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ABSTRACT
Multiple observational studies suggest a marked reduction in risk of coronary
heart disease (CHD) associated with postmenopausal estrogen use. A new meta-
analysis presented here extends these results to estrogen plus progestin regimens.
Although the findings from observational studies are strong and consistent, and
there are several plausible mechanisms by which estrogen might reduce risk for
CHD, most of the known biases would tend to exaggerate estrogen’s benefit.
Further, estrogen therapy clearly increases risk for endometrial hyperplasia and
cancer, venous thromboembolic events and gallbladder disease, and long-term use
probably also increases the risk of breast cancer. Therefore, until findings from
randomized trials confirm and quantitate the benefit of estrogen therapy for pre-
vention of CHD, we believe it should not be recommended to all postmenopausal
women.

INTRODUCTION

Postmenopausal estrogen is the most commonly prescribed prescription
drug in the United States. Between 1982 and 1992 the number of prescriptions
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increased from 13.6 to 31.7 million (118). The increasing use of 1 noncontra-
ceptive estrogen reflects both the increasing number of postmenopausal women
and the increasing number of postulated benefits of therapy. In this paper, we
review the risks and benefits of postmenopausal estrogen therapy with a par-
ticular focus on the prevention of coronary heart disease, which is by far the
largest potential benefit of hormone therapy.

CORONARY HEART DISEASE

Because coronary heart disease (CHD) is the most common and most deadly
disease of women, any significant reduction in CHD risk due to hormone ther-
apy would overwhelm any postulated adverse effect. If hormone therapy really
reduces risk for CHD, estrogen replacement should be recommended for all
postmenopausal women (26, 46). The recognition that estrogen might be car-
dioprotective has a long history, but the clinical trials necessary to evaluate and
guantitate the association are just beginning.

Over 100 years ago, Osler noted that CHD was almost entirely a disease of
middle-aged and older men (75). About 50 years later, several lines of evi-
dence converged to suggest that this favored female status was due to estrogen,
and that correction of postmenopausal estrogen deficiency might prevent heart
disease. Asreviewed elsewhere (10, 110), these observations ara)batof
nary artery disease is rare before the age of menopause and more common in
young women who have had both ovaries removbpeétrogen reduces diet-
induced atherosclerosis in primates; anggstrogen raises HDL and lowers
LDL cholesterol in men and women.

Nevertheless, the only large, randomized double-blind clinical trial of estro-
gen and heart disease was performed in men, not women, in the 1960s. Men
with heart disease were randomized to five different lipid-lowering therapies
or placebo in a trial called the Coronary Drug Project. Conjugated estrogen
was used in two of the arms of this trial at doses of 2.5 mg or 5.0 mg daily—
approximately four to eight times the dose commonly used in postmenopausal
womentoday. Estrogen therapy was abandoned early in the trial because treated
menwere observed to have anincreased rate of thromboembolic events, myocar-
dial infarction, and cancer (as well as gynecomastia and impotence) (30, 31).
The very high doses of estrogen used may have been responsible for the lack
of a favorable effect.

At about the same time, studies in premenopausal women taking high-
dose oral contraceptives suggested an increased risk of myocardial infarction.
Thus, by the early 1970s, estrogen use was thought to increase CHD risk in
women.
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While there has been no single large trial in women, multiple small trials
have been performed to investigate the effect of hormone therapy on variables
such as bone density, lipoproteins, clotting factors, and endometrial hyperpla-
sia. Hemminki & McPherson (57) recently identified 22 published randomized
trials of estrogen therapy of more than three months (but usually less than 3
years) duration, giving a total of 1818 women assigned to hormones and 1041
assigned to placebo, vitamin supplements, or no treatment. With one exception,
cardiovascular outcomes were incidental to the purpose of the trial (recorded
only as reasons for drop-outs or adverse events), and the diagnostic criteria
were not described. The calculated odds ratio for women taking hormones
versus those not taking hormones, based on the pooled data, was 1.39 (95%
confidence interval 0.48-3.95) for cardiovascular events (not including venous
thromboembolic events). The authors calculated a low probability (@.03)
of finding a 1.39 odds ratio if estrogen truly halves the risk of cardiovascular
disease.

In contrast, many observational studies have foutaleer risk of CHD in
women taking postmenopausal estrogen compared to nonusers. As reviewed
below, the results are consistent and biologically plausible, but potential bi-
ases are large and most would be expected to spuriously enhance the observed
cardioprotective effect.

META-ANALYSES OF OBSERVATIONAL STUDIES
OF HORMONES AND HEART DISEASE

Estrogen

Three meta-analyses performed in the early 1990s summarized the findings
of these observational studies and reported a 35-50% lower risk of CHD in
estrogen users compared to honusers (21, 46, 96). The meta-analysis shown in
Figure 1is based on a new search of the medical literature that includes all stud-
ies published through mid 1997 (1,6, 13,22, 33, 34, 39, 52,53, 58,59, 69, 71,
80, 82,88, 89-91, 99, 100-102, 112,114). Studies resulting in more than
one publication were included in the summary estimate only once, using the
most recently published risk estimate. General variance-based methods and
a fixed effects model were used to calculate the summary estimate (49). In-
cluding recently published studies, the summary estimate of the relative risk
for CHD among women who ever used estrogen compared to never users is
0.70 (Cl, 0.65 to 0.75). Most of these 25 studies were conducted in Caucasian
women from English-speaking countries, with the majority from the United
States, where unopposed conjugated equine estrogen was by far the predominant
regimen.



Annu. Rev. Public. Health. 1998.19:55-72. Downloaded from arjournals.annualreviews.org
by Danish National Library of Science and Medicine on 02/16/05. For personal use only.

58 BARRETT-CONNOR & GRADY

RISK FOR CORONARY HEART DISEASE IN

ESTROGEN USERS COMPARED TO NONUSERS
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Figure 1 Meta-analysis of studies published up through mid-1997.

Estrogen Plus Progestin

10

Seven studies, also largely from the United States, have reported the effect of
treatment with estrogen plus a progestin, usually medroxyprogesterone acetate
(MPA), on CHD risk (39,52, 69, 74, 85, 89, 103). The results of these studies
and a summary estimate of relative risk using the same meta-analytic methods
described above are shown in Figure 2. The summary relative risk for CHD
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RISK FOR CORONARY HEART DISEASE IN
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Figure 2 Meta-analysis of seven studies of estrogen plus progestin.

based on these studies is 0.66 (0.53—0.84), very similar to the estimate for
unopposed estrogen treatment.

IS IT PLAUSIBLE THAT ESTROGEN REDUCES
CHD RISK?

Estrogen has a plethora of possible receptor-mediated and nongenomic effects
on many human tissues. Excellent reviews of possible mechanisms of cardio-
protection have been published (54, 104). These mechanisms include favorable
changes in lipids, lipoproteins, fibrinogen, PAI-1, antithrombin IIl, vascular re-
activity, and antioxidant action. The fact that estrogen has been found to be
associated with so many potentially favorable biologic and physiologic changes
gives biological plausibility to the thesis that estrogen prevents heart disease.
The most widely appreciated cardiovascular effect of estrogen is on lipopro-
teins. Oral estrogen lowers LDL cholesterol and elevates HDL cholesterol;
transdermal estrogen appears to have a much smaller effect on HDL cholesterol,
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suggesting that estrogen’s HDL-lowering is mediated by a “first pass” effect
through the liver (106).

In the Postmenopausal Estrogen/Progestin Interventions (PEPI) study (115),
thefirstlarge, long-term randomized placebo-controlled trial of estrogen’s effect
on common heart disease risk factors, 875 relatively healthy postmenopausal
women were randomly assigned to one of five treatment regimens for three
years. Treatments were placebo; daily conjugated equine estrogen (CEE);
CEE+ cyclic MPA; CEE+ daily MPA; and CEE}- cyclic micronized proges-
terone (MP). All active treatments significantly reduced LDL cholesterol and
increased HDL cholesterol compared to placebo, but CEE alone or with MP
raised HDL significantly more than either CEBMPA regimen. Because nearly
one third of PEPI women assigned to unopposed CEE were required to stop
taking their medication when they developed endometrial hyperplasia, a sep-
arate analysis was performed restricted to women who were able to continue
80% of their assigned medication for three years. In these adherent women,
unopposed CEE was associated with a significantly greater increase in HDL
than in women adherent to CEEMP, although CEE+ MP remained superior
to either CEE+ MPA regimen (11).

In women enrolled in PEPI, all active treatment regimens not only raised
HDL cholesterol but also raised triglycerides (115). Elevated triglycerides are
thought to be a heart disease risk factor, particularly in women, but naturally
occurring hypertriglyceridemia is usually accompanied by low HDL cholesterol
levels. The clinical significance of the concurrent elevation in both triglycerides
and HDL associated with oral estrogen therapy is unknown. Alcohol and bile
acid sequestrants also raise both HDL and triglyceride levels and are thought
to be cardioprotective.

All active treatment regimens in PEPI also prevented the rise in fibrinogen
observed in women assigned to placebo (115), a change expected to reduce the
risk of heart disease in women (65). PEPI found no beneficial effect of hormone
therapy on several other risk factors previously reported in cross-sectional stud-
ies to be improved in women using estrogen therapy. Thus, neither estrogen
alone nor estrogen with the progestin formulations used in PEPI had a significant
effect on weight, waist-hip ratio, blood pressure, fasting glucose or insulin.

The fact that the LDL and HDL changes are not large enough to explain all
of estrogen’s apparent CHD benefit suggests that estrogen has other cardiopro-
tective effects. Bush et al (22) and Gruchow et al (53) used statistical modeling
to show that only 25% to 50% of the apparent cardioprotection due to estro-
gen was mediated by favorable changes in HDL-cholesterol. Other reported
estrogen effects that would be expected to reduce CHD risk include antioxidant
inhibition of oxidation of LDL cholesterol (87), a calcium antagonist effect (28),
and prevention of endothelial cell apoptosis (95). Favorable effects on vascular
stiffness and endothelin dependent and independent vasodilation (42, 86) have
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attracted the most attention and appear to be sex specific. In one study (29),
infusion of 17 g-estradiol attenuated acetylcholine-induced coronary artery
constriction in women but not men.

Progestins are generally added to the estrogen regimen for treatment of
women with a uterus in order to decrease the risk of endometrial cancer (44). As
noted above, the addition of either cyclic or continuous MPA to daily estrogen
therapy in the PEPI trial resulted in 75-80% less increase in HDL compared
to women taking estrogen alone (115). Progestins also appear to block other
vascular effects of estrogen in laboratory models and in nonhuman primates.
In cynomolgus monkeys, MPA halves the effect of estrogen on coronary artery
dilation (111) and essentially ablates estrogen’s protective effects on coronary
artery atherosclerosis (3). These untoward effects appear to be restricted to
MPA, and are not seen with micronized progesterone (2).

BIAS AND THE ESTROGEN-CHD ASSOCIATION

The evidence from observational studies is very consistent, but there are several
potential sources of bias that might account for these findings.

Selection Bias

Essentially all of the studies of estrogen and CHD are observational studies,
not clinical trials, and therefore are subject to bias—most of which would
falsely elevate the apparent benefit of estrogen (see Table 1). In cross-sectional
studies, women taking estrogen have more favorable lifestyles, better levels of
several heart disease risk factors, and less diabetes than untreated women. Thus,
some of estrogen’s putative benefits might be spurious, reflecting “a healthy
woman effect,” inthat women prescribed estrogen tend tod)endre educated

and of higher social classh)leaner with more positive health behaviors), (
healthier, andd) more compliant (7). Education and social class are strongly,
independently, and inversely associated with the risk of coronary heart disease
in both men and women (63). Matthews and colleagues (70) followed 355
women through the menopause and found that women who elected to take
estrogen after the menopause had more favorable levels of multiple coronary

Table 1 Biases for hormone replacement therapy and coronary heart disease

Factors that could falsely increase the observed benefit of hormone replacement therapy:
Not prescribed if cardiovascular disease, hypertension, or diabetes present
Not prescribed if lower socio-economic status, less education
Prescribed for menopause symptoms (thin women)
Prescribed to women with better metabolic risk factors
Prescribed to women with healthier life-style
Used by compliant women=50% do not continue)
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risk factorsbeforethe menopause than women who chose not to take estrogen.
Specifically, they had more favorable HDL cholesterol, fasting insulin, and
blood pressure levels, and reported more physical activity, alcohol intake, and
education than untreated women. Until recently, sick women were less likely to

be prescribed estrogen because hypertension, diabetes, and heart disease were
listed as contraindications on the estrogen package-insert.

Compliance Bias

Compliance with hormone therapy requires particularly motivated women who
are willing to make regular physician visits, take a daily medication (or two
medications if a progestin is added), and tolerate associated uterine bleeding and
other side effects. A majority of women prescribed postmenopausal hormones
are noncompliant (56). In the NHANES | Follow-up Study, 45% of a represen-
tative cohort of US women had used estrogen for at least one month in the early
1970s, but only 20% continued use for five or more years (19). Less than half of
women in a Minnesota prescription plan continued estrogen therapy after filling
the first prescription (16). Women who take estrogen are an unusually compli-
ant subset of all women, and good compliance has been shown in randomized
double blind clinical trials to reduce the risk of CHD events 40% to 60%, even
when the medication is placebo. Thus, men in both the Coronary Drug Project
(32) and the Beta-Blocker Heart Attack Trial (60) who were highly compliant
with their assigned placebo had 50% fewer cardiovascular events than men who
did not take the placebo regularly. Similarly, women in the Beta-Blocker Heart
Attack trial who were compliant with placebo had a 60% decreased risk of
mortality compared to women who were noncompliant (41). Adjustment for
multiple known predictors of coronary disease did not explain the decreased
risk for coronary disease associated with good adherence to medication. The
amount of CHD risk reduction in compliant subjects assigned to placebo is
similar to the 50% reduction attributed to estrogen in observational studies.

Diagnostic Detection and Follow-Up Bias

Cross-sectional studies have reported that, among women referred for angiog-
raphy, estrogen users have less severe coronary atherosclerosis than nonusers
(53, 71, 99). However, women taking estrogen are more likely to have ST seg-
ment elevation during a graded exercise tolerance test than women not taking
estrogen, possibly due to a digitalis-like effect of estrogen (12, 73). Because
ST elevation during exercise is one of the most common reasons for referral
for coronary angiography, women with normal coronary arteries may be more
likely to be referred for angiography if they are taking estrogen. This selection
of healthy hormone-using women for angiography could explain some of the
observed “antiatherogenic” effect of estrogen. Follow-up of women classified
by estrogen use status and severity of atherosclerosis on angiography would be
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informative, but the only published study (100) is difficult to interpret be-
cause the majority of women with severe coronary atherosclerosis were lost to
follow-up.

ESTROGEN USE AND OTHER RISKS AND BENEFITS

Total Mortality

Several observational studies have reported decreased risk of death from nearly
all diseases in estrogen users compared to nonusers (23, 37, 40, 58). The largest
and most recent of these studies includes about 18 years of observation of post-
menopausal nurses (51). In that study, past use of estrogen had no effect on risk
for dying, but current use decreased overall risk about 25%. Some consider this
universal benefit to be too good to be true—additional evidence for a healthy
woman effect (84, 105). The absence of any benefit after two years of discon-
tinuing therapy (51) could also be interpreted as evidence for compliance bias.

Osteoporosis

The best-established benefit of long-term estrogen therapy is a reduced risk
of osteoporotic fractures. Multiple observational studies and one clinical trial
(68) suggest a 25-50% reduced risk of hip fractures with long-term estrogen
use and probably a larger benefit for prevention of spine fractures (25, 108).
The validity of these observational study results is supported by clinical trials
showing that hormone therapy increases bone density (94, 117), an important
predictor of fractures. Addition of progestins, at least the relatively nonandro-
genic formulations usually used in the United States, does not significantly alter
this benefit (117).

Breast Cancer

The most important and controversial potential adverse effect of hormone ther-
apy is an increased risk of breast cancer, the most common cancer in women
and the most feared disease. Multiple epidemiologic studies of estrogen ther-
apy and breast cancer risk have been performed. Four meta-analyses based on
the data from these studies found no increased risk for breast cancer in women
who ever took estrogen (generally5 years of use) compared to nonusers
(5,36,43,98). In contrast, a majority of studies suggest an increased risk of
breast cancer among women who take estrogen for five to ten years or longer.
Figure 3 shows the results of a new meta-analysis based on all eight case-
control studies and three cohort studies that provided data on long-term users
(15, 20,27,38,61,66,67,72,78,93,97,113). The summary relative risk esti-
mate based on the findings of these studies is 1.32 (95% CI 1.16-1.51) for
women who reported long-term use compared to never users. An increased
risk of breast cancer may not persist after estrogen therapy is discontinued
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RISK FOR BREAST CANCER AMONG
LONG-TERM USERS OF ESTROGEN
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Figure 3 Meta-analysis based on 16 case-control studies.

(51), suggesting that estrogen acts as a promoter rather than a cause of breast
cancer.

As reviewed elsewhere (8, 62), estrogen and progestin affect breast tissue
differently, and the combination might make breast tissue more susceptible to
malignant transformation. In one publication from the Nurse’s Health Study
(27), the estimated risk of breast cancer associated with estrogen alone was
1.36 compared to 1.50 for estrogen plus progestin therapy. A more recent
analysis from the same cohort found that women who took unopposed estrogen
had a 5% per year increased risk of breast cancer compared to 9% per year in
women taking estrogen plus progestin (GA Colditz, presented at Society for
Epidemiologic Research, June 1997).

There is, as yet, no proven intermediate variable that has been studied in
clinical trials to either support or refute the observational findings regarding
hormone therapy and breast cancer. The most promising marker is the increase
in breast density that occurs in 15-50% of women who take replacement estro-
gen (48). Greater breast density has been found to be independently associated
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with an increased risk of breast cancer in at least eight studies (18, 24, 92, 107).
This increased risk persists for up to nine years post-mammography, suggest-
ing that masking of breast cancer in denser tissue is not the sole cause of the
observed association.

The observational data on postmenopausal estrogen and breast cancer risk
are susceptible to bias. The risk for breast cancer among estrogen users may be
falsely low if a negative mammogram is usually required before prescription,
or falsely high if women who take estrogen are more closely evaluated and
more likely to have cancer diagnosed. Earlier studies suggested that women
with estrogen-associated breast cancer had a better prognosis than women with
breast cancer who were not being treated with estrogen, suggesting diagnostic
detection bias; more recent studies, however, suggest an increase in fatal breast
cancer as well (51). Selection bias could spuriously decrease observed risk if
estrogen has been withheld from women at increased risk for breast cancer (e.g.
positive family history of breast cancer) or selectively prescribed to women at
reduced risk (e.g. early oophorectomy). Most of the biases would be expected
to minimize the true risk (Table 2) (9).

Endometrial Cancer

Estrogen therapy taken without progestin substantially increases the risk for
endometrial cancer: Over 30 epidemiologic studies have documented the strong
association of unopposed estrogen use with increased endometrial cancer risk
(44). The risk increases with increasing dose of estrogen, and particularly
with increasing duration of use, such that women with more than ten years
of unopposed use have about a tenfold increased risk of endometrial cancer
(44). An increased risk of endometrial cancer persists for years after estrogen
is discontinued (8).

All of the data linking unopposed estrogen therapy to endometrial cancer are
observational and susceptible to bias, but in this case there is an excellent inter-
mediate marker for risk. Several large randomized trials have shown that estro-
gen therapy markedly increases the risk of atypical endometrial hyperplasia, a

Table 2 Biases for hormone replacement therapy
and breast cancer

Factors that could falsely reduce observed risk:

Not used if positive family history of breast cancer

Used after negative mammogram

Used after oophorectomy

Used if upper socio-economic status

Prescribed for menopause symptoms (thin women)
Factors that could increase observed risk:

Frequent examinations and mammograms
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premalignant lesion. In the PEPI Trial (116), 30% of women taking unopposed
estrogen for three years developed adenomatous or atypical endometrial hyper-
plasia. Progestins antagonize the effects of estrogen on the endometrium and
prevent the development of endometrial hyperplasia. Standard cyclic and daily
progestin regimens have each been shown to be effective in reducing risk of
hyperplasia (4, 116). Prevention of endometrial hyperplasia and cancer appears
to be dependent on adequate dose and duration of progestin use (83, 109). Re-
cent observational studies showing a small increased risk of endometrial cancer
after long-term hormone replacement therapy may reflect poor compliance with
added progestins (14, 47).

Other Risks and Benefits

Two other risks are well documented: Estrogen therapy causes about a twofold
increased risk of gallbladder disease (17,79, 81) and a two- to threefold in-
creased risk of venous thromboembolic events (35, 45, 50, 55, 64). Other possi-
ble but less frequent and less well-documented risks include retinal vein throm-
bosis and asthma.

Another possible benefit that has received much recent attention is the pre-
vention of Alzheimer’s disease. Although several observational studies suggest
that estrogen may prevent or delay dementia, the results are not consistent, and
most studies lack appropriate control for major confounders such as age, edu-
cation, and depression (77). Because senile dementia of the Alzheimer’s type
frequently coexists with multi-infarct dementia, it is noteworthy that observa-
tional studies provide no consistent evidence of an estrogen-associated reduced
risk of stroke in postmenopausal women (46, 76)—despite the remarkably con-
sistent reduced risk of CHD noted above.

WHY WE NEED CLINICAL TRIALS

Strong evidence suggests that estrogen therapy increases risk for endometrial
cancer, but adding a progestin to the estrogen regimen substantially reduces
or eliminates this risk. Strong evidence also suggests that hormone therapy
reduces risk for fractures, and women at high risk for osteoporotic fractures
are likely to benefit. However, the real controversy over hormone replacement
therapy is whetheall women are likely to benefit. The answer to this question

is totally dependent on the effect of hormone therapy on CHD risk. If CHD
risk is reduced by 30% or more, as suggested in the observational studies, then
all women will benefit. If, however, overall risk for CHD is not reduced and
risk for breast cancer is increased, the average woman will not benefit and may
be harmed. Unfortunately, the evidence regarding breast cancer, the major
potential risk of therapy, and CHD, the major potential benefit, is inconclusive.
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Randomized trials are required to determine if the findings from observa-
tional studies are biased by confounding or compliance. Two large randomized
trials are now underway in the United States. The Heart and Estrogen-progestin
Replacement Study (HERS) is a secondary prevention trial among 2763 post-
menopausal women with known heart disease (and an intact uterus) who were
randomly assigned to daily CEE plus MPA therapy or placebo for five years.
The primary outcome is new CHD events. This study is scheduled for closure
in early 1998, with findings expected later the same year. The Women’s Health
Initiative (WHI) is a primary prevention trial among 27,500 postmenopausal
women. In this trial, women with a uterus are being randomized to daily CEE
plus MPA or placebo, and those without a uterus are being randomized to CEE
or placebo. Unless the findings require early closure, WHI women will be
followed for about 10 years for CHD events, osteoporotic fractures, and cancer.
The WHI trial is still enrolling, and results are not expected until about 2005.
Other large trials are beginning in the United Kingdom and several European
countries, using different hormone regimens.

CONCLUSIONS AND RECOMMENDATIONS

The findings from observational studies that postmenopausal estrogen, with or
without a progestin, reduces the risk of coronary heart disease are strong and
consistent, and there are several plausible mechanisms by which estrogen might
reduce the risk for CHD. However, estrogen therapy clearly increases risk for
endometrial hyperplasia and cancer, venous thromboembolic events, and gall-
bladder disease. Long-term therapy probably also increases the risk of breast
cancer. Despite these risks, estrogen therapy would benefit all postmenopausal
women if it truly reduces risk for CHD 30% or more. However, if the ob-
served CHD benefit is the result of selection or compliance bias, these risks
would balance or outweigh a reduced risk of osteoporotic fractures associated
with estrogen therapy. Thus, until findings from randomized trials confirm the
benefit of estrogen therapy for prevention of CHD, we believe it should not be
routinely recommended for this purpose.
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