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Sex vs. Gender

• "Sex" refers to biological differences 
between females and males, including 
chromosomes, sex organs, and 
endogenous hormonal profiles.

• "Gender" refers to social construct and 
enacted roles and behaviors, and varies 
across societies and over time.

• Health is determined by both biology 
and the expression of gender.

• Both Sex and Gender contribute to 
observed differences in COVID-19 
severity and mortality



Sex Differences in COVID19: 
Epidemiology
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Very few countries report sex-disaggregated 
data for COVID19: Global Health 5050 project

https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/

https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/
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Sex disaggregated data for COVID19

Data as of Oct 19, 2020
https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/

https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/
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COVID19 Severity Greater in Men

Data as of Oct 19, 2020
https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/

https://globalhealth5050.org/the-sex-gender-and-covid-19-project/the-data-tracker/
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Comparative analyses of COVID-19 case fatality 
rates (CFR) by country, sex and age

Data through May 8, 2020

• Male CFR is higher than Female in 37 of the 38 regions
• Average Male: Female CFR 1.7 (P < 0.0001)
• Males have higher CFR than females at all ages after 30 yrs
• Male: female incidence of cases and CFR differs across 

region suggesting behavioral factors at play 

Scully EP....Klein SL. Nature Reviews Immunology. volume 20, pages442–447(2020)
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Sex differences COVID severity in Europe & China

Gebhard, C. et al. Impact of sex and gender on COVID-
19 outcomes in Europe. Biol Sex Differ 11, 29 (2020). 

Male to female ratios of COVID-19 cases, hospitalizations, intensive care unit (ICU) admissions, deaths, and case-fatality 
rates in European countries and China as of April 2, 2020.

•Cases similar between men 
and women

•Hospitalizations 50% 
greater in men

•Case: Fatality ratio nearly 2 
fold greater in men
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Sex differences COVID CFR by age in Europe & China

Gebhard, C. et al. Impact of sex and 
gender on COVID-19 outcomes in 
Europe. Biol Sex Differ 11, 29 (2020). 
https://doi.org/10.1186/s13293-020-
00304-9

• Male: Female CFR ratio seen at all 
age groups and may be more 
pronounced at middle age



#WCIRDC2020

Mechanisms for higher risk of severe 
COVID19 in men

David Sanders, Joanne Gomez, Kamala Tamirisa, Annabelle Santos Volgman. EP Lab Digest  Volume 20 Issue 11, November 2020



Sex Differences in COVID19: 
Social/Behavioral



#WCIRDC2020

Occupational Risks and COVID19 exposure

• Greater prevalence of women working in
– Health care field (nurses, nursing aids)
– Teachers
– Daycare providers
– Care giver roles
– Social work

• Greater prevalence of men working in
– Meat packing/food processing
– transportation
– delivery,
– Warehousing
– Construction
– manufacturing



#WCIRDC2020

Social/behavioral Differences by Gender

•Women may be more likely to 
Wash Hands
Wear Masks
Follow Social Distancing Guidelines
Seek Preventive Care
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Gender-related factors that may be related to 
differences in prevalence of COVID19

Tadiri CP.CMAJ 2020 September 8;192:E1041-5. 
doi: 10.1503/cmaj.200971



Sex Differences in COVID19: 
Co-morbidities
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Risk Factors Associated with COVID19 
severity and mortality

• Increasing age
•Male sex
•Racial/ethnic minority 
(Blacks/Hispanics)

•Obesity
•Cardiovascular Disease
•Diabetes
•Hypertension
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Men are more likely to be current and 
former smokers

Current Smokers

National Health Interview Survey, 2018

CDC.gov

Current smokers as compared with never 
smokers have significantly upregulated ACE2 
expression in the lung and oral epithelium
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Diabetes is more prevalent in men

Figure 1. Age-adjusted prevalence of total, diagnosed, and 
undiagnosed diabetes among adults aged 20 and over, by sex: 
United States, 2013–2016
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Poorer cardiovascular health in men
• Women are more likely to have obesity

– Among US adults aged ≥20 years: age-
adjusted prevalence of obesity was 37.9% of 
males and 41.1% of females, and for class III 
obesity 5.6% of males and 9.7% of females 
(NHANES 2015-2016)

• Men are more likely to have visceral adipose tissue

Prevalence of meeting ≥5 
criteria for ideal 

cardiovascular health 
among US adults aged ≥20 
years (age standardized)

Emelia J. Benjamin. Heart Disease and Stroke Statistics—2019 Update: A Report From the 
American Heart Association, Circulation Volume: 139, Issue: 10, Pages: e56-e528, 
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Multivariate adjusted factors associated with COVID19 
mortality: Open Safely (UK data)

• Primary care records of 17,278,392 
adults were linked to 10,926 COVID-
19-related deaths

• Strong graded association with age
• Male sex: HR 1.59 (95% 1.53–1.65)
• Obesity, BMI >40 HR 1.92 (1.72–

2.13)
• Non-white race/ethnicity, Diabetes 

and CAD also linked to mortality

Williamson EJ et al. Nature 584, page 430-446. July 2020
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Top 10 associated with COVID and non-COVID 
deaths in England and Wales by sex

Mayo Clinic Proceedings 2020 952110-2124DOI: (10.1016/j.mayocp.2020.07.009) 



Sex Differences in COVID19: 
Biological differences
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The X chromosomes contain genes that modulate immune 
function, which confers more immune protection in females

Kloc M et al. Int Arch Allergy Immunol 2020;181:629–634

The X chromosome contains the largest number of immune-related genes of human genome.
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Sexual dimorphism of the immune responses

Capone I et al. Frontiers in Immunology. 2018;9(552).
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Sex Hormones and their effects on 
immunity and relevance to COVID-19

Gadi N, Wu SC, Spihlman AP, Moulton 
VR. What’s Sex Got to Do With COVID-
19? Gender-Based Differences in the 
Host Immune Response to 
Coronaviruses. Frontiers in Immunology. 
2020;11(2147).

Estrogen

Progesterone

Testosterone
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Females have greater AT2 expression

• 17-β estradiol promotes 
anti-inflammatory response 
mediated by angiotensin 
type 2 receptors (AT2) 

• Conversely, estrogen down-
regulates ACE and Ang II 
receptor type 1 (AT1), which 
are pro-inflammatory

• This may contribute to sex 
specific protective effects 
from injury Kaiming Wang. Circulation. Angiotensin Converting Enzyme 2, Volume: 142, Issue: 

5, Pages: 426-428, DOI: (10.1161/CIRCULATIONAHA.120.047049) 

Gillis EE et al.  Hypertension 2016 
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ACE 2 receptor expression in tissues by Sex

• Estrogen might downregulate the 
ACE2 expression in tissues, 
which is used by SARS-CoV-2 for 
host cell entry

• Male sex is correlated with an 
upregulation of ACE-2 receptors 
in these tissues

Gadi N, Wu SC, Spihlman AP, Moulton VR. What’s Sex Got to Do With 
COVID-19? Gender-Based Differences in the Host Immune Response to 
Coronaviruses. Frontiers in Immunology. 2020;11(2147).



#WCIRDC2020

ACE2 expression in organs and in Heart Failure

Chen L et al. Cardiovasc Res, Volume 116, Issue 6, 1 May 2020, Pages 1097–1100, 
https://doi.org/10.1093/cvr/cvaa078

• In 2 HF cohorts, plasma concentrations of 
ACE2 higher in men than women

• Strongest predictor of elevated ACE2 in both 
cohorts was male sex (estimate = 0.26, P < 
0.001; and 0.19, P < 0.001, respectively).

• ACE2 protein is highly expressed in the testis

Sama IE et al. Eur Heart J, Volume 41, Issue 19, 14 May 2020, Pages 1810–1817, 
https://doi.org/10.1093/eurheartj/ehaa373

Testis has high levels of 
expression of ACE2

https://doi.org/10.1093/cvr/cvaa078
https://doi.org/10.1093/eurheartj/ehaa373
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Androgens and TMPRSS2 activation

Mollica V, Rizzo A, Massari F. The pivotal role of TMPRSS2 in coronavirus disease 2019 and 
prostate cancer. Future Oncology. 2020;16(27):2029-2033

• Both the androgen receptor gene and ACE2 gene are 
located on X-chromosome

• TMPRSS2:ERG gene fusion is associated with prostate 
cancer development

• SARS-CoV-2 engages ACE2 as the entry receptor and 
uses TMPRSS2 for spike protein priming

• TMPRSS2 expression is upregulated by androgens 
– could explain the increased susceptibility to COVID-

19 in men
– low levels of androgens in women may keep at low 

levels TMPRSS2 expression
• Studies on-going to see whether blockade of androgens 

or TMPRSS2 can reduce COVID19 severity



Sex Differences in COVID19: 
Therapies & 
Recommendations
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Modulation of sex hormones is one 
potential therapeutic strategy

Cattrini C et al.  Sex Hormones and Hormone Therapy during COVID-19 Pandemic: 
Implications for Patients with Cancer. Cancers 2020 Aug 12(8):2325
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Trials of hormone therapies and TMPRSS2 
inhibitors in COVID-19

• Progesterone 
– female sex hormone

• Estrogen
– Female sex hormone

• Degarelix
– GnRH receptor antagonist used to treat 

prostate cancer
• Enzalutamide

– Nonsteroidal anti-androgen used for 
prostate cancer

• Dutasteride
– 5α reductase inhibitor used in BPH

• Proxalutamide
– androgen receptor antagonist used in 

prostate cancer
• Camostat

– inhibitor of TMPRSS2
• Nafamostat

– inhibitor of TMPRSS2

Cattrini C et al.  Sex Hormones and Hormone Therapy during COVID-19 Pandemic: 
Implications for Patients with Cancer. Cancers 2020 Aug 12(8):2325
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Intervention strategies to reduce men’s 
COVID-19 mortality risk

Griffith DM et al. Men and COVID-19: A Biopsychosocial Approach to 
Understanding Sex Differences in Mortality and Recommendations for 
Practice and Policy Interventions. Prev Chronic Dis 2020;17:200247. 
DOI: http://dx.doi.org/10.5888/pcd17.200247

http://dx.doi.org/10.5888/pcd17.200247
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Eamon Y Duffy, Miguel Cainzos-Achirica, Erin D. Michos.  Circulation. Primary and Secondary Prevention of Cardiovascular Disease in the 
Era of the Coronavirus Pandemic, Volume: 141, Issue: 24, Pages: 1943-1945, DOI: (10.1161/CIRCULATIONAHA.120.047194) 

CV Prevention in the era of COVID-19
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Conclusions

Sharma G, Volgman AS, Michos ED.  J Am Coll Cardiol Case Rep 2020;2:1407-1410
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Thank you and Stay Well! 
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