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• Hypertension is the 
leading global risk 
factor for 
cardiovascular disease 
morbidity and 
mortality and is 
therefore the most 
substantial and 
neglected health 
burden in women.



Conclusion: “In contrast with the notion that important vascular disease processes in women lag

behind men by 10 to 20 years, sex-specific analyses indicate that BP measures actually

progress more rapidly in women than in men, beginning early in life”.

Sex Differences in Blood Pressure Trajectories Over the Life Course

Ji et al, JAMA 2020



Sex related difference of BP as

a risk factor

Ji et al Circulation 2021; 143 :761 



Cardiovascular aging phenotypes



Mosca et al JACC  2011



Carotid Plaque Characterization, Stenosis, and Intima-

Media Thickness According to Age and Gender

9,347 women and 12,676 men

Boulos N et al Am J Cardiol 2016;117:1185e1191
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Carotid Atherosclerosis Is a Stronger Predictor of

Myocardial Infarction in Women Than in Men

A 6-Year Follow-Up Study of 6226 Persons: The Tromsø Study

Stroke. 2007;38:2873-2880

IMT, total plaque area, and plaque echogenicity were measured in 2971 men 
and 3208 women, aged 25 - 84 years with no previous MI
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Media/lumen in small arteries obtained in humans by biopsy
91 healthy individuals and 200 individuals with CVRF from 4 Italian SIIA centers

CV risk factors (hypertension, body mass index, total cholesterol, current smoking, fasting blood glucose, SBP) along 
with female sex independently influenced M/L ratio

Relationship between Media/Lumen Ratio in Small Arteries and CV Risk Factors

Bruno RM, et al. Hypertension. 2018;71:1193-1200
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Media/lumen in small arteries obtained in humans by biopsy
91 healthy individuals and 200 individuals with CVRF from 4 Italian SIIA centers

in men, independent determinants of age- and sex-specific M/L Z scores were BMI, T-cholesterol, and smoking, 
in women, blood glucose and systolic BP play a major role

Relationship between Media/Lumen Ratio in Small Arteries and CV Risk Factors

Bruno RM, et al. Hypertension. 2018;71:1193-1200



Muiesan ML  et al Journal of Hypertension 2012



Myocardial Structure in Men and Women

men women

Interstitial ( W) and perivascular ( M=W) fibrosis

Arteries size

Cardiomyocites size, 

Reticoline

Capillaries (CD31 positive)

Arterioles area/circumference ratio

47% greater in women (P =0.012).

Hypertension. 2011;57:186-192.

46 M, 11 F undergoing coronary artery bypass graft surgery
histological analysis of biopsies from nonischemic LV myocardium
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Target organ damage and ambulatory blood pressure in 

stage I hypertension. The HARVEST study.

Palatini P et al Blood Press Monit. 1997 Apr;2(2):79-88

LVMI g/m2 RWT
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Palatini%20P%5bAuthor%5d&cauthor=true&cauthor_uid=10234097
https://www.ncbi.nlm.nih.gov/pubmed/?term=palatini+harvest+target+organ+damage+women


N=499 subjects 18-45-year-old with stage I hypertension (Harvest study)
377 men and 122 women. Mean age 33 ± 9 years 
Office BP 146/94

Correlation coefficients of indexes of LV 
structure and function by gender

Gender differences in LV size and function in young hypertensives

Vriz O et al. Eur Heart J. 1997;18:664-670



Gender-specific cardiovascular adaptation due to 
circadian BP variations

** p< 0.01 * p< 0.05 vs non dipper female Schmieder et al AHJ, 1995
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IDACO Investigators, Hypertension 2011

9357 subjects (age, 52.8 yrs; 47% women)

Women compared with men were at lower risk (HR for CV events 0.62  p<0.001)

However, the relation of all events with 24-hour BP and with nighttime BP were steeper in 

women than in men

“…consequently, per a 1-SD (13.4 mmHg)

decrease, the proportion of potentially

preventable events was higher in women

than in men for all cardiovascular events

(35.9% vs 24.2%) in relation to 24-hour

systolic BP…”



Prevalence of LVH in hypertension:

Electrocardiographic studies 

A sex-based analysis in 5 out of 26 studies (12 084 patients) 

showed an average prevalence of LVH of 24% in men and 16% in 

women (odds ratio 1.38, 95% CI 0.91-2.09, P = 0.11).

Cuspidi C et al  J Hypertens and JJH 2012 

Echocardiographic studies 

30 studies, including 37 700 untreated and treated patients (80.3% 

Caucasian, 52.4% men, 9.6% diabetics, 2.6% with CV disease) 

LVH prevalence was not different between women and men (range 

37.9 -- 46.2 versus 36.0 --43.5%, respectively).



Hazard ratios for CV events, according to sexes

The Molisani study 
Women

(N=10033)

Men

(N=8297)

P

for difference

HR* 98%CI HR* 98%CI

Strain 5.23 0.72 to 38.0

5.33

1.30 to 21.8 0.95

Sokolov 3.17 0.42 to 24.21 1.61 0.40 to 6.52 0.42

Cornell (V) 1.31 0.66 to 2.59 4.00 1.26 to 12.66 0.12

Ra AVL 2.16 1.06 to 2.55 0.72 0.27 to 1.93 0.068

Cornell (P) 1.40 0.87 to 2.25 2.14 1.24 to 3.70 0.35

Any of them 1.61 1.05 to 2.48 9.97 3.04 to 32.74 0.50

Muiesan ML et al, J Hypertens 2016

*Adjusted for age, cigarette, hypertension, hypercholesterolemia, diabetes, income, education, occupational 
class, physical activity, BMI categories, including a term for interaction of the LVH indicator with sex



LVH associated CV risk in men and women

Liao Y et al,  Circulation , 1995

All cause death Cardiac Death

Men Women Men Women

LV mass / 

height 2
> 143 g/m

> 102 g/m

2.4 2.9 1 4.4 *

LV mass / 

height 2.7

> 50 g/m 2.7 

> 47 g/m 2.7

1.4 3.0 1 6.0 *

LV mass/

BSA

> 131 g/m 2   

> 100 g/m 2 

2.1 3.6 1.4 6.5 *

LV mass/ 

BSA

> 117 g/m 2

> 104 g/m 2
2.0 4.3 1.3 7.5 *

* sex-LVH interaction term



12,329 women and men with HTN and free from CV disease (Campania Salute Network)
FU: 4.1 years. MACE: combined acute coronary syndromes, stroke, hospitalization for HF and incident AF
Mean age 50 y, LVH=37%, obesity 17%

Left ventricular hypertrophy offsets the sex difference in CV risk

Gerdts E et al, Int J Cardiol. 2018;258:257-261

Without LVH With LVH



Gender Differences in Regression of Electrocardiographic LVH  

During Antihypertensive Therapy

Okin et al  Hypertension. 2008;52:100-106.



N= 863 hypertensive patients with electrocardiographic LVH 
FU: 4.8 years. LVH by EchoCG as LVM ≥ 46.7 g/m2.7(W) and LVM ≥ 49.2 g/m2.7 (M)

Gender differences in LV mass changes in response to antihypertensive treatment

Gerdts E et al. Hypertension 2008;51:1109-1114

Predictors and Covariates of End-Study LV Hypertrophy



de Simone et al  J Am Heart  Ass, 2013

In multivariable logistic regression,

lack of decrease in LVMi was associated with  

-initially higher BMI

-urinary albumin/creatinine ratio 

-older age

-female gender

-change in BP over time of follow up



Hypertensive women have higher systolic function
Strong Heart Study 

Bella J et al Am J Cardiol. 2006;98(6):834-7

men women

https://www.ncbi.nlm.nih.gov/pubmed/16950198


Central Hemodynamics and Diastolic Function

Shim et al ; JACC 2011



Left atrial volume indexed for height2 is a new 
sensitive marker for subclinical cardiac organ damage 
in female hypertensive patients

Hypertension Research (2021) 44:692–699
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Left Atrial Remodeling and stroke risk in hypertensive women vs men

N= 579 AF patients (216 women, matched with 363 men for CV risk factors and diseases) undergoing AF catheter ablation
Mean age 61 years old. , 70.1%

Electroanatomical remodelling Stroke risk

Avgil Tsadok M et al. JAMA. 2012;307:1952-1958Yu HT et al, J Am Heart Assoc. 2016;5:e003361



Beale AL et al, Circulation. 2018;138:198-205


