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Abstract
IMPORTANCE—Menopausal hormone therapy continues in clinical use but questions remain
regarding its risks and benefits for chronic disease prevention.

OBJECTIVE—To provide a comprehensive, integrated overview of findings from the two
Women’s Health Initiative (WHI) hormone therapy (HT) trials with extended post-intervention
follow up.

DESIGN, SETTING, PARTICIPANTS, AND INTERVENTIONS—27,347 postmenopausal
women, age 50–79 years, were enrolled at 40 US centers. Interventions were conjugated equine
estrogens (CEE, 0.625 mg/day) with medroxyprogesterone acetate (MPA, 2.5 mg/day) for women
with an intact uterus (N = 16,608) and CEE alone for women with hysterectomy (N= 10,739), or
their placebos. Intervention continued for 5.6 and 7.2 years (median), respectively, with
cumulative follow-up of 13 years through September 30, 2010.
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MAIN OUTCOMES AND MEASURES—The primary efficacy and safety outcomes were
coronary heart disease (CHD) and invasive breast cancer, respectively. A global index also
included stroke, pulmonary embolism, colorectal cancer, endometrial cancer, hip fracture, and
deaths. Secondary and quality-of-life outcomes were also assessed.

RESULTS—During the intervention phase for CEE+MPA, the hazard ratio (HR) for CHD was
1.18 (95% confidence interval [CI] 0.95–1.45) and overall risks outweighed benefits, with
increases in invasive breast cancer, stroke, pulmonary embolism, and the global index. Other risks
included increased dementia (in women >65 years), gallbladder disease, and urinary incontinence,
while benefits included decreased hip fractures, diabetes, and vasomotor symptoms. Post-
intervention, most risks and benefits dissipated, although some elevation in breast cancer risk
persisted (cumulative hazard ratio [HR] =1.28; 95% confidence interval, 1.11–1.48). During
intervention for CEE alone, risks and benefits were more balanced, with a HR for CHD of 0.94
(0.78–1.14), increased stroke and venous thrombosis, decreased hip fractures and diabetes, and
over cumulative follow-up, decreased breast cancer (HR=0.79 [0.65–0.97]). Neither regimen
affected all-cause mortality. With CEE, younger women (50–59 years) had more favorable results
for all-cause mortality, myocardial infarction, and the global index (nominal P values for trend by
age <0.05), but not for stroke and venous thrombosis. Absolute risks of adverse events (measured
by the global index) per 10,000 women per year on CEE+MPA ranged from 12 excess cases for
age 50–59 to 38 for age 70–79 and, for CEE, from 19 fewer cases for age 50–59 to 51 excess
cases for age 70–79. Results for quality of life outcomes in both trials were mixed.

CONCLUSIONS AND RELEVANCE—Menopausal hormone therapy has a complex pattern of
risks and benefits. While appropriate for symptom management in some women, its use for
chronic disease prevention is not supported by the WHI randomized trials.

TRIAL REGISTRATION—clinical trials.gov Identifier: NCT00000611

INTRODUCTION
The Women’s Health Initiative (WHI) hormone therapy (HT) trials were designed to
determine the benefits and risks of HT taken for chronic disease prevention by
predominantly healthy postmenopausal women.1–3 Although originally prescribed primarily
to treat vasomotor symptoms, menopausal HT had been increasingly viewed as a way to
prevent many chronic diseases of aging, including coronary heart disease (CHD) and
cognitive impairment4, 5 At least 40 percent of postmenopausal women in the United States
were using HT shortly before the publication of the initial WHI findings.6 While
observational studies had suggested net benefit for HT use,4, 5 no previous large-scale
randomized prevention trial had addressed the balance of risks and benefits. In this context,
the WHI HT trials were conceived and the most commonly used HT formulations in the
U.S. at that time, conjugated equine estrogens (CEE) plus medroxyprogesterone acetate
(MPA) and CEE alone, were chosen as the interventions.1

Findings from the two HT trials have been published in numerous journals over the past
decade2, 3, 7–15 (see full listing of previous reports in the online appendix), but no previous
WHI publication has synthesized results for primary, secondary, and quality-of-life
outcomes of the two trials over their intervention and post-intervention phases. In addition,
for some endpoints, analyses have not been previously stratified by age or time since
menopause. The goal of the present report is to provide a comprehensive, integrated
overview of findings from the two WHI HT trials with extended post-intervention follow up
(median, 13 years cumulative follow up) and stratification by age and other important
variables.
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METHODS
Study Design

Details of the two WHI hormone therapy trial designs and outcome adjudication procedures
have been published.1–3 Briefly, 27,347 postmenopausal women ages 50 to 79 were
recruited from 1993 to 1998 at 40 U.S. clinical centers; 16,608 women with a uterus were
randomized to daily oral CEE (0.625 mg) plus MPA (2.5 mg) (Prempro) or placebo and
10,739 women with hysterectomy were randomized to daily oral CEE (0.625 mg) alone
(Premarin) or placebo. The primary efficacy and safety outcomes of the trial were CHD and
invasive breast cancer, respectively. The sample sizes were based on power to detect effects
on these outcomes.1 Race and ethnicity were self reported. Institutional review board
approval was obtained at each clinical center and all participants provided written informed
consent. Post-intervention follow-up through September 30, 2010 is based on 81.1% of
surviving participants who provided written informed consent. Comparisons in the post-
intervention phase need to be interpreted in the context of possible selection, due to effects
in the preceding intervention phase and partial consent to further follow-up after 2005. .

Statistical Analysis
For each trial, intervention phase analyses included all randomized participants according to
their randomization assignment until last intervention contact, using time-to-event methods
based on the intention-to-treat principle. A global index of the monitored clinical events was
calculated as time to first event for: coronary heart disease, invasive breast cancer, stroke,
pulmonary embolism, colorectal cancer, endometrial cancer (for estrogen-progestin only),
hip fractures, and death from all other causes. Hazard ratios were estimated using Cox
proportional hazards models stratified by age, prior disease (if appropriate), and
randomization status in the WHI Dietary Modification trial. Models were constructed for
each clinical endpoint: women contributed follow-up time until the end of the study phase,
date of their first relevant clinical event, death, or withdrawal from the study, whichever
came first. Comparisons in the post-intervention phase include randomized participants in
active follow-up and at risk for an initial diagnosis of the relevant outcome. Cumulative
results represent overall findings. Hazard ratios may exhibit time dependencies within or
between phases, as previously reported.14, 15

All statistical tests are two-sided and nominal p values of 0.05 or less are regarded as
significant. P-values do not adjust for multiple outcomes, sequential monitoring, or multiple
subgroup comparisons; due to the large number of tests conducted, the p-values should be
interpreted cautiously. Inference on subgroup analyses rely primarily on tests for interaction,
which are also subject to multiple testing limitations when a large number of tests are
conducted. Subgroup analyses, stratifying on age and time since menopause, are reported for
most outcomes. Tests were based on a 1 degree-of-freedom test for trend where models
included an interaction term between randomization arm and baseline group, which was
coded ordinally. Adherence sensitivity analyses, conducted by censoring follow-up six
months after non-adherence (taking <80% of study pills or starting non-protocol hormone
therapy), included time-varying weights (inversely proportional to the estimated probability
of continued adherence) in proportional-hazards models that adjusted for changes in the
distribution of sample characteristics during follow-up. For secondary and quality-of-life
outcomes, results are provided for the intervention phase and, where available, for the post-
intervention and cumulative follow-up period. Additional analyses were conducted among
women with no prior HT use before entry, as well as stratified by presence or absence of
vasomotor symptoms at enrollment. All statistical analyses were conducted using SAS
software version 9.3 (SAS Institute Inc., Cary, North Carolina) and R software version 2.15
(R Foundation for Statistical Computing, http://www.r-project.org/).
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RESULTS
Baseline characteristics

Baseline characteristics for the two randomization groups in each trial were well balanced
on demographic and disease risk factors (Table 1). When comparing characteristics between
trials, however, several differences are seen. Compared to estrogen-progestin trial
participants, women in the estrogen-alone trial were more racially diverse, more distant from
menopause onset, had less favorable cardiovascular risk profiles, and more commonly had
oophorectomy and prior HT use.

Intervention in the CEE+MPA trial ended on July 7, 2002 (after a median [interquartile
range] of 5.6 [4.8, 6.5] years) because of increased breast cancer risk and an unfavorable
risk-benefit ratio with CEE+MPA2. Intervention in the CEE trial ended on February 29,
2004 (after a median of 7.2 [6.4, 8.1] years) because of increased stroke incidence not offset
by lower CHD risk in the hormone group.3 Some HRs differ slightly from those previously
reported due to the more complete outcome ascertainment. After intervention ended, follow-
up continued through September 30, 2010 among surviving participants who provided
written consent. The cumulative results reported here include a median post-intervention
follow-up of 8.2 [6.6, 8.2]) years and median cumulative follow-up of 13.2 (10.5, 14.2)
years for the CEE+MPA trial, and a median post-intervention follow-up of 6.6 [3.8, 6.6])
years and median cumulative follow-up of 13.0 (9.1, 14.1) years for the CEE-alone trial (see
CONSORT diagram, Figure 1).

Primary Endpoints in the Two Trials: Intervention and Post-Intervention Results
The intervention and post-intervention results for the primary efficacy (CHD) and safety
(breast cancer) outcomes in the two trials are presented in Figures 2 and 3, respectively.
Cumulative results for intervention plus post-intervention phases are shown in Figure 4.
Figures include the number of incident cases, absolute risk differences (cases per 10,000
person-years [pys]) for each endpoint in the active minus placebo groups), hazard ratios
(HRs), 95% confidence intervals (CIs), and a visual display of the HRs (95% CIs) for the
two trials. The higher absolute risks in older than younger age groups are presented
graphically in online eFigure 1. Results are summarized below.

Coronary heart disease (CHD)
CHD was defined as nonfatal myocardial infarction (MI) or coronary death. Results for total
MI, a secondary endpoint, are reported separately below.

Intervention phase—Results for CHD differed between the two trials (Figure 2). Women
assigned to CEE+MPA had a HR of 1.18 (95% CI, 0.95–1.45), as compared to placebo. The
HR (95% CI) at year one was 1.80 (1.08–2.99), but was less elevated or neutral in
subsequent years (p for trend by time = 0.03). Women assigned to CEE had a HR of 0.94
(95% CI, 0.78–1.14), as compared to placebo, and the HRs did not differ appreciably by
year since randomization (p for trend by time = 0.21).

Post-intervention and cumulative follow-up phases—Post-intervention results in
both trials were neutral (Figure 3). During cumulative 13-year follow-up, the HRs for CHD
were 1.09 (0.96–1.24) for CEE+MPA and 0.94 (0.82–1.09) for CEE (Figure 4).

Stratified analyses (by age and time since menopause)—For CEE+MPA, HRs
were similar by age (Figure 5a) but there was a non significant difference by time since
menopause (p for trend =0.08), with significantly elevated risk among women more than 20
years past menopause onset (eFigure 2, online). For CEE, a trend for lower CHD risk in
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younger women was suggested (p for trend=0.08) (Figure 5a). Statistically significant
differences by age or proximity to menopause for MI are described below.

Breast cancer
Intervention phase—Results for breast cancer differed between the two trials. The HR
for breast cancer with CEE+MPA was 1.24 (1.01–1.53) (Figure 2). HRs progressively
increased by time since randomization (p for time trend = 0.005), with cancers diagnosed at
more advanced stages.16 In contrast, the HR for CEE was 0.79 (0.61–1.02) and HRs did not
differ by time since randomization

Post-intervention and cumulative follow-up—The HR for breast cancer with CEE
+MPA remained statistically significantly elevated during post-intervention and cumulative
follow-up (HR for latter 1.28 [1.11–1.48]) (Figures 3 and 4), although more detailed time-
dependent analyses identified risk attenuation with time since cessation of use.17 For CEE,
the risk reduction became statistically significant during cumulative follow up (HR=0.79
[0.65–0.97]) (Figure 4).

Stratified analyses—No appreciable differences by age or time since menopause
emerged (Figure 5a, 6a and eFigure 2).

Other Endpoints in the Global Index: Intervention and Post-Intervention Results
Stroke
Intervention phase: Stroke risk was increased by 37% with CEE+MPA and by 35% with
CEE (Figure 2), reflecting increased ischemic, but not hemorrhagic, stroke risk.10, 11

Post-intervention and cumulative follow-up: Post-intervention results were neutral in both
trials (Figures 3 and 4). Cumulatively, the HRs for stroke were 15–16% higher in the
hormone therapy groups in both trials (Figure 4).

Stratified analyses: No appreciable differences were seen in either trial (Figure 5a, 6a and
eFigure 2).

Pulmonary embolism
Intervention phase: While a statistically significant doubling of pulmonary embolism (PE)
risk was seen with CEE+MPA (Figure 2) the 35% higher PE risk with CEE was not
statistically significant.

Post-intervention and cumulative follow-up: Post-stopping results were neutral in both
trials (Figure 3). Cumulatively, the HRs were 1.26 (1.00–1.59) for CEE+MPA and 1.15
(0.87–1.51) for CEE (Figure 4).

Stratified analyses: No appreciable differences by age or time since menopause were seen
in either trial (Figure 5a, 6a and eFigure 2).

Colorectal cancer
Intervention phase: Results for colorectal cancer differed between the two trials. For CEE
+MPA, the HR was 0.62 (0.43–0.89) (Figure 2), but the cancers were diagnosed at a more
advanced stage.18 CEE did not affect colorectal cancer incidence (HR =1.15 [0.81–1.64]).

Post-intervention and cumulative follow-up: Post-stopping and cumulative HRs were
neutral in both trials (Figure 3 and 4).
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Stratified analyses: For CEE, results were more adverse in older, compared to younger,
women (p for trend = 0.02), but age differences were not apparent for CEE+MPA (Figure
5a).

Endometrial cancer
Intervention phase: Women in the CEE+MPA compared to placebo group had a HR of
0.83 (0.49–1.40) (Figure 2).

Post-intervention and cumulative follow-up: A reduced risk of endometrial cancer with
CEE+MPA emerged post-intervention (HR=0.58 [0.40–0.86]) (Figure 3)) and for
cumulative follow up (HR=0.67 [0.49–0.91]) (Figure 4).

Hip fracture
Intervention phase: Women in the CEE+MPA and CEE, compared to placebo, groups had
statistically significant 33% reductions in hip fracture (Figure 2).

Post-intervention and cumulative follow-up: Post-intervention, the risk reductions were
attenuated in both trials (Figure 3) but a significant fracture benefit persisted at 13 years for
CEE+MPA (HR=0.81 [0.68–0.97]) (Figure 4).

Stratified analyses: Results in the CEE trial were more favorable for women with greater
time since menopause (eFigure 2).

All-cause mortality
Intervention phase: Neither CEE+MPA nor CEE affected all-cause mortality (Figure 2).

Post-intervention and cumulative follow-up: All-cause mortality remained neutral post-
intervention and during cumulative follow up in both trials (Figures 3 and 4) with
cumulative follow-up HRs of 0.99 (0.91–1.08) for CEE+MPA and 0.99 (0.90–1.10) for CEE
(Figure 4).

Stratified analyses: In both trials, patterns of more favorable results for all-cause mortality
in younger than older women were apparent during the intervention phase, with HRs of 0.67
(0.43–1.04) and 0.70 (0.46–1.09) among women ages 50–59 in the CEE+MPA and CEE
trials, respectively, but HRs ranged from 1.01 to 1.21 among women ages 60–79 (Figure
5a). The nominal p for trend by age was significant (p=0.04) only in the CEE trial. Trends
with time since menopause were not significant (eFigure 2).

Global index
Intervention phase: Overall, the health risks of CEE+MPA significantly outweighed the
benefits. For the global index of monitored events, which included the above outcomes, the
HR was elevated at 1.12 (1.02–1.24) (Figure 2). In absolute terms, for every 10,000 women
taking CEE+MPA per year, there were 6 more coronary events, 9 more strokes, 9 more
pulmonary emboli, 9 more breast cancers, 6 fewer colorectal cancers, 1 fewer endometrial
cancers, 6 fewer hip fractures, and 1 fewer death, yielding a net effect of 20 additional
adverse events per 10,000 person-years (pys). The corresponding HR for the global index
for CEE was 1.03, with a net of 4 adverse events.

Post-intervention and cumulative follow-up: As most risks became attenuated after
stopping, the global index was neutral for both trials post-intervention and cumulatively
(Figures 3 and 4).

Manson et al. Page 7

JAMA. Author manuscript; available in PMC 2014 October 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Stratified analyses: The global index HR with CEE+MPA was not modified by age (p for
trend >0.99) but for CEE was more favorable in younger women (p for trend = 0.02) (Figure
5a). In both trials, however, the absolute rates of adverse events were lower in younger than
older women. For CEE+MPA compared to placebo, women aged 50–59, 60–69, and 70–79,
had 12, 22, and 38 more adverse events per 10,000 pys, respectively. In contrast, for CEE
compared to placebo, women aged 50–59 had 19 fewer adverse events, while women aged
70–79 had 51 more adverse events, per 10,000 pys (Figure 5a). Effect modification by age
for CEE was more pronounced during cumulative follow-up (p for trend by age = 0.01; 26
fewer adverse events per 10,000 pys among women aged 50–59 and 33 more adverse events
per 10,000 pys among women 70–79, for those assigned to CEE compared with placebo)
(Figure 6a). Trends with time since menopause were not significant (eFigure 2).

Secondary Endpoints in the Two Trials: Intervention and Post-Intervention Results
The results for other clinical endpoints in the trial are summarized below, with more details
available in the online Appendix.

Myocardial Infarction—Overall, results for MI were similar to those for CHD (Figure 2).
However, differences by age or time since menopause emerged during the intervention
phase of both trials. For CEE+MPA, statistically significant differences were apparent by
time since menopause (HRs were 0.91, 1.16, and 1.99 with increasing decade past
menopause, respectively; p for trend = 0.01) but not by age (Figure 5a). For CEE, the HRs
increased with increasing decade of age (HRs 0.55, 0.95, and 1.24, respectively; p for trend
by age = 0.02) (Figure 5b). Cumulatively, the differences by time since menopause for CEE
+MPA persisted (p for trend =0.02) and the differences by age for CEE became more
pronounced (p for trend =0.007) (Figure 6b).

Other secondary CVD outcomes—Results for CABG/PCI were neutral in both trials
and findings for deep vein thrombosis generally paralleled those for pulmonary embolism
described above (Figures 2–4). HRs were significantly elevated for total cardiovascular
events during the intervention phase of both trials, but were neutral post-intervention. For
cardiovascular death, results were neutral throughout (Figures 2–4).

Secondary cancer outcomes—The incidence of lung and ovarian cancer did not
differ significantly between randomization groups in either trial (Figures 2–4). An adverse
effect of CEE+MPA, but not CEE, on lung cancer mortality has been observed in WHI.19, 20

Neither intervention was associated with total cancer incidence (Figures 2–4); the
cumulative HR was 1.04 (0.96–1.12) for CEE+MPA and 0.93 (0.84–1.04) for CEE (Figure
4). Younger women (aged 50–59) in the CEE compared to placebo group had a lower
cumulative incidence of total cancer (HR=0.80 [0.64–0.99]) (Figure 6b). During
intervention, total cancer mortality did not differ between randomization groups in either
trial (Figure 2); during cumulative follow-up, the HRs were 1.07 (0.93–1.23) for CEE+MPA
and 0.95 (0.81–1.13) for CEE. When examined by age, HRs for total cancer mortality in the
CEE trial were more adverse for women above age 70 (HRs for increasing age groups were
0.77, 0.77, 1.36; p for trend = 0.05) (Figure 5b), but this trend was not significant in
cumulative results. No effect modification by age or time since menopause was detected for
cancer mortality in the CEE+MPA trial.

Clinical vertebral and total fractures—In both trials, results for clinical vertebral and
total fractures paralleled those for hip fracture (Figures 2 and 5b).

Dementia—A subset of WHI participants aged ≥65 years at enrollment underwent
cognitive testing in the WHI Memory Study (WHIMS).21, 22 HRs for probable dementia
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were 2.01 (1.19–3.42) during the intervention phase of the CEE+MPA trial and 1.47 (0.85–
2.52) in the CEE trial (Figure 2). For women aged 50–55 years at randomization, cognitive
assessments conducted an average of 7.2 years post-intervention showed neutral results.23

Self-Reported Endpoints, Self-Reported Symptoms, and Quality-of-Life Outcomes in the
Two Trials

In both trials, women assigned hormones had significantly lower rates of treated diabetes
than women assigned placebo (HR=0.81 [0.70–0.94] and 0.86 [0.76–0.98] for CEE+MPA
and CEE, respectively) (Figure 2). Rates of gallbladder disease, however, were
approximately 50% higher among women assigned hormones in both trials (Figure 2).).
Self-reported urinary incontinence24 (at least once/week) was also higher in women
assigned to CEE+MPA (HR=1.49 [1.36–1.63] or CEE (HR=1.61 [1.46–1.79] than to
placebo (Figure 2) and were attenuated but still higher post-stopping in both trials (Figure
3). Post-intervention in both trials, the reductions in diabetes dissipated (Figures 3 and 4)
while the HRs for gallbladder disease were attenuated but still elevated for CEE+MPA and
became neutral for CEE. No significant differences by age group were observed for these
outcomes.

Among younger women (ages 50–54) experiencing moderate or severe hot flashes and/or
night sweats at enrollment (n=979), those in both the CEE+MPA and CEE groups had
substantial reductions in symptoms (64% and 28%, respectively, compared to placebo at one
year) (Figure 2). In the overall cohort, women assigned to CEE+MPA and CEE reported less
sleep disturbances (assessed by a five-item validated scale25, 26), but more breast
tenderness, than those receiving placebo (Figure 2 and eFigure 3). Women receiving CEE
+MPA, but not CEE, were less likely to have joint pain than those receiving placebo.
Regarding health-related quality of life (RAND-36 form) 9, 27 CEE+MPA, compared to
placebo, was associated with a small but statistically significant benefit for physical
functioning, role physical, bodily pain, and general health, and neutral results for the other
subscales at one year (Appendix eFigure 3). CEE was associated with nominally significant
adverse effects for social functioning and role emotional (eFigure 3). No significant
differences in depressive symptom scores were observed. Post-intervention, symptoms of
breast tenderness were similar between treatment arms in both trials but the direction of
some of the other associations reversed (Figure 3), particularly joint pain. Additional
discussion of these and other patient-reported outcomes are provided in the Appendix.

Additional Analyses Conducted in the Two Trials
Women without pre-randomization use of hormone therapy—Approximately one
quarter of estrogen-progestin and one half of estrogen-alone trial participants had used HT
pre-randomization. To simulate first initiation of HT in clinical practice, secondary analyses
were conducted in women without pre-randomization HT use, stratified by age group
(eFigure 4). The age-stratified findings remained similar to the primary analysis for CEE
+MPA, but were slightly more favorable for younger women in the CEE trial. Among
women aged 50–59 without prior HT use, the global index was significantly better for those
assigned CEE compared to placebo (HR=0.71 [0.50–0.99]), with 40 fewer adverse events
per 10,000 pys in the CEE group, compared to 34 excess events per 10,000 pys among
women aged 70–79.

Analyses stratified by presence or absence of vasomotor symptoms at
baseline—Women aged 70–79 with moderate-to-severe vasomotor symptoms at baseline
assigned to CEE+MPA had a HR for CHD of 5.79 (1.29–25.97) while women in younger
age groups (irrespective of vasomotor symptom status) did not have significantly elevated
CHD risks (eFigure 5). Similarly, women aged 70–79 who had moderate-to-severe
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vasomotor symptoms and were assigned to CEE had a HR for CHD of 4.34 (1.43–13.14)
compared to women assigned placebo, while women in younger age groups, with or without
vasomotor symptoms, had no excess risk. Thus, CHD risk with both HT regimens was
particularly high in the small group of women aged 70 and above with moderate-to-severe
vasomotor symptoms (n=392; 4.8% and 8.7% of women in this age group in the CEE+MPA
and CEE-alone trials, respectively), but the three-way interactions by age and vasomotor
symptoms were nominally significant only for CEE (p=0.04). Such interactions were not
observed for other disease outcomes.

Sensitivity analyses censoring for noncompliance with study pills—Secondary
analyses among adherent women (censoring women within 6 months of reporting <80%
compliance with study pills) were generally similar to intention-to-treat results but tended to
accentuate the findings in each trial. For example, the intervention-phase adherence-adjusted
HR for CHD was 1.32 (1.00–1.75) in the CEE+MPA trial and 0.85 (0.64–1.14) in the CEE
trial, while the HR for breast cancer was 1.52 (1.15–2.00) in the CEE+MPA trial and 0.58
(0.39–0.84) in the CEE trial.

Other analyses—A detailed presentation of biomarker findings and analyses stratified by
other baseline characteristics is beyond the scope of this manuscript. However, several
additional analyses with potential relevance to clinical decision making about HT are
summarized in the Appendix.

DISCUSSION
This report provides a comprehensive overview of findings from the intervention and
extended post-intervention phases of the estrogen-progestin and estrogen-alone trials of the
WHI, representing 13 years of cumulative follow up. Key findings include differences in the
benefit-risk profile for CEE+MPA compared to CEE, the role of age and/or time since
menopause in modifying HT effects on some outcomes, and the role of vasomotor
symptoms in modifying CHD outcomes in older women using HT.

Overall, the risks of CEE+MPA during intervention outweighed the benefits. Most risks and
benefits from CEE+MPA dissipated post-intervention; however, CVD events remained
borderline elevated, a reduction in endometrial cancer emerged, and breast cancer HRs
remained above unity. For CEE in women with prior hysterectomy, the benefits and risks
during the intervention phase were more balanced, with increased risks of stroke and venous
thrombosis, reduced risk of hip and total fractures, and a borderline reduction in breast
cancer. Post-intervention with CEE, a significant decrease in breast cancer emerged and
most other outcomes were neutral. Thus, breast cancer findings were divergent between the
two trials and, for both cancer and CVD outcomes, results tended to be more adverse for
CEE+MPA than for CEE.

HT effects on clinical outcomes were influenced in some cases by age or time since
menopause. For CEE during the intervention phase, results were more favorable for younger
than older women for all-cause mortality, MI, cancer deaths, and the global index. Both
regimens, however, were associated with increased risk of stroke, venous thrombosis,
gallbladder disease, and urinary incontinence, without clear differences by age. For CEE
+MPA, breast cancer was an additional adverse effect and, although risk of MI varied by
time since menopause, the overall risks outweighed benefits across all age groups. The
potential influence of age or time since menopause on the relation between HT and vascular
disease has received considerable attention.28–32 It has been postulated that estrogen may
slow early stages of atherosclerosis and have favorable endothelial effects in recently
menopausal women but have adverse and plaque-destabilizing effects on advanced
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atherosclerotic lesions.28, 32 Overall, the WHI findings suggest that HT has a harmful effect
on CHD risk in older women, while the results in younger women remain inconclusive.
Lower absolute risks of adverse events with HT in younger women, however, lead to lower
attributable risks in these age groups. Whether menopausal hormone therapy has a
particularly adverse effect on coronary risk in older women with vasomotor symptoms
remains unclear.33–35 These symptoms have been associated with higher coronary risk in
some reports,33, 35 and have been previously linked to adverse outcomes on HT among
women with prevalent CHD.36 Due to the small sizes of these subgroups in the WHI and
other studies, however, further research is needed.

CEE+MPA increased breast cancer incidence and the cancers were diagnosed at higher
stage, likely reflecting diagnostic delay due to interference with mammographic
detection 37. While a residual elevation in breast cancer risk was seen with CEE+MPA post-
intervention, analyses demonstrated year-to year reductions in HRs after stopping. In
contrast, the significant reduction in breast cancer seen with CEE38, 39 was unexpected and
differs from results of many observational studies.40, 41 While differential mammography
utilization in HT compared to non-HT users in observational studies may explain some of
the differences, the opposite findings for CEE alone compared to CEE+MPA in the
randomized trials points to a determinant influence of progestin on the breast epithelium.42

Full discussion of the complex processes mediating these differences43, 44 is beyond the
scope of this report. Fewer colorectal cancers were diagnosed during CEE+MPA
intervention but the cancers were diagnosed at higher stage, potentially reflecting
differential detection (see Appendix).18 CEE+MPA reduced the risk of endometrial cancer
but both HT regimens may increase ovarian cancer risk.45 CEE+MPA increased deaths
from, but not incidence of, lung cancer, while CEE alone had no effect on these outcomes.20

Neither CEE+MPA nor CEE influenced total cancer incidence or total cancer mortality.

Both CEE+MPA and CEE reduced diabetes risk during intervention, when improvements in
measured glucose and insulin levels were also documented,46, 47 but the risk reductions
dissipated post-intervention. Both regimens increased risks for venous thrombosis and
gallbladder disease. Among participants aged ≥65 years, HT increased probable dementia
risk, with results for CEE+MPA more adverse than for CEE. Women aged 50–54 with
moderate-to-severe vasomotor symptoms at baseline experienced symptom reductions with
hormone therapy, and women overall had fewer sleep disturbances and joint pain, although
incidence of rheumatoid arthritis was not reduced.48 Overall, results for self-reported
symptoms with both interventions were mixed and few additional quality-of-life benefits
were observed.

Despite the large size and numerous strengths of the WHI randomized trial, some limitations
warrant consideration. Only one dose, formulation and route of administration in each trial
was assessed: thus, results are not necessarily generalizable to other hormone preparations.
Also, event information collected post-stopping represents unblinded reporting and nearly
20% of surviving participants did not consent to extended follow-up. Multiple outcomes and
subgroups, some with low power, were examined, potentially leading to both false positive
and false negative results. Thus, the nominal p-values and confidence intervals presented
here should be interpreted cautiously.

In summary, although HT remains a reasonable option for the management of moderate-to-
severe menopausal symptoms among generally healthy women in early menopause, current
WHI findings do not support the use of either estrogen-progestin or estrogen alone for
chronic disease prevention. The risks of CEE+MPA outweigh the benefits irrespective of a
woman’s age; whereas for CEE in women with prior hysterectomy, a more favorable
risk:benefit ratio is seen in younger women. However, even for younger women, increased
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risks of stroke and venous thrombosis, as well as gallstones and urinary incontinence,
remain a concern with both regimens. These concerns, in conjunction with the multiple
testing limitations attending subgroup analyses, preclude a recommendation in support of
CEE use for disease prevention even among younger women. Current findings also suggest
caution when considering HT treatment in older age groups, even in the presence of
persistent vasomotor symptoms, given the high risk of CHD and other outcomes associated
with HT use in this setting.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
CONSORT Diagram: Women’s Health Initiative trials of postmenopausal hormone therapy
through extended follow-up. During the post-intervention and extension phases, fewer than
2% and 4% of women in the estrogen-progestin and estrogen-alone trials, respectively,
reported use of hormone therapy.
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Figure 2.
Number of events (annualized %), difference in absolute risks per 10,000 person–years, and
hazard ratios (95%CI) for various health outcomes in the overall study population in the
WHI Hormone Therapy Trials (intervention phase). The total cardiovascular disease
outcome includes MI, CHD death, angina, heart failure, CABG/PCI, stroke, carotid artery
disease, peripheral vascular disease, venous thromboembolism, and cardiovascular death.
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Figure 3.
Number of events (annualized %), difference in absolute risks per 10,000 person–years, and
hazard ratios (95%CI) for various health outcomes in the overall study population in the
WHI Hormone Therapy Trials (postintervention phase). The total cardiovascular disease
outcome is defined in the legend for Figure 2.
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Figure 4.
Number of events (annualized %), difference in absolute risks per 10,000 person–years, and
hazard ratios (95%CI) for various health outcomes in the overall study population in the
WHI Hormone Therapy Trials (overall combined phases). The total cardiovascular disease
outcome is defined in the legend for Figure 2.
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Figure 5.
Figure 5a. Number of events (annualized %), difference in absolute risks per 10,000 person–
years, and hazard ratios (95%CI) for various health outcomes in the WHI Hormone Therapy
Trials (intervention phase) according to 10–year age groups at randomization.
Figure 5b. Number of events (annualized %), difference in absolute risks per 10,000 person–
years, and hazard ratios (95%CI) for secondary endpoints in the WHI Hormone Therapy

Manson et al. Page 20

JAMA. Author manuscript; available in PMC 2014 October 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Trials (intervention phase) according to 10–year age groups at randomization. The total
cardiovascular disease outcome is defined in the legend for Figure 2.
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Figure 6.
Figure 6a. Number of events (annualized %), difference in absolute risks per 10,000 person–
years, and hazard ratios (95%CI) for various health outcomes in the WHI Hormone Therapy
Trials (overall combined phases) according to–10 year age groups at randomization.
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Figure 6b. Number of events (annualized %), difference in absolute risks per 10,000 person–
years, and hazard ratios (95%CI) for secondary endpoints in the WHI Hormone Therapy
Trials (overall combined phases) according to 10–year age groups at randomization. The
total cardiovascular disease outcome is defined in the legend for Figure 2.
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