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Abstract
Emerging evidence suggests that the novel Coronavirus disease-2019 (COVID-19) is deadlier for men than women both in 
China and in Europe. Male sex is a risk factor for COVID-19 mortality. The meccanisms underlying the reduced morbidity 
and lethality in women are currently unclear, even though hypotheses have been posed (Brandi and Giustina in Trends Endo-
crinol Metab. 31:918–27, 2020). This article aims to describe the role of sex hormones in sex- and gender-related fatality of 
COVID-19. We discuss the possibility that potential sex-specific mechanisms modulating the course of the disease include 
both the androgen- and the estrogen-response cascade. Sex hormones regulate the respiratory function, the innate and adaptive 
immune responses, the immunoaging, the cardiovascular system, and the entrance of the virus in the cells. Recommendations 
for the future government policies and for the management of COVID-19 patients should include a dimorphic approach for 
males and females. As the estrogen receptor signaling appears critical for protection in women, more studies are needed to 
translate the basic knowledge into clinical actions. Understanding the etiological bases of sexual dimorphism in COVID-19 
could help develop more effective strategies in individual patients in both sexes, including designing a good vaccine.
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Abbreviations
COVID-19  Coronavirus disease 2019
COPD  Chronic obstructive pulmonary disease
SARS  Severe acute respiratory syndrome
MERS  Middle East respiratory syndrome
ACE2  Angiotensin converting enzyme type 2
Ang  Angiotensin
TMPRSS2  Transmembrane serine protease 2
HSD3B1  Hydroxy-δ-5-steroid dehydrogenase, 3β- and 

steroid-δ-isomerase 1
ARDS  Acute respiratory distress syndrome
SHBG  Sex hormone binding globulin
CVD  Cardiovascular diseases
MHT  Menopausal hormonal therapy
HSPAS  Heat shock proteinAS
SERM  Selective estrogen receptor modulator
CRP  C-reactive protein
ADAMs  A disintegrin and metalloproteinase
NLRP3  Nod-like receptor pyrin domain 3

ERα  Estrogen receptor α
ERβ  Estrogen receptor β

1  Sex‑related differences 
in physiopathology

There are several underlying differences in physiologi-
cal functions between the two sexes and this fact implies 
a diverse incidence and severity of major diseases, as car-
diovascular, musculoskeletal and immune disorders up to 
lifespan regulation [2–12]. As an example, 80% of patients 
with autoimmune diseases are females and similarly 80% of 
patients with osteoporosis are women [13–15]. Conversely, 
cardiovascular diseases are anticipated of at least a decade 
in men when compared to women [16]. In general, men have 
a lower life expectancy than women, but women spend their 
extra years with higher levels of illness, the so called gender 
health paradox [17].

Comorbidities have been repeatedly reported as key 
clinical prognostic factors in COVID-19 infection and a 
sex-related dimorphic phenotypical expression of the main 
diseases underlying the risk for COVID-19 complications 
could explain the different outcomes between sexes in 
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this pandemic. Main disorders to consider are hyperten-
sion, type 2 diabetes and obesity, ischemic heart disease, 
chronic obstructive pulmonary disease (COPD), and renal 
insufficiency.

However, until recently very little attention was given to 
gender differences in the physiopathology of major human 
organs and systems, with the exception of the reproductive 
apparatus.

Potential causes of sex-based differences in normal physi-
ology and disease can be recognized in biological (genetic 
and hormonal) factors, while gender differences are moti-
vated by psicosocietal-cultural factors (i.e. excessive alco-
hol consumption, drug use and smoking being excessive in 
males). Moreover, awareness of a given disorder may be 
different in females and males, as it happens in osteoporosis, 
prevalently diagnosed and cured in females [18].

The obvious genetic differences between males and 
females lie in the fact that females have two X chromosomes, 
whereas males have a Y and a X chromosome. From an 
endocrine point of view sex hormones influence physiology 
in both sexes with changing roles during human life, from 
childhood to adolescence to adulthood and to senescence. 
Finally, societal factors, such as lifestyle and daily environ-
ment, can play a role in the dimorphic expression and mor-
bidity of human diseases in the two sexes..

The assumption that there are minimal differences in the 
pathophysiology on men and women had as a natural con-
sequence the lack of controlled clinical trials carried out in 
the two sexes and analyzed separately. Increasing evidence 
has shown that not only the selection of a given compound 
and the therapeutical effectiveness of any pharmacological 
interventions vary between the two sexes, but also that sex 
differences exist in adverse drug events [19, 20]. Consider-
ing that we are in the era of personalized medicine sex and 
gender cannot be ignored any longer.

The recent described sex- and gender-related disparities 
in morbidity and mortality in COVID-19 infection opened to 
a renewed interest on the sexual dimorphism in viral infec-
tion that affect the respiratory system [1, 21].Finding the 
pathogenetic mechanisms that underlie these differences 
could help develop more effective prevention and treat-
ment strategies for individual patients and create equitable 
policies.

The first element to be considered in the future is develop-
ing sex targeted therapies. The information among multiple 
pharmacological options in COVID-19 evidences different 
efficacy and safety results, but data on sex-related responses 
are currently limited. Neither sex disaggregated data on ben-
efits, adverse events and long-term safety on vaccination 
are available. In addition, the prevalent inclusion of men in 
randomized clinical trials with future extrapolation of results 
to women should be addressed.

2  Epidemiological evidences

The COVID-19 pandemia is likely to have started in China 
and rapidly Europe, the United States, and South Amer-
ica were affected (https:// Coron avirus. jhu. edu/ map. htlm). 
While men and women have the same prevalence of the 
disease, sex differences emerged in terms of case fatality 
(deaths/reported cases) evidenced that the male/female 
ratio is always above 1.1 in 34 out of the 35 countries that 
provided sex disaggregated data (only for Pakistan, the 
ratio is 0.9), independently of age [22]. Men account for 
over 50% of total deaths and almost twice as many men 
with COVID-19 suffer severe symptoms or death in com-
parison to women [23, 24].

In addition to sex dimorphism in fatality of the disease, 
epidemiological studies have shown an age-dependent sus-
ceptibility, with older individuals experiencing, along with 
a decline in sex hormone production, also a more severe 
COVID-19 illness.

To sum up, currently available studies, suggest that both 
young people and women are less susceptible to severe 
COVID-19 infection outcomes, regardless for their geo-
graphical origin.

Altogether, these data point to a potential role of sex hor-
mones, not just in the predisposition to COVID-19 infection, 
but in the clinical course of the disease.

Similar observations were already reported for other cor-
onavirus epidemics. Previous studies in patients affected by 
the severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS) epidemics evidenced a 
similar age-dependent susceptibility and sex-related diversi-
ties in both morbidity and fatality [25–28].

Sexual dimorphism in COVID-19 should not come as a 
surprise because it is known that men and women respond 
to viral infection differently [29, 30].

Policies should take care also of gender differences 
related to social and economical diversities in the two sexes. 
Women represent the prevalent health workforce, being 
thereby at higher risk of infection. Women home workload 
increased with the closure of the schools and this will limit 
their work and economic opportunities. Women are still not 
included in decision making for outbreak response, while 
their inputs would be important for the society. While the 
fragility of male patients affected by COVID-19 is clearly 
in the agenda of the decisors, the direct and indirect conse-
quences of the pandemia in women lifes risk to perpetuate 
gender and health inequities.

Although the mortality rate from COVID-19 appears 
higher amongst men, potentially as a result of both biologi-
cal and social factors, the recession that will follow the pan-
demia could have a gendered impact on women in terms 
of morbidity and mortality [22]..Governments and global 
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health institutions are advised to consider the sex and gender 
effects of the COVID-19 outbreak, both direct and indirect, 
and conduct analyses of the gendered impacts of the multiple 
outbreaks. This will make possible to mitigate the impact 
of the pandemic on long-term health inequalities amongst 
women and men.

3  Pathogenesis of gender‑ and sex‑related 
disparities

The knowledge of the pathogenetic mechanisms that under-
lie COVID-19 will make possible to understand who is most 
at risk of severe outcomes of the disease and how to adjust 
therapeutic interventions accordingly. Despite this striking 
evidence for COVID-19 infection, limited studies consider 
different therapeutic approaches for the two sexes. In a sce-
nario where no specific antiviral drugs have been developed 
to treat COVID-19 infection and control disease evolution, a 
better understanding of the pathogenetic bases for sex-linked 
dimorphism for this disease should contribute to character-
ize new therapeutical targets.

The different vulnerability of males and females to 
COVID-19 infection is an evidence that cannot be discussed, 
even though an explanation for this is not available. Beside a 
different hormonal milieu, there are other potential mecha-
nisms that may explain why women are less prone to severe 
COVID-19 disease. Scientists are offering some clues to 
understand the basis for this disparity.

3.1  Gender‑related causes

There are many ways that gender can impact on COVID-19 
statistics. Attempt to explain the higher morbidity in men 
included social differences, smoking, social behaviour, and 
delay in medical care between sexes [31]. This echological 
interpretation can be eclipsed by individual genetic, immu-
nologic, and hormonal interferences. Notably, these factors 
will all increase susceptibility to COVID-19, but they cannot 
explain the findings of sex differences.

In the process of recognizing possible factors contributing 
to gender-and sex-based discrepancies, since age is also a 
risk factor for COVID-19 severity and mortality, compari-
sons of the COVID-19 outcomes in both sexes should be 
performed after age matching.

3.2  Genetics

Genetic differences between males and females are well 
recognized. An important difference is the dosage of the 
sex chromosomes, that are the basis not only of sexual 

determination, but also of qualitative (Y versus X chromo-
some) and quantitative (one or two X chromosomes) expres-
sion of functional genes. While in males the Y chromosome 
is smaller than the X chromosome and contains mainly 
genes coding for sex-specific effects and testis development, 
in females the second X chromosome contains a number of 
genes, that if excluded from inactivation, may contribute 
to the greater longevity of females relative to males [12]. 
This interpretation is supported by the fact that male birds, 
that utilize the ZW sex determination system (males ZZ and 
females ZW), have a longer lifespan than females.

Notably, multiple genes important in the innate and adap-
tive immune response to viral infections sit on the X chro-
mosome [32, 33]. In females, who bear two X chromosomes, 
a process known as X chromosome inactivation prevents the 
over-expression of X-linked genes, but some genes, includ-
ing those controlling immune function, can escape this pro-
cess. As a consequence genes can double their expression, 
with expected functional consequences.

Another important gene that sits on chromosome X region 
p22 and can be over-expressed in females is the gene encod-
ing the receptor mainly responsible for SARS-Cov-2 cellular 
entry, the angiotensin converting enzyme type 2 (ACE2). 
The ACE2 gene encodes a type I carboxypeptidase glyco-
protein of about 100 kDa, composed by 805 amino acids and 
located as an ectoenzyme on the surface of the cells. ACE2 
enzyme acts exclusively as a carboxypeptidase removing a 
C-terminal amino acid from Angiotensin II (Ang II) generat-
ing Ang(1-7) or from Ang I forming Ang(1-9). The Ang(1-
7) acts through its G-protein coupled receptor Mas [34]. 
The protein is expressed on the surface of lung epithelial 
cells and other tissues, that regulate the renin-angiotensin-
aldosterone system [35]. The ACE2 is linked to a reduced 
risk of developing hypertension, cardiovascular diseases and 
it is also protective in the lungs against edema, permeabil-
ity, and pulmonary damage [35]. These features point to the 
control of the expression of the ACE2 gene as a therapeutic 
strategy in hypertension and heart failure. The ACE2 gene is 
regulated at multiple levels including transcriptional, post-
transcriptional and post-translational through its shedding 
from the cell surface. The lung expression of the ACE2 gene 
decreases with age, prevalently in men [36]. This, together 
with a potential double dose of ACE2 gene in women, could 
explain the higher COVID-19 lung morbidity and mortal-
ity in elderly men. Also the mechanism of acute myocar-
dial injury caused by SARS-CoV-2 during severe COVID-
19 disease might be related to the inhibition of the ACE2 
catalytic activity [37]. Humans are not equal with respect 
to the expression levels of the cellular ACE2 enzyme 
and ACE2 gene expression and/or polymorphisms could 
influence both the susceptibility of people to SARS-CoV-2 
infection and the outcome of the COVID-19 disease [35, 38]. 
Further exploration of the relationships between the virus 
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and the ACE2 gene expression and genotype should help to 
better understand the pathophysiology of COVID-19.

Genetic factors may also influence the geographical 
spread of COVID-19. An example is offered by the hydroxy-
δ-5-steroid dehydrogenase, 3 β- and steroid δ-isomerase 1 
(HSD3B1) gene, that is located at 1p12 and whose encoded 
protein is involved in the periferal synthesis of potent andro-
gens from adrenal precursors. Notably, the most frequent 
hyperactive HSD3B1  125C adrenal permissive allele is 
found in the Italian and Spanish populations [39].

Another androgen-related gene is the transmembrane 
serine protease 2 (TMPRSS2) gene, that sits in chromosome 
21 region 21q-22.3 and encodes the transmembrane serine 
protease 2 capable to facilitate entry of viruses, including 
SARS-CoV-2 into host cells. This serine protease cleaves 
the spike protein for viral priming. SARS-CoV-2 entry into 
the cell depends on two factors, the ACE2 receptor and the 
cellular protease TMPRSS2, not surprisingly co-expressed 
in tissues targeted by the virus. From a genetic point of 
view, the rs12329760 TMPRSS2 gene polymorphism could 
increase the chance of faulty expression of the gene itself 
[40], while the e QTL variant rs35074065, highly repre-
sented in the Italian population [41], is linked with over-
expression of the TMPRSS2 gene and this may give rise to 
enhanced susceptibility to viral infection in Italians.

Bilateral pneumonia were observed in males with andro-
genic alopecia, a sign of hyperandrogenism, and this latter 
condition is also associated with short CAG repeat length of 
the gene encoding the androgen receptor [42]. It is hypoth-
esized that worse outcomes of COVID-19 in men may be 
associated with CAG repeat length on the gene encoding for 
the androgen receptor.

Analyzing the distribution of gene polymorphisms 
could be helpful to understand the different susceptibility 
to COVID-19 outcomes. In a recent paper genome-wide 
association analysis made possible to uncover genes that 
segregate with mortality for COVID-19, prevalently related 
to host viral defense mechanisms and mediators of inflam-
matory organ damage [43].

Genetics play an important role in COVID-19 outcomes 
and sex hormones are important mediators of this genetic 
regulation.

3.3  Immunological response

Evidences point to profound differences between males and 
females in the immunological response to viral infections, 
with a diverse propensity also to autoimmunity [29]. Sex 
disparities in prevalence, intensity, and outcome of viral 
infections are conserved in evolution from the Drosophila 
melanogaster up to humans [44, 45]. These differences can 

easily explain diversities in incidence, duration, severity, and 
fatality rates following a viral infection.

In dealing with viral infections, female immune system 
acts differently than in males, developing a stronger immune 
response leading to viral clearance. In general, antibody pro-
duction level is higher in women when compared to men and 
lasts longer [46]. Notably, the general morbidity from sea-
sonal influenza are consistently higher in men than women 
at all ages [47].

While our understanding of the exact immunologi-
cal mechanisms underlying these differences is still in its 
infancy, the published data support existing sex-related 
diversity in the composition, epigenetic regulation, and func-
tion of immune cell populations [48–51].

Sexual dimorphism is evidenced also in coronviruses-
related inflammatory response, that results from a dys-
regulated response of the immune system [52, 53]. Indeed, 
elevated IL-6, C-reactive protein (CRP), and excess in 
cytokines release segregate with the acute respiratory dis-
tress syndrome (ARDS) and are higher in males than in 
females. The fact that the stronger immune response to viral 
infections in women segregate with a more modest inflam-
matory response to COVID-19 is paradoxical. An explana-
tion for this surprising behaviour is that the hyperinflamma-
tory response seen in COVID-19 male patients represents 
the natural consequence of the ineffective early antiviral 
immunity typical of men [54].

Interestingly, examining SARS-Cov-2-specific antibod-
ies, plasma cytokines and blood cell phenotype in male and 
female COVID-19 patients, men have higher plasma levels 
of innate immune cytokines and women mounted signifi-
cantly more robust T cell activation [55].

3.4  Cardiovascular comorbidity

It has become clear that cardiovascular co-morbidities are 
more prevalent in males and patients with cardiovascular 
disease infected with COVID-19 have a worse prognosis 
[54]. In view of the fact that the biological sex plays an 
important role in the immune response and that inflamma-
tory cytokines have been implicated both in COVID-19 and 
in cardiovascular dysfunction, it has been suggested that the 
sexual dimorphism in the immune reaction may influence 
the cardiovascular diseases and COVID-19 interactions [56].

Notably, cardiovascular co-morbidities associated with 
COVID-19 encompass arterial hypertension, ischemic heart 
disease, and atrial fibrillation, all conditions characterized 
by an abnormal ACE/ACE2 ratio in humans and in ani-
mals [57]. Moreover down-regulation of ACE2 may favor 
endothelial dysfunction and coagulopathy [58].

Further excavating into the pathogenetic bases of the 
interactions between cardiovascular disease, COVID-19, and 
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the inflammatory response, it was shown that the adaptive 
immune response in SARS-Cov-2 infection declines more 
rapidly in hyperlipidemia [59].

Obesity also demonstrates sexual dimorphism and it has 
been associated with COVID-19 severity, death and inflam-
mation [60, 61].

Initial studies found increased severity of COVID-19 in 
patients with diabetes mellitus, with consequent hyperglyce-
mia that may modulate immune and inflammatory responses 
[62]. The main recommendations for COVID-19 patients 
with diabetes mellitus should strictly follow general pre-
ventive rules, with frequent monitoring of glucose levels, 
engagement in physical activity, healthily eating, and control 
of concomitant risk factors in both sexes [63]. Notably, type 
2 diabetes mellitus is more frequently diagnosed at younger 
age and at lower body mass index in men; however, the most 
prominent risk factor, which is obesity, is more common 
in women [64]. In addition, diabetic women have greater 
increases of cardiovascular mortality, myocardial infarction, 
and stroke mortality than men, compared with non diabetic 
subjects [65].

Overall, clinical and experimental evidence support the 
protective actions of endogenous estrogens towards diabetes 
susceptibility [66].

3.5  Lung physiopathology

In COVID-19 lungs become the door of entrance to the virus 
and often the cause of death for the affected patient. The 
ARDS is a major cause of mortality in COVID-19, devel-
oping as a complication of pneumonia with treatment being 
limited to supportive interventions. The understanding of 
the pathogenesis of this disorder and of the mechanisms that 
control its evolution becomes a very important area of inves-
tigation. Can sex-related differences play a significant role?

Sex has a significant effect on respiratory system struc-
ture and function. These differences may by driven by sex 
hormones and environmental exposures and may result in an 
increased risk for certain lung diseases, including COVID-
19, as well as differences in outcomes.

Sex biological differences in lungs start from the human 
lung development, manifesting as early as at 16 weeks of 
gestation and can persist throughout fetal maturation. For 
example, more mature lung phenotype has been described in 
the female fetus than in the male fetus [67]. It is well known 
that the synthesis of surfactant in the fetal lung is sexually 
dimorphic [68]. This can explain the disadvantage that male 
lungs have at birth.

Women have proportionally smaller lungs and airways 
than men and men and women’s rib cages differ in terms of 
shape [69]. Males have more bronchioles, fewer alveoli per 
unit area, a decreased expiratory flow rates (for increased 
smooth muscle and thicker airway walls) and smaller central 

airways. These phenotypic differences affect pulmonary 
function at rest and during exercise. Another potential sex-
related difference can be found in the damage exerted by 
smoking on the respiratory function, with females reporting 
more symptoms than males with similar smoking burden 
[70].

Fragility vertebral fractures represent another potential 
difference between the two sexes, as these influence the res-
piratory function and prognosis of affected patients [71] and 
are more frequently diagnosed in females [18].

The impact of these sex-related differences on disease 
susceptibility and progression, particularly for the interstitial 
lung disease, remain incompletely elucidated [72]. While 
much still needs to be learned about the mechanisms respon-
sible for sex differences in lung diseases, including COVID-
19, future cellular and clinical studies might shed light on 
potential mechanisms responsible for these differences in the 
hope to unveiling potential targets for intervention.

3.6  Coagulation

COVID-19 physiopathology is not only characterized by an 
exacerbated inflammatory response, but also by a hyperco-
agulable state. The risk of thromboembolism is higher in 
men throughout the life cycle, while women exhibit a lower 
risk than men in their fertile years, gradually increasing dur-
ing menopause [73].

One would be tempted to use estrogens to prevent throm-
boembolism in COVID-19. However, in conditions of supra-
physiological estrogen levels, such as pregnancy, we witness 
an increase in the coagulation function.

3.7  Gonadal function

The clinical relevance of sex hormones’ signaling in dis-
eases' pathogenesis lies in the variations of severity and 
prognosis in relation with levels and fluctuations of circu-
lating hormones during puberty, menstrual cycle, pregnancy, 
menopause, and aging.

3.7.1  Males

During the ageing process, there is a progressive decline in 
serum total and free testosterone levels, increase in sex hor-
mone binding globulin (SHBG), and moderate increase in 
luteinizing hormone (LH). Incidence of hypogonadism (total 
testosterone < 3 ng/ml) accounts 15–20% in men between 49 
and 75 years of age [74].

Low serum levels of testosterone may trigger a detri-
mental cytokine dysfunction and are associated with aging 
and obesity and other chronic diseases, leading to sys-
temic inflammation, endothelial dysfunction and increased 
platelet activity, predisposing to thrombosis and CVD. 
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Consequently, men with lower levels of testosterone are 
more prone to develop pulmonary and cardiac complica-
tions in COVID-19.

On the other side testosterone predispose men to a less 
effective immune response against infectious agents.

Testosterone levels behave as a true Bifront Janus towards 
the outcomes of COVID-19.

Antiandrogens are used routinely or evaluated in clini-
cal studies for the treatment of both prostate and mam-
mary cancer and are well tolerated in men and women. 
The use of these compounds leading to downregulation 
of TMPRSS2 gene expression might reduce the suscepti-
bility to COVID-19, as it emerges from clinical data [75]. 
Also proxalutamide, a potent second generation non steroi-
dal androgen receptor antagonist, seems to reduce in males 
by 91% the hospitalization rate in a Brazilian population 
[76]. This study was criticized and future ongoing trials will 
try to offer a realistic view of the problem. Other findings 
support a role of the antiandrogenic therapy in the natu-
ral history of COVID-19, as androgen-deprivation therapy 
for prostate cancer appear to reduce the risk of infection by 
SARS-CoV-2 [77].

Cancer patients have been reported to be at higher risk 
of COVID-19 complications and deaths [78]. For all these 
reasons in prostate cancer the use of androgen deprivation 
therapy and antiandrogens are certainly indicated both in 
COVID-19 and in non-infected patients.

3.7.2  Females

The variability in circulating estrogens in women presents a 
diversification certainly higher than what seen in males, as 
exemplified by mestrual cycles, pregnancy, and menopause.

Current literature does not include pregnant women as an 
a priori risk group for COVID-19, even if COVID-19 infec-
tion in pregnant women creates additional challenges for vari-
ous reasons [79]. The increase in estradiol and progesterone 
in pregnancy could contribute to a hormonal milieu which 
shifts the cytokines signature towards an anti-inflammatory 
state. Future studies will have to address COVID-19 mortal-
ity during pregnancy compared to early postpartum in order 
to determine whether the hormonal environment of the third 
trimester, in particular progesterone, is protective [80].

In postmenopausal women estradiol sharply declines with 
concomitant reduction in total and free testosterone and 
SHBG. The most represented estrogenic hormone is estrone, 
with high levels of circulating gonadotrophins. Interestingly 
ACE2 has been described also in the granulosa cells and its 
expression is increased with the rise in LH [81].

Factors such as obesity and chronic liver disease can also 
affect the concentrations of estrogens amongst individuals 
[82]. In a recent study it was demonstrated that mortality 

was higher in postmenopausal women than in premenopau-
sal women, further supporting the protective role of female 
sex hormones [83].

A special attention should be posed towards men and 
women under hormonal therapy for prostate and mammary 
cancer, a therapy that most physician preferred during the 
pandemic to allow safe deferral of surgery [84].

Altogether these findings open to the hypothesis that the 
ageing-related decrease in testosterone levels may contrib-
ute to the progression of the disease in males. Conversely, 
in postmenopausal women, either the presence of estrone 
and high gonadotrophin levels may exert a protective effect.

4  The role of sex hormones

Overall, results of studies in various animal species, includ-
ing Drosophila, are consistent with the conclusion that hor-
monal signaling in general, and steroid hormone signaling 
in particular, are mechanisms that control life span across 
species, most likely through regulation of trade-offs between 
reproductive metabolism versus mitochondrial and somatic 
maintenance [12]. There is speculation that sex steroid hor-
mones may contribute to the sex-related disparities in fatal-
ity from COVID-19. The weight of sex hormones’ action 
should encompass the natural waning of hormone produc-
tion over the course of one's lifetime, a variable that accounts 
for the increased risk of the overall elderly population [85].

The different concentrations of estrogen, progesterone 
and androgen between females and males are likely to influ-
ence COVID-19 outcomes. This is important for two main 
reasons, first because COVID-19 may alter, even if only 
transiently [86], the function of the hypothalamic-pituitary 
gonadal axis, decreasing the secretion of gonadal hormones 
and also because gonadal hormones are amenable to thera-
peutic intervention.

4.1  Estrogen

Estrogen and the response to estrogen [through the estrogen 
receptor α (ERα), the estrogen receptor β (ERβ) and the G 
protein-coupled receptor] could have an impact on the out-
comes of COVID-19.

The correlation between sex hormones, disease severity, 
and death rates reveals the potential of utilizing hormone 
replacement therapy to modulate the immune response to 
increase resilience to adverse disease outcomes [87, 88]. 
Hormonal therapy may be possibly proposed as a method 
of boosting immunity in individuals who are most at risk 
of fatality by COVID-19 and to prove this hypothesis short-
term clinical trials are ongoing in both men and women 
([23], Table 1).
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The positive actions of estrogens in cardiovascular 
physiology are recognized in the anti-inflammatory effect, 
in the dilatation of the arterial wall, in the endothelial 
function, and in the intravascular coagulation [1]. Among 
the mechanisms proposed to mediate sex-specific differ-
ences in cardiovascular disease, signaling via the ACE2/
Ang(1-7)/Mas axis represents a promising candidate 
pathway by which female sex and/or estrogen may be pro-
tective from incidence and severity of ARDS [89]. The 
estradiol-induced increase in the expression of ACE2 and 
Ang1-7 opens to the possibility of counteracting the del-
eterious effects of Ang II in COVID-19 [90].

Estradiol is also able to inhibit the production of the 
TMPRSS2 protein, necessary for trimming and activating 
the SARS-CoV-2 spike protein to bind ACE2 [91] and 
to increase the expression of A Disintegrin And Metallo-
proteinase (ADAMs) mainly ADAM-17, which is able to 
ckeave the ACE2 ectodomain with release of high soluble 
circulating and SARS-CoV-2 neutralizing ACE2 [92].

Endogenous estrogen exert also a protective action 
towards type 2 diabetes mellitus through the ERα activa-
tion in various tissues, including the pancreatic beta cells, 
but also the role of sex chromosomes, fetal/neonatal pro-
gramming, and epigenetic modifications need to be further 
investigated in the control of diabetes mellitus [66].

The data published demonstrate that estrogens have pro-
found effects on respiratory physiology, but the results are 
limited to animal and not human studies. In mice estrogen 
therapy inhibits the activation of the nod-like receptor pyrin 

domain 3 (NLRP3) inflammatory and therefore it amelio-
rates airway inflammation and hyper-responsiveness [93].

A direct inhibitory effect of estradiol on SARS-CoV-2 
infection was also demonstrated in vitro using the VERO E6 
cells [94]. Moreover, the ERα is transcriptionally associated 
with ACE2 and TMPRSS2 genes’ expression in the human 
atrium, revealing for the first time a functional modulators 
mechanism of ERs for the structural elements that control 
SARS-CoV-2 entry into the host cells.

The modulation of the estrogen pathway as a therapeutic 
strategy for COVID-19 is at the moment under evaluation 
in ongoing clinical trials ([95] and Table 1).

4.2  Progesterone

Progesterone, the second major female sex-steroid hormone, 
with major actions on the reproductive system, but also with 
critical roles in other tissue systems, such as the mammary 
gland, the cardiovascular system, the neurodevelopmental 
process in the central nervous system, and the bones. In nor-
mal healthy males the levels of progesterone are consider-
able, with a decline with age [96].

Studies on the role of progesterone in COVID-19 burden 
are limited, even though evidences exist.

Examples of this influence are the known antiviral effects 
of progesterone against HIV and the influenza virus, the 
immunomodulatory function of high doses of progesterone 
during pregnancy and the decrease of progesterone circulat-
ing levels in SARS patients [23].

Table 1  Sex hormones-targeted 
trials from the World Health 
Organization database, the EU 
Clinical Trials Register and the 
clinicaltrials.gov

STUDY CODE DRUG POPULATION OUTCOMES

NTC04359329 Estradiol patch Men and women COVID-19
Progesterone oral COVID-19 affected complications

NTC 04865029 Estradiol patch Men and women COVID-19
Progesterone oral COVID-19 affected symptoms

CTRI/2020/09/ 027622 Estradiol oral Men and women COVID-19
COVID-19 affected progression

EUDRACT:2020-003403-33 Esterol oral Men and women COVID-19
COVID-19 affected progression

EUDRACT:2021-000320-35 Bazedoxifene Men and women COVID-19
COVID-19 affected progression

NTC 04365127 Progesterone sc Men COVID-19
COVID-19 affected complications

NTC 04374279 Enzalutamide oral Men and women COVID-19
COVID-19 affected worsening

NTC 04475601 Enzalutamide oral Men and women COVID-19
COVID-19 affected progression

NTC 04509999 Bicalutamide oral Men COVID-19
COVID-19 affected progression

NTC 04446429 Proxalutamide oral Men COVID-19
COVID-19 affected hospitalization
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This is the reason for the recent development of clinical 
trials to demonstrate progesterone-related anti-SARS-CoV-2 
effects ([23] and Table 1).

4.3  Androgen

It has been reported that ACE2 is a constitutive product 
of Leydig cells, thus suggesting a potential role of SARS-
CoV-2 in controlling testosterone secretion [97].

Androgens act as bidirectional regulators of COVID-19 
severity, as the majority of males with COVID-19 exhibit 
testosterone deficiency. Indeed, the association between an 
increase of proinflammatory state and a decline of testos-
terone levels is often observed, either in the ageing man 
or in the hypogonadal disorders [98]. Altogether these data 
suggest the use of androgens as adjuvant therapy for patients 
with COVID-19. However, the collected information do not 
go in the same direction, as androgen appear to stimulate 
the expression of molecules, that facilitate the SARS-CoV-2 
infection.

Notably, androgen are known to promote airway branch-
ing, but less surfactant [99]. Interestingly, the gene encod-
ing the TMPRSS2 enzyme is regulated by androgens in a 
lung-derived cell model [100], but it is not known if this 
protease is regulated by androgen in physiological settings 
[101]. In the case of a positive answer, inhibition of the 
androgen response could suppress the TMPRSS2 enzyme 
and, therefore, the viral entry into the cells. Testosterone, a 
known biomarker of prostate cancer when fused with ERG 
[102], may favor the progression of COVID-19 through the 
activation via the androgen receptor of the transcription of 
the TMPRSS2 gene [102].

Androgen can cause severe infection in men by affecting 
the immune response through the increase of cytokines pro-
duction and reducing the antibody response to the infectious 
conditions [103]. This issue becomes very important as the 
cytokines storm is seen in patients with severe COVID-19. 
Severity of lung involvement during infection with COVID-
19 is correlated with hyperandrogenism, especially in the 
elderly patients [104].

The antiandrogen enzalutamide downregulates the 
expression of the TMPRSS2 gene and reduces cellular entry 
on SARS-CoV-2 in human prostate and lung cells [105].

Overall these findings justify the severity of the COVID-
19 reported in males and open to the possibility of an anti-
androgenic therapy in the hyperandrogenic phenotype. 
Indeed, androgen-modulating drugs have bene proposed as a 
potential treatment for COVID-19 [106] and prostate cancer 
patients receiving androgen deprivation and anti-androgens 
therapy appear to be partially protected from SARS-CoV-2 
infection [107].

Clinical trials are ongoing to evaluable the role of antian-
drogens in COVID-19 affected males (Table 1).

4.4  Pituitary–gonadal axis

Information available on the pituitary-female gonadal axis 
in COVID-19 is limited. As ACE2 is expressed in the ovary 
and in the endometrium, it can be speculated that these tis-
sues might be the targets of the SARS-CoV-2 [97, 108, 109].

Similarly, human testes—primarily spermatogonia, Ley-
dig and Sertoli cells—express both high levels of ACE2 and 
TMPRSS2 genes [110]. This opens to the possibility of an 
interference of SARS-CoV-2 with testosterone secretion 
and sperm production. The increased secretion of LH in 
SARS-CoV-2 infected males with a reduced testosterone-
to-LH ratio points to a direct testicular damage of the testis 
in COVID-19 [111].

5  Compounds interfering with the response 
to sex hormones

5.1  Menopausal hormone therapy

For menopausal hormone therapy (MHT) both synthetic 
estrogens and natural estrogens (i.e. estradiol and conjugated 
equine estrogens) were introduced and all designated simply 
as exogenous estrogen without a real distinction. This appar-
ently unrecognized heterogeneity, together with the combi-
nation with synthetic or natural progestogens resulted in a 
chaos regarding effectiveness and safety of MHT.

This confusion will translate in a great difficulty in pro-
moting the use of estrogen in the prevention or therapy of 
COVID-19 in postmenopausal women or even in men. If a 
suggestion could be made, this should be based on the rec-
ognized anti-inflammatory and immunomodulatory effects 
of natural estrogens in health women. Indeed, in a recent 
large retrospective study in postmenopausal women affected 
by COVID-19 in treatment with estradiol the fatality risk is 
reduced more than 50% [112].

Cessation of MHT should not be recommended in women 
with mild or moderate COVID-19, giving the preference to 
transdermal applications of estradiol [113].

5.2  Contraceptives

Estrogen containing contraceptives increase the production 
of coagulation factors, while decreasing the production of 
anticoagulant factors. An 80 year period of synthetic estro-
gen use as contraceptives induced a fear of even endogenous 
estrogen.

Oral contraceptives were developed in the early 60’s, 
comprising predominantly the synthetic estrogenic com-
pound ethinylestradiol, soon linked to risk of venous throm-
boembolism, stroke and miocardial infarct. Ethinylestradiol 
cannot be assimilated to natural estrogen, as it acts not as a 
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natural binder but it deregulates the ERs function, leading 
to toxic complications and increased risk of ER negative 
mammary cancers [114].

Combined hormone contraception should be discontinued 
in COVID-19 patients admitted to the hospital and in less 
serious conditions or in the case the therapy is needed for 
reasons other than contraception the treatment should be 
switched to progestogen-only contraceptives [113].

5.3  Phytoestrogens

Several commercially available herbal medications are 
already being used as prophylactic agents against respira-
tory distress occurring due to flu and common cold.

Interestingly, natural plant phytoestrogens, able to interact 
preferentially with the ERβ, can reduce pro-inflammatory 
cytokines and also alleviate and treating disseminated intra-
vascular coagulation [115, 116].

Different natural products contain plenty of phytoestro-
gens that can compete with the viral spike recognition also 
through their interaction with the substrate binding domain 
β of Heat Shock Protein AS (HSPAS), a recognition site for 
SARS-CoV-2 [117]. Interestingly HSPAS is recognized also 
by sex hormones, as estrogen, progesterone and testosterone, 
with phytoestrogens and estrogen showing the the highest 
affinity binding.

Phytoestrogens can represent an attractive possibility for 
COVID-19 patients and clinical studies are undergoing to 
demonstrate the efficacy of these natural products in ame-
liorating the outcome of the disease.

5.4  Selective estrogen receptor modulators

Tamoxifen, a major treatment strategy in mammary cancer 
patients, is the first Selective Estrogen Receptor Modulator 
(SERM) evaluated for its potential role in COVID-19 and 
this for several reasons. First, tamoxifen binds to the andro-
gen receptor restraining directly its signaling and leading to 
TMPRSS2 downregulation [118, 119]. Moreover, tamoxifen 
independently of the estrogen receptor increases endolyso-
somal pH, even more than the antimalarian chloroquine, 
thereby potentially inhibiting SARS-CoV-2 entry [120].

In early 2020 Brabek et al. were the first to propose the 
SERM bazedoxifene as a promising candidate to inhibit the 
IL6/cytokine storm [121]. Soon after the SERM raloxifene 
was identified as a molecule of great interest for potential 
effectiveness against SARS-CoV-2 through the Excalate-
4CoV supercomputing platform (a tool used for repurposing 
old drugs for new indications) based on antiviral targeting. 
Interestingly raloxifene, as phytoestrogens, binds preferen-
tially to ERβ.

Both drugs were developed for the treatment of osteo-
porosis and both prevent the binding of IL6 to its receptor 
[122]. Moreover, the two SERMs could be effective against 
SARS-CoV-2 entry and replication, as shown in in vitro 
studies [123].

SERM molecules have the advantage to be beneficial to 
both male and female patients, without any major side effect.

Clinical studies are ongoing to support the potential use 
of bazedoxifene and soon raloxifene to prevent COVID-19 
progression (Table 1).

5.5  Xenoestrogens

Environmental stressors have already been suggested 
to contribute to the severity of the disease, opening the 
avenue to compare the biological pathways triggered by 
environmental stressors with those involved in COVID-19 
severity.

Xenoestrogens, like phthalates, bisfenols and pesticides 
may reduce the immune defense, thus increasing the risk 
of developing a severe COVID-19, as shown in a recent 
analysis performed by Wu et al. [124]. Endocrine disruptors 
interfere with the metabolism of sex steroids with increase 
of circulating androgens, a conditions that correlates with 
severity of lung involvement [104].

Xenoestrogens can be found in makeup, hair dyes, soaps, 
and perfumes, which are more commonly used by women. 
Despite the above, the impact of these compounds is still 
under investigation, particularly for their potential role in 
the increased prevalence of autoimmune diseases in women.

5.6  Sex hormones blockers

Estrogen deprivation and aromatase inhibitors therapy is a 
standard of treatment in estrogen receptor-positive mammary 
cancer. Aromatase inhibitors, such as anastrazole, letrozole 
and exemestane, inhibits the conversion of androgens to 
estrogens and accumulation of androgens could potentially 
lead to increases in TMPRSS2 gene expression. On the other 
side tamoxifen with its antiestrogenic, antiandrogenic and 
antiviral combined functions could be an ally in the fight 
to COVID-19 for patients with mammary cancer. Unfortu-
nately, tamoxifen treatment is associated with an increased 
risk thromboembolism. In a recent study, SERMS appear as 
the most promising drugs in reducing SARS-CoV-2 infec-
tion in women affected by hormone-driven cancers when 
compared to other antiestrogenic therapies [125, 126]. More 
efforts will help a future understanding of the molecular 
basis of this putative protective effect, before the use of 
SERMs and/or other antiestrogenic therapies in the preven-
tion of COVID-19. What we intend to recommend is that any 
decision in treating the patients with these drugs should be 
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taken patient by patient, keeping in mind the accumulated 
knowledge.

Androgen deprivation and antiandrogen therapy is used 
routinely in prostate and in mammary cancer [127].

These treatments should not be discontinued for the fear 
of COVID-19 infection or complications.

Undergoing clinical studies will help to uncover positive 
or negative effects of sex hormones blockers in the spreading 
or progression of COVID-19, opening to the extended use 
of these drugs to both sexes and even to healthy individuals 
at increased risk of infection (Table 1).

6  Conclusions

In the handling of COVID-19 infection sex-related differ-
ences are represented in the initial approach to viral infec-
tions, in dimorphic hormonal signaling pathways, and in dif-
ferential risk profile based on socio-cultural factors. Due to 
differences between different sexes in laboratory values and 
biomarkers, sex-dependent diagnosis and treatment methods 
may be needed for accurate and effective therapy.

Understanding the metabolic and endocrine dysfunctions 
potentially linked to the exacerbation of the SARS-CoV-2 
infection may support the discovery and biological interpre-
tation of unrecognized pathogenetic bases in COVID-19.

The sex differences observed in COVID-19 vulnerability 
emphasize the need to better understand the impact of sex on 
morbidity and lethality of the disease and to tailor treatment 
according to sex. The ongoing clinical studies for preven-
tion and treatment of COVID-19 disease should certainly 
encompass sex-sensitive analyses. Targeted approaches 

that consider both sex and gender are urgently needed in the 
response efforts against COVID-19.

The accumulated data so far indicate that sex hormones 
could be critical in explaining sex-related differences in 
COVID-19 morbidity and mortality (Fig. 1). However, vari-
ables are several: normal, hypofunctional or hyperfunctional 
phenotypes could act differently, the genetic and epigenetic 
background is certainly playing a crucial role,steroidal sex 
hormones are not the same, and several synthetic and natural 
molecules interact with the steroid receptors.

Considering the clinical and therapeutic use of sex steroid 
hormones and/or their inhibitors is a possibility. Suddenly, 
estrogen and androgen receptor inhibitors appear as unex-
pected allies in the fight against COVID-19. The prospected 
potential implications of sex hormones in the morbidity and 
mortality of COVID-19 point to the importance that future 
epidemiological and clinical studies will be focused on the 
evaluation of hormonal therapy and hormonal deprivation 
in male and female patients.

Overall, the impact of biological sex is an essential con-
sideration in the study and reporting of COVID-19 outcomes 
and clinical management.

Future policies should treasure this worldwide experience 
and governments will have to address the gendered impacts 
of the outbreak, the necessary step forward in the creation 
of equitable policies.
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