemic circumstance, and the immunomodulatory and protective
findings of testosterone therapy in previous studies, testosterone therapy could be a potential approach for
treatment of elderly male COVID-19 patients. Whether testosterone therapy could theoretically be beneficial,
clinical trial is needed for therapeutic justification in treating aged men diagnosed with COVID-19. Moreover,
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measuring testosterone levels may be recommended at the time of an identified COVID-19 positive patient
as a strategy to identify those at highest risk of severity leading to ICU admission and mortality. The target of
testosterone therapy in the elderly male COVID-19 patients is to reach a certain level of plasma testosterone,
although the exact level is still under debate. Weksler (Weksler 1995) advocates a serum level of between
240 and 460 ng/dl as a reasonable target, whereas others (McAlpine and Dobs 1997) recommend a level of
400 and 900 ng/dl for testosterone therapy in elderly men. However, it should be noted that periodic follow-
up is mandatory during testosterone therapy to detect as early as possible any adverse reactions related to
treatment.
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