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Abstract
This commentary integrates the most recent information on coronary heart disease from the WHI
trial and our new large observational studies, which complement and expand the WHI results to the
overall population. Breast and colon cancer findings are also considered.
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INTRODUCTION
Finding and applying the best evidence in practice is the goal of all clinicians and physician
scientists. However, all clinical research has pitfalls and all study designs have strengths and
limitations (1). Adding to the confusion is that at times evidence can be contradictory, or
interpretation of evidence can change. A current example is the impact of estrogen and hormone
therapy on menopausal women. Despite an overwhelming amount of literature in a very short
time, our understanding of the effects of hormone therapy has rapidly and dramatically changed
from a potential positive effect on cardiovascular disease to a harmful effect, and then to a
possible protective effect in some women (2–9).

The purpose of this commentary is to put into perspective the current evidence concerning
hormone therapy (HT), focusing on the recent re-analysis and expansion of the Women’s
Health Initiative randomized controlled clinical trial (WHI RCT) data and new observational
studies performed by our group (10–12), that may aid in convergence of the apparent
conflicting results regarding the effect of estrogen only and combined hormone therapy for
menopausal women.
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When new analyses of the WHI results are integrated with new observational studies, estrogen-progestin treatment has no adverse effects
on coronary heart disease in women less than 70 years old.
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Historical Background
The Nurses Health Study and other observational studies conducted in the 1990’s found that
hormone therapy in post-menopausal women was associated with a 30 – 50% reduction in the
development of coronary artery disease (2,3). These results along with the beneficial effects
of estrogens such as relief of hot flashes, reduction in urogenital atrophy and an improvement
in bone density, led to the widespread use of this therapy despite the increased risks of breast
cancer and venous thromboembolic events. However, observational studies are considered to
provide less convincing evidence than randomized trials since they are limited by potential
bias and the inability to control for unidentified confounding factors. One theory specific to
the observational studies regarding hormone replacement was “healthy women bias” where
women who choose to take hormone therapy were inherently healthier than those that did not
take the same therapy. Therefore, randomized clinical trials (RCTs) were conducted to test the
hypothesized benefit of hormone therapy on cardiovascular disease.

In 1998, the first large RCT evaluating hormonal therapy, the Heart and Estrogen/progestin
Replacement Study (HERS), reported that cardiovascular events were not altered in women
with established coronary artery disease who took combined estrogen and progestin
replacement therapy, despite widespread initial publicity of an increase in cardiovascular
events in the first year after initiation of therapy (4). Subsequently the landmark WHI RCT,
designed to assess the effect of hormone therapy as a primary prevention for cardiovascular
disease, found that combined HT was not protective and actually increased the risk of coronary
heart disease (CHD – the combined outcomes of myocardial infarction and coronary death)
and produced similar results for myocardial infarction alone in women (5). Both these
publications contrasted with the preponderance of observational trials reporting a beneficial
effect of hormone therapy and precipitated a major change in the philosophy regarding the use
of HT in post-menopausal women (2–6).

The US Preventive Services Task force considers evidence from a properly designed
randomized trial level I evidence, as its design minimizes bias and confounding. However,
RCTs suffer from the limitation that they are only applicable to the specific population included
in the trial. The cohorts in the WHI RCT included a large percentage of women older than 70
years of age and very few women initiating therapy near the onset of menopause. Therefore
the WHI RCT was subjected to criticism, especially as it may lack generalizability to younger
women or women starting hormone therapy near the onset of menopause. Thus a vigorous
debate about the use of HT ensued within the medical profession (6). Furthermore the changes
in viewpoints over time have led to confusion in the public about the risks and benefits of HT.

Following the initial WHI RCT report which included women with an intact uterus treated with
combined HT, the results of the second arm of the study, assessing a women with a prior
hysterectomy treated solely with conjugated estrogens also showed no protective effect on
CHD (HR 0.91 [0.75–1.12]): but did not exhibit the increase in cardiac disease reported initially
in the WHI RCT with combined HT (HR 1.32 [1.02–1.74]) (5,7).

Evolution of the Interpretation of WHI data
Several attempts have been made to address the age and relationship to menopause
shortcomings of the WHI trial. Re-analysis of the WHI data suggests that women who start
treatment with combined HT under age 70 years, or less than 20 years from the onset of
menopause, do not exhibit an increase in CHD (Table 1) (8). There also was a suggestion that
treatment with estrogen alone might decrease CHD in women aged 50 – 59 years or when used
less than 10 years after the onset of menopause; however, this analysis was not significant
statistically (Table 2).
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The protective effect in younger women is supported further by the recent finding that women
50 – 59 years old in the original WHI study of women with hysterectomy treated solely with
estrogen exhibited less coronary calcification than the women receiving placebo (9). However,
interpretation of this data should be cautious because it evaluated women taking estrogen only,
was not randomized and coronary artery calcification is a surrogate endpoint.

Attempts to draw conclusions concerning CHD from this WHI re-analysis beyond those
already noted are not convincing (8). This especially holds for the analyses that combined the
data using subjects from both arms of the WHI who were taking either combined HT or
estrogen-only, which was done in order to increase the statistical power of the analysis. As
discussed subsequently, given the major differences between the results of the combined HT
and estrogen only components of the WHI, combining this data is not justifiable.

Recent population-based observational studies
Women with a uterus taking combined hormone therapy

Additional relevant data emerged from our group’s investigations of the WHI and other RCT’s.
In a series of studies, data from a primary care electronic medical record database were used
to determine how well observational studies would replicate the findings of previously
performed RCT’s (10–13). These investigations, designed to mimic the RCT’s to the extent
feasible except for randomization of treatment, used the United Kingdom General Practice
Research Database (GPRD), which contains a representative sample of approximately 5.5%
of the United Kingdom population with approximately 8.0 million patient records.

The GPRD observational studies simulating the WHI RCT are particularly informative since
they provide a representative sample of the overall population, encompass a large number of
young women, and have incorporated a new analytic technique that appears to address the
problem of unrecognized confounding (vide infra), a major impediment to the validity of
observational studies (10–14). They are summarized herein and compared with the results of
the WHI RCT (10–12).

Although the study employing the GPRD used similar inclusion and exclusion criteria, precise
replication of the age profile in the WHI RCT was not possible, since prescription of hormonal
therapy occurred infrequently for women older than 70 years in the overall population. For
example, only 2.5 % of women in the GPRD treated with HT were older than 70 years as
contrasted with 21.5% in the WHI RCT. To overcome this limitation we compared the GPRD
study both to the overall WHI RCT and also to the WHI subgroup aged 50–70 years. It should
be noted that the WHI RCT used conjugated equine estrogen and daily medroxyprogesterone;
whereas the women in GPRD study used conjugated equine estrogen and norgestrel taken on
last 11 days of the cycle (10).

A comparison of our results in women with an intact uterus treated with combined HT and
those of the WHI are presented in Table 1, and Figure 1. The WHI RCT reported CHD as the
primary outcome, but the results for myocardial infarction were similar. Myocardial infarction
only was assessed in the GPRD studies. Myocardial infarction was not decreased by treatment
with combined HT in the GPRD study, in contrast to the decrease reported in most prior
observational studies (2,3,6). The GPRD study also did not show an increase in myocardial
infarction as was reported in the original WHI publication (5). However, the GPRD study
results are similar to the results of the recent age re-analysis of the WHI RCT, which did not
find an increase in CHD in women younger than age 70 (8).

The WHI re-analysis also reported the results for women ages 50 – 59, or less than 10 years
after the onset of menopause, and found no significant change in CHD in this subgroup (8).
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However, the number of subjects studied was limited. Our second GPRD study was
purposefully limited to women ages 50 –55 years and had a greater number of subjects than
the WHI. These results demonstrated no protective or adverse effect of combined HT on the
occurrence of myocardial infarction (11) consistent with the WHI analysis of younger women.
Of note, and interest was that the positive association of combined HRT and stroke was
consistent in both the WHI and GPRD studies in both older and younger women.

Perhaps the most meaningful outcome of a clinical trial evaluating a therapy is death. The WHI
RCT found that death was unchanged in older women treated with combined HT, but data
suggest that younger women treated with combined HT might have decreased mortality. In the
GPRD study death appeared to decrease in both the older and younger women treated with
combined HT; however, the conclusion based on the GPRD data in this study should be
tempered by the fact that a large percentage of subjects were missing baseline data on several
important confounders (such as smoking, BMI and blood pressure). Analysis of the GPRD
subgroup “No Missing” that excluded subjects missing this data did not exhibit a decrease in
death whereas all other outcomes were similar to those in the overall cohort (Fig 1).

Women with a hysterectomy taking estrogen therapy
In both the WHI RCT and our GPRD studies the response to conjugated estrogen alone in
women with a prior hysterectomy (Table 2 and Figure 1) differs from the findings with
combined HT in women with an intact uterus (7,12). It is important to note that our GPRD
study confirms the finding of the WHI that women with a prior hysterectomy have a baseline
health profile exhibiting both an increased prior occurrence of CHD and an increased risk for
the development of CHD when compared to women who have not had a hysterectomy (7,12).
It is not possible to yet determine if the difference in the response to HT in the women with
and without a hysterectomy is influenced by the addition of progestin treatment and/or the
difference in the cardiac risk profile.

In contrast to women treated with combined HT, in the WHI RCT of women treated with
estrogen-only HT CHD was not increased in the overall population or the subset of women
older than age 70 or more than 20 years post menopause. Furthermore there was a trend towards
decreased CHD in women ages 50–59, but these results were not significant statistically
possibly due to limited power from the relatively small number of women in this subgroup
(8).

In the GPRD study of estrogen-only treated older women the Cox adjusted HR for myocardial
infarction was decreased. However, as discussed below, the results appear to have been
influenced by “unmeasured confounding”. In the GPRD study of younger estrogen-treated
women with a hysterectomy, the Cox adjusted HR was not decreased significantly, did not
differ significantly from the WHI results in women aged less than 60 years, and did not exhibit
evidence for unmeasured confounding.

The risk of cerebrovascular accident (CVA) was increased in the WHI RCT of older estrogen-
only treated women, which was similar to the results found in women treated with combined
HT. In the GPRD study of older women although the Cox adjusted HR for CVA was not
increased, there is reason to believe that unmeasured confounding might account for this
finding in a fashion similar to the results for myocardial infarction In younger women, the data
on the risk of stroke are not conclusive in either the WHI or GPRD studies.

Death was not altered significantly in the WHI RCT for the entire population of women treated
with estrogen only. However, mortality may be decreased in younger women treated with
estrogen only, similar to the finding of younger women treated with combined hormone therapy
described above. A combined analysis of both WHI studies in younger women yielded a
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significant decrease in death; however, given the differences between the effects of combined
HT and estrogen-only therapy the justification for combining this data is not convincing (8,
12). In the GPRD studies, death was decreased for women taking estrogen only and combined
therapy. The decrease in death persisted in the younger women, even in those with “no missing
data”. The concordance of our data and the findings of the WHI RCT more confidently
suggested that death might be decreased in younger women with a hysterectomy treated with
estrogen alone.

Adjustment for unmeasured confounding
Prior observation studies have been limited by possible bias due to unmeasured confounding.
We have recently devised an analytic approach that adjusts for all confounding, called the Prior
Event Rate Ratio (PERR) adjustment (13,14). It assumes that the ratio of the Exposed to
Unexposed event rates for a specific outcome prior to the study start date reflects the combined
effect of all confounders (both measured and unmeasured) independent of any influence of
treatment, provided that neither the subsequently Exposed or Unexposed groups ingested the
drug undergoing study prior to the study start date. Thus when the unadjusted hazard ratio (HR)
during the study is divided by the PERR, this adjusted HR corrects for all confounding.

The PERR adjustment has been used in the evaluation of other GPRD-RCT comparative studies
evaluating cardiovascular outcomes and exhibited remarkable success to adjust findings that
appeared to be affected by unmeasured confounding (13,14). When unmeasured confounding
exists the PERR adjusted HR differs significantly from the Cox adjusted HR. Use of this
analysis in our studies of hormone therapy did not suggest the presence of unmeasured
confounding for either the myocardial infarction or CVA outcomes in the combined HT studies,
nor in the younger estrogen- treated women with a hysterectomy (Fig 1). However PEER
adjustment demonstrated a significantly increased HR (compared to the Cox adjusted HR) in
older women who took estrogen only for the outcomes of myocardial infarction and CVA. The
upward adjustment of the HR suggests the presence of unmeasured confounding (Fig 1). The
precise PERR adjusted HR must be interpreted cautiously in these GPRD studies designed to
replicate the WHI RCT, since the low number or prior events resulted in a wide confidence
interval.

Evaluation of other outcomes
It is also pertinent to comment upon the findings related to breast cancer risk in both the WHI
and GPRD studies. As shown in figure 1, breast cancer was increased in both the older and
younger women treated with combined HT in the GPRD studies, similar to the findings in the
WHI RCT. Furthermore breast cancer risk was unchanged in both the older and younger women
with a prior hysterectomy treated with estrogen only in the GPRD studies, similar to the results
in the WHI RCT. Additional analyses of women in both the combined HT and estrogen only
GPRD studies that were not exposed to HT at any time prior to the start of the study, yielded
results for breast cancer similar to the overall study cohorts.

As reported in our primary publications other outcomes, including colorectal cancer and hip
fracture, largely were similar in the GPRD and WHI studies for both the comparisons of
combined HT and estrogen only therapy (10–12). Venous thromboembolic events also were
similar in the studies of combined hormonal therapy, but probably suffered from unmeasured
confounding in the GPRD estrogen-only study, as was found for myocardial infarction and
CVA.
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Summary
There is an almost overwhelming amount of data assessing the impact of hormonal therapy for
menopausal women. When taken in aggregate the data may not be as disparate as it may seem.
Data from the study of large segments of the population (i.e. the GPRD data) and randomized
clinical trials (i.e. the WH) indicate that treatment with combined HT of women less than 70
years old or less than 20 years post-menopause neither protects against nor increases the risk
for development of coronary heart disease. This conclusion is applicable to younger women
ages 50–55 treated in the early stage of menopause. Conversely, data also strongly suggests
that initiation of combined HT at more than 70 years of age or more than 20 years after the
onset of menopause increases the risk of CHD (8). Also consistent is the finding that combined
HT is associated with an increase risk for development of stroke and breast cancer regardless
of age of therapy. Although the effect on overall mortality is not clear, the combination of the
findings from the GPRD studies and the WHI RCT demonstrate that death is not increased by
combined HT and that there may be a trend toward lower mortality in younger women.

Women with a prior hysterectomy treated with conjugated equine estrogen only, respond
differently than those with an intact uterus treated with combined HT. Whether the differences
are due to progestin treatment and/or the disparate cardiovascular risk profiles of women who
have had a prior hysterectomy is not resolved. Coronary heart disease is not increased in women
of any age with a prior hysterectomy treated with estrogen-alone and it may be decreased in
younger women started on therapy within 10 years after menopause. Stroke is increased by
treatment in older women but the effect on women younger than age 60 is unclear. In contrast
to treatment with combined HRT, breast cancer is not increased in estrogen-only treated women
during the 5 year follow-up period of these studies. Finally, overall mortality may be decreased
in younger estrogen treated women.

Clinical implications
The indication for HT is management of the symptoms or consequences resulting form estrogen
depletion after menopause. The therapeutic efficacy of HT to relieve vasomotor symptoms and
treat genital atrophy, and reduce osteoporotic fractures is undisputed. Risks of hormonal
therapy have been evident in observational studies, the WHI, and our large scale population
analyses. The magnitude of this risk has not varied dramatically among these study type or
over the years. The evolution of the association of HT and cardiovascular risk from protection
to harm and now to possible protection again, has resulted in controversy and confusion. Like
in many aspects of life, a pendulum often swings to extremes, but with time ends up resting in
the middle.

HT is usually prescribed for a woman aged 45 – 60 years experiencing vasomotor symptoms.
Hormone replacement is not indicated for cardioprotection for women in their 70’s, or for
women who do not suffer from vasomotor symptoms or urogenital atrophy. Data clearly
demonstrate, however, that clinicians can prescribe, and women can use, HT confidently during
the time when therapy is most needed. The debate regarding potential benefits of HT on
cardiovascular risk and/or mortality for women who start therapy in proximity to the
menopausal transition is not resolved. The benefit and risk of any therapy, including HT, should
be reassessed periodically in each individual patient and based on future scientific evidence.
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Figure 1.
Comparison of the response to HT between the WHI RCT and our Population Studies. The
response of women with an intact uterus treated with combined HT is shown in the left panel,
and those with a prior hysterectomy treated with estrogen only is shown on the right. The data
for each outcome is grouped with the response of older women in the upper and younger women
in the lower portion.
Abbreviations: CHD – coronary heart disease in WHI RCT or myocardial infarction only in
GPRD studies, CVA – cerebrovascular accident.
The legend defines the age of the study group. Cox adjusted HR’s are shown for all data except
those labeled PERR, which were analyzed with this adjustment. “Missing data” in the death
analysis refers to a subset of the cohort that was not missing any data on the potential
confounders – blood pressure, BMI, and smoking.
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