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Age-dependent Incidence of Coronary Artery Disease

in Men and Women (Framingham Heart Study).

Circulation. 1997;95:252.



Percentage of HRT(HT) and Estrogen Therapy (ET) Users Who 

Discontinued by WHI Study Month. 

Baseline includes combined data from September 1999 to June 2002 Hormone therapy: 

estrogen plus progestin. Estrogen therapy: estrogen alone.

Buist. HT Prescribing Patterns in the United States. Obstet Gynecol 2004.

WHI-HRT trial early-termination results were released to the 

general public and scientific community on July 9, 2002.
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Sex Steroid Hormones And Sex Steroid Hormone Receptors

Progesterone

Testosterone Estradiol

Science 2005; 308,1583



Constituents of Drug Treatments (“Conjugated Equine Estrogens”) Used in 

Large-Scale Prospective Hormone Replacement Trials (HERS, WHI) in 

Postmenopausal Women



Emerging Concepts in Sex Steroid Hormone Receptor Signaling of 

Potential Importance in Cardiovascular Physiology

GFR, growth factor receptor; SSHR, sex steroid hormone receptor;

SSHRE, SSH response element; CoA, coactivator; CoR, corepressor; 

NHR, non-SSHR nuclear receptors; TFs, transcription factors
Science 2005; 308,1583



Direct Effects of Estrogen on Blood Vessels

NEJM 1999;340:1801



Estrogen-regulated Genes of Potential Importance in 

Vascular Physiology and Disease

NEJM 1999;340:1801



Mechanism of Estrogen-Receptor Activation of Gene Expression

NEJM 1999;340:1801



Mechanism of Rapid, Nongenomic Activation of  NO Synthase by 

Estrogen in Endothelial Cells and Vascular Smooth-Muscle Cells

EC

VSMC

NEJM 1999;340:1801

AE: antiestrogens

BKCa: Ca-activated K-channels



The Timing Hypothesis: Differential Effects of HRT on 

Early and Later Stages of Atherosclerotic Disease....

Science 2005; 308,1583



Impact of Disease State on the

Cardiovascular Effects of Estrogen

• There is growing evidence showing that the effects of estrogen on the 
vasculature depend in part on the extent to which atherosclerosis has 
become established.

• Estrogen receptor expression is markedly diminished in atherosclerotic 
arteries, and thus, to the extent that direct, receptor-dependent effects on 
the vasculature contribute to the potential for anti-atherosclerotic effects, 
this will be diminished or absent in diseased arteries. 

• The effects of estrogen on a given pathway may have different 
consequences depending on the state of health of the underlying vessel. 

• Estrogen up-regulates specific members of the MMP family such as MMP-9.

• The MMPs degrade the ECM with the arterial wall. 

- in a non-diseased artery, an estrogen-induced increase in MMP-9   

may have little or no consequences, 

- in an atherosclerotic artery, where MMP-9 is expressed in the   

shoulder region of an atherosclerotic plaque, 

- an increase in MMP-9 activity could conceivably be associated with an 

increased risk of plaque rupture and thus ACS.



Impact of Disease State on the

Cardiovascular Effects of Estrogen

• Estrogen-mediated up-regulation of COX-2 plays an important 
role in retarding atherosclerosis in a hypercholesterolemic
mouse model. 

- atherosclerotic arteries with impaired COX-2 responses may 
also lose this potentially beneficial effect of hormone treatment.

• More direct support for the hypothesis that the effects of 
estrogen on CV risk depend on the timing of initiation of therapy 
in relation to the extent of underlying atherosclerosis.

• Using a monkey model of atherosclerosis, the antiatherosclerotic
effects of oral CEE are apparent only in monkeys with minimal 
underlying atherosclerosis at the time that therapy is initiated.



Cardiovascular Disease and Menopause

• In 1976 the Framingham investigators 

- a 2.6-fold higher incidence of CV events in age-matched postmenopausal     

women compared with premenopausal women. 

- a 2.7-fold higher surgical menopause compared with premenopausal
women of the same age (p<0.01)  

- a 2.2-fold higher compared with women with a natural menopause. 

This excess risk seemed to be prevented by ERT.

• Plasma lipoproteins were thought to play a role in the increased CHD risk 
that menopause confers 

- TC, LDL-C, and TG levels all increase in women after menopause, 

- HRT seemed to counter these unfavorable effects of lipids, although 

the HDL-C levels also decreased. 

- There is an age-associated increase in the incidence of CVD for both 

pre- and post-menopausal women independent of the effects of HRT.

•Withdrawal of estrogen during menopause is associated with an 
increased risk of heart disease above that seen for premenopausal women.

• This led to interest in the potential CV benefit from postmenopausal ERT.



Animal Studies of Hormone Replacement

In animal studies, estrogens exert vasodilator, antiinflammatory, and

antiatherosclerotic properties, as well as favorably affecting lipid profiles. 

In a study of randomized ovariectomized hypercholesterolemic rabbits,

estradiol significantly reduced atherosclerosis progression compared with

levonorgestrel or no hormones. 

A series of studies have also shown that estradiol significantly lessens the

response to vascular injury in mice and further implicate ER as the specific

estrogen receptor that mediates this vasculoprotective effect. 

Similarly in ovariectomized monkeys, 17-estradiol or CEE reduced coronary

artery atherosclerosis compared with control animals by 50% (p<0.05) to 72%

(p<0.04). 

Although the role of estrogen replacement seemed promising in the animal

studies, the data regarding progesterone were more conflicting.



Observational and Case-Controlled Studies of Hormone Therapy



Summary of the Randomized Trials of Hormone Therapy



Writing Group for the Women's Health Initiative Investigators,  JAMA 2002;288:321-333.

Estrogen + Progestin Component of the WHI

Risks and Benefits of Estrogen Plus Progestin in Healthy Postmenopausal Women 

WHI Randomized Controlled Trial

Coronary Heart Disease                         Stroke



The Women's Health Initiative Steering Committee,   JAMA 2004;291:1701-1712.

Effects of Conjugated Equine Estrogen in Postmenopausal Women With Hysterectomy: 

WHI Randomized Controlled Trial

Estrogen-Alone Component of the WHI
Coronary Heart Disease                         Stroke           Pulmonary embolism



The WHI Estrogen-Alone Trial— Do Things Look Any Better?

Hazard Ratios From 3 Hormone Therapy Trials

JAMA 2004;291:1769



Hazard Ratios For Various Outcomes For Women 50 To 79 Years

BMJ 2007:334:736-41.



Questions To Be Answered

Given the findings of the HERS and of WHI trials, 

is the HRT discussion ended for good?     



Questions To Be Answered

Given the findings of the HERS and of WHI trials, 

is the HRT discussion ended for good?     

Hardly.

The conflicting results from animal/observational studies compared

with the RCT raise many unanswered questions.

These include whether some of the discrepancy is related to 

- the age of the women in the studies, 

- the timing of initiation (perimenopausal or postmenopausal), 

- the amount of atherosclerosis at the time of initiation 

(1˚̊̊̊ vs. 2 ˚̊̊̊ prevention),
- the dosage, 

- the preparation form (transdermal, oral, or intravenous with or

without progesterone), 

- whether there are genetic aspects to benefit or harm from HT.



Timing of Initiation

Because atherosclerosis accelerates after estrogen deficiency, it would 
seem logical that estrogen replacement would have the most benefit 
when starting early in perimenopausal women. 

Most women in the observational trials such as the Nurses’ Health 
Study, which suggested a protective effect of estrogen, started HRT 
during the perimenopausal transition, 

In the WHI trial the average age was 10 years after menopause, an age 
at which subclinical atherosclerosis has developed in many women. 

In support of the notion that timing of initiation is critical, 

animal studies also showed no benefit of estrogen in animals that 
already had artery damage, either from balloon injury or from 
atherosclerotic diet, before initiation of HRT. 

These animal studies are consistent with the findings of the secondary 
prevention (i.e., HERS) trials. 

In postmenopausal women in the CV Health Study, ERT only caused 
vasodilation of the brachial artery in younger women without clinical or 
subclinical CV disease, suggesting that the favorable effects of 
estrogen may be limited to only those in whom atherosclerotic vascular 
disease has not yet developed.



Postmenopausal HRT and Risk of CVD by Age and Years Since Menopause

Estimated Absolute Excess Risk per 10 000 Person-Years by Years Since Menopause at Baseline

.

JAMA. 2007;297:1465-1477



Odds Ratios for Various Categories of Elevation in the Coronary-Artery Calcium Score.*

* Higher calcium scores indicate greater calcification. 

Estrogen Therapy and Coronary-Artery Calcification: 

WHI Coronary-Artery Calcium Study (WHI-CACS)

N Engl J Med 2007;356:2591.

1064 women aged 50 to 59 years at randomization

Imaging was conducted after a mean of 7.4 years of treatment and 1.3 years after

the trial was completed (8.7 years after randomization).

<

<



Timing of Initiation

•••• Kronos Early Estrogen Prevention Study (KEEPS),

a multicenter randomized placebo-controlled clinical trial that 
will evaluate the effectiveness of 0.45 mg CEE or 50 g 
transdermal estradiol (in combination with 200 mg 
progesterone) in preventing the progression of carotid IMT or 
coronary calcium in women who are within 36 months of their 
final menstrual period. 

It is hoped that the KEEPS trial will provide some answers to 
the important question of whether HRT will have a beneficial role 
if started early, although a relatively small sample size and the 
use of a surrogate end point represent limitations of this study.

•••• Early vs. Late Intervention Trial with Estrogen (ELITE),

focused on examining the potential importance of time since
menopause on the cardiovascular effects of HRT. 

In the ELITE study, the effects of oral 17-estradiol on carotid 
IMT will be compared directly in perimenopausal women v.s. 
those 6 years after menopause.



Dose

• Although 0.625 mg CEE clearly showed no CV benefit in the 
HERS and WHI trials, the observational Nurses’ Health Study 
found the protective effect of CEE only in the lower doses of 0.3 
mg and 0.625 mg, whereas 1.25 mg and higher doses were not 
protective. 

• In postmenopausal diabetic women without a recent MI among 
the Kaiser Permanente database, low-dose or medium-dose 
estrogen (0.625 mg) decreased the risk of MI, which was not 
seen with a higher dose.

• Whether a lower dose of estrogen such as 0.3 mg CEE would 
provide cardioprotection without increasing thromboembolism
remains to be seen.



Route of Delivery

The formulation of estrogen used in the large clinical trials and in the 

majority of the smaller studies was CEE with or without MPA.

When estrogen is given orally, it has first-pass effects on the liver. 

Transdermal estrogen delivery

- provides sustained release of estrogens and more constant blood levels 

than oral administration.

- avoid the first-pass effects on the liver and have less effection the

lipoprotein profile. 

Estradiol-to-estrone conversion is slower in parental administration, but 

transdermal delivery more commonly facilitates an estradiol-estrone ratio of 

about 1, which is similar to the physiological ratio in the pre-menopausal 

state.

Other differences that favor the transdermal approach include a neutral 

effect on CRP, a decrease in factor VII and fibrinogen, and a reduction in BP.

Because the first pass through the liver is avoided, there may be less

induction of a prothrombotic state with the transdermal preparation. 



Route of Delivery

The Estrogen and Thromboembolism Risk study Group (ESTHER) case

controlled trial found that oral estrogen but not a transdermal formulation

increased the risk of VTE in postmenopausal women on HRT compared with

control subjects. 

In a case-controlled study, transdermal users seemed to have similar level

of cardioprotective effects as those receiving oral preparations. 

These effects are not significant, but this may be attributable to small

sample size. 

However, an animal study using transdermal estradiol did not find inhibition

of aortic atherosclerosis.

Overall, the benefits of a transdermal estrogen preparation over an oral one

Seem encouraging, but further randomized trials are warranted. 

It is hoped that the KEEPS trial, which will randomize healthy

perimenopausal women to oral versus transdermal hormone replacement,

will provide information on this important question.



ER Polymorphisms and Effects

of Estrogen Replacement on 

HDL-cholesterol in Women with CAD

Human Estrogen Receptor a IVS1¡401 Genotype

Association of ESR1 c.454-397T>C 
Genotype with Risk of MI in 

1739 Unrelated Men and Women 
from the Framingham Heart Study

Genetics

It is possible that genetically determined subgroups of 

women may benefit by or be harmed from HRT.



J Clin Endocrinol Metab 87:4147–4153, 2002, J Clin Endocrinol Metab 88: 3823–3828, 2003



Cumulative incidence of primary events (nonfatal MI and CHD deaths) according 

to baseline use of statin therapy and treatment assignment.

Statin Therapy, Cardiovascular Events, and Total Mortality in 

the Heart and Estrogen/Progestin Replacement Study (HERS)

Circulation. 2002;105:2962

Risk ratios and 95% CIs for CV events (MI or CHD death) 

associated with statin use in women enrolled in major 

secondary prevention trials of statin therapy and in HERS. 

Sizes of squares are proportional to numbers of 

women in each study. 

(-) statin use (+) statin use



Summary

• The HRT controversy has not yet been laid to rest. 

•••• Current randomized clinical trial data support the 

AHA/ACC guidelines that HRT should not be 

prescribed for prevention of cardiovascular disease.

•••• However, it remains possible that some formulations

and doses of HRT may have favorable cardiovascular

benefits when initiated earlier in the premenopausal

or perimenopausal period in women without

pre-existing atherosclerotic disease. 


