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Since the beginning of the coronavirus disease 19 (COVID-19) pandemic, efforts in defining risk factors and associations be-
tween the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), clinical, and molecular features have initiated. After 
three years of pandemic, it became evident that men have higher risk of adverse outcomes. Such evidence provided the impetus 
for defining the biological fundaments of such a gender disparity. Our objective was to analyze the most recent literature with 
the aim of defining the relationship between COVID-19 and fertility, in particular, we assessed the interplay between SARS-
CoV-2 and testosterone in a systematic review of literature from December 2019 (first evidence of a novel coronavirus in the 
Hubei province) until March 2022. As a fundamental basis for understanding, articles pertaining preclinical aspects explaining 
the gender disparity (n=9) were included. The main review categories analyzed the risk of being infected with SARS-CoV-2 ac-
cording to testosterone levels (n=5), the impact of serum testosterone on outcomes of COVID-19 (n=23), and the impact SARS-
CoV-2 on testosterone levels after infection (n=19). Preclinical studies mainly evaluated the relation between angiotensin-
converting enzyme 2 (ACE2) and its androgen-mediated regulation, articles exploring the risk of COVID-19 according to 
testosterone levels were few. Although most publications evaluating the effect of COVID-19 on fertility found low testosterone 
levels after the infection, follow-up was short, with some also suggesting no alterations during recovery. More conclusive find-
ings were observed in men with low testosterone levels, that were generally at higher risk of experiencing worse outcomes 
(i.e., admission to intensive care units, longer hospitalization, and death). Interestingly, an inverse relationship was observed in 
women, where higher levels of testosterone were associated to worse outcomes. Our finding may provide meaningful insights 
to better patient counselling and individualization of care pathways in men with testosterone levels suggesting hypogonadism.
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INTRODUCTION

The rapidly spreading new severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) led the World 
Health Organization (WHO) to declare a global corona-
virus disease 19 (COVID-19) pandemic in March 2020 [1]. 
By June 2022, more than 500 million cases, with more 
than 6 million deaths have been documented (https://
covid19.who.int/). The clinical course of COVID-19 may 
be characterized by mild symptoms, up to an acute re-
spiratory distress syndrome (ARDS) leading to multi-
organ failure (MOF) and death [2]. Moreover, long- and 
short-term sequelae of COVID-19 have been observed, 
and represent a significant proportion in the burden of 
morbidity and mortality for patients recovering from 
SARS-CoV-2 infection [3]. Early evidence from patients 
affected by COVID-19 has shown a higher incidence 
and mortality in elderly patients, or those with a high 
burden of comorbidities, such as hypertension, diabetes 
mellitus, pulmonary, and cardiovascular disease [3-6]. 
More recently, a concomitant diagnosis of cancer has 
been established as a risk factor for poorer outcomes in 
patients with COVID-19 [7]. Although sex-disaggregated 
data have been not readily available for all countries, 
a gender disparity in COVID-19 severity was evident, 
as it has been previously observed with other coro-
naviruses [8,9]. It is now established that, although a 
disparity in prevalence is not evident, men run a three-
fold increased risk of adverse COVID-19 outcomes com-
pared to women, particularly in terms of intensive care 
unit (ICU) admission and mortality [10,11]. Since then, 
efforts have been made in exploring potential factors 
explaining this observation. Such gender disparity 
might in fact arise from a combination of sociodemo-
graphic characteristics, lifestyle habits, as well as hor-
monal and immunological differences [12]. It has been 
observed, for example, that women mount a stronger 
T-cell response to SARS-CoV-2 compared to men [13]. 
The SARS-CoV-2 spike proteins mediate entry in hu-
man cells, following priming by the transmembrane 
protease serine 2 (TMPRSS2) and subsequent binding 
to the angiotensin-converting enzyme 2 (ACE2) recep-
tors [14-16]. ACE2 is expressed primarily in the lungs, 
however, among other tissues, it is expressed in the 
testes in Leydig and Sertoli cells, and spermatogonia 
[17,18]. Evidence from studies in prostate cancer have 
shown how androgen metabolism induces the expres-
sion of TMPRSS2, and its androgen-mediated fusion 

with the erythroblast transformation-specific related 
gene (ERG) oncogene, resulting in prostate cancer de-
velopment [19,20]. Hypothesis have been formulated in-
cluding serum testosterone as a potential player in the 
mechanism explaining gender differences in COVID-19 
susceptibility [15]. For example, some postulated an in-
terplay between testosterone and the development of 
MOF during COVID-19 [21]. Notably, taken these con-
siderations together, SARS-CoV-2 infection might also 
determine an effect on male gonadal axis resulting in 
impaired testosterone metabolism and hypogonadism. 
With this regard, there is yet conflicting evidence as 
to whether SARS-CoV-2 might be found in the semen 
from recovered males [22]. We aimed at assessing the 
most recent medical literature to explore the complex 
interplay between COVID-19 and serum testosterone. 
A better insight into such a complex topic is of para-
mount importance in the definition of personalized 
follow-up for patients recovering from COVID-19, or 
whether men with hypogonadism shall be considered 
at higher risk of experiencing adverse outcomes when 
infected with SARS-CoV-2 [23-25].

MATERIALS AND METHODS

We performed a systematic review following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines [26]. An EMBASE, 
Scopus, and PubMed research to retrieve English-only 
articles was carried out through April 2022, in a time 
frame spanning from December 2019 to March 2022, 
assessing the relationship between COVID-19 and 
testosterone. The search terms included (coronavirus 
AND testosterone) OR (COVID-19 AND testosterone) 
OR (SARS-CoV-2 AND testosterone) OR (coronavi-
rus AND fertility) OR (COVID-19 AND fertility) OR 
(SARS-CoV-2 AND fertility). Duplicated papers, re-
views, systematic reviews, meta-analyses, editorials, 
commentaries, case reports and congress abstracts were 
excluded. Moreover, further relevant articles were 
selected from manuscript bibliographies to avoid omis-
sion of relevant articles, this task was performed by 
a co-author (SB). We divided our primary outcomes in 
three main categories and a fourth secondary category. 
We aimed at differentiating studies with testosterone 
concentrations measured prior to SARS-CoV-2 expo-
sure from those where testosterone was assessed in 
confirmed COVID-19 cases. The first group would re-

https://covid19.who.int/
https://covid19.who.int/
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flect the hypothalamic–pituitary–gonadal (HPG) axis 
function before infection, whereas in the second, the 
HPG axis may be suppressed due to the acute phase 
of the infection. In the latter scenario, testosterone 
levels would be lower with more severe infections, 
which may correlate with poorer outcomes [27]. Those 
categories consisted of the risk of SARS-CoV-2 infec-
tion and outcomes according to premorbid testosterone 
levels, the impact of serum testosterone on outcomes of 
COVID-19, and the impact SARS-CoV-2 on testosterone 
levels after infection. A fourth category pertaining 
evidence in the preclinical setting was included since 
a massive effort in defining molecular determinants 
of outcomes of COVID-19 treatment has been made 
since the beginning of the pandemic [28]. Of note, when 
analyzed studies evaluated outcomes pertaining two 
or more categories, they were separately analyzed per-
category. Initial screening was independently carried 
by two co-authors (RL and FB). Full text of reports of 
potential relevance were reviewed and disagreements 
were resolved by consultation with a third co-author 
(PC). Studies were considered eligible if evaluated the 
interplay of COVID-19 and serum testosterone, we se-
lected articles specifically evaluating such relationship 

in both sexes. Retrospective and prospective studies, as 
well as randomized trials and studies based on registry 
data were included. Since our aim was to explore more 
domains, given the high heterogeneity of the included 
articles, we did not perform analyses on interventions 
and comparators. No restriction on participants was 
applied, nor a protocol-defined outcome was assessed. In 
consideration of the actuality of the topic, considering 
most studies had a short, non-standardized follow-up, 
and no high-level evidence exists in term of the rela-
tionship between COVID-19 and fertility, our review 
protocol did not include a meta-analysis. Risk of bias 
(RoB) for non-randomized comparative studies was 
independently assessed by two reviewers (RL and FB) 
using the Risk Of Bias In Non-randomized Studies - of 
Exposure (ROBINS-E) tool, and were visualized with 
the Risk-of-bias VISualization (robvis) tool [29,30]. The 
overall RoB level was judged as “low,” “raising some 
concerns/intermediate”, “high”, and “very high”, or “no 
information” whether the relative domain could not be 
assessed. Since we relied on studies pertaining the pre-
clinical aspects of our analysis, a separate assessment 
for those studies was performed with the same tool.

Fig. 1. PRISMA flowchart of paper se-
lection process and inclusion. PRISMA: 
Preferred Reporting Items for Systematic 
Reviews and Meta-analyses.
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RESULTS

1. Evidence synthesis
The study selection process is outlined in the PRIS-

MA flowchart as shown in Fig. 1, after removal of 
duplicates, a total of 579 abstracts were assessed for 
eligibility, yielding to 58 full texts, of which further 12 
were excluded as non-relevant. We included 46 stud-
ies exploring the relationship between COVID-19 and 
testosterone, critically, 9 of these evaluated preclinical 
aspects of our interest.

2. Risk of bias assessment
This study had a non-negligible RoB, as it was deter-

mined raising some concerns in 20 (43.5%) studies, and 
high in 10 (21.7%), as summarized in Fig. 2. Of note, 
bias arising from measurement of the exposure, and 
bias due to missing data were low in >50% of included 
studies. A detailed breakdown of studies and domains 
is reported in Supplement Fig. 1. When assessing RoB 
in studies in the preclinical setting, it raised some con-
cerns in 6 (66.7%), and was high in 1 (11.1%), as shown 
in Supplement Fig. 2 and 3.

3. �Preclinical models of the interplay between 
COVID-19 and testosterone

Since the beginning of the pandemic, the link be-
tween COVID-19 and testosterone has been explored 
in preclinical studies, following the observation of an 
androgen-mediated susceptibility to SARS-CoV-2 in-
fection [14,15]. We identified 9 publications, as shown 

in Table 1. In a recent paper, Ghosh et al [31] inves-
tigated the impact of COVID-19 on semen proteome 
(1,099 proteins and 8,503 peptides) following complete 
clinical recovery of the patients. It was observed that 
despite clinical remission, the modification of the se-
men proteome in response to COVID-19 disrupts male 
reproductive function. In COVID-19-recovered males, 21 
proteins were downregulated and 27 were upregulated, 
out of 48 differentially expressed genes between the 
healthy and COVID-19-recovered groups. According to 
bioinformatic analysis, restricted to proteins with ≤1% 
false discovery rate, pathways involved in reproductive 
functions were downregulated in COVID-19-recovered 
patients, including sperm-oocyte recognition, testoster-
one response, cell motility regulation, adhesion regula-
tion, extracellular matrix adhesion, and endopeptidase 
activity. Furthermore, considerable downregulation 
of two proteins linked to male fertility, semenogelin 1 
and prosaposin was found [31]. However, the interplay 
between testosterone and COVID-19 appears bidirec-
tional. In fact, shorter polyQ alleles in the androgen 
receptor (AR) provided protection against severe out-
comes. When endocrine feedback fails to overcome AR 
signaling faults by boosting testosterone levels during 
infection, the polyQ tract takes over as the vital step 
for clinical outcomes [32]. Vishvakarma et al [33] stud-
ied the interaction of sex hormones (testosterone and 
progesterone) with SARS-CoV-2 main protease (Mpro)
for uncovering potential therapeutic targets against 
COVID-19. It was discovered that testosterone binds 
strongly to Mpro determining its inhibition. Molecular 

Fig. 2. Risk Of Bias In Non-randomized Studies - of Exposure (ROBINS-E) visualized with the robvis tool for studies included in the systematic review.
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dynamics simulations at various temperatures were 
used to further investigate the binding. The creation of 
complexes between Mpro and testosterone/progesterone 
was better at 27°C compared to higher temperatures. 
These results show that testosterone has the potential 
to inhibit the Mpro of COVID-19 [33]. Similar results 
were obtained in different animal studies. In a recent 
study, a mouse model was used to investigate the ex-
pression of ACE2 and the potential risk of infection 
in the testis. Testis had higher ACE2 RNA expression 
than the other organs and SARS-CoV-2 was also found 
in Leydig cells. In the animal model, green fluorescence 
was only found in the Leydig cells after intratesticular 
injection of the pseudovirus SARS-CoV-2 [34]. The same 

results were obtained when infecting hamsters with a 
model for mild human SARS-CoV-2. Up to one month 
after infection, viral RNA was found in testes samples 
without any histopathological alterations [35]. Another 
paper involving the hamster model was published by Li 
et al [36]. An intranasal SARS-CoV-2 administration re-
sulted in an immediate drop in sperm count, serum tes-
tosterone, and inhibin B, as well as the lower testicular 
size and weight, and serum sex hormone levels. Acute 
histological damage was observed at four days post 
infection, including inflammation, hemorrhage, and 
necrosis, as well as seminiferous tubule degradation 
and disruption of normal spermatogenesis. Sertoli and 
Leydig cells showed signs of degeneration and necrosis 

Table 1. Summary of publications pertaining the preclinical and molecular aspects of the interaction between testosterone and COVID-19

Study Year Country n Sexa Method Summary of relevant findings

Baldassarri et al,  
2021 [32]

2020 Italy 1,178 M/F Comparison of poly-amino acids vari-
ability from WES data in pts with severe 
versus mild COVID-19.

Higher AR activity associated to milder 
COVID-19.

Zhang et al,  
2021 [34]

2020 China 40 M Bioinformatic analysis on public data-
bases.

Mouse model.
Males recovered from COVID-19.

ACE2 expression higher in testis com-
pared with other organs.

In mouse model, green fluorescence only 
detected in Leydig cells after SARS-
CoV-2 injection.

Peruzzu et al,  
2021 [38]

2020 Italy 160 M/F Pts (male and female) with COVID-19. Potential interplay between vitamin D 
and sex hormones contributing to the 
age-related outcome of COVID-19.

Campos et al,  
2021 [35]

2020 USA - - Syrian golden hamsters. Testicular damage observed in severe 
COVID-19 could be determined from 
SARS-CoV-2 infection of testicular cells.

Fallerini et al,  
2021 [37]

2021 Italy 1,186 M/F Patients infected by SARS-CoV-2 with 
different severity, stratified by sex and 
adjusted by age.

These results provide a rationale for the 
repurposing of antibodies against P-
selectin as adjuvant therapy in rs6127 
male homozygotes.

Vishvakarma et al,  
2022 [33]

2021 India - - No human participants nor animals. Testosterone showed better binding affin-
ity with Mpro and thus, more inhibition 
of the main protease.

Welén et al,  
2022 [39]

2020–2021 Sweden 7,936 M/F 42 hospitalized COVID-19 patients before 
safety evaluation.

Population-based retrospective study 
of 7,894 SARS-CoV-2-positive prostate 
cancer patients.

No support in favor of enzalutamide or 
preventive effects of bicalutamide or 
ADT in COVID-19.

Li et al,  
2022 [36]

2021 China - - Male Syrian hamsters infected with SARS-
CoV-2 wild-type strain HK-13, and Delta 
and Omicron variants.

SARS-CoV-2 causes acute testicular dam-
age and chronic asymmetric testicular 
atrophy with hormonal changes.

Ghosh et al,  
2022 [31]

2022 India 30 M COVID-19 recovered individuals and 
healthy individuals as controls.

Findings on dysregulated proteins and 
pathways associated with the reproduc-
tive process during COVID-19.

ACE2: angiotensin-converting enzyme 2, ADT: androgen deprivation therapy, AR: androgen receptor, COVID-19: coronavirus disease 19, F: female, 
M: male, Mpro: SARS-CoV-2 main protease, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, WES: whole exome sequencing.
aReferred to studies in humans.
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and these effects lasted up to 120 days post infection 
and appeared more severe with higher virus inoculum 
[36]. Testosterone’s role in the risk of thromboembolism 
in COVID-19 patients has also been investigated in the 
preclinical setting. In a sample of 1186 people infected 
with SARS-CoV-2, homozygosity of the cell adhesion 
molecule P-selectin gene (SELP) rs6127, previously 
linked to thrombotic risk, was found to be linked to the 
severity in a male subcohort of 513 individuals. Since 
testosterone suppresses the SELP gene, an increased 
odds ratio (OR) was observed in men after their 50s (OR, 
2.42) [37]. COVID-19’s age-related outcome could also be 
influenced by a synergy between vitamin D and sex 
hormones. In older males, a substantial positive associa-
tion between testosterone and 25(OH)D was observed, 
indicating that sex hormones play a role in maintaining 
25(OH)D levels [38]. On the base of these interactions 
between testosterone and COVID-19, a clinical trial was 
started to evaluate the effect of androgen deprivation 
therapy (ADT) on SARS-CoV-2 infection, but it was ter-
minated early as it was observed that men treated with 
had longer hospitalization, and no clear benefit of ADT 
was determined [39].

4. �The impact of premorbid serum 
testosterone on the risk, and outcomes of 
COVID-19

Although SARS-CoV-2 infection appears evenly dis-
tributed between sexes, males show greater COVID-19 
severity and fatality [10,11]. To date, limited data is 
available regarding how testosterone levels before 
SARS-CoV-2 infection influences the risk of infection 
itself, or its severity. We were able to find four publi-

cations exploring this relationship, as shown in Table 
2. Yeap et al [40] investigating data from 159,964 men 
reported that a higher total testosterone (TT) level was 
linked to a higher risk of COVID-19-related death, but 
no association was found between testosterone and 
risk of COVID-19. Karkin and Alma [41] found higher 
testosterone concentration associated to need of ICU 
admission in a series of men with erectile dysfunc-
tion who were subsequently exposed to SARS-CoV-2. 
Androgens may upregulate the mucosa-specific serine 
protease TMPRSS2, which plays a vital role in spike 
protein priming, and facilitates SARS-CoV-2 entrance, 
as initially observed by Hoffmann et al [14]. Higher 
circulating testosterone concentrations may enhance 
the entry of SARS-CoV-2, leading to more severe infec-
tion. AR signaling may modulate ACE2 expression in 
tissues including the lung, providing clues on potential 
pathways by which high serum testosterone concentra-
tions may enhance viral entry. Similar results were ob-
served by Lee et al [42] in a cohort of 246,087 male pa-
tients with COVID-19. Among them, 3,057 were exposed 
to ADT and 36,096 were diagnosed with cancer and did 
not receive ADT. In these patients, ADT was linked to 
a lower incidence and severity of COVID-19 rising the 
idea that testosterone and AR signaling may lead to a 
severe COVID-19 phenotype in men and enhance the 
risk of SARS-CoV-2 infection [42]. The relationship be-
tween testosterone and COVID-19 was explored also in 
the context of Gender-Affirming Hormone Therapy. In 
comparison to patients with female to male (FtM) gen-
der dysphoria (GD) who received estrogen and anti-an-
drogen medication, the chance of developing COVID-19 
increased 3.46 times in people with FtM GD who had 

Table 2. Summary of publications pertaining the relationship between premorbid serum testosterone, risk of COVID-19, and its clinical outcomes

Study Year Country n Sexa Population Summary of relevant findings
Yeap et al,  

2022 [40]
2022 UK 159,964 M Community-dwelling males aged 

40–69 years.
Middle-aged and older men with high premorbid 

total testosterone and SHBG are at greater risk 
of COVID-19-related mortality.

Karkin and Alma,  
2021 [41]

2021 Turkey 70 M Males complaining ED after COVID-19. High testosterone associated to increased ICU 
admission.

Lee et al,  
2022 [42]

2022 USA 246,087 M Males with COVID-19 and healthy 
controls.

ADT linked to lower COVID-19 incidence and  
severity.

Durcan et al,  
2022 [43]

2021 Turkey 238 M/F Individuals with FtM or MtF GD. Risk of contracting COVID-19 increased 3.46 times 
in pts with FtM GD in comparison to pts with 
MtF GD.

ADT: androgen deprivation therapy, COVID-19: coronavirus disease 19, ED: erectile dysfunction, F: female, FtM: female to male, GD: gender dys-
phoria, ICU: intensive care unit, M: male, MtF: male to female, SHBG: sex hormone binding globulin.
aReferred to studies in humans.
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received testosterone therapy. Furthermore, when com-
pared to those in which COVID-19 was not diagnosed, 
those with FtM GD who contracted COVID-19 had a 
longer course of testosterone therapy [43]. Although 
Koç et al [44], as well as Gul et al [45] measured testos-
terone before and after COVID-19 infection, no correla-
tion with infection severity was performed.

5. �The impact of serum testosterone on 
clinical outcomes of COVID-19

Serum TT has been identified as a determinant of 
prognosis for COVID-19 infection across 23 studies. 
Table 3 summarizes findings pertaining this relation-
ship. The majority of included studies (n=16) focused 
on the negative association between TT and admission 
to higher intensity care (i.e., ICU admission, need of ex-
tra oxygen care), inflammatory parameters (C-reactive 
protein [CRP], interleukin-6 [IL6], and D-Dimer, among 
the most relevant ones), as well as with COVID-19 re-
lated mortality [24,26-60]. In a recent paper by Wong et 
al, machine learning algorithms were used to predict 
the risk of developing severe, or fatal COVID-19 in a 
large population study. Different risk factors were pro-
posed such as age, central obesity, impaired renal func-
tion, multiple comorbidities, and testosterone, the latter 
emerging as a negative prognostic factor [61]. Such 
relationship was demonstrated also in case-control 
studies and prospective series, as outlined by Cinislio-
glu et al [54], who observed lower testosterone levels in 
men with COVID-19, compared to healthy controls in 
a study including 450 individuals [51,54,55,58]. In terms 
of COVID-19 severity, it was observed that not only 
testosterone correlated with disease severity itself, but 
lower testosterone levels predicted worsening to more 
severe forms after being diagnosed with a milder stage, 
as observed by Dhindsa et al [53]. In terms of mortal-
ity, one study [52] found no association between lower 
testosterone and COVID-19-related mortality, while 
those using multivariable models observed that lower 
testosterone was an independent predictor of mortality, 
as observed by Vena et al [58] and Beltrame et al [59]. 
Along with testosterone, higher luteinizing hormone 
(LH), a lower testosterone to LH ratio, as well as high 
estradiol to testosterone ratio were observed in men 
with COVID-19 and was associated to an inflammatory 
status [48,56,62]. Interestingly, two studies found an in-
verse trend when evaluating women with COVID-19, in 
particular, Schroeder at al [62] found in a retrospective Ta
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series that high levels of estradiol and low levels of TT 
were associated to worse prognosis in men, but not in 
women admitted at the ICU due to COVID-19 infection. 
Di Stasi et al [63] found a positive correlation between 
serum TT and inflammatory markers, as well as with 
COVID-19 disease severity and longer stay in the re-
spiratory ICU in 17 women admitted for COVID-19. On 
the contrary, four studies had discordant findings com-
pared to others. Two demonstrated that higher testos-
terone levels correlated with worse outcomes, and two 
others found no association between TT and clinical 
outcomes [23,41,64,65]. Salciccia et al [64] found higher 
testosterone levels associated to longer time to nega-
tive PCR in men with COVID-19 infection. Karkin and 
Alma [41] found higher testosterone to be associated to 
the need of ICU care in 70 men complaining ED after 
COVID-19 infection. Xu et al [23] found no association 
between COVID-19 infection severity and testosterone 
in 39 recovering men, as well as no association between 
testosterone and laboratory parameters. Apaydin et al 
[65] found no significant difference in baseline testos-
terone between mild and severe COVID-19 cases, while 
only free testosterone levels were correlated with in-
flammatory parameters and ICU admission.

6. �Short-and long-term effects of COVID-19 
on serum testosterone

It has been observed that SARS-CoV-2 might alter 
post-infection testosterone levels across 19 studies sum-
marized in Table 4. In general, testosterone levels ap-
pear to remain low immediately after infection and 
rise during the recovery phase [24,34,41,44,49,51,57,65-70]. 
However, results are mixed and non-conclusive towards 
a certain trend, in that nearly half of analyzed stud-
ies found no significant TT alterations in the recovery 
phase, including those evaluating severe vs. mild CO-
VID-19 [22,23,71-74]. Moreover, follow-up was short in 
the majority of analyzed studies. Among studies with a 
long follow-up, it was observed that testosterone tended 
to raise during the recovery phase, while no definitive 
evidence towards a stronger trend in younger patients 
was observed [24,57,65,66]. Salonia et al [24,66] observed 
that COVID-19 was an independent predictor of lower 
testosterone, and testosterone levels suggestive of hy-
pogonadism, this trend tended to resolve at a 7-month 
follow-up, with however 55% of patients with testoster-
one levels still suggesting hypogonadism. Zheng et al 
[57] observed that testosterone tended to raise in men Ta
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younger than 50 years-old admitted to ICU and those 
managed in lower-intensity areas, while in older men 
admitted to ICU, serum TT showed a steady, lower 
trend, compared to those not admitted to the ICU. Such 
relationship was observed in case-control studies, both 
when comparing COVID-19 versus healthy controls, 
as well as when comparing patients with COVID-19 
pneumonia and those with non-COVID-19 pneumo-
nia [51,68,69]. In particular, Kadihasanoglu et al [51] 
prospectively evaluated 262 men, and found lower 
testosterone levels in men with COVID-related respira-
tory infection, compared to matched controls with non-
COVID respiratory infection and age matched healthy 
controls. A high burden of comorbidities, as well as 
obesity, were correlated to higher odds of lower testos-
terone during the recovery phase [66,67]. On the other 
hand, six studies did not found alterations in testoster-
one during recovery compared to baseline [22,23,71-74]. 
Those included a study evaluating short- versus long-
lasting COVID-19 (i.e., >50 days of viral shedding), as 
well as one case-control study [23,72]. Interestingly, Gul 
et al [45] demonstrated that treatment with favipiravir 
and hydroxychloroquine did not impact semen param-
eters and hormonal levels in a prospective series of 29 
men recovering from COVID-19 with available baseline 
semen and hormonal parameters.

DISCUSSION

In this systematic review we examined the interplay 
between testosterone and SARS-CoV-2, highlight-
ing the complexity of such a relationship. Given the 
emergent situation, a vast number of publications was 
available. While the majority of studies focused either 
on testosterone levels measured in the early phases of 
the infection, and its impact on outcomes of COVID-19, 
as well as the impact of SARS-CoV-2 itself on the male 
gonadal axis after infection, only a minority explored 
the effect of testosterone concentrations on the risk of 
infection. We also considered publications exploring 
preclinical and molecular evidence even though of lim-
ited number, a novel approach that provide meaning-
ful insights on measurable clinical characteristics.

In a recent meta-analysis of 35 studies, an evidence 
of impaired testosterone levels and sperm parameters 
shortly after recovering from COVID-19 was observed. 
The Authors however pointed out that a longer follow-
up is warranted to assess long-term effects of SARS-

CoV-2 on the male gonadal axis [75]. Testosterone levels 
suggesting secondary hypogonadism might be the con-
sequence of the adaptive response of human organism 
to a variety of conditions such as infection, downregu-
lating testosterone-dependent functions like reproduc-
tion. SARS-CoV-2 related inflammation might there-
fore disrupt the HPG axis, resulting in low testosterone 
levels associated to a more severe clinical course. Such 
a response is observed in a variety of chronic systemic 
conditions such as cardiovascular diseases, obesity, 
osteoporosis, HIV infection, renal failure, and obstruc-
tive pulmonary diseases [76,77]. Low testosterone levels 
suggesting hypogonadism have been observed at a 
7-month follow-up after COVID-19 recovery by Salonia 
et al [66]. Moreover, Yamamoto et al [78] observed that 
up to 50% of males recovering from COVID-19 fulfilled 
criteria for late-onset hypogonadism in a small prospec-
tive series. On this premises, testosterone replacement 
therapy (TRT) might be appealing in the context of 
hypogonadal men diagnosed with COVID-19 [79]. Criti-
cally, neither a harm nor a benefit of TRT on adverse 
COVID-19 outcomes has been observed yet [80,81]. For 
these reasons, TRT cannot be recommended in men 
diagnosed with COVID-19 unless high quality evidence 
from randomised controlled trials, proving benefit and 
excluding harms, is available [27,82].

On the other hand, evidence suggest that lower levels 
of testosterone are associated to an inflammatory state 
in men with COVID-19, in particular, higher levels of 
CRP, IL-6 and other pro-inflammatory cytokines have 
been observed in men with low testosterone, moreover, 
an association with worse outcomes in these patients 
has been observed [47,48,56,57,63,65]. Montopoli et al 
[83] observed that men with prostate cancer on ADT 
had a lower incidence of COVID-19 compared to those 
with prostate cancer not on ADT in a large population-
based study of men with COVID-19 in Italy. However, 
other reports did not confirm such observation [84]. 
Based on these premises, the phase II COVIDENZA 
trial was started with the aim of testing whether the 
administration of enzalutamide was able to reduce CO-
VID-19 severity. This trial was however discontinued 
since no benefit was observed, moreover, in vitro and 
large-scale epidemiological evidence showed no effect 
of enzalutamide on lung cells in term of susceptibility 
to SARS-CoV-2 infection, nor an effect of bicalutamide 
treatment in men with prostate cancer in terms of risk 
of COVID-19 [39].
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While the majority of analyzed studies have evalu-
ated outcomes in men, it appears that women have a 
somewhat inverse relationship between testosterone 
and COVID-19, although publications are scarce. This 
was observed by Schroeder et al [62], and Di Stasi et al 
[63], the former observing no relationship between tes-
tosterone and COVID-19 outcomes in women, the latter 
observing an inverse relationship (i.e., positive correla-
tion) between testosterone and inflammatory param-
eters in women with COVID-19. The gender differences 
in terms of COVID-19 outcomes may be explained by 
the fact that in women adrenocorticotropic hormone 
(ACTH) stimulation on the adrenal gland might result 
in a prevalent increase in androgens of adrenal origin. 
However, also the protective role of female hormones 
(i.e., estrogens and progesterone) through the downreg-
ulation of the expression of ACE-2 may underline the 
observation that male sex is considered a risk factor 
for severe COVID-19 [85] Interestingly, Subramanian et 
al found higher risk of SARS-CoV-2 infection in wom-
en with polycystic ovarian syndrome (PCOS) compared 
to matched controls, in a large, UK-based population 
study, supporting the evidence of an inflammatory 
status predisposing to SARS-CoV-2 infection, possi-
bly related to higher cytokines levels in women with 
PCOS [86,87]. Evaluating the relationship between sex 
hormones, female sex, and SARS-CoV-2 was not the 
primary objective of this systematic review, further re-
search is therefore warranted to explore this interplay.

Various preclinical studies investigated the interplay 
between COVID-19 and testosterone. It was found that 
SARS-CoV-2 can infect the testis and may impact hor-
mone production. At the same time, it was noted how 
testosterone also plays a role in the biological mecha-
nisms underlying the infection, inhibiting the docking 
of the SARS-CoV-2 to host cells. Regarding the role of 
testosterone in the risk of infection, literature is lim-
ited and heterogeneous. Some studies have associated 
higher testosterone with increased risk of infection 
or poorer outcomes, whereas other studies associated 
lower testosterone with poorer outcomes from infec-
tion. Some studies suggest that testicular damage may 
be a consequence of COVID-19, but others have found 
no evidence of long-term detrimental effects.

Systematic reviews like ours are prone to intrinsic 
limitations, the main being undoubtedly the non-negli-
gible risk of bias, the natural consequence of the actu-
ality of the topic, arising from studies with a follow-up 

too short to assess long-term effects of the relationship 
between SARS-CoV-2 and fertility [66]. Moreover, em-
bracing the task of reviewing broad fields of interest 
reduces the possibility of meta-analyses, which have 
been recently published evaluating short-term out-
comes [75]. Including findings from the preclinical field, 
and those where testosterone levels were available pri-
or to exposure represent the strength of our approach, 
that, even characterized by structural limitations, has 
a strong support arising both from the animal and bio-
informatics model [34-36,40,42,69].

CONCLUSIONS

The complex relationship between COVID-19 and 
male reproductive function extends beyond the in-
terplay between testosterone and SARS-CoV-2. Ac-
knowledging the potential androgen-related biological 
mechanisms of  SARS-CoV-2 susceptibility may of-
fer meaningful insights for patient counselling and 
health policy making. In general, since the majority 
of analyzed studies were limited in a three-year time 
span, resulting in significant risk of bias due to post-
exposure intervention, longer follow-up is warranted 
to assess long-term effects of COVID-19 on testosterone 
levels and fertility, and to draw solid conclusions.
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