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The evidence derived from observational studies suggests male gender, diabetes and central obesity to be risk factors associated with 
an increased COVID-19-related case fatality. The precise pathophysiology behind this gender difference in mortality outcomes remains 
unclear at this stage, although it is worth exploring a possible role of testosterone as one of the contributory factors. The observed 

role of androgens in transcription of transmembrane protease serine-2, which facilitates COVID-19 anchoring to angiotensin-converting 
enzyme 2 cell surface receptors, seems to suggest that higher testosterone levels might be detrimental for outcomes. On the other hand, 
men with type 2 diabetes mellitus and central obesity have an increased prevalence of hypogonadotropic hypogonadism, with inhibition 
of gonadotropin-releasing hormone secretion induced by inflammatory cytokines being one of the postulated mechanisms. The increased 
COVID-19 case fatality in this cohort might perhaps reflect an underlying pro-inflammatory state, with low testosterone levels being either a 
surrogate marker of a poor metabolic state or playing a more active role in propagation of inflammation and thrombosis.

The role of testosterone is well established in health and disease.1 Testosterone is known to 

mediate physical, mental and reproductive health. Its role has been discussed in gender-specific 

variations related to conditions as diverse as cardiovascular, autoimmune, psychiatric and 

oncological diseases.2–4 The recent coronavirus disease 2019 (COVID-19) pandemic has uncovered 

newer facets of testosterone action and dysfunction. This editorial discusses recent evidence to 

answer the question: is testosterone a foe, friend or fatal victim of COVID-19?

Testosterone as a foe
Epidemiological data from China and Europe describe higher incidence of COVID-19 in men, 

compared with women.5,6 A meta-analysis of 39 observational studies has reported an increased 

proportion of men (57.4%; 8,518/14,844) who required hospitalization due to COVID-19 

infection compared with women.7 Although socio-cultural factors could partially explain this 

epidemiological difference, a disproportionately higher predisposition for men to develop serious  

COVID-19-related complications requires further evaluation. Out of the total number of patients 

who were admitted to intensive care units, 81% were men (1,345/1,661). Similarly, case fatality 

was higher in men compared with women (men, n=394; women, n=218).7 Several other studies 

have also reported higher mortality rates among men.8,9 The various hypotheses which have been 

postulated to explain the male predisposition to severe COVID-19 infection are summarised in 

Table 1.10–21 The exact pathophysiology behind the gender gradient observed in COVID-19 infection, 

however, remains unclear.

To enter the pneumocytes, COVID-19 must anchor to the angiotensin-converting enzyme 2 (ACE2) 

cell surface receptor. This process is facilitated by proteolytic priming of the viral spike proteins 

present in COVID-19. This priming is done by an enzyme known as transmembrane protease 

serine-2 (TMPRSS2).22 The transcription of TMPRSS2 is promoted by androgens that act through 

the 15 bp androgen response element present in the human TMPRSS2 gene.23 Androgen receptor 

activity is essential for TMPRSS2 expression and, in fact, is its only identified promoter in humans, 

and might explain the predominance and severity of COVID-19 observed in men.24

It has been suggested that alternative mechanisms might be driving the gender differential  

outcomes observed in COVID-19 infection. One hypothesis states that the poor outcomes 

seen in men might be mediated by dihydrotestosterone, and worsened by 5-α reductase 

inhibitors, attributed to disruption of intrapulmonary androgen metabolism.25 Androgen receptor 

polymorphisms, which are often ethnically determined, have also been suggested to be linked to the 

differences in case-fatality rate observed in African–American and Caucasian men.26 Androgenic 

alopecia is a surrogate marker of androgen activity. Spanish observers have reported a high 

prevalence of visually confirmed androgenic alopecia in patients admitted with COVID-19 infection.27  
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They also hypothesise the role of anti-androgen therapy in attenuating 

the symptoms of COVID-19. Chloroquine and nitric oxide, both of which 

are being studied as therapies for COVID-19, are known to reduce 

testosterone in animal models,28 and inhibit androgen receptor activity in 

prostate cancer,29 respectively.

The anti-inflammatory effects of dexamethasone in treatment of 

hospitalised patients with COVID-19 have been under the spotlight 

after the announcement of preliminary results from the multicentric 

RECOVERY (Randomised Evaluation of COVid-19 thERapY) trial in the 

United Kingdom. The initial results suggest low-dose dexamethasone 

could decrease mortality in critically ill patients requiring oxygen or 

mechanical ventilation.30 The endogenous cortisol response after 

COVID-19 is also robust.31 Serum cortisol levels might act as a surrogate 

marker of severe infection, but can also be the body’s adaptive response 

to suppress inflammation. Thus, both endogenous and exogenous 

corticosteroids might have a protective role in severe COVD-19 

infection. In 2007, Jankord et al. reported a gender-related difference in  

hypothalamic–pituitary–adrenal (HPA) response to stress, mediated by 

interleukin-6 (IL-6), with female pigs showing higher adrenocorticotropic 

hormone secretion in comparison to male pigs.18 We propose that the 

differential HPA axis response to IL-6 (a key mediator of cytokine storm in 

COVID-19 infection)32 could be a possible mechanism accounting for the 

gender disparity and this concept requires further evaluation.

The androgen-driven COVID-19 pandemic theory may emerge as a 

plausible hypothesis to explain the complex relationship between 

COVID-19 and testosterone.33 Based upon this theory, testosterone 

appears to be a promoter of COVID-19 infection, and as such, a foe 

of ‘man’kind. Although no data have been published yet, it would 

be interesting to study the natural history of COVID-19 in female 

hyperandrogenic states such as polycystic ovary syndrome and 

congenital adrenal hyperplasia. A retrospective study of seven pregnant 

women infected with COVID-19 has observed the presence of polycystic 

ovary syndrome in two of them, although no inferences can be drawn 

from this small sample size.34

Testosterone as a friend
The poor outcomes associated with COVID-19 infection are often 

linked to cytokine release syndrome. Cytokine release syndrome is 

a severe systemic inflammatory response to viral infection, which is 

mediated by IL-6.35 COVID-19 is found to affect the older age group 

disproportionately.5–7 It is also noteworthy that IL-6 concentrations are 

higher in elderly populations, which is partly attributed to low levels  

of testosterone.36

Another noteworthy observation is the increased COVID-19 case 

fatality in the presence of comorbidities (non-gonadal illness), which 

are often associated with hypogonadotropic hypogonadism state 

in men. These include metabolic conditions such as diabetes and 

obesity, and physiological states of low testosterone in elderly men.5–7,37 

A meta-analysis of observational studies suggests that the low 

endogenous testosterone in elderly males predicts cardiovascular 

mortality and morbidity.38 Testosterone modulates calcium-mediated 

contraction of cardiac myocytes.39 Studies report a sex-related 

difference in cardiac contractility, as handling of calcium may be 

influenced by sex steroids.40 It is well known that cardiovascular 

diseases contribute to mortality in COVID-19, especially in men.5–7,41 

The impact of low testosterone levels in men on cardiovascular 

disease and its further influence on mortality in COVID-19 could be an  

interesting research proposition.

Testosterone replacement reduces inflammatory response and IL-6 

levels in hypogonadal men. In a crossover study of 27 men with 

symptomatic androgen deficiency, testosterone supplementation 

reduced levels of proinflammatory tumour necrosis factor alpha 

(TNF-α), IL-1β, and IL-6, as well as increased concentration of the  

anti-inflammatory cytokine, IL-10.42 Another study of 69 men with stable 

coronary artery disease revealed a significant inverse correlation 

between testosterone and IL-1β across the spectrum of eugonadal, 

borderline hypogonadal and hypogonadal men.43 Testosterone is 

also documented to protect murine models from severe influenza by 

attenuating the proinflammatory cytokine response in lung tissue.44 

Table 1: Hypotheses explaining male predisposition to severe COVID-19

Cause Effect

Higher smoking rate in males8 Possible role in predisposing to severe COVID-19 by altering pulmonary defense mechanisms;

smoking triggers proliferation of respiratory epithelial cells that express the SARS-CoV-2 

receptor ACE29

Higher prevalence of comorbidities (e.g. hypertension, dyslipidaemia, 

cardiovascular disease, chronic obstructive pulmonary diseases)  

in males4

Evidence indicates disease severity and mortality correlates with presence of comorbidities21

Sex-related difference in ACE2 expression in lungs10 Higher ACE2 expression in lungs in males (Asian origin) might predispose to severe infection 

(not supported in animal studies)11

Differential sex-related soluble ACE2 levels (higher levels in males 

after 15 years of age)12

Possible role in more widespread infection in males

Androgen receptor-mediated upregulation of TMPRSS213 TMPRSS2 is a cofactor that facilitates entry of SARS-CoV-2 in host cells. TMPRSS2 gene 

expression is stimulated through androgen receptors and mediated through testosterone and 

other androgens14

Females are more responsive to IL-6-mediated activation of HPA axis 

than males15

Possibility of gender-related differences in anti-inflammatory action exerted by cortisol  

(needs further studies)

Androgen receptor-mediated regulation of innate and  

adaptive immunity16

Altered immune response in males17

ACE2 = angiotensin-converting enzyme 2; HPA = hypothalamic–pituitary–adrenal; IL-6 = interleukin 6; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; 
TMPRSS2 = transmembrane protease serine-2.
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These data, though not directly related to COVID-19, suggest that 

testosterone might have a protective role (as a much-needed friend) in 

the fight against the infection.

Testosterone supplementation has been linked with venous 

thromboembolism and pulmonary embolism.45 On the other hand, 

male hypogonadism is a prothrombotic state and testosterone 

supplementation might have a protective role.46 Endothelial nitric oxide 

production, a potent inhibitor of platelet activation, is enhanced by 

testosterone and might safeguard against thrombotic tendency.47 In 

case of hypogonadism, as observed in elderly men, or in presence of 

comorbidities, the antithrombotic effect might be lost.47 A pro-thrombotic 

tendency plays a major role in aggravating morbidity and mortality in 

COVID-19 infection, which may further be worsened in the presence of 

a hypogonadal state.20,48

Testosterone as a fatal victim
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2; COVID-19) 

is primarily a respiratory pathogen; however, its impact is seen across 

virtually every organ system. Many severe acute respiratory syndrome 

(SARS) viruses have been shown to cause orchitis.27 Pathological 

findings include destruction of germ cells, apoptosis of spermatogenic 

cells, near-absence of spermatozoa in the seminiferous epithelium, 

thickening of basement membrane, and infiltration of leucocytes.49 Viral 

particles have been identified in seminiferous tubular epithelium and 

Leydig cells, suggesting that the gonadal dysfunction is testicular, rather 

than pituitary/hypothalamic in nature.50 The ACE2, which serves as the 

receptor for entry of COVID-19 into target cells, is expressed in testicular 

tissue including spermatogonia, Leydig cells and Sertoli cells. TMPRSS2 

is found in spermatogonia and spermatids as well.51 It is noteworthy that 

the highest expression level of ACE2 protein among all organs is in the 

testes, along with the intestine, gall bladder and kidney.52

It is possible that the leucocytic infiltration of the testes can lead to 

production of interferons, which inhibit local steroidogenesis, including 

testosterone production, and destroy the seminiferous epithelium.21 As 

the blood–testes barrier is pervious to COVID-19, the virus may reach 

the male reproductive tract. This may be a potential source of spread 

of infection, as has been noted with other viruses.53 As of now, however, 

there is no evidence of viral transmission through semen of males 

recovering from COVID-19.54

Apart from the anatomical findings, biochemical studies also point 

towards gonadal dysfunction in COVID-19-infected males. In a study 

of 81 such men, the testosterone:luteinizing hormone ratio was 

significantly reduced compared with healthy age-matched controls. 

Serum prolactin and luteinizing hormone levels were higher in the 

COVID-19 cohort. Serum testosterone:luteinizing hormone ratio showed 

significant inverse association with C-reactive protein as well.55 This 

suggests a testicular pathology, which may be inflammatory in character. 

Testosterone synthesis and secretion, therefore, may be a fatality of 

COVID-19 infection.

The effect of COVID-19 infection on male fertility has not been 

reported to date. A recent publication from China reported that  

SARS-CoV-2 was not detected by quantitative real-time polymerase 

chain reaction in semen of 34 COVID-19-infected males after a median 

interval of 31 days. Six (19%) of these patients reported a history of 

scrotal discomfort during the acute phase of infection which could be 

related to orchitis.54

Summary
COVID-19 is an unprecedented global health crisis, and our understanding of 

the disease is evolving at a rapid pace. The close and complex relationship 

between testosterone and COVID-19 needs further investigation. The data 

from preliminary observational studies are suggestive of an increased 

COVID-19-related case fatality in men with central obesity and diabetes 

mellitus.56 This raises the question of whether the low testosterone levels 

in such men can be used as a surrogate indicators of poor metabolic 

health and can be used as a prognostic marker. The biological plausibility 

of the pre-morbid hypogonadal state predisposing such men to worse 

COVID-19 outcome warrants further research, especially considering that 

therapeutic interventions are available to improve testosterone levels and 

this relatively simple measure can potentially improve the clinical outcome.36 

Besides elaboration of the role of ACE2 and TMPRSS2 in facilitating 

entry of the virus into the cell and their intricate relation to androgen 

pathway, they may also unravel newer pathophysiological links and  

therapeutic opportunities. 
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