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A B S T R A C T

COVID-19 affects males twice as frequently as females with significantly increased severity and mortality.
Current data suggest a direct correlation between the lower level of serum testosterone, inflammatory cytokines,
disease severity, and poor clinical outcomes among male patients with COVID-19. The gradual decline in total
and free testosterone levels has a direct correlation with serious pulmonary complications requiring advanced
care (ICU, ventilators, ECMO, etc.). SARS-CoV-2 utilizes Angiotensin-Converting Enzyme II (ACE2) for entry in
the host cell, and Transmembrane Protease, Serine 2 (TMPRSS2) to prime spike protein of SARS-CoV-2.
Testosterone induces ACE-2 expression, a critical pulmonary protective enzyme. Low testosterone levels in males
have a direct correlation with the high probability of ICU admission and the worse disease outcome (ARDS,
duration of ICU stay, mortality). On the contrary, however, high testosterone levels can lead to thrombosis which
is also one of the fatal manifestations in COVID-19 patients. A critical evaluation of the serum testosterone and
its relevance to COVID-19 is warranted to re-evaluate strategies to effectively triage, prioritize, and manage
high-risk patients for ICU admission, survival outcomes, targeted solutions, and operational algorithms.

Introduction

Coronavirus disease 2019 (COVID-19) affects men significantly
more than women [1,2]. Male patients with COVID-19 are reported to
die at twice the rate of females when they contract the virus [3]. Lower
levels of testosterone result in the upregulation of ACE2 and TMPRSS2
receptors, facilitating SARS-CoV-1 entry into the alveolar cells, and
deregulating a lung-protective pathway [4]. Decreased testosterone
levels in critically ill males negatively affect endothelial cell func-
tioning, promote defective immune response, impair the ability to clear
the virus, and promote systemic inflammation. Obesity among males
also generates more pro-inflammatory cytokines important in cell sig-
naling, emanating in increased vulnerability, severe disease, and worst
outcome. Lower serum testosterone level is a poor prognostic indicator
for patients with COVID-19 by deregulating pulmonary protective
pathways [5,6]. Thereby we hypothesize that low testosterone levels in
males have a direct correlation with the severity of disease and a worse
outcome in COVID-19.

Evaluation of hypothesis

COVID-19 is caused by Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) and was declared a global pandemic by

the World Health Organization (WHO) on March 11th, 2020 [7,8]. As
of July 10, 2020, there have been more than 12,588,223 confirmed
cases of COVID-19 and 561,402 deaths, worldwide [9]. COVID-19
presentation can range from mild to life-threatening pneumonia, acute
respiratory distress syndrome (ARDS), septic shock, multi-organ failure,
and death [10–14]. Males typically have 7–8 times higher levels of
circulating testosterone compared to females [15].

The route of entry of COVID-19 is typically through the mucosal
membranes, where it enters the lung alveolar epithelial cells using
Angiotensin-Converting Enzyme II (ACE-2) receptors and TMPRSS2 for
S protein priming [16–18]. ACE-2 has a pivotal role in pulmonary
protection and the lung-protective pathway is deregulated as a result of
viral binding to these receptors. Additionally, ACE-2 is also expressed
by the Leydig cells of testis as a constitutive product [19] and affects the
testosterone secretion in COVID-19 patients. TMPRSS2 is a known
target of androgen receptor, the ligand-activated transcription factor;
activation of androgen receptor increases TMPRSS2 levels in various
tissues. TMPRSS2 expression is significantly higher in the male lungs
compared to females. Testosterone modulates the immune response,
and the low serum testosterone is known to impact both of these bio-
logical markers negatively [20,21]. Patients with low testosterone have
reportedly developed severe manifestations requiring assisted ventila-
tion because of the upregulation of ACE-2 receptors in lower respiratory
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cells, increased risk of lung damage, and respiratory muscle catabolism.
Lower testosterone levels also inhibit endothelial cell functions as

SARS-CoV-2 reduces ACE-2 level by binding, increasing the
Angiotensin-II (AT-II), and lowering Angiotensin 1–7 (AT 1–7). This
process increases superoxide species, leading to endothelial cell dys-
function because of oxidative stress and inflammation [22,23]. This
leads to increased vWF and development of thrombosis in the alveolar
capillaries, a precursor of ARDS [24–26]. Moreover, hypothyroidism
also plays a role in lowering male testosterone levels and thyroiditis has
reported to be a manifestation of the COVID-19 [27].

Consequences of the hypothesis

Male COVID-19 patients are at increased risk for ICU admission and
worse outcomes compared to females. Therapeutic modalities and
vaccine development can be targeted to transcriptionally inhibit lung
ACE-2 and TMPRSS2 expression. Down-regulation of TMPRSS2 will
result in attenuated spike protein priming, reducing SARS-CoV-2 in-
teraction with ACE-2, and blocking viral entry. It could potentiate the
anti-inflammatory effect of tocilizumab in COVID-19 ARDS or cytokine
release syndrome (CRS). The role of testosterone screening, optimal
pharmacotherapeutic administration of DHEA, and hormone replace-
ment therapy needs to be considered to minimize the pulmonary syn-
drome and severity of COVID-19. However, exogenous administration
of testosterone needs to be carefully monitored as it can exacerbate the
benign prostatic hyperplasia (BPH) and prostate cancer. Moreover,
there is already an increased risk of thrombosis in COVID-19 patients
therefore testosterone use should be contraindicated in COVID-19 pa-
tients with known thrombosis [28,29]. The optimal dose of testosterone
replacement therapy (TRT) needs to be determined to strike the fine
balance in varied indications, especially COVID-19. Careful dose titra-
tion and monitoring can help alleviate undesirable side effects (ey-
throcytosis, thromboembolism, etc.) [30]. Baseline hemoglobin and
hematocrit levels and periodic monitoring for dose adjustment and risk
assessment is pivotal for optimal outcome [31]. Thyroid axis also must
be corrected if testosterone replacement is sought. If TRT is undertaken
in COVID-19 patients, at least monthly monitoring of hemoglobin
should be undertaken given the heightened risk of thrombosis in this
population due to erythrocytosis. Further longitudinal studies are re-
quired to determine the effect of gender and low testosterone levels on
the cellular and molecular pathways associated with COVID-19 by fa-
cilitating a personalized medical approach to risk stratification, pre-
vention, and treatment.

Introline

This article describes the direct correlation between serum testos-
terone levels, inflammatory cytokines, disease progression and worse
clinical outcomes among male COVID-19 patients.
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