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In the last 2 decades it has been recognized that heart disease is a prominent cause 
of cardiovascular morbidity and mortality in women. Approximately 2.5 million women 
are hospitalized annually for cardiovascular problems with 500,000 deaths from 
cardiovascular diseases. About 50% of these deaths are due to coronary artery disease. 
The age-adjusted death rates for heart disease demonstrate slightly higher death rates for 
men than for women and for black as opposed to white populations (Figure 1) 1• 

Cardiovascular disease is the leading cause of death of white, black, and Hispanic 
women, representing more deaths than all types of cancer combined 1

. Cardiovascular 
disease in women manifests itself at an older age than in men. This 10-15 year lag in the 
development of coronary artery disease is believed to be related to the effect of 
endogenous estrogen. Endogenous estrogen has a beneficial effect on plasma lipids and 
is associated with improved endothelial function. Cardiovascular disease becomes most 
apparent in older woman (> 65 years old) and increases with age. Given the prevalence 
of cardiovascular disease in women, it is rational to identify strategies to prevent or delay 
the occurrence of this process. 

Figure 1. Age-adjusted death rates from cardiac disease are shown according to 1998 
data 1

• Death rates are slightly higher in men than in women and in blacks than in whites. 

Prevention of cardiovascular disease in women involves several components 
including patient recognition that heart disease poses an important health risk and the 
institution of lifestyle modifications. This discussion will focus on an additional aspect 
of prevention---the role of pharmacologic therapy in preventing coronary artery disease. 
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Specifically, the role of aspirin, statins, and estrogen replacement therapy on the 
development of coronary artery disease in women will be examined. 

In order for a therapy to be useful in the prevention of cardiovascular disease, 
three criteria must be met. First, a therapy must be effective in reducing cardiac events. 
Ideally such an agent would reduce myocardial infarction and cardiovascular death, two 
"hard" endpoints. Effectiveness in reducing "soft" endpoints such as hospitalization and 
revascularization provides additional evidence supporting the use of an agent in 
prevention. Second, a therapy must have a favorable safety profile, i.e. an agent that is 
effective in reducing cardiovascular death but leads to increased cerebrovascular 
mortality would not be an appropriate preventative strategy. Lastly, preventative 
therapies must be cost effective. 

Aspirin in the Prevention of Coronary Artery Disease 

Analgesic properties were found in willow bark in the era of Hippocrates ( 400 
B.C.). This analgesic effect was due to the presence of salicin within the bark and was 
either used on the skin or chewed. Salicin is toxic when ingested and is useful only as a 
topical agent, so efforts were undertaken to create an effective analgesic that could be 
ingested. Acetyl salicylic acid was synthesized in 1897 by Felix Hofmann, a German 
chemist. Licensed by Bayer, it has become the leading analgesic prescribed worldwide. 
The first reports of the use of aspirin in cardiac disorders date to the 1940's when Dr. 
Craven, a California physician, treated many patients with aspirin (Aspergum) following 
myocardial infarction, noting that these patients were unlikely to develop recurrent 
cardiac events 2

. 

The mechanism of action of aspirin is due to inhibition of prostaglandin 
synthesis3

· 
4

. Aspirin irreversibly inhibits acetylation of the amino acid serine at position 
529 of cyclooxygenase-1, thereby preventing the conversion of arachidonic acid to PGH2 
5

. PGH2 is converted to thromboxane A2 (TXA2) by thromboxane synthetase. lfPGH2 
is not available as a substrate for thromboxane synthetase, thromboxane A2 will not be 
formed. Thromboxane is extremely important in amplifying the process of platelet 
activation and release of a multitude of mediators stored in the platelet (Table 1 ). These 
mediators influence growth and inflammation as well as hemostasis. PGH2 is also 
required for the synthesis of prostacyclin in endothelial cells. Prostacyclin formation is 
blocked by aspirin use. This inhibition is only temporary as endothelial cells recover 
their ability to synthesize prostacyclin after a short time. 

Once aspirin is administered and blocks cyclooxygenase activity on a platelet, that 
platelet will have abnormal function for its lifespan (8-1 0 days). Three hundred mg of 
aspirin is sufficient to acutely inhibit thromboxane synthesis by more than 99% 6. Daily 
doses less than a baby aspirin (30-40 mg) are sufficient to chronically suppress 
thromboxane production. 
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Table 1. Examples of mediators released from the platelet 

Hemostatic Mitogenic Inflammatory 
Thromboxane A2 Vascular Nitric Oxide 

Endothelial 
Growth Factor 

ADP Endothelial Cell Platelet Factor 4 
Growth Factor 

Calcium Transforming P-Selectin 
Growth Factor-B 

Epinephrine Platelet-Derived Inflammatory 
Growth Factor Protein-1 

Fibrinogen CD40 Ligand 
Factor V, XI, Von 
Willebrand Factor 

Large clinical studies have demonstrated the efficacy of aspirin in the treatment of 
patients with unstable angina and following myocardial infarction. Interest in the use of 
aspirin in the primary prevention of coronary events developed in the 1980's. The British 
male doctor study enrolled 5139 healthy male physicians and randomized them to aspirin 
(500mg/day) versus no aspirin 7

. Study subjects completed a health survey every 6 
months and endpoints were confirmed by medical records. The length of follow-up was 
6 years. Medical compliance was a major issue in this study with 19% of patients 
stopping aspirin in the first year of therapy (frequently due to gastrointestinal side effects) 
and another 5% discontinuing therapy annually thereafter. In addition, some doctors in 
the control group began taking aspirin. There was no definitive benefit of aspirin therapy 
in the prevention of myocardial infarction or cardiac death (Figure 2). Transient ischemic 
attacks were reduced in subjects taking aspirin (Figure 2). Patients treated with aspirin 
had an improvement in migraines, and musculoskeletal disorders while experiencing an 
increase in the incidence of peptic ulcer disease 7

. 

The Physicians Health Study was performed concurrently in the United States 8
. 

This trial was a randomized, double-blind, placebo-controlled trial of aspirin and beta 
carotene therapy. The goal of the aspirin arm was to assess whether low dose aspirin 
prevented cardiovascular mortality. These 22,071 male doctors greater than 40 years old 
were followed for 60.2 months and took a dose of 325mg of aspirin every other day. The 
trial was stopped prematurely due to the observed effect of aspirin on myocardial 
infarction. There was a 44% reduction in the risk of myocardial infarction, decreasing the 
rate of myocardial infarction from 4.411000 patient years to 2.5/1000 patient years 
(Figure 3) 8. The event rate in the placebo arm was essentially the same as the event rate 
in the control group of the British male doctor study. There was a trend for an increase in 
stroke in the patients treated with aspirin, primarily in those with hemorrhagic stroke. No 
impact of aspirin on total cardiovascular mortality was noted. 
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British Male Doctor Study 
11
1 Events/1 000 man vears ;;;;;;;;;u 

Aspirin Controls 
(n=3429) 

===-·--·---------···-··-------·------·----
(n=1710) 

Nonfatal MI 4.25 4.33 
·-----·~ 

Nonfatal CV A 3.24 2.85 
-------·------ --·----;;; ;;;;;;;;;; 
TIA 1.59* 2.75 

Bleeding, not 1.06 0.74 
cerebral 
=·--··--==== 
Death due to 6.32 6.23 
Ml or CVA 

-
Total death 14.35 15.95 

Figure 2. Results from the British male doctor study demonstrate no significance in the 
incidence of myocardial infarction or death. While there was a decreased incidence of 
transient ischemic attacks in patients treated with aspirin, there was a trend for an 
increase in nonfatal strokes 7. 

Ph l'JSICians 'H lth St d ea u w 
Aspirin Placebo RR p 

MI I 

fatal 10 26 0.34(0.17-0. 75) 0.007 

nonfatal 129 213 0.59(0.47-0.74) <0.001 
=== I 

l t39 
r----

total 239 o.56(0.45-o. 70) 1 <o.oot 
----~--

CVA ni 
;;;;;;;;;;;;--

fatal i 9 6 1.5(.5-4.3) 0.43 
··-·---·-~---- -·-----~·-n--•--· ==· = 
nonfatal 1119 98 1.2(0.9-1.6) 0.2 

Figure 3. Results from the Physicians' Health Study demonstrated a beneficial effect on 
aspirin in the prevention of myocardial infarction 8

. There was a trend toward in increase 
in strokes in this population, similar to the observations of the British male doctor study. 
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Unfortunately, these two large trials enrolled only men. Manson and colleagues 
examined the relationship between aspirin consumption and cardiovascular events in the 
Nurses Health Study 9. In this trial of approximately 87,000 nurses, taking 1-6 aspirin per 
week was associated with a 32% decrease in the incidence of first myocardial infarction9

. 

Subgroup analyses suggested that those women who were older (>50 years old), had 
hypertension, and had lipid disorders were most likely to benefit from aspirin therapy. 
Although data from this trial suggests a substantial benefit from aspirin in women, 
individuals who took aspirin may have had fundamental differences from those not taking 
aspmn. 

The Hypertension Optimal Treatment (HOT) trial was a randomized trial 
performed in Europe 10

. This trial investigated two different concepts: the impact of 
blood pressure lowering to different diastolic pressures (<90mmHg, <85mmHg, and 
<80mmHg) and the influence of low-dose aspirin on the prevention of cardiac events. 
The 18,790 patients were randomized to 3 different levels of blood pressure control and 
half of the patients in each blood pressure group were randomized to aspirin (75mg/day). 
Nearly half of the enrollees were women (47%), an extremely large proportion for any 
randomized trial within cardiology. 

The primary results of the HOT trial demonstrated that diastolic blood pressure 
could be effectively lowered into the low 80's without increased adverse events. The 
lowest incidence of major cardiovascular events occurred at a diastolic blood pressure of 
82.6mmHg and the lowest risk of cardiovascular mortality occurred at 86.5mmHg 10. 

Further lowering of blood pressure beneath 82.6mmHg did not increase the risk of events 
substantially. Diabetics benefited as well as nondiabetics 10

. Aspirin use was associated 
with a 15% reduction in major cardiovascular events (315 vs. 368, p=0.03) and a 36% 
reduction in myocardial infarction (82 versus 127, p=0.002) 10

. 

The HOT investigators subsequently evaluated the effect of aspirin according to 
age and gender II_ Intensive blood pressure lowering was associated with a greater 
benefit in women (decreased death, myocardial infarction, stroke) than in men. Age 
greater or less than 65 years old did not influence the efficacy of aspirin in the prevention 
of cardiovascular events. Aspirin therapy reduced myocardial infarction in men by 42% 
(5.0 to 2.9 infarctions/1000 patient years). There was no impact of aspirin therapy on 
prevention of infarction in women in this trial ( 1. 7 events/1 000 patient years on aspirin 
versus 2.1 events/1000 patient years on placebo)II_ There was an increase in non-fatal 
major hemorrhage in men and women but no increase in fatal hemorrhage associated 
with aspirin therapy. The lack of increase in fatal bleeds was reassuring given the use of 
aspirin in this hypertensive population. 
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Figure 4. In the HOT trial, aspirin therapy was not associated with a significant 
improvement in major cardiovascular events, myocardial infarction, or stroke 11

. 

A comparison of the incidence of myocardial infarction in these three prospective 
studies is given below (Figure 5). The risk of myocardial infarction in women enrolled in 
HOT is substantially lower than in the other two trials despite all patients in HOT having 
hypertension. These women may have been at decreased risk for myocardial infarction 
since they were younger (mean age of61) than the average woman with myocardial 
infarction. 

The ongoing Women's Health Study is investigating the role oflow-dose aspirin 
and vitamin E in the prevention of cardiovascular disease and cancer in women. This 
trial has enrolled 39,876 female health professionals 12

. Patients were randomized to 
therapy according to a 2X2 factorial design with an aspirin dose of 1 OOmg every other 
day. It was anticipated that this trial would be completed this year, but the funding has 
recently been extended for an additional 3 years. 

Prolongation of this study may imply several possible scenarios: I) The 
magnitude of aspirin effect is likely less than in men. 2) While it is possible that adverse 
event rates (hemorrhage) are exceedingly high, this would likely lead to termination of 
the study. 3) It is possible that the aspirin dose selected is too low for prophylaxis of 
coronary disease. 4) Alternatively, patients enrolled in this trial may be somewhat 
healthier than the average American woman 12

. Enrolled women are younger than 
women who typically have myocardial infarctions. This may lead to a decreased event 
rate in treated and control groups. 
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While it is possible that there may be a different biological response to aspirin in 
women than in men, aspirin appears to suppress platelet-derived thromboxane 
concentrations completely in both men and women 13

. Platelet polymorphisms may 
predispose women to acute coronary events 14

' 
15

. Whether these polymorphisms alter the 
response to aspirin therapy is unknown. 

Figure 5. A comparison of the incidence of myocardial infarction per 1000 patient years 
is shown above. While all populations are relatively healthy, there is a reduced risk of 
myocardial infarction in women enrolled in these studies. Aspirin is beneficial in the 
Physicians' Health Study and overall in HOT but not in the British male doctor study. 

Adverse effects of aspirin may be seen at virtually all doses. The most common 
side effect, gastric discomfort, may lead to erosions/gastritis and ultimately to significant 
gastrointestinal bleeding. Many physicians enrolled in the British male doctors study 
discontinued therapy due to gastric discomfort or ulcers . Bleeding requiring transfusion 
or hospital admission was more common in the aspirin treated ~atients in the HOT study 
but there was no significant difference in fatal bleeding events 1

• Aspirin is an 
inexpensive agent and is cost effective in the prevention of cardiovascular events in men 
over the age of 40. 

In summary, it is probable that aspirin decreases the incidence of myocardial 
infarction in women, but to a lesser extent than in men. Women with cardiovascular risk 
factors who are at higher risk of coronary events may derive increased benefit from 
aspirin as compared to the female patient without definable risk factors. Use of aspirin in 
primary prevention of heart disease is at the discretion of the physician pending results 
from the Women's Health Study. 
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LDL Lowering in Women 

Over the last few decades it has become apparent that elevated levels of 
cholesterol and LDL cholesterol are predictors of elevated risk of coronary events. In 
women, additional risk factors for coronary artery disease include reduced levels of HDL 
and elevated levels oftriglycerides. The National Cholesterol Education Program has 
recently released its third set of guidelines for the detection and treatment of lipid 
disorders 16

• These guidelines stress the assessment of cardiovascular risk as well as the 
presence of coronary heart disease in determining the recommended level of treatment. 
The importance of low HDL and elevated triglycerides is discussed 16

• Additional 
attention is given to the "metabolic syndrome", a syndrome characterized by decreased 
insulin resistance, central obesity, hypertension, dyslipidemia (elevated triglycerides and 
low levels of HD L ), as well as enhanced prothrombotic and pro inflammatory states. 
Aggressive therapy of the population with this metabolic syndrome is warranted 
including lifestyle modification and pharmacologic therapy. 

HMG-CoA reductase inhibitors were developed in the 1980's. The agents block 
the action of HMG-CoA reductase, an enzyme responsible for the conversion of HMG
CoA to mevalonate, an early step in the synthesis of cholesterol. The first agent of this 
class, compactin, is produced by the mold Penicillium citricum. It is relatively unstable 
and was never developed as an agent in the United States. Lovastatin, derived from 
Aspergillus terreus and Pravastatin derived from a Streptomyces species were two of the 
first agents developed in the United States for the treatment of hyperlipidemia. 
Pravastatin is the hydroxylated form of compactin and is more stable that the parent drug. 
Newer agents including fluvastatin, atorvastatin, and cerivastatin are organically 
synthesized. The clinical effect of statins on lipid levels is to reduce total cholesterol and 
LDL cholesterol while leading to a small increase in HDL cholesterol. There is variable 
influence of these agents on reducing triglyceride levels with most agents leading to a 
moderate reduction in triglyceride levels. 

Agents in this class are substrates for the cytochrome P450 isoform 3A4 (all 
except fluvastatin) and may be influenced by intake of substances such as grapefruit 
juice. Ingestion of even moderate amounts of grapefruit juice is associated with 
increased levels of statins and their metabolites. Several drugs may interact with statins 
including erythromycin, immunosuppressive agents, and itraconazole. Adverse effects of 
statins include an elevation of liver function tests and myositis. The risk of myositis 
increases with concomitant use of a statin and gemfibrozil. Cerivastatin (marketed as 
Baycol) was recently withdrawn from the market (8/0 1) due to drug-associated myositis 
leading to death. The incidence of this complication appeared to be greater with this 
compound compared to other drugs in this class. 

In the last 10 years, trials of lipid lowering therapy have investigated the role of 
HMG-CoA reductase inhibitors on the incidence of cardiac events. AFCAPS/TexCaps 
was a randomized comparison of lovastatin versus placebo in reducing first acute 
coronary events 17

• This trial enrolled 5608 men (45-73 years old) and 997 women (55-73 

10 



years old). Lipid inclusion criteria included total cholesterol (180-264 mg/dl), LDL (130-
190 mg/dl); HDL 2:45 mg/dl for men and 2:47 mg/dl for women. Approximately 30% of 
women enrolled in the study were treated with estrogen replacement therapy. Insulin
treated diabetics and obese patients (>50% over ideal body weight) were excluded from 
participating. 

In this trial, lovastatin was associated with a 25% reduction in LDL and a 6% 
increase in HDL levels. At one year of therapy there were fewer cardiac events in patients 
treated with lovastatin than with placebo 17

. There were significant reductions in overall 
coronary events, myocardial infarctions, and coronary revascularizations in patients in the 
active treatment arm (Figure 6). While fatal events did not significantly differ in the two 
arms, the reduction in myocardial infarction and revascularization represent reduced costs 
for society. Reduction in revascularizations may have occurred due to plaque stabilization 
and a reduction in the progression of coronary artery disease. 

Figure 6. Lovastatin resulted in a decrease in overall cardiovascular events, m1ocardial 
infarctions, and revascularization procedures in the AFCAPS/TexCAPS trial 1 

• 

AFCAPS/TexCAPS remains the only primary prevention study to enroll women. 
The women were slightly older than the men. Despite being older, the incidence of 
cardiac events was substantially lower than in the men. The expected number of placebo 
events is 30 as opposed to the observed number of 13 (Figure 7) 17

. Despite the low 
number of total events, lovastatin therapy was associated with a reduction of events 
(Figure 7). 
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AFCAPS/T exCAP S-Resu Its 
by gender 
N Lovastatin Placebo 

==·----····-
Men 5608 109 170 

---- -· === Female 997 7 13 

· Figure 7. The incidence of cardiac events was much lower in women than in men 
enrolled in AFCAPS/TexCAPS 17

• Despite the decreased incidence of events in women, 
lovastatin was effective in reducing cardiac events. 

Women have been enrolled in three large studies of statins in the secondary 
prevention of cardiac events 18

-
20

• The proportion of women enrolled in these trials is 
relatively small and ranges from 14-19%. Patients in the secondary prevention trials are 
at higher cardiovascular risk than those in AFCAPS/TexCAPS. In all four trials, there 
was a reduction in the number of cardiac events in those women treated with statins 
leading to a pooled 29% reduction in coronary events 21

. This was an extremely uniform 
result and mirrors the results obtained in male patients. In these trials, statins were well 
tolerated without severe adverse effects. 

Several angiographic trials have evaluated the effect of statin therapy on coronary 
artery anatomy. Using quantitative angiography or intravascular ultrasound, lumen 
diameter has been assessed before and after statin therapy. While there is variability in 
these trials in terms of design and pharmacologic agent, the results are relatively uniform. 
Statin therapy is associated with reduced progression of baseline lesions and decreased 
development of new lesions 22

-
25

. In addition to the anatomic influence on plaque burden 
and stability, statins improve endothelial function and appear to reduce inflammatory 
activity (see below). 
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Figure 8. Major coronary events in women enrolled in the major trials of primary or 
secondary prevention of cardiovascular events. Statin therapy was associated with a 
decreased risk of events in each trial leading to a 27% reduced risk of events overall 21

• 

Statins have been uniformly effective in the prevention of cardiac events, but their 
use is associated with significant cost. The cost-effectiveness of HMG-CoA reductase 
inhibitors in prevent coronary artery events has been evaluated by several groups. For a 
60 year old man with a cholesterol >250mg/dl the estimated cost is $4,900 per year 
compared to $17,000 per year if the cholesterol level is <250mg/dl 26

. Costs in women 
are greater than in men ($81 00 per year for a 60 year old woman, cholesterol >250mg/dl; 
$36,000 per year for a 60 year old woman, cholesterol <250mg/dl)26

. More recent 
estimates of statin therapy "costs" have decreased, probably due to decreased price of 
therapy and additional data demonstrating increased drug efficacy ($4,900 for a woman 
aged 59 with a cholesterol of 261 mg/dl) 27

. As additional data become available in the 
elderly population, estimates of cost effectiveness are expected to decrease. 

A potential strategy to improve the cost-effectiveness of statins includes 
prescribing therapy to patients with high-risk characteristics. The National Cholesterol 
Education Program guidelines do this by defining cholesterol levels and risk levels for 
appropriate nonpharmacologic and pharmacologic treatment 16

. A significant proportion 
of the population may have cholesterol levels lower than those cun·ently recommended 
for pharmacologic treatment, but remain at increased risk for the development of 
coronary disease. Up to 50% of all patients with myocardial infarction do not have 
hypercholesterolemia. Identification of additional risk factors in this population is 
necessary in order to develop further preventative strategies. 

C-reactive protein (CRP) is associated with an increased risk of coronary 
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events28
-
30

. Women enrolled in the Women's Health Study have been evaluated for serum 
markers of cardiovascular risk. Women with the highest quartile of CRP levels had a 4.4 
fold increase in the incidence of cardiovascular events (Figure 9i0

. Other markers 
predictive of cardiac events included serum amyloid A, siCAM-1, interleukin-6, 
homocysteine, total cholesterol, and LDL cholesterol 30

. Levels of HDL were inversely 
related to cardiac events. Importantly, CRP and serum amyloid A remained predictive of 
events even in women with LDL levels less than 130mg/dl 30

. Statin therapy has been 
found to reduce CRP independently of its lipid lowering properties 31

. In 
AFCAPS/TexCAPS, lovastatin therapy was effective in patients with a LDL higher than 
the median (149 mg/dl) 32

. Therapy was equally effective in patients with a LDL lower 
than the median but a CRP higher than the median 32

. 
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Figure 9. The relationship between cholesterol levels and CRP, serum amyloid A, 
soluble intercellular adhesion molecule type I, and interleukin-6 is shown according to 
tertiles of data 30

. The risk rises with increasing levels of cholesterol and each marker. 

Statin therapy is associated with a reduction in cardiovascular events in both men 
and women, with a similar magnitude of effect. This effect is seen in studies of primary 
prevention as well as secondary prevention. The cost of these agents prohibits their use 
in all individuals, so it is important to target their use to those individuals at higher risk. 
Women at higher risk include those with elevated LDL, elevated triglycerides as well as 
low HDL. Women with other cardiovascular risk factors (diabetes mellitus, hypertension, 
metabolic syndrome) should be treated according to NCEP III guidelines 16

• As other 
"risks" for cardiovascular disease are identified (such as CRP), the role of these risk 
factors in targeting statin therapy will be determined. 

14 



The Role of Hormone Replacement Therapy in Women to Reduce the Risk of 
Coronary Artery Disease 

The role of estrogen in preventing coronary disease arose from the prevalence of 
heart disease according to age (Figure 1 0). Acute myocardial infarction or angina is 
uncommon in the premenopausal female except in those with major risks for coronary 
disease. Following menopause there is an increase in coronary artery disease in women 
that establishes a 10-15 year delay between men and women, i.e. a 70 year old woman 
has a similar likelihood to develop myocardial infarction as a 55 year old man. Women 
who have early menopause (natural or surgical) have a higher risk of coronary artery 
disease. In evaluating this epidemiologic information, the most likely etiology for the 
delay in coronary artery disease in women is a protective effect of estrogen. The 
hypothesis was generated that use of estrogen replacement therapy might further delay or 
prevent the development of coronary disease. 

Figure 10. The incidence of acute myocardial infarction is shown for men and women 
according to age. More men than women suffer from acute myocardial infarction at all 
ages but the difference in prevalence decreases as women get older. 

Estrogen has many different biologic effects, some of which are favorable and 
some of which are unfavorable for the development of coronary artery disease. 
Exogenous estrogen results in an increase in HDL and apolipoprotein AI and a lower 
LDL, apolipoprotein B-100 and Lp(a) 33

'
34

. Unopposed estrogen administration results in 
an increase in the incidence of endometrial cancers so estrogen administration is 
generally accompanied by progestin administration in women with an intact uterus. 
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Progestins, however, result in an increase in LDL and a decrease in HDL, changes would 
could potentially negate the effects of estrogen on cholesterol levels. 

In the Postmenopausal Estrogen/Progestin Interventions Trial combined 
estrogen/progestin therapy was administered 34

. The combination of these agents did not 
interfere with the cholesterol-lowering effect ofthe estrogen but did prevent endometrial 
hyperplasia 34

. In this trial, 875 women were randomized to several different regimens: 
placebo, conjugated equine estrogen 0.625mg/day, conjugated equine estrogen plus 
cyclic medroxyprogesterone acetate (1 Omg/day for 12d/month), continuous estrogen and 
medroxyprogersone acetate, or estrogen plus cyclic micronized progesterone (200mg/day 
for 12 days/month). HDL cholesterol increased over time in those women treated with 
estrogen alone or estrogen plus cyclic medroxyprogesterone. All active treatments were 
associated with a reduction in LDL cholesterol (14.7-17.7mg/dl) and an increase in 
triglyceride levels (11.4-13. 7mg/dl)34

. 

In addition to the effects of estrogen on lipid metabolism, the biologic effects of 
estrogen are mediated by at least two estrogen receptors, alpha and beta, that are steroid 
hormone receptors. These receptors are wide spread and may be found in reproductive 
tissues, bone, liver, brain, and the vasculature 3 

. These receptors function as 
transcription factors altering gene expression and can be activated by growth factors in 
the absence of estrogen. The beta-receptor appears to be particularly important in 
vascular injury 35

. Through these receptors, estrogen decreases the oxidation of LDL and 
decreases the incorporation of cholesterol into the vessel wall. Data from the 
Atherosclerosis Risk on Communities Study, however, sufgests that the effect of 
estrogen is not due to a change in atherosclerotic burden 3 

. 

Estrogen is a direct vasodilator and decreases the endothelium-de~endent 
coronary vasoconstrictive response to increasing doses of acetylcholine 3 

. Estrogen is 
involved in the regulation of a number of vascular and hemostasis related genes (Table 2) 
that result in a decrease in thrombotic potential, improved fibrinolysis, and reduced serum 
angiotensin converting enzyme activity. Estrogen results in an increase inC-reactive 
protein levels, suggesting an "inflammatory" effect of these hormones 38

. 

Much of the clinical evidence suppm1ing the use of estrogen replacement therapy 
for the prevention of coronary artery disease comes from epidemiologic trials in which 
estrogen was used primarily to decrease menopausal symptoms and prevent osteoporosis. 
The most compelling data come from the Nurses Health Study, a study of 70,533 
postmenopausal women begun in 1976 39

. Biennial questionnaires were used to assess 
details of hormone use and various endpoints. Nonfatal and fatal coronary artery disease 
occurred in 1258 individuals (1.8% of total) during 20 years of follow-up. The incidence 
of coronary artery disease in this population suggests that the population is healthier than 
the American public given the incidence of coronary disease in subjects who did not use 
estrogen of 3.111000. Study participants were classified according to hormonal use into 
nonusers, current users and past users. Current use of hormone replacement therapy was 
associated with a 46% reduction in the risk for major coronary events (relative risk 0.54 
(0.46-0.62))39

. Because subjects who used replacement therapy were leaner and likely to 
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smoke less, the adjusted relative risk for hormone replacement users was RR of 0.64 
(0.54-0.76). Based on these data, 21 cases of cardiovascular disease could be prevented 
for 100,000 years of use in postmenopausal women age 55-59 years (0.2 events/1000 
years ofuse)39

. 

Table 2. Example of genes regulated by estrogen 

Vascular Nonvascular 
Prostacyclin TGF-beta 
Endothelin-1 Epidermal growth factor 
Collagen Platelet-derived growth factor 
Matrix metalloproteinase 2 Flt-4 Tyrosine 
E Selectin Tissue Factor 
Vascular adhesion molecule Fibrinogen 
Vascular endothelial growth factor ProteinS 

FactorsVII and XII 
TPA and PAI-l 
Antithrombin III 

Grady and colleagues reviewed the evidence supporting the use of hormone 
therapy to prevent cardiovascular disease 40

. There were 32 studies published between 
1970 and 1992 dealing with the issue of estrogen for prevention of cardiac events. Data 
have been published from a variety of trial designs ranging from case-control, cross
sectional to cohort studies. Twenty-five of these studies suggest estrogen is beneficial, 
while the other seven demonstrate either a neutral or detrimental effect 40

. The pooled 
estimate of the relative risk of coronary heart disease in these studies was 0.65 (0.59-
0.71) indicating a 35% reduction in the incidence of cardiac events. 

HERS (Heart and estrogen replacement study) randomized 2763 women with a 
previous history of heart disease to hormone replacement therapy or no therapy 41

• 

Conjugated equine estrogen (0.625mg) and medroxyprogesterone acetate (2.5mg) were 
taken daily by participants randomized to active therapy. Approximately 75% of subjects 
took 80% or more of the assigned pills with compliance decreasing slightly over the 
course ofthe trial. Nearly 20% ofwomen were started on statin therapy during the trial. 
Institution of statin therapy did not influence the results of the trial. Overall, there was no 
significant benefit of hormone replacement therapy on the incidence of recurrent cardiac 
events: 172 in the hormone group and 176 in the placebo group over the 4.1 years of 
follow-up (Figure 11)41

. During the first year oftherapy there was an increased risk 
(52%) of a cardiac event. This increase in cardiovascular deaths in the group treated with 
estrogen/progestin persisted through year 4 when slightly more events occurred in the 
placebo group (Figure 12). Estrogen/progestin had no significant impact on the incidence 
of stroke or transient ischemic attack but there was a moderate increase in the incidence 
of deep venous thrombosis and pulmonary embolism (Figure 11) 41

. Venous 
thromboembolic events occurred in 34 women in the active therapy arm (6.3/1000 
woman-years) and 13 in the placebo group (2.411 000 woman-years )41

• The risk of 
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thromboembolism was decreased in those individuals taking aspirin (RR 0.5(0.2-0.8)) or 
statins (RR 0.5 (0.2-0.9)) 42

. 

Figure 11. The relative risk of hormone replacement therapy in HERS is shown for three 
major outcomes-coronary heart disease (C:HD), stroke or transient ischemic event 
(Stroke/TIA), and deep venous thrombosis/pulmonary embolism (DVT/PE) 41

• There was 
a significant increase in the risk of DVT/PE in patients treated with estrogen/progestin. 

Figure 12. The number of coronary heart disease deaths is shown versus the number of 
years since randomization demonstrating a slight excess of deaths in the treated group 
until the fowih year of therapy 41

. 
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The ongoing Women's Health Initiative is investigating the role of estrogen 
replacement therapy in the primary prevention of heart disease in 27,500 women 43

. 

Slated to be completed in 2005 , the participants in this trial were notified in early 2000 of 
an increased risk of myocardial infarction during the first year of hormone use, 
suggesting that the observations made in HERS may also be true in primary prevention44

. 

The trial was continued in order to increase the duration of exposure to estrogen with the 
hope that estrogen will have a favorable impact on events over time (greater than 1-2 
years). 

Recent publications have addressed the impact of estrogen replacement therapy 
on the progression of coronary artery disease. Three hundred nine women with 
documented coronary artery disease were assigned to treatment with estrogen, estrogen 
plus progesterone, or placebo 45

. Baseline and follow-up (3.2± 0.6years) quantitative 
angiography was performed in this population. Minimal coronary artery diameters were 
not significantly different at follow-up in all three groups suggesting that estrogen alone 
or combined estrogen/progesterone did not impact progression of disease 45

. 

Administration of estrogen does not impact the rate of increase in carotid intima-media 
thickness 46

. In the Coumadin Aspirin Reinfarction Study, women who began hormone 
replacement therapy following myocardial infarction had a higher incidence of cardiac 
events (death/myocardial infarction/angina) during follow-up than never-users of 
estrogen ( 41% versus 28%) 47

. This increase in event rates was primarily due to an 
increase in unstable angina 47 but was not seen in women who had been taking estrogen 
replacement therapy prior to the incident event and continued therapy. 

Various mechanisms have been proposed for the increase in early arterial events 
noted in HERS. One potential mechanism is that there is an increase in thrombotic 
events in patients at high risk for such events (inherited thrombophilias, smoking, etc.). 
Psaty and colleagues studied 232 women with incident myocardial infarctions between 
1995 and 1998 and compared them to 723 matched controls 48

. The women were 
evaluated for the presence of coagulation factor V Lei den and prothrombin 20210 G-A 
variants and were stratified according to hypertension. No interaction was noted between 
factor V Leiden and myocardial infarction. There was a marked increase in risk of 
myocardial infarction in those hypertensive patients taking estrogen who had the 
prothrombin mutation (Figure 13) 48

. . 

Hormone replacement therapy influences a variety of hemostatic and vascular 
genes that may lead to different acute and chronic effects. Estrogen results in a decrease 
in plasminogen activator inhibitor and an increase in endogenous tissue plasminogen 
activator. This leads to an increase in plasmin activity and an increase in matrix 
metalloproteinase-9 (MMP-9). Acutely, this increase in MMP-9 may weaken the fibrous 
cap overlying atherosclerotic lesions leading to plaque rupture and acute myocardial 
infarction 49

. Thus, estrogen could have a deleterious effect on the vasculature acutely, in 
spite of its effects on endothelial function. Chronically this increase in MMP-9 activity 
could lead to altered plaque composition with reduced matrix proteins. This altered 
vascular wall may have improved compliance with decreased likelihood for abrupt 
plaque rupture (Figure 14). 
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Figure 13. The risk of myocardial infarction is increased in patients with underlying 
prothrombin mutations. The coexistence of prothrombin mutations and hormone 
replacement use greatly magnify the likelihood of developing a myocardial infarction 48

. 

------~-------· ·· 

Figure 14. Following the observation of increased early arterial events in HERS, a 
variety of biologic explanations for the phenomenon have been developed 49

. 
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Additional data regarding the use of estrogen replacement therapy for the 
prevention of heart disease will be forthcoming in the next few years. In response to the 
available data, the American Heart Association altered its position on the use of estrogen 
for cardiac indications in July 2001. A press release was issued stating that there were no 
current indications for initiating estrogen therapy in women with the intent of altering the 
occurrence of cardiac disease. While cost of estrogen replacement therapy is reasonable, 
concerns about effectiveness and risk of thromboembolism prohibit ERT from becoming 
mainstream therapy in the prevention of heart disease in women. 

Prevention of Coronary Artery Disease in Women 

Prevention of coronary artery disease is important as it represents a leading cause 
of death in women (Table 3). The first step in preventing disease is to increase awareness 
of the importance of heart disease in women. A recent American Heart Association 
Survey showed that 62% of women believe cancer is the greatest health concern and less 
than 10% of women identified heart disease as the greatest threat 50

. On a positive note, 
the knowledge of heart disease has increased from 34 to 40% since 1997 and the 
knowledge of stroke has increased from 28 to 35%. Additional educational efforts are 
needed to improve the recognition of heart disease as an important health risk. These 
efforts are ongoing through many venues, ranging from the internet, books, magazines, 
television, and programs for school and religious groups. 

Table 3. Key factors in the prevention of heart disease in women 

Steps in Prevention of Heart Disease in Women 
Increase awareness of disease 
Lifestyle modifications 
Pharmacologic modifications 

Lifestyle modifications are important in the prevention of cardiovascular disease. 
These modifications include weight control, regular exercise and smoking cessation. 
Each of these modifications is as important as pharmacologic therapies yet is not 
practiced by a significant proportion of American women. In addition to their 
effectiveness in preventing cardiovascular disease, these lifestyle modifications are safe 
and extremely cost effective. They are also associated with a reduction in respiratory 
illnesses and cancers (smoking cessation) and a reduction in fractures (regular exercise). 

In addition to lifestyle modifications, pharmacologic modifications offer hope in 
the attempt to prevent or reduce cardiovascular disease in women. Demonstration of 
efficacy may be difficult in women due to the low incidence of cardiovascular disease in 
women under the age of 55. Aspirin is effective in men over the age of 40 in preventing 
cardiovascular events. Data from the HOT (Hypertension Optimal Treatment) trial failed 
to demonstrate a benefit of aspirin therapy in the prevention of coronary events. This 
lack of benefit in women may be due to insufficient power or related to the dose of 
aspirin used (75mg/day). The Women' s Health Study has recently been extended for an 
additional 3 years as no definitive answer regarding the use of aspirin in the prevention of 
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cardiovascular disease in women has been reached. While aspirin may be effective in 
preventing cardiovascular disease in women, the impact of aspirin for this indication in 
women is likely less than in men. 

Table 4. Overall assessment of Aspirin, Statin Therapy, and Estrogen Replacement 
Therapy (ERT) for primary prevention of heart disease in women. 

Aspirin Statio ERT 
Effectiveness +I- ++ +I-
Safety +I- + --
Cost + -- + 

Lipid lowering therapy with statins has been demonstrated to be highly effective 
in reducing cardiac events and death in patients with preexisting coronary artery disease. 
Frequently, cholesterol is not effectively reduced to treatment goal. This "compliance" 
needs to be improved to successfully reduce cardiovascular events. In HERS, 91% of 
women did not meet the cholesterol treatment goal defined by NCEP II, the guidelines in 
place at the time of the study 51

. Myocardial infarction and revascularizations are also 
reduced in patients with hyperlipidemia treated with lovastatin enrolled in the 
AFCAPS/TexCAPS trial. The small proportion of women enrolled in this trial benefited 
from statin therapy but their overall event rate was much lower than men enrolled in the 
trial. The benefit of statin therapy may be related to a reduction in circulating lipid levels, 
plaque stabilization and regression, as well as to an altered inflammatory environment. 

The costs associated with long-term statin therapy may be substantial. Highly
sensitive CRP may identify patients with normal cholesterol levels who will benefit from 
statin therapy. Use of strategies such as CRP may decrease the costs associated with 
statin therapy by selecting a high-risk population. Until more data concerning strategies 
for lipid treatment are available, clinicians should carefully evaluate the HDL and 
triglyceride levels as well as the LDL of women and be familiar with the National 
Cholesterol Education Program (NCEP III) guidelines. 

Estrogen replacement therapy is historically associated with a reduction in 
cardiovascular events and mortality. Although estrogen replacement therapy is 
associated with a positive effect on lipid profiles, recent prospective clinical studies 
suggest ERT may have an adverse or neutral effect on cardiovascular outcome. The 
American Heart Association has now changed its guidelines to state that "women who 
have entered menopause should not start hormone replacement for the sole purpose of 
preventing heart disease." The mechanism for the adverse effects of ER T may be related 
to prothrombotic or proinflammatory effects of this therapy. Data from the Women's 
Health Initiative and other prospective clinical trials of ERT for primary prevention will 
be forthcoming in the next few years. In the meantime additional research is needed to 
explore the acute and chronic effects of estrogen on the vasculature. 

Studies of pharmacologic therapy for the prevention of heart disease in women 
explore the impact of a single agent. A more important issue is how these agents interact 
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and whether or not a combination of therapies is beneficial or detrimental. No large 
studies have explored the issue of combination therapy yet physicians make the decision 
to combine them daily. Physicians will depend on the results of ongoing studies to make 
rational decisions on whether to use individual or combinations of these therapies. 
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