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Previous studies have demonstrated a relationship between gender and COVID-19 outcomes. In addition, 
this is confirmed that men have more danger of progressing an acute type of the illness than women, specifies 
the significance of miscellaneous data related to male and female patients with COVID-19. In other words, 
some factors like hormonal levels and immune function may interact with each other. A perception of the 
fundamental reasons for gender diversities in COVID-19 patients can beget a chance for disease prevention 
and faster treatment. The present study evaluates the role of gender in the incidence and progression of 
the COVID-19 disease. It has been explained that how gender affects angiotensin-converting enzyme 2 
(ACE2), which is a basic factor for the COVID-19 pathogenesis introducing the sex diversities in platelet 
function, immune reactions and how sex hormones affect immune functions, also the effect of androgens 
on transmembrane protein serine protease 2 (TMPRSS2) receptor in COVID-19 patients was investigated.
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Introduction
In December 2019 and January 2020, 
the new coronavirus, which causes acute 
respiratory syndrome, spread from Wuhan, 
China, around the world and is now a 
serious threat to public health. The SARS-
CoV-2 virus, one type of coronavirus, has 
caused the COVID-19 epidemic (1,2). Data 
obtained from all over the world and the 
United States and elsewhere consider that 
the disease is more aggressive in men than 
women. Reviewing past studies can reveal 
the molecular mechanisms, interactions and 
how the disease progresses faster in men. 
Despite the almost equal prevalence of the 
disease in men and women, clinical findings 
show that the disease progresses faster in 
men and has more symptoms. Gender, 
regardless of age and underlying disease, 
can significantly affect disease progression 
and death. Complications and mortality are 
higher in men (3,4). Therefore, this study 
principally aimed to examine the impact 
of sex differences on the symptoms and 
mortality caused by COVID-19 disease.
 
Objectives
According to recent clinical studies, among 
patients hospitalized for COVID-19 disease, 
the progression and mortality of the disease 

is higher than in men. In this study, an 
attempt is made to investigate the causes of 
these differences.

Material and Methods
Search method and databases
Content English and Persian articles related 
to the effect of gender on the prevalence 
and progression of Covid-19 were reviewed. 
Comprehensive researches were performed 
on Iranian and international databases, 
containing Iran Medex, ProQuest, 
PubMed, Scopus, Google Scholar, and 
Scientific Information Database. Every 
associated article comprised the following 
keywords; sex hormones, gender difference, 
COVID-19, blood pressure, immune system 
and platelets. Besides, to find valuable 
provenance the referral list of each extracted 
article was assessed.

Key point 

The male patients with COVID-19 are at a higher risk of 
developing the intense case of this disease in comparison 
with female patients. Among COVID-19 patients men 
have a higher risk of developing the severe form of the 
disease compared to women. Furthermore, the mortality 
rate due to the disease in men is higher than women; 
therefore, more attention is required for evaluation of sex 
as an important variable.
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Choice indexes
At first, the papers were chosen through vetting titles and 
abstracts. Those papers which met the desired criteria 
were analyzed. The criteria (a) papers had been indexed 
in one of the aforesaid databases; (b) articles in Persian 
or English; (c) articles had some keywords that have 
been mentioned in the research method in the titles. The 
excluded papers were those that repeated in more than one 
database, and also non-original articles like epistles to the 
editor and short communication.

Data extraction
Each article was exactly studied and assessed, then the data 
were collected and written into special sheets containing 
the author name, publication date, sampling, processing 
approach and results. Next, the articles were analysed 
qualitatively. After a precise assessment of the titles, 
abstracts, and cited manuscripts, finally, 45 articles were 
selected following the desired criteria.

Results
Sex hormones and blood pressure
Previous studies suggested that sex hormones can create 
gender difference in blood pressure. Sex steroid hormones 
such as androgens and estrogens had a significant 
effect on the regulation of blood pressure (5). Men had 
a higher danger of cardiovascular disease (CVD) in 
comparison with postmenopausal women of the same age. 
Testosterone has a prominent effect on the evolution and 
preservation of cardiac hypertrophy, vascular dysfunction, 
and hypertension induced by angiotensin II (Ang II). At 
physiologically pertinent concentrations, testosterone 
caused the expansion of the Ang II- induced hypertension 
with correlated enhance in the AT1R/AT2R ratio (AT: 
angiotensin receptor) and contraction of mesenteric 
arteries to phenylephrine and Ang II; (1) the ratio of body 
weight and the expression of atrial natriuretic peptide 
mRNA in the left ventricle; and (2) myocardium fibrosis. 
Attendance of testosterone caused cardiac hypertrophy, 
vascular dysfunction, and hypertension induced by Ang 
II. The virus of SARS-CoV-2 links to the ACE2 through 
spike protein (S). Furthermore, TMPRSS2 is needed for 
the virus to enter the cell.

Similarly, the SARS-CoV-1 virus which created the 
SARS pandemic in 2003, links to ACE2. ACE2 is a 
homologue of angiotensin-converting enzyme 1 (ACE1), 
a piece of the renin-angiotensin system (RAS), and a 
dipeptidyl carboxypeptidase. Angiotensinogen secreted to 
angiotensin I by the liver are cleaved by renin product of 
the juxtaglomerular cells in the kidney. The ACE1 cleaves 
angiotensin I to angiotensin II. Angiotensin II links to the 
receptors of angiotensin type 1 (AT1) and angiotensin 
type 2 (AT2). The linking between Angiotensin II and 
AT1 causes increased blood pressure, pro-inflammatory 
and pro coagulation events, aldosterone production 
with sodium and water retention, and vasoconstriction. 

Heart failure and acute respiratory distress syndrome 
(ARDS) are the negative outcomes of angiotensin II. AT1 
blockers are broadly utilized as anti-hypertension agents 
and have useful influences in the protection of the brain 
and other body organs. The ACE2 interacts with ACE1 
and angiotensin II. Angiotensin II and angiotensin I are 
directly cleaved to angiotensin by ACE2. Angiotensin 
has anti-inflammatory influences by linking to the Mas 
receptor and also causes vasodilatation. The destructive 
effects of ACE1/angiotensin II/AT1 axis are counter-
regulated by useful cardioprotective and neuroprotective 
effects, caused by activation of ACE2/Ang/Mas axis 
(Figure 1). In rodents that have suffered a stroke, 
angiotensin has anti-inflammatory and neuroprotective 
effects. The ACE2 is expressed in various human tissues 
such as endothelial/smooth muscle cells in the brain, the 
small intestine, and lungs. Moreover, in the neurons of 
mice, ACE2 is expressed. The ischemic stroke is prevented 
by overexpression of ACE2 in the endothelial progenitor 
or neuronal cells. SARS-CoV-1 and 2 viruses evacuate 
ACE2 via endocytosis of the receptor after entering to cell, 
exiting ACE1 without counteracting with angiotensin II 
production. Angiotensin II increases lung damage and too 
endothelial function in the brain, heart, and several other 
organs. The ACE2 decreases in the lung with ageing, that 
this reduction is greater in males compared to females. 
Simultaneously, the activity of ACE1-angiotensin II system 
enhances by ageing. This can justify the high death rate 
due to COVID-19 disease in the senescent and men (6-8).

Effect of androgens on TMPRSS2 receptor
The SARS-CoV2 can enter the cell through two ACE2 
receptors and also cellular serine protease (TMPRSS2) 
(9,10). TMPRSS2 is involved in several viral infections, 
such as middle east respiratory syndrome (MERS), 
SARS, the current COVID-19, and also some influenza 
infections. It is an important factor in viral infection. The 
TMPRSS2 gene is expressed in numerous cells including 
the kidney, liver, pancreas, small intestine, adult colon, 
lung, and mainly in the adult prostate. It is located on the 
human chromosome 21q.22.3, encoding a 492 amino acid 
polypeptide with five distinct domains; a serine protein 
domain, a receptor domain, a cytoplasmic domain, a 
transmembrane domain, and a low-density lipoprotein 
domain. Androgen receptor is essential for transcription of 
the TMPRSS2 gene because it has not been yet illustrated 
that there is another regulatory factor of the TMPRSS2 
promoter in humans (11).

Since androgen therapy increases the activation of 
zymogen TMPRSS2 in cell culture, it shows that androgens 
regulate TMPRSS2 at the level of transcription and 
translation (12).

Androgen receptor activation leads to transcription of 
TMPRSS2 (13,14). Hormone therapy therefore increases 
the amount of TMPRSS2 that the virus uses to enter 
the cell. When the TMPRSS2 protein is blocked by its 
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blocking drugs, the virus cannot enter the host cell. This 
offers a promising way to treat this infection (Figure 2) 
(15). In addition, there are currently approved drugs such 
as bromhexine syrup that act to inhibit the proteolytic 
activity of this enzyme (16-18). Using bromhexine, a 
clinically proven serine proteinase inhibitor that can 
prevent cells from getting infected with the SARS-CoV 
virus and human coronavirus NL63 (HCoV-NL63), thus 
inhibiting TMPRSS2 in human lung cells by bromhexine 
SARS-CoV-2 infection is significantly reduced (19-23).

Sex hormones effects on immune system
Sex hormones have a significant effect on all cells of 
the body, including immune system cells. In fact, sex 
hormones affect immune cell function and development 
directly also the capability of cells and tissues toward injury 
from autoimmune processes. Research in the early Forties 
indicated that women’s ability to produce antibodies has 
increased. This increase of immune reactivity in females 
causes an efficient protection from contagion as a result 
female are less susceptible to viruses. However, females 
are prone to immune-pathogenic influences and hyper-
immune reactions leading to autoimmune disorders. 

Besides, sex hormones could regulate the immune response 
through circadian rhythm. Interacting the sex hormones 
with ambient conditions such as smoking and infections 
caused different reactions in each sex. According to the 
evidence, sex hormones affect the microbial combination 
and the causing immune reaction through secondary 
metabolites connected to receptors like estrogen receptors 
and peroxisome proliferator-activated receptors. 
The immune reaction variations cause differences in 
phenotypes of the disease with autoimmunity which take 
place more frequently in females while cancers are more 
prevalent in males (24,25).

The immunocompetence handicap hypothesis debate 
about a double efficacy of testosterone, the sex hormone in 
males has; regulating the expression and evolution of male 
sexually selected signals and also suppressing the immune 
system. So, just high-quality males can entirely introduce 
secondary sexual characteristics since they can endure 
suppressive effects caused by testosterone (26). 

Sex hormones not only do they play an important role 
in fertility; however, they also have very important effects 
on the functioning of immune system components. 
Significantly, on the day of the admitting patients, the sex 
hormones were assessed to roll out possible unspecific 
impacts. A severe decrease of testosterone observed in 
male patients with COVID-19 could relate to changes in 
chemokine and cytokine amounts (27,28).

In several surveys, the male elderly experienced a 
reduction in testosterone amount, which could associate 
with an increased pro-inflammatory status. Furthermore, 
it was revealed that treatment with testosterone caused a 
decrease in tumor necrosis factor α (TNF-α), interleukin-
1β (IL-1β), and interleukin 6 (IL-6). Thus, Pozzilli 
and Lenzi (12) suggested testosterone might affect 
the progression of COVID-19 by the cytokine storm 
activation. In the controlling immune responses whether 
intrinsic or adaptive, the androgen receptor is involved. 
For example, in the neutrophil and macrophage turnover, 
associated with COVID-19 (29).

Figure 1. Regulation of blood pressure by the renin-angiotensin-aldosterone system in humans

Figure 1. SARS-CoV-2 virus binds to ACE2 and TMPRSS2 receptors to enter 
host cells - androgen receptor activation increases TMPRSS2 expression
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Blood platelets-sex hormones interaction in COVID-19 
patients
Past studies have stated that platelets have an important 
role in the fight against pathogens such as viruses, in 
addition to their hemostatic function. Platelets interact 
with viral pathogens via receptors. The interaction of 
platelets with viral pathogens results in activated platelets. 
Platelet activation causes the secretion of several molecules 
that fight viruses, including platelet microbicidal peptides 
and kinocidins. Furthermore, platelet activation develops 
an antiviral effect through several mechanisms such as 
the release of reactive oxygen species, phagocytosis of the 
viral pathogen, and interacting with and activating other 
immune cells. 

Recent studies show that platelets can affect sex 
variations in vascular thromboses and that sex hormones 
can modify platelet functions. These results introduce 
a controlled potential of megakaryocytes to react with 
testosterone and consider an important mechanism by 
which sex hormones can cause thrombotic disorders and 
sex differences in platelet function.

In vitro testosterone seems to elevate platelet aggregation 
and estradiol inhibits aggregation of platelets from men 
(30, 31).

COVID-19 is a systemic contagious illness and has 
significant effects on the hemostasis and hematopoietic 
system. It can be suggested lymphopenia is one main 
laboratory recognition, with prognostic capability. Peak 
platelet/lymphocyte ratio and neutrophil/lymphocyte 
ratio can also be valuable in terms of prognostic to 
diagnose the illness in intense cases. During the period 
of the disease, linear measurement of inflammatory 
indexes and lymphocyte counts, such as IL-6, lactate 
dehydrogenase, and C-reactive protein could be useful in 
recognizing cases with stuffy prognosis and immediate 
intervention for early improvement. Moreover, among 
hospitalized COVID-19 patients blood hypercoagulability 
is very prevalent. In other coagulation disorders like partial 
thromboplastin time prolongation and prothrombin time, 
products of the fibrin degradation enhance, with serious 
thrombocytopenia cause life-threatening disseminated 
intravascular coagulation which require critical attention 
and immediate actions. Accordingly, the need for 
insuring donating blood throughout the pandemic is also 
distinguished (32).

During the course of infection with different pathogens, 
platelets accomplish basic immune functions. Additionally, 
in the alveolar capillaries platelets has an important role in 
the preservation of vascular homeostasis and endothelial 
integrity. Shedding of epithelial cells increases when the 
infection progresses. Infected endothelium, especially 
in the small vessels, where blood flow is lower than in 
the large arteries, may create thrombosis (7). Therefore, 
several mechanisms can be contributing to thrombosis at 
this stage of COVID-19 (33,34).

The low-platelet count is correlated with the enhanced 

danger of advanced illness and mortality in COVID-19 
patients and thus should serve as clinical evidence of 
worsening disease throughout hospitalization. 

Among COVID-19 patients, thrombotic complications 
are prevalent and are associated with failure in body 
organs and death. In severe cases of COVID-19 patients 
experience hemostatic disorders that emulate disseminated 
intravascular coagulopathy correlated with sepsis with the 
main variation being elevated danger of thrombosis more 
than bloodshed.

In patients with COVID-19, platelets accumulated 
rapidly and displayed enhanced spreading on collagen 
and fibrinogen. An increase in platelet activation and 
accumulation can partly be caused by enhanced mitogen-
activated protein kinase (MAPK) pathway activation and 
the production of thromboxane (35-38).

Discussion
Coronavirus is the name of a great viruses family, which 
create several diseases from the common cold to severe 
pneumonia, such as SARS (39) and MERS (40). The 
SARS-CoV-2 was initially identified by the Chinese 
Center for Disease Control and Prevention (CDC) in 
Wuhan (41). Scholars recently have introduced each of the 
clinical (44,45) and epidemiological (42,43) properties of 
COVID-19 patients. Nevertheless, limited information has 
been revealed about the prognostic factors of COVID-19. 
In the countless cases of COVID-19, in the confirmation of 
past results (46, 47), old people (≥65 years old) were more 
presumably to get the drastic type of COVID-19. Based 
on the clinical classification of severity, men are more 
susceptible to severe forms of the disease than women.

In addition, expressing the ACE2 could bring an 
important effect on the sex variation observed in 
COVID-19 implications. It has been confirmed by 
numerous researches that ACE2 is a co-receptor for the 
entrance of the SARS-CoV-2 virus into the cells of the 
human. This issue is important for virus pathogenesis 
(48). Several prior studies have demonstrated that the 
expressions of ACE2 occurred more in Asian males (49), 
which probably led to the results of this investigation. A 
higher sACE2 (men > women) in patients may bring a 
higher possibility to get severe COVID-19. 

Other illustrations to why men were contributed to 
severe consequences compared to women in reaction 
to COVID-19 disease might include variations in 
immunologic response and the deficiency of estrogen 
protective impact observed in females; a discernment 
concluded from a study on MERS and SARS (50). 

Since sex hormones modify immune function they 
sound to be the first candidates. The presence of the 
receptors of estrogen and testosterone on different immune 
organs and immune cells suggests that sex hormones can 
directly affect the immune system. Besides, the function 
of the immune system changes by removing gonads, the 
main source of sex hormones (40-50).
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While sex hormones were initially introduced to 
influence platelet function more than 25 years ago, the 
exact mechanisms of their operation have not yet been 
identified. It seems that in vitro testosterone elevates 
platelet accumulation and estradiol decreases the 
aggregation of platelets from men (4,6).

Conclusion
The results of the study on patients with COVID-19 
have demonstrated that male ones have more danger 
of developing the acute type of the disease than female 
ones. Furthermore, the mortality rate is more in male 
infected people compared to female ones. So, gender is 
an important variable that should be addressed more 
when treating patients. By surveying the studies around 
the gender variation in COVID-19 disease, it was found 
that some factors related to sex can affect the diagnosis of 
the patients’ implications. The present study emphasized 
the impacts of testosterone on levels of ACE2 and variable 
amounts of ACE2 in males and females, and that locating 
the gene of ACE2 on the X-chromosome must not be 
neglected. Moreover, influencing gender on platelet 
functions, immune reactions, and datum existing about 
the immune system and sex variation in patients with 
COVID-19 have been illustrated. Anyway, the limited 
pieces of evidence in this field indicate that a lot of further 
studies are required.
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