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Aim: Sex differences in COVID-19 outcomes might be explained from a sex hormones (SexHs) perspective.
Materials & methods: PubMed, Scopus, Web of Science, EMBASE and Google Scholar were searched up
to March 2021. Results: Based on the literature review, the crosstalk between SexHs (estrogens, proges-
terone and testosterone), their receptors (estrogen α and β, androgen, and progesterone) and the immune
system shaped the sex-related differences in immune responses against COVID-19. Differential production
of SexHs over the lifespan (during pregnancy, reproductive years, menopause and andropause) and over
different seasons may result in disparities in body response toward COVID-19. Moreover, SexHs-specific
differences might affect vaccine efficacy and response to treatment. Conclusion: The roles of SexHs need
to be considered in vaccine development and even treatment of COVID-19.

Lay abstract: Female and male sex hormones (SexHs) play a pivotal role in the body’s defense against viral
infections. SexHs and their binding molecules are among the main possible indicators of sex disparities in
COVID-19 severity and response to treatment. Changes in the levels of SexHs from the childbearing age
to menopause and pregnancy in females, and the aging process in males affect the immune function. This
article sheds light on how physiologic hormonal differences in different sexes and in different stages of life
affect COVID-19 severity. As a consequence the role of SexHs should be considered in vaccine development
and treatment of COVID-19, especially for patients who suffer from hormone-related medical conditions
in different stages of life.
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SARS-CoV-2 is an ongoing health problem. The sex distribution of COVID-19 is unequal, and worse outcomes
have been reported in men [1–6]. Similar sex differences are observed in other viral infections [7]. Various rationales,
including biological differences in the immune system and behavioral factors, have been proposed to explain sex
differences in COVID-19 morbidity and mortality [8]. Sex differences in COVID-19 severity and complications
might also be explained from sex hormones (SexHs) perspective. Furthermore, the link between SexHs and
respiratory infections is well established [9].

Sex stratification is one of the main parameters in disease development, progression and treatment [10,11]. Note that
hormonal factors are among the fundamentally important biological determinants of health [12]. Gonadal hormones
may act as a disease trigger and modulator [13], and also affect the host immune function [14]. Evidence suggests that
androgen receptor (AR), angiotensin-converting enzyme 2 (ACE2) and transmembrane serine protease 2 contribute
to the pathophysiology of COVID-19 [15,16]. Furthermore, SexHs can regulate both ACE2 and transmembrane
serine protease 2 [17]. Besides environmental and genetic factors, SexHs play a detrimental role in the complex
mechanism of the body’s immune response [18].
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It seems that SexHs are among the main factors related to the sex-specific response to COVID-19 [19–21]. To
address SexHs in relation to SARS-CoV-2 infection, we have collected and discussed the findings of available
literature. A clear understanding of the role of SexHs in COVID-19 development and progression can help design
future observational and clinical studies to prevent and treat this disease.

Materials & methods
A narrative review was undertaken in accordance with the scale for the quality assessment of narrative review
articles [22]. Electronic databases including PubMed, Scopus, Web of Science, EMBASE, Cochrane Library and
Google Scholar were searched for relevant studies up to March 2021.

The search was conducted using the following key terms: ‘gonadal steroid hormones’, ‘hormones, gonadal
steroid’, ‘steroid hormones, gonadal’, ‘sex steroid hormones’, ‘hormones, sex steroid’, ‘steroid hormones, sex’, ‘sex
hormones’, ‘testosterone’, ‘progesterone’, ‘estradiol’, ‘androgens’, ‘gonad’, ‘ovary’, ‘testis’, ‘severe acute respiratory
syndrome coronavirus 2’, ‘2019-ncov’, ‘Wuhan coronavirus’, ‘SARS-CoV-2’, ‘2019 novel coronavirus’, ‘COVID-19
virus’, ‘coronavirus disease 2019 virus’, ‘COVID19 virus’, ‘Wuhan seafood market pneumonia virus’ and ‘2019-
nCoV’.

The search was limited to articles written in English. Researchers also performed a manual search in the references
of the retrieved articles.

The titles and abstracts of the studies were reviewed for eligibility. The eligibility criteria included studies that
investigated the relationship between SexHs and COVID-19. Observational and experimental studies, opinions,
commentaries and letters to the editor, review papers, and electronic books which investigated whether SexHs
affect the host’s immunity, COVID-19-related gene expression and COVID-19 infection were included in this
review.

Results & discussion
The results are presented and discussed in four sections: sex-specific production of SexHs, sex-specific immunoregu-
latory effects of SexHs, chromosome-linked genes and sex-specific production of SexHs, and SexHs and pre-existing
chronic diseases related to hormone disorders in the context of COVID-19.

Sex-specific production of SexHs
Human and animal studies have provided evidence that the levels of SexHs may have multiple effects on lung
development and function, the host’s resistance to different parasites, susceptibility to respiratory infections and
numerous lung diseases [23–25]. Note that the levels of SexHs can modulate the host’s immune response and
respiratory control measures [26,27]. In general, similar SexHs including estrogens, progesterone and testosterone,
are produced in male and female bodies, but these hormones have different serum levels, physiological functions,
and target tissues in males and females [28,29]. In males, testosterone is mainly produced in testes with the diurnal
rhythm; also, a slight amount of estrogens and progesterone is produced in the male body [30–32]. In contrast,
in females, estrogens and progesterone are mainly produced in the ovaries in a cyclical pattern, while a slight
amount of testosterone is produced by the ovaries and adrenal glands [28,29,33]. Through the developmental process,
minimal presentation of SexHs has been shown during infancy; however, with the onset of adolescence, the level of
SexHs rises during the reproductive aging, and the cyclic rise and fall of SexHs end by a transition to menopause
phase (minimal presentation of estradiol and progesterone) [34]. Indeed, increased levels of SexHs are observed
in the critical period of pregnancy [34]. SexHs also contribute to age-specific immune system response; therefore,
menopause, andropause and SexH-related changes alter the immune activity [35].

It is evident in a study that, males are more susceptible to respiratory infections in all age groups (childhood and
adulthood) than females [23]. This possible variation is explained by variations in the levels of SexHs, anatomic and
lifestyle factors [23]. High testosterone levels due to facilitating viral entry could serve a potentially unfavorable role
against COVID-19 in males. Surprisingly, the low testosterone levels in males also play an unfavorable role against
COVID-19 [36]. In contrast, in females, progesterone and estrogens might show antiviral activity [36]. High 17β-
estradiol (E2) and progesterone (P4) levels might improve immune response against COVID-19 [37]. Therefore,
SexHs levels may serve as a double-edged sword against COVID-19.

To date, limited evidence exists regarding the effect of COVID-19 on testosterone levels. However, based on the
existing evidence, androgen levels might affect ACE2 expression [38,39]. A recent study in Turkey on 44 patients
(24 positive and 20 negative for COVID-19) demonstrated that the total testosterone (TT) levels decreased in

10.2217/fvl-2021-0058 Future Virol. (Epub ahead of print) future science group



An overview of sex hormones in relation to SARS-CoV-2 infection Review

patients with COVID-19 pneumonia [40]. A study conducted in 2010 demonstrated that TT was decreased in
males with respiratory tract infections [41]. Furthermore, there is evidence that in patients with respiratory tract
infections without COVID-19, TT levels were higher than in patients with COVID-19 infection, but both groups
had lower levels of TT compared with the control group [42]. A recent cohort study by Dhindsa et al. on 90 males
and 62 females with COVID-19 revealed that lower testosterone levels in males were associated with increased
severity of COVID-19, inflammatory markers and disease-related mortality [43]. Another study also demonstrated
that low TT and calculated free testosterone at admission were associated with poor outcomes [44]. These findings
could be explained by the possible role of testosterone in inducing ACE2 as a lung-protective enzyme [45], and
testosterone’s anti-inflammatory role through increasing cytokines [46,47]. However, the exact underlying mechanism
is unknown. Overall, testosterone levels may affect COVID-19 progression and severity through its potential role
in the regulation of the immune system or its effect on viral entry and fusion [48].

There is no clear evidence regarding the regeneration of lung tissue after the clearance of COVID-19 infection.
Moreover, the role of androgens in repairing and generating lung tissue after damage due to the infection is unclear.
It is evident in a study that innate immune cells greatly contribute to repairing the virus-induced inflammation [49],
while the androgen and AR play a significant role in the innate and adaptive immune system [50]. In addition, it is
well known that androgen is critical in delaying lung maturation during fetal life, by acting on lung fibroblast cells [51].
The exact role of androgens in adult human lung function is not fully understood. Evidence from unrelated studies
showed that anti-androgenic therapy by spironolactone was effective in males affected by COVID-19. Importantly,
the potential mechanism of anti-androgen treatments, including spironolactone, is accomplished through the
antihyperinflammatory and antifibrotic effects of these treatments on fibroblasts [52]. On the other hand, there
is evidence that ARs exist on the lung fibroblasts [53]. Further studies are required to identify the exact role of
androgens on lung fibroblasts.

Numerous studies showed that seasonal variations in the level of SexHs may be observed in both males and
females [54,55]. Andersson et al. found that testosterone levels were at the lowest level in males from winter to early
spring [55]. Moreover, Bjørnerem et al. found 0.2–0.9% seasonal variation in estradiol in circulation in both males
and females which peaked in June and May in postmenopausal women and men, respectively, while the nadir was
observed in October in both sexes [54]. It is hypothesized that seasonal change in the levels of SexHs may affect
the COVID-19 pandemic in terms of prevention and treatment. Therefore, it is recommended that future studies
investigate the role of this variation in COVID-19 vaccine response to improve COVID-19 control.

In terms of the variation in drug reactions, recent data showed that physiological rise and fall in the levels of
SexHs throughout the lifespan (aging, puberty and pregnancy) might affect drug response [56]. Therefore, response
to treatment in patients with COVID-19 might be affected by SexHs-related factors.

Recently, the effect of SexH therapy has been investigated in COVID-19, and there are ongoing clinical trials to
examine the impact of SexHs on COVID-19. Studies have investigated and discussed the possible therapeutic role
of spironolactone, an anti-androgenic agent, in COVID-19 [57,58]. Estrogens and progesterone are other candidates
against COVID-19 [37]. Considering the important role of SexHs, clinicians and researchers should pay more
attention to sex differences in the dose and scheduling of COVID-19 vaccination [59].

In summary, differences in the production of SexHs might lead to a disparity between females and males in
terms of dealing with the infection. Note that sex-specific production of SexHs during different life stages might
contribute to COVID-19 onset, progression, and even vaccine efficacy and drug response. The role of SexHs should
be considered in the design of effective COVID-19 prevention strategies. Future trials are recommended to better
understand the risk/benefit of SexHs-based vaccination.

Sex-specific immunoregulatory effects of SexHs
SexHs may affect the immune system’s response against pathogens [60], and therefore, lead to sex-specific im-
munoregulatory effects, which can be due to variations in the function and number of B and T lymphocytes,
monocytes, granulocyte, natural killer cells, and the production of TNF-α, IL-1β, IFN-γ, and IL-2, IL-4, IL-6,
IL-10, IL-12 and IL-18 between sexes [61]. Immune responses vary in humans depending on hormonal variation
across reproductive phases [61]. In other words, the levels of SexHs contribute to immune regulation and response
in both innate and adaptive immunity [62].

SexH receptors (estrogen receptors α and β, AR, and progesterone receptor) may act as rate-limiting points in
immune activity [63]. Testosterone and estrogen act as regulators in immune function [64]. Besides, progesterone
and testosterone similarly suppress immunity, both through innate and cell-mediated immune responses [20].
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Progesterone suppresses Th1 response and supports the production of Th2 cytokines [20]. Estrogen receptors induce
powerful humoral and cellular immune responses [65,66]. Similarly, estrogen was found to contribute to upper and
lower airways function [67–69]. Therefore, a cyclic variation has been observed for SexHs during the menstrual cycle,
which is found to affect respiratory functions [69].

Female SexHs including estradiol and progesterone, act as a regulator in innate and adaptive immunity [70].
It seems that females can be more resistant to viruses. This finding may be because estrogens can stimulate the
immune system by modulating the function of B cells and the production of Th1 pro-inflammatory cytokines and
Th2 anti-inflammatory cytokines [61,71,72]. In patients with COVID-19, the virus induces the vascular process in
the lungs, while estradiol plays a possible protective role by positively modulating vascular responses [73]. In the
same vein, Suba discussed the protective immune response of estrogen against COVID-19 and highlighted its role
in preventive and therapeutic approaches [74].

A female’s life stage, based on the reproductive cycle, begins with menstruation and ends with menopause.
Based on the evidence, female’s reproductive cycle (menstruation, ovulation and pregnancy) affects the immune
system [61]. It is well established that dramatic changes in the level of SexHs lead to immune response changes
against viral respiratory infections [9]. Therefore, immune-cell count and activity may change during the menstrual
cycle because of hormonal fluctuation [75]. Females in the progesterone-dominant phase of the menstrual cycle
(mid-luteal phase) are more susceptible to infectious diseases [76]. A case report of two female COVID-19 patients
illustrated that the positive results of the reverse transcriptase-PCR (RT-PCR) test during the first menstrual period
turned negative after hospitalization in one case, and in another case, the negative RT-PCR test turned positive
before hospitalization during the first menstrual period [77]. Furthermore, a cross-sectional study by Ding et al. in
China found that estradiol (E2) had an inverse correlation with COVID-19 severity [78]. Moreover, recent reports
highlight that pregnant women are more prone to COVID-19 infection because of dramatic changes in SexHs
and increased expression of ACE2 during pregnancy [79,80]. Female menopause status also acts as a risk factor for
COVID-19 [78]. Endogenous and exogenous estrogens may activate the innate and cell-mediated immune responses,
but testosterone and progesterone suppress the immune system [81]. Lung immune cells including dendritic cells,
macrophages, neutrophils and eosinophils, are also affected by the expression and function of SexH receptors [82].
Further studies are required to compare different treatment approaches by considering the immunoregulatory
effects of SexHs.

There are relevant questions regarding the role of testosterone levels (low/high) in the COVID-19 pandemic [21].
Polycystic ovary syndrome is a common endocrine disorder in women of reproductive age, and is characterized by
hyperandrogenism. Higher male SexHs in the polycystic ovary syndrome population may affect their susceptibility
to COVID-19 and the severity of COVID-19 outcomes [83]. Recent reports from different countries established
that males are more prone to adverse outcomes of COVID-19 [84], even at a similar prevalence of infection in both
sexes [6]. Testosterone has a suppressive immune action [85]. It is suggested that vaccines and therapies targeted to
increase T cell in males might benefit from an immune response against COVID-19 [86].

In summary, the physiological crosstalk between SexHs and immune cells contributes to releasing cytokines [87].
From a biological point of view, male and female SexHs over the life course also affect the immune response to
vaccines [88]. Different immune responses in males and females may result in differences in vaccine effectiveness [89].
Therefore, researchers and clinicians should consider the importance of sex differences in COVID-19 vaccine
development [59].

Chromosome-linked genes & sex-specific production of SexHs
Both SexH-specific gene expression and SexH alterations contribute to the pathology and immune response to
different disorders [90–92]. The X chromosome contains the largest number of immune-associated genes [93]; therefore,
double X-chromosomes in females may lead to a more robust immune response. However, the ubiquitous expression
of ACE2 may damage reproductive function in females with COVID-19 [94]. ACE2 is highly expressed in testes
as an androgen secretion source [95,96], indicating that SARS-CoV-2 may cause testicular dysfunction [97,98]; this
effect may disrupt the reproductive capacity in infected men.

ACE2 acts as a host receptor for COVID-19 infection, and ACE2 gene variants may alter the susceptibility
to this infection [99]. ACE2 has a sex chromosome-independent activity because its gene is located on the X
chromosome [100]. SARS-CoV-2 enters the lungs via the ACE-2 receptor. There is a sex difference in the expression
of ACE2 in the lung. It seems that modulation of ACE2 by SexH modulators could potentially be a supportive
therapy for COVID-19 patients [101].
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Another aspect that needs to be highlighted is that males have the potential to have the homozygous ACE2
gene [102]. In line with the findings mentioned above, Manning and Fink found that a high-digit ratio 2D:4D,
which demonstrates high prenatal estrogen or low prenatal testosterone, could act as a possible risk factor for the
severity of COVID-19 in males in 41 nations [103]. The possible explanation was related to the inverse correlation
between male 2D:4D and the expression of ACE2 [103].

In summary, SexH-specific gene expression could affect the vaccine-related immune response [88]. Researchers
should consider the importance of SexHs fluctuation over the life span.

SexHs & pre-existing chronic diseases related to hormone disorders in the context of COVID-19
SexHs imbalance may describe different chronic conditions [104–106], which act as risk factors for COVID-19
and its poor outcomes. In fact, the fluctuation in SexHs may lead to sex-related differences in susceptibility to
diseases, obesity and other factors, which are identified as risk factors for COVID-19 infection. For example, sex
differences in leptin, insulin and estrogen play a critical role in the regulation of body weight [107]. SexHs may
affect platelet activity and reactivity [108]. The potential role of platelet in COVID-19 has also been reported [109].
Notably, the immunomodulatory effects of SexHs could affect metabolic health [110]. On the other hand, some risk
factors including obesity, diabetes, hypertension and various other medical conditions, are associated with poor
outcomes in COVID-19 patients [111,112].

In summary, pre-existing chronic diseases related to hormone disorders may affect the immune response against
COVID-19. To achieve the best health outcomes in males and females with pre-existing hormone-related chronic
conditions, information should be obtained regarding the best dose selection of vaccines and drugs.

Conclusion
COVID-19, a complex viral disease, may present and progress in various forms in male and female bodies. Synthesis,
regulation and function of SexHs in two hormonal conditions (physiological hormonal changes during the lifespan,
hormonal disorders and developing pre-existing chronic diseases) are linked to immune responses to COVID-19.
SexH fluctuations during the lifespan may be responsible for the differences in immune system function against
COVID-19. SexH-specific disparities could affect vaccine-related immune response and drug responses in patients
with COVID-19. There are many gaps in the knowledge of the exact pathways explaining the association between
SexHs and COVID-19 infection. Data on this may improve treatment and prevention modalities and provision of
sex-based recommendations with possibly better outcomes.

Future perspective
Regarding the concept of multiple roles of SexHs in COVID-19, sex-specified vaccines may be developed in the
future. We anticipate that the researchers pay considerable attention to SexH-based modalities in the management
of the COVID-19 pandemic. Considering the key role of SexHs in COVID-19, they are suggested as a target for
designing SexHs-based interventions.

Executive summary

Sex hormones levels
• As a biological factor, the level of sex hormones (SexHs) in males and females may modulate the level of host

response.
Immunoregulatory effects of SexHs
• SexH receptors, as well as testosterone, estradiol and progesterone concentrations may contribute to the

immunoregulatory response to COVID-19. A better understanding of this complex pathway offers opportunities
to provide better treatment strategies for both males and females.

Chromosome-linked genes and SexHs
• Sex chromosomes affect SexHs production, and thus, affect angiotensin-converting enzyme 2 and may alter the

susceptibility to this infection.
Pre-existing disorders and SexHs
• Pathological changes in SexHs concentrations may affect the immune response against COVID-19.
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76. Alvergne A, Högqvist Tabor V. Is female health cyclical? Evolutionary perspectives on menstruation. Trends Ecol. Evol. 33(6), 399–414
(2018).

10.2217/fvl-2021-0058 Future Virol. (Epub ahead of print) future science group



An overview of sex hormones in relation to SARS-CoV-2 infection Review

77. Zheng H, Tan J, Ma K, Meng W. Changes in RT-PCR test results and symptoms during the menstrual cycle of female individuals
infected with SARS-CoV-2: report of two cases. J. Med. Virol. 93(1), 541–545 (2021).

78. Ding T, Zhang J, Wang T et al. Potential influence of menstrual status and sex hormones on female SARS-CoV-2 infection: a
cross-sectional study from multicentre in Wuhan, China. Clin. Infect. Dis. 72(9), e240–e248 (2020).

• Describes the importance of SexHs during COVID-19 pandemic in women.

79. Zhao X, Jiang Y, Zhao Y et al. Analysis of the susceptibility to COVID-19 in pregnancy and recommendations on potential drug
screening. Eur. J. Clin. Microbiol. Infect. Dis. 39(7), 1209–1220 (2020).

80. Dashraath P, Wong JLJ, Lim MXK et al. Coronavirus disease 2019 (COVID-19) pandemic and pregnancy. Am. J. Obstet.
Gynecol. 222(6), 521–531 (2020).

81. Grandi G, Facchinetti F, Bitzer J. The gendered impact of coronavirus disease (COVID-19): do estrogens play a role? Eur. J. Contracept.
Reprod. Health Care 25(3), 233–234 (2020).

82. Fuentes N, Silveyra P. Endocrine regulation of lung disease and inflammation. Exp. Biol. Med. (Maywood). 243(17–18), 1313–1322
(2018).

83. Kyrou I, Karteris E, Robbins T, Chatha K, Drenos F, Randeva HS. Polycystic ovary syndrome (PCOS) and COVID-19: an overlooked
female patient population at potentially higher risk during the COVID-19 pandemic. BMC Med. 18(1), 220 (2020).

84. Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL. Impact of sex and gender on COVID-19 outcomes in Europe.
Biol. Sex Differ. 11(1), 1–13 (2020).

85. Trigunaite A, Dimo J, Jørgensen TN. Suppressive effects of androgens on the immune system. Cell. Immunol. 294(2), 87–94 (2015).

86. Takahashi T, Ellingson MK, Wong P et al. Sex differences in immune responses that underlie COVID-19 disease outcomes.
Nature 588(7837), 315–320 (2020).

87. Bhatia A, Sekhon HK, Kaur G. Sex hormones and immune dimorphism. Sci. World. J. 2014, 159150 (2014).

88. Flanagan KL, Fink AL, Plebanski M, Klein SL. Sex and gender differences in the outcomes of vaccination over the life course. Annu. Rev.
Cell Dev. Biol. 33, 577–599 (2017).

89. Chang W-H. A review of vaccine effects on women in light of the COVID-19 pandemic. Taiwan J. Obstet. Gynecol. 59(6), 812–820
(2020).

90. Kur P, Kolasa-Wo-losiuk A. Sex hormone-dependent physiology and diseases of liver. Int. J. Environ. Res. Public Health 17(8), 2620
(2020).

91. Avila M, Bansal A, Culberson J, Peiris AN. The role of sex hormones in multiple sclerosis. Eur. Neurol. 80(1–2), 93–99 (2018).

92. Aloisi AM. Why we still need to speak about sex differences and sex hormones in pain. Pain Ther. 6(2), 111–114 (2017).

93. Bianchi I, Lleo A, Gershwin ME, Invernizzi P. The X chromosome and immune associated genes. J. Autoimmun. 38(2–3), J187–192
(2012).

94. Jing Y, Run-Qian L, Hao-Ran W et al. Potential influence of COVID-19/ACE2 on the female reproductive system. Mol. Hum.
Reprod. 26(6), 367–373 (2020).

95. Verma S, Saksena S, Sadri-Ardekani H. ACE2 receptor expression in testes: implications in coronavirus disease 2019 pathogenesis. Biol.
Reprod. 103(3), 449–451 (2020).

96. Fan C, Lu W, Li K, Ding Y, Wang J. ACE2 expression in kidney and testis may cause kidney and testis infection in COVID-19 patients.
Front. Med. 7(1045), 563893 (2021).

97. Selvaraj K, Ravichandran S, Krishnan S, Radhakrishnan RK, Manickam N, Kandasamy M. Testicular atrophy and hypothalamic
pathology in COVID-19: possibility of the incidence of male infertility and HPG axis abnormalities. Reprod. Sci. 7, 1–8 (2021).

98. Shen Q, Xiao X, Aierken A et al. The ACE2 expression in Sertoli cells and germ cells may cause male reproductive disorder after
SARS-CoV-2 infection. J. Cell Mol. Med. 24(16), 9472–9477 (2020).

99. Benetti E, Tita R, Spiga O et al. ACE2 gene variants may underlie interindividual variability and susceptibility to COVID-19 in the
Italian population. Eur. J. Hum. Genet. 28(11), 1602–1614 (2020).

100. Liu J, Ji H, Zheng W et al. Sex differences in renal angiotensin converting enzyme 2 (ACE2) activity are 17β-oestradiol-dependent and
sex chromosome-independent. Biol. Sex Differ. 1(1), 6–6 (2010).

101. Majdic G. Could sex/gender differences in ACE2 expression in the lungs contribute to the large gender disparity in the morbidity and
mortality of patients infected with the SARS-CoV-2 virus? Front. Cell. Infect. Microbiol. 10(327), 327 (2020).

102. Gemmati D, Bramanti B, Serino ML, Secchiero P, Zauli G, Tisato V. COVID-19 and individual genetic susceptibility/receptivity: role
of ACE1/ACE2 genes, immunity, inflammation and coagulation. Might the double X-chromosome in females be protective against
SARS-CoV-2 compared to the single X-chromosome in males? Int. J. Mol. Sci. 21(10), 3474 (2020).

103. Manning JT, Fink B. Understanding COVID-19: digit ratio (2D:4D) and sex differences in national case fatality rates. Early Hum.
Dev. 146, 105074–105074 (2020).

104. Dubey RK, Oparil S, Imthurn B, Jackson EK. Sex hormones and hypertension. Cardiovasc. Res. 53(3), 688–708 (2002).

future science group 10.2217/fvl-2021-0058



Review Saei Ghare Naz, Banaei, Dashti & Ramezani Tehrani

105. Henderson BE, Feigelson HS. Hormonal carcinogenesis. Carcinogenesis 21(3), 427–433 (2000).

106. Bruns CM, Kemnitz JW. Sex hormones, insulin sensitivity, and diabetes mellitus. ILAR J. 45(2), 160–169 (2004).

107. Shi H, Clegg DJ. Sex differences in the regulation of body weight. Physiol. Behav. 97(2), 199–204 (2009).

108. Karolczak K, Konieczna L, Kostka T et al. Testosterone and dihydrotestosterone reduce platelet activation and reactivity in older men
and women. Aging (Albany NY) 10(5), 902–929 (2018).

109. Koupenova M. Potential role of platelets in COVID-19: implications for thrombosis. Res. Pract. Thromb. Haemost. 4(5), 737–740 (2020).

110. Rubinow KB. An intracrine view of sex steroids, immunity, and metabolic regulation. Mol. Metab. 15, 92–103 (2018).

111. Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for Covid-19 severity and fatality: a structured literature review.
Infection 49(1), 15–28 (2021).

112. Williamson EJ, Walker AJ. Factors associated with COVID-19-related death using OpenSAFELY. Nature 584(7821), 430–436 (2020).

10.2217/fvl-2021-0058 Future Virol. (Epub ahead of print) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


