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Sex and Gender Factors influence health outcomes

Hernandez L, et al. Front. Cardiovasc. Med. 9:916194.



Sex Differences in Vascular Physiology and
Pathophysiology

Estrogen and Androgen Signaling in Health and Disease



Rapid estrogen receptor 
(ER) and androgen receptor 
(AR) signaling pathways in 
vascular ECs and VSMCs

Boese AC, et al. Am J Physiol Heart Circ Physiol. 2017



Estrogens and androgens 
influence vascular tone

Boese AC, et al. Am J Physiol Heart Circ Physiol. 2017



Role of estrogen receptor (ER) and androgen receptor (AR) signaling 
on adhesion molecule expression in endothelial cells (ECs)

Boese AC, et al. Am J Physiol Heart Circ Physiol. 2017



The effects of estrogen on Hemostasis and Thrombosis 

Abou-Ismail ΜΥ, et al. Thromb Res. 2020; 192: 40–51.

1. Estrogen increases VWF levels which plays a central role 
in platelet adhesion and activation

2. Estrogen leads to increased thrombin generation and fibrin 
clot formation by increasing the levels of variable coagulation 
proteins (green arrowheads) and decreasing the levels of 
anticoagulant proteins (red arrowheads)

3. Conversely, estrogen induces increased fibrinolysis due to 
decreased PAI-1 levels, which does not seem to balance out 
the increase in coagulation

The net effect overall of estrogens is prothrombotic 



Hemostasis in Women

Renda G, et al. Int J Cardiol. 2019;286:198-207

Changes of coagulation factors and anticoagulant factors according to hormonal status are associated 
with menstrual cycle, pregnancy, hormone-based contraceptives, and hormone replacement therapy



VTE in Women



Ciarambino T, et al. Stresses. 2023;3:167-181

Classification of VTE



Roach REJ. J Thromb Haemost. 2014;12:1593-600

Venous thrombosis risk factors in Males and Females



Roach REJ. J Thromb Haemost. 2014;12:1593-600

The absolute risk of first Venous Thrombosis in Men and Women

� The incidence of first venous 
thrombosis is higher among 
women of childbearing age than 
among men of the same age group

 
� In the years thereafter, the 

incidence is higher among men 
than among women 

� This variation may be due to 
changes in female endogenous 
hormone levels, female exposure 
to exogenous hormones, or 
pregnancy



Adjusted risk of Venous Thrombosis in men compared
with women taken into account reproductive risk factors

Roach REJ, et al. Circulation. 2014;129:51-56

When female reproductive risk 
factors are taken into account, the 
risk of a first venous thrombosis 
is twice as high in Men as 
compared with Women



Tanabe Υ, et al. Am J Cardiol. 2018;122:1079-1084

Gender Differences Among Patients With Acute Pulmonary 
Embolism

Patients’ characteristics



Τhe gender difference in APE severity
The female patients had more disease severity than the male patients did

Tanabe Υ, et al. Am J Cardiol. 2018;122:1079-1084



Tanabe Υ, et al. Am J Cardiol. 2018;122:1079-1084

30-day prognosis 

All cause 30-day mortality in women (6.2%) 
was higher than that in men (4.3%) although 
it was not significant
 
PE-related 30-day mortality in women was 
significantly higher than that in men



The CHA2DS2-VASc Score calculates stroke risk for patients with AF



Proposed algorithm to guide contraceptive management for 
women at high risk of VTE

Abou-Ismail ΜΥ, et al. Thromb Res. 2020; 192: 40–51.



Atherothrombosis in Women



Development of the Atherosclerotic plaque



Linton MF, et al. Endotext. 2019



Lucà F, et al. J. Clin. Med. 2022;11:1176

Gender and Non-Gender CV Risk factors for CVD in women



Sex differences in Stroke Risk Factors

Rexrode KM, et al. Circ Res. 2022;130:512-528



Sex- and age-specific ranking, percentage, and total number of deaths 
attributed to cerebrovascular diseases

Rexrode KM, et al. Circ Res. 2022;130:512-528



DISCUSSION 

Rexrode KM, et al. Circ Res. 2022;130:512-528

� Women face a disproportionate burden of stroke mortality and disability

� Biologic sex and sociocultural gender both contribute to differences in 
stroke risk factors, assessment, treatment and outcomes

� There are substantial differences in the strength of association of stroke risk 
factors as well as female-specific risk factors. Moreover, there are 
differences in presentation, response to treatment and stroke outcomes in 
women



Lucà F, et al. J. Clin. Med. 2022;11:1176

The gender GAP in CVD

� In spite of the high incidence of CVD, more significant 
difficulties to healthcare access and gender disparities 
in treatment are commonly experienced by women

� There are many observational reports of 
under-treatment of women for stable CAD and 
suspected or diagnosed ACS. 

� They receive less cholesterol screening, less 
evidence-based treatment, and less counseling.



Antithrombotic Treatment in Women
� The VTE risk or VTE-related death in the absence of oral 

anticoagulation seems significantly higher in male than in female 
patients, while it appeared non-significantly different in male and 
female patients treated with DOACs

 
� Some indications are available about the use of anticoagulants in 

pregnancy, although clinical data are scarce in this setting, as 
pregnant women are usually excluded from randomized trials, and the 
safety profile of drugs is here a crucial and largely unresolved 
concern

� LMWHs are safe drugs during pregnancy. Potential advantages of 
LMWH versus UFH are less bleeding, a more predictable and stable 
effect and reduced risk of heparin-induced thrombocytopenia



Antithrombotic Treatment in Women

� In primary CV prevention, the benefit of aspirin seems to be related to a 
significant decrease of major coronary events in men, but not in women

� For secondary CV prevention, no significant gender-related difference in the 
efficacy of antiplatelet agents has emerged

� The lower benefit of anticoagulant treatment with vitamin K antagonists on 
stroke prevention in women with AF, relative to men, is not fully understood, 
but suggests that women may be less well anticoagulated



COVID-19 and Thrombosis in Women



Proposed mechanisms of SARS-CoV-2 transmission and 
COVID-19-associated thrombosis

McFadyen JD, et al. Circ Res. 2020;127:571 



Sex Differences in Thrombosis and Mortality in Patients 
Hospitalized for COVID-19

Tanya Wilcox T, et al. Am J Cardiol. 2022;170:112−117

� Consecutive 3,334 adult patients aged ≥18 years (61% men) hospitalized 
with COVID-19 at a large New York health system from March 1, 2020, to 
April17, 2020, were included in the study.

� Thrombotic events of interest included those occurring in both the venous 
and arterial circulation. VTE was defined as DVT or PE, and arterial 
thrombosis was defined as ischemic stroke, MI, or other systemic 
thromboembolism.

� In-hospital thrombosis and all-cause mortality were evaluated by gender 
and stratified by age group.



Incidence of Events in men and women hospitalized with COVID-19 infection 
by age group

Tanya Wilcox T, et al. Am J Cardiol. 2022;170:112−117



Adjusted Odds of Events in Men Relative to Women Hospitalized with 
COVID-19 by Age Group

Tanya Wilcox T, et al. Am J Cardiol. 2022;170:112−117



Tanya Wilcox T, et al. Am J Cardiol. 2022;170:112−117

Conclusion

� Men hospitalized with COVID-19 are at greater risk of thrombosis and death 
than women, and gender-specific differences are most pronounced in 
younger age groups 

� Outcomes of men and women with COVID-19- associated thrombosis are 
poor 

� Additional investigations of SARS-CoV-2 pathophysiology and host 
response are needed to explain the observed age and gender differences in 
thrombosis risk observed among hospitalized patients with COVID-19 
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