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Editorial

The Women’s Health Initiative – a decade
of progress
Anna Fenton and Nick Panay
EDITORS-IN-CHIEF

July 2002 marks an important milestone in our understanding
of the risks and benefits of using hormone therapy to manage
symptoms of menopause. Prior to that date, hormone replacement therapy (HRT) had been widely prescribed for women
on the understanding that it improved quality of life and
reduced the incidence of fractures. Research also supported
reductions in the risks of coronary artery disease, bowel cancer and dementia1. These benefits appeared to be counterbalanced by increased risks of breast cancer and venous
thromboembolic events (VTE).
The Women’s Health Initiative (WHI) set out to examine
the effects of HRT in a much older, largely asymptomatic
population of women. The premature cessation of the WHI
in mid-2002 was accompanied by reports that HRT not only
worsened quality of life but lead to increases in the incidence
of coronary heart disease, stroke, dementia, breast cancer and
VTE2. Benefits related to bowel cancer, fracture incidence and
overall mortality, as well as risk stratification based on age,
received substantially less attention.
Over the past decade, there has been much critical appraisal
of this study, not least from the International Menopause Society (IMS)3–5. Problems with study design, drop-out and crossover rates within the study groups, the nature of the statistical
analysis, the use of a non-validated outcome index, and the
premature release of preliminary data to the media in advance
of manuscript publication have all been discussed at length.
The authors and the media have pursued a persistently negative spin on the data that has lead to mass fear being generated

among women and their doctors. A largely non-evidencebased proclamation of ‘lowest dose for the shortest period of
time’ became accepted practice if HRT was prescribed. The
reality, however, is that an entire generation of younger doctors has never prescribed HRT. We might also speculate that
the mishandling of the WHI results helped spawn the rise of
so-called bioidentical hormone therapy.
We have now, a decade later, started to see some more positive results emerging from the WHI and we have the two
major international menopause societies ‘singing from the
same songbook’. The guidelines from both the IMS and the
North American Menopause Society state, respectively that
‘new data and re-analyses of older studies by women’s age
show that, for most women, the potential benefits of HRT
given for a clear indication are many and the risks are few
when initiated within a few years of menopause’ and ‘the
absolute risks known to date for use of HT in healthy women
ages 50 to 59 years are low’6,7.
This issue of Climacteric is dedicated to providing a state-ofthe-art review of the literature, a decade on from the release of
the preliminary data from the WHI. In addition to reviews by
leading researchers in our area, it includes the unique perspective of a journalist. Although it is very easy to focus on the
harm done to women’s health by the WHI, this special edition
highlights the facts and demonstrates just how far we have
come in better understanding the benefits and risks of HRT. It
is now time for regulatory bodies to reassess their warnings and
re-issue updated recommendations about HRT use.
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ABSTRACT
In mid-summer 2002, the announcement that the Women’s Health Initiative (WHI) trial of combination
hormone therapy (HRT) had stopped jolted the field of women’s health. It set off a cascade that first stunned,
then meaningfully changed the future for millions of women, their partners, and tens of thousands of
clinicians and scientists. With 10 years’ hindsight, we can begin to put the lessons learned from the WHI
HRT trials into perspective. These trials were primarily designed to test whether women considerably past
menopause, and mostly asymptomatic, experienced treatment benefits from HRT expected from studies of
generally symptomatic women who started near menopause. The definitive answer was ‘no’. Unfortunately,
the findings were generalized to all postmenopausal women regardless of age. Data accumulated from the
WHI and other studies over the past decade have shown that, in women with symptoms or other indications,
initiating HRT near menopause – the classic pattern of use – will probably provide a favorable benefit : risk
ratio. Spurred by the WHI, many hypotheses and some insights about potential mechanisms for HRT effects
on diverse organ systems have emerged, along with new perspectives on regimens, compounds, and routes of
administration. This overview provides an historical perspective on the WHI design and the evolution of its
message; summarizes current perspectives and insights contributed by eminent colleagues; reviews the state
of the art; and looks to the future. We have come full circle in some ways, with mounting evidence supporting benefit for HRT started near menopause and with hard lessons learned about pathophysiology, publicity
and interpreting data. Now we move on.

INTRODUCTION
The unexpected announcement of the early termination of the
Women’s Health Initiative (WHI) clinical trial of conjugated
equine estrogens plus medroxyprogesterone acetate (estrogen 
progestin) set off a cascade that changed the landscape of
menopause management world-wide. How did this groundswell happen? Were these changes supported by the data as
they evolved? With the benefit of hindsight and perspective,
what can we say about the WHI’s legacy? Are new surprises
around the corner?
The WHI deserves credit for evaluating, and ultimately halting, what had become an increasingly common clinical practice of prescribing menopausal hormone replacement therapy

(HRT) for women well past menopause or at high risk of
coronary heart disease, with the expectation of providing cardioprotection. However, the ‘overgeneralization’ of the WHI
findings to newly menopausal women may have been detrimental, leading to needless suffering and lost opportunities
for some women.
With 10 years now past, what does a fresh re-evaluation
of the best available data from the WHI and other sources
suggest for contemporary evidence-based practice? This special issue of Climacteric offers the opportunity to take stock
and re-frame the evidence on HRT that has evolved through
this decade since the first report from the WHI, and to move
forward in the best interests of our patients. The authors
contributing to this issue include some of world’s leading
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authorities in the relevant disciplines, and the topics span the
breadth of postmenopausal health.

THE ‘SHOT HEARD ROUND THE WORLD’
On July 8th, 2002, the first reports of the early termination
of the WHI clinical trial of estrogen  progestin appeared in
the popular press. The headline on the news release1 distributed by the National Heart Lung and Blood Institute (NHLBI)
was ‘NHLBI Stops Trial of Estrogen Plus Progestin Due to
Increased Breast Cancer Risk, Lack of Overall Benefit.’ The
New York Times headline2 read ‘Study Is Halted Over Rise
Seen in Cancer Risk.’ A quote1 from the NHLBI Director said,
‘The cardiovascular and cancer risks of estrogen plus progestin outweigh any benefits – and a 26% increase in breast
cancer risk is too high a price to pay, even if there were a heart
benefit. Similarly, the risks outweigh the benefits of fewer hip
fractures.’
The NIH news release said ‘the WHI involved 16 608
women ages 50–79 years’ but did not highlight that it was a
study focused on older postmenopausal women, leaving the
impression that it reflected typical clinical use in newly menopausal women, although it did not. This impression was reinforced by a quote from the acting study director1 who said,
‘the adverse effects of estrogen plus progestin applied to all
women, irrespective of age, ethnicity, or prior disease status.’
In hindsight, although the WHI estrogen  progestin trial did
not show clear differences by age group, the estrogen-alone
trial (which was reported later) did3. So did the pooled results
of the two trials4.
The press release indicated that the study was stopped
because ‘the number of cases of invasive breast cancer in the
estrogen plus progestin group had crossed the boundary
established as a signal of risk.’ It continued, ‘Since breast cancer is so serious an event, we set the bar lower to monitor for
it,’ and noted ‘evidence of overall health risks exceeding any
benefits’1.
Although the news release described relative risks on the
first page, further down it listed absolute numbers of events
per 10 000 women per year. The press focused on the relative
risks, e.g. a 26% increase in breast cancer. Much has been
written since about the difficulty most people have in properly
interpreting relative risks (which depend on the background
rate in the population), and the fear they can trigger.
Another quote from the acting study director1 said that
women ‘who are currently taking estrogen plus progestin
should have a serious talk with their doctor to see if they
should continue it. Long-term use or use for disease prevention must be re-evaluated given the multiple adverse effects
noted in WHI.’
This played out in the press on July 8–10, a full week prior
to the distribution of the paper to subscribers in the print issue
of July 17. A strong impression of harm was established in
the press before the vast majority of clinicians and peers in
science had the opportunity to read the paper, digest it, and
put its findings into context. Consistent with the headline of

Climacteric

Langer, Manson and Allison
the news release, press reports focused on breast cancer – the
disease women fear most – so a dramatic response was predictable. A quote in the Atlanta Journal-Constitution from a
15-year user5 was typical, ‘It’s terrifying for those who’ve been
told we’ll be on HRT for life … it’s devastating to feel that
what you have been doing for yourself all this time has been
harmful when you believed it was beneficial.’
First impressions are nearly impossible to reverse. Although
the news release mentioned that the estrogen-alone study
was continuing because there was no indication of increased
risk, the impression of harm carried over, so that use of
estrogen declined rapidly along with estrogen  progestin
therapy. More importantly, when reported 2 years later, the
contrasting results of the estrogen-alone trial – no increase
in breast cancer, a lower rate of coronary events including
revascularization in women aged 50–59 years – were largely
ignored because of the negative perspective surrounding
HRT by that time.

THE WHI DESIGN
Although the WHI design has been criticized and its external
validity questioned, objective assessment shows that the trials
were sound and that the results are valid for the questions the
study was planned to answer. The WHI was a multi-outcome
study with multiple interventions tested in four overlapping trials6. From largest to smallest, they were: low-fat diet, calcium–vitamin D supplementation, estrogen  progestin therapy, and
estrogen-alone therapy. When the WHI was designed in the early
1990s, it was not anticipated that intervention effects would
vary by age group. Since the rates of the primary outcomes
(respectively: breast cancer, fracture, coronary heart disease
(CHD)) increase with age, and no age-related differences were
expected for any of the interventions, recruitment was restricted
within age groups to enroll a cohort that was, on average, well
beyond menopause. Enrolling an older cohort, with higher
background rates of disease and a greater burden of risk factors,
afforded the opportunity to get more timely and cost-effective
answers to the questions posed. And, with HRT increasingly
being prescribed for older women at that time, it was important
to assess the benefits and risks in that population.
Fully 70% of participants were to be aged 60 and older,
with just 10% aged 50–54 years6. Actual enrollment came
quite close to those targets so that the average age at entry
was 63 years, and the average time since menopause was at
least 12 years7. For HRT as a potential preventive strategy
for CHD, the WHI protocol referenced the existing observational literature that reflected clinical use, the vast majority of which reflected initiation near menopause, and the
single inconclusive, but promising, clinical trial then available by Nachtigall and colleagues8. Appropriately, it noted
that most of the available literature reflected use of estrogenalone, that progestins could counteract some of the potential
benefits of estrogens, and that data on combination therapy
were limited. It also cited the positive findings for likely
pathways from the then recently completed Postmenopausal
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Estrogens–Progestins Interventions (PEPI) trial, conducted
in women aged 45–64 years6.
Based on the enrollment of women who were on average
more than a decade past menopause, age-specific US event
rates, and likely pathways, the WHI design anticipated the
need for about 6 years of follow-up to detect a difference in
coronary events, and as much as 12 years to detect a
difference in breast cancer rates. The emergence of trends
that could halt the study much earlier in follow-up was
wholly unanticipated. In retrospect, it is likely that the
trends observed were partially attributable to age-related
differences in pathophysiology and metabolism that were
unrecognized prior to the WHI. Indeed, this is one of the
program’s important contributions.
The WHI findings have been criticized as inaccurate
because of the drop-out rates of 42 and 38%, and drop-in
rates of 6 and 11%, in the active and placebo groups, respectively. While the drop-out rates were modestly greater than
anticipated in the study design, they compare favorably with
real-world experience7. Also, non-compliance in randomized
trials usually biases results toward the null, so would not be
expected to produce spurious adverse associations.

EVOLUTION OF THE WHI MESSAGE
The initial paper in JAMA on July 17, 2002, provided an
overview of the preliminary and not fully adjudicated findings
for the major outcomes7. Subsequent papers focused on
specific outcomes using centrally adjudicated data through
the end of the trial. There were no meaningful differences
between the preliminary and final results, with the final hazard ratios (HRs) (95% confidence intervals, CI) for CHD9 and
breast cancer10 being, respectively, 1.24 (1.00–1.54) and 1.24
(1.01–1.54). Nominal (unadjusted) confidence intervals were
used to interpret these primary study outcomes. However,
reflecting the marginal nature of these results, adjusted 95%
CIs were not significant, being 0.97–1.60 and 0.97–1.59,
respectively. Absolute risks per 10 000 women per year were
also reported. There were seven more CHD events, eight more
strokes, eight more pulmonary emboli, and eight more invasive breast cancers, along with six fewer colorectal cancers
and five fewer hip fractures7. These absolute rates of excess
events, which are easier to understand for most patients (and
at  1 : 1200 are rare by generally accepted criteria), were
lost in the media uproar over the relative risks that are more
difficult for most people to interpret properly.
As questions emerged regarding potential interactions
between pathophysiology, biological age, and treatment,
disease-specific papers began to investigate associations by
constructs such as years since menopause, age decade, and
the presence or absence of vasomotor symptoms. Given the
relatively small numbers of women still close to menopause,
the statistical power to test differences between typical HRT
users in clinical practice, and women well beyond those
ages, was limited. Nonetheless, potential differences were suggested by contrasting findings for coronary disease for women
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 10, 10–19, and 
 20 years from menopause and for women
with vasomotor symptoms compared to those without9.
Importantly, the elevated CHD risk emerged in the first year
(in contrast to the design assumption that CHD differences
would emerge in about 6 years). There was also a significant
trend towards lower rates over time. The publication that
focused on breast cancer outcomes found no suggestion of
interaction by age, years since menopause, or family history.
It showed an apparent increase in breast cancer beginning
after about 3–4 years on treatment, also much earlier than
anticipated in the study design9. A paper on quality of life
after 1 year of estrogen  progestin therapy found no benefit
in the cohort overall11. Benefits found for vasomotor symptoms and sleep in symptomatic women aged 50–54 years at
baseline were largely ignored in summaries published in the
professional media and popular press.
With a skeptical climate for HRT established, the
estrogen-alone trial was also stopped early. The decision
was driven by an increase in stroke rates (HR 1.39, 95%
CI 1.10–1.77). However, there was an odd juxtaposition of
findings – a lower rate of breast cancer was at the cusp of
significance (HR 0.77, 95% CI 0.59–1.01), and there was
a non-significant reduction in CHD (HR 0.91, 95% CI 0.75–
1.12)12. A subsequent paper on breast cancer found no effect
of estrogen-alone in intention-to-treat analyses, but a significant reduction in breast cancer among women with 
 80%
adherence to treatment13. A paper focused on CHD found
significant age-related effects with a reduced incidence of
CHD including coronary revascularization and confirmed
angina among women aged 50–59 years (HR 0.66, 95%
CI 0.45–0.96), and increased risk in women 60 years and
older3. A paper using the surrogate end-point of coronary
artery calcium score in women aged 50–59 years also found
a significant benefit from estrogen-alone therapy14.
The larger observational study cohort of over 93 000
women was established in part to serve as an external comparison for the clinical trials6. A series of papers was published incorporating data from both the observational study
and the clinical trials. These were initially focused on exploring differences in outcomes resulting from the two study
designs, including the extent of residual confounding inherent
in observational studies15. As the series progressed, this goal
was largely supplanted by the use of the larger numbers in the
combined cohorts to further explore outcomes16–19, although
different adjustment strategies were applied to the observational study and clinical trials in these analyses20. A construct
of ‘gap time’, defined as time from menopause to the first use
of HRT, was explored in later papers in this series17–19. This
construct places women with early, brief use in the same category as women with early initiation and sustained use. It is
not the same as cumulative time after menopause without
HRT, which may be more reflective of concerns in clinical
practice20.
Was the WHI a failure? Unequivocally not. It was designed
to test whether preventive interventions that showed promise
in studies available in the early 1990s would be effective in
women well past the menopause. For HRT, the WHI results
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showed that treating women with an average age of 63 years,
and 12 years postmenopause, did not provide the cardiovascular benefit predicted from studies in which the majority of
women started HRT near the time of menopause. In demonstrating this, the WHI, along with the Heart and Estrogen/
progestin Replacement Study (HERS), forced us to re-consider
some of our assumptions about hormonal aging and the mechanisms underlying hormone actions. The unfortunate effects
of the WHI came not from problems with the design or the
findings; rather, they were the result of generalizing findings
from a well-conducted study to a subgroup that was not
adequately represented.
In essence, the negative perspective established by the initial
reports of each trial, both published in the heightened context
of early stopping, influenced reporting in the press. This was
further reinforced by the dominant influence of older ages
(associated with genuinely poorer results for most outcomes)
in reports on the cohort overall, and through a policy of the
study leadership to maintain consistency in the interpretation
of results and avoid contradictory publications.

THE CURRENT STATE OF THE ART AS
REFLECTED IN THIS SPECIAL ISSUE
Unlike virtually any other pharmacologic intervention, HRT
has myriad effects that influence nearly all aspects of a woman’s health. As noted by Sturdee and colleagues in their contribution21, the construct of quality of life is dependent upon
the instruments used to assess it. They argue that the WHI’s
conclusion that estrogen  progestin therapy had no clinically
meaningful effect on any aspect of health-related quality of
life ‘should have had many caveats including that WHI
assessed the effect of HRT in mostly asymptomatic elderly
women using a generic quality-of-life instrument and asking
only one question on sexuality.’ They review findings of
declines in quality of life following cessation of HRT, an
important negative consequence of the abandonment of HRT
that resulted from the WHI reports. They also note that the
WISDOM Study, using a different instrument, found significant improvements in vasomotor symptoms, sexual function,
sleep, musculoskeletal symptoms, and vaginal dryness.
In contrast, systemic HRT has been associated with
increased urinary incontinence in most studies, including the
WHI. Nappi and Davis point out that local therapy is generally more effective for urogenital symptoms, including dyspareunia, which can be a critical determinant of a woman’s
interest in sex. They note that the WHI collected limited data
on sexual function, so that better information is available
from other sources22.
Evidence that the timing of HRT initiation is critical to the
benefit : risk ratio for HRT has steadily accumulated over
these 10 years. Hodis and Collins argue that initiation near
menopause is associated with benefits, including a substantial
increase in quality-adjusted life years, while initiation after
age 60 years is associated with harm. They note that randomized, controlled trials (RCTs) have not shown lipid-lowering
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and aspirin therapy to be effective for primary prevention of
coronary disease in women, while RCT evidence supports the
use of HRT started near menopause for this purpose23. In
contrast, Henderson and Lobo review the findings for stroke
from multiple sources. They conclude that there is consistent
evidence for a modest increase in stroke risk with standard
doses of HRT, regardless of regimen, compound, timing of
use, or age at initiation – although the absolute risk is low
early in menopause ( 2 per 10 000 woman-years for women
 60 years old). They cite limited evidence that low doses of
transdermal estradiol (
 50 μg/day), and oral conjugated
estrogens (0.3 mg/day) are not associated with elevated stroke
risk24.
Similarly, oral HRT has been associated with an increase in
venous thromboembolic events in reports from RCTs including HERS and WHI, as well as observational studies since the
late 1990s. As reviewed by Archer and Oger25, limited evidence suggests that transdermal estrogen may be safer in this
regard, since oral estrogens have clear effects on coagulation
factors. The form of progestin may also be important, while
age and obesity also increase thromboembolic risk.
Concerns about breast cancer risk have been paramount in
the reaction to the WHI. Gompel and Santen write that the
impact of HRT on breast cancer risk is relatively low and that
the use of relative risks tends to exaggerate the perception of
excess risks. They conclude that women with a low underlying
risk of breast cancer and substantial menopausal symptoms
will experience benefits that outweigh possible harm26.
The question of a chemoprotective effect of HRT on
colorectal cancer is addressed by Barnes and Long who
acknowledge the inconsistency in the results for the WHI estrogen  progestin (protective, but mainly for local disease) and
estrogen-alone (null) trials. Their review of observational studies published since the WHI suggests protection with both combination and estrogen-alone therapy that is strongest in current
users, with incidence reduced by approximately 40%27.
The findings of increased risk of dementia for both
estrogen  progestin therapy and estrogen-alone therapy in
the WHI Memory Study (WHIMS) were among the most disturbing results from the WHI trials. Maki and Henderson
note that, shortly after the end of the WHI, the MultiInstitutional Research in Alzheimer Genetic Epidemiology
case–control study reported an age interaction between the
time of initiation of HRT and subsequent dementia. They
argue that, together with studies showing greater protection
for past than current use, these findings suggest that timing
may be important for dementia outcomes, as for CHD, with
benefit realized only with initiation near menopause28.
The benefits for fracture prevention seen in the WHI were
discounted because of the competing adverse effects. de Villiers and Stevenson suggest that reliance on the Global
Index, and lack of information on non-clinical vertebral
fractures, and non-vertebral fractures, that are routinely collected in bone-focused trials, inappropriately downgraded
the strength of evidence for fracture prevention that should
have come from the WHI. They note that the WHI proved
that HRT is effective for fracture prevention in osteopenic
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women, while there is no similar evidence for bisphosphonates, and that the WHO FRAX tool identifies a significant
number of women in this situation. They conclude that
restrictions on HRT for bone-specific benefits are not supported by the data29.
Given the influence of HRT on most female organ systems,
the steep decline in usage following the initial WHI report in
summer 2002 could be expected to cause shifts in disease
rates. As discussed by Burger and colleagues, the reality is
more complicated30. One reason is that the level of data on
use is highly variable by country. In countries where data are
available, the picture is still clouded because most major diseases influenced by HRT have long lag times, especially in
young menopausal women for whom HRT may still be indicated, so that HRT-related differences will take substantial
time to emerge. The primary exception is fracture, the risk of
which was shown in one large study to rise beginning 2 years
after stopping HRT, and to increase by 55% after 6.5 years.
They note that a small, transient decline in breast cancer that
would be consistent with an effect on existing tumors was
seen in some, but not all, countries that had large declines in
HRT use. They voice concerns that a potential increase in
cardiovascular disease may not become apparent for still
another decade, and that negative attitudes towards HRT
have fueled the rise of potentially dangerous complementaryalternative therapies of dubious efficacy.
Since the greatest impact of the WHI came by way of its
coverage in the popular press, it is both informative and
refreshing to have a medical writer recount the history of
the WHI in the media as it evolved from the first leaks and
press reports to the present. Beginning with ‘shock and terror’
and continuing through reaction, controversies, reversals, and
re-considerations, Simon Brown weaves a fascinating tale of
science in the information age31.

THE CRYSTAL BALL – WHAT MIGHT WE
EXPECT IN THE NEXT DECADE?
As the surprises of the WHI illustrate, predicting future
trends in medicine is a perilous pursuit. Results of the KEEPS
and ELITE trials (described below) should contribute to our
understanding of differences between oral and transdermal
regimens, the safety of micronized progesterone, and agerelated effects. In this issue, Purbrick and colleagues acknowledge and build upon those designs, suggesting a potential
trial that would use an oral and/or transdermal selective
estrogen receptor modulator in place of a progestin32.
Fortunately, we begin this decade with heightened awareness of the diverse and complex issues involved in HRT, and
with the well-informed guidance of evolved consensus statements from the International Menopause Society (IMS) and
the North American Menopause Society (NAMS). This is
certainly a far better situation than the complacency that
marked our field when the early termination of the WHI
estrogen  progestin trial seemed to turn the world upsidedown a decade ago.
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The IMS emphasizes the importance of individualized
treatment, and that safety largely depends on age, with a
balance towards benefits for most women who initiate with
a clear indication within a few years of menopause33. The
NAMS position statement is similar, concluding that data
support the use of HRT to treat menopausal symptoms near
the time of menopause, and/or to address specific disorders
such as osteoporosis, and that benefit–risk is favorable near
menopause but decreases with age thereafter34. The IMS
notes mounting evidence for the timing hypothesis for
cardiovascular protection, emerging evidence suggesting
reduced thromboembolic risk with non-oral estrogen, recommends minimizing progestin exposure to that necessary for
endometrial safety, and cautions that there are no medical or
scientific reasons to recommend unregistered bio-identical
hormones; NAMS offers similar opinions. Both organizations
emphasize that treatment should be titrated to the lowest
effective dose.
With regard to breast cancer, both organizations endeavor
to put the risk into perspective, citing the best available data
of a rate of  1 per 1000 per year based on the WHI, and
note that in the WHI the risk was further limited to women
with prior use before the enrollment, and not observed in
women whose first exposure was in the RCT. NAMS makes
the further point that the risk is associated with current
use – returning to the population baseline in 3–5 years after
treatment ceases. Both acknowledge the suggestion of reduced
risk with estrogen-alone in the WHI and the Nurses’ Health
Study, although the IMS cautions that European data suggest
potential increased risk with estrogen alone after 5 years, but
does not speculate whether this difference could be related to
the prominence of estradiol in Europe and conjugated equine
estrogens (CEE) in the US.
While the IMS makes no distinction between combination
therapy and estrogen-alone therapy with regard to emerging
evidence for cardiovascular protection at younger menopausal
ages, NAMS restricts this opinion to estrogen-alone therapy.
Currently, ambiguity surrounds potential differences between
outcomes associated with continuous versus sequential regimens, oral versus transdermal estrogens, and the choice of
progestin. At present, there are no clinical trial data to address
these questions for disease outcomes, and the available observational data are not definitive. The most consistent data
pertains to venous thromboembolic events, where non-oral
estrogens have generally been associated with lower risk35,36.
Differences in outcomes by progestin remain controversial.
The PEPI trial found modest differences between micronized
progesterone and medroxyprogesterone acetate (MPA) in
lipid benefits, although both were better than placebo37.
However, there are no clinical trial data supporting a difference in CHD rates. The Kronos Early Estrogen Prevention
Study (KEEPS)38 and the Early versus Late Intervention Trial
with Estradiol (ELITE)39 trials will shed some light on this in
the near future. Both are primary prevention RCTs testing the
surrogate cardiovascular outcomes of carotid intima medial
thickness and coronary artery calcium, and both are expected
to report their results within the next year. KEEPS enrolled
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729 early menopausal women and is testing mid-dose oral
CEE (0.45 mg), low-dose transdermal estradiol (50 μg/day),
or placebo, with cyclical oral micronized progesterone
200 mg for 12 days/month for women on active estrogen.
ELITE is testing conventional-dose oral estradiol (1 mg/day)
or placebo with vaginal progesterone gel or placebo for
10 days each month in 643 women either  6 years, or
 10 years, since menopause.
Early results from the E3N observational study suggested
that regimens with transdermal estradiol and oral micronized
progesterone were associated with lower rates of breast
cancer40. However, that difference was not sustained in the
most recent report from this cohort41. The PEPI trial found
equivalent endometrial protection for both continuous and
sequential combined regimens with MPA, and as well as a
12-day/month sequential regimen with micronized progesterone, all evaluated for 3 years42. Some observational data
suggest a lower rate of breast cancer with sequential regimens,
but this remains speculative34. Although some have advocated
long-cycle progestin to minimize exposure, data on endometrial safety remain inadequate at present; this is an area ripe
for potential investigation in the near term.
Signaling the evolution of thought over the past decade, the
IMS statement33 concludes that: ‘The excessive conservatism
engendered by the presentation to the media of the first results
of the WHI in 2002 has disadvantaged nearly a decade of
women who may have unnecessarily suffered severe menopausal symptoms and who may have missed the potential
therapeutic window to reduce their future cardiovascular,
fracture and dementia risk.’
Most, if not all, of the contributors to this special issue
would agree. Nonetheless, the WHI deserves credit for demonstrating that the practice of starting HRT in older and highrisk women to prevent CVD and dementia is not supported
by scientific evidence.
The WHI was inspired by findings from observational studies reflecting initiation primarily in newly menopausal women
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with long-term exposure suggesting that HRT could prevent
major age-related diseases. Historically, in cardiovascular
trials, patients with the greatest burden of risk often obtained
the strongest benefit from a treatment. Against that background, the WHI tested benefit in older women in whom risk
factor-loading was considerably greater than those represented in observational studies. Benefit was not found.
The WHI was not intended to test benefits in recently menopausal women. However, data from it and other studies published since suggest a ‘window of opportunity’, consistent
with the literature that led to the WHI. We have come nearly
full circle, but with a hard-won understanding of factors that
modulate the balance between benefit and risk for this key
intervention in women’s health.
Moving forward, evidence supports the return to rational
use of HRT, generally with initiation near menopause, the classic clinical approach. While HRT is certainly not appropriate
for every woman, it may be for those with symptoms or other
indications. In that setting, with initiation near menopause, the
weight of evidence supports benefits over risks, with the potential to prevent or ameliorate downstream morbidity.
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ABSTRACT
The quality of life of countless menopausal women world-wide has been significantly diminished following the
sensationalist reporting of the Women’s Health Initiative (WHI) and the resulting 50% or more decline in the use
of hormone replacement therapy (HRT) over the subsequent 10 years. Quality of life is difficult to measure as
there are so many contributing factors and a large number of different instruments, some of which assess general
health and only a few which specifically include symptoms related to menopause. HRT improves quality of life
of symptomatic menopausal women and some studies of the effects of HRT provide reliable evidence on quality
of life other than reduction in vasomotor symptoms. Until there is a better understanding of the minimal risks of
HRT for the majority of women, too many will continue to suffer a reduced quality of life unnecessarily.

INTRODUCTION
Good quality of life is a fundamental right and legitimate
aspiration for everyone. During a lifetime there will be many
fluctuations in quality of life resulting from relationship,
domestic, financial, work and health issues in particular. It is
also well recognized that normal physiological changes can
impact on quality of life and in women this is especially
evident during the menstrual cycle, pregnancy and the climacteric. The normal hormonal changes associated with the
climacteric and causing menopausal symptoms are a major
cause of reduced quality of life; this has been confirmed by
many studies, with highly significant reduction in the most
important menopausal symptoms of hot flushes and sweats
with hormone replacement therapy (HRT)1. The definite
improvement also in quality of life has been documented in
scientific controlled trials2,3 and recognized in Professional
Society recommendations4–6. However, the Women’s Health
Initiative (WHI) study and the reason for this special issue,
concluded that ... ‘Estrogen plus progestin did not have a
clinically meaningful effect on any aspect of health-related
quality of life assessed in the WHI trial of estrogen plus
progestin’7. This conclusion should have had many caveats,
including that the WHI assessed the effect of HRT in mostly
asymptomatic elderly women using a generic quality-of-life
instrument and asking only one question on sexuality.

The other large, randomized, controlled trial, the Heart and
Estrogen/progestin Replacement Study (HERS), which
reported just before the WHI, concluded that ... ‘hormone
therapy has mixed effects on quality of life among older
women’ and ... ‘depend on the presence of menopausal symptoms’8. Neither of these large, randomized, controlled trials
(RCT) were designed to assess the effects of HRT as a primary
outcome measure, since they recruited women with a mean
age of 63 and 69 years, respectively, of whom no more than
12% were symptomatic, and over 60% were 10 or more years
post menopause. Furthermore, the validity of the WHI as a
RCT has also been questioned as 45% of the estrogen plus
progestin group were unblinded so that they were aware of
their treatment and several warnings were sent to the participants about the detection of increased risks of myocardial
infarction, stroke and pulmonary embolism during the study.
These issues compromise the reliability and make the WHI
study no better than any observational study with all of their
limitations9,10. Nevertheless, as a result of the adverse media
publicity following the various WHI reports, there has been
a dramatic reduction in the prescribing to and requests for
HRT by symptomatic menopausal women all around the
world, which is probably still continuing even at 10 years
later.
The Women’s International Study of long Duration of
Oestrogen after the Menopause (WISDOM) has been the only
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other large, randomized, placebo-controlled trial of HRT3. It
showed that combined HRT started many years after menopause is associated with significant improvements in vasomotor symptoms, sexual function, sleep disturbance, aching
joints and muscles, insomnia and vaginal dryness, although
more women in the HRT group experienced breast tenderness
and vaginal discharge. Aching joints and muscles, insomnia,
and vaginal dryness improved independently of whether
participants experienced vasomotor symptoms at baseline.
Combined HRT improves condition-specific but not overall
generic measures of health-related quality of life at 1 year.
Thus, the choice of the quality-of-life instrument is important
when assessing the effect of menopausal symptoms.

MEASUREMENT OF QUALITY OF LIFE
Health-related quality of life refers to the effects of an individual’s physical and emotional state on their overall quality
of life, and an improvement in health-related quality of life
is a primary purpose of health promotion and health care11
and of those involved in running a menopause clinic.
However, measurement of this is very subjective and complex,
with a multitude of different aspects that contribute to the
overall picture, so not surprisingly a large number of instruments have been developed. There are two major categories
of measures – generic and condition-specific. Among the most
commonly used generic measures is the Short Form (SF)-36
Health Survey, which evaluates domains under the headings
of physical functioning, role-physical, bodily pain and general
health with vitality, social functioning, role-emotional and
mental health under the mental health section12. Good examples of condition-specific instruments are the Women’s Health
Questionnaire (WHQ), which was designed specifically to
study changes in perception of health and well-being during
the menopausal transition13, and the Menopause Rating Scale
(MRS), developed to provide the physician with a tool to
document specific climacteric symptoms and their changes
during treatment14. The WHQ has nine domains, each providing a score for: depressed mood, somatic symptoms, memory/
concentration, vasomotor symptoms, anxiety/fear, sexual
behavior, sleep problems, menstrual symptoms and attractiveness. The MRS evaluates 11 symptoms under the categories
of psychological, somatovegetative and urogenital.
The WHI study did not measure the impact of HRT on
quality of life using validated instruments15, but used a mixture of a generic measure, the RAND 36-item Health
Survey16, which has the same items as the SF-36 and an
additional checklist of symptoms that was used in the HERS
study to assess symptoms associated with the menopause. It
was not clear how moderate and severe flushes were defined
and vaginal symptoms were not evaluated at all. In addition,
the symptom scores were high at baseline, which limited
the potential for HRT to cause a further increase.
It is important to choose validated and appropriate
instruments for assessing health-related quality of life, which
will depend on many factors including the population and
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treatment being evaluated. These issues have been reviewed
and all the current instruments listed and analyzed by
Schneider and colleagues11.

QUALITY OF LIFE AFTER STOPPING HRT
Since vasomotor symptoms are perceived as the hallmark of
quality of life in the early postmenopause period, ample data
related to discontinuation of HRT are available in this respect
from various parts of the globe17–19. A recent survey on a
menopause website of 1100 women who stopped using HRT
following the WHI reports in the media in 2002 found that
most did so without seeking medical advice20. This was significantly more likely in those aged under 50 years at 73%
compared to older women, where each of the 49% of those
who had stopped taking HRT had made this decision herself
(p ⬍ 0.001). Of the women who had previously taken HRT
for menopausal symptoms, 89% had a return of symptoms
and 74% said that their symptoms were worse. Due to the
return of symptoms, HRT was restarted in 41%. A further
response of relevance is that, overall, 47% of women would
not have stopped HRT given the current understanding of
risk. Other studies have looked into potential changes in the
incidence of fractures, breast cancer and coronary events in
the post-WHI era, when less and less women have been using
HRT, but fewer studies have focused on the consequences
for quality of life of stopping HRT. Since quality of life is a
complex, multifactorial entity, especially in the menopause
transition and during the first years in menopause, it is not
easy to document all the aspects of quality of life in women
who stopped HRT. Utian referred to this issue of measuring
quality of life in menopausal women, urging investigators to
add quality-of-life questionnaires to the protocol of all studies
which examine the effects of drug therapies in menopausal
women21.
A group from Finland followed quality of life of women
during long-term use of HRT and 1 year after stopping
therapy22. While quality-of-life ratings improved with HRT,
irrespective of dosage, including depressed mood, anxiety,
Ideal
QOL
Actual
Live alone
Residential care

Age

90 years

Figure 1 Schematic representation of the change in quality of life
(QoL) with age, comparing the most common (actual) scenario and
the ideal to which most will aspire. (Reproduced with permission
from Professor Janice Rymer)
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health perception, sexual interest, daily functioning and
enjoyment, they deteriorated during follow-up in women not
continuing HRT. Some additional information, however, can
be obtained from studies which evaluated health-related
quality of life parameters comparing abrupt to a more prolonged mode of discontinuation of HRT18. Although not
being the primary aim of the studies, their data clearly demonstrated a decline in quality-of-life scores versus baseline
values in women who stopped HRT. Another well-designed
study looked at quality of life following cessation of HRT in
women older than 65 years23. The study took place immediately after the release of data from the estrogen ⫹ progestin
arm of the WHI in 2002–2003, as a result of which 43% of
women in the cohort stopped HRT. Quality-of-life questionnaires completed by those women indicated a decline in
physical and mental health outcomes in those aged 65 and
even up to the age of 84 years, but, above this age, cessation
of HRT was associated with an improvement in quality-oflife measures. When and how to stop HRT is a common
dilemma and clearly many women continue for longer than
needed, but it is only on cessation that this can be determined.
Ironically, despite the immense impact of the WHI studies
on prescription habits and the use of postmenopausal hormones, the WHI study investigators, who addressed qualityof-life issues as part of their initial reports on the estrogen ⫹
progestin arm7 and the estrogen-only arm24, did not attempt
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to follow these aspects in what they called the post-intervention
phase of the study.

CONCLUSIONS
Maintaining quality of life is a fundamental aspect of good
health care. The menopausal transition and subsequent years
can be associated with a significant decline in quality of life
due to the effects of the decrease of circulating estrogen; these
effects will contribute to the overall diminishing quality of life
with age (Figure 1). HRT will reduce this decline in symptomatic women, although it is not a panacea for all the effects of
aging and will not produce the ideal scenario as in Figure 1.
The impact of the massive withdrawal of HRT usage on quality
of life following the WHI reports is impossible to quantify but
is clearly considerable. Symptomatic menopausal women and
their medical advisers need to be reassured that HRT can
safely ameliorate most menopausal symptoms5 and, until this is
realized, far too many women around menopause will continue to experience a reduced quality of life unnecessarily.
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ABSTRACT
Over the past decade, two informative events in primary prevention of coronary heart disease (CHD) have
occurred for women’s health. The first concerns hormone replacement therapy (HRT) where data have come
full circle from presumed harm to consistency with observational data that HRT initiation in close proximity
to menopause significantly reduces CHD and overall mortality. The other concerns sex-specific efficacy of
CHD primary prevention therapies where lipid-lowering and aspirin therapy have not been conclusively
shown to significantly reduce CHD and, more importantly, where there is lack of evidence that either therapy
reduces overall mortality in women. Cumulated data support a ‘window-of-opportunity’ for maximal reduction of CHD and overall mortality and minimization of risks with HRT initiation before 60 years of age and/
or within 10 years of menopause and continued for 6 years or more. There is a substantial increase in
quality-adjusted life-years over a 5–30-year period in women who initiate HRT in close proximity to menopause, supporting HRT as a highly cost-effective strategy for improving quality-adjusted life. Although primary prevention therapies and HRT contrast in their efficacy to significantly reduce CHD and especially
overall mortality in postmenopausal women, the magnitude and types of risks associated with HRT are
similar to those associated with other medications commonly used in women’s health. The cumulated data
highlight the importance of studying the HRT cardioprotective hypothesis in women representative of those
from whom the hypothesis was generated.

INTRODUCTION
In the public health arena, there are very few potential therapies with such consistent data for reducing coronary heart
disease (CHD) and overall mortality as postmenopausal hormone replacement therapy (HRT). The Women’s Health Initiative (WHI) data over the past 10 years have spanned from
presumed harm to consistency with observational data that
postmenopausal HRT reduces CHD and, more importantly,
overall mortality in recently menopausal women. Simultaneously, randomized controlled trials (RCTs) have failed to

conclusively prove that lipid-lowering and aspirin therapy statistically significantly reduce CHD and overall mortality in
women under primary prevention conditions. On the other
hand, RCTs, observational studies and meta-analyses consistently support primary prevention of CHD and reduction of
overall mortality in women who initiate HRT in close proximity to menopause. The totality of data indicates that the ‘window-of-opportunity’ for reducing CHD and overall mortality
is initiation of HRT before 60 years of age and/or within 10
years of menopause. HRT use for 5–30 years in postmenopausal women who initiate HRT in their fifties substantially
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Timing hypothesis for coronary heart disease prevention
increases quality-adjusted life-years (QALYs) by 1.5 QALYs
and is highly cost-effective at $2438 per QALY gained. Cumulated RCT results show a consistency with observational data
that young postmenopausal women who use HRT for long
periods of time have lower rates of CHD and overall mortality
than comparable postmenopausal women who do not use
HRT. The WHI has contributed to this knowledge base.
Herein, we provide a historical perspective of the reporting of
WHI results along with other studies and show the consistency
of these data with observational data that show that CHD and
overall mortality are reduced in young women who initiate
HRT in close proximity to menopause.

PRE-WOMEN’S HEALTH INITIATIVE
Over the past five decades, approximately 40 observational
studies (including the WHI observational study) consistently
show that HRT is associated with a 30–50% reduction in
CHD and overall mortality in postmenopausal women1–10.
Results of the Heart and Estrogen/progestin Replacement
Study (HERS), the first large RCT of HRT and CHD (conducted in women with pre-existing CHD) were null for conjugated equine estrogen (CEE) plus medroxyprogesterone
acetate (MPA) taken daily versus placebo (hazard ratio (HR)
0.99; 95% confidence interval (CI) 0.80–1.22)11. Consistent
with HERS were the Estrogen Replacement and Atherosclerosis (ERA) trial results that showed neither unopposed CEE
nor CEE ⫹ MPA reduced coronary artery atherosclerosis progression12. On the other hand, the Estrogen in the Prevention
of Atherosclerosis Trial (EPAT) showed a reduction in subclinical atherosclerosis progression in healthy postmenopausal
women who were randomized to unopposed oral estradiol
versus placebo13. Since women randomized to EPAT were
younger than those randomized to HERS and ERA, and the
time from menopause to randomization was 10 years earlier
in EPAT, the divergence in outcomes between EPAT and
observational studies versus HERS and ERA was hypothesized to be dependent upon timing of HRT initiation, particularly when initiated early in the intervention of atherosclerosis
progression at the start of menopause as the key to preventing
CHD with HRT13. This hypothesis, further supported by
EPAT’s sister study, the Women’s Estrogen-progestin LipidLowering Hormone Atherosclerosis Regression Trial (WELLHART) and animal studies, later became known as the ‘timing
hypothesis’ or the ‘window-of-opportunity’ for the reduction
of CHD with HRT in postmenopausal women14. Over the
past 10 years, a large accumulation of data strongly support
the timing hypothesis, including the WHI data15.

DATA FROM THE WOMEN’S HEALTH
INITIATIVE
WHI data on CHD (including its interpretation) have changed
no less than three times over the course of the past 10 years16.
In July 2002, WHI investigators claimed17 ‘the adverse effects
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of estrogen plus progestin applied to all women irrespective
of age, ethnicity, or prior disease state.’ In 2007, WHI investigators reported18 ‘women who initiated therapy closer to
menopause tended to have reduced CHD risk compared with
the increase in CHD risk among women more distant from
menopause.’ In the first WHI publication (July 2002), a significantly increased CHD risk was reported for CEE ⫹ MPA
with the nominal statistic (HR 1.29; 95% CI 1.02–1.63) but
not with the adjusted statistic (HR 1.29; 95% CI 0.85–1.97)
that accounted for the multiple testing across time and across
outcome categories that were conducted in this trial19. The
authors reported ‘no noteworthy interaction with age for the
effect of CEE ⫹ MPA on CHD.’ These initial results were
published before all outcome data were collected and before
final adjudication of the CHD outcome. In August 2003, the
‘final [adjudicated] results’ of the WHI CEE ⫹ MPA trial were
published; the HR decreased and the nominal CI now included
1.0 (HR 1.24; 95% CI 1.00–1.54) and, after a significant
increase in CHD events in the overall cohort within the first
year of randomization (unknown whether this was related to
age or pre-existing CVD), a trend for decreasing CHD risk
with HRT duration was statistically significant20. Although
the data showed an 11% reduction in CHD risk among
women randomized within 10 years of menopause and a
trend toward increasing risk with greater time from menopause when randomized, the categorical interaction between
treatment and years since menopause on CHD was not statistically significant20. However, in a re-analysis of the data
using a p-for-trend analysis, a statistically significant trend of
an HRT effect on CHD according to time since menopause
was subsequently reported21. In April 2004, WHI CEE trial
results showed a non-significant CHD reduction among women
who received CEE relative to placebo (HR 0.91; 95% CI
0.75–1.12) and a 44% CHD reduction (HR 0.56; 95% CI
0.30–1.03) in women who were 50–59 years of age when randomized22. These results were published before collection of
all outcome data and before final adjudication of the CHD
outcome; the ‘final [adjudicated] results’ of the WHI CEE trial
were published in February 200623. Among women aged
50–59 years when randomized, several categories of CHD
composite outcomes of non-fatal myocardial infarction (MI),
coronary death, confirmed angina and coronary artery revascularization were significantly reduced by 34–45% in the CEEtreated group relative to placebo23.
Addressing accumulating data supportive of the timing
hypothesis from both within the WHI as well as from
independent research (see below), WHI data supportive of
the timing hypothesis were published in April 200718. The
HRs and CIs for CHD in this publication were different
from the ‘final’ results reported previously for CEE (HR 0.95;
95% CI 0.78–1.16) and for CEE ⫹ MPA (HR 1.23; 95% CI
0.99–1.53), especially for the latter in which the CEE ⫹ MPA
effect on CHD over all ages was clearly non-significant. Significant trends of an HRT effect on CHD according to years
since menopause were reported; women randomized to HRT
within 10 years of menopause showed a non-significant
decreased risk relative to placebo (Table 1).
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Similar to CHD trends, overall mortality was reduced by
30% with both CEE ⫹ MPA and CEE relative to placebo
among women who were aged 50–59 years when randomized18 (Table 2). With both WHI trials combined (effectively
increasing the total sample size), overall mortality was statistically significantly reduced by 30% in those women aged
50–59 years when randomized to HRT relative to placebo
(Table 2).
The 11-year WHI CEE trial follow-up (7 years of randomized treatment and 4 years of post-intervention follow-up)
showed that women aged 50–59 years when randomized to
CEE versus placebo had statistically significant reductions in
CHD (HR 0.59; 95% CI 0.38–0.90), total MI (HR 0.54; 95%
CI 0.34–0.86) and overall mortality (HR 0.73; 95% CI 0.53–
1.00); compared with women aged 60–69 and 70–79 years,
the p-for-interaction was statistically significant for each outcome, p ⫽ 0.05, p ⫽ 0.007 and p ⫽ 0.04, respectively24. Importantly, invasive breast cancer was statistically significantly
reduced by 23% (HR 0.77; 95% CI 0.62–0.95) in women
who received CEE relative to placebo regardless of age at
randomization24.
Although only one-third of the women randomized to
the WHI trials were younger than 60 years of age and
less than 5% were within a few years of menopause, the subgroup of women randomized to these trials who are more
representative of women using HRT in observational studies
had reduced CHD and overall mortality with HRT. On the

other hand, women older than 60 years of age who were
randomized to HRT many years beyond menopause (⬎ 10
years) who are not representative of women in HRT observational studies showed no reduction in CHD or overall mortality with HRT15.

STUDIES SUPPORTING THE TIMING
HYPOTHESIS
Although the HRT effect on CHD over all ages is null in
RCTs, these trials indicate that there are distinct populations
of women who are HRT-responsive. Specifically, beneficial
HRT effects on CHD and overall mortality occur when HRT
is initiated in younger women in close proximity to menopause and a null effect and possible adverse effect (in women
⬎ 20 years since menopause) when initiated in older women
remote from menopause15. The beneficial HRT effect on CHD
according to timing of HRT initiation has been shown in a
large meta-analysis of 23 RCTs (191 340 patient-years of
follow-up)25. Over all ages, the HRT effect on CHD was null,
whereas a statistically significant 32% reduction in CHD was
found for women younger than 60 years of age or within 10
years since menopause when randomized to HRT relative to
placebo (Table 1). The magnitude of CHD reduction for
women younger than 60 years of age or within 10 years since

Table 1 Number of participants and relative risks of coronary heart disease for hormone replacement therapy (HRT) and raloxifene compared
to placebo by age and years since menopause (YSM) at randomization
Study
meta-analysis25

HRT
All ages
⬍ 60 years old or ⬍ 10 YSM
⬎ 60 years old or ⫺
⬎ 10 YSM
⫺
WHI18
CEE ⫹ MPA trial
⬍ 10 YSM
10–19 YSM
⬎ 20 YSM
⫺
CEE trial
⬍ 10 YSM
10–19 YSM
⬎ 20 YSM
⫺
Combined CEE ⫹ MPA and CEE trials
⬍ 10 YSM
10–19 YSM
⬎ 20 YSM
⫺
RUTH28
⬍ 60 years old
60–69 years old
⬎
⫺ 70 years old

Relative risk

Number of participants

OR (95% CI)
0.99 (0.88–1.11)
0.68 (0.48–0.96)
1.03 (0.91–1.16)

39 049
not given
not given

p Value for trend

HR (95% CI)
0.05
0.88 (0.54–1.43)
1.23 (0.85–1.77)
1.66 (1.14–2.41)

5494
6041
3653

0.48 (0.20–1.17)
0.96 (0.64–1.44)
1.12 (0.86–1.46)

1643
2936
4550

0.76 (0.50–1.16)
1.10 (0.84–1.45)
1.28 (1.03–1.58)

7137
8977
8203

0.59 (0.41–0.83)
1.06 (0.88–1.28)
0.98 (0.82–1.17)

1670
4534
3897

0.15

0.02

0.01

OR (95% CI), odds ratio (95% confidence interval); HR (95% CI), hazard ratio (95% confidence interval); WHI, Women’s Health Initiative;
CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate; RUTH, Raloxifene Use for the Heart
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Table 2 Number of participants and relative risks of overall mortality for hormone replacement therapy (HRT) compared to placebo by age
at randomization
Study
HRT meta-analysis27
All ages
⬍ 60 years old
⬎
⫺ 60 years old
WHI18
CEE ⫹ MPA trial
50–59 years old
60–69 years old
70–79 years old
CEE trial
50–59 years old
60–69 years old
70–79 years old
Combined CEE ⫹ MPA and CEE trials
50–59 years old
60–69 years old
70–79 years old

Relative risk

Number of participants

OR (95% CI)
0.98 (0.87–1.18)
0.61 (0.39–0.95)
1.03 (0.90–1.18)

26 708
not given
not given

p Value for trend

HR (95% CI)
0.19
0.69 (0.44–1.07)
1.09 (0.83–1.44)
1.06 (0.80–1.41)

5494
6041
3653

0.71 (0.46–1.11)
1.02 (0.80–1.30)
1.20 (0.93–1.55)

1643
2936
4550

0.70 (0.51–0.96)
1.05 (0.87–1.26)
1.14 (0.94–1.37)

7137
8977
8203

0.18

0.06

OR (95% CI), odds ratio (95% confidence interval); HR (95% CI), hazard ratio (95% confidence interval); WHI, Women’s Health Initiative;
CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate

menopause when randomized to HRT was similar to observational studies1–10. This large meta-analysis of cumulated
RCTs of HRT clearly demonstrates two distinct populations
of women who respond differently to HRT according to timing of HRT initiation relative to age and/or time since
menopause. Another line of evidence that HRT initiation in
young postmenopausal women in close proximity to menopause may reduce CHD derives from 1064 women who participated in the WHI Coronary Artery Calcium Study in
which 50–59-year-old women who were randomized to CEE
had significantly less coronary artery calcium at year 7 of
the trial compared with those women randomized to
placebo26.
Most recently, the cardiovascular outcome from the Danish
Osteoporosis Prevention Study (DOPS) was presented (by
L.L.S.) at the American Heart Association Scientific Meeting
in 2011. These results included more than 1000 postmenopausal women who were on average 50 years old and on
average 7 months postmenopausal when randomized for
11 years to oral 17β-estradiol daily plus sequential norethisterone acetate 10 days each month or to control in an openlabel, parallel design. Hysterectomized women received oral
17β-estradiol daily. The overall cardiovascular results of this
study are remarkably similar to the 11-year WHI CEE trial
follow-up data of the women who were 50–59 years of age
when randomized to WHI CEE24 and to the HRT meta-analyses of RCTs and CHD25 and mortality27 outcomes in women
⬍ 60 years old or ⬍ 10 years since menopause when randomized. No significant difference in breast cancer, stroke or
venous thromboembolism (VTE) was found between treatment groups.
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OTHER ESTROGEN RECEPTOR-BINDING
AGENTS THAT SUPPORT THE TIMING
HYPOTHESIS
Broadening support for the timing hypothesis are accumulating data that show products other than mammalian hormones
that bind to the estrogen receptor (ER) exert similar CHD
beneficial effects as HRT in young postmenopausal women.
In the Raloxifene Use for the Heart (RUTH) trial (10 101
postmenopausal women), raloxifene, a selective estrogen
receptor modulator, had no effect on CHD incidence over all
ages after a median treatment of 5.6 years. However, among
women younger than 60 years of age when randomized to
raloxifene, CHD was statistically significantly reduced by
41% relative to placebo28 (Table 1), a finding similar to the
WHI in which CHD was reduced by 52% in women who
were ⬍ 10 years since menopause when randomized to CEE
relative to placebo18 (Table 1).
Although an age or time since menopause analysis is not
presented, randomized treatment for 5 years of lasofoxifene
0.5 mg daily versus placebo in a cohort of 8556 women
between the ages of 59 and 80 years statistically significantly
reduced: CHD by 32% (HR 0.68; 95% CI 0.50–0.93), stroke
by 36% (HR 0.64; 95% CI 0.41–0.99); vertebral fractures
by 42% (HR 0.58; 95% CI 0.47–0.70), non-vertebral fractures by 24% (HR 0.76; 95% CI 0.64–0.91), ER-positive
breast cancer by 81% (HR 0.19; 95% CI 0.07–0.56) and
invasive breast cancer by 85% (HR 0.15; 95% CI 0.04–0.50);
VTE was statistically significantly increased two-fold (HR
2.06; 95% CI 1.17–3.61), indicating 15 additional VTE
events per 10 000 women per year of lasofoxifene therapy29.
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In the Women’s Isoflavone Soy Health (WISH) study, a
RCT examining the effects of high-dose isoflavone soy protein supplementation on the progression of subclinical atherosclerosis, women who were randomized within 5 years of
menopause to isoflavone soy protein supplementation had a
significant reduction in progression of subclinical atherosclerosis relative to placebo, whereas women more than
5 years beyond menopause when randomized had no significant effect30. Isoflavones are plant estrogens that preferentially bind to ERβ.

OVERALL MORTALITY AND
BENEFIT–RISK OF HRT
The beneficial HRT effect on overall mortality according to
age has also been demonstrated in a large meta-analysis of 30
RCTs (119 118 patient-years)27. Over all ages, the HRT effect
on overall mortality was null whereas a statistically significant
39% reduction in overall mortality was found for subjects
younger than 60 years of age (mean age 54 years) when randomized to HRT relative to placebo (Table 2), a reduction
similar to observational studies1–10. Ages at HRT initiation
among women in observational studies and age of younger
women randomized to RCTs examined in the meta-analysis
are similar. On the other hand, in this meta-analysis, the HRT
effect on overall mortality in women who were older than 60
years of age (mean age 66 years) when randomized was null
as reported over all ages in RCTs.
To address benefit–risk of HRT, a Bayesian meta-analysis
was conducted using RCTs and observational studies to
evaluate the HRT effect on overall mortality in young postmenopausal women who initiated HRT in close proximity
to menopause31. Results from this meta-analysis using 19
RCTs with 16 283 women (mean age 54.5 years) followed
for 83 043 patient-years over 5.1 years (range 1–6.8 years)
showed an overall mortality reduction of 27% (relative risk
(RR) 0.73; 95% credible interval (CrI) 0.52–0.96) among
women randomized to HRT relative to placebo. The 95%
CrI used in the Bayesian analysis is comparable to the 95%
CI used in traditional meta-analyses. Using pooled data from
eight prospective, observational studies in which a total of
212 717 women were followed for 2 935 495 patient-years
over a mean of 13.8 years (range 6–22 years), overall mortality was reduced by 22% (RR 0.78; 95% CrI 0.69–0.90) in
HRT users relative to non-users. Overall mortality was
reduced by 28% (RR 0.72; 95% CrI 0.62–0.82) with the
RCT and prospective observational data combined. Results
from this study indicate a convergence of evidence from several sources that support a beneficial HRT effect on overall
mortality in women who initiate HRT in close proximity to
menopause. Further, results from this meta-analysis indicate
that RCTs and observational studies are similar, each with
an overall mortality reduction of approximately 25%, results
similar to the 30% reduction in overall mortality shown in
postmenopausal women who were younger than 60 years of
age when randomized to HRT in the WHI trials (Table 2).
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HRT COST EFFECTIVELY EXTENDS LIFE
WHEN INITIATED AT YOUNGER AGE
A cost-effectiveness analysis indicates that, compared with no
therapy, HRT given to postmenopausal women in their fifties
for 5–30 years results in a substantial increase of 1.5 QALYs
at a cost of $2438 per QALY gained32. Net gains gradually
increase with treatment durations of 5–30 years and results
for younger women are robust to all sensitivity analyses with
HRT remaining highly cost-effective (defined as ⬍ $10 000
per QALY gained). At $2438 per QALY gained, these data
indicate that HRT is a highly cost-effective strategy for
improving quality-adjusted life. The substantial increase in
QALYs in younger women is due to a net benefit in quality
of life and reduced overall mortality compared with no therapy. On the other hand, for 65-year-old postmenopausal
women initiating HRT, there is a smaller net gain of 0.11
QALYs at a cost of $27 953 per QALY gained32.
In sum, the totality of RCT data indicates that young postmenopausal women who initiate HRT in close proximity to
menopause have a reduced incidence of CHD and overall
mortality15. These results parallel the consistent reduction in
CHD and overall mortality in observational studies, where
the majority of women initiated HRT within 6 years of menopause1–10. Focused on young healthy postmenopausal women
(average age 50 years) randomized early after menopause
(average of 7 months), DOPS provides strong evidence for the
long-term efficacy and safety of HRT for reducing CHD and
overall mortality when initiated in young postmenopausal
women in close proximity to menopause. Additionally, the
timing hypothesis appears to extend to other agents that bind
to the estrogen receptor.

CLINICAL PERSPECTIVE OF HRT
RELATIVE TO OTHER PRIMARY
PREVENTIVE THERAPIES
A detailed discussion of current primary prevention therapies
for women is beyond the scope of this review. However, it is
important to appreciate that meta-analyses of cumulated RCT
data show a sex-specific efficacy for the major therapies used
for CHD primary prevention. Relative to placebo, lipidlowering33–35 and aspirin36,37 therapy have a null effect on
CHD primary prevention in women, including aspirin use in
women with diabetes mellitus38. There is no evidence that
either therapy reduces overall mortality in women33–37.
Although the Justification for the Use of statins in Prevention:
an Intervention Trial Evaluating Rosuvastatin (JUPITER) is
the only primary prevention trial to show a possible reduction
in CHD in women, this result deserves special attention since
it is unclear whether this finding resulted from the unique
characteristics of the cohort (women ⫺
⬎ 60 years of age with
low density lipoprotein cholesterol levels ⬍ 130 mg/dl and
high-sensitivity C-reactive protein (hsCRP) ⫺
⬎ 2 mg/dl)39,
40,41
or from the
the controversial aspects of trial conduct
subjective nature of certain components of the primary
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end-point39. The primary cardiovascular end-point of
JUPITER was a composite end-point comprised of ‘hard
end-points’ (non-fatal MI; any MI; non-fatal stroke; any
stroke; MI, stroke, or confirmed death resulting from cardiovascular causes) and ‘soft end-points’ whose occurrence relies
on medical decisions (arterial revascularization; arterial revascularization or hospitalization for unstable angina). In men,
all of the ‘hard’ and ‘soft’ components of the composite primary end-point were statistically significantly reduced in
the rosuvastatin arm versus placebo arm39. In women, only
the ‘soft’ end-points were statistically significantly reduced
in the rosuvastatin arm versus placebo arm. These ‘soft’ composite end-points (revascularizations and hospitalizations)
clearly drove the primary end-point to statistical significance
in the women since all of the ‘hard’ end-points in the women
were firmly non-significantly different (p ⬎ 0.1) between
the rosuvastatin arm and placebo arm39. Overall mortality
was not statistically different between the rosuvastatin arm
versus the placebo arm in women (p ⫽ 0.12) or in men
(p ⫽ 0.08)39. Including JUPITER in a meta-analysis with other
primary prevention trials does not alter the conclusion that
statin therapy has a null effect on CHD and overall mortality
in primary prevention in women35.
Aspirin therapy is interesting in that, in men, aspirin statistically significantly reduces MI by 32%, with a null effect
on stroke, whereas, in women, aspirin has a null effect on
MI but statistically significantly reduces ischemic stroke by
17%37. With aspirin therapy, there is a non-significant increase
in odds of hemorrhagic stroke in women (odds ratio (OR)
1.07; 95% CI 0.42–2.69) and a significant 69% increase in
the odds of hemorrhagic stroke in men (OR 1.69; 95% CI
1.04–2.73)37. Although the Women’s Health Study showed a
null effect of aspirin therapy versus placebo with the a-priori
defined statistical analysis of the primary cardiovascular endpoint amongst all women (⫺
⬎ 45 years of age) randomized to
this trial, a statistically significant reduction in the subgroup
of women ⫺
⬎ 65 years of age was found amongst multiple subgroup comparisons that requires cautious interpretation36.
Recommendations for lipid-lowering and aspirin therapy
for CHD primary prevention in women are extrapolated from
data derived from men and secondary prevention trials in
women42,43. In contrast to the lack of demonstrated efficacy
of lipid-lowering and aspirin therapy on CHD and mortality
in primary prevention for women, cumulated data across
more than 24 RCTs (including the recently completed DOPS)
demonstrate a significant reduction in CHD and overall mortality in women who initiate HRT before 60 years of age and/
or within 10 years of menopause25,27,31,32 (Tables 1 and 2).

WEIGHING THE RISKS OF HRT RELATIVE
TO OTHER MEDICATIONS
Although the benefits and risks of postmenopausal HRT are
known, over the past decade their magnitude and perspective
to other therapies have become more fully defined. Review
of RCTs indicates that the risks of postmenopausal HRT,
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including breast cancer, stroke and VTE, are similar to other
agents commonly used in women’s health. The majority of
these risks are rare (⬍ one event per 1000 treated women) and
even rarer when HRT is initiated in women less than 60 years
of age and/or within 10 years of menopause. These data have
been extensively reviewed previously15,16,44–47 and are only
summarized here.

Breast cancer
In the WHI CEE ⫹ MPA trial, breast cancer risk was originally
reported to ‘almost reach nominal statistical significance’ in
the CEE ⫹ MPA arm versus the placebo arm (HR 1.26; 95%
CI 1.00–1.59) and was clearly non-significant with adjustment for multiple testing across time and across outcome categories (HR 1.26; 95% CI 0.83–1.92)19. This 26% increased
risk accounted for eight additional breast cancer cases per
10 000 women treated with CEE ⫹ MPA per year, a rare event
(⬍ one event per 1000 treated women). A subsequent analysis
in the same cohort of subjects that adjusted for baseline risk
factors for breast cancer (i.e. age, body mass index, alcohol
intake, physical activity, parity, family history, etc.) resulted
in a slightly reduced relative risk with a nominal non-significant statistical difference in breast cancer risk in the
CEE ⫹ MPA arm relative to the placebo arm (HR 1.20; 95%
CI 0.94–1.53)48. Additionally, there was clearly no increased
risk of breast cancer over an average 5.6 years amongst those
women who were randomized to CEE ⫹ MPA therapy and
previously never used HRT, that is, for those women who
were HRT naive (HR 1.02; 95% CI 0.77–1.36)48. In the
3-year open-label follow-up in which women were no longer
on their randomized regimens (CEE ⫹ MPA versus placebo),
the HR over time from the randomized phase to the openlabel phase was unchanged49.
In contrast, the initial results for the WHI CEE trial showed
a non-significant trend toward a reduction in breast cancer
(HR 0.77; 95% CI 0.59–1.01) in the CEE arm relative to the
placebo arm, indicating eight fewer breast cancer cases per
10 000 women treated with CEE per year22. Ductal carcinoma
was statistically significantly reduced by 29% in the CEE arm
versus placebo arm (HR 0.71; 95% CI 0.52–0.99) in the WHI
CEE trial50. Regardless of age at randomization, women in
the WHI CEE trial had a reduction in breast cancer with CEE
therapy, including those in the highest age group (70–79 years
old) with the greatest expected risk of breast cancer50. In a
compliance analysis among women who were actually adherent to their study regimen, consuming ⫺
⬎ 80% of their study
medication, there was a statistically significant 33% reduction
in breast cancer with CEE therapy relative to placebo (HR
0.67; 95% CI 0.47–0.97) after a mean randomized follow-up
of 7.1 years50. The decreasing trend in breast cancer was confirmed in the WHI CEE follow-up study of 11 years; over the
entire follow-up period, the lower incidence of breast cancer
amongst the CEE-treated group persisted and was statistically
significantly 23% lower relative to the placebo group (HR
0.77; 95% CI 0.62–0.95)24. Although the CI is wide,
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data from the Women’s Estrogen for Stroke Trial (WEST)
showed that 17β-estradiol had a null effect on breast cancer
risk relative to placebo (HR 1.00; 95% CI 0.30–3.50)51.
DOPS confirms these results as HRT did not increase the risk
of breast cancer after 11 years of randomized follow-up.

Stroke
Although WEST has been the only randomized controlled trial
of HRT designed with stroke as the primary trial outcome51,
HERS and WHI have also provided information concerning
HRT and stroke as an additional secondary trial outcome. In
WEST, including 664 postmenopausal women who were on
average 71 years old and approximately 20 years postmenopausal at randomization, 17β-estradiol 1 mg daily had a null
effect on the combined outcome of non-fatal stroke or allcause mortality (RR 1.1; 95% CI 0.8–1.4) relative to placebo51. Although the women had a documented non-disabling
stroke or transient ischemic attack within 90 days of randomization into the trial, the effect of HRT on non-fatal and fatal
stroke and both strokes combined was non-significant in this
trial of secondary prevention of stroke in women at high risk
for recurrent stroke. HERS showed that continuous combined
CEE ⫹ MPA had a null effect on the primary prevention of nonfatal and fatal stroke in postmenopausal women with established CHD52. In the WHI CEE ⫹ MPA trial, there was nominal
statistical significance of eight additional strokes per 10 000
women treated with CEE ⫹ MPA per year in the CEE ⫹ MPA
arm versus the placebo arm (HR 1.31; 95% CI 1.03–1.68)18,
but this difference was non-significant in the a-priori defined
outcome adjusting for multiple testing across time and across
outcome categories (HR 1.31; 95% CI 0.93–1.84)53. In the
WHI CEE trial, there was nominal statistical significance of
11 additional strokes per 10 000 women treated with CEE
per year in the CEE arm versus the placebo arm (HR 1.33;
95% CI 1.05–1.68)18, but this difference was non-significant
in the a-priori defined outcome adjusting for multiple testing
across time and across outcome categories (HR 1.39; 95% CI
0.97–1.99)22. Importantly, the risk of stroke is statistically
non-significant and rare in women who initiate HRT when
⬍ 60 years of age. The WHI showed that there are five additional strokes per 10 000 women per year of CEE ⫹ MPA
therapy when initiated in women ⬍ 60 years of age and even
lower for CEE therapy, two fewer strokes per 10 000 women
per year of CEE therapy18. DOPS results are consistent with
these findings as HRT did not increase the risk of stroke after
11 years of randomized follow-up.

Venous thromboembolism
Although CEE ⫹ MPA therapy was associated with a doubling
of VTE risk compared with placebo in the WHI CEE ⫹ MPA
trial, the increase in absolute risk was small, 18 additional
VTE events per 10 000 women treated with CEE ⫹ MPA per
year19. This risk of VTE was statistically significant with both

Climacteric

Hodis et al.
the nominal statistic and with adjustment for multiple testing
across time and across outcome categories19,54. The absolute
risk of VTE was lowest for women ⬍ 60 years old when randomized. The additional absolute risk for VTE events per
10 000 women treated with CEE ⫹ MPA per year was
11 events for women 50–59 years old at randomization, 16
events for women 60–69 years old at randomization, and
35 events for women 70–79 years old at randomization54.
Although there were seven additional VTE events per 10 000
women treated with CEE per year in the WHI CEE trial, the
risk of VTE was not statistically significant with either the
nominal statistic (HR 1.33; 95% CI 0.99–1.79) or with
adjustment for multiple testing across time and across outcome categories (HR 1.33; 95% CI 0.86–2.08)22,55. The additional absolute risk for VTE events per 10 000 women treated
with CEE per year was five events for women 50–59 years old
at randomization, six events for women 60–69 years old at
randomization, and 12 events for women 70–79 years old at
randomization55. In WEST, there was a 20% non-significant
decrease in VTE events (HR 0.80; 95% CI 0.20–3.40) accounting for 12 fewer VTE events per 10 000 women treated with
17β-estradiol per year51. Over 11 years of randomized follow-up, VTE events were not different between treatment
groups in DOPS.

Comparing HRT risks with risks
of other medications
Although recommended primary prevention therapies and
HRT contrast in their efficacy to reduce CHD and overall
mortality in women, the magnitude and types of risk associated with HRT are similar to those associated with other
common therapies used in women’s health such as lipid-lowering drugs including statins and fibrates, aspirin, oral antidiabetic medications, bisphosphonates, calcium supplements
and vitamin supplements (Table 3).
In RCTs of statins published to date, the risk of breast
cancer in the women randomized to a statin relative to placebo ranges from a reduction of 25% to a 12-fold increase,
indicating an absolute risk of ten fewer to 77 additional breast
cancer cases per 10 000 women per year of statin therapy44–47.
In three meta-analyses of statins and cancer risk56–58, statin
therapy was associated with a non-significant increase in
breast cancer risk relative to placebo (HRs ranging from
1.04 to 1.33), accounting for two to seven additional breast
cancer cases per 10 000 women per year of statin therapy.
These data suggest similar magnitudes of risk for breast cancer
diagnosis for continuous combined CEE ⫹ MPA and statin
therapy44–47. On the other hand, the 23–33% reduced breast
cancer risk indicating eight fewer breast cancer cases per
10 000 women treated with CEE per year contrasts with the
4–33% increased risk of two to seven additional breast cancer cases per 10 000 women per year of statin therapy44–47.
Other medications used in women’s health are associated
with the same magnitude of risk for stroke and VTE and
also exhibit other types of risk equal to or exceeding those of

223

Timing hypothesis for coronary heart disease prevention
Table 3

Hodis et al.

Relative and absolute risks of commonly used agents

Therapy
Atorvastatin67
Simvastatin68
Pravastatin69
Rosuvastatin39
Fenofibrate70
Fenofibrate70
Aspirin36
Aspirin36
Rosiglitazone71
Rosiglitazone72
Pioglitazone73,74
Alendronate75
Zolendronate76
Bisphosphonates77
Calcium supplements78
Calcium supplements78
Calcium supplements78
Beta-carotene79

Event

Risk ratio (95% CI)

Additional cases per
10 000 persons/year

hemorrhagic stroke
hemorrhagic stroke
new cancer diagnosis
new-onset diabetes mellitus
deep vein thrombosis
pulmonary embolus
GI bleeding requiring blood transfusion
GI bleeding
myocardial infarction
bone fracture
bone fracture
atrial fibrillation
serious atrial fibrillation
atypical spiral fracture of the femoral shaft
CHD (MI, stroke, sudden death)
stroke
myocardial infarction
lung cancer

1.66 (1.08–2.55)
1.86 (not reported)
1.25 (1.04–1.51)
1.49 (1.11–2.01)
not reported
not reported
1.40 (1.07–1.83)
1.22 (1.10–1.34)
1.66 (0.73–3.80)
1.82 (1.37–2.41)
2.04 (1.22–3.41)
1.86 (1.09–3.15)
∼2.5 (p ⬍ 0.001)
47.3 (25.6–87.3)
1.43 (1.01–2.04)
1.45 (0.88–2.49)
1.67 (0.98–2.87)
1.28 (1.04–1.57)

19
2
52
50
7
9
2
8
8
94
88
not reported
26
5
70
36
45
13

Relative and absolute risks of mortality with commonly used agents
Fenofibrate70
total mortality
Aspirin80
sudden death
Rosiglitazone81
total mortality
Calcium supplements82
total mortality
Beta-carotene79
total mortality

1.11
1.96
1.14
1.09
1.17

(0.95–1.29)
(0.91–4.23)
(1.05–1.24)
(0.96–1.23)
(1.03–1.33)

13
5
45
8
25

CHD, coronary heart disease; MI, myocardial infarction; GI, gastrointestinal; CI, confidence interval

HRT seen over all ages (Table 3). One risk of particular
importance is mortality, which is decreased with HRT while
it is increased with certain medications commonly used in
women’s health (Table 3). Certain risks appear to be greater
in women than men, such as the association of bone fracture
risk with thiazolidinedione use and new-onset diabetes mellitus with statin use (Table 3). Although aspirin significantly
reduces ischemic stroke by 24% in women without preexisting CVD, the risk of hemorrhagic stroke is nonsignificantly increased by 24% with aspirin versus placebo36.
In addition, bleeding diatheses are significantly increased
with aspirin use. Any gastrointestinal bleeding is statistically
significantly increased by 22% with aspirin versus placebo,
and gastrointestinal bleeding requiring blood transfusion
is statistically significantly increased by 40% with aspirin
versus placebo (Table 3). RCTs have also shown increased
hemorrhagic stroke with statins versus placebo in secondary
prevention (Table 3).
Another important consideration for the use of primary
prevention therapy for CHD is the risk of new-onset diabetes
mellitus. Analysis of both the WHI and HERS indicates that
CEE ⫹ MPA therapy significantly reduces the incidence of diabetes mellitus. In the WHI, CEE ⫹ MPA statistically significantly reduced new-onset diabetes mellitus by 21% (HR 0.79;
95% CI 0.67–0.93) relative to placebo, accounting for 15
fewer cases of new-onset diabetes mellitus per 10 000 women
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treated with CEE ⫹ MPA per year59. In HERS, CEE ⫹ MPA
statistically significantly reduced new-onset diabetes mellitus
by 35% (HR 0.65; 95% CI 0.48–0.89) relative to placebo,
accounting for 81 fewer cases of new-onset diabetes mellitus
per 10 000 women treated with CEE ⫹ MPA per year60. In
the WHI, CEE alone reduced new-onset diabetes mellitus by
12% (HR 0.88; 95% CI 0.77–1.01) relative to placebo,
accounting for 14 fewer cases of new-onset diabetes mellitus
per 10 000 women treated with CEE per year61.
In contrast, statin therapy is associated with an increased
risk of new-onset diabetes mellitus39,62,63. In a meta-analysis
of 13 RCTs with 91 140 participants, statin therapy was
associated with a statistically significant 9% increased risk
of incident diabetes mellitus (HR 1.09; 95% CI 1.02–1.17),
accounting for ten additional cases of new-onset diabetes
mellitus per 10 000 individuals treated with statin therapy
per year62.
Higher versus lower dosages of statin therapy are also associated with increased risk for new-onset diabetes mellitus. In
a meta-analysis of five RCTs with 32 752 participants, intensive-dose statin therapy versus moderate-dose statin therapy
was associated with a statistically significant 12% increased
risk of incident diabetes mellitus (HR 1.12; 95% CI 1.04–
1.22), accounting for 20 additional cases of new-onset diabetes mellitus per 10 000 individuals treated with intensive-dose
statin therapy per year64.
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Female sex is particularly associated with an increased risk of
statin-induced new-onset diabetes mellitus63 and, in JUPITER,
new-onset diabetes mellitus was statistically significantly
increased by 49% in women in the rosuvastatin arm versus the
placebo arm (HR 1.49; 95% CI 1.11–2.01) while non-significantly increased by 14% in men (HR 1.14; 95% CI 0.91–1.43)39.
In women, the JUPITER results indicate 50 additional incident
diabetes mellitus cases per 10 000 women treated with rosuvastatin per year while in men it indicates 16 additional incident
diabetes mellitus cases per 10 000 men treated with rosuvastatin
per year39. In the largest study to date with 1 004 446 personyears of follow-up, the WHI verifies the increased risk of newonset diabetes mellitus in postmenopausal women who use
statins. The WHI showed, in a cohort of 153 840 postmenopausal women without diabetes mellitus at baseline, a 48% (HR
1.48; 95% CI 1.38–1.59) increased risk of incident diabetes
mellitus accounting for 51 additional cases of new-onset diabetes mellitus per 10 000 women per year of statin therapy versus
those women who did not use statins65. These results are important in that, in the same cohort of women, the WHI shows that
randomization to HRT reduces new-onset diabetes mellitus
whereas statin therapy is associated with an increased risk of
incident diabetes mellitus. Although statin therapy was not randomized in the WHI, the HR (1.48) and absolute risk (51 additional incident diabetes mellitus cases per 10 000 women per
year of statin therapy) for increased diabetes mellitus in the WHI
are highly consistent with the HR (1.49) and absolute risk (50
additional incident diabetes mellitus cases per 10 000 women
per year of statin therapy) reported in women from JUPITER,
a randomized, controlled trial of statin therapy39. These findings
are especially important in the absence of convincing evidence
that statins significantly reduce CHD or overall mortality when
used for primary prevention in women.
In summary, all medications present benefits and risks that
can only be placed into perspective when viewed in relation
to other commonly used medications. HRT benefits and risks
vary by dosage, regimen and timing of initiation. As such,
broad-sweeping conclusions concerning HRT risks are not
possible and attempts to generalize risk as comparable to
continuous combined CEE ⫹ MPA result in misleading and
inaccurate information concerning HRT. Regardless, a few
overall consistencies concerning HRT risks are apparent, even
when considering continuous combined CEE ⫹ MPA as the
‘worse-case scenario’ for risk:
(1)

(2)
(3)

HRT risks are predominantly rare and even rarer when
initiated in women before 60 years of age and/or within
10 years of menopause (⬍ one event per 1000 treated
women);
Overall benefit–risk of HRT favors reduced overall
mortality; and
HRT risks are of similar type and magnitude as those
of other medications commonly used in women’s health
and for the primary prevention of CHD in women. Placing medications into clinical perspective is perhaps the
most common approach to understanding overall utility
and reasonable acceptance of benefits and risks.
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TEST OF THE ESTROGEN
CARDIOPROTECTIVE TIMING HYPOTHESIS
In the wake of early trial results showing discordance between
RCTs and observational studies, the Early versus Late
Intervention Trial with Estradiol (ELITE; clinicaltrials.gov
NCT00114517) was funded by the National Institutes of
Health (NIH); enrollment was initiated in 2004. Designed to
specifically test the timing hypothesis, 643 postmenopausal
women have been randomized to a 2 ⫻ 2, double-blind, placebo-controlled, single-center trial according to time since
menopause. Women without pre-existing clinical cardiovascular disease ⬍ 6 years and ⬎ 10 years since menopause were
randomized to oral estradiol (1 mg/day) or placebo (with
vaginal progesterone gel or placebo for 10 days each month)
in each stratum. The primary trial end-point is carotid artery
intima-media thickness (CIMT) progression measured every
6 months. The secondary trial end-point is rate of cognitive
decline. Based on the wealth of evidence that has accumulated
since 2003 in support of the initial ELITE proposal to the
NIH of the timing hypothesis13–15,44–47, a 3-year extension of
the trial was awarded. The three specific aims of the ELITE
extension include: (1) increased randomized treatment for an
average of 5 years; (2) addition of a secondary vascular
end-point using non-contrast and contrast cardiac computed tomography to non-invasively measure coronary
artery calcium and coronary artery lesions; and (3) addition
of a third cognitive assessment to extend measurement of
cognitive decline over an average of 5 years. Primary trial
results from ELITE are expected in 2013. In the Kronos
Early Estrogen Prevention Study (KEEPS; clinicaltrials.gov
NCT00154180), 720 women within 6–36 months of menopause were randomized across nine sites to oral CEE 0.45
mg/day, transdermal estradiol 50 μg/day or to placebo with
oral micronized progesterone 200 mg/day or placebo for 12
days each month. The primary trial end-point is progression
of CIMT measured every year by the same methodology and
technology as used in ELITE. Although women were
screened for coronary artery calcium at baseline and
excluded if their Agatston score was ⬎ 50 U, repeat coronary artery calcium measurements will be determined at the
end of study and progression and incident coronary artery
calcium determined as a secondary end-point. Cognition
will also be assessed in KEEPS. Primary trial results from
KEEPS are expected in 2012.

CONCLUSION
Ten years after the WHI, the data have come full circle and
we are left with the task of more appropriately studying the
estrogen cardioprotective hypothesis in a cohort of women
from whom the hypothesis was derived, namely, young postmenopausal women in close proximity to menopause. The
totality of data shows that the postmenopausal HRT effect
on CHD and overall mortality is modified by duration
of therapy and by age and/or time since menopause when
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initiated. HRT appears to exert its greatest benefit when initiated in women before 60 years of age and/or within 10
years of menopause. It is this latter group of women who
are in most need of symptomatic relief from menopausal
symptoms such as flushing, for which estrogen remains the
most effective therapy66. RCTs are supported by approximately 40 observational studies that also indicate that HRT
initiation early in the postmenopausal period and continued
for a prolonged period of time results in a significant reduction of CHD and overall mortality. Initiation of HRT before
tissue damage due to aging becomes too extensive appears
to be key for successful amelioration of further damage.
Comparison of RCT and observational data indicates that
selection bias does not explain the consistent evidence that
HRT is associated with a duration- and time-dependent lowering of CHD and overall mortality; DOPS results directly
confirm this evidence. Analyses of the subgroups of women
within RCTs that resemble women from observational studies indicate a consistency between the two study designs with
similar HRT benefit on the reduction of CHD and overall
mortality. The ‘window-of-opportunity’ for maximal expression of HRT beneficial effects on CHD and overall mortality,
while minimizing the risks, appears to occur with HRT initiation before 60 years of age and/or within 10 years of
menopause and continued for 6 years or more15. HRT risks,
especially in this subgroup of women, appear comparable to
medications commonly used in women’s health. Due to
reduced overall mortality, there is a substantial increase in
QALYs in younger postmenopausal women who initiate
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HRT in close proximity to menopause, supporting HRT as
a highly cost-effective strategy for improving qualityadjusted life31,32.
In the final analysis, discordance in the association of
HRT with CHD and overall mortality between RCTs and
observational studies is a function of differences in study
design and characteristics of the populations studied. As
such, the cardioprotective hypothesis is only beginning to
be appropriately tested with RCTs like DOPS in a cohort
of women with characteristics like those women from
whom the hypothesis was generated. ELITE is a 2 ⫻ 2 factorial RCT designed specifically to study the estrogen-cardioprotective hypothesis through the timing hypothesis. KEEPS
will extend the findings from EPAT13 to women ⬍ 3 years
since menopause and will provide a comparison between
low-dose oral and transdermal HRT. As data from RCTs
accumulate, it has become clearly evident that there is
concordance with observational studies that indicate that
young postmenopausal women who use HRT for long
periods of time have lower rates of CHD and overall mortality than comparable postmenopausal women who do not
use HRT.
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ABSTRACT
Principal findings on stroke from the Women’s Health Initiative (WHI) clinical trials of hormone therapy
indicate that estrogen, alone or with a progestogen, increases a woman’s risk of stroke. These results were
not unexpected, and research during the past decade has tended to support these findings. Consistent evidence
from clinical trials and observational research indicates that standard-dose hormone therapy increases stroke
risk for postmenopausal women by about one-third; increased risk may be limited to ischemic stroke. Risk
is not modified by age of hormone initiation or use, or by temporal proximity to menopause, and risk is
similar for estrogen plus progestogen and for unopposed estrogen. Limited evidence implies that lower doses
of transdermal estradiol (
50 mg/day) may not alter stroke risk. For women less than 60 years of age, the
absolute risk of stroke from standard-dose hormone therapy is rare, about two additional strokes per 10 000
person-years of use; the absolute risk is considerably greater for older women. Other hormonally active
compounds – including raloxifene, tamoxifen, and tibolone – can also affect stroke risk.

INTRODUCTION
Stroke can be defined as a persistent neurological deficit
caused by vascular disease affecting the brain. The age-adjusted
incidence is estimated at 94 per 100 000 person-years in
high-income countries, and 117 per 100 000 person-years in
other countries1. Although stroke incidence has declined
steadily in recent decades in high-income countries1, stroke
remains the leading cause of prolonged adult disability and
the third leading cause of death among women2. In many
developing countries, stroke mortality and disability exceed
those of ischemic heart disease3. Risk factors for stroke include
hypertension, current smoking, increased waist-to-hip ratio,
unhealthy diet, less regular physical activity, diabetes mellitus,
high alcohol intake, psychosocial stress or depression, atrial
fibrillation and other forms of cardiac disease, and elevated
ratio of apolipoprotein B to apolipoprotein A14.
The incidence of stroke increases steadily with age5. At least
until late-old age, the age-specific incidence remains lower for
women than for men6. However, because of longer life expectancy, estimates from the Framingham Study indicate that

women’s life-time risk of stroke at age 45 years (about one in
five) exceeds that of men (about one in six).
Early natural menopause is associated with elevated risk of
ischemic stroke later in life7, as might be early surgical menopause8. The mean age of first stroke occurs 4 years later for
women compared to men (75 versus 71 years)6. It has long
been suspected that sex differences in stroke incidence might
be hormonally mediated, with ovarian estrogens produced
cyclically during a woman’s reproductive years acting to
reduce stroke risk. Estrogen actions affect neurons and glia,
vascular endothelium and smooth muscle, formed elements
of the blood, plasma lipids and proteins, and inflammatory
pathways. These complex actions have the potential to modify stroke risk and outcomes. The magnitude and direction
of potential risk modification are not necessarily obvious.

BEFORE THE WOMEN’S HEALTH INITIATIVE
Stroke is a highly heterogeneous disorder. The primary clinical
distinction is between ischemia and hemorrhage. Major subtypes
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of ischemic stroke include atherothrombotic (often related to
atherosclerosis in the carotid artery or other large extracranial
artery), cardioembolic (often related to atrial fibrillation or
valvular heart disease), and lacunar (often related to occlusion
of small perforating arteries within the brain)9. Major subtypes of hemorrhagic stroke include intracerebral hemorrhage
due to rupture of a small artery and subarachnoid hemorrhage
due to rupture of an aneurysm or vascular malformation9.
Other classifications have been proposed10. Given this striking
etiological heterogeneity, it is not surprising that risk factors
for stroke, even ischemic stroke, differ in important ways from
risk factors for ischemic heart disease11.
Even prior to the Women’s Health Initiative (WHI), the
relation between hormone therapy and stroke risk had been
widely studied. In 2002, Paganini-Hill reviewed 29 observational studies, finding no clear evidence that hormone use
benefited stroke risk in postmenopausal women12. This conclusion contrasted with other observational evidence that
implied that hormone therapy could benefit postmenopausal
women at risk for coronary heart disease13. Before the WHI,
stroke outcomes had been investigated in two large clinical
trials, both focused on women with established vascular disease. The Heart and Estrogen/progestin Replacement Study
enrolled postmenopausal women with established coronary
disease14. Women, who were randomly assigned to daily
Table 1

estrogen combined with a progestogen or to placebo, were
followed for a mean of 4.1 years. There was no significant
effect on risk of stroke (Table 115), a secondary outcome
in this trial. In the Women’s Estrogen for Stroke Trial, eligible women were postmenopausal, and they had a mild
ischemic stroke or transient ischemic attack within the preceding 90 days16. After a mean follow-up period of 2.8 years,
stroke events were similar for women allocated to an estrogen
or to placebo (Table 1). Among women with non-fatal stroke,
neurological and functional outcomes did not differ significantly between women in the two treatment arms16.

STROKE OUTCOMES IN THE WOMEN’S
HEALTH INITIATIVE
Findings from the WHI hormone therapy trials were reported
soon after those from the Heart and Estrogen/progestin
Replacement Study and the Women’s Estrogen for Stroke
Trial. The multicenter WHI included a large observational
cohort and two parallel clinical trials stratified by hysterectomy status17. The dual clinical trial used a partial factorial
design, with three randomized interventions: low-fat diet, hormone therapy (conjugated estrogens with or without medroxyprogesterone acetate, depending on hysterectomy status), and

Stroke risk in large randomized, placebo-controlled trials of hormone therapy or raloxifene in postmenopausal women*

Trial, year
Hormone therapy
HERS, 200114

Clinical population
(hysterectomy status)
coronary heart disease (uterus)

Number
contributing
to analysis
2 763

Number of events
Active
intervention

Type of
stroke

Active
group

Placebo
group

CE  MPA

any
ischemic
fatal
any
ischemic
fatal
any
ischemic
fatal
any
ischemic
fatal

82
69
16
63
56
12
151
125
12
168
142
17

67
59
10
56
51
4
107
81
11
127
95
15

1.2
1.2
1.6
1.1
1.1
2.9
1.3
1.4
1.0
1.4
1.6
1.2

(0.9–1.7)
(0.8–1.7)
(0.7–3.6)
(0.8–1.6)
(0.8–1.5)‡
(0.9–9.0)
(1.0–1.7)
(1.1–1.9)
(0.5–2.6)‡
(1.1–1.7)
(1.2–2.0)
(0.6–2.3)‡

any
fatal
any
ischemic
fatal

22
3
249
198
59

32
6
224
171
39

0.7
0.5
1.1
1.2
1.5

(0.4–1.2)
(0.1–2.0)
(0.9–1.3)
(0.9–1.4)
(1.0–2.2)

WEST, 200116

recent stroke or transient ischemic
attack (uterus or no uterus)

WHI, 200320

generally healthy (uterus)

16 608

CE  MPA

WHI, 200621

generally healthy (no uterus)

10 739

CE

Raloxifene
MORE, 200233

osteoporosis

RUTH, 200634

coronary heart disease or
coronary risk

664

estradiol†

5 133

raloxifene**

10 101

raloxifene**

Hazard ratio (95%
confidence interval)

CE, conjugated estrogens, 0.625 mg/day; HERS, Heart and Estrogen/progestin Replacement Study14; MORE, Multiple Outcomes of Raloxifene
Evaluation trial33; MPA, medroxyprogesterone acetate, 2.5 mg/day; RUTH, Raloxifene Use for The Heart trial34; WEST, Women’s Estrogen for
Stroke Trial16; WHI, Women’s Health Initiative trial for women with a uterus (CE  MPA)20 or without a uterus (CE)21
*, Trials with at least 25 events. Table adapted from reference 15; †, the oral estradiol dose was 1 mg/day. Women with a uterus received
annually medroxyprogesterone acetate, 5 mg/day for 12 days; ‡, unadjusted relative risks and confidence intervals are estimates from published
data; **, results are for raloxifene 60 mg/day; hysterectomy status is not shown
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calcium plus vitamin D dietary supplements17. Participants in
these trials were community-dwelling postmenopausal women
aged 50–79 years at baseline (mean age 63 years). Principal
findings of the WHI hormone therapy trials, published in
2002 and 2004, did not consider the factorial design18,19.
Stroke was a secondary outcome in these trials18,19. More
detailed analyses of stroke outcomes were published later20,21.
In the WHI estrogen  progestogen trial, women were studied over an average duration of 5.6 years20. The estrogenalone trial followed women for an average follow-up of
7.1 years21. In both trials, about 80% of strokes were classified as ischemic, and in both trials the risk of stroke was
increased for women in the hormone therapy arm compared
to placebo (Table 1). The magnitude of increase in stroke
risk – approximately one-third – was slightly higher than, but
consistent with, non-significant increases seen in the Heart
and Estrogen/progestin Replacement Study and the Women’s
Estrogen for Stroke Trial. The excess risk in the WHI corresponded to about nine additional cases of stroke per 10 000
person-years of hormone use22. The increase appeared primarily to affect ischemic stroke, although the study had limited
power to evaluate hemorrhagic stroke outcomes. For women
with a stroke, severity assessed at the time of discharge with
the Glasgow Outcome Scale did not differ between hormone
and placebo arms20,21.

AFTER THE WOMEN’S HEALTH INITIATIVE
Since initial WHI publications on stroke18,19, there have
been new reports on women who participated in the WHI
trials. Other research has helped clarify WHI inferences
regarding hormone therapy and stroke. It is also now evident
that other hormonally active compounds are associated with
increased stroke risk.
A subset of WHI hormone trial participants, 1403 women
aged 65–79 years at study onset, underwent magnetic resonance brain imaging23. Scans were obtained on average
3 years (estrogen  progestogen) or 1.4 years (estrogen alone)
after trial termination. The primary outcome was based on
an automated measure of ischemic lesion volume, defined by
white matter changes attributed to ischemic disease and by
lacunar infarction. There were no significant differences
between women who had received on-trial hormone therapy
and those who had received placebo. This finding was unexpected, as hormone therapy had increased stroke incidence
during the WHI trials, although white matter ischemic changes
per se do not represent frank infarction and are not associated
with stroke symptoms.
As might be expected, excess risk of stroke attributed to
hormone therapy during the WHI trials tended to decline after
the trials were terminated. Group differences (hormone therapy group compared to the placebo group) between the intervention and post-intervention phases were significant for
estrogen alone but not for estrogen  progestogen. In both
instances, post-intervention stroke risks did not differ significantly between women formerly assigned to hormone therapy
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and women formerly assigned to placebo. The 3-year postintervention relative risk for prior allocation to estrogen  progestogen was 1.2 (95% confidence interval (CI) 0.8–1.6)24;
for estrogen alone, the post-intervention relative risk over a
4-year period was 0.9 (95% CI 0.6–1.2)25.
Results of the WHI hormone therapy trial have generally
proved consistent with results of other clinical trials. A
meta-analysis of 28 randomized, controlled trials (including
three trials that included men) suggested a 29% increase in
stroke due to hormone use (95% CI 1.1–1.5)26. Risk was
confined to ischemic stroke. The major contributors to this
meta-analysis, based on number of stroke events, are the four
estrogen trials summarized in Table 1. In this meta-analysis,
there was no indication that risk was modified by hormone
preparation (estrogen  progestogen versus estrogen alone) or
type of estrogen (conjugated estrogens versus estradiol)26.
Stroke outcomes seemed worse among women who received
hormone therapy26.
Interestingly, results from the WHI observational study
failed to demonstrate a clear link between hormone therapy
use and stroke24,25. Other recent observational findings,
however, do support the WHI clinical trial findings27,28.
In the Nurses’ Health Study, investigators compared current
users of hormone therapy to women who had never used
hormone therapy27. These analyses involved 121 700 women
aged 30–55 years at baseline in 1976 and followed through
2004. For estrogen  progestogen, risks were increased
for any stroke (relative risk (RR) 1.3, 95% CI 1.0–1.6) and
for ischemic stroke (RR 1.5, 95% CI 1.2–2.0). For estrogen
alone, relative risks were similar (any stroke: RR 1.4, 95% CI
1.2–1.6; ischemic stroke: RR 1.4, 95% CI 1.2–1.7). The
population-based General Practice Research Database in the
United Kingdom identified 15 710 cases of stroke between
1987 and 2006 among women aged 50–79 years28. For
women using oral estrogens, the relative of risk of stroke
was 1.3 (95% CI 1.2–1.4); risks were similar regardless of
progestogen use.
The effect of dose is not clear, but some evidence points
to lower stroke risks with lower doses of oral estrogens. In
the Nurses’ Health Study, low-dose conjugated estrogens
(0.3 mg/day) – unlike higher doses – were unassociated with
stroke risk (RR 0.9, 95% CI 0.6–1.4)27. In the General
Practice Research Database, however, ‘low-dose’ conjugated
estrogens (defined as 
 0.625 mg; note that 0.625 mg/day is
usually viewed as standard dose) – like higher doses – were
still linked to increased risk (RR 1.3, 95% CI 1.1–1.4)28.
Use of transdermal estrogen is addressed below.

HORMONE THERAPY USE AS A FUNCTION
OF AGE OR TIMING
The critical window hypothesis – also referred to as the timing
hypothesis or window of opportunity hypothesis – posits that
effects of exogenous estrogens are modified by a woman’s age
or by temporal proximity to menopause. It is predicted that
some clinical effects are more likely to be beneficial when
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hormone therapy is initiated and used by younger women
closer to the menopause. A strong biological rationale underpins the critical window hypothesis for atherosclerotic vascular disease29,30, and the clinical literature lends credence to the
hypothesis as applied to coronary heart disease22. Contrary
to prediction, however, stroke risk does not appear to be
modified by a woman’s age or the timing of hormone use.
In the WHI hormone therapy trials, post hoc analyses
considered the relative risk for any stroke among women analyzed by age decade (the youngest being 50–59 years) or time
since menopause (analyzed in 10-year increments, the earliest
being within 10 years of menopause)22. For women randomized to receive hormone therapy, relative risks for younger
women and women closer to menopause – although based on
small numbers – were similar to risks for other women allocated to receive hormone therapy22. The WHI was not designed
to detect modest age-related differences, but findings are similar from the observational Nurses’ Health Study27. Here, comparisons were between women who initiated hormone therapy
between ages 50 and 59 years or after age 60 years and between
women who initiated hormone therapy within 4 years of
menopause or 10 or more years after menopause. There was
no evidence that risks differed based on age or timing.
One suggestion for this distinction between coronary
heart disease and stroke is that thrombotic mechanisms play
a larger role in causing stroke than coronary heart disease in
younger postmenopausal women31. Oral estrogens are
absorbed from the digestive system into the hepatic portal
system, where they induce changes in hepatic metabolism of
various substrates. The net effect of these changes may be
prothrombotic. Indeed, transdermal estrogen is associated
with a lower risk of venous thrombosis than oral estrogens32.
In the General Practice Research Database, lower doses of
transdermal estrogen (
 50 μg/day estradiol) were not significantly associated with stroke (RR 0.8, 95% CI 0.6–1.1),
although risks were elevated for higher doses ( 50 μg/day)
of transdermal estrogen as well as for oral estrogens28.

OTHER COMPOUNDS THAT INTERACT
WITH ESTROGEN RECEPTORS
Other drugs with the ability to interact with estrogen receptors have the potential to affect stroke risk. Raloxifene, a
non-steroidal selective estrogen receptor modulator, is an
option for postmenopausal women for the treatment and prevention of osteoporosis and for reduction in risk of invasive
breast cancer in women with osteoporosis. In large clinical
trials of postmenopausal women with osteoporosis33 or coronary heart disease34, raloxifene did not significantly increase
stroke risk, but fatal strokes were more common among
women with coronary heart disease at high risk for stroke34,35
(Table 1). Tamoxifen is a selective estrogen receptor modulator used to treat breast cancer and to reduce breast cancer
incidence in high-risk women. A meta-analysis of clinical
trials suggested that tamoxifen increases risk of any stroke
(RR 1.4, 95% CI 1.1–1.7) and ischemic stroke (RR 1.8, 95%
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CI 1.4–2.4) in women with breast cancer, although absolute
risks were small36. Tibolone, a progestogenic steroid with
multiple hormonal effects, has been characterized as a selective tissue estrogenic activity regulator. It is used in many
countries for treatment of vasomotor symptoms and prevention of osteoporosis. In a study of 4538 older postmenopausal
women with osteoporosis followed for a median of 34 months,
tibolone increased risk of any stroke compared to placebo
(RR 2.2, 95% CI 1.1–4.2)37. Contrary findings are reported
from the General Practice Research Database, where tibolone
use was unassociated with stroke risk (any stroke RR 1.1,
95% CI 0.2–1.4)38.

CONCLUSIONS
Much has been learned about the relation between hormone
therapy and stroke since the initial WHI publications on this
topic18,19. Key points based on current understanding are
shown in Table 2. Clinical trials and observational studies
indicate that hormone therapy in standard doses increases
the relative risk of stroke by about one-third, without evidence for substantial risk modification based on type of estrogen, use of a progestogen, age at use, or timing of use. Lower
doses of transdermal estradiol (
 50 μg/day) may not elevate
stroke risk, but evidence is limited28. Other limited evidence
suggests that low-dose oral conjugated estrogens (0.3 mg/day)
are not associated with elevated stroke risk27.
Because stroke incidence increases with age, the absolute
risk of stroke associated with standard-dose hormone therapy
will be less among women close to the time of menopause,
the group of women more likely to consider hormone therapy
for vasomotor symptoms. For women in the WHI trials aged
50–59 years, hormone therapy caused two strokes per 10 000
person-years. Stated another way, hormone therapy used for
5 years by 1000 women under age 60 would be expected to
lead to one additional stroke, on average. In the Nurses’
Health Study, attributable risks were almost the same
(ages 55–59 years, about two additional strokes per 10 000
Table 2

Key points: hormone therapy and stroke

• For healthy postmenopausal women, standard-dose hormone
therapy increases stroke risk by about one-third*
• Stroke risk is not modified by age of hormone initiation or use,
or by temporal proximity to menopause
• Stroke risks are similar for estrogen  progestogen and for
unopposed estrogen
• Limited evidence suggests that lower doses of transdermal
estradiol (
 50 μg/day) or low-dose oral conjugated estrogens
(0.3 mg/day) may not alter stroke risk
• For women aged  60 years, the absolute risk of stroke from
standard-dose oral hormone therapy is about two additional
strokes per 10 000 person-years, equivalent to one additional
stroke among 1000 women using hormone therapy for 5 years.
The risk is considerably greater for older women
*, High quality of evidence based on consistent findings from wellperformed randomized trials39. Evidence for other key points is of
lower quality
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person-years; ages 50–54, one or two per 10 000 person-years;
below age 50, one per 10 000 person-years)27. These risks,
which are rare but not negligible, should be considered by
mid-life women and their physicians when discussing hormone therapy initiation and maintenance for treatment of
vasomotor symptoms.
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ABSTRACT
Prior to 1996, the use of postmenopausal estrogen was not believed to increase the risk of venous thrombosis. Subsequent studies, particularly the prospective, randomized, double-blind, clinical trial of the Women’s
Health Initiative, have clearly shown an increase in the incidence and risk of venous thrombosis in postmenopausal women using conjugated equine estrogens with or without medroxyprogesterone acetate. The
risk of venous thrombosis in postmenopausal women is also increased by obesity and age. Oral hormone
therapy has been used principally for management of menopausal symptoms. Transdermal estrogens have not
been used as extensively in the United States but have a significant use in Europe. Recent observational studies have indicated no increased risk of venous thrombosis with use of transdermal estrogens. Norpregnane
derivatives have been associated with an increased risk of venous thrombosis, suggesting that progestins may
contribute to the increased risk in postmenopausal women using estrogen plus progestin therapy.

INTRODUCTION
The incidence of venous thrombosis (VT) is estimated to be
one to two cases per 1000 woman-years and increases with
age and obesity1–3. Venous thrombosis encompasses both
deep vein thrombosis and pulmonary embolism. The combination of the incidence of both deep vein thrombosis and
pulmonary embolism within the Women’s Health Initiative
(WHI) is referred to as venous thromboembolism, but, for
convenience, this paper will use VT as the descriptor for both
deep vein thrombosis and pulmonary embolism.
There is a well-known increased incidence of VT in young
women who are using combination oral contraceptives, due
to the estrogen component. The estrogens and progestins used
in hormone replacement therapy (HRT) for postmenopausal
women were initially not associated with an increased incidence of VT thought to be due to ‘biologically weaker’ estrogens. This concept was overturned in the mid-1990s with
evidence of an increased incidence of VT in postmenopausal
women using estrogen therapy4. The increased incidence of
VT was further confirmed in the Heart and Estrogen/progestin

Replacement Study (HERS), which was a randomized, placebo-controlled trial in older women with coronary heart
disease5.
The progestin component of combination oral contraceptives has recently been implicated as contributing to the occurrence of VT6–10. A similar conclusion implicating progestins
in the incidence of VT has been reported in postmenopausal
women using HRT11,12. Exogenous estrogen use in postmenopausal women is now a well-established risk factor for VT.
Tamoxifen and raloxifene, selective estrogen agonist/antagonists, which were previously known as selective estrogen
receptor modulators (SERMS), also increase the incidence of
VT by two to three times compared to the incidence in nonusers2,12,13.
The WHI is the largest, prospective, randomized, doubleblind, clinical trial of HRT using conjugated equine estrogens
(CEE, Premarin, Wyeth (now Pfizer), New York, USA) alone
and estrogen ⫹ progestin therapy (CEE ⫹ medroxyprogesterone acetate (MPA)) (Prempro, Pfizer, New York, USA).
The results of these studies have clarified the role of HRT in
the etiology of VT in postmenopausal women. Subsequent to
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the WHI publications, there has been increased interest in the
use of transdermal estrogen as a potential means of reducing
the risk of VT. The potential of progestin to promote VT has
also been postulated. The incidence of VT in postmenopausal
women using HRT based on the WHI is reviewed in the
following sections.

was 1.47 (95% CI 1.06–2.06) with estrogen therapy, while the
HR for pulmonary embolism again did not reach statistical
significance (Table 2)1. There was no evidence of an increased
incidence with any procedure in this study.

VENOUS THROMBOSIS AND AGE
VENOUS THROMBOSIS AND ESTROGEN
WITH OR WITHOUT PROGESTIN
The incidence of VT is higher during the first year of use of
CEE and CEE/MPA based on the findings from the WHI prospective, randomized, clinical trials1,2,14,15. The continued use
of HRT is associated with an increased incidence of VT in
women who continue using CEE or CEE/MPA1,15. Women
who stop using HRT rapidly lose their increased risk and are
at no greater risk than women who have never used HRT16.
The WHI trials used CEE or CEE/MPA as HRT and, although
there are limited data on other estrogenic compounds, it is
likely that oral estrogens and probably progestins contribute
to the increased occurrence of VT in postmenopausal women.
The effect of transdermal estrogen on the incidence of VT is
presented in more detail below.
The use of CEE/MPA in the WHI found a statistically significant increase in the incidence of VT with a hazard ratio
(HR) of 2.06 (95% confidence interval (CI) 1.57–2.70)2. The
annualized rate for deep vein thrombosis per 1000 womanyears was 2.6 for the group receiving estrogen ⫹ progestin
therapy versus 1.3 in the placebo group, with a HR of 1.95
(95% CI 1.43–2.67). The results for deep vein thrombosis and
pulmonary embolism were similar in terms of a statistically
significant increased incidence with estrogen ⫹ progestin
therapy (Table 1)2. A further evaluation of the incidence of
deep vein thrombosis and pulmonary embolism in women
associated with a procedure did not find any evidence of an
increased risk2 (Table 1).
The CEE arm of the WHI had a HR of 1.32 (95% CI 0.99–
1.75) for VT associated with estrogen therapy, which was not
statistically significant1. The HR for deep vein thrombosis
Table 1 Rate of venous thrombosis, deep vein thrombosis and
pulmonary embolism in postmenopausal women. Data modified from
the Women’s Health Initiative clinical trial of conjugated equine
estrogen and medroxyprogesterone acetate (Cushman et al. JAMA
2004;292:1573–802)
Annualized rate per
1000 woman-years
Estrogen ⫹
Adjusted hazard
progestin
Placebo
ratio (95%
(n ⫽ 8506) (n ⫽ 8102) confidence interval)
Venous thrombosis
Deep vein thrombosis
Pulmonary embolism
Procedure related
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3.5
2.6
1.8
0.6

1.7
1.3
0.8
0.5

2.06
1.95
2.13
1.09

(1.57–2.70)
(1.43–2.67)
(1.45–3.11)
(0.63–1.91)

Age is significantly related to the occurrence of VT. Both CEE
alone and CEE/MPA WHI trials found an increasing occurrence and HR of VT with age based on the incidence of VT
in the placebo arms of the studies1,2. The age-adjusted HR for
VT in the placebo arm of the CEE/MPA study was 1.0 (referent), 2.31 (95% CI 1.23–7.72), and 3.37 (95% CI 1.72–6.60)
for the 50–59-, 60–69-, and 70–79-year age groups, respectively2. The CEE-only study presented HRs for placebo versus
age of 1.0 (referent), 2.16 (95% CI 1.20–3.89) and 2.78
(95% CI 1.48–5.22) for the age groups 50–59-, 60–69-, and
70–79-year age groups, respectively. CEE/MPA increased the
HR for VT compared to placebo in each age bracket (HR
2.27, 95% CI 1.19–4.33; HR 4.28, 95% CI 2.38–7.22; and
HR 7.46, 95% CI 4.32–14.38 in age groups 50–59, 60–69,
and 70–79 years, respectively (Table 3)2. A similar increase in
VT incidence in the CEE arm compared to placebo resulted
in HRs of 1.37 (95% CI 0.70–2.68), 2.82 (95% CI 1.59–5.01)
and 3.77 (95% CI 2.07–6.89) in the 50–59-, 60–69-, and
70–79-year-olds, respectively (Table 3)1.

VENOUS THROMBOSIS AND OBESITY
Obesity is an independent risk factor for VT. The incidence
of obesity at baseline was 33% in the women who were followed up for 5.7 years in the CEE/MPA study2. The CEE
study1 at baseline reported approximately 80% as overweight
with a body mass index (BMI) ⬎25 kg/m2, and 50% were
obese with a BMI of ⬎ 30 kg/m2. Using the occurrence of
VT in the placebo arm of the CEE/MPA study, the HRs
Table 2 Hazard ratio of venous thrombosis, deep vein thrombosis
and pulmonary embolism based on age and use of conjugated equine
estrogen. Data modified from the Women’s Health Initiative study of
conjugated equine estrogens in postmenopausal women (Curb et al.
Arch Intern Med 2006;166:772–801)
Hazard ratio (95% confidence interval)
Age at
screening

Deep vein
thrombosis

Pulmonary
embolism

Venous
thrombosis

Conjugated equine estrogen
50–59 years 1.64 (0.74–3.60) 1.54 (0.63–3.77) 1.37 (0.70–2.68)
60–69 years 3.02 (1.51–6.06) 2.80 (1.28–6.16) 2.82 (1.59–5.01)
70–79 years 4.54 (2.22–9.31) 2.36 (0.96–5.80) 3.77 (2.07–6.89)
Placebo
50–59 years
1.00
1.00
1.00
60–69 years 2.17 (1.06–4.45) 1.63 (0.70–3.78) 2.16 (1.20–3.89)
70–79 years 2.94 (1.37–6.30) 2.67 (1.12–6.39) 2.78 (1.48–5.22)
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Table 3 Age-specific incidence of venous thrombosis in women using
conjugated equine estrogen and medroxyprogesterone acetate. Data
modified from the Women’s Health Initiative clinical trial of conjugated
equine estrogen and medroxyprogesterone acetate (Cushman et al.
JAMA 2004;292:1573–802)
Baseline age
50–59 years
Annualized rate/1000
woman-years
Hazard ratio (95%
confidence interval)*
60–69 years
Annualized rate/1000
woman-years
Hazard ratio (95%
confidence interval)*
70–79 years
Annualized rate/1000
woman-years
Hazard ratio (95%
confidence interval)*

Placebo

Estrogen ⫹ progestin

Body mass index
0.8
1.00

1.9
2.31 (1.23–4.35)

1.9
2.27 (1.19–4.33)

3.5
4.28 (2.38–7.72)

2.7

6.2

3.37 (1.72–6.60)

7.46 (4.32–14.38)

*, Adjusted for prior venous thrombosis, randomized group in the
dietary modification trial, age, assignment to estrogen plus progestin
or placebo, and the interaction term of age and treatment
assignment

were 1.0 (referent), 1.63 (95% CI 0.83–3.20), and 2.87 (95%
CI 1.52–5.40) in the women with a BMI ⬍ 25, 25–30, and
⬎ 30 kg/m2, respectively (Table 4). The CEE study1 found
a similar trend with the HRs being 1.00 (referent), 1.89 (95%
CI 0.84–4.19, and 3.39 (95% CI 1.60–7.17), respectively in
women with a BMI of ⬍ 25, 25–29, and ⬎ 30 kg/m2. The use
of either CEE/MPA or CEE doubled the risk of VT in women
with a BMI ⬎ 25 kg/m2 in each study, while there was no
statistically increased HR for VT with either therapy in
women whose BMI was ⬍ 25 kg/m2 compared to placebo in
both the CEE and CEE/MPA studies1,2. These data indicate
that the use of HRT in obese postmenopausal women
increases the incidence of VT.

VENOUS THROMBOSIS AND GENETIC
MARKERS
The WHI investigated factor V Leiden, prothrombin 20210,
prothrombin G 19911A, methylenetetrahydrofolate, coagulation factor XIII Val34Leu, 45/5G polymorphism of plasminogen activator inhibitor-1, and factor V HR2, using standard
restrictive fragment length polymorphisms in nested casecontrolled studies2. Women heterozygous for factor V Leiden
using CEE/MPA had an increased risk for VT of 2.6 (95% CI
1.3–5.2), while homozygous women using CEE/MPA had an
increased risk for VT of 7.5 (95% CI 0.6–87.8)2. There was
an increased VT risk with CEE compared to placebo for factor
V Leiden but the association was weak (p ⫽ 0.06), and there

Climacteric

Table 4 Incidence of venous thrombosis by body mass index (kg/m2)
in postmenopausal women using conjugated equine estrogens and
medroxyprogesterone acetate. Data modified from the Women’s
Health Initiative clinical trial of conjugated equine estrogen and
medroxyprogesterone acetate (Cushman et al. JAMA 2004;292:
1573–802)

⬍ 25 kg/m2
Annualized rate/1000
person-years
Hazard ratio (95%
confidence interval)*
25–30 kg/m2
Annualized rate/1000
person-years
Hazard ratio (95%
confidence interval)*
⬎ 30 kg/m2
Annualized rate/1000
person-years
Hazard ratio (95%
confidence interval)*

Placebo

Estrogen ⫹ progestin

0.9

1.6

1.00

1.78 (0.91–3.51)

1.5
1.63 (0.83–3.20)

3.5
3.80 (2.08–6.94)

2.5
2.87 (1.52–4.50)

5.1
5.61 (3.12–10.11)

*, Adjusted for prior venous thrombosis, randomized group in the
dietary modification trial, body mass index, assignment to estrogen
plus progestin or placebo, and the interaction term body mass index
and randomization group

were similar findings for plasminogen activator inhibitor-1
(p ⫽ 0.08)1. Overall, the incidence was low and limited to
Caucasians with factor V Leiden mutations.

VENOUS THROMBOSIS FOLLOWING
DISCONTINUATION OF HORMONES
During the 2.4 years of follow-up after discontinuation of
CEE/MPA, the increased risk of VT disappeared (HR 0.95,
95% CI 0.63–1.44)17. A further decline in the risk of VT was
found in the follow-up of the CEE arm of the WHI (HR 0.63,
95% CI 0.41–0.98)16.

THE ROLE OF PROGESTOGEN IN VENOUS
THROMBOSIS
The large, prospective, randomized, clinical trials of HRT in
the United States have found that CEE, with or without MPA,
increases the incidence of VT5,14,15. The possibility of the progestin contributing to the increased incidence of VT in these
trials was considered. The progestin used in HRT in the
United States is principally MPA, while other progestins and
progesterone itself are prescribed with estrogens in Europe18.
Progesterone itself does not increase the incidence of VT when
used with estrogen18. MPA has been implicated as increasing
the risk of VT in postmenopausal women18. Norpregnane
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derivatives, represented by nomegestrol acetate or promegesterone, have been associated with an increased incidence of
VT when used as postmenopausal HRT11,19. These data are
from a multicenter, case-controlled study and a prospective
cohort study and will require confirmation with a prospective,
randomized, clinical trial.

apply to users of transdermal ERT28,32–34,36. A systematic
review of trials comparing the effects of transdermal with
oral ERT on coagulation markers concluded that these effects
are at least lower with transdermal use41. These data emphasize the potential importance of the route of estrogen administration in prescribing HRT.

TRANSDERMAL ESTROGEN AND THE RISK
OF VENOUS THROMBOSIS

THE FUTURE OF HORMONE THERAPY

Only six observational studies have assessed the risk of venous
thrombosis associated with transdermal estrogen replacement
therapy (ERT), with point risk estimates ranging from 0.6 to
2.120–25. It is worth noticing that these results were based on,
respectively, two23, three25, five20 and seven cases21 who used
transdermal estrogen. Another study observed postmenopausal women predominantly using transdermal estrogen;
only six cases used HRT and results according to the route of
estrogen administration were not shown22. The EStrogen and
THromboEmbolism Risk (ESTHER) study24, a French hospital-based multicenter case–control study, reported data based
on 30 cases using transdermal estrogen. By contrast with oral
estrogen, no significant association of transdermal estrogen
with venous thromboembolism was found (odds ratio 0.9;
95% CI 0.5–1.6). The pooled risk estimate for a first episode
of venous thrombosis associated with transdermal ERT, after
meta-analyzing those case–control studies, was 1.2 (95%
CI 0.9–1.7)26. Following this meta-analysis, other studies have
been published which reported no increased risk of venous
thrombosis in users of transdermal ERT19,27. The first report
was based on the UK’s General Practice Research Database
and found an adjusted rate ratio for VT in users of transdermal ERT of 1.01 (95% CI 0.89–1.16)27. The second report
was a large French cohort study19. This study showed that the
risk of idiopathic VT was not increased in users of transdermal ERT (HR 1.1, 95% CI 0.8–1.8); in addition, this report
pointed to an increased risk of idiopathic VT in women using
transdermal estrogen combined with norpregnane derivatives,
as compared to women using other progestins19. Altogether,
these findings suggest that transdermal ERT might be safer
than oral estrogen with respect to venous thromboembolism,
but no definite and valid conclusion can be drawn.
Biological evidence supports the observation of an
increased venous thromboembolism risk among users of oral
ERT and of a difference between routes of estrogen administration28–36. Oral ERT has clear effects on coagulation
variables, pointing towards a prothrombotic effect. Activated protein C (APC) resistance is a well-known risk factor
for VT37,38. APC resistance detected in the absence of factor
V Leiden mutation is also an independent risk factor for
venous thromboembolism39. Oral ERT increases resistance
to APC29,32,33,40. Oral ERT increased plasma levels of markers for in vivo thrombin activation (prothrombin fragment
1 ⫹ 2)30,32,34,35 and lowered antithrombin activity28 and
levels of total protein S in plasma31 in postmenopausal
women. These deleterious effects on coagulation did not
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The data above suggest that estradiol and progesterone alone
or in combination via oral or transdermal routes of administration could be used in postmenopausal women without
increasing the risk of VT19,26,27. This does not imply that other
combinations and routes of administration of estradiol and
progesterone should not be explored. There are two promising studies that are nearing completion that use estradiol and
progesterone in postmenopausal women.
The Kronos Early Estrogen Prevention Study (KEEPS) is a
multicenter, 5-year, clinical trial that will evaluate the effectiveness of 0.45 mg of CEE orally and of estradiol 50 μg as
a weekly transdermal delivery system versus placebo. The
treatment regimens will be combined with oral micronized
progesterone, 200 mg for 12 days each month. The primary
endpoints of the study are the progression of carotid intimamedial thickness and the accrual of coronary calcium in
women aged 42–58 years who are within 36 months of their
final menstrual period42.
The Early versus Late Intervention with Estradiol (ELITE)
study is designed to measure progress in carotid intima-medial
thickness in postmenopausal women using oral 17β-estradiol
versus placebo43. ELITE will use vaginal progesterone gel 4%
administered for 10 days each month in women who have an
intact uterus.
Both studies plan to enroll a limited number of participants,
720 in KEEPS and 643 in ELITE, which will make it difficult
to accurately assess clinical outcomes such as VT. These studies are ground-breaking in that they are investigating ‘natural’
estradiol and progesterone rather than synthetic progestins or
conjugated equine estrogens.

CONCLUSIONS
The overall increases in risk of VT, both deep vein thrombosis
and pulmonary embolism, were variable between the oral
estrogen and progestin treatment interventions in the WHI.
Age and BMI played a major role in the increased incidence
of VT in the WHI. The incidence of VT was 3.4 versus
1.6 per 1000 woman-years in the CEE/MPA versus placebo
trial, an increase of 1.8 cases per 1000 woman-years, and
2.8 versus 2.1 events per 1000 woman-years, an increase of
0.7 cases per 1000 woman-years, in the CEE versus placebo
arm2,14,15. CEE/MPA increased the HRs for VT, deep vein
thrombosis and pulmonary embolism, while CEE alone
increased significantly the incidence for deep vein thrombosis
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but did not lead to a statistically significant increase in VT
or pulmonary embolism2,14. Two large studies, one of which
was a cohort study, did not find an increased incidence of VT
with use of transdermal estrogen in postmenopausal
women19,27. These studies and others have concluded that
the use of transdermal estrogen might be safer in regard to
VT and have less effect on coagulation markers than oral
estrogen. The use of progesterone in HRT may abrogate the
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increased incidence of VT that has been associated with
progestins.
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ABSTRACT
Ten years after the publication of the first Women’s Health Initiative (WHI) report, a substantial decrease in
hormone replacement therapy (HRT) has been observed world-wide. Fear of developing breast cancer represents one of the reasons for an important shift toward alternatives for treatment of menopause symptoms or
abstention from therapy altogether. Many publications in the scientific and lay press have emphasized the
magnitude of the relative risk of breast cancer but have not focused on excess or attributable risk. Since the
original report of the WHI study, new information has been published on risk factors for breast cancer related
to hormone therapy use. Accordingly, we believe it important to review current data and examine excess
rather than relative or absolute risk. A balanced perspective on excess risk determined from existing data
suggests that the benefits of HRT for quality of life can outweigh the risks in management of a large number
of postmenopausal women. In addition, alternative strategies for relief of menopausal symptoms are not as
effective as HRT in treating the climacteric symptoms.

INTRODUCTION
The first Women’s Health Initiative (WHI) publication in July
2002 reported the combined effects of conjugated equine
estrogens (CEE) plus a progestogen, medroxyprogesterone
acetate (MPA) in postmenopausal women1. Later reports
amplified the initial findings and described an additional trial
comparing CEE alone with placebo2. These publications had
a substantial impact on the use of hormone replacement therapy (HRT), with a decrease of up to 80% world-wide. Most
of the women’s concerns related to the increase in breast cancer risk, a result emphasized in the lay press. The diagnosis
of breast cancer places a large emotional and cost burden on
women in western countries and represents a major issue for
women of all ages.
Critical analyses of the WHI findings and new data over
the past 10 years have added clarity to our understanding of
breast cancer risks and modifiable risk factors. Reproductive
risk factors have always been considered as major, with relative risks ranging from less than 2 for menopausal hormone
therapy to relative risks of 3–5 for plasma estrogen levels

and breast density (Figure 1). Following the WHI report in
2002, only a minority of postmenopausal women now
choose to use HRT for climacteric symptoms. Regulatory
agencies as well as the lay press regularly discourage women
from using HRT for symptoms except in the lowest doses
and for the shortest time possible. As a consequence, women
favor use of over-the-counter alternatives, generally without
medical supervision. The effects of these alternative strategies in terms of quality of life and development of other
diseases have not been fully evaluated for the post-WHI generation of postmenopausal women. Untoward consequences
may result, as exemplified by a recent report documenting a
substantial increase in osteoporotic fractures after cessation
of HRT3.
An issue reinforcing the negative perception of HRT is that
many publications from western countries have reported a
significant decrease in breast cancer incidence following the
decline in HRT use and concluded that a cause-and-effect
relationship exists. Critical assessment of the HRT cessation/
breast cancer reduction link has identified several confounding
factors which could have influenced this relationship. Alterations
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Figure 1

Hormonal factors and the relative risk of breast cancer52 . HRT, hormone replacement therapy; E, estrogen; P, progestogen

in mammography usage and the timing of initiation of breast
cancer screening programs have been cited as potential confounding factors. Another factor regarding adverse perceptions is that an increase in breast cancer risk from use of
hormone therapy is biologically plausible based on knowledge
of tumor biology and breast physiology. There is little doubt
that hormones can promote breast cancer proliferation and
prevent programmed cell death.
The focus on breast cancer engendered by the WHI stimulated scientists to point out which environmental and constitutive factors may be modifiable in the general population.
Current research has also focused on finding molecules with
the beneficial impact of estrogens without their breastnegative impact4. While new strategies are being developed,
it is important to appreciate that the risk of breast cancer
varies substantially between one woman and another. Age
of onset of menarche, first live birth, late menopause, high
breast density, elevated plasma estradiol levels and presence
of hyperplastic benign breast lesions all add to breast cancer
risk. Several genetic and lifestyle factors have recently been
demonstrated to be important in the risk of breast cancer
as well. Development of methods to determine individual
risk will be helpful in framing the issues involved in decision-making regarding HRT. Those at low baseline likelihood of breast cancer will experience much less excess risk
from HRT than those at high risk. Accordingly, the best
candidates for HRT are women at low baseline risk of
breast cancer who are experiencing substantial menopausal
symptoms.

HRT AND BREAST CANCER RISK
When the WHI was designed, a carefully constructed ‘stopping rule’ was developed to terminate the trial when risk
exceeded benefits as assessed by an integrated health index.
Two important components of this health index included cardiovascular events and breast cancer incidence. When the
index exceeded the stopping rule, the combined CEE/MPA
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arm of the WHI was terminated on this basis. The first WHI
report in 2002 unexpectedly demonstrated an increase in cardiovascular events from the combination of CEE and MPA.
It should be noted that the mean age of women randomized
into the trial was 63 years and the subjects were largely
asymptomatic. The reported breast cancer risk confirmed
what had been previously found by most of the large observational studies. An excellent overview of observational studies was provided by a collaborative group which pooled 51
previous studies on that topic5. This group reported a modest
increase in the relative risk of breast cancer with HRT, with
a significant trend toward increasing risk with time. The
effects were larger with the combined estrogen  progestogen
treatment than with estrogen alone. The risk reached statistical significance at approximately 5 years and returned to that
of non-users within 4 years of cessation.
The WHI study represented the first large, randomized, controlled trial (RCT) of a combination of estrogen  progestogen,
specifically 0.625 mg of CEE plus 2.5 mg of MPA. Involving
approximately 16 000 women, the WHI trial reported a relative risk of breast cancer of 1.26 (95% confidence interval
(CI) 1.00–1.59)1 for current use of HRT. This observation supports a small promoter role of the combined treatment. Initiation of de novo cancers appeared an unlikely explanation since
nearly 20 years are required for a de novo tumor to reach the
clinical detection threshold6,7. The other randomized trial conducted by the WHI included approximately 11 000 women
who had previously undergone a hysterectomy and compared
CEE alone with placebo2. This study did not show any increase
in breast cancer risk among these women. After a mean treatment duration of 7.1 years, the relative risk of invasive breast
cancer for women assigned to estrogen alone was 0.77 (95%
CI 0.59–1.01) in the whole population and 0.67 (95%
CI 0.47–0.97) in adherent women, which suggested a paradoxical decrease in risk. The results of the estrogen-alone arm
differed from most of the observational studies that have been
published to date, as these studies reported a slight increase in
the risk of breast cancer with estrogen alone8. However, the
WHI trial was consistent with most other studies which show
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a higher risk with the combined estrogen  progestogen therapy than with estrogen alone7.
The issue of a decreased risk of breast cancer in the WHI
estrogen-alone trial is difficult to interpret in light of the
increase with other studies. One consideration is that the risk
associated with estrogen alone becomes significant in most of
the studies after a longer duration of treatment than with the
combined HRT. For example, the Nurses’ Health Study
reported increases in breast cancer risk when estrogen alone
was used for more than 10 and up to 20 years9. It is necessary
to formally confirm that combined estrogen  progestogen
increases risk more than estrogen alone since there are no
randomized trials where estrogen  progestogen and estrogen
alone have been compared in the same populations. However,
as the WHI estrogen-alone and estrogen  progestogen arms
were similarly designed, comparison of the data from both
arms indicates that the risk associated with estrogen alone
appears to be less.
The reasons for the decrease of breast cancer incidence in
the estrogen-alone WHI trial remain an object of debate. In
this trial, a substantial proportion of women were obese and
prior observational data suggest that HRT is associated with
breast cancer to a lesser extent in obese women7. Given the
fact that insulin resistance is decreased by oral estrogens, it is
likely that the women in the WHI estrogen-alone trial could
have benefited from the treatment by decreasing their risk
associated with insulin resistance. Another possible explanation is that CEE contains mixed compounds including some
with selective estrogen receptor modulator-like activity, in
addition to pure estrogenic derivatives. However, this last
hypothesis does not fit with the results from the Nurses’
Health Study where CEE was used and an increase in the relative risk of breast cancer was associated with long-term use
of CEE9. One of the major differences between the two studies
was that the body mass index was much lower in the nurses’
cohort than in the WHI trials. The nurses could have benefited
less from the decrease of insulin resistance and their risk
associated with CEE use was significant for a longer use (up

Pregnanes

to 20 years) than in the WHI estrogen  progestogen trial9.
Furthermore, a paper from the WHI suggested that the time
when HRT is used after menopause could be associated with
a different increase in relative risk. The longer the gap time
between menopause and starting combined hormone therapy,
the less the breast cancer risk10. Another explanation, with
strong support from basic tumor biology studies, is that estrogen alone might have induced apoptosis in the women deprived
of estrogen in the long term. The average age of the participants in the WHI was 63 years, a full 12 years after the average age of menopause. Experimental data demonstrate that
estrogen induces apoptosis in breast cancer cells deprived of
estrogen long-term by both extrinsic (death receptor-mediated)
and intrinsic (mitochondrial-mediated) mechanisms11,12.
The WHI remains unique as a RCT because of the large
number of subjects entered and the substantial cost as a result.
In the absence of corroborating RCTs, concordance of its
findings with well-conducted, observational studies provides
further credence of its findings. Several large observational
cohorts have been published including the EPIC study from
Europe, the E3N study from France, and the Nurses’ Health
Study from the USA. The EPIC study was composed of cohorts
from eight different European countries and included 133 744
women followed up for a mean of 8.6 years. This study clearly
showed differences associated with the types of progestogens
used within European countries and the USA (Figure 2)10. In
the EPIC study, 4312 breast cancer cases were analyzed and
the risk attributed to HRT increased with time of use for the
estrogen  progestogen and estrogen-alone therapies. The
relative risk appeared lower when comparing the estrogenalone with estrogen  progestogen therapies10. There was no
difference between oral and transdermal estradiol, or between
pregnane derivatives and norsteroid derivatives, but a higher
risk for continuous versus sequential regimens, as previously
suggested in other studies.
The report from the E3N French cohort was unique in
that 25% of the regimens used involved a combination of
estradiol plus progesterone (rather than synthetic pregnane
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Figure 2

Type of progestin used in Europe (EPIC study) (adapted from reference 10)
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or norsteroid derivatives). In the estradiol  progesterone
group, there was no increase in the relative risk of breast
cancer, whereas use of estrogen plus a synthetic pregnane
or norsteroid derivative was associated with a relative risk
of approximately 1.6. Interestingly, estradiol with dydrogesterone also appeared to confer a lesser risk13,14. A small
increase in the risk was also observed with the use of
estrogen alone (relative risk 1.3)13. Women in the E3N
study were leaner than in most of the other populations
studied. As noted above, some studies report that the risk
from HRT decreases in women with a lower body mass
index. As body mass index per se constitutes a risk factor,
it can be suggested that the risk observed in the French
cohort might be lower than in others because of the lean
nature of the subjects, a reassuring concept. Confirmation
of this beneficial effect of progesterone is not available in
other populations since France is almost the only country
to use it (Figure 2).
Another publication from Finland also reported no increased
risk of breast cancer with dydrogesterone. These data provide
additional support for the EPIC study findings15. Other
large observational studies include the Nurses’ Health
Study from the USA and the Million Women Study in the UK.
Data from these studies are largely concordant with the
European and French studies and indicate that the risk
from estrogen  progestogen appears to be larger than the risk
with estrogen alone and is duration-dependent. A very important difference between these observational studies and the
WHI RCTs is that most of the women in the observational
studies began to use HRT shortly after menopause. In contrast, women in the WHI were randomized to receive HRT at
an average age of 63 years, many years after the onset of
menopause. Some of these women had never taken HRT prior
to the study and others experienced a short ‘wash-out’ period
prior to randomization.

RELATIVE, ABSOLUTE, AND EXCESS RISK
Reports of HRT and breast cancer risk generally emphasize
relative risk. This statistic relates the percent increment in an
event in one population to that in another. Absolute risk
defines the number of events in a population. Excess (or
attributable) risk subtracts the underlying risk in one population from that in another population exposed to an agent that
increases risk. Relative risk provides meaningful information
when the absolute risk is high but not when the absolute risk
is low. As an example, one can assume that the risk of dying
from a plane crash is one in ten million. With five plane flights,
the risk is increased to five per ten million or a relative risk
of 5.0. This 500% increase only means that one has an excess
risk of four per ten million if taking five plane flights. In this
example, relative risk is high, but absolute and excess risks
are nearly meaningless.
Based on this reasoning, a scientific statement of the Endocrine Society converted all risks from HRT to excess risk and
expressed this as the number of women per 1000 taking HRT
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for 5 years that would develop a breast cancer that they would
not have developed if not taking HRT7. The relative risk of
1.26 with estrogen  progestogen then translates to an excess
(attributable) risk of four per 1000 women taking HRT for a
5-year period. This statistic conveys different information
than the 26% increase in relative risk imparted by HRT.
For this reason, the Endocrine Society Scientific Statement
recommends that interpretation of the WHI and observational
studies should assess excess rather than relative risk.

DECREASE IN HRT AND DECLINE OF
BREAST CANCER INCIDENCE
Following the dramatic decrease in HRT use after 2002, several studies, primarily from Western countries, reported a
decrease in breast cancer incidence and generally concluded
this to be a cause-and-effect relationship. The first report from
Ravdin and colleagues16 reported a 6.7% fall in breast cancer
incidence from the National Cancer Institute Surveillance,
Epidemiology and End Results (SEER) database. The decrease
was observed in women over 50 years of age. Between 2001
and 2004, the decrease in estrogen receptor (ER)-positive
breast cancers was 11.8% in women between the ages of 50
and 69 years. Comparing the decrease in HRT use and the
decline in ER  breast cancers, the authors concluded that the
main variation to explain the decrease in breast cancer incidence was the decline in HRT use. From the same registry,
other groups reported, however, that the decline in breast cancer preceded the WHI publications. Jemal and colleagues
observed that the decrease started in 1999 and involved ER
as well as ER  tumors17. Li and Daling18, using data from 13
cancer registries that participated in the SEER database,
reported a decrease of the same magnitude as in the previous
paper (3–4%/year). However the decline could be detected as
early as 1998 and was present for all types of invasive breast
cancers before 2002. These data suggest that factors other
than the drastic reduction in HRT prescriptions could account
for this variation in incidence. As detailed below, other factors
could also have influenced the variation in breast cancer
incidence.

DECREASE IN MAMMOGRAPHIC SCREENING
A decline in compliance in mammographic screening of 3.2%
was reported in women for 2003 by Radvin and colleagues16.
Glass and colleagues19 reported a 4–5% decrease in compliance from the Kaiser Permanente Northwest cohort in 2001–
2004. In addition, a 10% decrease in ER tumors was
observed, suggesting the effect of screening or other unexplained factors. Moreover, in this cohort, as well as that
observed by Jemal and colleagues17, the decrease occurred in
2000 before the WHI publication, with an additional reduction after 2002. These authors suggested the role of both
screening and HRT reduction in the decline in breast cancer
incidence. A decrease in screening adherence from women
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stopping HRT is another possibility. This was reported by
Caan and colleagues who showed that women who stop
HRT were less willing to continue periodic screening20.
However, a change in the frequency of mammographic
screening is not the sole explanation for the decline in breast
cancer incidence. In the Breast Cancer Screening Detection
Program in the USA, a decline in incidence was also observed
in women who uniformly underwent serial mammographic
screening21.

INITIATION OF SCREENING
In a screened population, incidence represents the number of
women diagnosed with breast cancer and not the prevalence
of tumors in the population. Implementation of national
screening is followed by an initial increase in diagnosis of
invasive and in situ carcinoma. After a certain lag-time, the
screening is ‘saturated’ by the already diagnosed and treated
breast cancers and the ‘incidence’ seems to decrease, as discussed in our previous paper22. In support of this effect, the
incidence of in situ carcinoma remained stable through 2004
after a sharp increase before 1998/9918. From their data, Li
and Daling18 concluded, ‘The decline predates the publication
of the WHI trial; this observation does not support the
hypothesis that the marked decline in rates of HRT use is a
major contributor to this trend. These trends can be attributable to saturation of mammography.’

CHANGE IN COMPOSITION OF HRT
REGIMENS

Gompel and Santen
women, as reported by some authors22,30. In contrast, a clear
decrease was demonstrated by another study31, indicating that
interpretations may differ even when using the same database.
The example of Norway is important since it is a country
where extremely accurate registries exist. Screening has been
implemented since 1996 and a high rate and stability of participation have occurred. In Norway, HRT use has been
extremely frequent, approximating to 50%. The stability of
screening and the existence of the registry provide excellent
means to better interpret the potential implication of risk
factors in breast cancer incidence. In the publication from
Zahl and Maehlen27, an increase was apparent following the
implementation of screening, but thereafter a decrease to an
intermediate level not altered by the decrease in HRT use after
2002. A relative leveling off is now being observed (Figure 3)

3000

(a)

2500
2000
1500
1000
500
0
1955-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95-99 2000-04 05-09

(b)
Concurrently with the French cohort report of a lower risk of
breast cancer with transdermal estrogen  progesterone or
dydrogesterone23, these regimens might have been used more
commonly. Other reports from the E3N cohort and from an
UK database showed no increase in the risk of venous thrombosis24 and stroke with transdermal estradiol  progesterone/
pregnane derivatives25. A shift towards increasing use of transdermal estradiol  progesterone was recently reported in France
and this could have influenced subsequent breast cancer incidence rates. A decrease of the proportion of treated women at
any age26 would also influence incidence. Initiation of HRT fell
from 55.8% in two cohorts to 16.8% and the transdermal
estrogen  progesterone combination represented 21.9% in
the pre-WHI period and 43.6% in the post-WHI period26. As
discussed, however, transdermal estradiol is rarely used in the
USA.

VARIATION AMONG COUNTRIES
Significant decreases in breast cancer rates were not observed
in all of the European studies (UK, Norway, Sweden,
Belgium)27–29. Similarly, in Canada, the decrease involved only
women over 75 years of age and was not seen in younger
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Figure 3 (a) Incidence of breast cancer in Norway between 1955
and 2009 by 5 years of age (http://www.kreftregisteret.no/en/
The-Registries/Cancer-Statistics). (b) Incidence per 100 000 by age
in Norway before the WHI (in 2001) and in 2009 (from http://
www-dep.iarc.fr/nordcan/). Note the total of incidence per 100 000
women: 1094 in 2009 vs. 1173 in 2001 among the 50 – 69-year-old
women (difference 79) and 1042 vs. 994 in the  69-year-old women
(difference 48)
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in pooled data from several cancer registries (http://www.
kreftregisteret.no/en/The-Registries/Cancer-Statistics/ and http://
www-dep.iarc.fr/nordcan/). This may be due to saturation of
screening or to a variation in breast cancer risk factors. As
previously reported, the breast cancer incidence increased
by 102% in women 50–69 years of age in Norway after
1990–200232. In favor of the screening initiation hypothesis,
the annual breast operation rate increased in Norway by 70%
(hazard ratio 1.70, 95% CI 1.62–1.7) in 2005–2008 compared to a pre-screening period (1993–1995) as did the annual
mastectomy rate ( 1.3)33. The increase in surgical procedures
may have contributed to the fluctuation in breast cancer incidence by initially increasing the levels and decreasing them
slightly in the following years by treating in situ carcinoma or
sub-clinical tumors by mastectomies and/or radiotherapy. In
theory, the dramatic decrease of HRT use should have been
responsible for at least an 8% decrease in the incidence in
Norway, as calculated from the attributable fraction of HRT
among breast cancers22. From the cancer registries, a 5.8%
decrease in the incidence of breast cancer can be calculated in
Norway between 2001 and 2009 in women 
 50 years of
age but also a 4.1% decrease in women  50 years of age
(from http://www-dep.iarc.fr/nordcan/). This could suggest
that the decrease in use of HRT is counterbalanced by factors
increasing the incidence. Alternatively, the role of HRT might
be overestimated. It is extremely difficult to evaluate accurately the contribution of each factor to the overall incidence
reported.

MODIFICATIONS OF NON-HRT
RISK FACTORS
Alteration of factors other than HRT could also have
influenced the incidence of breast cancer during the last
10 years. Alcohol usage is one of the factors that may
explain a variation in breast cancer incidence in postmenopausal women. Alcohol consumption has decreased by 40%
in France and Italy but remains almost stable in Norway
(an increase was recorded but the level of consumption
remains low) and increased by 89% in Denmark (Figure 4).
The importance of alcohol has been known for many years
and the increased risk is mostly observed for lobular breast
cancers34. A recent publication from the Nurses’ Health
Study shows that an intake of as low as three drinks/
week is associated with a small relative risk of 1.15 (95%
CI 1.06–1.24)35. The most consistent measure is cumulative
alcohol intake throughout adult life at any age. Certain
reproductive factors have been extremely stable in France
such as the mean age at first full-term pregnancy and number of live births. On the other hand, nulliparity has
decreased by 50%. Opposite trends have been seen in Norway22. It should be noted that only limited components of
the risk factors that can act to increase (or decrease) breast
cancer incidence are known and the interaction between
them poorly studied.

246

Gompel and Santen

Figure 4 Variation in alcohol consumption in several European
countries in the last 40 years. From World drink trends and IREB,
2003

RECENT INCREASE IN BREAST CANCER
INCIDENCE
Three publications, two from the USA and one from Canada,
report a decline in breast cancer incidence subsequently followed by an increase36,37. In Canada, since 2005, an increase
in the incidence rate in all age groups except for those aged
40–49 years was observed38. In the USA using data from the
SEER, an increase of 4.8% in the incidence of ER  tumors
in non-Hispanic white women aged 60–69 years was found,
whereas the ER  tumor incidence increased in the 40–49year-old group37. Interestingly, a parallel decline in women
over 70 years and between 50 and 70 years was observed
which had started before the summer of 200237. Another
important publication, using five mammography registries
within the National Cancer Institute-sponsored Breast Cancer
Surveillance Consortium, also showed that, after an initial
decrease of lobular and ductal breast cancers, the two types
increased by  126% and  12%, respectively in 200636.
These latter observations in women having mammographic
screening could be explained by a transitory decrease of a
short-term promoter effect of HRT. However, it could also be
related to a decrease in screening adherence in this population.
The figures are not equivalent in the other studies, where the
increase involved only part of the population37. In addition,
the data from Norway do not show an increase but a leveling
off in the incidence, probably due to the consequences of
screening as discussed above.

CONCLUSIONS ABOUT THE DECLINE IN
BREAST CANCER INCIDENCE
The fluctuation in the breast cancer rates from one country to
another, the variation in mammography screening and the
possible confounding risk factors, such as lifestyle, render it
difficult to accurately relate the recent decrease in breast cancer incidence and HRT use. This issue has been controversial,

Climacteric

Hormone therapy and breast cancer risk
as noted from the discussion above. After assessing all of the
evidence, a scientific panel convened by the Endocrine Society
concluded that at least a component of the decrease was associated with a cessation of HRT use7.

IMPORTANCE OF LIFESTYLE RISK FACTORS
The observation of a possible decline of breast cancer incidence in postmenopausal women over recent years is important positive news. Our aim as clinicians is to help women to
decrease their risk of breast cancer and to evaluate as accurately as possible the women in whom the benefits of HRT
outweigh the associated risks. Several important studies have
been published in the last 2 years that could help to reach this
goal. Existing data suggest that HRT acts as a promoter of
small, undiagnosed, pre-existing tumors. Accordingly, avoidance of HRT in women who already have transformed cells
in their breasts would be beneficial. In those without preexisting lesions, the benefits of HRT would exceed possible
risks. Among risk factors for breast cancer, the most important are genetic alterations and inherited mutations. Women
born with a haplo-insufficiency of certain genes have genetically unstable39 breast tissue and are at markedly increased
risk of developing breast cancer. A strong family history of
breast cancer predicts a high level of risk. Use of HRT is
contraindicated in these women except in conditions of prophylactic oophorectomy where HRT can be prescribed according to most of the international consensuses. After the age of
50 years, the climacteric symptoms have to be treated with
alternatives in these patients.
Thoracic radiotherapy is also associated with an important
relative risk of breast cancer. After a gap time of 20 years,
women must be considered as high risk and thus HRT might
not be the first choice in this population in case of climacteric
symptoms.
Increased density has been shown for many years to be
associated with an increased risk of breast cancer and appears
to be genetically determined40. Few studies have demonstrated that HRT can increase the risk in women with baseline high breast density. Indirect evidence came from the
International Breast Cancer Intervention Study (IBIS), a randomized prevention trial of tamoxifen versus placebo.
Women observed to have a reduction over 10% in their
breast density experienced a 63% reduction in breast cancer
risk41. This suggests that these breast tissues were sensitive
to the stimulation of estradiol and this effect was reversed
by its antagonist. From these observations, it appears likely
that, among women with high breast density, some but not
all could experience an increased risk of breast cancer with
HRT. Kerlikowkse and colleagues showed for the first time
that, in women with low breast density, HRT does not
increase the relative risk of breast cancer. Using a very large
cohort of women participating in a screening program, they
observed that high mammographic density was associated
with a higher relative risk of breast cancer whether before
menopause or after menopause, with or without HRT21.
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Furthermore, estrogen alone and estrogen  progestogen
both increased the incidence of breast cancer at a younger
age than without HRT, further demonstrating the promoter
effect of HRT in this context.
A recent publication from the WHI reported that mastalgia in association with HRT is a risk factor for breast cancer.
In this study, women who experienced mastalgia in response
to estrogen  progestogen had a hazard ratio of 1.48 (95%
CI 1.08–2.03)42. This study found that the risk associated
with mastalgia was equivalent in predictive strength to several factors utilized in the Gail index. This concept is in
accordance with previous studies which reported an increased
relative risk of breast cancer in women experiencing
mastalgia43,44. This symptom in association with HRT is a
signal of breast intolerance to HRT and the need to decrease
the amount of estrogen or to stop altogether. A relationship
between increased breast density and mastalgia in association with HRT has also been reported by a small prospective
study45 as in the WHI42. These studies emphasize a clinical
issue that was probably not sufficiently considered previously in the clinical evaluation of breast tolerance with use
of HRT.

INCREASED RISK WITH ALCOHOL AND
OBESITY
Indirect sources of estrogenic effects such as alcohol and
obesity are conditions associated with an increased relative
risk of breast cancer. The interaction between alcohol and
obesity has not been fully studied. After breast cancer is
diagnosed, alcohol can increase the risk of recurrence, particularly in obese women46. Obesity is also a condition associated with the risk of postmenopausal breast cancer, both
through endogenous production of estrogens by aromatization and by insulin resistance47. The absence of a clear
increase of risk in obese women with an exogenous administration of estrogens, such as in the WHI estrogen-only trial,
could be due to their hepatic effect by decreasing the insulin
resistance.

PROTECTIVE EFFECT OF PHYSICAL
ACTIVITY
Physical activity has been shown in many populations to
decrease breast cancer risk48. However, the exact role of exercise in women with high risk remains controversial48. Whereas
some studies suggest that exercise carries a protective effect
even in women with a family history49, others do not observe
such a beneficial effect50. Using a predictive model, a new
report suggests that alteration of some of the modifiable factors (alcohol consumption, physical activity, body mass index)
may decrease the relative risk of breast cancer, especially in
women at high risk such as a positive family history of breast
cancer, and among women who accounted for the highest
10% of the total population risk51.
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ALTERNATIVES TO HRT
Alternatives to HRT are necessary for some women experiencing climacteric symptoms in whom the risk of breast cancer or heart disease is substantial. For hot flushes, selective
serotonin reuptake inhibitor and serotonin norepinephrine
reuptake inhibitor agents provide significant relief but not to
the degree induced by HRT. Similarly, gabapentin statistically
significantly reduces hot flushes but very high doses are
needed to achieve parity with HRT and side-effects of drowsiness are common. Bisphosphonates can be used to reduce
bone resorption and reduce the incidence of osteoporosis and
fractures. Low-dose vaginal estrogens are effective for urogenital atrophy but are associated with limited, but significant systemic absorption. Taken together, use of these agents
is not as effective as HRT but can provide some relief of
climacteric symptoms.

Gompel and Santen
lay and scientific literature. Use of relative risk statistics overemphasizes the actual excess risks. Conversion of risk estimates to excess (attributable) risks over the time of expected
usage provides a more accurate assessment of actual risk that
might be expected by a woman taking HRT. An important
consideration is that the excess risk of breast cancer from
HRT increases with an increase in underlying risk. Accordingly, determination of risk should underlie the decisionmaking process when considering use of HRT. Those with a
low underlying risk of breast cancer and substantial menopausal symptoms will experience benefits which well outweigh possible harm. However, studies are needed to prove
this point and to enable a careful weighing of the scale of
benefits versus risks. In the meantime, clinicians should evaluate benefit/risk ratios in each individual patient as a decisionmaking process.

CONCLUSIONS
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ABSTRACT
Colorectal cancer (CRC) accounts for 9.4% of new cancer diagnoses among women world-wide. CRC is
the third leading cause of incident cancer among women in the United States and has immense impact on
morbidity and mortality. We summarize data on CRC pathogenesis and risk in women. We also review the
findings from the Women’s Health Initiative (WHI) on CRC risk reduction associated with hormone replacement therapy (HRT) use. We then review observational studies since the WHI which evaluated HRT as a
chemopreventive agent for CRC among women. The potential mechanisms behind the association between
HRT use and CRC are also reviewed. We then discuss the requirements for implementation of chemopreventive agents, and why HRT should not be used for this indication given current knowledge. Further data on
the risk–benefit profile of short-term HRT use are needed and will determine whether there is any future
role for HRT use in the chemoprevention of CRC.

INTRODUCTION
Colorectal cancer (CRC) accounts for 9.4% of all new cancer
diagnoses among women world-wide, second only to breast
cancer. The age-standardized mortalilty rate for CRC in
women is 14.6/100 000 world-wide1. CRC is the third leading
cause of new cancer and cancer death in the United States,
with 70 480 incident cases and 24 790 deaths among women
in 2010. Current Surveillance Epidemiology and End Results
(SEER) data indicate an incidence rate for CRC of 41 per
100 000 and a death rate of 14.5 per 100 000 among women.
However, when time trends in CRC are considered, there has
been a reduction in both incidence and mortality rates of CRC
in women from 1998 to 2008 and from 2001 to 2008, respectively2. The noted decrease in CRC incidence rates from 1998
to 2006 has been attributed to increased efforts in CRC
screening, with detection and subsequent removal of precancerous polyps3.
Given that the traditionally described pattern of transition
from normal mucosa to a precursor lesion (adenomatous
polyp) to overt cancer covers a span of approximately 10–20
years, there is an extended opportunity for intervention and
thus cancer prevention4. Although screening programs have
demonstrated an impact on decreasing mortality from CRC5 – 7,

there remains a substantial role for research into alternate and
complementary strategies to reduce mortality from CRC8.
One such strategy is chemoprevention. This strategy uses oral
agents to prevent the development of precancerous polyps and
thus their progression to CRC via this mechanism. There is a
strong suggestion of the potential benefit of hormone replacement therapy (HRT) as a means of chemoprevention of
CRC9 – 12. However, there are specific requirements for chemoprevention that need to be considered prior to application of
these therapies at a population-based level.
The aims of this review are (1) to describe CRC risk and
pathogenesis, (2) to summarize the association between HRT
use and CRC in women, (3) to evaluate potential mechanisms
of CRC risk reduction by HRT, and (4) to discuss the applicability of HRT as a form of CRC chemoprevention in
women.

COLORECTAL CANCER PATHOGENESIS
Women have a decreased incidence rate of CRC as compared
to men (41 vs. 55 per 100 000) as well as a decreased mortality
rate from CRC (14.5 vs. 20.7 per 100 000). Among women
in the United States, the incidence rate is highest for African
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Americans (51.2 per 100 000), followed by Caucasians (40.2
per 100 000), American Indian/Alaska Natives (40.0 per
100 000), and Hispanics (28.4 per 100 000). The mortality
rates associated with CRC follow a similar trend with respect
to race2. The reduced CRC incidence among women as compared to men argues for the possible protective effect of female
hormones.
The traditional adenoma-to-carcinoma sequence remains
central in the understanding of the pathogenesis of CRC for
both men and women. This sequence is thought to account for
the majority of CRCs. Adenomatous polyps are classified as
tubular, villous, or tubulovillous, with tubular being the most
common type (75–87%). The less common villous adenomas
(5–10%) are typically sessile, with a ‘shaggy rug’ appearance
and the tubulovillous polyps (8–15%) demonstrate a mix of
the two subtypes previously described13. Using SEER data
from 1988 to 2003, Wasif and colleagues described locations
of malignant polyps and found these to be spread throughout
the colon. Of the malignant polyps identified in 19 743 patients,
31% were in the ascending colon and cecum, 13% were in the
transverse colon and flexures, and 54% were in the descending
colon and sigmoid colon13. It is thought that this traditional
adenoma-to-carcinoma pathway accounts for approximately
70% of CRCs diagnosed in the United States.
Our understanding of the pathogenesis of CRC has
advanced in recent years, with the discovery of an alternate
pathway to CRC: the ‘serrated pathway’. It is now recognized
that hyperplastic or ‘serrated’ polyps are a heterogeneous
group that includes premalignant lesions such as the sessile
serrated adenoma (SSA)14. SSAs are associated with distinct
genetic and epigenetic defects such as BRAF mutation and
CpG island methylation (CIMP)14 – 17. Several studies have
shown that individuals with SSAs have an increased risk of
synchronous lesions and CRC, possibly due to a ‘field cancerization’ effect18 – 22. Serrated pathway cancers are thought to
be responsible for 20–35% of CRC cases23,24. The epidemiologies of these lesions differ, consisting of predominantly flat
polyps, often on the right side of the colon. These lesions via
the ‘serrated pathway’ may play a significant role in ongoing
CRC risk.
These mechanisms of development of CRC in women, particularly the potential for an extended time period prior to
progression of precursor lesions (whether these be adenomatous or serrated polyps), allow for interventions to prevent
CRC. One potential effective intervention could be hormonal
therapy among women.

HRT AND COLORECTAL CANCER: THE WHI
The principal results of the Women’s Health Initiative (WHI)
were published in 2002. Although the WHI trial of estrogen
plus progestin in postmenopausal women identified greater
health risks than benefits among women in the exposure
group, the use of estrogen plus progestin was associated with
a significant decrease in incidence of CRC25. According to
intention-to-treat analysis, women in the hormone group had
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fewer CRCs of all histologic types (48 vs. 74; hazard ratio
(HR) 0.61; 95% confidence interval (CI) 0.42–0.87). When
limited to invasive CRC, the effect was similar (HR 0.56; 95%
CI 0.38–0.91). The invasive CRCs in the two groups were
similar in location, tumor grade, and histologic features25.
The reduction in the risk of CRC in the hormone group
was in large part due to a decrease in the risk of local, rather
than regional or metastatic disease. Within the category of
regional or metastatic disease, those cancers in the hormone
group were associated with a greater number of positive nodes
than corresponding cancers in the placebo group. Total deaths
were similar across groups, with nine deaths due to CRC in
the hormone group and eight in the placebo group25. As the
women using estrogen plus progestin had fewer overall cancers, yet a greater number of cancers with a more advanced
stage, it becomes difficult to explain these results on the basis
of a single hormone effect25.
When those with prior hysterectomy on conjugated equine
estrogen (CEE)-containing HRT only were compared to those
on placebo, there was no difference in incidence of invasive
CRC (HR 1.12; 95% CI 0.77–1.63). Mortality outcomes for
participants who were diagnosed with CRC were also compared, with cumulative mortality rate of 34% (20 out of 58)
in the CEE group and 30% (16 out of 53) in the placebo
group (HR 1.34; 95% CI 0.58–3.19)26. Given these findings
from the initial WHI data, there seems to be a suggestion that
progestin may modify the influence of estrogen on CRC26.

HRT AND COLORECTAL CANCER:
BEYOND THE WHI
In the decade following publication of the initial results of the
WHI, further studies have investigated the association between
HRT and its effects on CRC. Newcomb and colleagues performed a case–control study involving 2066 women to evaluate the relationship between postmenopausal hormone use
and CRC. A statistically significant reduction in CRC risk was
demonstrated in current HRT users (odds ratio (OR) 0.8;
95% CI 0.6–0.9), with the most significant reduction in CRC
risk in those patients who had used HRT for greater than
5 years27. When HRT use was stratified by type of preparation, there was no clear association between estrogen use alone
and CRC risk. However, women who were currently using
estrogen plus progestin at the time of the study still demonstrated a 40% reduction in CRC risk (95% CI 0.5–0.9)27.
Among those women who had used estrogen plus progestin,
there was no association between former use and risk of CRC,
with benefit only being described in those women currently
using estrogen plus progestin27.
The California Teachers Study was a prospective cohort
of 56 864 perimenopausal or postmenopausal women under
the age of 80, with no previous history of CRC. Of the initial
56 864 women, nearly 76% reported ever using HRT. Those
women with any HRT use demonstrated a 28% reduced risk
of incident invasive CRC when compared to those without
HRT use (relative risk (RR) 0.72; 95% CI 0.58–0.88). This
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relative risk did not differ among users of estrogen-only therapy versus estrogen plus progestin therapy or mixed HRT use.
On further evaluation, the greatest reduction in colon cancer
risk was demonstrated in recent HRT users (RR 0.64; 95%
CI 0.51–0.8)28.
Johnson and colleagues evaluated the association between
CRC risk and duration and recency of menopausal hormone
formulations (unopposed estrogen versus estrogen plus progestin) among 56 733 postmenopausal women participating
in the Breast Cancer Detection Demonstration Project29.
Among women reporting any use of HRT, there was a modest
decrease in the risk of CRC (RR 0.91; 95% CI 0.8–1.04).
Among those women using estrogen plus progestin, the greatest reduction in risk of CRC was demonstrated in those
women who reported sequential estrogen plus progestin use
(RR 0.64; 95% CI 0.43–0.95). The reduction in risk of CRC
was most pronounced in those women with moderate use of
estrogen plus progestin (2–5 years) compared to never users
(RR 0.52; 95% CI 0.32–0.87)29.
Using data from the Molecular Epidemiology of Colorectal
Cancer study, Rennert and colleagues identified 2460 peri- or
postmenopausal women among 2648 patients with CRC from
northern Israel and 2566 controls30. Self-reported use of HRT
was associated with a significant reduction in risk of CRC (OR
0.67; 95% CI 0.51–0.89). This reduction in CRC risk remained
significant after adjustment for age, sex, aspirin use, statin use,
sports activity, family history of CRC, ethnic group, and level
of vegetable consumption (OR 0.37; 95% CI 0.22–0.62).
Long and colleagues conducted a population-based, case–
control study of incident distal large bowel cancer in North
Carolina between 2000 and 200631. In this study, 443 women
with distal large bowel cancer were identified. These cases
were compared to controls for HRT exposure, defined as ever
use for at least 1 year. Ever use of HRT was associated with
a reduced risk of distal large bowel cancer (OR 0.52; 95% CI
0.38–0.73). Increased duration of use was associated with
further reduction in distal large bowel cancer incidence. ORs
demonstrated continuous decrease with subsequent quartiles
of HRT, with the highest quartile of use, 
 15years, having
an OR of 0.34 for incident distal large bowel cancer (95% CI
0.20–0.58 and p for trend  0.001)31.
The summary results of these observational studies published since the WHI evaluating combined estrogen and progestin HRT use and reduction of CRC are shown in Table 1.
Table 1 Effect size estimates for reduction of colorectal cancer risk
with estrogen and progestin-containing hormone replacement therapy
in observational studies since the Women’s Health Initiative
Author

Date

Effect estimate

95% confidence
interval

Newcomb et al.27
Delellis
Henderson et al.28
Johnson et al.29
Rennert et al.30
Long et al.31

2007
2010

odds ratio 0.6
relative risk 0.64

0.5–0.9
0.51–0.8

2009
2009
2010

relative risk 0.78
odds ratio 0.67
odds ratio 0.52

0.60–1.02
0.51–0.89
0.38–0.72
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Effect size estimates are comparable to that found in the WHI.
While the study designs and descriptions of HRT use were not
always uniform across studies (some allowed for self-report,
some measured HRT use as ever/never and some measured
only current use), markedly similar effect size estimates were
found across studies. In general, there was a significant CRC
risk reduction of approximately 40% associated with HRT
use. Predominantly, increasing benefits for CRC risk reduction
were seen in current and recent HRT users. Questions remain
as to how long the CRC prevention benefits of HRT persist
after discontinuation of these therapies.
In 2008, Heiss and colleagues published a report on health
outcomes in the 3 years after intervention was stopped in the
WHI, with evaluation of 15 370 women (of the initial 16 308
included in the initial WHI trial of estrogen plus progestin
versus placebo)12. In the post-intervention phase (mean 2.4
years of follow-up), the reduced risk of CRC previously demonstrated in the estrogen plus progestin group converged
toward the null. Follow-up data of the WHI estrogen-alone
trial was also performed to analyze health outcomes in those
women randomized to treatment with CEE. In this study, the
7645 surviving participants from the original population of
10 739 US postmenopausal women were followed for a mean
of 10.7 years. There was no demonstrated difference in CRC
incidence between the women in the estrogen group and placebo group in the intervention or post-intervention periods32.
Whether changes in HRT prescription patterns will influence CRC incidence becomes an important topic as we advance
beyond the WHI. In an analysis of hospital admissions, incidence, and mortality amongst women in England, Martin and
colleagues evaluated the immediate impact on population
health of the decrease in HRT use following the initial publication and recommendations of the WHI. In their review, little
impact on subsequent population trends in rates of CRC was
suggested by overall reductions in HRT prescriptions33. Further information is needed to study the more long-term impact
of these prescription pattern changes.

HRT AND COLORECTAL CANCER:
MECHANISMS OF ACTION
The exact mechanism behind the association of postmenopausal exogenous hormone therapy and CRC remains
unknown at this time. Several potential theories have been
identified. Newcomb and colleagues performed a case–control
study evaluating microsatellite instability (MSI) and risk of
CRC in women using estrogen plus progestin. For women
with MSI-low or MSI-stable tumors who were taking estrogen
plus progestin HRT, there was a 40% reduction in CRC risk.
Of note, no association was found with MSI-high tumors27.
Slattery and colleagues have demonstrated that estrogen exposure in women may protect against MSI, while the lack of
estrogen in older women increases their risk of MSI34. The
biological mechanism of progestin’s effect on the colon are
unclear, but, given that the protective effects of HRT on CRC
have only been demonstrated in combined HRT with estrogen
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plus progestin, it is possible that progestin may be acting synergistically to amplify estrogen’s effects on the colon35. For
example, the conversion of the less potent estrone to the more
potent estradiol is catalyzed by the isozyme of 17β-hydroxysteroid dehydrogenase, which is induced by progesterone35.
This could play a role in the efficacy of progestin-containing
HRT in prevention of CRC.
Other possible mechanisms of the effect of postmenopausal
hormone therapy on the risk of CRC include estrogen’s influence on bile acid metabolism25,36 and alteration of insulin and
insulin-like growth factor 1 (IGF-1)37,38. Laboratory evidence
has demonstrated that bile acids appear to cause proliferation
and promote colon cancer development in rats. The favorable
influence of hormones (endogenous and exogenous hormone
preparations) on bile acid secretion may thus lead to reduced
risk of CRC35. IGF-1 acts as a potent mitogen and as an antiapoptotic agent. Prior epidemiologic and in vitro laboratory
studies have demonstrated that endogenous and exogenous
estrogens reduce serum IGF-139,40, and the possibility exists
that these reductions in IGF-1 concentration may play a role
in the effects of hormones on CRC risks.

Table 2

HRT AS CHEMOPREVENTION OF
COLORECTAL CANCER

NEED FOR FUTURE INVESTIGATION

Chemoprevention is defined as the use of drugs or natural
compounds to prevent the development of benign or malignant
tumors. As CRC is a prevalent disease that is associated with
considerable morbidity and mortality, CRC is a disease suitable for chemopreventive interventions. Additionally, the main
avenue of CRC development has a natural history of transition
from precursor to malignant lesion spanning years to decades.
This provides a window where chemopreventive medications
could have an effect4,8. In order to study compounds as potential chemopreventive agents, there must be experimental or
epidemiological data showing chemopreventive efficacy, safety
on chronic administration, and a mechanistic rationale for the
chemopreventive activity observed. Of utmost importance is
that the agent must promote no harm within the population,
as it is being used in healthy individuals. Table 2 describes the
necessary components of an ideal chemopreventive agent.
Many other agents have been studied for their chemopreventive effects in CRC, including non-steroidal anti-inflammatory
drugs, aspirin, cyclooxygenase-2 inhibitors and supplements
such as calcium and folate. While each of these agents appeared
promising in epidemiologic and observational studies, a protective effect was not always demonstrated in randomized,
controlled trials, often with discovery of harms to the population treated. For example, rofecoxib was studied in a colorectal
adenoma chemoprevention trial and was found to be associated with increased cardiovascular risks (RR for thrombotic
event 0.92; 95% CI 1.19–3.11)41. The results of this trial contributed to rofecoxib’s removal from the market and it is not
used for chemopreventive indications today.
While HRT yielded a statistically significant benefit for
development of CRC in the WHI, there are potential harms,
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Components for an ideal chemopreventive agent

Proven efficacy in controlled trials
Convenient dosing schedule
Safety with chronic administration
Minimal side-effects
Known mechanism of action
Inexpensive

including risks of cardiovascular disease and breast cancer,
discovered with these medications in women. If the goal of
the medication is chemoprevention in a healthy population,
the medication must first do no harm. The balance of risks
and benefits does not make HRT, or any other currently available chemopreventive agent for CRC, suitable for primary
prevention in the general population. Instead, use of chemopreventive agents for CRC prevention should only be considered in groups with a specific increased risk of CRC, where
the benefits of therapy may outweigh the risks. These at-risk
groups might include those with a prior CRC, those with
familial syndromes, and those with advanced adenomas.

Prescriptions for HRT have significantly decreased in the
United States and Great Britain in the years following the
publication of the initial results of the WHI42 – 44. Although
the WHI recommended against prolonged estrogen plus progestin given the poor risk–benefit profile45, some populations
of women have continued to use HRT for short-term perimenopausal symptom control46,47. What effect these changes
on prescribing patterns of HRT have on CRC risk remains to
be seen at this time.
While there seems to be a potential protective effect of HRT
for the development of CRC, this protective effect is associated with current and ongoing use of these medications. As
the risk–benefit ratio of long-term use of HRT may not be
appropriate, it will be important to investigate the effects of
short-term HRT use on CRC incidence. It will be interesting
to see whether future studies investigating both earlier use of
HRT, and/or more short-term use of HRT, will demonstrate
the same reduction in CRC risk seen in the WHI and other
studies. The post-intervention results reported in the WHI
follow-up study have already revealed a trend toward the null
with respect to the reduced risk of CRC12, suggesting that
short-term therapy may not have long-lasting effects on CRC
incidence. The ongoing short-term, early-intervention HRT
studies, Kronos Early Estrogen Prevention Study (KEEPS) and
Early Versus Late Intervention Trial with Estradiol (ELITE),
while powered primarily to assess atherosclerosis endpoints,
will be important to assess the impact of early HRT exposure
on a multitude of outcomes, including CRC.
As we move forward in the 21st century, we will leave
behind the lessons learned from the WHI, apply the concept
of weighing the risks and benefits of chemopreventive agents
for CRC, and determine the best course for prevention of
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CRC in women. Definitively, this course of prevention will
contain a central component of a CRC screening program.
Ongoing support for CRC screening programs in women will
be needed in order to continue to impact (and reduce) the
incidence of CRC. Additionally, reduction of known modifiable risk factors for CRC in women should be emphasized.
Women should reduce their red meat intake, exercise, quit
smoking, and control their weight. There may be a future role

Barnes and Long
for hormonally mediated chemopreventive agents in the
future, although, as of yet, this is not the case.
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ABSTRACT
Principal findings on dementia from the Women’s Health Initiative Memory Study (WHIMS) showed that
conjugated equine estrogens plus medroxyprogesterone acetate (CEE/MPA) increase dementia risk in women
aged 65 years and above, but not risk of mild cognitive impairment. The dementia finding was unexpected,
given consistent observational evidence that associates use of estrogen-containing hormone therapy with
reduced risk of Alzheimer’s disease. It remains controversial whether hormone use by younger postmenopausal women near the time of menopause reduces dementia risk or whether WHIMS findings should be generalized to younger women. Given the challenges of conducting a primary prevention trial to address that
question, it is helpful to consider the impact of hormone therapy on cognitive test performance, particularly
verbal memory, for its own sake and as a proxy for dementia risk. The WHI Study of Cognitive Aging
(WHISCA) showed that CEE/MPA worsened verbal memory, whereas CEE alone had no influence on cognition. These findings have been replicated in several randomized, clinical trials. The apparent negative effect
of CEE/MPA on verbal memory does not appear to be age-dependent. Additional investigations are needed
to understand the impact of other hormonally active compounds on dementia and cognitive outcomes.

INTRODUCTION
Principal findings from the Women’s Health Initiative (WHI)
were published in 2002 and 20041,2. Subsequently, two ancillary studies, the Women’s Health Initiative Memory Study
(WHIMS) and the Women’s Health Initiative Study of Cognitive Aging (WHISCA), provided important new information
on cognitive aging and dementia. An intervention, such as
hormone therapy, has the potential to affect cognition as well
as dementia. Although mechanisms and effects might be similar in the two instances, they are not necessarily so. For this
reason, the following discussion considers hormone effects on
dementia risk and dementia symptoms separately from the
effects on cognition and cognitive aging.

DEMENTIA
Cognitive skills change across the life span. Dementia refers
to major cognitive impairment severe enough to affect

occupational, vocational, or social function. In most regions
of the world, Alzheimer’s disease is the most common cause
of dementia3,4. The burden of Alzheimer’s disease falls
heavily on women, and about twice as many women suffer
from this disorder as men. This sex difference is due in large
part to the fact that life expectancy is longer for women,
and there are therefore more women in the oldest age
group, where the risk of Alzheimer’s disease is greatest. A
second contributor is that women may survive longer than
men after an initial diagnosis5. Some studies6,7, but not all8,
also suggest higher incidence rates for women.

Before the WHI
Apparent gender differences in Alzheimer incidence and prevalence, together with observations that women with Alzheimer’s
disease may have disproportionate difficulty with cognitive
tasks viewed as female-advantaged9,10, suggested a possible
relation between sex hormones and Alzheimer’s disease. Over
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the past two decades, approximately two dozen observational
studies have examined associations between a woman’s use of
estrogen-containing hormone therapy and her risk of developing Alzheimer’s disease11 – 14. Meta-analyses before the WHI
linked hormone use to reductions in Alzheimer risk of nearly
40%15,16. These clinical observations were supported by strong
biological plausibility, including neurotrophic and neuroprotective effects of estrogens and effects of estradiol on metabolic
and biochemical pathways implicated in Alzheimer’s disease
pathogenesis. There is clear laboratory evidence that brain
effects may differ among progestogens (e.g. medroxyprogesterone acetate (MPA) compared to progesterone), among
estrogens (e.g. conjugated equine estrogens (CEE) compared
to estradiol), between an unopposed estrogen and an estrogen
opposed by a progestogen, and between cyclic use of a progestogen compared to continuous use17– 19. As we review below,
randomized trials have informed our understanding of the cognitive effects of MPA, but our understanding of other progestins is limited. Physiological differences between oral and
transdermal routes of administration might also be important,
as might dosage, but we await results from ongoing clinical
trials for a direct head-to-head comparison.
Treatment studies of women with dementia due to Alzheimer’s disease provided conflicting data. Some observational
evidence implied that women with Alzheimer’s disease receiving hormone therapy had milder symptoms than women not
using hormones20 – 22. Relatively small clinical trials, however,
generally failed to show consistent improvement in symptoms
of women treated with estrogen compared to placebo23,24.

Dementia and mild cognitive impairment
in the WHI
The WHI included a large observational cohort and two parallel clinical trials. The trials were stratified by hysterectomy
status and used a partial factorial design25. There were three
randomized interventions: low-fat diet, hormone therapy (CEE
with or without MPA, depending on hysterectomy status), and
calcium plus vitamin D dietary supplements25. Participants in
the dual trials were relatively healthy, community-dwelling,
postmenopausal women aged 50–79 years at baseline (mean
age 63 years).
The WHIMS ancillary study was conceptualized as a double-blind, controlled trial among women in the WHI hormone
therapy trials who were at least 65 years of age. The objective
was to determine the incidence of ‘all-cause dementia’ through
a four-phase process that included annual cognitive screening.
Women who scored below screening cut-points underwent
neuropsychological testing and other diagnostic procedures.
Mild cognitive impairment was a secondary outcome. WHIMS
results were reported in 2003 and 200426,27. Women, recruited
from 39 of 40 WHI centers, included 92% of those potentially
eligible. Because the parent WHI trials had been halted
prematurely18,19, there were fewer incident cases of dementia
than anticipated and consequently reduced power to address
study objectives.
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In both WHIMS trials combined, there were 108 cases of
incident dementia. Exactly half were adjudicated as Alzheimer’s
disease, but results for Alzheimer’s disease were not reported
separately. Neither the estrogen ⫹ progestogen trial nor the
estrogen-alone trial showed the expected reductions in the incidence of all-cause dementia. On the contrary, the dementia rate
was increased in women allocated to active treatment. The hazard ratio was approximately doubled for women in the estrogen ⫹ progestogen group and increased by about half for
women in the estrogen-alone group (Table 1). The difference
was significant in the estrogen ⫹ progestogen trial but not in the
estrogen-alone trial26,27. The absolute risk represents about 12
additional cases of dementia for 1000 women using estrogen ⫹ progestogen for 5 years, and six additional cases per
1000 women using estrogen alone for 5 years26,27.
Mild cognitive impairment was defined primarily on the
basis of (a) poor performance (10th percentile or lower) on
at least one neuropsychological test from an eight-test battery,
(b) report of some functional impairment from a designated
informant, and (c) absence of adjudicated dementia27. These
criteria are similar, but not identical, to other criteria for mild
cognitive impairment28,29. The incidence of mild cognitive
impairment did not differ between treatment groups (Table 1).
Not surprisingly, women who developed dementia were older
and had relatively low cognitive performance at the start of
the trial.

Dementia: the WHI 10 years on
Since these initial WHIMS trials26,27, new research has
explored mechanisms by which estrogens may have affected
dementia outcomes and has helped clarify WHIMS inferences
regarding dementia risk. Other hormonally active compounds
may also be relevant to Alzheimer risk.

Structural brain imaging after WHIMS completion
At the conclusion of the WHIMS trials, an MRI brain imaging study was implemented at 14 WHIMS clinical centers.
All former participants were eligible except those with specific contraindications to the procedure (e.g. cardiac pacemaker). A total of 1403 women provided structural MRI
data, obtained on average 8 years after randomization and
3 years (estrogen ⫹ progestogen trial) or 1.4 years (estrogenalone trial) after WHIMS ended30. The primary outcome
was ischemic lesion volume on structural brain images.
Mean differences between women who had received on-trial
hormone therapy and those who had received placebo were
not significant. Secondary MRI outcomes included total and
regional brain volumes assessed on T1 gradient echo images.
Here, small but significant differences favored women originally assigned to placebo for frontal lobe volume (2.4 ml
difference) and hippocampal volume (0.1 ml difference)31.
Results were similar for CEE and CEE/MPA. One caveat is
that fewer than half (49%) of WHIMS volunteers at participating clinical centers provided MRI data32, leading to
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Table 1 Incident dementia and mild cognitive impairment in the Women’s Health Initiative Memory Study (WHIMS) and the Multiple
Outcomes of Raloxifene Evaluation trial (MORE)
Number of events

Number
contributing
to analysis

Active
intervention

4532
2947
7471

CEE ⫹ MPA
CEE
–

4.1 years
5.2 years

40
28
68

21
19
40

2.1 (1.2–3.5)
1.5 (0.8–2.7)
1.8 (1.2–2.6)

WHIMS/mild cognitive impairment
4532
Uterus26
No uterus27
2947
Both combined27
7471

CEE ⫹ MPA
CEE

4.0 years
5.1 years

56
76
132

55
58
103

1.1 (0.7–1.6)
1.3 (0.95–1.9)
1.3 (0.97–1.6)

raloxifene*

3.0 years

17

18

0.9 (0.5–1.8)

8

15

0.5 (0.2–1.2)

44

63

0.7 (0.5–0.98)

Trial/clinical outcome
WHIMS/all-cause dementia
Uterus26
No uterus27
Both combined27

MORE/all-cause
dementia42
MORE/Alzheimer's
disease42
MORE/mild cognitive
impairment42

3525

Mean follow-up

Active
group

Placebo
group

Hazard ratio (95%
confidence interval

CEE, conjugated equine estrogens, 0.625 mg/day; MPA, medroxyprogesterone acetate, 2.5 mg/day
*Raloxifene 120 mg/day; for standard dose raloxifene (60 mg/day), cognitive outcomes did not differ significantly from placebo (results not shown)

selection bias that undermined the validity of the original
randomized design.
Follow-up analyses focused on 53 women with incident
dementia or mild cognitive impairment33. For women originally assigned to hormone therapy, cognitive impairment was
significantly associated with smaller mean volumes for total
brain (20.7 ml difference) and hippocampus (1.0 ml difference) compared to women without cognitive impairment.
There was no difference in the volume of ischemic lesions. The
interpretation of these results is not straightforward, as
increased hippocampal volume is reported for younger postmenopausal women using hormone therapy34 and smaller
brain volumes were not observed for cognitively impaired
women in the placebo groups33. Study investigators concluded
that cognitive impairment in women who received CEE is
mediated though brain atrophy33 and not through subclinical
ischemic disease30,33.

Critical window in relation to Alzheimer's
disease risk
As recognized even before the WHIMS outcomes were
reported35, WHIMS results would not necessarily be applicable to hormone therapy prescribed to younger postmenopausal women. Women in this age group were ineligible for
WHIMS. The critical window, or timing, hypothesis proposes
that effects of exogenous estrogens on dementia risk are modified by a woman’s age or temporal proximity to menopause.
Thus, hormone use by younger postmenopausal women might
reduce dementia risk, but later use might not. This hypothesis
is supported by observational research that links hormone
therapy use to reduced Alzheimer risk15,16. Most observational
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studies compared ever-users to never-users. Because most
women who used hormone therapy did so for a limited time
close to menopause36, reported associations in these studies
primarily reflected past hormone use by relatively younger
women.
Several observational studies have specifically considered
whether reported associations might vary according to past
use versus current use or might vary by age. Shortly before
WHIMS results were published, investigators from Cache
County, Utah showed that past hormone therapy use was
associated with a reduction in Alzheimer risk (hazard ratio
(HR) 0.3, 95% confidence interval (CI) 0.2–0.7) but current
use was not (HR 1.1, 95% CI 0.6–1.9)14. After WHIMS,
findings from the Multi-Institutional Research in Alzheimer
Genetic Epidemiology case–control study demonstrated for
the first time a significant interaction between a woman’s age
and effects of hormone therapy on Alzheimer risk37. When
examined by age tertile, younger postmenopausal women
(aged 50–63 years) who used hormone therapy were at
reduced risk for Alzheimer’s disease (odds ratio (OR) 0.35,
95% CI 0.2–0.7). For women in the two oldest tertiles, associations were not significant (ORs of 0.9, 95% CI 0.5–1.5 and
1.0, 95% CI 0.6–1.6)37. Because use of hormone therapy by
younger women was necessarily at a younger age closer to the
time of menopause, one interpretation of the age interaction is
that the results are consistent with the critical window hypothesis. Preliminary analyses of past hormone use by WHIMS
participants38 are congruent with Cache County results. Women
reporting hormone use prior to the WHIMS trial – independent
of the effects of on-trial treatment – were less likely to develop
Alzheimer’s disease during the WHIMS clinical trial (HR 0.35,
95% CI 0.2–0.9). This protective association contrasts with
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deleterious effects of conjugated estrogens during the clinical
trial itself (Table 1) but does not detract from the on-trial
results27. More recently, investigators from a large managed
care organization in northern California examined dementia
diagnoses in relation to hormone therapy during midlife and
late life. The first assessment was based on self-reported current use, when the mean age was 49 years. The second, three
decades later, was based on pharmacy records. Over 1500
women were diagnosed with dementia. Compared to women
never on hormone therapy, those reporting hormone use only
at midlife showed reduced risk (HR 0.7, 95% CI 0.6–0.9),
whereas women receiving hormone therapy only in late life
were at increased risk (HR 1.5, 95% CI 1.1–2.0)39.
Together, these observational results are consistent with the
critical window hypothesis as applied to Alzheimer’s disease
risk. Nevertheless, it remains controversial whether results from
WHIMS for women aged 65 years and older generalize to
younger postmenopausal women, or whether inferences from
observational studies are valid in implying reduced Alzheimer
risk for younger hormone users40. A persistent concern is that
observational findings could be flawed by unrecognized confounding, particularly by factors associated with better health
and healthier lifestyle practices (the healthy user bias). If the
increased relative risk of dementia for older women in WHIMS
is generalized to women below age 60, where dementia incidence is rare41, the absolute risk of dementia would itself be
rare, representing about one additional case of dementia among
1000 women using hormone therapy for 5 years.

Other compounds that interact with
estrogen receptors
Other drugs with the ability to interact with estrogen receptors
have the potential to affect dementia risk. Raloxifene, a nonsteroidal selective estrogen receptor modulator (SERM), can
be prescribed to postmenopausal women to treat and prevent
osteoporosis and to reduce risk of invasive breast cancer in
women with osteoporosis. Some brain effects differ from those
of estradiol. In a multinational clinical trial of postmenopausal
women (mean age 66 years) with osteoporosis42, high-dose
raloxifene (120 mg/day) was associated with a trend toward
lower risk of dementia or mild cognitive impairment compared
to placebo (HR 0.7, 95% CI 0.5–1.01) (see Table 1).
Few data address dementia outcomes with other SERMs
(tamoxifen, bazodoxifene, lasofoxifene, others), phytoestrogens such as soy isoflavones, which also act as SERMs, or
tibolone, a progestogenic steroid characterized as a selective
tissue estrogenic activity regulator and having multiple hormonal effects.

COGNITIVE AGING
Cognitive aging in the WHI
As an ancillary study to the WHI, WHISCA was the largest
trial of the impact of hormone therapy on standardized tests
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of memory and other cognitive functions43. Results from 1416
participants (mean age 74 years) in the estrogen ⫹ progestogen
arm were published in 200644, and results from 886 participants
(mean age 74 years) in the estrogen-alone arm were published
in 200945. One considerable limitation of WHISCA is that the
cognitive outcomes were first measured 3 years after treatment
randomization in the WHI. The trial therefore addressed change
in cognitive performance from an on-treatment baseline. The
primary outcomes in WHISCA were longitudinal changes in
memory for word lists and geometric figures, respectively
called verbal and figural memory.
Over 1.35 years of follow-up, verbal learning declined significantly in the active treatment versus placebo arm (p ⫽ 0.009),
with trends for declines in short (p ⫽ 0.016) and long (p ⫽ 0.015)
free delay recall44. In contrast, results on the figural memory
test showed a trend for improved performance over time
(p ⫽ 0.012). Overall, these results suggested that the effects of
estrogen ⫹ progestogen therapy depended on the type of memory tested. The finding that estrogen ⫹ progestogen treatment
negatively impacted verbal memory replicated previous findings46. These results are interesting in light of the finding that
estrogen ⫹ progestogen also increased dementia risk in
WHIMS24 and that deficits in verbal memory are the earliest
neuropsychological predictor of Alzheimer’s disease47,48.
Findings from the estrogen-alone arm of WHISCA contrasted with those from the estrogen ⫹ progestogen arm45.
After an average follow-up of 2.7 years, there were no significant differences or trends between groups on verbal or figural
memory. Secondary analyses revealed worse performance in
the estrogen group on a test of visuospatial abilities at the
initial WHISCA assessment 3 years post-randomization. This
difference did not remain significant over the duration of the
study. Overall, these results indicated that estrogen alone did
not have any enduring positive or negative impact on cognitive function in older women without a uterus.

Cognitive aging studies following the WHI
Several randomized trials published after WHIMS concluded
that estrogen alone had no significant impact on cognitive
function in older postmenopausal women. This finding was
evident regardless of preparation and dose and included trials
of ultra-low-dose transdermal estradiol (0.014 mg/day;
n ⫽ 417)49, oral estradiol (1 mg/day; n ⫽ 460)50, oral estradiol
(2 mg/day; n ⫽ 115)51, and low-dose transdermal estradiol
(0.25 mg/day; n ⫽ 57)52. Whether estrogen alone affects memory in younger postmenopausal women is unclear. Small clinical trials in younger surgically menopausal women suggested
benefits to verbal memory53,54. Consistent with emerging evidence of possible benefits of estrogen to prefrontal functions55,
a placebo-controlled study of transdermal estradiol (0.05 mg/
day) found benefits to certain outcomes of the California Verbal Learning Test that are sensitive to prefrontal outcomes,
but not to verbal learning56.
The Cognitive Complaints in Early Menopause Trial
(COGENT) addressed the critical question57 of whether the
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deleterious effects of CEE/MPA on verbal memory might be
due to the advanced age of the study participants. With a
sample size of 180 women, COGENT represents the largest
randomized, placebo-controlled trial of estrogen ⫹ progestogen in younger postmenopausal women aged 45–55 years of
age. Based on a cognitive test battery similar to that in
WHISCA, the primary finding of interest from COGENT was
a trend toward a negative impact of estrogen ⫹ progestogen
on short- and long-delay verbal memory (p ⫽ 0.054 and
p ⫽ 0.066, respectively). These results indicated that the negative impact of CEE/MPA on memory is evident in younger
postmenopausal women, and there appears to be no critical
window for the impact of CEE/MPA on verbal memory.
That finding was replicated in a randomized clinical trial of
women with moderate to severe hot flushes who were randomized to 12 months of treatment with either CEE/MPA,
black cohosh, red clover or placebo58. In contrast to findings
that CEE/MPA decreased memory in COGENT and
WHISCA, a small clinical trial using CEE alone (n ⫽ 7) as
the control group found that CEE/micronized progesterone
(n ⫽ 8) decreased delayed verbal memory and improved
working memory, but CEE/MPA (n ⫽ 9) had no effect on
either measure.
The Kronos Early Estrogen Prevention Study (KEEPS) will
address whether micronized progesterone and a lower dose of
MPA affect memory. KEEPS is a multicenter, 5-year randomized, placebo-controlled clinical trial designed to evaluate the
effectiveness of 0.45 mg of CEE, 50 μg weekly transdermal
estradiol, each in combination with cyclic oral, micronized
progesterone, 200 mg for 12 days each month on cardiovascular and cognitive outcomes in women aged 42–58 years
who were within 36 months of their final menstrual period.
Results are expected in 2012.
In light of findings of a decreased risk of mild cognitive impairment with 120 mg/day of raloxifene (Table 1), it is interesting
to consider cognitive findings from randomized trials of raloxifene and other SERMs. Analysis of cognitive outcomes in the
raloxifene/mild cognitive impairment study revealed a trend
toward less decline with raloxifene on verbal memory and attention59. Similarly, raloxifene (60 mg/day) significantly improved
verbal memory over a 12-month period in a randomized, placebocontrolled trial involving 213 women aged 70 and older60. Consistent with limited neuroimaging data61,62, the finding that
SERMs influence verbal memory suggests an estrogen-like action
in the hippocampus. The relative effects of SERMs and CEE on
cognition have not been directly compared in a head-to-head
trial. Cognition in the Study of Tamoxifen and Raloxifene (CoSTAR) assessed cognitive outcomes with the same cognitive test
battery used in WHISCA63. The study included 1498 women
aged 65 years and older who were randomly assigned to receive
raloxifene (60 mg/day) or tamoxifen (20 mg/day). Findings
revealed greater benefits with raloxifene compared to tamoxifen
on one of four verbal memory measures, suggesting minimal
cognitive differences between the two SERMs. One considerable
limitation of Co-STAR was that, like WHISCA, the first assessment of cognitive outcomes began after randomization. Another
limitation is the lack of a placebo arm. Similarities between the
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Table 2
·
·

·

·

·

Key points: hormone therapy, dementia and cognition

Estrogen ⫹ progestogen therapy initiated at age 65 or older
increases dementia risk*
Observational evidence, based largely on short-term use by
younger women close to the time of menopause, associates
hormone therapy with lower risk of Alzheimer’s disease risk
If increased risk from WHIMS is extrapolated to postmenopausal
women aged 50–59 years, the absolute risk of dementia from standarddose hormone therapy would be rare, representing about one additional
case among 1000 women using hormone therapy for 5 years
For healthy young and old postmenopausal women, standard-dose
CEE/MPA therapy has a small, but significant adverse impact on
verbal memory*
For healthy older postmenopausal women, standard-dose estrogen
therapy does not have a clinically important effect on cognition*

*, High quality of evidence based on consistent findings from wellperformed randomized trials. Evidence for other key points is of lower
quality

Co-STAR and WHISCA cohorts and methods provided an
opportunity to compare the cognitive effects of the two SERMs,
CEE and placebo64. CEE and the SERMs produced deficits in
global cognitive function, particularly among women with poor
baseline cognitive function. This finding added to a growing
body of evidence65,66 that estrogenic agents confer harm when
given to women with poor baseline cognitive function and may
suggest a healthy cell bias of estrogen67.

SUMMARY
Although basis science studies indicate that the effects of hormone therapy on brain function might depend on use and type
of progestogen, with the exception of MPA, the clinical relevance of these seemingly important differences remains to be
established for dementia and for cognitive aging. Continued
investigation of the potential cognitive benefit of SERMs is
warranted given clinical trial data demonstrating reductions
in mild cognitive impairment and improvements in verbal
memory. Findings from clinical trials of cognitive outcomes
will not answer long-term questions regarding the risk of
Alzheimer’s disease, and one cannot conclude from available
evidence that hormone therapy should be prescribed at any
age to reduce dementia risk. If the relative risk of dementia
seen in WHIMS can be validly applied to midlife women who
take hormone therapy for treatment of vasomotor symptoms,
the absolute risk would be rare (Table 2).
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ABSTRACT
The Women’s Health Initiative (WHI) randomized, controlled trial was the first study to prove that hormone
replacement therapy (HRT) reduces the incidence of all osteoporosis-related fractures in postmenopausal
women, even those at low risk of fracture. The study authors concluded that the bone-friendly aspect of HRT
was limited in clinical practice as possible adverse effects outweighed possible benefit. On the strength of
these publications, regulatory authorities downgraded the use of HRT for the prevention of fracture to secondline therapy. This article examines the original and subsequent evidence presented by the WHI study and
concludes that the restrictions placed on HRT as a bone-specific drug by regulatory bodies have not withstood
the test of time and are not supported by the data of the WHI.

INTRODUCTION
Postmenopausal hormone therapy (HRT) with estrogen alone
or combined with progestin, was for many years considered
as first-line therapy in the prevention of postmenopausal bone
loss and osteoporosis-related fractures. This practise was supported by observational data1 as well as clinical trials showing
benefit for bone mineral density (BMD)2, although fracture
endpoint data in a large randomized, controlled trial (RCT)
was absent. The Women’s Health Initiative (WHI) RCT of the
risks and benefits of estrogen  progestin3 and estrogen alone4
in healthy postmenopausal women had, as the primary outcome, coronary heart disease (CHD). Secondary outcomes
were invasive breast cancer, hip fracture, stroke, pulmonary
embolism, colorectal cancer and death due to other causes. In
2002, the estrogen  progestin arm of the WHI was the first
RCT with definitive data to prove the ability of HRT to prevent fractures at the hip, vertebrae and other sites. This was
echoed by data from the estrogen-only arm in 2004. Unfortunately, both studies in their primary reports, as well as subsequent detailed reports, concluded that the benefit to bone
of estrogen  progestin or estrogen therapy was outweighed
by risk5,6. Subsequently, regulatory bodies downgraded both
estrogen  progestin and estrogen to second-line therapy in
the prevention and treatment of osteoporotic fractures. It is

the aim of this article to examine the evidence leading to these
conclusions and to see whether it has stood the test of time
after 10 years.

THE ESTROGEN  PROGESTIN TRIAL
Participants (n  16 608) in the trial were asymptomatic postmenopausal women between the ages of 50 and 79 years
(mean age 63 years) with an intact uterus. Participants were
randomized to receive 0.625 mg conjugated equine estrogen
(CEE) plus 2.5 mg medroxyprogesterone acetate (MPA) or
placebo. Reports of hip, vertebral, and other osteoporotic
fractures (including all fractures except those of the ribs, chest/
sternum, skull/face, fingers, toes, and cervical vertebrae) were
routinely recorded. All fracture outcomes were verified by
radiology reports. Study radiographs were not obtained to
ascertain subclinical vertebral fractures. The trial was prematurely terminated after 5.2 years of follow-up as the Data and
Safety Monitoring Board concluded that the evidence for
breast cancer harm had exceeded the predetermined stopping
boundary. This was supported by a global index of health
suggesting overall harm in the study.
Estimated hazard ratios (HRs) (nominal 95% confidence
intervals (CIs)) for all endpoints were as follows: CHD,
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Effect of HRT on fracture prevention
1.29 (1.02–1.63) with 286 cases; breast cancer, 1.26 (1.00–1.59)
with 290 cases; stroke, 1.41 (1.07–1.85) with 212 cases;
pulmonary embolism, 2.13 (1.39–3.25) with 101 cases; colorectal cancer, 0.63 (0.43–0.92) with 112 cases; endometrial cancer, 0.83 (0.47–1.47) with 47 cases; hip fracture,
0.66 (0.45–0.98) with 106 cases; and death due to other
causes, 0.92 (0.74–1.14) with 331 cases. Corresponding
HRs (nominal 95% CIs) for composite outcomes were 1.22
(1.09–1.36) for total cardiovascular disease (arterial and
venous disease), 1.03 (0.90–1.17) for total cancer, 0.76
(0.69–0.85) for combined fractures, 0.98 (0.82–1.18) for
total mortality, and 1.15 (1.03–1.28) for the global index.
The global index was an attempt to summarize important
aspects of health benefits vs. risk, but has never been
validated as being reliable or clinically applicable7. This
included earliest occurrence of CHD, invasive breast cancer, stroke, pulmonary embolism, endometrial cancer, colorectal cancer, hip fracture, or death due to other causes.
The global index was originally proposed in December of
1996, modified in June of 1997, and again in April of 1998,
after formal monitoring had begun, when vertebral fractures were removed from the specifically monitored outcomes of the global index8. Thus, the final global index
only included hip fractures (no other fractures) and made
no provision for measures of quality of life. Surprisingly,
the global index was only finally approved after the first
interim analysis of the data had been undertaken9.
The absolute excess risk of events included in the global
index was 19 per 10 000 person-years. The authors concluded
that the risk–benefit profile was not consistent with the
requirements for a viable intervention for primary prevention
of chronic diseases.
The initial report was followed up by a second report in
20035. Although this report contained only adjudicated
osteoporotic fracture events, the effect on previously reported
fracture reduction was largely unchanged (HR 0.76; 95% CI
0.69–0.83).
BMD was measured by dual X-ray absorptiometry (DXA)
in a subgroup (n  1024) at baseline and years 1 and 3. In the
subset of women with known BMD, at baseline the mean total
hip BMD T-score was 0.94 and the mean spine BMD was
1.3. In patients treated with estrogen  progestin after 3
years, the percentage difference in BMD compared to the
BMD in those receiving placebo was 4.5% and 3.6% at the
lumbar spine and total hip, respectively.
It was further reported that the effect of estrogen  progestin therapy did not differ in women stratified by age, body
mass index, smoking status, history of falls, personal and family history of fracture, total calcium intake, past use of hormone therapy, BMD, or summary fracture risk score. The
authors concluded that estrogen  progestin therapy increases
BMD and reduces the risk of fracture in healthy postmenopausal women in all subgroups of women, but, when considering the effects of hormone therapy on other important
disease outcomes as measured by the global index, there was
no net benefit, even in women considered to be at high risk
of fracture (HR 1.03; 95% CI 0.88–1.24).
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THE ESTROGEN-ONLY TRIAL
The estrogen-only trial was similar in design to the estrogen  progestin arm, but recruited women with a prior hysterectomy (n  10 739) and treatment was with CEE 0.625
mg or placebo. The trial was prematurely terminated after
6.8 years.
HRs for estrogen vs. placebo were reported as: CHD, 0.91
(0.75–1.12) with 376 cases; breast cancer, 0.77 (0.59–1.01)
with 218 cases; stroke, 1.39 (1.10–1.77) with 276 cases; pulmonary embolism, 1.34 (0.87–2.06) with 85 cases; colorectal
cancer, 1.08 (0.75–1.55) with 119 cases; and hip fracture,
0.61 (0.41–0.91) with 102 cases. Corresponding results for
composite outcomes were: total cardiovascular disease, 1.12
(1.01–1.24); total cancer, 0.93 (0.81–1.07); total fractures,
0.70 (0.63–0.79); total mortality, 1.04 (0.88–1.22), and the
global index, 1.01 (0.91–1.12). For the outcomes significantly
affected by CEE, there was an absolute excess risk of 12 additional strokes per 10 000 person-years and an absolute risk
reduction of six fewer hip fractures per 10 000 person-years.
The estimated excess risk for all monitored events in the
global index was a non-significant two events per 10 000
person-years.
A follow-up report in 2006 failed to differentiate the effect
on hip fracture reduction according to risk stratification6. It
concluded that application of the global index failed to show
significant net benefit even amongst women at highest risk of
fracture (HR 1.04; 95% CI 0.88–1.23).

DISCUSSION OF THE ORIGINAL
WHI RESULTS
The WHI presented the first evidence based on a large RCT
that HRT (estrogen  progestin and estrogen only) is effective
in reducing the risk of osteoporotic fractures. This was a
remarkable feat as the study subjects in both arms were at
low risk of fracture (in the estrogen  progestin arm, the baseline total hip BMD T-score was 0.94, mean spine BMD was
1.3 and only 14% had experienced a fracture after age 55
years). This is in sharp contrast to other fracture trials that
generally only include patients at high risk of fracture (typically a BMD DXA T-score value of 
 2.5 or a prevalent
fracture or both is needed for inclusion). Indeed, in the fracture intervention trial, alendronate was only effective at a
T-score  2.5 (patients had no previous fractures)10. Furthermore, in the WHI, fracture protection was consistent for
all osteoporotic fractures measured and included hip, clinical
vertebral and non-vertebral fractures. This was in contrast to
the trials of raloxifene, which failed to show any non-vertebral
fracture protection11. Unlike all other modern fracture trials,
the most common osteoporotic fracture, radiologically
detected fractures (non-clinical fractures) were not captured
in the WHI study. This is important as these fractures have
been shown to be associated with increased morbidity and
mortality and thus should have qualified for inclusion in the
global index12.
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So then why was the use of estrogen and estrogen  progestin for the prevention and treatment of osteoporotic fractures
not embraced after the WHI? It was simply a matter of solely
relying on a single unvalidated instrument, the global index,
to judge the safety of estrogen and estrogen  progestin therapy for the prevention of chronic diseases. It is highly questionable to judge a variety of conditions just on the numerical
occurrence without weighing the significance of events. The
inclusion of the prevention of non-clinical vertebral fractures
as well as non-vertebral fractures would have changed the risk
profile considerably. It is also questionable to conclude that a
statistically significant benefit (prevention of osteoporotic
fractures) can be offset by the pooling of a group of nonstatistically significant side-effects.
Another limitation of the WHI was the relatively high rates
of discontinuation in the active treatment arm (42%) and
cross-over to active treatment in the placebo arm (10.7%).
This may have underestimated the magnitude of the effect of
treatment of bone.

DISCUSSION OF LATER WHI RESULTS
No later publications directly addressed the bone aspects of
the WHI RCTs. Later publications indirectly affected the
original conclusions regarding bone. The most important
subsequent publications were the cardiovascular data stratified according to age or time since menopause, final adjudication of events and other publications drawing attention
to the general confusion and lack of consistency in WHI
reporting regarding the use of nominal risk vs. adjusted risk
(all separately discussed in this issue). A 2011 publication on
the health outcomes of patients after stopping the estrogenonly trial and followed up for a mean of 10.7 years showed
that the beneficial effect on hip fracture was no longer present13. This was in line with some studies suggesting that
the beneficial effect of estrogen on bone is lost after cessation of therapy, although this is not supported by other
studies.

THE IMPLICATION OF OTHER STUDIES
POST-WHI
The publication of the FRAX® integrated model of fracture risk
analyses has identified a significant group of patients with low
bone mass (osteopenia), but not with osteoporosis, at significant
risk of fracture over the next 10 years, thus qualifying for
bone-specific therapy. This poses a therapeutic dilemma, as only
estrogen, estrogen  progestin and strontium ranelate have RCTderived data to show efficacy under these circumstances. Alendronate has been shown not to be effective in this setting.
Possible side-effects of other bone-specific drugs have been
highlighted in recent reports14. Alendronate specifically, but
essentially all bisphosphonates, has been implicated in osteonecrosis of the jaw and atypical subtrochanteric femur fractures.
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An association with severe atrial fibrillation has been documented and there are conflicting reports of an association
with esophageal cancer. Raloxifene was found to significantly
increase the risk of fatal stroke in patients at high risk of
CHD. A warning was issued about the association between
strontium ranelate and a potentially fatal drug reaction with
eosinophilia and systemic symptoms (DRESS) syndrome.

THE POSITION OF HRT IN THE
PREVENTION OF FRACTURE
10 YEARS AFTER WHI
The position of the regulatory authorities has remained fixed
in downgrading estrogen and estrogen  progestin therapy to
second-line therapy for the prevention of fractures, as originally decided after publication of the WHI results. Several
authors have questioned this stance and have advocated for
the re-establishment of HRT as one of the first-line options15,16.
The updated position statement of the International Menopause Society (IMS) endeavours to incorporate the earlier and
later findings of the WHI17, a view largely shared by other
national and international societies.
‘The IMS believes that HRT is effective in preventing
bone loss associated with the menopause and decreases
the incidence of all osteoporosis-related fractures, including vertebral and hip fractures, even in women not at
high risk of fracture. Based on evidence of effectiveness,
cost and safety, HRT can be considered as one of the
first-line therapies for the prevention and treatment of
osteoporosis in postmenopausal women, younger than
60 years, with an increased risk of fracture. The initiation
of HRT for the sole purpose of the prevention of fractures
after the age of 60 years is not recommended. Continuation of HRT after the age of 60 years for the sole purpose of the prevention of fractures should take into
account the possible long-term effects of the specific dose
and method of administration of HRT, compared to
other proven non-hormonal therapies. The protective
effect of HRT on bone mineral density (BMD) declines
after cessation of therapy at an unpredictable rate,
although some degree of fracture protection may remain
after cessation of HRT. If the patient is still considered
at risk for fracture after cessation of HRT, additional
therapy with proven bone-sparing medication should be
given. Evidence of the fracture-protective effect of HRT
is limited to standard dosages of conjugated equine estrogen (CEE) and medroxyprogesterone acetate (MPA),
given by the oral route. Evidence for protection against
loss of BMD is available for lower than standard doses
in oral (CEE and 17b-estradiol) and transdermal (17
b-estradiol) administration.’
The obvious limitation of HRT for protection against fractures, when applying these guidelines, is the restriction on the
initiation of HRT after the age of 60 years, as increasing age

265

Effect of HRT on fracture prevention
is a strong risk factor for fracture. It is the opinion of the
authors that this guideline is in order as a general principle,
but that this restriction can be individualized, based on the
later results of the WHI.
In summary, it is the opinion of the authors that the restrictions placed on HRT as a bone-specific drug by regulatory
bodies have not withstood the test of time and are not supported by the data of the WHI.
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ABSTRACT
Background The loss of estrogen at menopause and the gradual decline in testosterone with age are associated
with urogenital atrophy and, as a result, urogenital tract symptoms, including lower urinary tract symptoms
and dyspareunia. These symptoms will persist unless treated.
Objective To review the prevalence of urogenital tract symptoms and sexual health problems associated
with menopause and the role in the use of hormone therapy for the treatment of symptomatic women, with
a specific focus on what has been learned since the first publication of the Women’s Health Initiative (WHI)
estrogen and estrogen  progestin studies.
Conclusion Studies support the use of local estrogen therapy, but not systemic estrogen therapy, for the
treatment of urge urinary incontinence, overactive bladder and to reduce the number of urinary tract infections. The current evidence does not favor a beneficial effect on stress urinary incontinence. Local estrogen
therapy is effective for the treatment of dyspareunia caused by vulvovaginal atrophy. Preliminary studies
suggest a potential role for both intravaginal dehydroepiandrosterone and testosterone in the treatment of
dyspareunia secondary to vulvovaginal atrophy, however, confirmatory studies are required before either
therapy can be recommended. Post WHI, there is a need for medical practitioners to proactively raise the
topic of urogynecological and sexual health in order to discuss the most suitable treatment option.

INTRODUCTION
Urogynecological and sexual health are important issues
throughout menopause and beyond. Approximately 50%
of postmenopausal women will experience symptoms relating
to urogenital atrophy, with subsequent impact on sexual
function and quality of life1. However, sexual retirement is
not an inevitable consequence of the passage of time and a
high proportion of women remain sexually active well into
later life2,3.
Despite the high prevalence and diversity of symptoms associated with urogenital atrophy, only around one-quarter of
symptomatic women seek medical help. Women are often
reluctant to consult their doctors about urogenital symptoms,
due to embarrassment, cultural values, or acceptance of such

symptoms as an inevitable consequence of aging4. Moreover,
attitudes and concerns about the use of systemic hormone
replacement therapy (HRT) to relief climacteric symptoms
and to prevent long-term consequences of hormonal deprivation have recently changed. Prescriptions for oral HRT in the
United States declined after July 2002, following publication
of the follow-up to the Heart and Estrogen/progestin Replacement Study (HERS II) and the preliminary results of the
Women’s Health Initiative (WHI)5. On the other hand, women
are often not aware that local estrogen treatments may be
effective in relieving symptoms related to urogenital aging4
and that a lack of testosterone might impact on sexual function6. The aim of the present short review article is to summarize the evidence available on the impact of HRT on urogynecological and sexual health post WHI.

Correspondence: Professor R. E. Nappi, Department of Obstetrics and Gynecology, IRCCS S. Matteo Foundation, Piazzale Golgi 2, 27100 Pavia, Italy

REVIEW
© 2012 International Menopause Society
DOI: 10.3109/13697137.2012.657589

Received 13-12-2011
Revised 10-01-2012
Accepted 11-01-2012

Urogynecological and sexual health post WHI

MENOPAUSE AND LOWER URINARY
TRACT SYMPTOMS
Several urogenital complaints correlate with estrogen deprivation at the time of menopause, given the important hormonal
influence not only on the genital and gynecologic structures
but also on the lower urinary tract and pelvic floor structures7.
While the impact of estrogen deficiency on genital function
may result in vaginal dryness, itching, burning and dyspareunia, the impact on urinary function includes symptoms such
as urinary frequency, urgency, nocturia, dysuria, incontinence
and recurrent urinary tract infections8,9. The prevalence of
such symptoms may vary significantly according to many variables (age, menopausal stage, study design, country), i.e. the
prevalence of urinary incontinence (UI) ranges from about 5%
for severe to 60% for mild incontinence10. The mechanisms
by which the decline in estrogen may significantly affect urogenital tissues have been elegantly reviewed elsewhere, as well
as the potential role of estrogen therapy in the management
of urogenital atrophy in postmenopausal women11. The role
of HRT in postmenopausal UI remains controversial because
lower urinary tract symptoms have only been considered in
secondary analyses of large epidemiological studies12–15.
Recent longitudinal data indicate that annually measured values and year-to-year changes in endogenous estradiol levels are
not associated with the development or worsening of incontinence in women during menopausal transition16. Indeed,
menopausal stage has not been associated with developing
more frequent incontinence (leaking several times per week or
more), whereas worsening anxiety symptoms, weight gain and
diabetes have been associated with developing more frequent
incontinence17. These findings are in line with previous studies
demonstrating that UI in middle-aged women is more closely
associated with mechanical factors than with menopausal
transition18,19. The main risk factors for stress UI, the most
common form of UI in women at midlife, are obesity and being
parous19. Nonetheless, it is likely that urinary urgency, frequency, and urgency incontinence are symptoms of urogenital
atrophy in older postmenopausal women20.

HORMONES AND LOWER URINARY
TRACT SYMPTOMS
Differences between systemic and local routes of administration have been outlined for estrogen treatment in the management of lower urinary tract symptoms21. In a subgroup
post-hoc analysis of 1525 women who had at least one episode
of incontinence weekly at baseline in the HERS study, Grady
and colleagues15 found that daily HRT was associated with
worsening of both stress UI and urge urinary incontinence. No
difference in daytime frequency or nocturia was evident
between groups. The increased risk was minor (incontinent
episodes increased by 0.7 per week in the HRT group and
decreased by 0.2 per week in the placebo group) and evident
by 4 months of treatment, suggesting no protection of systemic
HRT against incontinence. In addition, in those women
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(n  1208) without loss of urine at baseline in the HERS study,
weekly urge UI was reported by 48% of the HRT group and
by 36% of the placebo group, while weekly stress UI was
reported by 54% of the HRT group and by 38% of the placebo
group, causing an excess risk of 12% for weekly urge UI and
16% for weekly stress UI during 4 years of treatment22.
In the subgroup post-hoc analysis of the observational
Nurses’ Health Study13, the risk of UI among women taking
HRT was greater than that for women who had not taken
any estrogen, both orally or transdermally, either alone or in
association with a progestin. The risk was mild, with an
annual incidence of 1.6% per year and disappeared after
therapy discontinuation. An Australian community-based
observational study reported an overall prevalence of UI of
42% in women and found no association between HRT use
and UI risk for any UI, or stress UI, urge UI and mixed UI
when age, weight, parity, hysterectomy and other clinical
variables were taken into account19. Importantly, this study
used validated questionnaires to assess UI. In the WHI
estrogen  progestin randomized, controlled trial (RCT)14,
incident UI, both stress UI and urge UI, was greater at 1 year
among women taking HRT. The risk was highest for stress UI
followed by mixed urinary incontinence, while HRT had no
effect on developing urge UI, with an increased risk only with
estrogen therapy. In addition, among women with incontinence at baseline, those taking HRT, either estrogen alone or
in combination with a progestin, reported a greater frequency
of incontinence episodes, increased volume of leakage and a
greater impact on quality of life. These findings pointed out
the need to reconsider the historic evidence suggesting a beneficial effect of estrogen on incontinence, and the most recent
European guidelines, based on the 4th International Consultation on Incontinence (ICI), indicate that systemic estrogen,
alone or in association with progestins, may not be recommended for treating stress UI or urge UI23. As far as local
estrogen use is concerned, the current evidence does not favor
a beneficial effect on stress UI, but supports an improvement
of urge UI and overactive bladder symptoms because these are
symptoms of urogenital atrophy in older postmenopausal
women24. A 2008 Cochrane review25 of the use of estrogen
therapy for recurrent urinary tract infections in postmenopausal women did not support the use of systemic estrogen,
but indicated that vaginal estrogen reduced the number of
urinary tract infections.

SEXUAL FUNCTION AND LOWER
URINARY TRACT SYMPTOMS
Stress UI and urge UI/overactive bladder have a negative
impact on women’s sexual life, not only as a consequence of
the impairment of self-image, partner relationship and social
activities but mostly because UI during sexual activity may
occur, with a prevalence ranging from 10 to 56%26. In spite
of the evidence that 46% of a sample of women with lower
urinary tract symptoms urodynamically evaluated had concomitant sexual dysfunction with a significant relationship
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between stress UI and loss of libido, urge UI and anorgasmia,
recurrent urinary tract infections and dyspareunia, the majority (74%) had not even been asked about their sexual life27.
At present, some evidence suggests an association between
urinary leakage at penetration and USI and urinary leakage
during orgasm and urge UI/overactive bladder28. Therefore, it
is mandatory to provide early intervention on the lower urinary tract in order to prevent sexual symptoms at menopause.
Local estrogen treatment has proven efficacy in preventing
urogenital aging and associated conditions7.

MENOPAUSE, HT AND SEXUAL FUNCTION
Sexual health has been defined by the World Health Organization (WHO) as ‘a state of physical, emotional, mental and
social well-being related to sexuality’29. It is not merely the
absence of disease, dysfunction or infirmity. Cross-cultural
studies demonstrate that the vast majority of women consider
sexual activity to be important to them30. The Global Better
Health Survey, which involved several Asian countries,
reported that over 80% of women considered that physical
foreplay, intercourse and the ability to achieve orgasm were
each at least somewhat important to very important30,31.
Sexual problems in women adversely impact on self-esteem,
quality of life, mood and relationships with sexual partners31,32.
In a cohort of US adult women, sexual dysfunction has strong
positive associations with low feelings of physical and emotional satisfaction and low feelings of happiness33. Davison
and others found general psychological well-being to be
inversely related to female sexual satisfaction in premenopausal and postmenopausal non-depressed women in the
community who were not necessarily partnered, and who selfidentified as being either sexually satisfied or dissatisfied31.
Others have reported that sexual desire within a relationship
is a key determinant of the quality of the non-sexual aspects
of the relationship. Women reporting a discrepancy between
their own and their partner’s sexual desire have lower relationship satisfaction34, and individuals in sexually inactive
relationships report less marital happiness35. Women who
experience higher levels of physical pleasure in sex are significantly more likely to have higher levels of emotional satisfaction35. These findings fit in well with the WHO statement
defining human sexual health.

Nappi and Davis
Dyspareunia increases across the menopause. About 20% of
perimenopausal women report occasional dyspareunia, with
5% experiencing this problem on most occasions37. Women
with vaginal dryness are more likely to experience dyspareunia, arousal difficulties, more frequent masturbation and less
physical and emotional sexual satisfaction37. An important
observation of one large study is that, despite the reduction
in desire and increase in sexual pain observed across the
menopausal transition, the frequency of sexual activity does
not seem to change37. Davison and others reported that the
frequency of sexual activity was slightly lower for postmenopausal women satisfied with their sexual function than for
premenopausal women satisfied with their sexual function38.
However, the frequency of sexual activity did not differ
between pre- and postmenopausal women dissatisfied with
their sexual function, with each having on average five sexual
events per month38. Overall, this latter study found that
women satisfied with their sexual life had higher frequencies
of sexual thoughts, interest, events, and initiation of activity
than dissatisfied women.

PREVALENCE OF SEXUAL PROBLEMS
IN POSTMENOPAUSAL WOMEN
A recent cross-sectional study of American women has
reported that the prevalence of sexual symptoms associated
with distress (Female Sexual Distress score  15) amongst
women aged 45–64 years is 12.3% for sexual desire, 7.5%
for sexual arousal, 5.7% for orgasm and 14.8% overall39.
Asian studies suggest high rates of female sexual dysfunction
in postmenopausal women. A Malaysian study has reported
a prevalence of 30% amongst women with a mean age of
30 years40, and a study of postmenopausal Thai women,
mean age 56.8 years, revealed that only 14% occasionally
reached orgasm and 86% never experienced orgasm after
menopause41. In a survey conducted in six European countries, one-third (34%) of the postmenopausal women reported
that they experienced a reduced sex drive42, whereas, in a
clinical cohort of women between 45 and 59 years of age in
South America, low sexual desire (40.5%) was the main reason for sexual inactivity43.

CHANGES ACROSS THE MENOPAUSE

NON-HORMONAL FACTORS THAT
CONTRIBUTE TO SEXUAL FUNCTION
PROBLEMS

The most common sexual difficulties reported by women at
midlife include loss of sexual desire, inability to relax, dyspareunia, difficulty in becoming aroused and achieving orgasm
and anorgasmia36. The importance of sex to women does not
appear to change much across the menopause37. In contrast,
across the menopause transition, sexual desire diminishes,
with approximately 10–15% of perimenopausal women
reporting no sexual desire37. Less than 5% of perimenopausal
women report never, or almost never, experiencing arousal37.

Sexual difficulties at midlife appear to be more common
amongst women who are more highly educated, in a significant relationship, experiencing poor personal health, have
concurrent urinary incontinence, have depression, or who
have a past history of sexual abuse36. Sidi and others observed
that sexual problems were more common amongst Malay
women who were older, married more than 14 years, had
intercourse less than one to two times a week, had more children, married to an older husband and had a higher academic
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status40. For postmenopausal participants in the WHI study
of either estrogen  progestogen or estrogen only, the factors
found to be associated with not being sexually active with a
partner included low income, chronic health conditions,
higher body mass index, use of antidepressants, hysterectomy, daily leakage of urine, and physical examination evidence of vulvovaginal atrophy44. Domestic or employment
stress may be a factor for some women. Personal illness, or
illness of a partner or a change in a partner’s sexual function,
which may be diminished or enhanced by medication, may
alter the dynamics and sexual functioning in a relationship.
Poor body image and loss of self-esteem due to weight often
contribute to a woman’s reluctance to engage in sexual
activity.
Impaired sexual function is a common feature of depression. Female sexual dysfunction is frequently reported by
women using selective serotonin reuptake inhibitor (SSRI)
therapy32,45, the most commonly used antidepressants.
SSRI-associated female sexual dysfunction most commonly
presents as loss of libido, arousal difficulties or delayed
orgasm/anorgasmia. The overall incidence of antidepressantrelated female sexual dysfunction is in the order of 55%45.
Women who have undergone hysterectomy with preserved
ovaries are not more likely to experience sexual difficulties;
however, women who experience a surgical menopause are
more likely to have sexual problems than naturally menopausal women. The WHI observational study attempted to
capture correlates of sexual satisfaction among sexually active
women aged 50–79 years. The investigators only included
women who reported sexual activity with a partner of the
preceding year46. In this cohort, being older was associated
with greater sexual satisfaction, and SSRI therapy was found
to be significantly linked with sexual dissatisfaction46. In the
combined WHI HRT studies, at baseline 62% of partnered
women and 42% of women without a partner reported being
satisfied with their ‘current sexual activity’44. Of the women
who were dissatisfied with their sexual activity at baseline,
57% indicated that they would have preferred more sexual
activity, 8% preferred less44. This study did not provide information about masturbation. Avis and co-workers looked at
masturbation across the menopause. They found the frequency
of masturbation to increase in the early perimenopause and
decrease in the postmenopause, relative to the premenopausal
years37. This may be related to the increase in the vaginal pain
during intercourse experienced by women in the perimenopausal years.

HORMONAL FACTORS THAT INFLUENCE
SEXUAL FUNCTION AFTER MENOPAUSE
Hormones and vaginal atrophy
Vaginal atrophy is a consequence of postmenopausal estrogen
insufficiency47, but as estrogen levels are generally sustained
until the final menstrual period, many perimenopausal women
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remain unaffected. Vaginal atrophy can present as dryness,
irritation, infection and dyspareunia48. The Menopause Epidemiology Study in the US provides evidence of an association
between vulvovaginal atrophy and overall female sexual dysfunction and its subtypes. Indeed, in a sample of sexually
active postmenopausal women (n  1480), the prevalence of
vulvovaginal atrophy (57%) and female sexual dysfunction
(55%) were high and women with female sexual dysfunction
were 3.84 times more likely to have vulvovaginal atrophy
than women without female sexual dysfunction (95% confidence interval 2.99–4.94)49.
The WHI HRT studies were not undertaken to evaluate the
effect of HRT on symptoms but rather on specific disease outcomes. In both WHI HRT trials, the prevalence of vulvovaginal atrophy at baseline was 69%44. Overall, women with vulvovaginal atrophy diagnosed clinically were less likely to be
sexually active; however, women who reported moderate to
severe vaginal dryness were more likely to be sexually active44,
suggesting that most women need to be sexually active to be
aware that they have vaginal atrophy symptoms.
In the WHI estrogen  progestogen study, at baseline, 3.9%
of women aged 50–54 years reported vaginal itching and
10.8% reported vaginal dryness50. Whereas systemic estrogen  progestogen did not significantly improve vaginal itching versus placebo, it significantly improved symptomatic
vaginal dryness50. Estrogen therapy restores normal vaginal
pH levels and thickens and revascularizes the epithelium.
Superficial cells are increased and symptoms of atrophy are
alleviated51. Importantly, low-dose vaginal estrogen improves
vaginal atrophy without causing significant proliferation of
the endometrium or increase in serum estrogen levels beyond
the normal postmenopausal range52–54. Treatment for vaginal
atrophy with intravaginal estrogen preparations, either estradiol or estriol, has been shown to be safe and effective in a
number of randomized trials, as described in thorough
reviews51,55.
The use of androgens to treat vaginal atrophy has been
recently explored in small RCTs. Testosterone and dehydroepiandrosterone (DHEA) are estrogen precursors that each
provide local combined androgenic and estrogenic effects in
the vagina when applied vaginally. Small short-term studies
have shown that daily intravaginal application of either lowdose DHEA or testosterone improves objective and subjective
measures of vaginal atrophy in women experiencing vaginal
dryness and irritation56,57. Further studies are required to
verify the effectiveness of these therapies and whether efficacy
persists if application is less frequent than daily.
Vaginal dryness in relation to sexual activity may occur in
the setting of adequate vaginal estrogenization and be due to
failure to be aroused and lubricate. In this setting, treatment
with vaginal estrogen does not address the problem. Rather,
treatment involves the assessment and management of sexual
desire and arousal. Treatment of women in their late reproductive years and postmenopausal women with testosterone
has been associated with increased arousal and vaginal lubrication and reduced dyspareunia58.
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Hormones and sexual desire, arousal and orgasm
In women, both estrogens and androgens are thought to contribute to sexual desire59, with subsequent consequences for
women during and after the menopause transition due to the
significant decline in estradiol levels and with the decline in
androgen levels related to aging60. Arousal is believed to arise
from central and peripheral (genital and non-genital) mechanisms61. Important elements include hormonal factors, genetic
factors, neural factors and the specific influences of culture
and context62. Hormonal influences in women are thought to
be mainly mediated by estrogens and include priming of
female sexual tissues, but also sensitizing of neural tissue63.
The relationships between steroid hormones and neurotransmitters which are pro-arousal, such as dopamine, norepinephrine, serotonin, histamine and acetylcholine, are pivotal62,64,65.
From animal studies, it has been postulated that there is a
complex interplay between sex steroid hormones and endogenous and exogenous factors that bind to D1 dopamine,
oxytocin, opioid, γ-aminobutyric acid and adrenergic receptors66. This interaction involves the maintenance and preparation of sexually responsive tissues including genital tissues,
with effects on blood flow and smooth muscle via the sympathetic and parasympathetic nervous system.
In the WHI HRT studies, sexual satisfaction was assessed
by a single question, with four answer options: ‘very unsatisfied’, ‘a little unsatisfied’, ‘somewhat satisfied’ or ‘very satisfied’. Scores ranged from 1 (worst) to 4 (best)67. No significant effect of estrogen  progestogen or estrogen alone on
sexual satisfaction was observed68. However, this initial analysis was not limited to sexually active women but included
all study participants aged 50–79 years at recruitment.
Women in the WHI HRT studies were also asked if they were
sexually active. Being sexually active at baseline not surprisingly predicted being sexually active in subsequent years of
the studies44. When an analysis limited to women adherent
to therapy was undertaken, HRT use was associated with a
higher rate of sexual activity by the 6th study year44. However, as several studies have shown, frequency of sexual activity should not be considered to equate with sexual satisfaction or pleasure69. In a community-based, observational
study, postmenopausal HRT users have reported higher frequencies of sexual thoughts and sexual interest compared to
non-users, which may be due to improvements in vaginal
dryness but may also be due to estrogen acting centrally70.
In contrast to the decline in estrogen following menopause,
testosterone levels do not change abruptly across the menopause transition, but fall progressively with age from the
mid-reproductive years60. The use of tibolone, which exhibits
estrogen, progestin and androgen effects, has been associated
with improved sexual function71. An RCT of postmenopausal
women demonstrated a greater effect of tibolone over transdermal estradiol–norethisterone therapy on sexual function, as
evidenced by the Female Sexual Function Index (FSFI) score,
over 24 weeks in the per protocol analysis71. In this study,
tibolone was associated with a significant increase in responsiveness to partner-initiated sexual activity compared with
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transdermal estradiol–norethisterone therapy71. The efficacy of
systemic DHEA as a treatment for female sexual dysfunction
in postmenopausal women has been investigated in a number
of RCTs which have uniformly shown no benefit72–75.
Testosterone, administered either orally as methyltestosterone or as a transdermal patch or gel has been shown to
improve sexual function in postmenopausal women presenting with diminished sexual desire58,76,77. Benefits have been
seen for both naturally78 and surgically79 postmenopausal
women and for estrogen users80 and non-users81. The transdermal testosterone patch is available in EU countries for the
treatment of surgically menopausal women with persistent
low libido despite adequate estrogen therapy. A transdermal
testosterone cream is available in Australia, with small studies
showing efficacy in premenopausal and postmenopausal
women82,83. The cardiovascular and breast safety of transdermal testosterone is presently being investigated in a large
longitudinal study being conducted in the US84. Favorable
findings from this study may pave the way towards the
approval of transdermal testosterone therapy for women.

CONCLUSION
In summary, the menopause is associated with a reduction in
sexual desire and arousal, an increase in dyspareunia, primarily
due to vulvovaginal atrophy, but little change in the frequency
of sexual activity or the importance of sexual well-being.
Women who are not sexually active are unlikely to report vaginal dryness. Vaginal atrophy is effectively treated with local
estrogen therapy and the role of intravaginal DHEA and testosterone for the treatment of vaginal atrophy continues to be
investigated. Systemic HRT also alleviates vaginal atrophy, but
appears to have little additional direct influence on desire,
arousal or orgasm. Testosterone therapy has been shown to
improve sexual desire, arousal, orgasm and sexual satisfaction
and longer-term studies are underway evaluating the breast and
cardiovascular safety of transdermal testosterone therapy.
We believe that post WHI there is more need for medical
practitioners to proactively raise the topic of urogynecological
and sexual health in order to help patients to understand that
urogenital aging is a chronic condition resulting from longterm hormonal deprivation. A tailored approach to the variety
of symptoms related to vaginal atrophy may be required, as
well as a sensible discussion to select the most suitable treatment option for the individual woman.
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ABSTRACT
Results from the first publication of the Women’s Health Initiative trial were announced by press release
and press conference in July 2002. The announcement explained that the combined hormone trial had been
terminated early because of ‘increased breast cancer risk’. The dramatic nature of the announcement set the
tone for the early news reporting from the study and introduced a note of confusion into the media’s perception of hormone replacement therapy (HRT). Such a tone persisted until July 2007, when the trial revised
its findings on cardiovascular risk. Despite investigators’ protests to the contrary, the results were perceived
by the press as a U-turn, and reinforced the media’s confused interpretation of the safety and benefits of
HRT. We argue that the WHI’s melodramatic presentation of its results explains the media response.

INTRODUCTION
It is said that a medical journalist working on a prominent
daily newspaper will receive around 50 story tips a day. They
arrive by phone, by e-mail, by press release, by press conference, and even by word of mouth. Most will be non-starters;
but even if two or three of these stories are actually written
and filed, there is still no guarantee that they will find their
way into print. All stories must compete for limited space.
But, when a press release from the Journal of the American
Medical Association (JAMA) pinged into in-boxes during
the first week of July 2002, there was every reason that this
story would make it through the log-jam. The JAMA press
release (‘Hormone therapy study stopped due to increased
breast cancer risk’) was followed immediately by a similarly
headlined release from the National Heart, Lung and Blood
Institute (NHLBI) and a flurry of earnest statements from
investigators saying that trial subjects had been told to stop
their medication.
The JAMA announcement, which like the rest had carried
an embargo for 08.30 US Central Time on Tuesday, 9th
July 2002, recounted more than just salient facts and investigator comment. Reporters were also invited that day to a
press conference in the ballroom of the National Press Club
in Washington DC, where speakers would include no less
than the director of the NHLBI and the acting director of
the Women’s Health Initiative (Figure 1). JAMA was also

planning to feed a video release of proceedings via Telstar
satellite 6.
However, even without the press conference and the satellite
feed, the Women’s Health Initiative (WHI) had all the ingredients of a big story. Indeed, by the year’s end, the international news agency Associated Press had dubbed it the ‘top
medical story of 2002’, describing the fall-out – in the words
of WHI investigator JoAnn Manson – as ‘the most dramatic
sea change in clinical medicine that I have ever seen’. And
certainly, the story was bursting with drama, even in the very
wording of that first press release: ‘a major study . . . stopped
because of health safety concerns . . . because of the importance of the researchers’ findings . . . 16 608 menopausal
women . . . stop prescribing estrogen plus progestin . . . treatment not beneficial overall.’
And to pile drama on drama, just one day after the press
embargo was lifted – on Wednesday 10th July – the Committee on Safety of Medicines (CSM) in Britain issued new advice
on the use of hormone replacement therapy (HRT), that it
should not be used for the prevention of cardiovascular disease and that women who did use it ‘should have a regular
check-up’. A day later, the warning was repeated in Australia,
and a week later the American Heart Association issued similar advice that physicians should avoid HRT for the prevention of cardiovascular disease. (An FDA statement was not
issued until 13th August, noting a need to reassess risks and
benefits.)
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Figure 1 The press announcement from JAMA – ‘Hormone Therapy Study Stopped Due to Increased Breast Cancer Risk’ – inviting reporters
to a news conference at the National Press Club, Washington DC

PHASE 1: SHOCK AND TERROR
But by then the story was out, and for most of the press, as
explicitly indicated in the headlines of the co-ordinated JAMA/
NHLBI press releases, the story was indeed breast cancer –
even though, as the published paper made clear, ‘the primary
outcome for the trial [was] coronary heart disease’. The press
release itself explained that ‘the trial was stopped because of
apparent increased risks in invasive breast cancer, as well as
coronary heart disease, stroke, and pulmonary embolisms in
study participants’. So the story that journalists prepared for
the mornings of 9th and 10th July when the embargo lifted
was the increased risk of breast cancer caused by HRT. ‘HRT
linked to breast cancer’, was the unambiguous BBC headline
(Figure 2). Moreover, every ingredient for a big story was
there – unexpected results (‘met with shock and disbelief’,
according to the New York Times), inevitable public health
implications, the makings of a health scare (‘Alarm over HRT
cancer risk’, headlined the Sydney Morning Herald), and controversy by the bucket load. This indeed was 21st century
news: shocking, terrifying and controversial.
Coverage, in both broadcast and print, was wall-to-wall,
with the emphasis on risk and public health. To avoid any
confusion over the statistical relative risks, the NHLBI press
release (unlike JAMA’s) had helpfully expressed the hazard
ratios in plain man’s language: ‘that during 1 year, among
10 000 postmenopausal women with a uterus who are taking estrogen plus progestin, eight more will have invasive
breast cancer, seven more will have a heart attack . . . than
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will a similar group of 10 000 women not taking these
hormones’.
The NHLBI press release had also explained the emphasis
on breast cancer – that, for the trial’s monitoring board, it
was the breast cancer cases which had risen beyond an
acceptable limit (even though the relative risk of breast cancer in the published paper was marginally less than that of
myocardial infarction). Also quoted in the press release was
the WHI statistician Garnet Anderson, who reported:
‘Because breast cancer is so serious an event, we set the bar
lower to monitor for it. We pre-specified that the change in
cancer rates did not have to be that large to warrant stopping
the trial. And the trial was stopped at the first clear indication of increased risk.’
However, these caveats did little to hold back the flood.
According to Newsweek magazine, ‘the announcement caused
a near panic among the more than 13 million American
women now on hormone replacement therapy. Doctors’
offices were overwhelmed by calls, and Wyeth Pharmaceuticals, the maker of Prempro, saw its stock price plunge by 25%
overnight’.

PHASE 2: DON’T PANIC
So much for shock and terror. Controversy came in the next
few days, when the menopause establishment slowly came to
life and experts at home had time to consider the findings. The
initial press reports had simply followed the WHI line – that
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Figure 2 ‘HRT linked to breast cancer’. How the BBC reported
the story on the morning of Wednesday 10th July

the trial had been stopped on the grounds of safety and that
women had been told to halt their medication and see the
doctor. How else could the story be reported? But over
the following days, as the study details were analyzed and the
editorials digested – and as news desks demanded follow-up
to the story – these simple facts reported verbatim were now
challenged, and among the challengers prepared to stand up
and be quoted were the professional and consumer menopause societies, especially in Britain and the USA. Among
those widely quoted in the UK were the osteoporosis specialist
David Purdie (‘no British women should stop taking HRT on
the basis of these results’) and a succession of leading gynecologists; even the Oxford epidemiologist Valerie Beral –
whose Million Women Study would cause even more controversy just 13 months later – said ‘there is no need to panic’.
Indeed, looking back in a 2009 interview, Rowan Chlebowski,
principal investigator of the trial, said that the greatest support for HRT came more from the gynecologists than from
general medicine or oncology. ‘The gynecology community
tends to focus more on heart problems than . . . breast or lung
cancer,’ said Chlebowski, who added with pejorative innuendo that the manufacturers of HRT preparations were ‘big
supporters of the gynecological community’1.
However, it is also worth noting that even the regulatory
announcements which had followed so dramatically hard on
the heels of the initial WHI report did not in fact cry havoc
about the results. The CSM, for example, seemed underwhelmed, saying in its statement that the new findings confirm
what is already known about breast cancer and HRT, and that
HRT should not be used for any cardioprotective effect. The
Chairman of the CSM added: ‘This is no cause for alarm.’
As these press follow-ups began to emerge, the subjects
of most controversy were the progestogen component of
the combined HRT (medroxyprogesterone acetate, deemed
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by some to be excessively androgenic in its metabolism),
the diagnostic definition of ‘breast cancer’, and the age
range of the trial subjects (50–79 years, and the likelihood
that age and not hormones would explain the cardiovascular findings).
And on this question of age, it’s also worth considering just
what journalists ‘knew’ at this stage and what they did not
know (both the known unknowns and the unknown
unknowns). The ‘facts’, as universally and faithfully reported
at the end of the embargo period, were that a major NIH trial
of combined HRT had been stopped on the grounds of safety,
with increased relative risks of coronary heart disease (1.29),
breast cancer (1.26), stroke (1.41), and pulmonary embolism
(2.13); risks of hip fracture and colorectal cancer were reduced,
but there was no significant effect on all-cause mortality.
Unknown at the time was the effect of age on the risk of coronary heart disease and stroke, or whether the findings with
combined HRT were replicated with estrogen alone. Such
matters could only be left to speculation, or ignored.
In fact, and notwithstanding a 2003 publication on combined HRT and coronary disease risk, it would not be until
2007 and a ‘secondary’ analysis of all the cardiovascular data
that the age factor would be addressed – when the WHI investigators formally acknowledged that ‘women who initiated
hormone therapy closer to menopause tended to have reduced
CHD risk compared with the increase in CHD risk among
women more distant from menopause’2,3. As a counterpoint
to any accusation that this might constitute a U-turn on coronary heart disease – as the UK’s Daily Mail would prominently
charge – the NIH press release said that the effect may vary
by age and that these findings ‘are consistent with the primary
publications from the WHI trials’.

PHASE 3: STANDING UP FOR READERS
On 21st July 2002, less than 2 weeks after the WHI news first
broke, the US magazine Newsweek ran an article on the fallout titled ‘What’s a woman to do?’. It was a sentiment echoed
in many more publications across the world, as the story
shifted from the news to the feature pages. At the heart of
these features were women themselves, women who, like so
many readers and TV viewers, had had to abandon their HRT
without adequate explanation. And what they resented, as
they recounted their own short-lived experiences, was that
nothing had been recommended to take the place of HRT. The
keyword of these articles, as well as many which followed,
was ‘confusion’. Indeed, that Newsweek story of 21st July
had begun with ‘No doubt you’re confused about hormone
replacement therapy’, and went on to quote a 60-year-old
who had been on HRT for 7 years and had now decided to
stop. ‘I think there should be clear, definitive answers,’ she
said, ‘but of course there aren’t. I hate these studies.’
Thus, as this momentous year moved on, coverage of the
menopause in the media took on a theme of self-help, to help
women make their own decisions about HRT and manage
their symptoms for themselves. A rather dry and convoluted
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analysis of ‘major’ media coverage of the WHI, commissioned by the Hormone Foundation of the Endocrine Society and published in 2009, found that the media ‘did a good
job of telling women what to be concerned about if they
were using HT, but a poor job of providing the information
women need to determine if the latest findings apply to
them’4. Such conclusions, derived only from US press and
broadcast coverage, suggest that more emphasis was placed
on risk than on benefit, but that those risks were inadequately quantified.
No other year since has seen anything like the coverage
that HRT received in 2002. The same Hormone Foundation
review counted 139 major stories in 2002, but only 49 in
2003, despite the UK frenzy over the Million Women Study,
more WHI data on HRT and dementia (WHIMS), and a
growing interest in alternative and complementary therapies. And despite the abrupt end of the WHI’s estrogenalone trial in March 2004, coverage that year remained
similarly restrained.

THE WINDOW OF OPPORTUNITY
Media coverage during the 5 years following the first WHI
report remained largely negative, with study after study
announcing relatively ‘harmful’ effects. There was a note of
added confusion when individual specialists challenged these
findings (particularly of the Million Women Study), but overall
the press seemed to accept that the days of HRT were numbered. In September 2006, Britain’s National Institute for
Health and Clinical Excellence (NICE) excluded HRT altogether from its draft guidance on the prevention of osteoporosis, presumably on the grounds of safety and not efficacy, and
with that HRT appeared to have little place in the provision of
women’s health, a fact which the press now seemed – albeit
reluctantly – to accept. Indeed, as the bad news about HRT
continued to accumulate, a Dutch study claimed that ‘media
coverage’ had largely contributed to the rapid decline in HRT
prescribing in the Netherlands5. The investigators found that
prescribing levels fell suddenly after August 2003 when the
Million Women Study was published; the number of new users
fell by 29% and continuing users by 42%. While the WHI
report of 2002 had failed to have much impact in the Netherlands, where it received little or no press attention, coverage of
the Million Women Study, ‘which included the front pages of
six national newspapers . . . definitely played a role in reducing
the number of women using, and being prescribed, HRT’.
While this Dutch investigation may well have been yet
another study of the blindingly obvious, it does nevertheless support the adage that news is only news if the journalist chooses to report it; news does not exist as a predefined
abstract. So wars have been fought and tragedies endured
without them ever being news. In their publicity for the
WHI and Million Women Study, The Lancet and JAMA
were also in the news business, in packaging their material
in such a way that it was reported and did make the
headlines.
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The WHI did not bounce back onto the news pages until
April 2007 when the investigators published – yet again in
JAMA – results of a secondary analysis of HRT’s effects on
cardiovascular disease. These findings would largely shape the
regulatory and public position of HRT today and shift the focus
of attention back to the study’s original objective. The report
proposed that women who began HRT within the first 10 years
following the menopause actually reduced their risk of coronary heart disease (a hazard ratio of 0.76). Those who started
10–19 and more than 20 years after slightly increased their
risk (HR 1.10 and 1.28, respectively). The data also showed
that hormone users aged 50–59 had a 30% lower risk of allcause mortality than those given placebo. Thus, with a continuing recognition of HRT’s unequivocal effect on climacteric
symptoms, the concept of a window of prescribing opportunity began to take shape. Indeed, Jacques Rossouw of the
NHLBI told the New York Times that ‘we were as clear as
could be that there seems to be a window of opportunity to
use it in that short interval’.
This apparent flip-flop of the WHI was greeted by howls
of protest in the media, especially in the UK and USA; in
London the Daily Mail in a front-page splash said that ‘millions of women may have been scared into abandoning HRT
unnecessarily’, while many others took a similar line (Figure
3). As noted earlier, the press releases accompanying the publication had stressed that the findings were ‘trends’ and not
statistically significant, and thus ‘consistent with the primary
publications’. However, in the USA the Wall Street Journal
reported that the ‘conservative’ p-value of the study (0.01)
was not the same as the more conventional 0.05 value applied
when the paper was first submitted for publication. Once the
latter value was applied, the findings became statistically
significant6.
The decision to lower the standard for statistical significance to 0.01, Rossouw told the Wall Street Journal, was on
the recommendation of both ‘internal reviews and the journal
reviews’. Both he and JAMA played down the importance of
the late p-value change (it’s the overall tone of the paper that
matters, said Rossouw), but Wulf Utian, Executive Director
of the North American Menopause Society, was quoted as
saying that the study’s claim of non-significance was nothing
but a ‘statistical game’. ‘It’s like a half-hearted apology,’ Utian
told the Wall Street Journal. ‘They did the analysis, but then
they say it isn’t really statistically valid. Before, they were
happy with 0.05 with every other study they wrote, but now
they say it should be 0.01.’
Rossouw was also dismissive about the results reversing
the WHI’s initial findings, insisting that hormones should still
not be taken to prevent heart disease. ‘I understand some
people are going to say we’ve reversed course,’ he said. ‘But
the data are the data.’ The press, however, did not agree.
‘Hormone therapy redeemed’, headlined Time magazine,
while the news agency Reuters reported that hormone therapy was ‘safe’ for younger women. ‘A major government
study that once warned that menopause hormones raised
heart risk has now concluded that they don’t,’ was how the
Wall Street Journal saw it.
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Figure 3 Front page news. How the UK’s Daily Mail reported the
2007 secondary analysis of HRT and cardiovascular disease

Press interest over the intervening years has been peppered by three recurring stories: statements from regulatory
and professional organizations redefining the place of HRT
in women’s health; a decline in the incidence of breast cancer intuitively attributed to a lower use of HRT; and continuing more formalized criticism of the WHI (and Million
Women Study) in the medical journals. Professional opinion, which some journalists were happy to report, agreed
that HRT remains the most effective treatment for menopausal symptoms, but that use seems most appropriate in
women in their fifties.
‘The results of the WHI trial were wrongly extrapolated to
the whole postmenopausal population,’ concluded a 2007
statement from the International Menopause Society. And
that same year, following further investigations, the Wall
Street Journal would ask: ‘How could the heart risks of
menopause hormones for this crucial cohort change so dramatically in just 5 years?’7. The answer, it found, was that
‘some aspects of what was initially reported from the $725
million [study] were either misleading or just wrong’. Even
some WHI investigators themselves confessed that the initial
results were ‘overgeneralized’. One of those investigators was
quoted as being ‘concerned that the interpretation of the
WHI has unnecessarily scared a generation of women from
the treatment’.
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In 2011, the use of HRT among women aged 40–59 has
fallen from a high of around 30% in 2000 to just 8%. The
press continues to be named as one (though not the exclusive)
reason for stopping or not starting treatment. Women remain
worried about the health risks and remain disposed towards
alternative therapies (notably vitamin and herbal supplements) and towards a menopause without medication. Surveys continue to suggest that more women believe that the
risks of HRT (particularly breast cancer) outweigh the
benefits.
Yet it seems disingenuous to lay the blame for these trends
exclusively at the door of the journalist. The family doctor,
the internet, friends and relatives are all much cited sources
of information, whose influence may be just as great as, if not
greater than, that of the press. And it seems clear to me, in
looking back at how the media covered the continuing saga
of the WHI, that almost all of what was reported followed
the line of WHI’s own press releases and comment. Indeed,
one wonders what the media reaction would have been had
most WHI reports been published in the New England Journal
of Medicine, and not JAMA. The former, despite its high
impact factor, does not produce its own press releases; JAMA
has a well-oiled media machine.
But looking back, there were very few media investigations to expose the skeletons in the cupboard of the WHI,
and it seems fair to conclude that, up to the re-analyzed
cardiovascular data of 2007, what the press wrote was
what the WHI intended. The same might well be said of
the Million Women Study, whose publication in The Lancet
was similarly accompanied by dramatic press release, sound
bites and quantified risks likely to stir the most indifferent
reporter.
In 2008, a study from Cardiff University into the UK news
media’s reliance on ready-made copy found that 60% of press
articles and 34% of broadcast stories come wholly or mainly
from pre-packaged sources – and the sector most amenable to
such spoon-feeding was health. And the reason? Simply that
journalists now had to file more stories but with less time than
ever before, which had ‘increased reliance on recycling material rather than reporting independently’8.
We are not saying here that reporting of the WHI’s many
studies was simply and only a recycling exercise, but it does
seem fair to say that, with the weight of its governmental
authority, the strength of its patient numbers, and the slickly
pre-packed drama of its presentation, there was little doubt
that the WHI story would be covered, and covered just as
(some of) its investigators and publishers would have
wished.
In 2007, in a book written by Wall Street Journal reporter
Tara Parker-Pope on The Hormone Decision, Rossouw was
quoted as saying that the NHLBI in 2002 was going for ‘high
impact’ from its press conference in Washington9. The goal,
said Rossouw, was ‘to shake up the medical establishment
and change the thinking about hormones’. To that extent,
of course, they were successful. The big issues they raised
were questions the press was keen to ask – and questions
which remain relevant today, even if not yet comprehensively
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answered. And this may be one reason why the menopause
and HRT seem now of only minority interest to journalists,
kept at arm’s length in a mist of potential risk and definite
maybes. For her part, Barbara Alving, a former acting
director of the NHLBI, also told Tara Parker-Pope that the
WHI results were presented ‘in a very dramatic fashion’.
‘There should have been less drama and more thought,’
she went on. ‘What we learned is that we need to work
much better in the communication of risk, so people can
understand it.’

Brown
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ABSTRACT
Following the announcement of the first results of the Women’s Health Initiative (WHI) to the media in 2002,
prior to their scientific publication, the resulting panic headlines had an immediate and lasting negative effect
on use of menopausal hormone replacement therapy (HRT) around the world. Rates of use dropped by
40–80%. Symptomatic women then sought multiple alternative therapies but the majority of these have
no greater effect than the effect seen from placebo in well-conducted trials of HRT. Some of these therapies
have risks.
Although anecdotally most menopause practitioners after 2002 can attest to having to counsel large
numbers of women with debilitating menopausal symptoms who were too frightened to consider HRT, it is
difficult to document loss of health-related quality of life in large population studies as they were not conducted. Similarly, the positive or negative effects of the marked decline in HRT on long-term morbidities and
mortality have yet to be fully assessed. Recent studies have shown an increase in postmenopausal fractures
and in some, but not all, populations a small temporary decline in breast cancer. Cardiovascular outcomes
may not be apparent for another decade. Short-term, randomized, placebo-controlled trials confirm that HRT
is the only therapy that effectively improves health-related quality of life in symptomatic women through
a reduction in vasomotor and urogenital symptoms, joint pains and insomnia, while improving sexuality.
The results of the re-analyses of the WHI data and new data from other studies do not justify the continuing
negative attitude to HRT in symptomatic women who start HRT near menopause.

INTRODUCTION
In July 2002, at a press conference convened in Washington
DC, the first, then unpublished results of the Women’s Health
Initiative (WHI) randomized, controlled trial of combined
continuous menopausal hormone therapy1 were announced.
They received world-wide attention, with emphasis on the
finding of a 26% increase in breast cancer risk in treated
women. Little attempt was made to explain what a 26%
increase meant (actually less than one additional case of breast
cancer per 1000 women taking menopausal hormone replacement therapy (HRT) above the baseline risk of three to four
per 1000 per year, and ‘technically not statistically significant’

at the time of announcement). Relatively little media attention
followed the mostly reassuring results of the estrogen-only
arm of the WHI published in 20042 that showed a ‘technically
not statistically significant’ reduction in breast cancer after
7 years of estrogen-alone HRT. Not alluded to was the fact
that 76% of the approximately 10 000 participants in each
arm had never used HRT previously and, in them, no increase
in breast cancer risk was seen.
Furthermore, it was announced that HRT increased the risk
of heart disease and that both increased risks were observed
across the entire age spectrum, 50–79 years, of participants
in the study. This was later found not to be true. Thus, the
first and major negative impact on women’s health was to
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engender unnecessary anxiety and fear in all those menopausal women who read and heard the results and in the
majority of practitioners involved in their care. There was a
consequent cessation by many of the HRT on which they were
previously established, with recurrence of menopausal symptoms in many instances. The first paper1 was published soon
after the press conference, in the Journal of the American
Medical Association (JAMA). In stark contrast to the initial
announcement, a further analysis by the same investigators,
also published by them in the JAMA in April, 20073 stated
‘there were no significant increases in risk due to hormone
therapy for any outcome at ages 50–59 years’. It was also
stated ‘there was a reduction in total mortality in the age
group of 50–59 years (hazard ratio (HR) 0.70, 95% confidence interval (CI) 0.51–0.96)’. In that age group, there
were 10 fewer deaths per 10 000 person years in the treated
group. This compared with 16 additional deaths at ages
70–79 years. Such a contradiction indeed stretches credulity
and invites speculation as to what the investigators’ true
motives were for the initial devastating announcements.
The first casualty following the announcement of the
first results of the WHI to the media was WISDOM, the
Women’s International Study of long Duration Oestrogen
after Menopause. This was to have assessed similar HRT for
15 years but in a younger age group (50–69 years). Cardiovascular disease (CVD) was one of WISDOM’s main outcomes and, when the WHI investigators initially and wrongly
announced that an increase in CVD was seen in all age groups,
this was one of the main reasons that the funding for
WISDOM was withdrawn4. Had WISDOM continued, the
effect of earlier onset of HRT on cardiovascular and cognitive
function and many other outcomes such as sexuality and
quality of life would have been now becoming apparent. The
WHI effectively torpedoed WISDOM, its main ‘competitor’,
and science and women have suffered. New studies such
as KEEPS and ELITE have had to be designed, funded and
run to help answer the questions that the WHI and WISDOM
left unanswered5,6.
HRT, given to symptomatic women, usually in their
early fifties (and not in the sixties or seventies) is known to
improve menopausal symptoms and hence quality of life, to
reduce mortality, as shown above, to reduce cardiovascular
risk, to reduce fracture risk, to reduce risk of colorectal cancer
and endometrial cancer with combined continuous therapy
and to reduce the incidence of diabetes7. It thus seemed likely
that these benefits would be lost in women discontinuing
their therapy on the basis of fear and anxiety. Discontinuation
rates were as high as 80% in some countries. On the other
hand, in the light of evidence, primarily from observational
studies, that breast cancer and venous thromboembolism
risks were increased with the use of HRT, it seemed likely that
those two risks may decrease after discontinuation. We do not
presume that all those who stopped HRT without medical
advice were disadvantaged. For some who had been on
long-term HRT, it was appropriate to stop to see whether
debilitating symptoms returned and resume only if annoying
symptoms returned. However, those who developed severe
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symptoms around menopause and were too frightened to
start HRT were probably the most disadvantaged.

IMPACT ON GLOBAL USAGE AND
PERCEPTION OF HRT
Over the past 10 years, numerous publications from many
countries have documented the effects of the publication of
the first WHI data on HRT usage. In the USA, in the first
5 months after the publication, the prevalence of HRT use
among 169 586 women aged 40–80 years, enrolled in five
health maintenance organizations, declined by 46% (from
14.6% to 7.9%), while estrogen-only use fell by 28% (from
12.5 to 9.1%)8. Other authors reported on various aspects
of the decrease, e.g. in minority women9, in women in a
Mammography Registry10 and in women in an internal medicine practice11.
Reports from many other countries corroborated the
decreased HRT usage following WHI, including publications
from the United Kingdom12, Canada13, Thailand14, Germany15,
Israel16 and Hong Kong17.
In Australia, MacLennan and colleagues18 obtained data on
HRT use from nine South Australian Omnibus Surveys, over
17 years. These surveys involved representative population
face-to-face interviews. Associated with the timing of the
media reporting of the WHI, current HRT use rates dropped
from 28% in women over 50 in 2000 to an estimated 10.2%
in 2002 but, by October 2003, current use rates had returned
to 18.8% in this age group (Figure 1). The media had been
the main influence in the women’s decision-making and
half of those who restarted changed to another type of
HRT. One study19 assessed the reasons for the use of
HRT among postmenopausal Spanish women after the WHI
publication. The most frequent reasons given were medical
recommendation, improvement of menopausal symptoms
and quality of life. Most HRT users were satisfied with this
therapy (78.9%), with 11.7% being unconcerned and 9.4%
reluctant to use HRT. Reasons for such reluctance included
adverse effects (29%), dislike of hormone therapy (47%),
fear of cancer (24%), advice from a friend or relative (6%),
negative information in the media (6%) and cost (6%). Of
these reluctant HRT users, 47% said they remained on therapy for medical indications, 24% for the relief of symptoms
and 24% due to an improvement in life quality (several
women declared more than one reason). As for the impact of
the media on HRT compliance, 26% of HRT users indicated
that negative data from published studies strongly influenced
their opinion of this therapy, and 57% of them had expressed
their wishes to reduce the time during which they used HRT.
There are scant data regarding the effect of the WHI
on HRT prescription in South America. A recent study done
in Ecuador20 demonstrated that the percentage of HRT users
was surprisingly very low (1.7%). The authors related this
low use to low socioeconomic status and therefore lower
knowledge regarding HRT and that anxiety regarding the
WHI among physicians had been transmitted to nursing staff,
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Figure 1 Current hormone therapy (HT) use by age group, women aged 
 40 years and women aged 
 50 years, over time (South Australian
Health Omnibus Surveys 1991–2008)18. TGA, Therapeutic Goods Administration

as 27.2% recommended not to use HRT. The relation between
low socioeconomic status and low HRT use appears to be
common in South America21. Another study reported similar
data regarding use among low socioeconomic groups in
Chile22. Among physicians, 97.2% were aware of the WHI
study, and 64.7% modified their clinical approach. Decreased
prescribing was more pronounced for conjugated equine
estrogen and medroxyprogesterone acetate. In contrast,
prescription of transdermal estrogens and tibolone increased
by 5.2% and 16%, respectively.
Although studies about the frequency of use of HRT after
the WHI in many countries have been published, it is
not known whether women are well informed about the
risks and benefits of using HRT. Several studies have revealed
insufficient information from physicians15,23–26. They demonstrated that social trust is affected by images expressed in the
media and it may affect certain patients’ attitudes and behavior, including satisfaction with care and motivation to follow
doctors’ recommendations.
In Asian countries, the impact of the WHI report on
menopause treatment was more obvious in those developed
countries/regions such as Japan, Korea, Taiwan, Singapore,
and Hong Kong, compared to the other areas. HRT use
rate dropped dramatically immediately after the WHI report,
for instance, from 33% to 10% in Taiwan and from 25% to
12% in Thailand27. Women often experienced recurrence of
menopausal symptoms and also became distrustful of the
doctors who had prescribed HRT for them.
A multinational menopause survey27 of 1000 women
from China, Malaysia, Taiwan, Thailand and Hong Kong in
2006 showed that, on average, 54% had heard, seen or read
about HRT. Awareness was generally higher in Taiwan (90%)
and Thailand (95%) compared with other countries. Fiftythree percent of Chinese women reported having no knowledge of any type of treatment for menopausal symptoms.
Forty-three percent of the women aware of HRT had negative perceptions of it. Fifty-five percent of respondents were
unwilling to try HRT because of a fear of breast cancer. More
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than 85% said that their doctors had never advised HRT.
All these data reflect the negative impact of the WHI report.
Health-care providers are concerned by the development
of breast cancer among their patients using HRT and had a
fear of medicolegal consequences.

THE INCREASE IN USE OF COMPLEMENTARY
AND ALTERNATIVE THERAPY
Menopausal women are targeted by the alternative medicine
industry and, since the media scares that followed the
WHI, many alternative products have alluded to the dangers
of HRT and the safety of ‘natural’ remedies. The use and cost
of alternative medicines in most Western countries have
greatly increased in the last decade, particularly amongst
menopausal women28. The efficacy of any alternative therapy
for menopausal symptoms, especially vasomotor symptoms,
has not been shown to be better than the average effect for
placebo seen in well-conducted, double-blind, placebocontrolled, randomized trials of HRT29. Of particular concern
has been the increasing use of so-called ‘natural’ or ‘bioidentical’ hormones to treat menopausal symptoms. On the internet, they are commonly touted as being side-effect-free,
but their variable combinations of estrogens, progesterone,
DHEA, testosterone and sometimes thyroxine, melatonin and
growth hormone remain untested for long-term safety and
efficacy. In the 2008 Australian population sample, 37% of
women on hormone therapy in the 50–59-year age group,
and thus likely to have commenced HRT since the WHI,
were using unregistered, imported and unaudited ‘bioidentical’ hormones compounded in local pharmacies and made
into buccal troches or creams18. The estrogens used can cause
endometrial proliferation and the progesterone added (if at
all) may not inhibit this endometrial stimulus. To date, the
authors are aware that four cases of endometrial cancer
(including one subsequent death) have followed the use of
unregistered HRT in Australia. Symptomatic women and
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sometimes their attendants who have an exaggerated fear of
HRT are being driven towards the false promises, lack of
efficacy and potential dangers of alternative therapies. These
therapies are being sold at high cost for financial rather than
altruistic reasons.

THE LONG-TERM IMPACT OF THE GLOBAL
REDUCTION IN HRT USE
In the introduction to this paper, the list of benefits and risks
ascribed to HRT was presented with the conclusion that it
was likely that those benefits and risks would be lost in women
discontinuing their therapy on the basis of fear and anxiety.
The WHI results had clouded perceptions of the effects of
HRT on the risk of cardiovascular disease, with the initial
report indicating an increase in risk, but subsequent reports
suggesting that that increase was confined to women over the
age of 70.

Fractures
The most detailed reports so far published of health outcomes
after cessation of HRT concern osteoporotic fracture risk.
Two US studies have documented an increase in osteoporosisrelated fractures following the publication of the WHI.
Islam and colleagues30 found significantly higher age-adjusted
incidence rates of osteoporosis-related fractures among
40–69-year-old women between 2004 and 2005, as compared with 2000 and 2001. Karim and colleagues31 reported
a longitudinal observational study of 80 955 postmenopausal
women using HRT as of July 2002 who were followed up
through December 2008. After 6.5 years of follow-up, those
who discontinued HRT were at 55% greater risk of hip
fracture, compared with those who continued using HRT
(HR 1.55, 95% CI 1.36–1.77). The risk increased as early
as 2 years after HRT was ceased and increased incrementally with longer duration of cessation. Longer duration was
also correlated with lower bone mineral density (BMD). Thus,
the authors concluded that women who discontinued postmenopausal HRT had significantly increased risks of hip fracture and lower BMD, compared with continuing users. The
protective association of HRT with hip fracture disappeared
within 2 years of stopping. The WHI combined hormone
therapy trial had shown significant reductions in hip, lower
arm/wrist, vertebral and total fracture incidence by 33%,
29%, 35% and 24%, respectively, amongst women assigned
to active therapy in comparison to placebo during the 5.6-year
trial period. There was a 35–39% reduction in hip fracture in
the estrogen-only trial and an improvement in BMD. The
WHI cohort was not selected for low BMD or previous fracture and the results therefore have general application to all
postmenopausal women seeking HRT in order to prevent
bone fracture. Gambacciani and colleagues32 estimated that a
50% increased risk of bone fracture associated with a 50%
decrease in HRT usage in the United States would result in
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43 000 extra bone fractures per year. Thus, the increase in
fracture rates is an important and evidence-based impact
of the reduction in HRT usage following the WHI. This
study includes information on the poor use of other boneprotective strategies after HRT discontinuation. While HRT
use substantially decreased between July 2002 and December
2008 from 85% to 18%, use of the bisphosphonate drugs
increased from 8% to 23% during the study period.

Cardiovascular disease
Data on cardiovascular outcomes are preliminary and very
limited. Shetty and colleagues33 examined the relationship
between HRT use and cardiovascular outcomes, including
deaths and non-fatal hospitalizations in the entire US population of women aged 40–79 years. Decrease in HRT use
was not associated with statistically significant changes in
hospitalizations or deaths due to acute stroke, but was associated with a decrease in the incidence of acute myocardial
infarction, with 25 events less per 10 000 person years. In
contrast, Martin and colleagues34 reported a time series analysis of hospital admissions, incidence and mortality amongst
women aged 50–69 years in England over the period
1997–2006. They observed no relationship between reduced
HRT prescribing after 2002 and trends in breast cancer, colorectal cancer or hip fracture. Among 50–59-year-olds, the
annual percentage change in venous thromboembolism hospitalizations fell by 5.7% between 2000 and 2006 and of
considerable concern was the annual change in endometrial
cancer mortality, which increased from 0.7% between 1997
and 2003 to 11% after 2003. Previously falling acute myocardial infarction hospitalizations (annual change 6.8% and
stroke 3%) stabilized (-0.4%) or increased (0.8%), respectively, around 2001, but this makes any relationship
with discontinuation of hormone therapy difficult to evaluate. Karim and colleagues31, in their paper on osteoporosisrelated fractures, foreshadowed reports on cardiovascular
and other outcomes, but to date no substantial publications
have appeared that would allow an assessment of the impact
of discontinuation of HRT use after the WHI.

Breast cancer
As indicated above, HRT use declined substantially by up
to 80% following the publication of the first WHI report.
Several publications documented an apparent decrease in
breast cancer incidence occurring in association with the
decrease in HRT use. Clarke and colleagues35 documented a
68% drop in combination HRT use and a 10% decline in
breast cancer incidence in the Kaiser Permanente’s Northern
Californian region. Similar data were observed in the SEER
database36. Kerlikowske and colleagues37 analyzed data from
more than 600 000 women who had undergone mammography and again showed a decline of 34% in HRT use and of
5% in breast cancer incidence, with a 13% decline in invasive
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estrogen receptor-positive breast cancer. Sprague and colleagues38, in a further analysis of the US database, calculated
that the decline in HRT use would account for only 43% of
the decline in breast cancer diagnosis rates between 2002 and
2003 in women aged 40–79 years. Other explanations would
need to be considered. Despite the widespread decline in HRT
use, a decline in breast cancer incidence was not reported in
other countries, e.g. as noted above in the United Kingdom.
It is also apparent that the decline has not been sustained and
has levelled off despite continuing low HRT usage rates. The
short-lasting decline is consistent with a late promoter effect
of combination HRT on pre-existing breast cancers.
In contrast to the apparent fall in breast cancer incidence
in the United States, breast cancer incidence rates in Asia
actually increased, even after the significant decrease in HRT
use39,40. Whether this is the result of more extensive breast
cancer screening in recent years is unclear. Nevertheless, the
increased incidence of breast cancer in Asian countries has
been predominantly in women younger than comparable
Western populations. The reason is suspected to be the westernized lifestyle in young Asian women. It should be noted
that breast cancer incidence rates peak at ages 47–48 years
in Asian countries and subsequently level off, in contrast to
the situation in Western countries where the rates continue to
rise until 80 years and older41.

Other morbidities
In the WHI, other statistically significant and non-significant
trends were described such as a reduction in newly diagnosed
diabetes, a reduction in colorectal cancer, a reduction in
endometrial cancer, an increase in stroke and, in the first year
or two of therapy, an increase in thromboembolism on oral
HRT. It is not possible to conclude whether the marked reduction in HRT use is directly related to any increase or decrease
in these morbidities or indeed to overall mortality, which is
decreased in HRT users commencing under age 6042. To assess
the health impact of the cessation of HRT, millions of women
in longitudinal studies would have been required from before
2002 in continuing users, those who ceased HRT and neverusers of HRT as well as those who did subsequently develop
debilitating symptoms and did or did not accept HRT.

Menopausal symptoms, sexuality and
health-related quality of life
Menopausal symptoms, sexuality and health-related quality of
life are the main indications for HRT and were not adequately
assessed in the WHI. Only 3.4% of women in the WHI were
under age 55 years and were symptomatic. The WHI did not
try to effectively assess this major benefit of HRT and yet the
WHI results and the media’s interpretation of these results
have probably had the most impact on symptomatic women
since 2002. Approximately 50% of menopausal Western
women profess to moderate to severe menopausal symptoms
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and are candidates for the option of HRT. Particularly since
2002, any practitioner of menopausal medicine can attest
to the huge numbers of unhappy symptomatic women in
their clinics who have tried to avoid HRT because of their
understanding or lack of understanding of the WHI results.
They usually have tried unsuccessfully many alternative
therapies and require lengthy counselling about the mythology surrounding conventional and unconventional menopause
therapies. Some practitioners have found it too hard and
non-remunerative and have opted out of offering help. Like
the other outcomes above, it is hard to find population
data to verify what one has heard daily in clinical practice.
Although terminated prematurely, the WISDOM trial enrolled
sufficient numbers to show that HRT compared to placebo
significantly reduced vasomotor symptoms, sleep problems,
aching joints and muscles, insomnia and vaginal dryness.
Sexual functioning significantly improved43. It does not take
longitudinal trials to convince those who have practised
menopausal medicine since 2002 that the WHI has disadvantaged many deserving women who have suffered incapacitating menopausal symptoms to the detriment of their own quality
of life, their families and their role in the work place.
A recent UK survey44 of 1100 women showed that, in the
early 2000s, 754 decided to stop HRT, mostly without medical
advice, and 56% had been influenced by the media. Symptoms
returned in many that affected their ability to work (37%),
make decisions (45%), and affected relationships negatively
(54%). Overall, 46% would not have stopped HRT given
their current understanding of risk.
In particular, women who have had a premature or
early menopause are the most disadvantaged if they have
been dissuaded from taking HRT because of the media image
of the WHI results. They will be at increased risk of osteoporotic fractures, premature cardiovascular disease, premature dementia and a major decrease in sexuality and quality
of life.

CONCLUSION
The re-analyses of the WHI results and the addition of all
other quality data on HRT still have not done enough to
reverse the media excesses of 2002. All of us, including the
media, the WHI investigators, and responsible clinicians,
should give evidence-based information appropriate to the
individual and facilitate symptomatic women around menopause to have the option of low-dose HRT regimens tailored
to their needs and tailored to reduce the known risks of HRT
without reducing the overall benefit that is seen for most
women starting HRT under age 60. It can be argued that,
since 2002, untreated symptomatic women have lost the best
years of their lives.
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Future long-term trials of postmenopausal
hormone replacement therapy – what is
possible and what is the optimal protocol
and regimen?
B. Purbrick, K. Stranks, C. Sum and A. H. MacLennan
The Discipline of Obstetrics and Gynaecology, The University of Adelaide, Australia
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TRANSDERMAL ESTROGEN, BAZEDOXIFENE, KEEPS, ELITE

ABSTRACT
The ideal long-term, randomized, placebo-controlled trial of hormone replacement therapy (HRT) from near
menopause for up to 30 years to assess major morbidity and mortality is impractical because of high cost,
participant retention, therapy compliance, and continuity of research staff and funding. Also the trial regimen
may become outdated. It is nihilistic to demand such a long-term trial before endorsing HRT. However,
medium-term trials using surrogate measures for long-term morbidity and mortality are possible and two are
near completion. If these studies have been able to maintain reasonable participant retention, therapy compliance and minimal breach of protocol, they will set standards for trials of new HRT regimens. This paper
discusses lessons learnt from past attempts at long-term trials and suggests the currently optimal protocol
and cost of assessing new HRT regimens to optimize potential benefits and minimize adverse effects. A 5–7year randomized, placebo-controlled trial of a flexible transdermal estrogen regimen ⫹
⫺ either a selective estrogen receptor modulator, e.g. bazedoxifene, or micronized progesterone is discussed. Mild to moderately
symptomatic women, 1–4 years post menopause, can be recruited via general practice and group meetings.
Future trials should be funded by independent agencies and are high priority in women’s health.

INTRODUCTION
Hormone replacement therapy (HRT) is an effective treatment
for menopausal women to improve menopausal symptoms
and quality of life1. It is still controversial whether long-term
HRT from near menopause reduces cardiovascular events and
cognitive decline and increases life expectancy. Results from
the Women’s Health Initiative (WHI) and Women’s International Study of long Duration Oestrogen after Menopause
(WISDOM) were relevant to asymptomatic women starting
HRT many years after menopause, but the effects of HRT
commenced near menopause in symptomatic women were
not adequately explored2–5. Some, but not all, studies suggest
that there may be a therapeutic window of cardioprotection
and possibly neuroprotection if HRT is started soon after

menopause6–8. It is still necessary to conduct a high-level study
on a more appropriate population of newly menopausal,
symptomatic women with a modern regimen to explore the
hypothesis that early initiation of hormone therapy will
decrease cardiovascular disease and cognitive decline without
a clinically significant increase in other morbidities. An ‘ideal’
30-year randomized, double-blind, placebo-controlled trial
(RCT) from menopause would be best to measure all outcomes but it is impractical for the reasons listed in Table 1.
This paper discusses whether or not it is feasible to conduct
a medium-term trial (5–7 years) of postmenopausal HRT
to study overall health outcomes and surrogate markers of
cardiovascular disease progression and cognitive decline.
Nearing completion are two such trials, namely, KEEPS
(The Kronos Early Estrogen Prevention Study) and ELITE

Correspondence: Professor A. H. MacLennan, Head of the University of Adelaide Discipline of Obstetrics and Gynaecology, The Women’s & Children’s
Hospital, 72 King William Rd, North Adelaide, South Australia, Australia 5006

REVIEW
© 2012 International Menopause Society
DOI: 10.3109/13697137.2011.635825

Received 19-09-2011
Accepted 23-10-2011

Future long-term trials of postmenopausal HRT
Table 1 Reasons why a 30-year trial of hormone replacement
therapy (HRT) from menopause is impractical
1. The total cost would be very high
2. Funding agencies would require results before 30 years
3. Participant withdrawal rates by 30 years would likely be high.
The WHI trial suffered nearly 50% in the combined HRT arm2
4. Treatment and placebo compliance rates by 30 years would
likely be low
5. Continuity of research staff and investigators would be difficult
6. The proposed HRT regimen might be out-dated by 30 years
7. Results from other studies might compromise funding9
8. The pharmaceutical company providing the HRT and placebo
could withdraw support due to changes in this industry over
30 years
9. A generation of women would miss knowledge of the results

(Early versus Late Intervention Trial with Estradiol)10,11.
These 4- and 7-year trials using surrogate outcomes for cardiovascular disease and cognitive decline will test whether
such trials are practical, can maintain the integrity of their
protocols throughout the trials, and are cost effective. Both
trials have the potential to provide important information and
may set the standard required to test new HRT regimens. As
new and potentially better HRT regimens evolve, this paper
explores what may be the best protocol and HRT regimen
to use to obtain scientifically and clinically valid results.

WHAT MAY BE THE OPTIMAL
REGIMEN FOR FUTURE TRIALS?
Route of administration
To date, there are no reported long-term, randomized, placebo-controlled trials of transdermal HRT. The ELITE trial is
studying only oral estradiol but the KEEPS study has a transdermal arm with cyclical oral progesterone10,11. Oral estrogen
is known to have a number of procoagulant effects, which
could explain the two- to threefold increased risk of thrombotic events in women taking oral HRT2,12. Oral estrogen has
first-pass liver metabolism. This increases hepatic production
of clotting factors and decreases anti-clotting factors, and
these favor intravascular thrombus formation13–15. The
ESTHER studies found transdermal estrogen to be a safer
route of administration even in obese women and in those
with thrombophilia16.
Transdermal estrogen may also potentially reduce the risk
of stroke and transient ischemic attacks that have been associated with oral HRT17,18. Thus, from the point of view of
reducing two major morbidities, thromboembolism and
stroke, the transdermal route deserves further study19. However, transdermal estrogen is associated with a different lipid
profile from oral estrogen20. The potential cardioprotective
increase in levels of high density lipoproteins, seen with the
oral route, is absent when the transdermal route is used. On
the other hand, triglyceride levels are not elevated, as seen
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with the oral route. The ability of transdermal estrogen to
slow arterial intimal thickening and calcification is more relevant; it is currently the best predictor of cardiovascular
events and deserves study.

Choice of HRT regimen
Although there are inadequate data to show that one estrogen
is better than another, estradiol has been shown to be well
absorbed transdermally and gives effective symptom control19. However, it is likely that all progestogens are not equal
and, in particular, the androgenic progestogens may undermine the potential cardioprotective actions of estrogen21,22.
Micronized progesterone appears to have the safest profile of
the current progestogens but a selective estrogen receptor
modulator (SERM), e.g. bazedoxifene, would potentially
avoid the disadvantages of progestogens23. Such a SERM
should give the needed endometrial protection and potentially
reduce the risk of breast cancer and mood disturbance associated with some progestogens in some women. Oral bazedoxifene in conjunction with estrogen effectively reduces
menopausal symptoms and improves quality of life when
compared to placebo24. A combined transdermal estrogen and
SERM would be the ideal regimen to study if future research
can show that the SERM was effective transdermally.

Flexible regimen
It is important that the regimen chosen is flexible as, in clinical practice, tailoring of the dose to the individual greatly
improves the efficacy/side-effect ratio and subsequent compliance. This will help reduce drop-out rates from the two
common start-up side-effects of HRT, namely early uterine
bleeding and breast tenderness, that were seen in trials with
fixed HRT regimens25.

Entry criteria
The cardiovascular effects of HRT vary depending on the
age at baseline26. Women less than 65 years old had a
45% decreased risk for all-cause mortality but, for women
over 75 years, the risk was similar to that of never-users. Also,
meta-analyses of randomized, controlled trials show a decrease
in both cardiovascular events and mortality in those commencing HRT under the age of 60 compared to placebo27,28.
This suggests that time since menopause modifies the relationship between HRT and ischemic heart disease. Similarly,
women commencing HRT at menopause (mean age 48.7 years)
had a 26% decreased risk of developing dementia, while
women starting HRT later in life (mean age 76 years) had a
48% increased risk8. In clinical practice, nearly all HRT users
are women with menopausal symptoms who commence HRT
near menopause. In the WHI, only 3.4% of the participants
were symptomatic and under the age of 60 years. The length
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of the potential therapeutic cardioprotective window is not
known. The combined results of ELITE and KEEPS may shed
some light on this. The need for estrogenic cardioprotection
may begin before the final menstrual period and, as in the
KEEPS protocol, a cyclical progestogenic regimen needs to be
used if perimenopausal women are included. A flexible regimen could allow a postmenopausal continuous combined
regimen to supersede the perimenopausal cyclical regimen
after about 2 years in symptomatic women entering the trial
at perimenopause. However, the practical administration of
such a trial would be simplified by including only recently
postmenopausal women with the use of only a combined continuous HRT regimen and identical placebos.
If the estrogen is given separately from the progesterone
or SERM, then flexibility of the estrogen and placebo dose
is possible to try to minimize breast tenderness should the
starting dose of estradiol be too high for any individual. This
improves compliance.
A study of symptomatic women is recommended as
currently this is the main indication for therapy and it may
be that symptomatic women have the most cardiovascular
benefit29,30. Women with severe symptoms (the top quartile)
will not be enrolled to reduce drop-out in the placebo group
and women with few or no menopausal symptoms (the lowest
quartile) would be excluded.

PROPOSED RESEARCH PLAN
Design and setting
The trial should be designed as a randomized, placebocontrolled, double-blind trial of 5–7 years. The setting should
be in general practices in collaborating international
countries.
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heart disease, stroke, thromboembolism, major neurological
disease or unresolved gallbladder disease. Women with or
without a uterus would be separately randomized by central
computer randomization after trial entry.

Interventions
Interventions would be a modern and flexible regimen consisting of a transdermal estradiol patch and an oral/transdermal
SERM, e.g. bazedoxifene. Identical transdermal/oral placebos
would be used. For hysterectomized women, the intervention
would be an estradiol patch (25, 50, 75, or 100 μg) or placebo
patch using flexible doses starting at 50 μg, 50 μg/24 h.

Outcome measures
Primary outcome measures would be progression of cardiovascular disease as measured yearly by carotid artery intimal
thickness33 and coronary artery calcium scores34. Secondary
outcome measures would be yearly symptom scores, quality
of life scores35, cognitive function tests36, all cancers including
breast cancer, bone density, fractures, cerebrovascular disease,
venous thromboembolism and all-cause mortality.

Ethnicity, run-in phase and pre-trial screening
Symptomatic eligible women of any ethnicity should be
eligible as HRT is indicated for symptomatic women of
all cultures. At trial entry, a 2-month run-in phase using placebo is proposed to assess compliance and exclude patch
allergy and skin adherence issues. Pre-trial screening would
consist of mammography, cervical smears, and general examination; baseline hematology and biochemistry would help to
exclude detectable baseline morbidity.

Recruitment
Statistical analysis
Research nurses would send letters to eligible women in
participating practices from their general practitioner inviting them to local group meetings to discuss the trial.
Details of the trial would be included in the letter. After the
information meeting, interested women would be individually
screened by a research nurse before trial entry and a runin period. This method of recruitment was successfully used
in WISDOM31.

Inclusion and exclusion criteria
To be included in the trial, women would be postmenopausal
(1–4 years since last period or hysterectomized), symptomatic,
under age 55, and self-rated in the 25–75th percentile of
menopausal symptom severity (Greene score), to avoid asymptomatic and severely symptomatic groups32. Exclusion criteria
would be a history of estrogen-dependent cancer, ischemic
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Carotid artery intimal thickness
With a significance level of 0.05 and 99% level of detection, a group size of 145 in each of the treatment and
placebo groups finishing the study would detect a difference
of ⫺0.017 mm after 5 years. This is based on published
data on the effects of hormone treatment on carotid artery
intimal thickness measurements in postmenopausal women11.
The published underlying population progression rate is
0.0036 mm/year and the estimated minimum effect of the
treatment is 0.0002 mm/year, a minimum rate of progression
that would be clinically significant.

Coronary artery calcium scores
In published data from large observational studies, the extent
of apparent HRT protection against coronary heart disease
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ranged between 40 and 50%37. Assuming an 18% progression rate per year in untreated women, a group size of 150
would allow detection of a 50% rate of reduction in calcium
progression in treated women with a significance of 0.03 by
the χ2 test38.
The three arms of the study would require a total of 450
participants to complete the study. With an estimated dropout rate of 44% in the placebo group and 32% in the two
treatment groups, the total number of participants required
would be 61239. To help increase recruitment and minimize
drop-out, yearly group meetings of participants would be proposed in their locality31.

Logistics
Central computerized randomization, a safety monitoring
committee and an outcome adjudication committee would be
required.

Ethical clearance
The main ethical considerations would include informed
consent, trial insurance, conflict of interest (especially in
regard to funding) and beneficence and non-malfeasance to
trial participants. In order for the trial to be adequately powered, it would be run internationally across multiple centers,
with ethical approval from all sites, as in WISDOM39. The
involvement of a pharmaceutical company would be necessary
to provide the trial therapies and identical placebo. Ideally,
main trial funding should be independent of the pharmaceutical industry.

DISCUSSION
There are several potential limitations to long-term RCTs of
HRT and to those using surrogate end-points of major disease
(Table 2). However, RCTs help to eliminate the potential
selection, detection and recall biases of observational studies.
Table 2

Study limitations of medium-term trials

1. Surrogate end-points for cardiovascular disease and dementia
and fractures are not precise predictors of these morbidities or
mortality
2. The cardio-deleterious process and optimal therapeutic window
may start with ovarian decline in perimenopause or before that
time
3. Optimal regimens may change over 7 years
4. Volunteers for randomized, controlled trials may not be
representative of the population usually treated
5. A randomized, controlled trial can study only one or two
regimens in circumstances limited by their entry and exclusion
criteria
6. Retention and compliance rates may compromise the trial over
time
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Currently, two randomized trials of HRT from near menopause are in progress, i.e. the ELITE and KEEPS trials10,11.
ELITE is a 7-year study of 643 women receiving oral estradiol
and vaginal progesterone versus placebo. The comparative
groups in the ELITE study are those initiating HRT less than
6 years post menopause versus those taking trial therapies
more than 10 years after menopause. Surrogate markers of
cardiovascular disease such as carotid artery intimal thickness,
coronary artery calcification and cognitive function are the
outcomes. This is an important trial and results may be available in 2013. Potential limitations are that the group being
treated from near menopause extends up to 6 years from
menopause and the length of the potential ‘therapeutic
window’ is not known; only oral HRT is being studied, not
allowing study of whether transdermal estrogen reduces
thromboembolism and stroke risk, and women in the latetherapy group may have had HRT prior to trial entry, possibly confounding the results.
The KEEPS study of 728 postmenopausal women is studying both oral and transdermal estrogen along with cyclical
progesterone. It has a narrower 3-year window for entry near
menopause and is following the progress of cardiovascular
disease for 4 years, using the same surrogate markers as
ELITE. This study is well designed to answer many questions
concerning these HRT regimens for up to 4 years of use.
Both ELITE and KEEPS should add valuable information
to support or refute the ‘critical window’ hypothesis. Methodological lessons can be learnt from these trials about trial
recruitment, therapy compliance, and cost. It is likely that
regulatory agencies, the medical profession and the public
will want to see the results of medium-term trials of new
HRT regimens such as transdermal estrogen and oral or transdermal SERMS, micronized progesterone or intrauterine
progestogen before endorsing or registering such therapies.
These trials will show if studies of up to 4–7 years are feasible
in terms of subject retention and therapy compliance. Our
suggestions to minimize drop-out and increase compliance
may further help participant retention. A conservative estimate of the cost of a 7-year trial, as described here, is approximately AUD $41 million (Table 3).

Table 3 Costing for a 7-year study with surrogate outcomes for
cardiovascular disease, mental and bone health (in AUD $)
Per patient
B-mode ultrasound (carotid-intimal thickness) ⫽ $37.85 ⫻ 8
Coronary artery calcification scores (CT chest/abdomen) ⫽ $295 ⫻ 8
Bone densitometry ⫽ $100 ⫻ 2
Hematology, lipids, biochemistry ⫽ $40 ⫻ 10
Cognitive function tests ⫽ $150 ⫻ 8
Mammogram ⫽ $150 ⫻ 5
Annual costs ⫽ $5000 per patient based on projected clinical trial
costs
Central costs (shipping and administration) ⫽ $2,000,000/year
Total estimated cost of a 7-year trial based on a study of 612
participants ⫽ AUD $ 41,088,833
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It is not appropriate to call for the impossible 30-year HRT
trial that assesses major adverse event outcomes and mortality, before being prepared to prescribe HRT to symptomatic
women for the duration of their debilitating symptoms, which
can last for many years. However, medium-term trials such
as KEEPS and ELITE are proving that these trial durations
are possible and the success of these trials or otherwise in
maintaining the integrity of their protocols will be as interesting as their results. New trial protocols, such as the one
described here, should take into account the lessons learnt
from past medium- and long-term RCTs. They are feasible,
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much needed and should be funded by health authorities
rather than industry. The time, effort and costs of such trials
should not inhibit the development of better therapeutic regimens for postmenopausal women, as potentially they may
reduce major and costly morbidity in later life and improve
the health-related quality of life of women.
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