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Malattie cerebrovascolari e differenze di 
genere 



Stroke &women 

Stroke in women is a recognised public health issue wordwide 
because of several aspects: 

 

• Since women have longer life expectancies they have 
higher stroke prevalence  

• Women have different risk factors and different heritability 

• Women have a worse outcome and higher mortality due to 
the oldest age, comorbidities and different access to stroke 
care and prevention 

• Stroke in women has a different societal (elderly women 
are more likely to live alone and socially isolated) 

 

 



Projected number of deaths                                              
from stroke among whites 2000-2050 

Need of addressing the specific biological, 
epidemiological clinical causes and features of stroke in 
women 

 

 

Reeves et al Lancet Neurol 2008 



Stroke 2009 

• 98 articles that contained 
relevant sex-specific 
information, including 59 
incidence studies.  
 

• The pooled age-adjusted rate 
ratio was 1.33 (95% CI, 1.30 to 
1.37), meaning that stroke is 
33% more incident in males 
than in females. 
 



Epidemiology: Female:male prevalence ratio 

Reeves et al Lancet Neurol 2008 

Fewer women than men have prevalent stroke at youg 
age; over 75 years there are almost three time more 
blackand two time white women that men with stroke 



Epidemiology: Female:male mortality 
ratio 

Reeves et al Lancet Neurol 2008 



Stroke 2009 

The order is based on average m/f case fatality. 

In almost all studies reviewed here, women have higher 1-month case fatality than 
men.  



Biological origin of sex differences in 
stroke 

• Hormones 

• Genetics 

• Anatomics 

• Drug methabolisms 

• Cerebrovascular risk factors 

 

 



Hormones 

• The most common biological explanation for sex 
differences in stroke is related to sex steroid 
hormones, in particular estrogens 

• Female rodents after MCA occlusion have smaller 
stroke volumes than males, whereas in 
ovariectomised females stroke volume is similar to 
males (after oestrogen replacementare similar to 
intact females) 

 



Vasculature but mostly cerebral blood 
vessel are target for Estrogen  
Estrogen  acts on endothelium promoting 
dilation and blow flow; exerts 
antiinflammatory effects  and reduces 
formation of ats plaque 



After chronic exposure, estrogen decrease vascular 
tone of cerebral arteries by NO, prostanoids and 
Endothelial Derived Hyperpolarizing factor 



Chronic estrogen therapy suppresses leucocyte 
adhesion and induction of vascular inflammatory 
mediators such as  iNOS and COX2 in cerebral blood 
vessels 



Hormone Replacement 

Bath et al BMJ 2005 



Hormone Replacement 

643 healthy postmenopausal 
women stratified according to 
time since menopause 
 
Oral estradiol was associated 
with less progression of 
suclinical atherosclerosis  when 
therapy was initiated  within 6 
years after menopause 

NEJM 2016; 13:1221-31 



Genes 

1184 CpG sites differentially methylated between men and 
women, distributed across all autosomes; 

 

some of the differentially methylated loci also exhibit 
differential gene expression between men and women. 

Singmann P et al  Epigenetics and Chromatin. 2015;8:43 



Anatomic differences 

Krzyzewski RM et al. Surg Radiol Anatom. 2015;37:81:86 



Clin Chem Lab Med 2013; 51(4): 713–727 



Common Cerebrovascular Risk factors 

• Age 

 Women with stroke are older at onset (about 4 yrs ) 

 

• AF 

 Women were more likely to have AF 

 Women with atrial fibrillation are at higher risk of stroke (3.5% vs. 
1.8%; 95% CI 1.3-1.9), but  they are less like to receive 
anticoagulation and ablation procedures compared to men 

 Compared to men women are less likely to undergo cardiac 
monitoring, enzyme measurement, recovery in coronary care unit, 
coronary angiography, and revascularization  

 



Common Cerebrovascular Risk factors 

Hypertension 

 is more prominent in women  

 higher association with strokes, LVH, and diastolic heart failure 

Dyslipidemia 

With the menopause transition low density lipoprotein (LDL) 
cholesterol increases in women However, in a meta-analysis of 
observational cohort studies of 86,000 women high level of total and 
LDL-cholesterol strongly predicted CHD in women  

Diabetes 

Type 2 diabetes has greater effects in women. It  is a potent coronary 
risk factor in women, increasing their risk of developing or dying from 
CHD by three- to seven-fold, as compared with a two- to three-fold 
risk increase in men. 

 



45 studies for 673.935 patients 

Acta Neurol Scand 2011 



Specific risk factors 

Pregnancy 

Pregnancy results in hemhostatic changes (increasing of clotting 
factors ab decreasing in anticoagulants and fibrinolytic activity). Risk 
of stroke 34 vs 11/100.000 deliveries 

 

Oral anticonception (OAC) 

OAC use is associated with up to 2-3 fold increase the risk of stroke 

Additional factors such as age >35 yrs, migraine, hypertension, 
trombophilia and smoking increase the risk up to 20-30 times 
 



Sex difference: atherosclerotic plaque 

• Carotid endarterectomy 
specimens of 450 pts(135 
women, 315 men) (75% 
sympt). 

• Women undergoing CEA 
have more stable plaques 
compared with men. 

• Plaques obtained from 
women contain less fat & 
macrophages and more 
smooth muscle cells. This 
is accompanied by lower 
IL-8 content and lower 
MMP-8 activity. 

Hellings WE et al. J Vasc Surg 2007;45:289-97. 



Stroke 2009 

Women are older when they get their first stroke, and SAH and cardioembolic 
strokes are proportionally more common among women 

Sex differences in clinical presentation 



Sex differences in clinical presentation 

• Women tend to have anterior circulation ischemia, 
whereas men are believed to have higher incidences 
of posterior circulation syndromes 

• Labiche et al have reported that females at stroke 
onset were more likely to present with ‘‘non-
traditional’’ stroke symptoms compared with men 
(pain and reduced level of consciousness) 

• Females tended to have higher NIHSS at admission 

 



1883 patients, 1072 men (56.9%) and 811 women 
(43.1%) 

Journal of Stroke and Cerebrovascular Diseases 2014 



Journal of Stroke and Cerebrovascular Diseases 2014 

4925 pts with AIS 



Journal of Stroke and Cerebrovascular Diseases 2014 



• Biological phenomenon in which females response 
to brain ischemia and ischemic risk is different  

• Older age (women develop stroke about 5 years 
later than men) 

• Cardioembolic stroke 
• Disparity in providing healthcare facilities between 

men and women  
 

 

Why stroke is more severe in women ? 

Giralt D et al. Acta Neurol Scand 2011 



Giralt D et al. Acta Neurol Scand 2011 

Comprehensive meta-
analysis including 45 
articles, representing a 
total of 
673,935 patients 
 



Giralt D et al. Acta Neurol Scand 2011 

• Women suffered more 
cardioembolic strokes, 

• Women were less likely to 
receive stroke-related 
treatments, such as 
antiplatelets (P < 0.001), statins 
(P < 0.001), and tPA (P < 0.001) 
than men. 



Onset-to-door 

After multivariate adjustment, women 
were found to have a 10% smaller 
chance of being admitted <3 hours of 
symptom onset than men (odds ratio 
[OR]=0.902, 95% CI=0.860 to 0.945, 
P<0.001).  

After adjustment in the multivariate 
model, the chance of a female stroke 
patient being treated with 
thrombolysis was 13% lower than that 
of a male patient (OR=0.867, 95% 
CI=0.782 to 0.960, P<0.006).   

Elderly female patients had a 25% 
smaller chance of receiving 
thrombolytic treatment (OR=0.753, 
95% CI=0.634 to 0.895, P<0.001).  

 
Foerch C et al. Stroke. 2007 



Lip GYH et al. Europace 2015;17:24-31 

• Dataset of the Euro Observational Research Programme on 
Atrial Fibrillation (EORP-AF) Pilot survey (n= 3119) examined 
sex-related differences in presentation, treatment, and 
outcome of patients with AF in Europe  

• Female subjects were older (P= 0.0001), with a greater 
proportion aged ≥75 years, with more heart failure and 
hypertension 

• CHA2DS2-VASc score ≥2 was found in 94.7% of females and 
74.6% of males (P , 0.0001) 



Lip GYH et al. Europace 2015;17:24-31 



Average women enrollment=27% 

Kim ESH et al. J Am Coll Cardiol. 2008;52(8):672. 

* Subgroup analysis based 
on gender 



Nature Reviews Cardiology 2016 



Neuroscience and Biobehavioral Reviews 2011 

Single sex studies still predominate the research literature 



Beery AK et al. Neurosci Biobehav Rev. 2011;35(3):565 

Males still dominate animal studies 

 



Beery AK et al. Neurosci Biobehav Rev. 2011;35(3):565 

..and human studies 

 



Recommendations are 
• the inclusion of both sexes in basic CNS science and RCT;  
• the exploration of sex difference as a part of the 

standard preclinical evaluation of therapeutics;  
• the implementation of research examining sex-specific 

risk factors 
• the definition and use of relevant sex-specific outcome 

measures and therapeutic strategies. 

Neuroscience Journal 2016 



Overcoming bias, disparity and 
differences.. 



Future directions : Gender 
Medicine 

Gender-specific medicine aims at: 
•understanding how different clinical signs, diagnostic 
procedures and therapeutic needs are in men and women 
• developing sex tailored diagnostic and therapeutic 
approach 
•establishing a close cooperation between research centres, 
universities and public institution to promote a ‘new style of 
doing research’ and to improve public awarness of women’s 
health 



Trends in CVD as perceived leading cause of death 
J of Women’s Health 2007 

1,005 women (71% white, non-Hispanic, 12% black, non-Hispanic, 
12% Hispanic, and 6% other ethnicities). 



Mosca L et al. Circulation. 2005;111:499 

A striking finding in our study was a very low level of recognition (8% PCPs, 13% 
OBGyns, and 17% CARDs) that heart disease kills more women every year than men. 
According to AHA statistics, nearly 500 000 women die of CVD each year, exceeding 
the number of men. These physician data underscore the need for awareness 
campaigns about women and heart disease among healthcare providers, especially 
because awareness of risk is a critical first step in taking action to reduce it. 
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