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More than 100 yr ago, Osler (1) noted that heart disease
was almost entirely a disease of men. Fifty years ago, the
most popular explanations for sex differences in heart dis-
ease were lifestyle, particularly cigarette smoking (which
was mainly a male habit until World War II), or differences
in stress (i.e. men in the workforce and women at home, or
what I like to call the “happy homemaker hypothesis”) (2).
Although behavior and occupation differences may play a
role, neither has emerged as a satisfactory explanation for
women’s favored cardiovascular status.

As shown in Fig. 1, women in every country, whether
heart disease rates are high or low, are at lower risk of fatal
coronary heart disease (CHD) compared with men, despite
diverse lifestyles, diets, and workplace options (3). Indeed,
within countries women have less heart disease than men
when stratified by similar levels of classical heart disease
risk factor levels. In the Renfrew and Paisley Survey (4),
for example, sex-specific coronary death rates separately
adjusted for cholesterol, blood pressure, body mass index,
cigarette smoking, and social class showed that women
had lower absolute rates at every age, although the relative
risks associated with these risk factors were similar. This
is also true for one factor that differs by sex, i.e. women’s
higher high-density lipoprotein (HDL) cholesterol levels;
within the same HDL strata, women have less heart
disease than men (5).

These results between and within populations and con-
sistent across risk factors support the hypothesis that women
are protected by an intrinsic factor, presumably female sex
hormones. Several types of epidemiological evidence sug-
gest that women’s universal protection against CHD is ex-
plained by estrogen (6, 7). The main observations are that
CHD is 1) uncommon in women before the age of meno-
pause, 2) more common in women who have a premature

natural menopause, 3) more common in young women who
have had both ovaries removed, and 4) less common in
women who take hormone therapy (HT) after menopause.

Population-based evidence that heart disease death rates
increase after menopause is actually weak. An exponential
increase in heart disease rates by age as observed in standard
plots becomes a step-wise linear association when heart dis-
ease death rates are plotted on a semilogarithmic scale. There
is no evidence of a different slope around age 50 yr, the usual
age at menopause, as shown in Fig. 2 (8). As also shown in
Fig. 2, this is in striking contrast to the midlife change in the
semilogarithmic slope for breast cancer, an estrogen-depen-
dent disease. These results could mean that estrogen is not
such a primary player in heart disease etiology as it is for
breast cancer, or that heart disease has a much more multi-
factorial etiology, making it more difficult to observe estro-
gen’s central role, or that estrogen is not the intrinsic factor.

Some prospective epidemiological studies of individual
women have shown small albeit significant associations of
cardiovascular disease death with age at natural menopause
(9, 10). These types of studies of menopause-CHD associa-
tions could be weak because the last menstrual period may
not be accurately noted or because the lag to clinically man-
ifest CHD is highly variable, because coronary disease has
many other contributing risk factors. Note that these asso-
ciations could also be an artifact due to confounding by
cigarette smoking, the commonest cause for premature
menopause and a powerful CHD risk factor.

If premenopausal estrogen levels are cardioprotective,
then premature menopause, with fewer years of exposure to
premenopausal estrogen levels, should magnify risk. As re-
viewed elsewhere (6), many autopsy studies have demon-
strated an excess of coronary artery atherosclerosis in young
women who have had an oophorectomy. However, these
observational studies of surgical menopause could be con-
founded by each woman’s reason for or reaction to early
menopause, the reason for the autopsy, and possibly by the
concomitant loss of other hormones (e.g. testosterone) after
oophorectomy.

Theoretically, studies of endogenous estrogen levels and
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CHD should offer direct evidence for a protective effect of
estrogen on heart disease. With a natural menopause, estra-
diol levels typically begin to decline 1 yr or less before the last
menstrual period, although levels may fluctuate widely dur-
ing this late transition period (11). Prospective studies do
show a positive association of endogenous estrogen levels
and breast cancer in postmenopausal women (12). No studies
have shown that endogenous estrogen predicts cardiovas-
cular disease in postmenopausal women (13). One reason for
the null cardiovascular results may be limitations of earlier
estradiol assays, which were below the level of assay sensi-
tivity in up to one half of postmenopausal women in some
studies (14). Postmenopausal estradiol levels also show rel-
atively high intraindividual variation, which reduces the
ability of single measurements to characterize a woman’s
usual estrogen level in epidemiological studies (15).

Studies in postmenopausal women do not exclude the
possibility that premenopausal levels are above some thresh-
old necessary to protect against CHD. One small cross-
sectional study reported that premenopausal women who
had more severe coronary artery disease at angiography also
had significantly lower levels of circulating estrogen (16).
Unfortunately studies of patients who come to coronary an-
giography are confounded by the reasons why angiography
is performed. Studies in cycling premenopausal women,
with their monthly variation in estradiol levels, require re-

peated assays at the same time in the menstrual cycle, which
would be prohibitively complex for large prospective studies
of estradiol levels and disease outcomes.

Although postmenopausal estrogen therapy has been
available for decades (see timeline, Table 1), observational
epidemiological studies of hormone replacement therapy
generated the first real enthusiasm for the hormone-heart
disease hypothesis. In 1983, the late Trudy Bush et al. (17)
published the first population-based study suggesting that
postmenopausal HT reduced all-cause mortality. In 1987, she
used multivariate modeling to suggest that reduced cardio-
vascular deaths in estrogen-using postmenopausal women
were mediated by the favorable effects of the hormones on
HDL cholesterol (18). A deluge of observational studies
followed.

In a 1991 review, Barrett-Connor and Bush (6) reported
that 11 of 24 cross-sectional and prospective studies showed
a statistically significant reduced risk of CHD among women
using oral conjugated equine estrogen (CEE) taken without
a progestin. In this review, we wrote, “Clearly, the weight of
the evidence at this time points toward a substantial reduc-
tion in CHD risk among women using estrogens. Neverthe-
less, it is important to recognize the limitations of the data on
which this statement is based. All but one small study are
observational. There is no information on why women were
prescribed estrogen and no ability to contrast these women

FIG. 1. Age-standardized coronary disease death rates in 1987 for men and women from 52 countries. Both male and female coronary disease
mortality correlate with total coronary disease mortality (for males, r � 0.98; for females, r � 0.97). The ratio of male to female mortality is
constant at a mean value of 2.24 � 0.08 (SEM) (based on data from the World Health Organization). [Reprinted from M. F. Kalin and B. Zumoff:
Steroids 55:330–352, 1990 (3) with permission from Elsevier.]
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with others who may have never been offered or refused or
stopped hormone replacement therapy. Overall, women
who take estrogen after the menopause are more likely to be
white, educated, upper middle class, and lean, thereby at
lower risk of heart disease than women without estrogen
replacement therapy.” We also wrote, “Although we have
used the phrase ‘replacement estrogen’ in this review, this is
pharmacological, not physiological, therapy. Oral estrogens
are drugs. Thus, a statement recommending hormone re-
placement as a method of heart disease prevention for post-
menopausal women would seem to warrant a clinical trial,
as required for other drugs” (6).

In the same year as our 1991 review, a Food and Drug
Administration (FDA) Advisory Committee voted almost
unanimously in favor of an industry request for “an indica-
tion,” i.e. permission to say that estrogen replacement ther-
apy could be recommended to reduce the risk of CHD in
postmenopausal women (Table 1). It is not clear why this
recommendation was never acted on by the FDA, despite the
appearance of additional observational studies suggesting
cardioprotection, coupled with an ever-increasing number of
biologically plausible mechanisms making advocacy almost
irresistible (19).

In 1992, Grady et al. (20) published a landmark paper in
the Annals of Internal Medicine using meta-analyses of ob-
servational studies from the published literature to esti-
mate differences in four disease rates by hormone use.
These summary risk estimates showed that postmeno-
pausal hormone use was associated with about one third
less fatal heart disease and calculated that this benefit
would prevent more deaths than the combined increased
risk of death due to breast and uterine cancer because heart
disease is a much more common cause of death (Table 2)
(20). Based on this analysis, the same issue of the Annals
of Internal Medicine published a position statement from
the American College of Physicians (21) proposing that all
postmenopausal women should be offered HT to prevent
heart disease. Other prominent professional organiza-
tions, including the American College of Obstetrics and
Gynecology and the American Heart Association, soon
followed with similar recommendations.

The last meta-analysis of observational studies designed to

test the hormone-heart disease hypothesis, and published
before results of clinical trials in women, was based on all
published observational studies through mid-1997 (22).
Among 25 observational studies, most from the United States
where unopposed CEE was by far the predominant regimen,
the summary estimate of the relative risk for CHD for women
who ever used estrogen compared with never users was 0.70
[confidence interval (CI), 0.65–0.75] (Fig. 3). A similar rela-
tive risk [0.66 (0.53–0.84)] was observed in the seven studies
that specifically reported treatment with estrogen plus a
progestin, usually cyclic medroxyprogesterone acetate
(MPA) (Fig. 4).

Clinical trials

The first clinical trials of the effects of a medication on
CHD are often performed in persons with known heart dis-
ease who have a very high risk of recurrence and who stand
to receive the most benefit; these so-called secondary pre-
vention trials reduce the number of subjects needed and the
duration and cost of the trial. Therefore, the first large trial
designed to examine the cardioprotective effect of estrogen
was a secondary prevention trial, conducted in persons with
heart disease who were at high risk of a new event. Based on
their high risk, the persons selected for this estrogen trial
were men with known CHD.

Coronary Drug Project

The Coronary Drug Project (23, 24) begun in the 1960s was
the first clinical trial designed to determine whether estrogen
reduced the risk of coronary events. Men with known heart
disease were randomly assigned to one of five active ther-
apies or placebo. Two of the study medications were CEE at
a daily dose of either 2.5 or 5.0 mg; the estrogen arms were
stopped early because estrogen-treated men had an in-
creased rate of thromboembolic events and myocardial in-
farction (MI) (23, 24). After estrogen failed to protect men, no
large estrogen trials with CHD outcomes were initiated in
men or women for the next 23 yr.

Despite the absence of clinical trial data, by the mid-1990s
it was almost dogma that HT would prevent CHD in post-
menopausal women. Documentation that all postmeno-

FIG. 2. U.S. women, semilogarithmic
plots of age-specific heart disease and
breast cancer death rates vs. age (Gomp-
ertz plots), 1962. [Reproduced from R. E.
Tracy: J Clin Epidemiol 19:1245–1251,
1966 (6) with permission from Elsevier.]
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pausal patients had been offered estrogen was one of the
criteria used to evaluate the quality of medical practice. Not
to recommend estrogen therapy was thought to be unethical.

Fortunately, some still believed that a clinical trial with heart
disease as the primary outcome was necessary. Special credit
should go to Stephen B. Hulley, who obtained funding for the
secondary prevention trial that came to be known as the
Heart and Estrogen/Progestin Replacement Study (HERS),
and to Bernadine Healy, then director of the National Insti-
tutes of Health, who obtained the support for the large pri-
mary prevention trial known as the Women’s Health Initia-
tive (WHI).

HERS (25)

Begun in 1993, HERS was the first large clinical trial spe-
cifically designed to evaluate whether estrogen plus proges-
tin therapy reduced the risk for CHD events in postmeno-
pausal women with established coronary disease. The
original proposal, submitted to the National Institutes of
Health/National Heart, Lung and Blood Institute by Hulley
in 1990, was a secondary prevention trial designed to study
both unopposed estrogen and estrogen plus a progestin in
women who already had heart disease. After the NIH de-
clined the grant application, Wyeth-Ayerst Research agreed
to fund the study, with Hulley as the principal investigator.
Wyeth made one critical modification: only women with a

TABLE 1. HT timeline

1920–39
● Searle introduced estrogen patch for symptoms (1928)
● Estradiol synthesized (1938)

1940–49
● Premarin introduced (1942)
● Albright finds the low estrogen-osteoporosis link

1950–59
● HT prescribed (but not often) for hot flashes

1960–69
● Wilsons promote HT to prevent “the tragedy of menopause”
● Oral contraceptives introduced to regulate menses and

prevent pregnancy
● Clinical trial of estrogen and heart disease begun in men

1970–79
● Men’s HT trial stopped because of early excess clotting and

cardiovascular disease
● Side effects of oral contraceptives recognized, especially

clotting and strokes
● Excess endometrial cancer risk with estrogen recognized
● Progestins added to estrogen therapy in women with an intact

uterus
1980–89

● Deluge of epidemiological studies suggesting that HT reduces
heart disease

1990–94
● Meta-analysis suggests that heart benefit of HT would exceed

possible risks
● Many groups recommend that HT be offered to all women to

prevent heart disease
● FDA Expert Advisory Committee almost unanimously

approves heart disease prevention label for unopposed HT
(recommendation never activated)

● PEPI trial of HT and CHD risk factors begins
● Hulley obtains funding for HERS clinical trial (first

participant 1993)
● NIH sponsors WHI trial
● Premarin is the most widely dispensed prescription drug in

United States (1990–95)
1995–99

● PremPro, the first combination HT pill, introduced
● PEPI results confirm improvements in LDL and HDL

cholesterol
● HERS (1998) reports early increased heart disease risk

2002–03
● WHI reports increased heart disease, stroke, and breast

cancer, the small risks exceed smaller benefits
● WHI continues unopposed estrogen arm
● FDA requires black box for all postmenopausal estrogens with

or without progestin

TABLE 2. Estimated risk for common diseases in a 50-yr-old
white woman with a uterus and no known increased risk

Condition
Lifetime probability (%)

No treatment Estrogen �
progestina

Estrogen �
progestinb

Heart disease 46 34 39
Hip fracture 15 10 10
Breast cancer 10 13 17
Endometrial cancer �3 �3 �3
Life expectancy 82.8 �1.0 �0.3

Adapted with permission from D. Grady et al.: Ann Intern Med 117:
1016–1037, 1992 (20).

a Optimistic view; b pessimistic view.

FIG. 3. Meta-analysis of studies published up through mid-1997: risk
for CHD in estrogen users compared with nonusers. [Reproduced from
E. Barrett-Connor and D. Grady: Annu Rev Public Health 19:55–72,
1998 (22). With permission from the Annual Review of Public Health,
Vol. 19, © 1988, by Annual Reviews, www.annualreviews.org.]
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uterus were included, apparently because Wyeth expected to
receive FDA approval for a statement indicating that unop-
posed estrogen was cardioprotective (Table 1).

HERS was a multicenter randomized, double-blind, pla-
cebo-controlled trial that enrolled 2763 U.S. postmenopausal
women (mean age, 67 yr); eligibility required an intact uterus
and documented CHD. The HERS intervention was a single
daily tablet containing CEE (0.625 mg) and MPA (2.5 mg) or
placebo. The study closed a little ahead of schedule in July
1998, after an average follow-up of 4.1 yr. HERS results,
published the same year (25), showed no overall difference
in the primary CHD outcome (nonfatal MI and CHD death
combined) between the HT and placebo groups. Nonfatal MI
or CHD death occurred in 179 women in the hormone group
and 182 women in the placebo group (relative hazard, 0.99;
95% CI, 0.81–1.22) despite significant lowering of low-
density lipoprotein (LDL) and increase in HDL cholesterol in
the HT group (P � 0.001).

Not only was the overall result null, but during the first
year there was a statistically significant 52% excess risk of
CHD events in the HT group (25). Benefit after longer use
was suggested by a highly significant (P � 0.009) cardio-
protective test for trend over time, based on an analysis that
included the excess first year event rate. After the exclusion
of the first year estrogen-induced, excess risk data, however,
the test for trend was not significant (P � 0.45). An additional
2.7 yr of follow-up (with about half of the original cohort
continuing HT) also failed to show any evidence of long-term
cardiovascular benefit (26). Two secondary cardiovascular
outcomes (stroke and peripheral arterial disease) also did not
differ between HERS treatment groups (27, 28).

Meetings were held, and papers were written trying to
explain these unexpected results. The most common com-
plaints were that the HERS women were too old or too sick.
In fact, HERS women had an average age of 67 yr, a common

age for women in secondary prevention trials demonstrating
the benefit of lipid-lowering medications. They were also not
very sick. Most had had revascularization rather than a heart
attack; women were excluded from randomization who had
had a cardiac event within 6 months, New York Heart As-
sociation class IV or severe class III congestive heart failure,
uncontrolled hypertension, uncontrolled diabetes, or a his-
tory of venous thromboembolic disease. The HERS partici-
pants were shown to be similar to a representative sample of
U.S. women with coronary disease (29).

It was also argued that too many HERS women were
noncompliant with their study medications, but the 75% 3-yr
adherence rate was considerably better than the continuation
rates observed for HT use in the general population. Because
there were fewer cardiovascular events than expected, it was
also said that the study had too little power, yet the fairly
narrow 95% CI values suggest that more than 20% benefit (or
harm) was unlikely to have been missed (25). An extensive
search for subgroups that might explain the early harm or
overall null effect was conducted (30). Nine of the 172 tests
for interactions were statistically significant—about the
number expected by chance at P � 0.05—and none of these
appeared to be explanatory. The authors provide a list of all
subgroups examined in their publication, allowing the
reader to see whether his or her favorite explanatory hy-
pothesis (for either early harm or overall null effect) was
tested.

Although the early increase in coronary death and non-
fatal MI in HERS was completely unexpected by the inves-
tigators or the medical community, it was similar to the early
harm observed among the men in the Coronary Drug Project
(31).

Small secondary prevention trials of HT

At the time of its publication, the most valid criticism of
HERS was that it was only a single trial, possibly adminis-
tering the wrong HT regimen. However, several smaller
secondary prevention trials described below have also re-
ported no benefit after HT, and some suggest harm. Several
studied estrogens other than CEE and regimens without a
progestin.

Papworth HT Atherosclerosis Study (PHASE). Clarke et al. (32)
reported an unblinded trial in 255 women with angiographi-
cally proven heart disease (mean age, 66 yr), who were ran-
domly assigned to no treatment or a 17 �-estradiol patch (2.5
mg). The patch was administered alone every 4 d to women
without a uterus or, for women with a uterus, administered
over 14 d, followed by four patches containing 3 mg of 17
�-estradiol and 4 mg norethisterone. The primary endpoint
was cardiac death, proven MI, or hospitalization for unstable
angina. After an average of 31 months, the data and safety
monitoring board recommended early closure, based on fu-
tility. The CHD event rate for the HT group was 15.6 per 100
patient years compared with 12.6 per 100 patient years in the
control group. Although there were no significant differ-
ences between the groups in the frequency of any cardiac
event, beginning in the first year the active treatment groups
had higher rates of all events except nonfatal MI. Because a
large number of women discontinued treatment, the inten-

FIG. 4. Meta-analysis of seven studies of estrogen plus progestin.
Risk for CHD in estrogen plus progestin users compared with non-
users. [Reproduced with permission from E. Barrett-Connor and D.
Grady: Annu Rev Public Health 19:55–72, 1998 (22). With permission
from the Annual Review of Public Health, Vol. 19, © 1988, by Annual
Reviews, www.annualreviews.org.]
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tion-to-treat analysis underestimated risk; the as-treated
analysis showed a rate ratio of 1.49 (95% CI, 0.93–2.36) com-
pared with the lower intention-to-treat analysis rate ratio of
1.29 (95% CI, 0.82–1.86). As expected with transdermal es-
trogen, there were no significant differences in LDL or HDL
cholesterol by treatment assignment.

Estrogen in the Prevention of Reinfarction Trial (ESPRIT) (33). In
this secondary prevention trial, investigators randomly as-
signed 1017 women (mean age, 63 yr) who had survived a
first heart attack to either 2 mg of unopposed estradiol val-
erate daily or placebo. After 2 yr, the frequency of reinfarc-
tion or cardiac death did not differ by treatment assignment
[rate ratio, 0.99 (95% CI, 0.70–1.41)], and there was also no
difference in all-cause mortality. There was no evidence of
early harm. This trial had a very high dropout and crossover
rate, which could have obscured benefit or harm.

Estrogen Replacement and Atherosclerosis (ERA). Herrington et
al. (34) randomly assigned 309 postmenopausal women
(mean age, 66 yr) to receive 0.625 mg of CEE alone (for
women without a uterus), CEE with 2.5 mg of MPA daily (for
women with a uterus), or placebo. Women were required to
have had at least one coronary stenosis of at least 30% of the
luminal diameter measured by quantitative coronary an-
giography. After an average follow-up of 3.2 yr, 248 women
had a repeat coronary artery angiogram; the mean minimal
coronary artery diameters did not differ significantly by
treatment group, despite significant reductions in LDL cho-
lesterol and increases in HDL cholesterol in the women as-
signed to HT. Patterns were the same with unopposed es-
trogen or the combined regimen.

Women’s Angiographic Vitamin and Estrogen (WAVE). In this
placebo-controlled factorial design, Waters et al. (35) ran-
domly assigned 423 postmenopausal women (mean age, 66
yr) to daily continuous combined oral CEE 0.625 mg and
MPA 2.5 mg with or without vitamins E and C. Eligibility
required a minimum of 15% coronary artery atherosclerosis
on a baseline angiogram. After an average follow-up of 2.8
yr, a repeat coronary angiogram in 306 of these women
showed somewhat greater progression in each active treat-
ment group. In a preplanned analysis that assigned death,
nonfatal MI, or stroke to the worst angiographic rank, the risk
was nearly doubled in women assigned to HT compared
with controls (HR, 1.9; 95% CI, 0.97–3.6), but these differences
were not statistically significant.

Postmenopausal hormone replacement and
carotid atherosclerosis

HERS B-mode ultrasound substudy (36). Five clinical centers
recruited 454 women from the HERS cohort who agreed to
have a carotid ultrasound at baseline. After 3.8 yr, a fol-
low-up scan was obtained from 362 women. Intimal medial
thickness (IMT) increased in both HT and placebo groups,
with no overall difference in the primary outcome, but there
was slightly slower IMT progression at the bifurcation (one
of two secondary outcomes) with P � 0.06 favoring the HT
treatment (36).

Postmenopausal Hormone Replacement against Atherosclerosis
(PHOREA). Angerer et al. (37) enrolled 321 healthy women
(average age, 66 yr) who had increased IMT in at least one
segment of the carotid arteries. They were randomly as-
signed to 1 mg 17 �-estradiol daily plus 0.025 mg gestodene
for 12 d every month, or the same regimen with the same
dose of gestodene taken only once every 3 months, or no HT
(no placebo). The trial lasted only 48 wk, with 264 women
available for a second carotid ultrasound. HT did not slow
progression in the carotid arteries, despite a significant de-
crease in LDL cholesterol and fibrinogen levels.

Primary prevention trials of HT

To date, all lipid-lowering medications shown to prevent
CHD in persons with prevalent heart disease have also
shown protection in primary prevention trials, conducted in
persons without known heart disease. Nevertheless, a rea-
sonable concern was that estrogen therapy was too late in
women who already had coronary atherosclerosis. In the
Clarkson nonhuman primate model (38), CEE was protective
only in animals treated before atherosclerosis.

The Women’s Health Initiative (WHI) (39). The WHI was de-
signed to evaluate primary prevention. Begun in 1992, WHI
included a randomized double-blind placebo-controlled
clinical trial designed to evaluate the effect of three separate
preventive strategies (HT, diet, and calcium supplements) on
disease outcomes in healthy postmenopausal women aged
50–79 yr. In one HT arm of the trial, 16,608 women who had
an intact uterus were randomly assigned to receive a single
daily tablet containing CEE (0.625 mg) and MPA (2.5 mg) or
placebo, the same regimen used in HERS. Another 10,739
women without a uterus were randomly assigned to placebo
or CEE (0.625 mg/d) without MPA. The primary outcome
was fatal and nonfatal heart disease, and stopping rules were
established on the basis of predicted cardiovascular benefit;
harm was not expected. Breast cancer was the primary ad-
verse outcome with stopping rules. A global risk-benefit ratio
was the third primary outcome. Study completion was
scheduled for 2005.

After the first 2 yr of follow-up, and again 1–2 yr later, the
Data and Safety Monitoring Board (DSMB) advised inves-
tigators that there had been an early excess risk of heart attack
and stroke in women assigned to opposed or unopposed
estrogen (40) (Table 1). This information was sent to all par-
ticipants; most WHI women continued in the trial.

After an average of 5.2 yr, the combined estrogen-proges-
tin arm was stopped on the advice of the DSMB, because the
test statistic for invasive breast cancer exceeded the stopping
boundary for the adverse event, the global index showed
risks exceeding benefits, and there was no reason to expect
future favorable effects on cardiovascular disease. Only 6 wk
later, after all the WHI participants had been informed, the
main WHI outcomes paper was published in the Journal of the
American Medical Association (39). None of the excess risks or
benefits was large (all less than 10 events per 10,000 women
per year) as shown in Fig. 5. The hazard ratio for CHD was
1.29 (1.02–1.63) with 286 cases; this risk was apparent almost
immediately. The hazard ratio for breast cancer was 1.26
(1.00–1.59) with 290 cases; this excess risk emerged after 4–5
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yr. Increased risks of stroke (1.41; 1.07–1.85), apparent after
about 2 yr, and pulmonary emboli (2.13; 1.39–3.25), which
were apparent almost immediately, were also observed. In
analyses adjusted for multiple outcomes and sequential
monitoring, most of the adverse or beneficial effects were no
longer statistically significant, but it will be recognized that
this was an extremely conservative analysis. It is a common
convention that primary outcomes in clinical trials (in this
case heart disease, breast cancer, and global index) are in-
terpreted without adjustment for multiple testing.

Only 400 WHI women had known cardiovascular disease
at baseline. A subgroup analysis of these women, who had
a history of heart attack or coronary revascularization at
baseline, showed a CHD relative risk of 1.28, similar to that
reported for the cohort overall. Multiple tests for interaction,
including age, body mass index, prior hormone use, smok-
ing, diabetes, aspirin or statin use, failed to show that any
subgroup was selectively helped or harmed by HT with
regard to heart disease, stroke, or venous thromboembolic
disease.

The extensive media reports of these mostly harmful ef-
fects undoubtedly caused patients anxiety; many physicians
were overwhelmed by telephone queries. Patients could be
reassured because the excess risk of cardiovascular disease
was small for an individual woman: the absolute excess per
10,000 women per year was seven more cardiac events and
eight more strokes, but the benefits were even smaller. As
shown in Fig. 5, the number of excess cardiovascular events,
pulmonary emboli, and breast cancers in the hormone-
treated group was larger than the number of prevented frac-
tures or colon cancers. Overall, the global index showed an
increased relative risk of negative outcomes of 1.15 (95% CI,
1.03–1.28). The absolute excess number of events included in
the global index was 19 per 10,000 women per year.

It is doubtful that the WHI cardiovascular results would
have been believed at all without the HERS data. Despite
WHI and the other small trials, many still doubt that HT does

more harm than good. Currently, one of the most common
discussion points is that the women in HERS and WHI were
too old (average age, 67 and 63 yr, respectively) and already
had coronary artery atherosclerosis. In fact, the WHI data
show that women between ages 50 and 60 yr had fewer
cardiovascular events than women in older age groups, but
the highest relative risk (Table 3). This is expected in that
younger women have little CHD, so any excess risk will
stand out clearly. The higher heart disease rates in older
women make any small HT-associated CHD excess less
obvious.

Postmenopausal Estrogen/Progestin Interventions (PEPI). Al-
though the 3-yr PEPI trial (41) of 875 women who were
within 10 yr of menopause was not designed to study disease
outcomes, there was a (nonsignificantly) higher incidence of
cardiovascular and thrombotic events among women as-
signed to HT (2.1 events/100 women) than in the placebo
group, which had no events.

Pooled meta-analysis of small primary prevention trials (42). The
only other primary prevention data with clinical heart dis-
ease outcomes come from small short clinical trials, most of
which were designed to study changes in menopause symp-
toms or bone density. In an innovative use of existing data,
Hemminki and McPherson (42) reported a pooled analysis of
22 published small randomized trials of HT, usually of more
than 3 months but less than 3 yr duration, with a total of 4,124
women assigned to hormones, placebo, vitamin supple-
ments, or no treatment. Most of the women in these clinical
trials were young and unlikely to have had unrecognized
heart disease at baseline. Cardiovascular outcomes were re-
corded as adverse events or reasons for dropout, incidental
to the purpose of the trials. Based on the pooled data, the
calculated odds ratio for cardiovascular events in women
assigned to hormones vs. those not assigned to hormones
was 1.39 (95% CI, 0.48–3.95). Although these differences
were not statistically significant, the authors calculated that
they would occur only 10 of every 100 times if HT truly
reduced the risk of CHD by 30%. Later, they added unpub-
lished data from an additional six short-term trials conducted
in 645 women, which did not materially change the results
(43).

Estrogen in the Prevention of Atherosclerosis Trial (EPAT). This
randomized placebo-controlled clinical trial reported by Ho-
dis et al. (44) was designed to test whether unopposed oral

TABLE 3. WHI: MI/CHD death by age (65)

Age (yr)
HRT Placebo

RR
N Annualized % N Annualized %

50–59 33 0.21 19 0.13 1.67
60–69 68 0.35 51 0.28 1.26
70–79 63 0.71 52 0.60 1.18

HRT, Hormone replacement therapy; RR, relative risk.

FIG. 5. Effect of estrogen-progestin on event rates
(adapted from the WHI HT Update 2000 (http://
www.nhlbi.nih.gov/health/women/upd2002.htm).
VTE, Venous thromboembolism.
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micronized 17 �-estradiol (1 mg/d) reduces progression in
carotid artery atherosclerosis in healthy women (average
age, 61 yr) without known cardiovascular disease who were
an average of 13 yr post menopause. Women whose baseline
LDL was at least 160 mg/dl were treated with lipid-lowering
drugs. Of the 221 women randomized, 199 had a follow-up
carotid artery ultrasound after 2 yr. In the group treated with
lipid-lowering medication, progression of IMT was similar in
women assigned to estrogen or placebo. The 77 women who
had LDL levels below 160 mg/dl and received no lipid-
lowering medication showed significantly less increase in
carotid IMT on estrogen therapy compared with the placebo
group (P � 0.002). The authors conclude that these results
show that unopposed estrogen is cardioprotective if used in
younger women before they have atherosclerosis. This in-
teresting finding clearly stands alone among the clinical trial
results published to date.

The negative reaction to the WHI (and other HT trials)

The subsequent FDA proscription that health care pro-
viders prescribe HT only for symptomatic women, and in as
small a dose for as short a time as possible, goes against
clinical experience and the feminine forever mystique. Flaws
in the clinical trials design or execution have been sought that
might allow a continuation of old familiar concepts and
avoid a painful paradigm shift. Although both HERS and
WHI met the classic criteria for a good clinical trial (ran-
domization, placebo-controlled, and double-blind), several
common criticisms remain, including the following.

The wrong estrogen. WHI and HERS and most of the smaller
clinical trials were conducted in the United States and stud-
ied CEE. This most commonly prescribed estrogen therapy
in the United States had been used by most of the women in
more than 80% of the published observational studies in 1990
when WHI was being designed. Estradiol is more commonly
prescribed in Europe, but there was no similar body of ob-
servational data pointing to heart disease prevention. If 17
�-estradiol had been the WHI trial estrogen, with the same
negative results for CHD, those who designed the WHI
would have been asked, “Why not use the estrogen we know
works?”

The wrong progestin. MPA was chosen for WHI because it was
the most commonly used progestin with combined HT in the
United States, and a few observational studies had suggested
cardiac protection (Fig. 4) (22). Moreover, no observational
studies have reported CHD risks for women using the con-
tinuous combined regimen used in WHI and HERS, which
was chosen to improve compliance and minimize unblinding
by reducing bleeding. It is possible that MPA (or possibly any
progestin) masks cardioprotective effects of estrogen, and
the WHI unopposed HT arm continues, although these
women also received two letters advising them of an in-
creased risk of cardiovascular disease.

The wrong age. Atherosclerosis down-regulates estrogen re-
ceptors, and the thesis that the women in WHI were too old
for cardioprotection cannot be excluded, although WHI is by
far the largest study of HT in young postmenopausal women
ever reported. Perhaps age 50 yr is not young enough, be-

cause fatty streaks begin well before menopause. If cardio-
protection requires beginning HT before atherosclerosis be-
gins, a trial of HT in still-cycling women in their 40s would
be necessary. The feasibility of such a study, larger and
longer than WHI, is questionable.

Unblinding. In WHI (39), the study gynecologist was un-
blinded for about 40% of participants to make a decision
about further evaluation for sustained vaginal bleeding. The
study staff and the participant were rarely unblinded, how-
ever, and those who adjudicated possible CHD events were
blinded to participant symptoms and treatment assignment.
In any event, diagnostic suspicion bias would be expected to
increase the expected outcome, not to detect an unexpected
outcome such as the observed early excess CHD rates.

Dropouts. In the WHI only 3.5% of participants were lost to
follow-up (39); dropout refers to discontinuation of study
medications, not loss to follow-up. Discontinuation rates
were high, 42% in the HT arm and 38% in the placebo arm.
When there is a high discontinuation of study medication,
intention-to-treat analysis tends to underestimate both the
benefit and the risk of intervention. This was demonstrated
in WHI, where the relative risk for heart disease was 1.29
with intention-to-treat analysis and 1.51 with as-treated
analysis.

Generalizability. Women in observational studies usually rep-
resent a broader range of age, social class, and ethnicity than
women in trials, and they are more likely to receive indi-
vidualized treatment. Also, it is assumed that women in
observational studies often started HT for severe menopause
symptoms, whereas highly symptomatic women are usually
excluded from clinical trials. There are, however, no data
showing that highly symptomatic perimenopausal women
are at increased risk of CHD or would be more protected by
HT than their less symptomatic peers who volunteer for
trials.

Back to Epidemiology

Observational epidemiological studies provide the oppor-
tunity to compare the association of an exposure variable (in
this case HT) with a disease outcome (in this case CHD).
Nearly all major modifiable CHD risk factors for heart dis-
ease were first discovered using observational studies. Pre-
vention trials depend on epidemiological data for part of
their rationale (animal models alone would not provide suf-
ficient evidence), and to estimate the effect size of the pro-
posed intervention, which is used to determine feasibility
and calculate sample size. Clinical trials are done because
even large prospective studies show associations but do not
prove causality. Only clinical trials use randomization to
control for the known and unknown biases that plague ob-
servational studies.

In the absence of trial data, we should evaluate possibly
causal associations in epidemiological studies using stan-
dard criteria, which include biological plausibility, consis-
tency and strength of association, specificity, temporality,
dose-response, and prevention or reversibility. To help un-
derstand unexpected trial results, we can now ask how well
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observational studies met these criteria and dealt with prob-
lems of confounding and bias.

Biological plausibility

Biological plausibility is estrogen’s strongest suit; in vivo
and in vitro studies have demonstrated that estradiol has
multiple potentially beneficial effects at the molecular and
cellular level, and in animal models, as reviewed elsewhere
(45, 46). Small clinical trials studying CHD risk factors and
vascular reactivity also support HT cardioprotection, al-
though intermediate effects do not necessarily predict
disease.

Among the first identified potentially favorable effects of
HT were an increase in HDL-cholesterol when estrogen was
given alone, a decrease in HDL when estrogen was given
with androgenic (19-nor) progestins, and an intermediate
effect when estrogen was given with a nonandrogenic 17-nor
progestin (47). In the PEPI (41) study, 875 healthy postmeno-
pausal women who were within 10 yr of menopause were
randomly assigned to one of five treatment regimens for 3 yr.
Treatments were placebo, CEE; CEE � cyclic MPA; CEE �
daily MPA; and CEE � cyclic micronized progesterone (MP).
All active PEPI treatments significantly reduced LDL cho-
lesterol and increased HDL cholesterol and triglycerides
compared with placebo. CEE alone or with MP raised HDL
significantly more than either CEE � MPA regimen. In a
separate analysis restricted to women who were able to con-
tinue 80% of their study medication, unopposed CEE was
associated with a significantly greater increase in HDL than
in women adherent to CEE � MP, although CEE � MP
remained superior to either CEE � MPA regimen (48). These
lipid effects are now thought to represent a first pass effect
through the liver following oral HT, and they seem unlikely
to explain the HERS and WHI CHD results.

Consistency and strength of association

Consistency means that different studies find the same
thing. Strength of association refers to the magnitude of the
risk estimate and its 95% CI values. As shown in Figs. 3 and
4, nearly all of the individual comparisons of HT in obser-
vational studies suggested benefit based on the point esti-
mates but had wide CI values that usually included one.
Taken individually, these studies are not impressive with
regard to the strength of the association. However, when
presented as a pooled meta-analysis, the summary estimate
now excludes one and has narrow CI values, compatible with
significant pooled effects. By increasing the sample size, we
can show a more precise estimate of the treatment effect,
narrowing the 95% CI values, and at the same time visual-
izing the consistency of the results.

The meta-analysis was originally designed to combine
data from small clinical trials with similar but nonsignificant
results and is a very useful tool for summarizing clinical trial
data. In observational studies, particularly those of self-
selected interventions to prevent disease, the meta-analysis
may provide only consistent significant evidence of bias,
because treatment was not randomly assigned (49). All sorts
of HT-user biases, particularly prevention bias, have been
known for years and obscured by the enthusiasm for the

HT-CHD hypothesis, the verity of which was sanctified by
meta-analyses (19, 50).

Prevention bias. Women taking estrogen tend to have more
education, more money, more favorable lifestyles, better lev-
els of several heart disease risk factors, and less diabetes than
untreated women. Some or all of estrogen’s putative CHD
benefits could have been spurious, reflecting “the healthy
wealthy woman” bias (50). Education and social class are
strongly, independently, and inversely associated with the
risk of CHD in both men and women (51). This type of bias
for HT was elegantly demonstrated in a prospective epide-
miological study by Matthews et al. (52). Following 355
women through the menopause, they found that those who
elected to take HT after the menopause had more favorable
levels of HDL cholesterol, fasting insulin, and blood pres-
sure; and they reported more physical activity, alcohol in-
take, and education before the menopause than untreated
women. Similar healthy wealthy self-selection bias may also
be the explanation for the apparently cardioprotective effects
of antioxidant vitamin supplements reported in large obser-
vational cohort studies, but not confirmed in clinical trials
(e.g. Ref. 35).

Could social class bias explain the HERS and WHI CHD
results? Very telling is a meta-analysis published 1 wk after
the WHI by the U.S. Preventive Services Task Force (53). In
this meta-analysis of 22 good-to-fair-quality observational
studies (of 43 published studies), pooled data from the five
studies that controlled for social class, education, or occu-
pation showed that the previously observed reduced risk for
coronary artery disease among HT current users was no
longer present (Fig. 6). The authors also noted that no benefit
was observed in the fair-to-good-quality studies that ad-
justed for alcohol use and physical activity.

Prevention bias also relates to physicians’ prescribing
practices. Under the U.S. private payer health care system,
women without money or health insurance are less likely to
use their limited resources for health care and to be pre-
scribed medication for prevention. In addition, until recently,
sick women were less likely to be prescribed estrogen be-
cause hypertension, diabetes, and heart disease were listed
as contraindications on the estrogen package insert. Women
without these diseases were less likely to have a heart attack,
a benefit attributed to HT.

Compliance bias. In a representative study of U.S. women, 45%
had used estrogen for at least 1 month, but only 20% con-
tinued HT for 5 or more years (54). Compliance has strong,
if poorly understood, health benefits as shown in random-
ized double-blind clinical trials (55). For example, in the
Beta-Blocker Heart Attack (BHAT) trial, women who were
compliant with placebo had a 60% decreased risk of mortality
compared with women who were not compliant with pla-
cebo (56). Adjustment for multiple known predictors of cor-
onary disease did not explain the decreased risk for coronary
disease associated with good adherence to medication. The
CHD risk reduction observed in compliant women adherent
to placebo in BHAT is similar to the 50% reduction attributed
to estrogen in an early meta-analysis of observational studies
(57). This compliance bias is the main reason why intention-
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to-treat analyses are essential components of clinical trials;
otherwise as-treated results may simply reflect compliance
bias within a trial.

Dose response

Stepwise graded associations showing decreasing risk
with increasing dose or duration of therapy strengthen the
likelihood that a beneficial association is causal. Among
the common disease outcomes reported to date from WHI,
the strongest evidence for a duration effect is for breast
cancer. In contrast, the detailed report available on the website
for the U.S. Preventive Services Task Force failed to find a
consistent association of CHD with dose or duration of HT (58).

Temporality

Causality requires that the exposure precede the disease.
This time sequence can be difficult to ascertain in studies of
CHD because coronary artery atherosclerosis begins years
before clinical manifestations. If the exposure causes death,
case-control studies will miss it. Equally important, in many
prospective studies information about medication is ob-
tained only at baseline, and discontinuation or initiation
during follow-up is unknown or incompletely assessed. If a
new medication is started after baseline assessment and has
an untoward serious effect during the interim, the fact of the
event will be ascertained more often than the fact that med-
ication was started. This design could underestimate early
harm by misclassification of interim exposure and could
have masked an early CHD harm in prospective studies of
HT. This may explain why Framingham (59), the only study
that defines exposures by most recent status, evaluating
medication every 2 yr, is also the only observational study in
Fig. 3 that shows a significant excess risk of CHD in HT users.

If the overall null CHD effect is explained by bias, the early
harm requires another epidemiological explanation. The lack
of interim medication data for HT in epidemiological studies
may explain why early harm was not suspected until shown
in clinical trials.

Specificity

Specificity of effect is one of the least useful criteria for
causality, because many endogenous and exogenous expo-

sures have diverse effects on different tissues. Specificity
would not be expected to be a characteristic of studies of
estrogen, given that estrogen receptors are present through-
out the body.

Those who disbelieve the null trial results for CHD should
recall that epidemiological studies correctly predicted the
effect of HT on all of the other main WHI outcomes, including
the increased risk of breast cancer, stroke, pulmonary em-
bolus, reduced risk of colon cancer and fracture, and absent
effect of the continuous combined regimen on endometrial
cancer, as reviewed elsewhere (60). It is ironic that only the
CHD prevention results from WHI differ from those pre-
dicted by observational studies, in that the prevention of
CHD was the main factor motivating more universal use of
HT for prevention. I believe that all of the apparent benefit
of HT for CHD seen in observational studies and not con-
firmed by clinical trials could be explained by prevention and
compliance biases.

Prevention and reversibility

Neither has been demonstrated in observational studies or
in clinical trials with CHD outcomes.

Explanations and recommendations

The failure to find cardioprotective effects in any of the
several clinical trials with CHD outcomes offers little hope
that postmenopausal HT will prevent heart disease. The re-
sults, unexpected and unwelcome, are nonetheless definitive
and are likely to extend beyond the studied treatment reg-
imens. The most likely reason for lack of effect in trials
compared with observational studies is consistent bias in the
observational studies (61). The early harm (for both CHD and
stroke) may be a thrombotic effect reflecting a synergistic
effect between one of the many relatively common hyper-
coagulable states and HT (62). Against this explanation is the
observation that raloxifene, a selective estrogen receptor
modulator, causes a similar risk of venous thromboembolic
disease as HT, but does not appear to increase the risk of
stroke or CHD (63). Another candidate for early harm is
inflammation, with rupture of the vulnerable plaque. In this
regard, it is intriguing that estrogen raises C-reactive protein
dramatically, whereas raloxifene has no effect on this in-

FIG. 6. Relative risk or odds ratio for coronary
artery disease incidence. [Adapted with permis-
sion from L. L. Humphrey et al.: Ann Intern Med
137:273–284, 2002 (53).]
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flammatory marker (64). Other possibilities abound. We
have spent the last 10 yr looking at mechanisms for estrogen’s
expected favorable effects. We now need to give equal time
to explaining its harmful effects.

Whatever the mechanisms, a paradigm shift in medical
practice should follow the mounting clinical trial evidence
that postmenopausal hormone regimens are not indicated to
prevent heart disease. Today’s heart protection plans for
women should emphasize behavior changes and, where ap-
propriate, the lipid and blood pressure medicines that have
been proven in clinical trials to reduce CHD risk in post-
menopausal women.

Acknowledgments

Received May 20, 2003. Accepted June 2, 2003.
Address all correspondence and requests for reprints to: Elizabeth

Barrett-Connor, M.D., Department of Family and Preventive Medicine,
School of Medicine, University of California, San Diego, 9500 Gilman
Drive, Mail Code 0607, La Jolla, California 92093-0607. E-mail:
ebarrettconnor@ucsd.edu.

References

1. Osler W 1896 Lectures on angina pectoris and allied states. NY Med J 64:20 –44
2. Barrett-Connor E 1997 Sex differences in coronary heart disease. Why are

women so superior? The 1995 Ancel Keys Lecture. Circulation 95:252–264
3. Kalin MF, Zumoff B 1990 Sex hormones and coronary disease: a review of the

clinical studies. Steroids 55:330–352
4. Isles CG, Hole DJ, Hawthorne VM, Lever AF 1992 Relation between coronary

risk and coronary mortality in women of the Renfrew and Paisley survey:
comparison with men. Lancet 339:702–706

5. Jacobs Jr DR, Mebane IL, Bangdiwala SI, Criqui MH, Tyroler HA 1990 High
density lipoprotein cholesterol as a predictor of cardiovascular disease mor-
tality in men and women: the follow-up study of the Lipid Research Clinics
Prevalence Study. Am J Epidemiol 131:32–47

6. Barrett-Connor E, Bush TL 1991 Estrogen and coronary heart disease in
women. JAMA 265:1861–1867

7. 1996 Research on the menopause in the 1990s: report of a World Health
Organization Scientific Group. Geneva: World Health Organization Tech Rep
Ser 866 0512–3054

8. Tracy RE 1966 Sex difference in coronary disease: two opposing views.
J Chronic Dis 19:1245–1251

9. van der Schouw YT, van der Graaf Y, Steyerberg EW, Eijkemans JC, Banga
JD 1996 Age at menopause as a risk factor for cardiovascular mortality. Lancet
347:714–718

10. Hu FB, Grodstein F, Hennekens CH, Colditz GA, Johnson M, Manson JE,
Rosner B, Stampfer MJ 1999 Age at natural menopause and risk of cardio-
vascular disease. Arch Intern Med 159:1061–1066

11. Burger HG, Cahir N, Robertson DM, Groome NP, Dudley E, Green A,
Dennerstein L 1998 Serum inhibins A and B fall differentially as FSH rises in
perimenopausal women. Clin Endocrinol (Oxf) 48:809–813

12. 2002 Endogenous sex hormones and breast cancer in postmenopausal women:
reanalysis of nine prospective studies. J Natl Cancer Inst 94:606–616

13. Barrett-Connor E, Goodman-Gruen D 1995 Prospective study of endogenous
sex hormones and fatal cardiovascular disease in postmenopausal women.
BMJ 311:1193–1196

14. Cauley JA, Gutai JP, Kuller LH, Powell JG 1990 The relation of endogenous
sex steroid hormone concentrations to serum lipid and lipoprotein levels in
postmenopausal women. Am J Epidemiol 132:884–894

15. Cauley JA, Gutai JP, Kuller LH, Powell JG 1991 Reliability and interrelations
among serum sex hormones in postmenopausal women. Am J Epidemiol
133:50–57

16. Bairey Merz CN, Johnson BD, Sharaf BL, Bittner V, Berga SL, Braunstein
GD, Hodgson TK, Matthews KA, Pepine CJ, Reis SE, Reichek N, Rogers WJ,
Pohost GM, Kelsey SF, Sopko G 2003 Hypoestrogenemia of hypothalamic
origin and coronary artery disease in premenopausal women: a report from the
NHLBI-sponsored WISE study. J Am Coll Cardiol 41:413–419

17. Bush TL, Cowan LD, Barrett-Connor E, Criqui MH, Karon JM, Wallace RB,
Tyroler HA, Rifkind BM 1983 Estrogen use and all-cause mortality. Prelim-
inary results from the Lipid Research Clinics Program Follow-Up Study. JAMA
249:903–906

18. Bush TL, Barrett-Connor E, Cowan LD, Criqui MH, Wallace RB, Suchindran
CM, Tyroler HA, Rifkind BM 1987 Cardiovascular mortality and noncon-

traceptive use of estrogen in women: results from the Lipid Research Clinics
Program Follow-up Study. Circulation 75:1102–1109

19. Vandenbroucke JP 1991 Postmenopausal oestrogen and cardioprotection.
Lancet 337:1482–1483

20. Grady D, Rubin SM, Petitti DB, Fox CS, Black D, Ettinger B, Ernster VL,
Cummings SR 1992 Hormone therapy to prevent disease and prolong life in
postmenopausal women. Ann Intern Med 117:1016–1037

21. 1992 Guidelines for counseling postmenopausal women about preventive
hormone therapy. American College of Physicians. Ann Intern Med 117:1038–
1041

22. Barrett-Connor E, Grady D 1998 Hormone replacement therapy, heart disease,
and other considerations. Annu Rev Public Health 19:55–72

23. 1970 The Coronary Drug Project. Initial findings leading to modifications of its
research protocol. JAMA 214:1303–1313

24. 1973 The Coronary Drug Project. Findings leading to discontinuation of the
2.5-mg day estrogen group. The coronary Drug Project Research Group. JAMA
226:652–657

25. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, Vittinghoff
E 1998 Randomized trial of estrogen plus progestin for secondary prevention
of coronary heart disease in postmenopausal women. Heart and Estrogen/
progestin Replacement Study (HERS) Research Group. JAMA 280:605–613

26. Grady D, Herrington D, Bittner V, Blumenthal R, Davidson M, Hlatky M,
Hsia J, Hulley S, Herd A, Khan S, Newby LK, Waters D, Vittinghoff E,
Wenger N 2002 Cardiovascular disease outcomes during 6.8 years of hormone
therapy: Heart and Estrogen/progestin Replacement Study follow-up (HERS
II). JAMA 288:49–57

27. Simon JA, Hsia J, Cauley JA, Richards C, Harris F, Fong J, Barrett-Connor
E, Hulley SB 2001 Postmenopausal hormone therapy and risk of stroke: The
Heart and Estrogen-progestin Replacement Study (HERS). Circulation 103:
638–642

28. Hsia J, Simon JA, Lin F, Applegate WB, Vogt MT, Hunninghake D, Carr M
2000 Peripheral arterial disease in randomized trial of estrogen with progestin
in women with coronary heart disease: the Heart and Estrogen/Progestin
Replacement Study. Circulation 102:2228–2232

29. Herrington DM, Fong J, Sempos CT, Black DM, Schrott HG, Rautaharju P,
Bachorik PS, Blumenthal R, Khan S, Wenger NK 1998 Comparison of the
Heart and Estrogen/Progestin Replacement Study (HERS) cohort with women
with coronary disease from the National Health and Nutrition Examination
Survey III (NHANES III). Am Heart J 136:115–124

30. Furberg CD, Vittinghoff E, Davidson M, Herrington DM, Simon JA, Wenger
NK, Hulley S 2002 Subgroup interactions in the Heart and Estrogen/Progestin
Replacement Study: lessons learned. Circulation 105:917–922

31. Wenger NK, Knatterud GL, Canner PL 2000 Early risks of hormone therapy
in patients with coronary heart disease. JAMA 284:41–43

32. Clarke SC, Kelleher J, Lloyd-Jones H, Slack M, Schofiel PM 2002 A study of
hormone replacement therapy in postmenopausal women with ischaemic
heart disease: the Papworth HRT atherosclerosis study. BJOG 109:1056–1062

33. Cherry N, Gilmour K, Hannaford P, Heagerty A, Khan MA, Kitchener H,
McNamee R, Elstein M, Kay C, Seif M, Buckley H 2002 Oestrogen therapy
for prevention of reinfarction in postmenopausal women: a randomised pla-
cebo controlled trial. Lancet 360:2001–2008

34. Herrington DM, Reboussin DM, Brosnihan KB, Sharp PC, Shumaker SA,
Snyder TE, Furberg CD, Kowalchuk GJ, Stuckey TD, Rogers WJ, Givens DH,
Waters D 2000 Effects of estrogen replacement on the progression of coronary-
artery atherosclerosis. N Engl J Med 343:522–529

35. Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers WJ, Ouyang
P, Thompson P, Tardif JC, Higginson L, Bittner V, Steffes M, Gordon DJ,
Proschan M, Younes N, Verter JI 2002 Effects of hormone replacement therapy
and antioxidant vitamin supplements on coronary atherosclerosis in post-
menopausal women: a randomized controlled trial. JAMA 288:2432–2440

36. Byington RP, Furberg CD, Herrington DM, Herd JA, Hunninghake D, Low-
ery M, Riley W, Craven T, Chaput L, Ireland CC, Applegate WB 2002 Effect
of estrogen plus progestin on progression of carotid atherosclerosis in post-
menopausal women with heart disease: HERS B-mode substudy. Arterioscler
Thromb Vasc Biol 22:1692–1697

37. Angerer P, Stork S, Kothny W, Schmitt P, von Schacky C 2001 Effect of oral
postmenopausal hormone replacement on progression of atherosclerosis: a
randomized, controlled trial. Arterioscler Thromb Vasc Biol 21:262–268

38. Mikkola TS, Clarkson TB 2002 Estrogen replacement therapy, atherosclerosis,
and vascular function. Cardiovasc Res 53:605–619

39. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Ste-
fanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC, Kotchen
JM, Ockene J, Writing Group for the Women’s Health Initiative 2002 Risks
and benefits of estrogen plus progestin in healthy postmenopausal women:
principal results from the Women’s Health Initiative randomized controlled
trial. JAMA 288:321–333

40. Lenfant C 2000 National Heart, Lung, and Blood Institute Communications
Office, Press Release, April 3, 2000

41. 1995 Effects of estrogen or estrogen/progestin regimens on heart disease risk
factors in postmenopausal women. The Postmenopausal Estrogen/Progestin
Interventions (PEPI) Trial. The Writing Group for the PEPI Trial. JAMA 273:
199–208

Barrett-Connor • Clinical Review J Clin Endocrinol Metab, September 2003, 88(9):4031–4042 4041

 at Univ of Calif San Diego Serials/Biomedical Lib 0699 on May 3, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


42. Hemminki E, McPherson K 1997 Impact of postmenopausal hormone therapy
on cardiovascular events and cancer: pooled data from clinical trials. BMJ
315:149–153

43. Hemminki R, McPherson K 2000 Value of drug-licensing documents in study-
ing the effect of postmenopausal hormone therapy on cardiovascular disease.
Lancet 355:566–569

44. Hodis HN, Mack WJ, Lobo RA, Shoupe D, Sevanian A, Mahrer PR, Selzer
RH, Liu Cr CR, Liu Ch CH, Azen SP 2001 Estrogen in the prevention of
atherosclerosis. A randomized, double-blind, placebo-controlled trial. Ann
Intern Med 135:939–953

45. Mendelsohn ME, Karas RH 1999 The protective effects of estrogen on the
cardiovascular system. N Engl J Med 340:1801–1811

46. Jayachandran M, Miller VM 2002 Molecular and cellular mechanisms of
estrogen’s actions. In: Douglas PS, ed. Cardiovascular Health and Disease in
Women. 2nd ed. Philadelphia: W. B. Saunders; 207–230

47. Tikkanen MJ, Nikkila EA, Kuusi T, Sipinen SU 1982 High density lipopro-
tein-2 and hepatic lipase: reciprocal changes produced by estrogen and nor-
gestrel. J Clin Endocrinol Metab 54:1113–1117

48. Barrett-Connor E, Slone S, Greendale G, Kritz-Silverstein D, Espeland M,
Johnson SR, Waclawiw M, Fineberg SE 1997 The Postmenopausal Estrogen/
Progestin Interventions Study: primary outcomes in adherent women. Matu-
ritas 27:261–274

49. Shapiro S 1994 Meta-analysis/Shmeta-analysis. Am J Epidemiol 140:771–778
50. Barrett-Connor E 1991 Postmenopausal estrogen and prevention bias. Ann

Intern Med 115:455–456
51. Iribarren C, Luepker RV, McGovern PG, Arnett DK, Blackburn H 1997

Twelve-year trends in cardiovascular disease risk factors in the Minnesota
Heart Survey. Are socioeconomic differences widening? Arch Intern Med
157:873–881

52. Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P 1996 Prior to
use of estrogen replacement therapy, are users healthier than nonusers? Am J
Epidemiol 143:971–978

53. Humphrey LL, Chan BK, Sox HC 2002 Postmenopausal hormone replacement
therapy and the primary prevention of cardiovascular disease. Ann Intern Med
137:273–284

54. Brett KM, Madans JH 1997 Use of postmenopausal hormone replacement

therapy: estimates from a nationally representative cohort study. Am J Epi-
demiol 145:536–545

55. Petitti DB 1994 Coronary heart disease and estrogen replacement therapy. Can
compliance bias explain the results of observational studies? Ann Epidemiol
4:115–118

56. Horwitz RI, Viscoli CM, Berkman L, Donaldson RM, Horwitz SM, Murray
CJ, Ransohoff DF, Sindelar J 1990 Treatment adherence and risk of death after
a myocardial infarction. Lancet 336:542–545

57. Stampfer MJ, Colditz GA 1991 Estrogen replacement therapy and coronary
heart disease: a quantitative assessment of the epidemiologic evidence. Prev
Med 20:47–63

58. U.S. Preventive Services Task Force. Guide to Clinical Preventive Services,
3rd ed, 2000–2003. Chemoprevention: hormone replacement therapy. (http://
www.ahcpr.gov/clinic/3rduspstf/hrt/hrtrr.htm.)

59. Wilson PW, Garrison RJ, Castelli WP 1985 Postmenopausal estrogen use,
cigarette smoking, and cardiovascular morbidity in women over 50. The Fra-
mingham Study. N Engl J Med 313:1038–1043

60. Michels KB, Manson JE 2003 Postmenopausal hormone therapy: a reversal of
fortune. Circulation 107:1830–1833

61. Posthuma WF, Westendorp RG, Vandenbroucke JP 1994 Cardioprotective
effect of hormone replacement therapy in postmenopausal women: is the
evidence biased? BMJ 308:1268–1269

62. Psaty BM, Smith NL, Lemaitre RN, Vos HL, Heckbert SR, LaCroix AZ,
Rosendaal FR 2001 Hormone replacement therapy, prothrombotic mutations,
and the risk of incident nonfatal myocardial infarction in postmenopausal
women. JAMA 285:906–913

63. Barrett-Connor E, Grady D, Sashegyi A, Anderson PW, Cox DA, Hoszowski
K, Rautaharju P, Harper KD 2002 Raloxifene and cardiovascular events
in osteoporotic postmenopausal women: four-year results from the MORE
(Multiple Outcomes of Raloxifene Evaluation) randomized trial. JAMA 287:
847–857

64. Walsh BW, Paul S, Wild RA, Dean RA, Tracy RP, Cox DA, Anderson PW 2000
The effects of hormone replacement therapy and raloxifene on C-reactive
protein and homocysteine in healthy postmenopausal women: a randomized,
controlled trial. J Clin Endocrinol Metab 85:214–218

65. 2002 WHI Steering Committee and Writing Group Response, Letter to the
Editor. JAMA 288:2823–2824

4042 J Clin Endocrinol Metab, September 2003, 88(9):4031–4042 Barrett-Connor • Clinical Review

 at Univ of Calif San Diego Serials/Biomedical Lib 0699 on May 3, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org

