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Importance—Health outcomes from the Women's Health Initiative Estrogen Plus Progestin and
Estrogen-Alone Trials have been reported, but previous publications have generally not focused on
all-cause and cause-specific mortality.

Objective—To examine total and cause-specific cumulative mortality, including during the
intervention and extended postintervention follow-up, of the 2 Women's Health Initiative hormone
therapy trials.

Design, Setting, and Participants—Observational follow-up of US multiethnic
postmenopausal women aged 50 to 79 years enrolled in 2 randomized clinical trials between 1993
and 1998 and followed up through December 31,2014.

Interventions—Conjugated equine estrogens (CEE, 0.625 mg/d) plus medroxy progesterone
acetate (MPA, 2.5 mg/d) (n = 8506) vs placebo (n = 8102) for 5.6 years (median) or CEE alone (n
=5310) vs placebo (n = 5429) for 7.2 years (median).

Main Outcomes and Measures—All-cause mortality (primary outcome) and cause-specific
mortality (cardiovascular disease mortality, cancer mortality, and other major causes of mortality)
in the 2 trials pooled and in each trial individually, with prespecified analyses by 10-year age
group based on age at time of randomization.

Results—Among 27 347 women who were randomized (baseline mean [SD]age, 63.4 [7.2]
years; 80.6% white), mortality follow-up was available for more than 98%. During the cumulative
18-year follow-up, 7489 deaths occurred (1088 deaths during the intervention phase and 6401
deaths during postintervention follow-up). All-cause mortality was 27.1% in the hormone therapy
group vs 27.6% in the placebo group (hazard ratio [HR], 0.99 [95% CI, 0.94-1.03]) inthe overall
pooled cohort; with CEE plus MPA, the HR was 1.02 (95% ClI, 0.96-1.08); and with CEE alone,
the HR was 0.94 (95% CI, 0.88-1.01). In the pooled cohort for cardiovascular mortality, the HR
was 1.00 (95% Cl, 0.92-1.08 [8.9 % with hormone therapy vs 9.0% with placebo]); for total
cancer mortality, the HR was 1.03 (95% CI, 0.95-1.12 [8.2% with hormone therapy vs 8.0% with
placebo]); and for other causes, the HR was 0.95 (95% Cl, 0.88-1.02 [10.0% with hormone
therapy vs 10.7% with placebo]), and results did not differ significantly between trials. When
examined by 10-year age groups comparing younger women (aged 50-59 years) to older women
(aged 70-79 years) in the pooled cohort, the ratio of nominal HRs for all-cause mortality was 0.61
(95% Cl, 0.43-0.87) during the intervention phase and the ratio was 0.87 (95% CI, 0.76-1.00)
during cumulative 18-year follow-up, without significant heterogeneity between trials.

Conclusions and Relevance—Among postmenopausal women, hormone therapy with CEE
plus MPA for a median of 5.6 years or with CEE alone for a median of 7.2 years was not
associated with risk of all-cause, cardiovascular, or cancer mortality during a cumulative follow-up
of 18 years.

The Women's Health Initiative (WHI) hormone therapy trials were designed to assess the
benefits and risks of menopausal hormone therapy taken for chronic disease prevention by
predominantly healthy postmenopausal women.1-3 The double-blinded, placebo-controlled,
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randomized clinical trials, conducted among US postmenopausal women aged 50 to79 years
at enrollment, tested the most common formulations of hormone therapy prescribed at the
time of study initiation: conjugated equine estrogens (CEE) plus medroxy progesterone
acetate (MPA) for women with an intact uterus and CEE alone for women with
hysterectomy. The CEE plus MPA trial was stopped early (after 5.6years) due to an
increased risk of breast cancer and overall risks exceeding benefits?; the CEE-alone trial was
stopped after7.2 years due to an increased risk of stroke.3Postintervention follow up has
been ongoing.

Health outcomes, including all-cause mortality from the 2 hormone therapy trials, have been
reported,2’ but previous publications have not focused on all-cause and cause-specific
mortality. Moreover, the current report includes extended follow-up and mortality
surveillance of the entire randomized cohort using the National Death Index (NDI; 7489
deaths through December 31,2014). Hormone therapy has been shown to have a complex
balance of benefits and risks with important effects on numerous outcomes—some of which
differ between the 2 hormone therapy formulations.2-3:8 All-cause mortality is a critically
important summary measure representing the net effect of hormone therapy on serious and
life-threatening health conditions. Thus, we examined total and cause-specific mortality
during cumulative 18-year follow-up (intervention plus extended postintervention phases) of
the 2 WHI hormone therapy trials, individually and pooled, with attention to potential
differences by age.

Study Design

Details of the 2 WHI hormone therapy trial designs, adherence, and outcome adjudication
procedures (including for mortality) have been previously published (trial protocol in
Supplement 1).1-36 Briefly, 27 347 postmenopausal women ages 50 to 79 years were
recruited from 1993 to 1998 at 40 US clinical centers; 16608 women with a uterus were
randomized to receive daily oral CEE (0.625 mg) plus MPA (2.5 mg, Prempro) or placebo
and 10 739 women with hysterectomy were randomized to receive daily oral CEE (0.625
mg, Premarin) alone or placebo. The primary outcomes of both trials were incident coronary
heart disease and invasive breast cancer.! Institutional review board approval was obtained at
each center and all participants provided written informed consent. Race and ethnicity were
self-reported. Post intervention follow-up included deaths through December 31, 2014
(median, 18 years cumulatively), with mortality ascertained by regular surveillance of the
cohort through the NDI and by reports of next of kin or the postal service. NDI searches
were conducted at 7 time points before 2015 for all participants who had unknown vital
status. Some hazard ratios (HRs) may differ slightly from those previously reported due to
more complete mortality ascertainment in the present report. After the trials were stopped,
participants were unmasked to randomization assignment and fewer than 4% of women
reported personal posttrial hormone therapy use.
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Statistical Analysis

Results

For each trial, cumulative analyses included all randomized participants according to their
randomization assignment from time of randomization until death or December 31, 2014,
the last date covered by the NDI linkage, based on the intention-to-treat principle. Mortality
end points included all-cause mortality (primary analysis); cardiovascular disease (CVD)
mortality (further subdivided into deaths from coronary heart disease, stroke, and other
known CVD); cancer mortality (subdivided into deaths from breast, colorectal, and other
known cancers); and other mortality (based on the other leading causes of death in women
including Alzheimer disease or other dementia, chronic obstructive pulmonary disease
[COPD], injuries and accidents, and other known causes). HRs were estimated using Cox
proportional hazards models stratified by age and randomization status in the WHI Dietary
Modification Trial. Preplanned analyses included presentation of cumulative and
intervention-phase HRs and forest plots for each trial separately, as well as for the pooled
trials unless the Pvalue for heterogeneity between trials was less than .05 (eTables 1-3 in
Supplement 2). HRs may exhibit time dependencies within or between phases as previously
reported.*>

Age subgroup analyses were preplanned for the major mortality end points. Interactions
between randomization group and age stratum were based on a 1 degree-of-freedom test for
linear trend; 10-year age groups (based on age at time of randomization) were assigned a
continuous value (0,1, 2). HRs for younger vs older age groups were also directly compared
as ratios.

Statistical tests were based on a 2-sided log-rank (score) test. Nominal (unadjusted) Pvalues
are provided and those of less than .05 were considered statistically significant. However, P
values should be interpreted cautiously due to multiple comparisons. Sensitivity analyses
were restricted to participants who took more than 80% of study pills (active or placebo) for
at least 2 years or until death. All statistical analyses were conducted using SAS software
version 9.3 (SAS Institute Inc) and R software version 2.15(R Foundation for Statistical
Computing, http://www.r-project.org/).

Baseline Characteristics and Study Follow-up Periods

Baseline characteristics for the 2 randomization groups in each trial were well balanced on
demographic and clinical risk factors (Table). The CEE plus MPA trial ended in July 2002
(after a median of 5.6 years),26 and the CEE-alone trial ended in Feb-ruary2004
(afteramedianof7.2years).3® The present report is based on mortality follow-up through
December 31, 2014 (end of the last NDI search), and includes 7489 deaths (1088 occurred
during the intervention phase and 6401 occurred postintervention; 4083 additional deaths
since the last report). In addition to the intervention phases, the results reported in this study
include median postintervention follow-up of 12.5 years and cumulative follow-up of 18
years for the CEE plus MPA trial and a median post intervention follow-up of 10.8 years and
cumulative follow-up of 18 years for the CEE-alone trial (Figure 1). Mortality is more than
98% complete, based on NDI evaluation.8
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All-Cause Mortality

Cumulative Follow-up Phase—During cumulative 18-year follow-up, all-cause
mortality in the overall pooled cohort was 27.1% with hormone therapy vs 27.6% with
placebo (HR, 0.99 [95% CI, 0.94-1.03]; £=.60). For the individual trials, all-cause
mortality was 26.4% for CEE plus MPA vs 26.0% for placebo (HR, 1.02 [95% ClI,
0.96-1.08]; P=.51), and for CEE alone it was 28.3% vs 30.0% for placebo (HR, 0.94 [95%
Cl, 0.88-1.01]; P=.11) (Figure 2; eTable 1 in Supplement 2).

Intervention and Postintervention Phases—During the intervention phase, all-cause
mortality in the pooled cohort was 4.0% with hormone therapy vs 4.0% with placebo (HR,
1.01[95% CI, 0.90-1.14]; P=.86; eFigure and eTable 2 in Supplement2). Compared with
placebo, women randomized to receive to CEE plus MPA had an HR of 0.97 (95% ClI,
0.82-1.16; £=.77) and women randomized to receive CEE alone had an HR of 1.04 (95%
Cl, 0.89-1.22; P=.62) (eTable 2 in Supplement 2). During the postintervention period, the
HR for all-cause mortality was 1.04 (95% ClI, 0.97-1.10; P=.28) for CEE plus MPA and
0.92 (95% ClI, 0.85-0.99; £=.03) for CEE alone (eTable 3 in Supplement 2).

Age-Stratified Analyses—The HRs for all-cause mortality tended to differ by age during
the intervention and cumulative follow-up phases. Comparing younger women (aged 50-59
years) with older women (aged 70-79 years), the ratios of nominal HRs for all-cause
mortality in the pooled cohort were 0.61 (95% CI, 0.43-0.87) during the intervention phase
and 0.87 (95% ClI, 0.76-1.00) during the cumulative 18-year follow-up, without significant
heterogeneity between trials (eTable 4 in Supplement 2). Comparing hormone therapy with
placebo, the HRs in the pooled cohort during the intervention phase were 0.69 (95% Cl,
0.51-0.94) for women aged 50 to 59 years, 1.04 (95% CI, 0.87-1.25) for women aged 60 to
69 years, and 1.13 (95% ClI, 0.94-1.36) for women aged 70 to 79 years (P value for trend by
age = 0.01) (Figure 3; eTable 2 in Supplement 2). The trends by age were not statistically
significant during cumulative follow-up (HR, 0.89 [95% CI, 0.79-1.01] for women aged 50
to 59 years; HR, 0.98 [95% CI, 0.91-1.05] for women aged 60 to 69 years; and HR, 1.03
[95% CI, 0.96-1.10] for women aged 70 to 79 years; Pvalue for trend = 0.06) (Figure 4;
eTable 1 in Supplement 2).

Cardiovascular Mortality

Cumulative Follow-up Phase—During cumulative follow-up, 2456 deaths from CVD
occurred in the pooled cohort. CVD mortality was 8.9% in the hormone therapy group vs
9.0% in the placebo group (HR, 1.00 [95% ClI, 0.92-1.08]; P = .98), without differences
between trials. The HRs in the pooled cohort for coronary heart disease mortality (0.97
[95% CI, 0.86-1.09]; P = .60) and stroke mortality (1.06 [95% CI, 0.90-1.24]; P= .47) did
not differ significantly between hormone therapy and placebo groups or between trials
(Figure 2; eTable 1 in Supplement 2).

Intervention and Postintervention Phases—Neither treatment was significantly
associated with CVD mortality during the intervention phase (eFigure and eTable 2 in
Supplement2). Compared with placebo, women in the CEE plus MPA group had an HR of
1.08 (95% ClI, 0.78-1.48; P=.65) and women in the CEE-alone group had an HR of
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1.01(95% Cl, 0.78-1.31; P=.95). Similarly, the HRs for deaths due to coronary heart
disease, stroke, and other known CVD causes were not significantly increased or decreased
in either trial during the intervention (eFigure and eTable 2 in Supplement 2) or
postintervention phases (eTable 3 in Supplement 2).

Age-Stratified Analyses—No statistically significant trends for CVD with age were
observed in either trial during any study phase (Figure 3 and Figure 4; eTables 1-3 in
Supplement 2).

Cancer Mortality

Cumulative Follow-up Phase—During cumulative follow-up, 2207 deaths from cancer
occurred in the pooled cohort. Cancer mortality rates and HRs in the pooled cohort were
similar between the intervention group (8.2%) and the placebo group (8.0%) (HR, 1.03
[95% CI, 0.95-1.12]; P=.50) (Figure 2; eTable 1 in Supplement 2). Mortality was8.3% for
CEE plus MPA vs 7.9%for placebo (HR, 1.06 [95% Cl, 0.95-1.18]; #=.31) and it was 8.0%
for CEE vs 8.1% for placebo (HR, 0.99 [95% CI, 0.86-1.13]; A= .86). For breast cancer
mortality, the HRs for cumulative follow-up were 1.44 (95% ClI, 0.97-2.15; P=.07) for CEE
plus MPA and 0.55 (95% ClI, 0.33-0.92; P=.02) for CEE alone; due to heterogeneity
between risk estimates (P value for heterogeneity = 0.003), we did not pool these analyses.
HRs for deaths from colorectal cancer or other cancers were not statistically significant in
either trial (Figure 2).

Intervention and Postintervention Phases—Neither intervention was significantly
associated with total cancer mortality (eFigure, eTable 2, and eTable 3 in Supplement 2).
During the intervention phase, women receiving CEE plus MPA had an HR of 1.10 (95% Cl,
0.86-1.42; P=.44) and those receiving CEE alone had an HR of 0.96 (95% Cl, 0.75-1.22; P
=.72), compared with placebo. For breast cancer mortality, the HR was 1.08 (95% ClI,
0.29-4.03;P=.91) for CEE plus MPA and the HR was 0.45 (95% Cl, 0.14-1.46; P=.17) for
CEE alone, but number of deaths was small; differences became more pronounced during
the postintervention phase (eTable 3 in Supplement 2). The interventions were not
significantly associated with colorectal cancer or other cancer mortality (eFigure, eTable 2,
and eTable 3 in Supplement 2).

Age-Stratified Analyses—In the pooled cohort, the HR for total cancer mortality during
the intervention phase was 0.74 (95% CI, 0.48-1.14) for women aged 50 to 59 years and
ranged from 1.00 (95% Cl, 0.77-1.28) for women aged 60 to 69 years to 1.24 (95% ClI,
0.93-1.66) for women aged 70 to 79 years (P value for trend by age = 0.05; Figure 3). These
age trends persisted over cumulative follow-up (P value for trend by age = 0.05 for the
pooled cohort Figure 4; eTable 1 in Supplement 2). Over cumulative follow-up, HRs for
colorectal cancer were elevated for the women aged 70 to 79 years in the CEE-alone trial
(HR =2.13 [95% ClI, 1.10-4.12]; P value for trend by age = 0.03; eTable 1 in Supplement 2).

Other Mortality

Cumulative Follow-Up Phases—The HR in the pooled cohort for other (non-CVD,
noncancer) mortality (n = 2826 deaths) did not differ between the hormone therapy group
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(10%) and the placebo group (10.7%) (HR, 0.95 [95% ClI, 0.88-1.02]; £P=.14). When
examined by specific major causes, deaths from Alzheimer disease and other dementia
during cumulative follow-up were 2.5% for hormone therapy vs 3.0% for placebo in the
pooled cohort (HR, 0.85 [95% CI, 0.74-0.98]; P=.03), 2.6% vs 2.9% for CEE plus MPA vs
placebo (HR, 0.93 [95% CI, 0.77-1.11]; P=.42), and 2.4% vs 3.2% for CEE vs placebo
(HR, 0.74 [95% ClI, 0.59-0.94]; P=.01) (Figure 2; eTable 1 in Supplement 2). HRs for
deaths from COPD, accidents or injuries, and other causes were not significantly increased
or decreased during cumulative follow-up in either trial (Figure 2).

Intervention and Postintervention Phases—During the intervention phase, the HR
for other (non-CVD, noncancer) causes of mortality was 0.59 (95% CI, 0.39-0.90; £=.01)
for CEE plus MPA vs placebo but did not differ by treatment group in the CEE-alone trial.
Regarding specific causes of death, there were fewer deaths from COPD during the CEE
plus MPA intervention (eFigure in Supplement 2), but the number of events was small.
During the postintervention phase, a lower risk of mortality from dementia emerged in the
pooled cohort (HR, 0.85 [95% ClI, 0.74-0.99]; £=.03) and in the CEE-alone trial (HR, 0.73
[95% CI, 0.58-0.92]; P=.008) (eTable 3 in Supplement 2).

Age-Stratified Analyses—HRs for other (non-CVD, noncancer) mortality during the
intervention phase were similar across age groups for CEE plus MPA but lower for younger
women than for older women in the CEE trial (P value for trend by age = 0.002) (Figure 3;
eTable 2 in Supplement 2). However, numbers of events of individual outcomes (COPD,
dementia, injuries or accidents, other) were too small to assess cause-specific differences by
age during the intervention. During cumulative follow-up, lower risks of non-CVD,
noncancer mortality persisted among women aged 50 to 59 years in the CEE-alone trial (HR
=0.63; 95% Cl, 0.45-0.89), although the trend for age was no longer significant (P value for
trend = 0.22) (Figure 4).

There were fewer deaths from COPD among women aged 50 to 59 years in the CEE trial
(eTable 1 in Supplement 2), but the number of events was small.

Additional Analyses

In additional sensitivity analyses censoring participants who took less than 80% of study
pills (active or placebo) during the first 2 years, results were generally similar to intention-
to-treat results, but statistical power was reduced. For cumulative follow-up, the HR for all-
cause mortality was 1.03 (95% ClI, 0.95-1.11) for the CEE plus MPA trial and 0.94 (95% ClI,
0.86-1.03) for CEE alone. The pattern suggestive of lower mortality risks for younger
women when compared with older women during the intervention phase persisted in these
analyses (P value for trend by age = 0.05 in pooled analyses), but age trends were not
statistically significant during cumulative follow up. In analyses of all-cause and cause-
specific mortality with stratification by time since menopause, results were generally similar
to the age-stratified analyses, but statistical power was lower due to missing age at
menopause for many participants. In addition, sensitivity analyses adjusted for time-varying
differences in initiation of statins between treatment group,® had no appreciable effect on the
results.
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Discussion

During cumulative 18-year follow-upamong27 347 postmenopausal women in the WHI
hormone therapy trials, CEE plus MPA and CEE alone were not associated with increased or
decreased risk of all-cause, cardiovascular, or total cancer mortality. Based on 7489
cumulative deaths over 18 years (1088 deaths during the intervention phase and 6401 deaths
during postintervention follow-up [Figure 1]; >98% ascertainment of mortality), HRs for all-
cause mortality in the hormone therapy group vs the placebo group were 0.99 (95% ClI,
0.94-1.03; P=.60) in the overall pooled cohort, 1.02 (95% Cl, 0.96-1.08; £=.51) with CEE
plus MPA, and 0.94 (95% CI, 0.88-1.01; A= .11) with CEE alone (Table). HRs for all-cause
mortality also did not differ between the hormone therapy and placebo groups during the
intervention phases of the trials. When examined by 10-year age group (based on age at
randomization) comparing women aged 50 to 59 years to those aged 70 to 79 years, the
ratios of nominal HRs for all-cause mortality in the pooled cohort were 0.61 (95% ClI,
0.43-0.87) during the intervention phase and 0.87 (95% ClI, 0.76-1.00) during cumulative
18-year follow-up (eTable 4 in Supplement 2), without significant heterogeneity between
trials. The trend by age group was statistically significant during the intervention phase but
not during the cumulative follow-up period.

Results for cause-specific mortality should be interpreted cautiously due to multiple
comparisons. Although younger women (aged 50-59 years) tended to have lower HRs than
older women for mortality due to CVD, cancer, and other (hon-CVD, noncancer) causes
during the intervention phases of the 2 trials, only the latter outcome in the CEE-alone trial
showed a statistically significant trend with age (P value for trend by age = .002), partially
influenced by adverse effects of CEE in women aged70to79years. During cumulative
follow-up, trends in cause-specific mortality across age groups were not statistically
significantly different. For non-CVD, noncancer mortality, the significantly reduced risk
among younger women in the pooled trials during the intervention phase (HR, 0.52 [95%
Cl, 0.28-0.97]; P value for trend by age = .01; eTable 2 in Supplement 2) appeared
attributable to small reductions in several outcomes rather than a marked reduction in a
single outcome; a risk reduction persisted only for CEE during cumulative follow-up. The
observed reduction in deaths from Alzheimer disease or other dementia in the CEE trial and
pooled cohort requires particular caution in view of findings of adverse effects of these
interventions on cognitive function and incident dementia in the WHI Memory Study.10:11
Although rates of dementia mortality in WHI are well aligned with age-specific national
statistics,12 deaths from dementia can be underreported, and competing risks from other
causes of death or confounding cannot be excluded. It is unknown whether favorable effects
of hormone therapy on insulin resistance and diabetes'314—major determinants of cognitive
decline—1:16 contributed to these findings.

In view of the complex balance of benefits and risks of hormone therapy, the all-cause
mortality outcome provides an important summary measure, representing the net effect of
hormone therapy use for 5 to 7 years on life-threatening outcomes. Previous WHI reports
have focused on incident diagnoses such as coronary heart disease, stroke, breast cancer, hip
fracture, and other major outcomes—all of which are serious but predominantly nonfatal and
led to fewer than half of the deaths in the cohort. The current analyses include a large
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number of deaths during 18 years of follow-up (4354 deaths in the CEE plus MPA trial and
3135 in the CEE trial). Given the hormone therapy-related health risks identified in the CEE
plus MPA trial26:10 and the CEE-only trial®5, it is noteworthy that no elevations in all-cause
mortality were found during either the intervention or cumulative follow-up phases of these
trials. Although these findings lend support to practice guidelines endorsing use of hormone
therapy for recently menopausal women with moderate-to-severe symptoms, in the absence
of contraindications,17-19 the attenuation of age differences with longer follow-up and
potential health risksoftreatment®29.21 would not support use of hormone therapy for
reducing chronic disease or mortality. Moreover, it is unclear whether benefits would
outweigh risks with longer duration of treatment. In clinical decision making, these
considerations must be weighed against the evidence linking untreated vasomotor symptoms
in midlife women to impaired health and quality of life, disrupted sleep, reduced work
productivity, and increased health care expenditures.17:22:23

No other randomized clinical trial of hormone therapy, to our knowledge, has been large
enough to assess a potential modifying effect of age on all-cause mortality, and most
previous trials of chronic disease outcomes have focused on older women.17:24
Observational studies, which include primarily women who initiate hormone therapy in
early menopause, have generally demonstrated lower mortality among women using
hormone therapy compared with nonusers,22-28 although few studies have distinguished
between estrogen alone and combination estrogen plus progestin. HRs in most large cohort
studies have ranged from 0.40 to 0.80,25-28 put such studies may be susceptible to several
potential sources of confounding.1”-2% Regarding cause-specific mortality, the most marked
risk reductions reported in observational studies have been for coronary or CVD deaths. The
potential influence of age on the relation between hormone therapy and vascular disease has
received considerable attention, including divergent effects of hormone therapy on
atherosclerotic lesions in early vs late menopause.30-33

Total cancer mortality did not differ significantly between intervention and placebo groups
in either trial despite the increased incidence of breast cancer with CEE plusMPA34 and
concerns about an increased risk of hormone-sensitive cancers with both regimens.2?
Hormone therapy has a complex relationship with cancer. Although a significant reduction
in breast cancer was seen with CEE,3%:36 g significant increase in breast cancer incidence
with CEE plus MPA has been documented.5:37 Divergent findings for CEE alone and CEE
plus MPA for breast cancer point to an adverse effect of progestin on the breast
epithelium,38 but progestins have been linked to favorable effects on the endometrium and a
decreased risk of endometrial cancer became apparent with long-term follow-up of the CEE
plus MPA trial.8:3% Moreover, these regimens did not appear to alter mortality outcomes for
other cancer sites, including lung cancer, and had no significant effect on total cancer
incidence.®

Several limitations of this study warrant consideration. Only1 dose, formulation, and route
of administration in each trial was assessed; thus, results are not necessarily generalizable to
other hormone preparations. The greater than 98% follow-up through the NDI obviates
many of the concerns of previous WHI reports covering postintervention follow-up; virtually
all cohort deaths are captured in these analyses due to the NDI searches. Nonetheless,
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specificity of cause of death may vary across outcomes. Finally, the nominal Pvalues
presented here should be interpreted cautiously, as multiple outcomes and subgroups were
examined. Thus, cause-specific mortality analyses should be considered exploratory.

Conclusions

Among postmenopausal women in WHI, hormone therapy with CEE plus MPA for a median
of 5.6 years or CEE for a median of 7.2 years was not associated with risk of all-cause,
cardiovascular, or total cancer mortality during a cumulative follow-up of 18 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question

What is the relationship between use of menopausal hormone therapy vs placebo for 5 to
7 years and mortality over 18 years of follow-up?
Findings

Among postmenopausal women who participated in 2 parallel randomized trials of
estrogen plus progestin and estrogen alone, all-cause mortality rates for the overall cohort
in the pooled trials were not significantly different for the hormone therapy groups vs the
placebo groups (27.1% vs 27.6%; hazard ratio, 0.99 [95% CIl, 0.94-1.03]).

Meaning

Menopausal hormone therapy for 5 to 7 years was not associated with risk of long-term
all-cause mortality.
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373092 Women initiated screening

v

18845 Provided consent and reported
not having had a hysterectomy

16608 Randomized

v

11941 Provided consent and reported
having had a hysterectomy

10739 Randomized

8506 Randomized to
receive CEE plus

v

250 Died during
intervention

8256 Survived to
postintervention

1994 Died during
postintervention
follow-up through
last NDI search

December 31, 2014

v

8506 Included in primary
analysis (2244 deaths
from all causes)

8102 Randomized to
receive placebo

v
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intervention
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postintervention
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postintervention
follow-up through
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v
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receive CEE alone

v
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follow-up through
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2
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analysis (1630 deaths
from all causes)

Figure 1. Flow of Participants in the Women's Health Initiative Trials of Postmenopausal
Hormone Therapy vs Placebo Through Extended Follow-up

During the postintervention and extension phases, fewer than2%of women in the conjugated
equine estrogens (CEE) plus medroxyprogesterone acetate (MPA) trial and fewer than 4% of

women in the CEE-alone trial reported use of hormone therapy. NDI indicates National

Death Index.
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No. of Deaths, Annualized
Rates (%)
Hormone
End Points Therapy Placebo

HR (95% C1)

All-cause mortality
CEE plus MPA vs placebo 2244 (1.58) 2110 (1.57)
CEE alone vs placebo 1505 (1.73) 1630 (1.83)
Pooled trials

CVD mortality
CEE plus MPAvs placebo 688 (0.49) 644 (0.48)
CEEalonevsplacebo 547 (0.63) 577 (0.65)
Pooled trials

1.02 (0.96-1.08)
0.94(0.88-1.01)
0.99 (0.94-1.03)

1.03(0.92-1.15)
0.97 (0.86-1.09)
1.00(0.92-1.08)

CHD mortality
CEE plus MPAvs placebo 310(0.22) 285 (0.21)
CEEalonevsplacebo 240 (0.28) 277 (0.31)
Pooled trials

Stroke mortality
CEE plus MPA vs placebo 188 (0.13) 161(0.12)
CEEalonevsplacebo  126(0.14)  132(0.15)
Pooled trials

1.05(0.89-1.23)
0.89 (0.75-1.05)
0.97 (0.86-1.09)

1.12(0.91-1.38)
0.98 (0.77-1.26)
1.06 (0.90-1.24)

Other known CVD mortality
CEEplus MPAvs placebo 188 (0.13)  195(0.14)
CEEalonevsplacebo  174(0.20) 164 (0.18)
Pooled trials

Cancer mortality
CEE plus MPAvs placebo 706 (0.50) 638 (0.47)
CEEalonevsplacebo  424(0.49)  439(0.49)
Pooled trials

0.93(0.76-1.13)
1.08 (0.87-1.34)
1.00 (0.86-1.15)

1.06 (0.95-1.18)
0.99 (0.86-1.13)
1.03(0.95-1.12)

Breast cancer mortality
CEE plus MPAvs placebo 61 (0.043) 40 (0.030)
CEE alone vs placebo 22(0.025)  41(0.046)
Pooled trials

Colorectal cancer mortality
CEEplusMPAvs placebo 53 (0.037) 50 (0.037)
CEE alone vs placebo 47(0.054) 40 (0.045)
Pooled trials

Other known cancer mortality
CEE plus MPAvs placebo 548 (0.39)  521(0.39)
CEEalonevsplacebo  336(0.39)  345(0.39)
Pooled trials

1.44(0.97-2.15)

Favors Hormone ' Favors
Therapy ~ Placebo

]
L 4

0-

055(0.33-0.92) «@———————

NRP

1.01(0.69-1.49)
1.21(0.79-1.84)
1.10 (0.82-1.46)

1.00(0.89-1.13)
1.00(0.86-1.16)
1.00(0.91-1.10)

Other mortality
CEE plus MPA vs placebo 850 (0.60) 828 (0.61)
CEEalonevsplacebo 534 (0.61)  614(0.69)
Pooled trials

Alzheimer's or dementia mortality
CEEplusMPAvs placebo 223 (0.16)  233(0.17)

0.99 (0.90-1.08)
0.89 (0.79-1.00)
0.95 (0.88-1.02)

0.93(0.77-1.11)
0.74(0.59-0.94)
0.85 (0.74-0.98)

CEE alone 127(0.15)  175(0.20)
Pooled trials

COPD mortality
CEE plus MPA vs placebo 108 (0.076) 100 (0.074)
CEE alone vs placebo 83(0.095)  79(0.088)

Pooled trials

Accident or injury mortality
CEE plus MPA vs placebo 78 (0.055) 74 (0.055)
CEE alone vs placebo 39(0.045)  35(0.039)
Pooled trials

1.03(0.79-1.36)
1.07 (0.78-1.45)
1.05(0.85-1.29)

1.00(0.73-1.38)
1.13(0.72-1.79)
1.04 (0.80-1.36)

Other known mortality
CEE plus MPAvs placebo 428 (0.30) 409 (0.30)
CEEalonevsplacebo  277(0.32)  313(0.35)
Pooled trials

1.00 (0.87-1.15)
0.91(0.77-1.07)
0.96 (0.87-1.07)

05

10
HR (95% CI)

P Value

51
A1
60

61
.60
.98

57
17
60

.29
.89
47
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Figure 2. Mortality Outcomes in the Women's Health Initiative Hormone Therapy Trials During

the 18-Year Cumulative Follow-up

The 18-year follow-up is cumulative, indicating the intervention plus extended

postintervention phases of the 2 trials (median, 17.7 [interquartile range {IQR}, 16.6-18.6]
years in the conjugated equine estrogens [CEE] plus medroxy progesterone acetate [MPA]
trial; median, 17.7 [IQR, 16.5-18.7] years in the CEE-alone trial; and median,17.7 [IQR,

16.6-18.6] years in the pooled analysis).

aCardiovascular disease (CVD) mortality includes deaths due to myocardial infarction,
coronary heart disease, stroke, heart failure, peripheral vascular disease, venous

thromboembolism, and other major causes of CVD death.
bThe Pvalue corresponding with a test of heterogeneity between trial-specific hazard ratios
(HRs) was .05 or less; therefore, the pooled estimate and HR (95% CI) are not reported.
CIndicates other mortality outcomes that were known but were not due to Alzheimer disease
or other dementia, chronic obstructive pulmonary disease (COPD), or accident or injury.
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No. of Deaths, Annualized
Rates (%) PValue
Hormone Favors Hormone = Favors (Trend
Outcome by Age Therapy Placebo HR (95% Cl) Therapy = Placebo by Age)?
Age 50-59y
All-cause mortality
CEE plus MPA vs placebo 35(0.20) 48(0.30) 0.67(0.43-1.04) — 20
CEE alone vs placebo 35(0.28)  50(0.39) 0.71(0.46-1.09) - 04
Pooled trials 70(0.23) 98(0.34) 0.69(0.51-0.94) < .01

CVD mortality?

CEE plus MPAvsplacebo 10 (0.058) 12(0.075) 0.77(0.33-1.79) ——— 47
CEE alone vs placebo 8(0.063) 10(0.077) 0.81(0.32-2.04) - 34
Pooled trials 18(0.060) 22(0.076) 0.79 (0.42-1.47) s 85
Cancer mortality
CEEplus MPAvsplacebo  17(0.099)  22(0.14) 0.71(0.38-1.33) 37
CEE alone vs placebo 20(0.16)  26(0.20) 0.78(0.43-1.40) — 06
Pooled trials 37(0.12)  48(0.17) 0.74(0.48-1.14) e 05
Other mortality®
CEE plus MPA vs placebo 8(0.046) 14(0.087) 0.53(0.22-1.27) < 65
CEE alone vs placebo 7(0.056) 14(0.11) 0.51(0.20-1.26) «—@———— 002
Pooled trials 15(0.050)  28(0.097) 0.52(0.28-0.97) ~==oimms=— 01
Age 60-69y
All-cause mortality
CEEplusMPAvsplacebo  111(0.51)  94(0.46) 1.07 (0.82-1.41) ——
CEE alone vs placebo 130(0.76)  134(0.75) 1.02(0.80-1.30) -
Pooled trials 241(0.62) 228(0.60) 1.04(0.87-1.25) <>
CVD mortality®
CEEplusMPAvsplacebo  27(0.12) ~ 22(0.11) 1.11(0.63-1.95)
CEE alone vs placebo 57(0.33) 46(0.26)  1.30(0.88,1.92) -
Pooled trials 84(0.22)  68(0.18) 1.24(0.90-1.70) <
Cancer mortality
CEEplusMPAvsplacebo  72(0.33)  52(0.26) 1.26 (0.88-1.80)
CEE alone vs placebo 48(0.28)  65(0.37) 0.77(0.53-1.12) ——
Pooled trials 120(0.31)  117(0.31) 1.00(0.77-1.28) <>
Other mortality®
CEEplusMPAvsplacebo 12 (0.055)  20(0.098) 0.55(0.27-1.13) < +
CEE alone vs placebo 25(0.15)  23(0.13) 1.15(0.65-2.03) —
Pooled trials 37(0.095) 43(0.11) 0.86(0.55-1.34) i
Age70-79y
All-cause mortality
CEEplusMPAvsplacebo 104 (1.06)  96(1.01) 1.03(0.78-1.36)
CEE alone vs placebo 136(1.53) 115(1.27) 1.22(0.95-1.56) —a—
Pooled trials 240(1.28) 211(1.14) 1.13(0.94-136) <<
CVD mortality®
CEEplusMPAvsplacebo 44 (0.45)  36(0.38) 1.16(0.74-1.80)
CEE alone vs placebo 45(0.51)  57(0.63) 0.81(0.55-1.20) —a—
Pooled trials 89(0.48)  93(0.50) 0.95(0.71-1.27) =
Cancer mortality
CEEplusMPAvsplacebo 44 (0.45)  37(0.39) 1.13(0.73-1.75) —
CEE alone vs placebo 58(0.65)  45(0.50) 1.34(0.90-1.97) —a—
Pooled trials 102(0.54)  82(0.44) 1.24(0.93-1.66) -
Other mortality®
CEEplusMPAvsplacebo 16 (0.16)  23(0.24) 0.67(0.35-1.26) —®———
CEE alone vs placebo 33(037)  13(0.14) 2.59(1.36-4.92) ——
Pooled trials 49(0.26)  36(0.19) 1.35(0.88-2.08) i
03 1.0 40

HR (95% Cl)

Figure 3. Mortality Outcomes During the Intervention Phase According to 10-Year Age Groups
at Randomization

Reported values indicate the duration of follow-up for the intervention phase (median, 5.6
[interquartile range {IQR}, 4.9-6.5] years in the conjugated equine estrogens [CEE] plus
medroxyprogesterone acetate [MPA] trial; median, 7.2 [IQR, 6.5-8.2] years in the CEE-
alone trial; and median, 6.3 [IQR, 5.3-7.3] years in the pooled analysis). Age groups indicate
participant ages at randomization. HR indicates hazard ratio.

apvalues based on a test for trend of interaction between the randomization group and the
age group.

bCardiovascular disease (CVD) mortality includes deaths due to myocardial infarction,
coronary heart disease, stroke, heart failure, peripheral vascular disease, venous
thromboembolism, and other major causes of CVD death.

¢ Indicates mortality outcomes not due to CVD or cancer.
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Rates (%) PValue
Hormone Favors Hormone  Favors (Trend
Outcome by Age Therapy Placebo HR (95% CI) Therapy = Placebo by Age)®
Age 50-59y
All-cause mortality
CEE plus MPA Vs placebo 307 (0.60) 294 (0.62) 0.97 (0.83-1.14) 17
CEE alone vs placebo 170(0.58) 218(0.73) 0.79(0.64-0.96) - 18
Pooled trials 477(0.60) 512(0.66) 0.89(0.79-1.01) - .06
CVD mortality?
CEE plus MPAvs placebo  75(0.15)  70(0.15) 0.9 (0.72-1.38) ————— 45
CEE alone vs placebo 48(0.16)  50(0.17) 0.97(0.65-1.44) —a—— 69
Pooled trials 123(0.15 120(0.16) 0.98(0.76-1.27) ~—— 77
Cancer mortality
CEE plus MPAvs placebo 145 (0.29) 144 (0.30) 0.94(0.75-1.19) — 22
CEE alone vs placebo 70(0.24)  85(0.29) 0.83(0.60-1.14) —— .09
Pooled trials 215(0.27)  229(0.30) 0.90(0.75-1.09) —~—— .05
Other mortality®
CEEplusMPAvsplacebo 87 (0.17)  80(0.17) 1.01(0.75-1.37) —— 48
CEE alone vs placebo 52(0.18)  83(0.28) 0.63(0.45-0.89) «—@——— 22
Pooled trials 139(0.17)  163(0.21) 0.82(0.65-1.03) — .18
Age 60-69 y
All-cause mortality
CEE plus MPAvs placebo 964 (1.50) 919 (1.51) 0.98 (0.90-1.08) -
CEE alone vs placebo 650(1.66) 694 (1.71) 0.97(0.88-1.08) —-—
Pooled trials 1614 (1.56) 1613 (1.59) 0.98(0.91-1.05) <>
CVD mortality?
CEE plus MPAvs placebo 256 (0.40) 246 (0.40) 0.97 (0.82-1.16) —=—
CEE alone vs placebo 226(0.58) 233(0.58) 1.01(0.84-1.21) -
Pooled trials 482(0.47) 479(0.47) 0.99(0.87-1.12) =
Cancer mortality
CEE plus MPA Vs placebo 348 (0.54)  310(0.51) 1.06(0.91-1.24)
CEE alone vs placebo 199(0.51) 216 (0.53) 0.96(0.79-1.16) R
Pooled trials 547(0.53) 526(0.52) 1.02(0.90-1.15) 2
Other mortality©
CEE plus MPAvs placebo 360 (0.56) 363 (0.60) 0.93 (0.80-1.07)
CEE alone vs placebo 225(0.58)  245(0.60) 0.96 (0.80-1.15) m
Pooled trials 585(0.57) 608 (0.60) 0.94(0.84-1.05) -
Age70-79y
All-cause mortality
CEE plus MPAvs placebo 973 (3.64) 897 (3.42) 1.07 (0.98-1.18)
CEE alone vs placebo 685(3.66) 718(3.77) 0.97(0.87-1.07) .
Pooled trials 1658 (3.65) 1615(3.57) 1.03(0.96-1.10)
CVD mortality®
CEEplusMPAvsplacebo 357 (L34)  328(1.25) 1.08(0.93-1.25) —
CEE alone vs placebo 273(1.46) 294 (1.54) 0.94(0.80-1.11) —a—
Pooled trials 630(139) 622(1.37) 1.01(0.91-1.13) -
Cancer mortality
CEEplus MPAvs placebo 213 (0.80) 184 (0.70) 1.14(0.94-1.39) -
CEE alone vs placebo 155(0.83) 138(0.72) 1.14(0.91-1.44) —
Pooled trials 368(0.81) 322(0.71) 1.14(0.98-1.33) =
Other mortality©
CEE plus MPA Vs placebo 403 (1.51)  385(1.47) 1.04(0.90-1.20) ——
CEE alone vs placebo 257(137) 286(1.50) 0.91(0.77-1.08) =
Pooled trials 660(1.45) 671(1.48) 0.98(0.88-1.10) =
T
05 10 2.0

HR (95% CI)

Figure 4. Mortality Outcomes During the 18-Year Cumulative Follow-Up According to 10-Year

Age Groups at Randomization

The 18-year follow-up is cumulative, indicating the intervention plus extended
postintervention phases of the 2 trials (median, 17.7 [interquartile range {IQR}, 16.6-18.6]
years in the conjugated equine estrogens [CEE] plus medroxyprogesterone acetate [MPA]
trial; median, 17.7 [IQR, 16.5-18.7] years in the CEE-alone trial; and median,17.7 [IQR,

16.6-18.6] years in the pooled analysis). HR indicates hazard ratio.

apvalues based on a test for trend of interaction between the randomization group and the

age group.

bCardiovascular disease (CVD) mortality includes deaths due to myocardial infarction,
coronary heart disease (CHD), stroke, heart failure, peripheral vascular disease, venous
thromboembolism, and other major causes of CVD death.
¢ Indicates mortality outcomes not due to CVD or cancer.
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Table
Baseline Characteristics of Participants in the Women's Health Initiative Trials of

Postmenopausal Hormone Therapy

No. (%) of Participants®

CEE Plus MPA Trial CEE-Alone Trial

Characteristic Active (n =8506) Placebo (n=8102) Active (n=5310) Placebo (n =5429)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Age at screening, mean (SD), y 63.2(7.1) 63.3(7.1) 63.6 (7.3) 63.6 (7.3)
Age group at screening, y
50-59 2837 (33.4) 2683 (33.1) 1639 (30.9) 1674 (30.8)
60-69 3854 (45.3) 3655 (45.1) 2386 (44.9) 2465 (45.4)
70-79 1815 (21.3) 1764 (21.8) 1285 (24.2) 1290 (23.8)
Race/ethnicity
White 7141 (84.0) 6805 (84.0) 4009 (75.5) 4075 (75.1)
Black 548 (6.4) 574 (7.1) 781 (14.7) 835 (15.4)
Hispanic 471 (5.5) 415 (5.1) 319 (6.0) 332 (6.1)
American Indian 25(0.3) 30 (0.4) 41 (0.8) 34 (0.6)
Asian/Pacific Islander 194 (2.3) 169 (2.1) 86 (1.6) 78 (1.4)
Unknown 127 (1.5) 109 (1.3) 74 (1.4) 75 (1.4)
>High school diploma or GED 6272 (74.1) 5899 (73.3) 3488 (66.3) 3678 (68.3)
Family income 2$50 000 2447 (30.4) 2401 (31.4) 1148 (22.9) 1167 (22.9)
Hormone use
Never 6277 (73.8) 6022 (74.4) 2769 (52.2) 2769 (51.0)
Past 1671 (19.7) 1587 (19.6) 1871 (35.2) 1947 (35.9)
Current? 554 (6.5) 490 (6.1) 669 (12.6) 709 (13.1)
Vasomotor symptoms
None 5162 (61.3) 4928 (61.5) 2962 (56.4) 3004 (56.0)
Mild 2190 (26.0) 2115 (26.4) 1377 (26.2) 1441 (26.9)
Moderate or severe 1072 (12.7) 974 (12.1) 913 (17.4) 917 (17.1)
Body mass index, median (IQR)C 27.5 (24.2-3L.7) 275(24.3-3L7)  29.2(25.7-33.7) 29.2 (25.7-33.
Systolic BP, mm Hg, mean (SD) 127.6 (17.6) 127.8 (17.5) 130.4 (17.5) 130.2 (17.6)
Diastolic BP, mm Hg, mean (SD) 75.6 (9.1) 75.8(9.1) 76.5(9.2) 76.5 (9.4)
Smoking
Never 4178 (49.6) 3999 (50.0) 2723 (51.9) 2705 (50.4)
Past 3362 (39.9) 3157 (39.5) 1986 (37.8) 2090 (38.9)
Current 880 (10.5) 838 (10.5) 542 (10.3) 571 (10.6)
Bilateral oophorectomy 29 (0.3) 24 (0.3) 1938 (39.5) 2111 (42.0)
Medical treatment received
Diabetes 374 (4.4) 360 (4.4) 410 (7.7) 412 (7.6)
Hypertension or BP =140/90 3377 (43.2) 3283 (42.7) 2651 (53.3) 2647 (52.6)
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Characteristic

No. (%) of Participants®

CEE Plus MPA Trial

CEE-Alone Trial

Active (n = 8506)

Placebo (n = 8102)

Active (n = 5310)

Placebo (n = 5429)

High cholesterol requiring medication 1018 (12.0) 1027 (12.7) 763 (14.4) 829 (15.3)
Statin use at baseline 580 (6.8) 535 (6.6) 397 (7.5) 430 (7.9)
Aspirin use (=80 mg/d) 1652 (19.4) 1654 (20.4) 1050 (19.8) 1081 (19.9)
Medical history
Myocardial infarction 139 (1.6) 157 (1.9) 165 (3.1) 173 (3.2)
Angina 318 (3.8) 331 (4.1) 402 (7.6) 388 (7.2)
CABG or PCI 95 (1.1) 120 (1.5) 120 (2.3) 114 (2.1)
Stroke 61 (0.7) 77 (1.0) 76 (1.4) 92 (1.7)
DVT or pulmonary embolism 79 (0.9) 62 (0.8) 87 (1.6) 84 (1.5)
Family history of breast cancer? 1286 (16.0) 1175 (15.3) 892 (17.9) 870 (17.1)

Page 20

Abbreviations: BP, blood pressure; CABG, coronary artery bypass graft; CEE, conjugated equine estrogens; DVT, deep vein thrombosis; GED,

general equivalency diploma; IQR, interquartile range; MPA, medroxy progesterone acetate; PCI, percutaneous coronary intervention.

a\/alues are reported as No. (%) unless otherwise indicated.

b . . . -
Required a 3-month washout period prior to randomization.

cCaIcuIated as weight in kilograms divided by height in meters squared.

a . . -, .
Indicates occurrence in paticipant's mother, sister, daughter, or grandmother.
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