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Editor’s Note: The following article
represents one view of the Women’s Health
Initiative Clinical Trial and not all readers
may agree with its findings. A rebuttal to this
essay will appear in the Spring issue of
Menopausal Medicine.

The Women’s Health Initiative (WHI) clinical trial was intended to be a randomized
controlled primary prevention trial, examining the risks and benefits of combination
hormone replacement therapy (HRT).1
Between 1993 and 1998, 16,608 of a
planned 19,000 postmenopausal women
aged 50 to 79 years with an intact uterus at
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baseline, excluding women with severe
menopausal symptoms (presumably younger
menopausal women), were recruited. 2 Participants were randomly assigned to receive
conjugated equine estrogen (CEE) 0.625 mg
plus medroxyprogesterone acetate (MPA)
2.5 mg daily as one tablet (n=8506) or
placebo (n=8102) (planned duration 8.5
years). The primary outcome was coronary
heart disease (CHD), defined as nonfatal
myocardial infarction (MI) and CHD death,
with invasive breast cancer as the primary
adverse outcome. The study also examined
secondary outcome events including stroke,
deep vein thrombophlebitis/pulmonary
embolus (DVT/PE), fractures, colon cancer,
and endometrial cancer. It did not examine
quality of life issues, cognitive function, and
urogenital problems.
On May 31, 2002, after a mean of 5.2
years of follow-up, the Data and Safety
Monitoring Board (DSMB) recommended
stopping the estrogen/progestin trial arm
because of the occurrence of a prespecified
level of invasive breast cancer (but not
because of a statistically significant
increased risk). This was based on a hazard
ratio (HR) of 1.26 with nominal 95% confidence interval (CI) of 1.00 to 1.59, and adjusted 95% CI, 0.83 to 1.92.5 In contrast,
the WHI ERT (estrogen replacement therapy) arm, comprising 10,739 women who
had undergone a previous hysterectomy and
were randomized to receive CEE 0.625 mg
daily or placebo, continues even though
women in this estrogen only trial had uni-

David F. Archer, M.D.
The publication of the results of the
Women’s Health Initiative in July 2002 has
resulted in a debate in the medical and scientific communities regarding the role of
hormone therapy in postmenopausal
women. Menopausal Medicine is committed
to providing its readers with up-to-date commentary on critical issues in menopause.
This and subsequent issues of Menopausal
Medicine will address the results of the WHI.
We hope to provide balanced and reasoned
arguments (pro and con) from experts
regarding the use of hormone therapy for
postmenopausal women.
Neil Goodman, M.D., Joseph Goldzieher,
M.D., and Carm Ayala, R.N., C.C.R.N.,
M.P.H., Ph.D., provide a critique of the WHI
results based on randomization, blinding,
and drop out rates, which occurred during
the study. Arebuttal to this article will appear
in the Spring 2003 issue of Menopausal
Medicine.
Robert D. Langer, M.D., M.P.H., a WHI
investigator, provides the data for the cardiovascular outcomes from the WHI, noting
the unexpected finding of an increased risk
for coronary heart disease in the participants in the first two years after enrollment.
He addresses for the clinician the use of
hormone therapy.
Richard H. Karas, M.D., Ph.D., and
Thomas B. Clarkson, D.V.M., present a
hypothesis to explain the increased incidence of coronary heart disease in the WHI
participants. They offer evidence that intervention for primary prevention has to occur
at a younger age in postmenopausal women
in order to be effective.
As the editor, I will try to maintain balance
in the discussion(s) regarding the WHI
results and their impact on the current practice patterns of physicians. I invite your letters or comments regarding the published
essays. The bottom line is that there are differences of opinion regarding the outcomes
in the WHI and how these outcomes relate
to the individual patient, who is the most
important aspect of the equation.
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formly poorer cardiovascular and breast
cancer profiles at baselines when compared
to the women in the WHI progestin-estrogen
replacement therapy (PERT) arm. The
women participating in the ERT arm have
not had sufficient adverse outcomes to meet
the cut-off point for increased risk.
The decision to stop the estrogen/progestin arm of the study was based on a statistical criterion put in place before the
study began to insure that no harm would be
done to participants if data accumulated that
indicated potential harm. The necessity of
complying with this statistical decision is
not in question. However, premature discontinuation of this arm means that the calculated power of the statistical evaluation is lost,
and that all of the conclusions that have
been stated by the authors must be critically
evaluated. If the study did not meet the predetermined goals, i.e., power and statistical
significance, including number of continuing participants and years of follow-up, then
the study is flawed and may be invalid.
The Writing Group for the WHI conclud ed that this combination of estrogen/progestin should not be initiated or continued
for the primary prevention of coronary heart
disease, and that there is an increased risk of
breast cancer. Are these conclusions justified? It is the purpose of this commentary to
address the scientific validity of these conclusions and to discuss other information
derived from this study.
For many years, a wealth of observational studies has concluded that long-term use
of estrogen and estrogen/progestin combina tion therapies, when initiated in early
menopause for treatment of quality-of-life
disorders (hot flushes, mood disorders,
insomnia, cognitive disruption, and genitourinary tract atrophy), would also impart a
significant reduction in CHD mortality, the
leading cause of death in menopausal
women. However, as with all observational
studies, there are problems of biases, effect
modification, and confounding associated
with these clinical models. The purpose of
the WHI was to provide the first randomized controlled trial to examine the effect of
PERT in healthy menopausal women on the
primary prevention of CHD.
However, the WHI intentionally excluded
women with severe menopausal symptoms 2
and focused on the 60+ age group, yielding
an average age of the women in the HRT
group of 63, with 66.6% between 60 and 79
years of age (21% between the ages of 70
and 79). A majority of the women receiving
PERT were more than 10 years postmenopausal and undoubtedly already had
some degree of pre-existing atherosclerosis,
as evidenced by a history of prior events in

some. The beneficial effects of hormone
therapy on the cardiovascular system would
be diminished in the presence of increased
atherosclerosis in this aged population and
could account for a nominal increase in
CHD events.
Beneficial effects would not necessarily
be seen in this short study of 5.2 years. This
population is not representative of the typical patient presenting to her physician for
menopausal management of quality-of-life
symptoms in early menopause and furthermore cannot be considered as a CHD primary prevention study; in fact, it is clearly a
secondary prevention study. Furthermore,
selection of clinically relevant surrogate
endpoints is complex, especially because
many current evaluation modalities are not
sensitive enough to identify subclinical
coronary disease or disease progression.
Many of the existing modalities are invasive or expensive and not appropriate for
population-based randomized clinical trials
(RCTs), even for baseline characteristics.
Therefore the definition of “healthy” postmenopausal women in the WHI may be
flawed.
The following are point-by-point comments,
referencing the data published by the WHI:
1) Based on Table 1, even the nominal
adjusted 95% confidence interval (CI) for
CHD and invasive breast cancer includes 1.
Significance is routinely reported when HR
is 1.5 or more and when the 95% CI does
not include 1 (0.97 to 1.05) or less. These
are the primary outcomes established for
this study with the invasive breast cancer
hazard ratio (HR) of 1.26 (with a CI that
includes 1) accounting for the early termination of the study.
Therefore, the conclusions drawn from
these data, with CIs that don’t support statistical significance, do not seem to be justified,
as the differences could by definition have
occurred by random chance. The incidence of
breast cancer increases in years four and five,
supporting the explanation of activation of
pre-existing malignancy over time by PERT.
The short duration of the study makes it
unlikely that the cancers were formed after
therapy was started. It is possible that estrogen may be cancer promoting, but this is
different from cancer initiating. Further,
detection bias is introduced due to the massive unblinding of the participants.
2) The absolute rates of CHD, stroke, breast
cancer, and pulmonary embolus (Table 2),
based on endpoints per 10,000 womenyears, were marginally significant at best.
There were a combined total of 358 heart
attacks, cancers, strokes, DVTs, and osteo-

Table 1: Clinical Outcomes by Randomizing Assignment
Estrogen+
Progestin

Placebo

Hazard Ratio
(HR)

Nominal
95% Confidence
Interval (CI)*

Adjusted
95% CI*

Total number of
women

8,506

8,102

Invasive breast
cancer

166

124

1.26

1.00-1.59

0.83-1.92

Noninvasive breast
cancer

40

33

1.13 (NS)

CHD
CHD death
Nonfatal MI

166
33
133

122
26
96

1.29
1.18
1.32

1.02-1.63
0.70-1.90
1.02-1.72

0.85-1.97
0.47-2.98
0.82-2.13

Stroke
Fatal stroke
Nonfatal stroke

110
16
94

72
13
59

1.41
1.20
1.50

1.07-1.85
0.58-2.50
1.08-2.08

0.86-2.31
0.32-4.49
0.83-2.70

Pulmonary embolism

70

31

2.13

1.39-3.25

0.99-4.56

Deep venous
thrombosis (DVT)

115

52

2.07

1.49-2.87

1.14-3.74

*Bold type indicates confidence intervals (CIs) that include 1 with corresponding hazard ratios that do not differ from random chance.

porotic fractures. There were 583 women
completely lost to follow-up. Therefore,
there were far more women lost to followup than there were women who had “endpoint events.” The biases introduced by this
observation are not addressed. 2
It is also important to recognize that the
event rates are not absolute risks compared
with women of the general population.4 Predicting absolute and lifetime risks is complex but important when assessing the results from WHI. The relationship among
age, relative risk, and absolute risk differs
for different event outcomes in the WHI
study. Importantly, the event curves for the
Kaplan-Meier estimate of cumulative haz ards for breast cancer crossed and violated
the proportional hazards assumption of the
Cox model used. 5
Other important predictor variables, such
as family history and past medical history,
may have been missing from the analysis.4
With the small differences reported, a shift
of a few cases would have a major impact
on the conclusions.

3) As noted in Table 3, 472 women in the
PERT group had evidence for underlying
CHD (previous MI, angina, or coronary
artery bypass graft/percutaneous transluminal coronary angioplasty [CABG/PTCA]),
confounding the issue of a CHD primary
prevention trial. The potential adverse
effects of starting PERT (specifically
CEE/MPA) late in a woman’s life with
known CHD has been reported in the HERS
study.8 The exact nature of this finding
remains controversial.
However, the HERS study found that
these events did not occur with increased
frequency in women already on statins who
were given PERT. There is no identification
in the data reported if and when statins or
aspirin might have been given to study participants that could have influenced the
CHD events reported and biased the study.
4) The Writing Group clearly defines the
items they included in their “risk” and “benefit” categories. Not included in the evaluation of benefits are the important quality-of-

5) There was a substantial dropout rate of
about 40% for both the placebo and PERT
groups. The authors stated that this does not
confound the results since this rate compares
favorably to community-based adherence to
hormone replacement therapy (HRT). However, this comment is irrelevant to the effect of
the dropout rate on the statistical accuracy of
the results, which is never addressed. A
greater than 20% drop-out in any study
should initiate a thorough analysis of this
event.3 What were the differences between the
groups of those that dropped out, and could
this have introduced biases into the results?

Table 3: Previous Cardiovascular Risk Factors

Table 2: Absolute Rates
(Events per 10,000 women per year)
Estrogen +
Progestin

life issues of urogenital health, relief of
vasomotor symptoms, mood and insomnia
improvement, preservation of cognitive
function, and protection against Alzheimer
disease and diabetes. A “global” risk/benefit
profile was then constructed from which
inferences as to the general prescribing of
PERT were extrapolated. The global index
was of monitored outcomes only and included a reduction in fractures and colon cancer.

Estrogen +
Progestin

Placebo

Placebo

Difference
History of myocardial infarction

139

30

+7

History of angina

238

234

+8

History of coronary artery bypass graft/
percutaneous transluminal coronary
angioplasty (CABG/PTCA)

95

120

History of stroke

61

77

History of deep vein thrombophlebitis/
pulmonary embolus (DVT/PE)

79

62

Myocardial
infarctions

37

Breast cancer

38

30

Strokes

29

21

+8

Deep vein thrombophlebitis/pulmonary
embolus (DVT/PE)

34

16

+18

157

3

Note that treatment-group dropout rate is
not larger than that of the placebo group.
Yet in virtually every HRT study, adverse
phenomena attributed to hormone use (e.g.,
bleeding, headache, and mastalgia) contribute significantly to a higher dropout rate.
What is the explanation for this discrepancy?
6) The effects of unblinding 3,444 women in
the HRT group are critical. Forty percent of
the treatment group was unblinded but only
6.7% of the placebo group. Unblinding
occurred primarily because of excessive
bleeding. Although the adjudication committee remained blinded, the clinical staff
obtaining follow-up data was no longer
blinded, and bias could have been introduced. Any departure from the study treatment protocol, regardless of the nature of the
departure, reduces the chances of finding a
treatment difference.4 What effect did this
have on the statistical analysis?
7) The average number of years followed
was only 5.2, which could account for the
early risk increase found in some secondary
prevention studies of HRT (HERS) and not
the benefit of long-term use. In other words,
the early endpoints of CHD and breast cancer, being of such nominal differences, could
be explained by chance alone because of the
short duration of the study. The WHI authors
stated that their results are consistent with the
HERS report.
Despite the HERS authors’conclusion that
they had a null result regarding CVD protection, Bush6 has pointed out in print that 17 of
the 22 centers involved in HERS did in fact
see a benefit; this was statistically negated out
by the data from the other five centers. Moreover, the excess CV events in the PERT group
of HERS occurred chiefly in the first four
months of the trial and then rapidly tapered
off to become, at first, no different from
placebo and then showed a distinct beneficial
trend at the time the trial was terminated.

should be caution in accepting the initial
interpretation by the Writing Group of the
WHI. Many of the differences between PERT
and placebo, as shown by the numbers, could
have occurred by random chance alone
among this older group of women Additionally, bias and confounding could have affected the reported results. Taken together these
concerns question the validity of the conclusions and generalizations presented.
The quality-of-life benefits of HRT were
not included in the global risk assessment,
along with the exclusion of younger menopausal women with significant menopausal
symptoms. The short duration of this study
does not address the long-term risks and
benefits of HRT.
What conclusions can be drawn regarding
the primary prevention of CHD? Since the
WHI is clearly a secondary prevention trial,
no conclusions can be drawn regarding the
primary prevention of CHD. There is a vast
body of biological data - unequivocal,
reproducible, experimental data - attesting
to the beneficial cardiovascular effects of
estradiol at various levels. 7
In addition, significant clinical observational data, both large numbers and decades of
follow-up, find protection by estrogen against
CHD events of as much as 30% to 55%.
Much of the data was developed in studies of
postmenopausal women receiving estrogen
alone. The possible adverse effects of some
progestins needs further study. Therefore,
there is scientific support for the beneficial
cardiovascular protective effect of estrogen in
younger postmenopausal women without
apparent atherosclerosis over the long term.
As to breast cancer risk, even though the
study was stopped because of a prespecified
endpoint for breast cancer, there is inadequate statistical validity in this study to
demonstrate an increased risk of breast cancer in PERT users.
As the WHI Writing Group listed in the
limitation section of their discussion, the
results should not be extrapolated to other
forms of HRT, since only one dosage of
conjugated equine estrogen and medroxyprogesterone acetate was evaluated. The

nominal absolute risk rate should support
women choosing to continue HRT for treatment of quality-of-life symptoms and prevention of osteoporosis.
The negative aspects of the WHI report
have been widely disseminated by the media
and uncritical spokespersons, causing an
avalanche of concern among the 35 million
menopausal women in America. It is critically important not only to publicly set the
record straight, but also to have each concerned individual evaluate her specific benefit/risk profile with a well-informed clinician. Further analyses of these WHI study
data, when they are made available, will
enlarge our understanding of the effects of
PERT on menopausal women. The interpretation by the WHI Writing Group is far from
the final word in understanding the overall
risks and benefits of HRT.
Randomized clinical trials such as HERS
and the WHI study clearly have substantial
technical and interpretational problems that
require careful, critical assessment. There
are presently major discrepancies in the conclusions about HRT from experimental data,
from observational epidemiology, and from
randomized clinical trials. Further, caution
should be observed in propounding a generalized set of therapeutic principles, i.e., the
smallest dose of estrogen for the briefest
time necessary. Individualized evaluation of
the benefit/risk profile, both short- and longterm, by an informed clinician, is clearly the
most prudent course to follow.
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Other fractures

579

701

0.77 (0.69-0.86)

Endometrial cancer

22

25

0.83 (0.47-1.47)

Colorectal cacer

45

67

0.63 (0.43-0.92)
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Despite overwhelming observational evidence suggesting that postmenopausal hormone treatment reduces the incidence of
coronary heart disease (CHD), 1-8 the eagerly
anticipated combined hormone trial in the
Women’s Health Initiative (WHI) did not
demonstrate that benefit after more than five
years of average follow-up. 9 The early stoppage of treatment in the WHI Estrogen plus
Progestin (E plus P) trial unleashed a torrent
of confusion and second guessing. What
happened? Should the effects found be generalized to all postmenopausal hormone
treatment, or at least to all combination hormone treatments?
The WHI E plus Ptrial was conducted in
women who had a uterus when they enrolled. It tested the most commonly prescribed estrogen plus progestin combination
in the United States, 0.625 mg of conjugated
equine estrogen plus 2.5 mg of medroxyprogesterone acetate (MPA) daily versus placebo.
The WHI is also testing conjugated
equine estrogen (CEE) 0.625 mg daily
(estrogen-only) versus placebo in women
who have had hysterectomy. Treatment in
the E plus P trial was stopped in July 2002,
three years early, on the recommendation of
the Data Safety and Monitoring Board
(DSMB), a group of independent experts
who review unblinded data. The estrogenonly trial, which is monitored in the same
way, has not generated a similar level of
concern and is continuing into 2003, while
the DSMB continues to meet twice yearly.
Why did the DSMB recommend stopping
the E plus P trial? A strict monitoring plan

was established at the beginning of the trial.
It included provisions to insure participant
safety with early stopping for harm and provisions to stop for strong benefit. Because
trends can be a better sentinel than cumulative rates, stopping rules were based on
trends rather than cumulative hazard ratios.
Seven outcomes were monitored closely
for benefit or harm: CHD, stroke, venous
thromboembolic disease (VTE), breast can cer, hip fracture, colorectal cancer, and
death from other causes. Besides being
counted for that specific event, the first
occurrence of any of these seven outcomes
for each participant was recorded in a Global Index. To minimize the likelihood of
stopping early for benefit or harm for any
specific outcome when an opposing effect
was present, early stopping also required a
concordant trend in the Global Index.
As of May 2002, after an average of 5.2
years of follow-up, the trend for invasive
breast cancer in the E plus P group exceeded the pre-set boundary for stopping for
harm. The degree of harm was small, 0.8
excess cases per 1,000 woman years of
exposure.9 This was less than half the
amount of two cases per 1,000 predicted by
the definitive meta-analysis published by
the Collaborative Group on Hormonal Factors in Breast Cancer.10 Importantly, the
strong benefit expected for coronary disease
had not emerged, so that the Global Index
was also negative.
As in the Heart and Estrogen Replacement (HERS) study 11 (which differed in that
it enrolled a population with known coronary heart disease, while over 90% of WHI
women had no known cardiovascular disease when randomized), there was an early
excess of coronary events in the WHI (Hazard Ratio [HR] = 1.78 in the first year).
The coronary harm declined sharply in the
second year (HR = 1.15) and then moved
toward neutral, but cumulative rates of
stroke (HR = 1.41) and VTE (HR = 2.11)
remained elevated. Overall, the expected cardiovascular benefit was not found. Rather
there was harm, which together with the
emerging hazard for breast cancer, pushed
the Global Index toward harm despite the
findings of benefits for hip fracture and colorectal cancer. The magnitude of reversal in
CHD rates that would have been required
over the remaining three years to counter the
harm at that point exceeded reasonable
expectation. Treatment was stopped and the
primary study question had been answered –
there was no overall benefit for conjugated
equine estrogen (CEE) plus continuous MPA
within the parameters of the study design.
Do these results prove that there is no
cardiovascular benefit for any estrogen plus

progestogen regimen? No. It is important to
remember that the WHI estrogen-only trial is
continuing. If that trial demonstrates a benefit, then the progestogen would have to
explain the difference in outcomes. Short12-14
and long-term15,16 primary prevention clinical
trials in non-human primates have demonstrated that MPAattenuates estrogen’s acute
benefit on vasodilatation and long-term benefit in reducing atheroma, while a less potent
progestogen such as progesterone does not.
In women, the Postmenopausal Estrogen/
Progestin Interventions (PEPI) trial,17 which
like the WHI enrolled an average-to-low risk
population, demonstrated that the metabolic
effects of estrogen were not significantly
affected by micronized progesterone but were
attenuated by MPA.
Summing the effects on classical cardiovascular risk factors in the PEPI trial using
the Framingham equation,18 and the pooled
estimates from a metaregression in over
95,000 subjects for two-hour post-challenge
glucose,19 yielded projected 10-year declines
in CHD of approximately 23% for CEE
alone, 19% for CEE plus micronized progesterone, and 5% for CEE plus MPA. Together,
these findings in the coronary vasculature of
non-human primates, and in intermediate
metabolic markers in women, suggest that
the benefit/risk balance in coronary primary
prevention may be different for regimens
employing different progestogens.
At baseline, less than 2% of women in
the WHI E plus P trial had a history of
myocardial infarction, less than 1.5% had
had coronary revascularization, less than 1%
had a history of stroke, and less than 3%
reported a history of angina. 9 Accordingly,
the WHI is a primary prevention trial by
commonly applied criteria. Yet in the first
year of the WHI, the CHD rate in women
randomized to CEE plus MPA was nearly
80% higher than the rate in women on
placebo. The excess declined to 15% in the
second year. As noted earlier, this pattern is
similar to that observed in the HERS trial
which randomized only women with known
CHD to the same active treatment tested in
the WHI, and found hazard ratios of 1.52
and 1.00 in years one and two, respectively.11
The finding of an early excess of CHD
with active treatment in both the HERS secondary prevention trial and the WHI primary prevention trial suggests that the mechanism underlying the early events is not atherosclerotic. This early harm strongly influenced the overall adverse finding for CHD
in the WHI and HERS. Absent this, the
WHI would have been neutral for CHD (but
still negative for stroke and VTE). Potential
non-atherosclerotic mechanisms include
inflammatory or hemostatic effects, or inter-

5

action with novel risk factors like homocysinstructive in this regard. An analysis by
ment early; that women who do not get
teine. These possibilities raise an important
decade of age at enrollment (50 to 59, 60 to
early events and continue on hormones
question. Is there an identifiable subgroup
69, and 70 to 79 years) found hazard ratios
have, at worst, neutral CHD risk for the
(or subgroups) of women at risk for these
of 1.67, 1.26, and 1.18, respectively.21
CEE plus MPA regimen tested in the WHI
early events? Also, if the events are due to
and potentially could obtain CHD benefit, if
Although these categories are crude, and the
mechanisms of this sort, are these effects
youngest age group has many women who
sustained therapy with estrogen alone
induced by the first pass hepatic metabolism started hormone treatment well after
proves positive so that estrogen with a less
of oral estrogen? If so, transdermal estrogen
menopause, this trend is the opposite of what attenuating progestogen would be similarly
should eliminate this hazard.
would be expected if younger women would positive; the CHD benefit for unbroken
The unexpected finding of early harm also attain the greatest benefit.
estrogen exposure with hormone therapy inisuggests a possible explanation for the disAsecond analysis looked at the hazard for
tiated at menopause may differ from those
parate views afforded by the clinical trials
women with, or without, a past history of
possible with late initiation, and that stopand observational studies in postmenoprior myocardial infarction or revascularizaping estrogen may remove this protection.
pausal hormone therapy. To be considered a
tion. The risk was identical, 1.28 in each
So what do the WHI results mean in clinihormone user in most observational studies, a group,21 suggesting that the excess CHD was cal practice? From a strictly cardiovascular
woman had to report use for a sustained peri- unrelated to pre-existing disease. This is not
perspective, there is no justification for using
od, typically six to 12 months. Thus, women
consistent with the idea that the extent of
CEE plus MPAfor CHD risk reduction.
who stopped for early harm may have been
After accounting for the additional risk for
atheroma when estrogen is started determines
counted as non-users, creating a bias toward
the potential benefit. However, neither of
stroke and VTE, CEE plus MPAis still likebenefit. Most of the influential observational
ly to cause a modest excess of cardiovascuthese stratified analyses attempted to distinstudies were established in the 1970s, and the guish early from late events. Since, as argued lar events even if the mechanisms for early
early, strongly positive results reflected the
above, the early events are unlikely to have
harm were identified and eliminated. Is this
use of high-dose (1.25 to 2.5 mg CEE)
a class effect for all hormone therapy, or
Figure 1
unopposed estrogen.1-4
more narrowly for all combination hormone therapy? Based on the non-human
Later reports suggested some attenuaKey Observational Studies of Hormone Treatment and
tion of this benefit as the use of comprimate data, the PEPI results for metaCardiovascular Disease, in Chronological Order
bined hormone treatments increased. 6-8
bolic effects, and the fact that the WHI
estrogen-only study is continuing, there
From the estimates generated from the
Relative risk
PEPI data mentioned above, a modest
is reason to believe that this finding
Nurse’s, 19851
relates to the specific combination tested
dose (0.625 mg CEE) of unopposed
estrogen could offer a more than four
and may not generalize to unopposed
2
Kaiser Walnut Creek, 1987
fold greater reduction in CHD risk than
estrogen or combinations using a different progestogen. There will be continCEE plus MPA, based on effects on traLRC, 19883
ditional cardiovascular risk factors.
ued ambiguity in this regard until the
Leisure World, 19884
WHI estrogen-only trial is concluded.
These effects would likely emerge after
several years of treatment. Since elimiIs the level of cardiovascular harm, or
6
Uppsala, 1992
nating early events would make the WHI
for that matter the level of cardiovascuNurse’s, 20008
lar plus breast cancer harm, documented
E plus P results for CHD appear neutral,
it is possible – but by no means certain –
for CEE plus MPAin the WHI substan0
0.5
1.0
2.0 10
tial enough to warrant denying an indithat there would be long-term benefit
with unopposed estrogen, and with estrovidual woman the documented benefits
gen plus a progestogen that did not meanan atheromatous cause, at this stage neither
of hormone therapy for vasomotor instability, urogenital atrophy, and related quality of
ingfully attenuate the estrogen benefit. In
of these findings refute the possibility that
this regard it is important to emphasize that
atheromatous disease may be reduced preferlife issues surrounding menopause?
The overall harm was small, less than
the WHI estrogen-only trial continues.
entially in women who have little or no estroWhile the WHI clearly fits the criteria for
gen deficit at menopause and beyond. This
three cases per 1,000 woman years of expoa CHD primary prevention trial, it has been
possibility still warrants exploration.
sure. The majority of events were not due to
the CEE plus MPA exposure. Per 10,000
suggested by Clarkson20 and others that the
Based on the WHI E plus P results for
cardioprotective effect of estrogen may be
breast cancer (and the collaborative metawoman years of exposure, eight of 38 breast
cancers and seven of 37 coronary events, or
lost and irrecoverable if there is a sustained
analysis before this), it has been argued that
period of estrogen deficiency. If this is true,
hormone therapy should be used for vasoroughly 20% in each category, were attributthen early and continued administration of
motor and related menopausal symptoms in
able to treatment. While outside the primary
postmenopausal hormone therapy would be
newly postmenopausal women and for a rel- focus of this discussion, the WHI also
required for CHD benefit. The WHI E plus P
atively short period, less than five years,
demonstrated benefits with reduced incidence of fracture (including hip fracture)
cohort had an age range at baseline of 50 to
since the breast cancer harm begins to
79 years (mean 63 years), only 6% were
emerge at that point.
and colorectal cancer.
recent hormone users and 20% were past
This view draws strongly on the early
Probably the most important outgrowth
of the WHI results so far is that prescription
users,9 and therefore the majority of women
CHD harm and the lack of CHD benefit in
in the study were beyond a state at which
the WHI after five years. It does not
of hormone therapy without engaging in a
discussion of a woman’s individual circumtreatment would be helpful if this theory is
acknowledge that: most of the CHD harm
was realized in the first year so that it is
stances and preferences is no longer tenable.
correct.
At the current stage of data analysis, two
likely that women at risk for those events
The primary indications (vasomotor, urogenital, and bone effects) have not changed.
stratified results from the WHI data are
declare themselves and are taken off treat-
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Additional information on the relation to
CHD and breast cancer will be forthcoming
from the WHI estrogen-alone trial.
The level of awareness, and perhaps
undue alarm, engendered by the media attention to the initial WHI results has rendered a
cavalier attitude toward hormone prescription
obsolete. The enhanced level of communication now required should lead to more appropriate selection of women to start or continue
hormone therapy, improved compliance
based on better understanding of the rationale for treatment, and more careful selection
of an appropriate regimen for each woman.

due to selection of healthy women for hormone treatment or attributable to estrogen
and possibly attenuated by progestogens.
Are the benefits the stuff of legend? The
WHI estrogen-only trial still has much to
offer in that regard. Stay tuned.
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Status
The continuing WHI trial will answer this
question.
Additional clinical trials evaluating event
rates in women would be necessary to
determine this, but regimen differences
shown in primate and human trials with
less definitive endpoints would support this
concept if protection from estrogen-alone is
proven.
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Further analyses from the WHI E plus P,
and eventually the WHI estrogen-alone trials should help to answer this question.
Further analyses from the WHI may help to
address this but statistical power will be
limited. Trials that enroll only recently
menopausal women would be necessary
for a definitive answer.
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INTRODUCTION

The Women’s Health Initiative (WHI) was a
large, randomized, placebo-controlled trial
designed to assess the long-term risk/benefit
ratio of postmenopausal estrogen replacement therapy (ERT) and combination hor-

mone replacement therapy (HRT) with
estrogen plus a progestin. The pre-specified
primary beneficial outcome was coronary
heart disease (nonfatal myocardial infarction
(MI) and coronary heart disease (CHD)
death). The pre-specified primary adverse
outcome was invasive breast cancer. The
ERT was with conjugated equine estrogens
(CEE), 0.625 mg/d, and the HRT was with
CEE, 0.625 mg/d, plus medroxyproges terone acetate (MPA), 2.5 mg/d. The women
averaged 63 years of age at the time of
enrollment. The CEE+MPA arm of the trial
was terminated early after 5.2 years of a
planned 8.5 years of follow-up because of
an excess in cases of breast cancer in the
hormone-treated women.1
Relevant to this essay was the finding of
trends toward increases in CHD events, venous thromboembolic disease, and stroke.
These findings have prompted many to conclude that HRT does not have any beneficial
effects in the primary prevention of postmenopausal cardiovascular disease. In this
brief essay we will summarize studies supporting the hypothesis that the effects of
ERT/HRT on atherosclerosis are complex and
influenced strongly by the status of underlying disease at the time of initiation of therapy.
Taken together this literature demonstrates that ERT/HRT has beneficial effects
in inhibiting the early stages of peri/postmenopausal coronary artery atherosclerosis,
but can have deleterious effects if initiated
at older ages when some women have complex coronary artery atherosclerotic plaques
that are potentially unstable and can cause
acute coronary syndromes.
The extent of coronary artery atherosclerosis and its clinical sequela, CHD, increases in women as they age. A large number of

observational studies suggest that ERT and
HRT are associated with marked reductions
in CHD events in postmenopausal women.
The largest of the observational studies was
the Nurses’Health Study,2 which included
121,700 female nurses aged 30 to 55 years
and found that current users of ERT or HRT
had a relative risk of CHD of 0.55 (95%
confidence interval [CI], 0.45-0.68) and
0.64 (95% CI, 0.49-0.85), respectively, compared with women who had never used hormone therapy.
Although observational studies support a
beneficial effect of HRT in preventing CVD
events, recent randomized clinical trials
failed to demonstrate a protective effect.
The Heart and Estrogen/progestin Replacement Study (HERS) 3 enrolled 2,763 postmenopausal women with established coronary artery disease (CAD) whose average
age was 67 years. They were randomized to
receive CEE (0.625 mg/day) plus MPA (2.5
mg/day), or placebo. Overall, during 4.1
years of follow-up, HRT had no significant
effect on the occurrence of the primary
CHD outcome (CHD death or nonfatal MI)
or on any of the secondary CVD outcomes.
Based on a post-hoc analysis, the HERS
investigators reported that there was an
apparent increase in risk of cardiovascular
events within the first year of treatment with
HRT, followed by a statistically significant
trend toward benefit of HRT in years four
and five of treatment.
The CVD outcomes in the more recent
WHI were similar to those in HERS. Postmenopausal women aged 50 to 79 years
were assigned randomly to receive either
placebo (8,102 women) or the same HRT
used in HERS (CEE+MPA, n=8,506). After
5.2 years of follow-up, a trend toward more

Stages in Pathogenesis of Coronary
Atherosclerosis with Potentially
Deleterious Effects of ERT/HRT

Stages in Pathogenesis of Coronary
Atherosclerosis Likely Benefited by
Endogenous Estrogen or ERT/HRT
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Figure 1.
Schematic illustration of the natural history of coronary artery atherosclerosis progression of women in the United States.
MMP-9 refers to matrix metalloproteinase-9
Reproduced with permission .18
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CHD events was
effects of estrogen
observed. The absolute
occur rapidly, over five
Smooth-muscle
Endothelial
risk was low. The
to 20 minutes. These
cells
cells
WHI findings predict
rapid effects do not
that over one year,
require modification of
10,000 women taking
gene expression and
CEE+MPA might be
are referred to as
Estrogen
expected to experience
“nongenomic” (Figure
seven more CHD
2).
events, eight more
strokes, and 18 more
Genomic
pulmonary emboli
Vascular Effects
than women not taking
Migration and proliferaHRT. Like HERS, the
tion of vascular smooth
largest difference in
muscle cells (VSMCs)
CHD events was noted
play a major role in the
in the first year fol development of atherolowing initiation of
sclerotic lesions;6 estrotreatment (43 CHD
gen inhibits these
events in the HRT
responses both in vitro
“Genomic Effects”
“Nongenomic Effects”
group vs. 23 in the
and in vivo.
Without alteration of
Related to alteration
placebo group).
Recent studies have
gene expression
of gene expression
There are a number
documented the imporof potential explanatant role of estrogen
tions for the discordant
receptors in the vasculaFigure 2. Schematic illustration of the effects of estrogens on arteries.
findings between the
ture in mediating these
Modified and reproduced with permission. 7
observational studies
atheroprotective effects
streaks or minimal atherosclerotic plaques.4
and the HERS and WHI. One of the most
of estrogen.7,8 In contrast to its anti-proliferaThe decade of life associated with increas- tive effect in VSMCs, estrogen enhances the
striking differences between these studies is
ing estrogen deficiency (45 to 55 years) is a
the age of the patient populations studied. In
proliferation of endothelial cells.
time of active progression of coronary artery
the observational studies, women were treatatherosclerosis extent (Figure 1).5 On avered as they most commonly are in general
Nongenomic vascular effects
age, by 65 years of age, coronary artery athclinical practice, and as a result, they began
The existence of direct vascular effects of
erosclerotic plaques of American women
using HRT at a relatively young age.
estrogen has been most strongly supported
begin to develop plaque complications
At this point in their lives they were most
by reports from several investigators
likely to have minimal atherosclerotic disease (athero-necrosis, calcification, inflammation,
demonstrating that estrogen rapidly induces
and neovascularization) and some plaques
characterized by fatty streaks and minimally
vasodilation. For example, Ethinyl estradiol
become prone to rupture (i.e., are “unstable”). increased coronary blood flow in poststenotic lesions. This is in sharp contrast to
In a clinical context, the inhibition of pro- menopausal women within 20 minutes of a
the HERS population who, by definition, had
gression from complicated plaques to cliniclinical evidence of CAD before initiating
single injection.9 These acute vasodilatory
cal events is what is often referred to as “pri- effects of estrogen occur far too quickly to
HRT, and who were on average 67 years old
mary prevention.” We will first describe how be mediated via altered gene expression and
and 18 years post-menopause.
ERT/HRT may influence favorably the ather- thus are an example of a non-genomic effect
Similarly, the WHI population averaged
osclerotic process in the early stages of dis63 years old on initiation of therapy, and
of estrogen. Estrogen-induced vasodilation
ease (“primary vascular benefits”). Studies
many were in their 70s. The remainder of
is mediated at least in part through the
of the effects of ERT/HRT on complicated or enhanced release of nitrous oxide, one of
this essay focuses on the hypothesis that the
advanced coronary artery atherosclerotic
timing of initiation of HRT in relation to the
the most important endogenous anti-atheroplaques are rapidly emerging areas of restage in the postmenopausal progression of
sclerotic substances known.
search, and we will discuss these second.
coronary artery atherosclerosis significantly
influences its potential for cardiovascular
CYTOKINES AND CELLULAR
benefits or harm.
ADHESION MOLECULES
MECHANISMS OF ESTROGENS
Increased cellular adhesion molecules (e.g.,
PRIMARY VASCULAR BENEFITS
NATURALHISTORY OF CORONARY
ICAM-1, VCAM-1, and E-selectin),
The direct vascular effects of estrogen are
ARTERYATHEROSCLEROSIS AND
expressed on the endothelial surface in
highly relevant to the hypothesis that the
DEFINITION OF PRIMARY
response to inflammatory cytokines, mediate
timing of HRT initiation influences its carPREVENTION
the adhesion of leukocytes to the vessel surdiovascular effects. The effects of estrogen
To better understand the stages in the pathoface. The subsequent transendothelial migraclassically require changes in gene expresgenesis of coronary artery atherosclerosis
tion into the atherosclerotic lesion is modulatsion. These “genomic” effects occur over a
more likely to be influenced favorably by
ed by inflammatory cytokines (e.g., IL-1, ILperiod of hours to days and are mediated
ERT/HRT it is useful to review the patho6, and MCP-1).
through the two known estrogen receptors
genetic sequence from fatty streak to compli- (ERs), ERα and ERβ. Both of the known
In postmenopausal women with angiocated plaques. By age 35, the majority of
graphically confirmed CAD, treatment with
estrogen receptors are present in vascular
women in the United States have only fatty
CEE (with or without MPA) for one month
tissue. In contrast, some of the vascular
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significantly reduced serum levels of Eselectin, ICAM-1, and VCAM-1.11 E-selectin
was significantly decreased in postmenopausal
women after 36 months of treatment with CEE
or CEE plus MPA.12

ry response to hyperemia in type II diabetic
postmenopausal women. Herrington et al.
also recently reported an analysis of the
elderly women in the Cardiovascular Health
Study in which they demonstrated that a
vasodilatory effect of HRT was observed only
in the healthiest of these women.17 It appears
that the vasodilatory effects of HRT are
diminished as women develop a greater risk
factor burden, and thus likely a greater degree
of subclinical atherosclerosis.

HRT in general clinical practice in that therapy was started at the time of menopause. In
a subsequent monkey study, the monkeys
were again made menopausal, but they were
then fed an atherogenic diet without HRT
for several years to pre-establish CAD. In
STAGE OF ATHEROSCLEROSIS
that study, when CEE therapy was started
several years after the atherosclerotic lesions
PROGRESSION AND
EFFECTIVENESS OF ERT/HRT
had advanced to a later stage, CEE had no
Given our current understanding of the
effect on plaque area. 18
mechanisms of action of estrogen on the
This protocol, of course, most closely parcardiovascular system, how then can we
allels that used in both the HERS and WHI.
Observations From
begin to understand how the potential for
Recently, Anthony and Clarkson, 19 again
beneficial versus harmful vascular effects
Cynomolgus Macaque Studies
applied the surgically postmenopausal
could be impacted by the stage of underlyBecause it is not possible in studies of
cynomolgus monkey model, to more directing vascular disease at the time of initiation
women to equate estrogen treatment effects
ly examine the relationship between atheroof estrogen replacement?
to the stage of progression of atherosclerosis, sclerosis extent and the effectiveness of
studies of the monkey model become particERT to inhibit the progression of atheroscleDiminished Estrogen
ularly useful. Clarkson and colleagues18
rosis (Figure 4). At the time the monkeys
Receptor Expression
have demonstrated that administration of
were ovariectomized, a portion of the comLosordo and colleagues13 demonstrated loss
CEE to cynomolgus monkeys fed moderatemon iliac artery was removed and atheroof detectable ERs in atherosclerotic arteries.
ly atherogenic diets can, under certain cirsclerosis extent quantified. The animals
Estrogen receptors were detectable in 71% of cumstances, markedly reduce the progreswere divided into tertiles based on atheronormal arteries but were found in only 32%
sion and size of atherosclerotic plaques in
sclerosis extent and the effect of three years
of arteries with atherosclerosis (p = 0.01).
the coronary arteries (Figure 3).
of ERT was evaluated in the contralateral
For example, CEE given to the monkeys
iliac artery. ERT was highly effective in
Post and colleagues14 reported a greater
at the time of menopause (caused by surgiinhibiting atherosclerosis progression
degree of ERα methylation in coronary
atherectomy samples (10%) compared with
cal ovariectomy), reduced the development
among those monkeys in the lowest tertile
macroscopically normal human aorta (4%, p
of coronary atherosclerotic plaques by 70%
when treatment was begun (p=0.0001). The
< 0.01 compared to atherectomy). Reduced
compared with placebo. This sort of protoplaques among those animals were compacol most closely mimics the manner in
rable to those of women at the end of the
expression of the ERs in atherosclerotic
lesions would contribute importantly to the
which women are typically treated with
perimenopausal transition and early postA. Early Intervention
B. Late Intervention
lack of protecmenopausal
tion afforded by
years.
A. Early Intervention
B. Late Intervention
HRT in patients
On the other
P=N.S.
hand, in monwith advanced
atherosclerosis.
keys in the ter0.40
tile with the
P<0.05
Vasodilation
largest plaques,
Recent studies
comparable to
0.30
plaques of
have shown that
Coronary
the vasodilatory
women of
effect of estro- Artery
about 55 to 60
gen may be
years, ERT did
Plaque
0.20
diminished in
not inhibit athSize
erosclerotic
women with
more advanced (mm 2)
progression
risk for vascular
(p=0.71).
0.10
disease. Campisi
This obseret al.15 showed
vation is further supported
that long-term
0
HRT did not
by a compariPlacebo
CEE
Baseline
Placebo
CEE
CEE+MPA
modulate
son of the
results of two
myocardial
Figure 3
blood flow in
recent studies
Panel A. Coronary artery atherosclerosis of cynomolgus monkeys is reduced about 70% when estrogen
in humans. In
postmenopausal replacement begins at onset of surgical menopause. Treatment was for 34 months (comparable to about 9
women with risk years of patient experiences). Modified from reference 18.
the Estrogen
factors for CHD. Panel B. Coronary artery atherosclerosis of postmenopausal cynomolgus monkeys was not reduced by estro- Replacement
and AtheroKoh et al.16
gen replacement therapy (ERT) nor hormone replacement therapy (HRT) when delayed 2 years (comparable
to 6 patient years). The treatment period was for 2 years (again, comparable to 6 patient years). CEE refers
reported that
sclerosis
to conjugated equine estrogens, MPA refers to medroxyprogesterone acetate.
(ERA) study,
CEE does not
309 postaffect the flowModified from reference 18.
mediated dilatomenopausal
0.252
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women with estabagainst the early
Tertile of Initial Plaque Burden
lished CAD were
stages of developrandomized to ERT,
ment and progresHRT, or placebo. 20
sion of peri/postHigh
Moderate
Low
menopausal coroIn 3.1 years of follow-up, the hornary artery atheromone interventions
sclerosis and subsehad no effect on the
quent CHD.
progression of vas0
2) There are molecucular disease as
assessed by quantilar, cell biologic, and
Plaque
-0.05
tative coronary
nonhuman primate
Size
angiography.
pathobiologic data to
Compared
-0.10
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In contrast to this
support the hypotheto
sis that estrogen
result in women
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222 postmenopausal
vascular benefits,
-0.3
-0.30
women to 17βand it is via these
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mechanisms that
placebo.21 The
ERT/HRT provides
Figure 4. The effect of the extent of preexisting atherosclerosis on effectiveness/lack of effectiveness on postmenopausal CEE treatment of surgically postmenopausal cynomolgus monkeys. Only
cardiovascular prowomen enrolled in
this study were doc- the tertile with plaque extents comparable to women at the end of the perimenopausal transition
tection in the obserand early postmenopausal years derived a significant atheroinhibitory benefit of CEE treatment.
umented to have
vational studies.
normal carotid arter- Data from Anthony MS, Clarkson TB. J Am Coll Cardiol. 2002;39:248A.
ies (as assessed by
3) There is an
increasing underultrasound evaluaplaque instability. Recently, Zanger et al11
tion of the thickness of the carotid artery
standing of the mechanisms by which estroreported that HRT (CEE+MPA) increased cir- gen replacement in the later stages of atherwall) prior to randomization. In contrast to
culating levels of matrix metalloproteinase 9
osclerosis may increase plaque instability
ERA, EPAT demonstrated significant pre(MMP-9) in postmenopausal women. This is
vention of abnormal thickening of the
and lead to thrombosis and it is via these
significant because MMP-9 accumulates in
mechanisms that ERT/HRT has shown a
carotid artery wall in the women randomthe shoulder regions of atherosclerotic
ized to estrogen treatment.
tendency toward harm in the randomized
plaques and is thought to contribute to the
clinical trials enrolling older women with
degradation of extracellular matrix which
underlying sub-clinical or clinically evident
PUTATIVE DELETERIOUS EFFECTS
could potentially lead to plaque rupture.
atherosclerosis.
OF ERT/HRT ON ADVANCED/
COMPLICATED ATHEROSCLEROTIC
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