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Presentation Summary
Cardiovascular disease is the
leading cause of mortality among
US women, and it affects a sub-
stantial number of women after
menopause. However, the risk for
cardiovascular disease and other
chronic diseases may be reduced
by appropriate preventive regi-
mens, which may include estro-
gen or hormone replacement
therapy or selective estrogen

Lori Mosca, MD, MPH, PhD

receptor modulators (SERMs),
such as tamoxifen or raloxifene.
There is consistent observation-
al/epidemiologic evidence sug-
gesting that estrogen is cardiopro-

tective. However, clinical trial
results have not supported these
findings. Preliminary research
indicates that tamoxifen and
raloxifene appear to have positive

effects on lipid levels and other
markers of cardiovascular risk,
but long-term studies have not
been completed.

Given the current limitations
of available clinical and observa-
tional data, long-term trials are
needed to better define the role of
estrogen, tamoxifen, and ralox-
ifene in cardiovascular health.
Several trials are currently under-
way and should provide data that
more clearly define which women
will benefit from these agents.
Current findings suggest that cer-
tain SERMs may have the cardio-
vascular benefits of estrogen
without adverse effects on the
breast and uterus and are there-
fore a promising option for main-
taining health among many post-
menopausal women.

ardiovascular disease (CVD) is
C the leading cause of mortality

and a significant cause of mor-
bidity among women in the United
States. CVD and its sequelae affect a
substantial number of postmenopausal
women. It is estimated that a 50-year-
old white woman with no significant
risk factors for CVD has a 1 in 2 chance
of developing CVD and a 1 in 3 chance
of dying of it.! Emerging preventive
options, such as the selective estrogen
receptor modulators (SERMs) tamox-

ifen and raloxifene, are being studied
in various clinical trials for their abil-
ity to reduce the adverse conse-
quences and costs of CVD and other
conditions. These data will better
define the role of these compounds in
developing appropriate preventive
regimens for individual postmenopausal
patients. As with all therapeutic regi-
mens, assessing individual patients’
health risks and concerns is essential
to achieving long-term adherence and
positive clinical outcomes
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CVD was the most frequently listed
hospital discharge diagnosis for near-
ly 3 million women in the United
States in 1994, and there were more
than 500,000 CVD-related deaths
among women in 1993.2 Moreover,
CVD results in almost $159 billion in
annual direct costs (eg, hospitaliza-
tion, physicians, medications, home
healthecare, and other durable goods)
for the treatment of men and
women. Indirect costs (lost produc-
tivity associated with morbidity and
mortality) add another $100 billion
per year.?

Women have a lower age-adjusted
risk and tend to develop CVD at later
ages compared with men.?® The
absolute risk for CVD increases with
age to a greater degree in women than
in men. Among individuals 85 years
and older, there are more than twice
as many CVD-related deaths among
women compared with men (Figure
1).2 Overall, the rate of CVD-related
deaths in the United States has been
declining for the last several decades,
but this trend is less pronounced in
women than in men.?

Risk Factors for CVD

The well-documented risk factors
for atherosclerotic CVD, which
includes coronary heart disease
(CHD), stroke, hypertension, and
peripheral artery disease, have been
reviewed extensively.> Among women,
most CGVD is associated with CHD and
its consequences. In addition to age
and menopausal status, major CHD
risk factors include cigarette smok-
ing, hypertension (including isolated
systolic hypertension), dyslipidemia,
diabetes mellitus, obesity, sedentary
lifestyle, and poor nutrition.* The
potential effects of stress and psy-
chosocial factors also require further
research.?* Strategies for managing
CHD risk factors in women with a
broad range of cardiovascular risks
have recently been defined by the
American Heart Association and the
American College of Cardiology.®

One mechanism by which estrogen
replacement therapy (ERT) and
SERMs may be cardioprotective is
their altering of lipid or lipoprotein
levels. Although there have been few
randomized trials of lipid-lowering
treatment for prevention of CHD in
women,® a variety of studies have
demonstrated the following:

» Reduction in low-density lipopro-
tein cholesterol (LDL-C) lowers
risk of myocardial infarction in
men and women in the setting of
both primary and secondary pre-
vention, even when they have
average total and LDL-C levels.®®

o Low high-density lipoprotein cho-
lesterol (HDL-C) is a risk factor
for myocardial infarction in
women and is a stronger risk fac-
tor for women older than 65
years,>1°

¢ Although study results have been
inconsistent, high triglyceride lev-
els appear to be a risk factor for
CHD and may be a stronger pre-
dictor in women.!!

Figure 1. Deaths From Cardiovascular Diseases by Age*
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Source: American Heart Association, 1997.
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» High fibrinogen levels are a strong
predictor of CHD*? and an inde-
pendent risk factor for CVD in
men and women.

The most frequent lipid abnormal-
ities found after menopause are
increased total cholesterol, LDL-C,
and triglyceride levels. 1413

Endogenous Estrogen. The impact
of long-term estrogen deprivation on
cardiovascular risk has not been
established because the effects of
menopause cannot easily be separated
from the effects of aging.1® Age-spe-
cific mortality rates among women do
not show a sudden increase in GVD-
related deaths at the time of
menopause. Although women have a
delayed onset of CHD compared with
men, there is no apparent increase in
the rate of CHD at the time of
menopause.l’” However, examination
of CVD rates may be too crude a
measure to assess the influence of
gradually declining estrogen levels in
women. In addition, CVD has a long
latency period during which CVD risk
factors may change, and the effects of
aging and other chronic diseases may
obscure the relationship between
estrogen deprivation and CVD death
rates.1®

In contrast, the fact that early sur-
gical menopause has been associated
with an increased CHD risk that can
be reduced with estrogen therapy sug-
gests that estrogen may be cardiopro-
tective in postmenopausal women.!®
Despite the widespread recognition
that ERT has a potentially beneficial
effect on cardiovascular risk, long-
term clinical trials have only recently
been initiated to assess this relation-
ship.’ The potential cardiovascular
effects of estrogen include beneficial
changes in lipids, lipoproteins, fib-
rinogen, and plasminogen activator
inhibitor-1 as well as vasomotor and
antioxidant effects.??9? The majority
of estrogen’s protective effect may be
due to nonlipid mechanisms,*?
which must also be considered in
comparing how various prevention

and treatment modalities influence
CVD risk in postmenopausal women.
The possibility that concomitant use
of certain progestins and estrogen
may reduce or eliminate the benefit
of estrogen is another consideration
in counseling women about hormone
replacement therapy (HRT) use.

Differential Effects of Combined
Estrogen and Progestin

To better understand the selective
cardiovascular effects of SERMs, it is
important to review the cardiovascu-
lar effects of both ERT and HRT
(combined estrogen and progestin).
The long-term use of HRT is a rela-
tively recent development prompted
by the finding that unopposed ERT
increases the risk for endometrial
cancer ??” HRT is now considered
the standard therapy for most women
with intact uteri who take estrogen.

In the 3-year, randomized, double-
blind, placebo-controlled Postmeno-
pausal Estrogen/Progestin Interventions
Trial, all active forms of treatment
increased HDL-C and triglycerides and
decreased LDL-C and fibrinogen in
875 healthy women. The unopposed
estrogen regimen was most beneficial;
however, micronized progesterone
preserved most of estrogen’s positive
effect.?® Another study including 17
postmenopausal women found that
transdermal estradiol alone had a
beneficial effect on LDL-C, total cho-
lesterol, and endothelium-dependent
vasodilation. The administration of
estradiol plus vaginal micronized
progesterone did not attenuate this
effect.?

Animal Models of HRT and CVD.
Various animal models have suggested
that medroxyprogesterone acetate
attenuates the benefit of conjugated
equine estrogen on coronary artery
dilation® and reverses the benefit of
estrogen on atherosclerosis reduc-
tion®' and wvascular remodeling.??
Estradiol combined with proges-
terone was found to protect against
coronary vasospasm, whereas combi-
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nation with medroxyprogesterone
acetate did not.»

Lipid-Lowering Effects of ERT

There is consistent observa-
tional/epidemiologic evidence sug-
gesting that estrogen is cardioprotec-
tive. This is due, at least in part, to its
beneficial effect on the lipid profile in
postmenopausal women. Premeno-
pausal women tend to have lower
LDL-C levels and higher HDL-C levels
compared with men of the same age.
However, women who receive oral
estrogen after menopause have
reduced LDL-C levels and increased
HDL-C levels, even if their baseline
cholesterol levels were elevated.?®
ERT is also associated with increased
triglyceride levels.?®

ERT and CHD: Observational
Studies

Observational/epidemiologic stud-
ies of estrogen and CHD in post-
menopausal women have consistently
demonstrated a lower risk of CHD
with estrogen use. Meta-analyses
based primarily on observational
studies of unopposed estrogen use
have found a 30% to 50% reduction in
CHD risk 1193435

HRT and CVD: Observational
Studies

Results of a recent meta-analysis
that included seven observational
studies of HRT and CHD risk compar-
ing users to nonusers demonstrated
that estrogen plus progestin reduced
the risk for CHD by approximately
33% (summary relative risk, 0.66; 95%
confidence interval, 0.53-0.84).%

Sources of Epidemiologic Bias
Because nearly all of the data col-
lected on estrogen and CHD are based
on observational studies rather than
clinical trials, it is important to con-
sider potential sources of bias. Most of
these biases would reflect a falsely
increased benefit of estrogen.!” These
are some bias factors that may explain

why hormone users are at lower risk
for CVD.
e They are
nonusers, 163
¢ They are more likely to engage in
healthy behaviors and to receive
preventive healthcare >

healthier than

¢ People who adhere to any treat-
ment are at lower risk for CHD
events 839

¢ They are less likely to discontinue
hormone use because of illness.?

¢ Early adverse events may not be
observed if susceptible women
have died and are not included in
a cohort study (prevalence-inci-
dence bias).1®

These potential epidemiologic
biases highlight the need for con-
trolled clinical trials of HRT and ERT
for the prevention of CVD.

HRT and CVD: Clinical Trials

In contrast to the epidemiologic
data on HRT and CVD, the results of a
pooled analysis of 22 randomized,

placebo-controlled clinical trials
involving nearly 4000 postmenopausal
women found no association between
HRT and cardiovascular events. The
CVD risk reached approximately 40%
(odds ratio, 1.39; 95% confidence inter-
val, 0.48 to 3.95) when venous throm-
boembolic events were eliminated
from the analysis.*® It is important to
note that these studies included vari-
ous types of estrogen and progestin,
and that there was a low overall rate
of events.
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The recently compléeted Heart and
Estrogen/progestin Replacement Study
(HERS)# also found no reduction in
the overall rate of CHD events in
women with established CHD who
received HRT. HERS is the first large-
scale, randomized, double-blind,
placebo-controlled trial developed to
examine the use of conjugated
equine estrogen (0.625 mg/day) plus
medroxyprogesterone - acetate (2.5
mg/day) in 2763 postmenopausal
women with preexisting CHD (second-
ary prevention).

In the HERS cohort, there were no
significant differences between treat-
ment groups for nonfatal myocardial
infarction and CHD-related death
{(primary outcomes). There was also
no difference between groups for
coronary revascularization, unstable
angina, congestive heart failure,
cardiac arrest (resuscitated), stroke
or transient ischemic attack, and
peripheral arterial disease (secondary
outcomes) despite significant decreases
in LDL-C and increases in HDL-C
(each P < 0.001). However, there was
a trend toward increased CGHD events
in year 1 and a decrease in years 4 and
5. Based on these findings, the
researchers recommended that HRT
not be initiated for secondary preven-
tion of CHD, but that women who are
already receiving HRT for this pur-
pose could continue treatment  The
trial assessed neither the impact of
estrogen alone nor the impact of differ-
ent types of progestin. The results
may not be generalized to a low-risk
population. ¢

Limitations of Clinical Trials of
HRT and CVD

Clinical trials, like HERS, have cer-
tain limitations that must be consid-
ered, including the following'®:

¢ Results may not be generalized
outside the study population.

* Results achieved with one type or
dose of HRT may not be extrapo-
lated to other forms of HRT or
ERT.

¢ The duration of trials may not be
sufficient to determine late effects
or net clinical effects.

* Effects observed in clinical trials
may not reflect the effects occur-
ring in day-to-day practice (efficacy
vs. effectiveness).

SERMs

Given the current limitations of
the data supporting the use of HRT
for CVD prevention, clinical trials are
needed to better define the role of
estrogen therapy and other potentially
important approaches to prevention,
such as SERM therapy (eg, tamoxifen
and raloxifene). Although SERMs
appear to be promising as a potential
preventive approach, the data are pri-
marily based on intermediate end-
points, such as lipid levels. Results
from new studies with CVD outcomes
as primary endpoints will help
demonstrate the impact of these
agents on rates of myocardial infarc-
tion and mortality.

Tamoxifen

Tamoxifen has a 20-year history of
use in breast cancer treatment and
has recently been indicated for the
prevention of breast cancer in women
at high risk for the disease >%
Beneficial effects of tamoxifen include
its estrogen antagonistic effect on
breast tissue and estrogen agonistic
effects on bone and lipid levels as well
as’ other markers of cardiovascular
risk.#> However, one untoward effect
of tamoxifen is its estrogen agonistic
activity in the endometrium.*

Tamoxifen has demonstrated a
favorable impact on lipid profile
among postmenopausal women with
and without breast cancer at a dosage
of 20 mg/day.*>" Studies that included
postmenopausal breast cancer patients
have found a 7% to 17% decrease in
total cholesterol and a 6% to 29%
decrease in LDL-C,*® with no increase
in triglycerides.® One such study
demonstrated an increase in HDL-C.#°
However, these studies were not
designed to measure cardiovascular
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endpoints, and the data were not col-
lected systematically.

In addition, tamoxifen (20 mg/day)
appears to reduce fibrinogen,*:5%51
lipoprotein(a),> and apolipoprotein
B.4752 (Clinical data also suggest that
tamoxifen may be cardioprotective
because it acts as an antioxidant.>®

Tamoxifen (40 mg/day) reduced
the risk of cardiovascular morbidity
in a retrospective study of hospital
admissions.> Other studies that
employed a lower dosage of tamoxifen
(20 mg/day) and monitored myocar-
dial infarction incidence® and mor-
tality also demonstrated reduced
CVD risk % A more recent retrospec-
tive analysis of the first phase of the
National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-14 trial of
tamoxifen indicated that tamoxifen
reduced the risk of CHD mortality,
but the results were not statistically
significant.5’

There are limited clinical trial data
on the cardiovascular effects of
tamoxifen. The trials*>5" have been
relatively short, the number of inci-
dents has been small, and the results
may be confounded by the biologic
effects of cancer and the treatments
provided for that condition.5” The
recently released results of the
NSABP P-1 Breast Cancer Prevention
Trial,*® which included both healthy
premenopausal women as young as
35 years and postmenopausal women
who were at high risk for breast can-
cer, did not detect a significant reduc-
tion in the average annual rates of
ischemic heart disease (ie, myocar-
dial infarction, severe angina, acute
ischemic syndrome). In addition, a
meta-analysis of 55 randomized clini-
cal trials of adjuvant tamoxifen that
included 37,000 women with breast
cancer found no reduction in cardio-
vascular mortality.”” The generaliz-
ability of these findings to women at
risk for CHD is not known.

Raloxifene
Raloxifene is a SERM with estrogen
agonistic effects on bone but estrogen

antagonistic effects on breast and
uterine tissue.®® Raloxifene was
approved in December 1997 for
osteoporosis prevention in post-
menopausal women.®'  Although
raloxifene is not currently indicated
for other uses in the United States,
preclinical and clinical data have sug-
gested that raloxifene may have a
beneficial effect on surrogate markers
of cardiovascular risk (Table 1). LDL-
C, lipoprotein(a), and fibrinogen were
reduced in a 6-month, double-blind,
placebo-controlled, randomized trial®
of HRT (conjugated equine estrogen,
0.625 mg/day; and medroxyproges-
terone acetate, 2.5 mg/day) and ralox-
ifene (60 mg/day or 120 mg/day).
Raloxifene also increased HDL,-C,
which is the subfraction of HDL-C
that is believed to be cardioprotec-
tive.” It did not increase HDL-C,
triglycerides, or plasminogen activa-
tor inhibitor-1. The trial included 390
healthy postmenopausal women at an
average age of 59 years (range, 45 to
72 years) who were predominately
white (89%) and had a mean baseline
total cholesterol level of 5.9 mmol/L
(229 mg/dL).*°

A 2-year, randomized, placebo-
controlled study that included 601
postmenopausal European women
also found that raloxifene (30 mg, 60
mg, or 150 mg/day) significantly

Table 1. Summary of Raloxifene’s Cardiovascular Effects

Significant
(Less Than
Estradiol)

Model Insignificant

Significant
(Similar to
Estradiol)

Significant
(Greater Than
Estradiol)
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Figure 2. Effect of Raloxifene on Lipid Levels at 24 Months*

O Placebo
67 | Raloxifene
& 47
£ 24
2 8- -
[T -
e K IE
R 4
> ]
8 -6
o - t
= 8
.10_.
Total LDL HDL Triglycerides
Cholesterol

*601 postmenopausal European women received raloxifene or placebo for 24
months.

*Significantly different from placebo (P < 0.05).

LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein
cholesterol; SE = standard error.

Source: Data from reference 70.

Table 2. Effects of HRT, Tamoxifen, and Raloxifene: Results of 3

Studies*

HRT/CEE

0.625 mg/day + Tamoxifen Raloxifene
Marker MPA 2.5 mg/day 20 mg/day 60 mg/day
LDL-C -14% -161 -12¢
HDL-C +10* +2¢ 0
HDL,-C +33t +2# +15%
Triglycerides +20* 0¥ -4
Apolipoprotein A-l +12t +7* +3
Apolipoprotein B -3 -78 -9t
Lipoprotein(a) -19f 321 -7t
Fibrinogen -1 -24% -10t

CEE = conjugated equine estrogen

MPA = medroxyprogesterone acetate.

*Percent change compared with placebo. Taken from Effects of raloxifene on
serum lipids and coagulation factors in healthy postmenopausal women by B
Walsh et al in JAMA 1998;279:1450. Copyright 1998. American Medical
Association. Data on HRT and raloxifene are from reference 69.

*Indicates statistically significant change

*Data from reference 46.

$Data from reference 52.

reduced total and LDL cholesterol
(P < 0.05) but did not increase HDL-
C or triglycerides (Figure 2).7°
Compared with the women included
in the 6-month study,® women in the
European study were slightly younger
(mean age, 55 years), and almost 99%
were white. Their mean baseline
serum cholesterol level was also
slightly higher at 6.2 mmol/L. (238
mg/dL ).

The results of these short-term
clinical trials suggest that raloxifene
favorably alters surrogate markers of
cardiovascular risk. It does not
appear to have a full agonistic effect
on the targets modulated by estrogen
to increase HDL-C, but it has a simi-
lar agonistic effect on LDL-C. In
addition, raloxifene is similar to
tamoxifen in its effect on markers of
cardiovascular risk, which may indi-
cate a long-term cardioprotective
effect for both compounds «(Table
2).46529 However, preliminary evi-
dence suggests that raloxifene
increases the risk for deep vein
thrombosis to approximately the
same degree as ERT 7

Limitations of Surrogate
Endpoint Studies

Surrogate endpoint studies of
estrogen, tamoxifen, and raloxifene
have demonstrated that these com-
pounds lower lipid levels and other
markers of cardiovascular risk, sug-
gesting that they are cardioprotec-
tive. However, these studies cannot
account for the fact that cardiopro-
tection may involve multiple mecha-
nisms, all of which have not been
evaluated in a given study. In addi-
tion, adverse clinical effects may not
be observed in short-term studies,
and the net clinical effect cannot be
determined by surrogate endpoint
studies.’® Despite their limitations,
these studies can provide a basis for
establishing biological plausibility and
for designing future research. One
such clinical trial is the Raloxifene
Use for the Heart (RUTH) study.
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Raloxifene Use for the
Heart Study

The RUTH trial is currently under-
way to assess raloxifene’s potential
beneficial impact on cardiovascular
risk. This randomized, placebo-con-
trolled trial was designed to deter-
mine if raloxifene (60 mg/day) is car-
dioprotective in a broad population of
postmenopausal women who have or
are at risk for CHD. It should also pro-
vide substantial information about
other important causes of mortality
and morbidity in women The pri-
mary endpoints of the study are
myocardial infarction and coronary
death. The secondary endpoints are
all causes of death, cardiovascular
death, myocardial revascularization,
hospitalization for angina, breast can-
cer, stroke, fractures, venous throm-
boembolism, and all hospitalizations.
This international trial is expected to
last up to 7.5 years and include
10,000 postmenopausal women.
Results are expected to be available in
approximately 2005.7

To be eligible for inclusion in
RUTH, women must be post-
menopausal and at least 55 years of
age with established CVD, diabetes,
or peripheral vascular disease, or
have three or more coronary risk fac-
tors. Exclusion criteria include a his-
tory of venous thromboembolism; ill-
ness that would limit survival to less
than 5 years; breast or other can-
cers; class III/IV heart failure; liver
or kidney disease; use of cholestyra-
mine, ERT, HRT, tibolone, or anoth-
er SERM (any route except vaginal);
and use of any experimental therapy.”
Because RUTH is an international
trial, it includes women from coun-
tries with a spectrum of preventive
agent use and revascularization
procedures.

Other Controlled Clinical Trials
Underway

Like the RUTH trial, long-term
clinical trials of HRT for CVD preven-
tion will provide the data needed to

define more clearly which women will
benefit from ERT and HRT. Trials for
primary prevention -include the
Women'’s Health Initiative (WHI) and
the European Women’s International
Study of Long Duration Oestrogen
After Menopause (WISDOM).”*7 In
addition, an extended follow-up of the
HERS cohort is underway.

Conclusion

Cardiovascular disease is the lead-
ing cause of death as well as a leading
cause of morbidity among post-

menopausal women. There is epi-
demiologic evidence that estrogen use
may reduce cardiovascular disease by
30% to 50% in postmenopausal
women; however, results of con-
trolled, clinical trials have not sup-
ported these findings. Moreover, the
question of whether the addition of a
progestin, which should be given to
women with intact uteri, mitigates
the beneficial cardiovascular effects
of estrogen needs to be resolved
Thus, a SERM like raloxifene, which
may have the cardiovascular benefit
of estrogen without adverse effects on
the breast and uterus, is a promising
option for the healthcare of post-
menopausal women.

Medical decisions should be made
with the consideration of evidence
from a variety of sources, including
long-term observational studies and
controlled clinical trials. This informa-
tion should then be synthesized to
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develop recommendations that can be
applied to individual patients. The
decision to use any preventive therapy
requires both physicians and patients
to weigh potential risks and benefits of
specific agents on overall health,
including the risk of cardiovascular
disease, cancer, and osteoporosis.
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