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Men vs. Women and pre-post 

Menopause

Whether higher cardiovascular risk is a function of aging, a 

consequence  of menopause and its associated loss of 

endogenous estrogen or both has been debated.



목차

• Evidence of higher cardiovascular risk in women 

after menopause

• Alterations of cardiovascular system after 

menopause

-- Cardiac change

-- Coronary artery disease

-- Endothelial function

-- IMT and aortic stiffness

-- Hypertension

• Take home message



Menopause

• Average age at menopause: 51.4 years

• Women in developed countries live over 1/3 of 

their lives in the postmenopausal state

• Global population of postmenopausal women: 

from 467 million in 1990 to 1,200 million in 2030

• Understanding the impact of menopause on 

women’s health is becoming increasingly 

important



More Women Die From 

Heart Disease Than Men

American Heart Association. Heart Disease and Stroke Statistics-2009 update



Estimated Prevalence of Cardiovascular Disease in 

Americans 20 years of age and older

American Heart Association: Heart Disease and Stroke Statisticsw-2006 update



Lloyd-Jones, D. et al. Circulation 2009;119:e21-e181

Prevalence of CHD by age and sex



Annual Rate of First Myocardial 

Infarctions by Age, Sex, and Race

ARIC: 1987-2000. Source: NHLBI’s ARIC surveillance study
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Why CV Risk Increased After 

Menopause

• The mechanisms underlying the increased 

cardiovascular risk after menopause are 

incompletely known. 

• Aging process vs. Menopause (estrogen 

deficiency) ?



Vascular Genomic Effects of 

Estrogen

Ligand binding

Activate or suppress

gene transcription



Vascular Non-genomic Effects of 

Estrogen



Direct Effects of Estrogen on Blood 

Vessels

N Med J med 1999;340:1801



Cardiac change after menopause



Alterations of Cardiac System

After Menopause

• Blunted day-night blood pressure reduction

• Impaired LV systolic performance

• Concentric LV geometric pattern



Blunted day-Night BP Reduction

Cir 1998;32:764-769.



Blunted day-Night BP Reduction

Am J Cardio 2002;89:830



Concentric LV geometric pattern
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Concentric LV geometric pattern

Am J Cardio 2002;89:830



Reduced LV systolic performance

Hypertension 1998;32:764-769.



CAD in pre, post menopausal 

women







Atheroma Between Gender



Epicardial and Microvascular 

Function Between Gender



Gender Differences in Physiology in 

Myocardial Infarction

More commonly seen in women

Virmani et al. ATVB 2000;20:1262

Plaque Rupture                              Plaque Erosion

Young women

Smoker 



Effect of Menopause on Plaque Morphologic 

Characteristics in Coronary Atherosclerosis

51 women who died suddenly from severe CAD

Burke AP, Virmani R. Am H J 2001;141:S58



Effect of Menopause on Plaque Morphologic 

Characteristics in Coronary Atherosclerosis

51 women who died suddenly from severe CAD

Burke AP, Virmani R. Am H J 2001;141:S58



Estrogen Therapy and Coronary 

Artery Calcification

Women’s Health Initiative Trial, Conjugated equine estrogen

(0.625mg/d), Undergone hysterectomy 



Gender Differences in Physiology in 

Myocardial Infarction

More commonly seen in women

Virmani et al. ATVB 2000;20:1262

Plaque Rupture                              Plaque Erosion

Young women
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Microvascular dysfunction after 

menopause

P=0.08

Reis et al. WISE study. Am H J 2001;141:735



Endothelial function in

menopausal women



Endothelial Dysfunction: 
The Risk of Risk Factors

Smoking Hypertension Hypercholesterolemia Diabetes

New risk

factors

Genomic

predisposition

Endothelial dysfunction:  The risk of the risk factors

Dementia
Heart failure Stroke

Acute Coronary

syndrome

Sudden death

Sleep apneaImpotence



Impaired Forearm Blood Flow and 

Vasodilator Reserve in Healthy 

Postmenopausal Women

Forearm blood flow Vascular Resistence

Mercuro G. et al. Am Heart J 1999;137:692



Impaired Forearm Blood Flow and 

Vasodilator Reserve in Healthy 

Postmenopausal Women

Mercuro G. et al. Am Heart J 1999;137:692



Impaired Endothelial Function in 

young women with premature 

ovarian failure

Kalantaridous et al. J Clin Endocrinol Metab 2004;89:3907



Menopause is associated with 

endothelial dysfunction in women

Taddei, S. et al. Hypertension 1996;28:576-582

Acetylcholine                                Nitroprusside



FMD and Early Menopause

Bechlioulis et al. J Clin endocrinol Metab 2010;95:1199



Menopause tends to downregulate NO-cGMP

pathway resulting in endothelial dysfunction

Salhotra S, et al. Maturitas 2009;62:166



Carotid IMT after menopause



Carotid IMT and Years Since 

Bilateral Oophorectomy

Dwyer KM, et al.  Am J epidemiol 2002;156:438



Common Carotid IMT After 

Menopause
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Muscelli E, et al. Am J Hypertens 2009;22:364
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Aortic Stiffness after menopause



Pulse Pressure Changes after 

menopause

Small cross-sectional study: Women without diabetes, HTN,

thromboembolic dz, cancer, or other chronic illness

Izumi S, et al. Life Sciences 2006;78:1696



IMT and Stiffness Index (SI) in 

postmenopausal Women

Small cross-sectional study : Women without diabetes, HTN,

thromboembolic dz, cancer, or other chronic illness

Izumi S, et al. Life Sciences 2006;78:1696



Menopause is an independent factor augmenting 

the age-related increase in arterial stiffness in the 

early postmenopausal phase

Zaydun G, et al. Atherosclerosis 2006;184:137

Premeno, n=1804

Postmeno, n=1345



The >5 years postmenopausal category was a 

significant risk factor for belonging to the highest 

baPWV tertile, even after adjustments for age and other 

conventional atherosclerotic risk factors
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HTN after menopause



Sexual Dimorphism in Blood Pressure
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Menopause and Hypertension

J Hum Hypertens 1997;11:507.

Premenopausal

(N=166)

Peri or post menopausal 

(N=149)

Changes in BP from baseline to f/u (mean 5.2 years)



Menopause and Hypertension: 

An Age-Old Debate

– Prospective study: 

van Beresteyn

1989 (193)

Hypertension 2008;51:952.

– Cross-sectional 

study: 

Weiss 1972 (897), 

Staessen 1989 

(462), 

Owens 1993 (34), 

Zanchetti 2005 

(18,326)

– Prospective study: 

Staessen 1997 

(315), 

Scuteri 2001 (226)

– Prospective study: 

Casiglia 1996 
(568), 

Luoto 2000 
(3800), 

Pearson 1997 
(333), 

Colditz 1987 
(121,700)

Association with HTN No association with 

HTN

Association with 

lower BP



Bilateral Oophorectomy increases 

BP Within a Few Weeks

Maturitas 2004;47:131-138



SIMONA Epidemiological Study

18000 Italian women, J Hypertens. 2005;23:2269



Suggested Mechanisms of Estrogen 

Deficiency on Hypertension

HypertensionActivation RAS 

by upregulation

of AT1 receptor 

expression and  

High renin levels

Plasma 

endothelin ↑

Higher salt 

sensitivity

Insulin 

resistance ↑

Higher 

sympathetic 

activity

Increase in 

weight

Relative 

increase in 

androgen 

levels



Factors Contributing to HTN in 

Postmenopausal Women

GENES

RAS system

Adrenergic system

eNOS

Adducin-1

Estrogen-related aromatase

HYPERTENSION

Hypertension 2008;51:952.



Take Home Messages (I)



Take Home Messages (II)

Higher incidence 

of CHD, 

non-coronary 

atherosclerotic 

dz

Chronologic aging

Menopause: 

Estrogen deficiency

CV risk factors

SBP 증가
Total cho, LDL-cho 증가
Weight gain, 

insulin resistance

Endothelial dysfunction

Hypertension

Arterial stiffness 

IMT



Take Home Messages (III)

Prevention of 

CHD and 

Non-oronary

atherosclerotic 

dz in post-

menopausal 

women 

Chronologic aging

Menopause: 

Estrogen deficiency

CV risk factors

SBP 증가
LDL-cho 증가
Insulin resistance

Improvement of 

Endothelial 

dysfunction

Hypertension

Arterial stiffness 

IMT

Frequent regular 

Health check-up

BP control

ACE-I, ARB

Statin

Insulin resistance 

control

HRT
ELITE study

KEEPS trial



HRT: Further Study

• ELITE Study (Early versus Late Intervention Trial 

with Estradiol): oral 17 estradiol, carotid IMT, 

perimenopausal women vs. those 6 years after 

menopause

• KEEPS trial (kronos Early Estrogen Prevention 

Study): carotid IMT or coronary calcium in 

women, enrolled who are within 36 months of 

final menstrual period



Pharmacologic Therapy in hypertensive Women

• Thiazide: (Class I, Level A): component of initial therapy

high prevalence of salt-sensitive hypertension in 
postmenopausal women, JNC-7 guideline

High risk: CHD, cerebrovascular dz, peripheral  

dz, AAA, CKD, DM, 10-year Framingham risk ≥ 20%

Initital tx should be b-blockers and/or ACE-I / ARB

• ACE-inhibitor, ARB: 

useful to antagonize the activation of the RAS observed after 
menopause

especially in postmenopausal women with the metabolic 
syndrome    

should not used in pregnant women

Evidenc-based guidelines for cardiovascular disease prevention in women

Circulation 2007;115;1481

2007 ESC/ESH guidelines for management of hypertenion

JNC-VII 


