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The health benefits and risks of menopausal hormone therapy among women aged 50–59 years are examined
in the Women’s Health Initiative randomized, placebo-controlled trials using long-term follow-up data and a
parsimonious statistical model that leverages data from older participants to increase precision. These trials
enrolled 27,347 healthy postmenopausal women aged 50–79 years at 40 US clinical centers during 1993–1998,
including 10,739 post-hysterectomy participants in a trial of conjugated equine estrogens and 16,608 participants
with a uterus in the trial of these estrogens plus medroxyprogesterone acetate. Over a (median) 18-year follow-up
period (1993–2016), risk for a global index (defined as the earliest of coronary heart disease, invasive breast
cancer, stroke, pulmonary embolism, colorectal cancer, endometrial cancer, hip fracture, and all-cause mortality)
was reduced with conjugated equine estrogens with a hazard ratio of 0.82 (95% confidence interval: 0.71, 0.95),
and with nominally significant reductions for coronary heart disease, breast cancer, hip fracture, and all-cause
mortality. Corresponding global index hazard ratio estimates of 1.06 (95% confidence interval: 0.95, 1.19) were
nonsignificant for combined estrogens plus progestin, but increased breast cancer risk and reduced endometrial
cancer risk were observed. These results, among women 50–59 years of age, substantially agree with the
worldwide observational literature, with the exception of breast cancer for estrogens alone.

benefits versus risks; estrogens; global index; hazard ratio; menopausal hormone therapy; multivariate failure
times; progestin

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio;
MPA, medroxyprogesterone acetate; WHI, Women’s Health Initiative.

Following the early stoppage in 2002 (1) of the inter-
vention in the Women’s Health Initiative (WHI) trial of
0.625 mg/day conjugated equine estrogens (CEE) plus 2.5
mg/day medroxyprogesterone acetate (MPA), among 16,608
healthy postmenopausal women with a uterus, there was a
substantial reduction in use of menopausal hormone therapy
in the United States (2, 3) and worldwide. The early inter-
vention stoppage was motivated by an observed elevation
in breast cancer risk, the trial’s primary safety outcome,
and by a lack of evidence of risk reduction for coronary
heart disease (CHD), the primary efficacy outcome, or for
cardiovascular diseases more generally. The 0.625 mg/day
CEE trial, among 10,739 post-hysterectomy participants,

was also stopped early in 2004 (4), based in part on a
stroke elevation of similar magnitude to that seen in the
CEE + MPA trial.

There was a strong interest at the WHI trial-design stage
to include older postmenopausal women, to allow an exami-
nation of whether the hypothesized hormone therapy benefit
for CHD would extend to older ages. Hence, women aged
50–79 years were eligible for enrollment, and special efforts
to recruit older women led to 32.3%, 45.2%, and 22.5%
of enrollees in the 50–59, 60–69, and 70–79 age groups,
respectively. The question subsequently arose as to whether
trial results differed from those hypothesized, at least in
part, because trial enrollees were older and further from
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menopause onset compared with women in the community
making hormone therapy decisions, frequently motivated
by vasomotor symptom control. The topic is particularly
germane for breast cancer where, over cumulative follow-up
of 13 years, an anticipated significant increase was observed
with CEE + MPA while an unexpected significant decrease
was observed with CEE alone (5). In contrast, a recent
summary of worldwide observational data reported breast
cancer risk increases with both estrogen-alone and estrogen
+ progestin regimens, with larger hazard ratios for the latter.
In this report, the randomized trial evidence, mostly from
the WHI trials, was described as “largely for hormone use
starting after age 60 years” (6).

Here we report additional data, and additional data anal-
yses, from the WHI hormone therapy trials, with a focus
on participants who were 50–59 years of age, like many
women considering hormone therapy in the community.
Most trial participants continued postintervention follow-
up beyond median intervention periods of 5.6 years in the
CEE + MPA trial and 7.2 years in the CEE trial. Disease
incidence (5) and mortality results (7), including periodic
National Death Index matching for all trial participants, have
been reported through September 30, 2010, and December
31, 2014, respectively. Here we report results from follow-
up through December 31, 2016.

Even with such substantial follow-up, the numbers of
women experiencing some important clinical outcomes
remains small when restricted to women of ages 50–59
years at enrollment, leading to an unclear balance of risks
and benefits in this subset (8). Consequently, to enhance
precision, we present novel analyses using a “parsimonious”
hazard ratio model that focuses on the age group 50–59
years while leveraging data from all randomized enrollees
(see Methods). The clinical outcomes considered are the
components of the protocol-defined global index, namely:
CHD, (invasive) breast cancer, stroke, pulmonary embolism,
colorectal cancer, endometrial cancer, hip fracture, and all-
cause mortality. Additionally, we considered a multivariate
global index that utilizes all the multiple global index
outcomes, rather than just a participant’s earliest postran-
domization outcome, in an effort to enhance precision of
global benefit versus risk assessments (9, 10).

METHODS

Study design and conduct

The design of the WHI hormone therapy trials, including
adherence assessment and outcome ascertainment methods,
has been described (11–13). Institutional review board
approval was obtained from participating clinical centers
and the clinical coordinating center (clinicaltrials.gov
identifier: NCT00000611). All participants provided written
informed consent for their clinical trial participation. The
CEE + MPA trial was stopped early on July 7, 2002, when
the external Data and Safety Monitoring Board judged that
health risks exceeded benefits (1), while the CEE trial was
stopped early on February 29, 2004, primarily due to an
increased stroke risk (4). Participants were re-consented to
additional years of nonintervention follow-up that continues.

Postintervention follow-up was available through December
31, 2016, for these analyses, providing a median 18 years
of cumulative follow-up for most outcomes in both trials.
Participants were informed of their randomized assignment
following intervention stoppage. Subsequently, fewer than
4% reported postintervention use of systemic estrogens.

Statistical methods

Hazard ratio (Cox) models were specified for the marginal
hazard rates (14–17) for each of the global index outcomes.
Only the first postrandomization event for each outcome
type was included in analyses. Baseline rates in these models
were stratified on age at enrollment (in years: 50–59, 60–69,
70–79), randomization status in the companion WHI Dietary
Modification trial (intervention, comparison, not random-
ized), prior diagnosis of the specific disease (if applica-
ble), race/ethnicity (White, Black, other), prior menopausal
hormone therapy use (no, yes), and time-dependent study
phase (intervention, postintervention). Time to response for
a specific outcome was defined as days from randomization
to outcome occurrence, with follow-up times for participants
not experiencing the specific event type during the study
phase censored at the earliest of the end of the study phase,
loss to follow-up, death not due to the specific outcome,
or the end of the participant’s follow-up consent period.
Multivariate analyses for the set of global index outcomes
used the Cox models just mentioned for marginal hazard
rates, while using the marginal modeling methods (15–17)
for hormone therapy hazard ratio estimation. These methods
properly acknowledge dependencies among the multiple
outcomes types.

Two hazard ratio models were applied, each with a focus
on hormone therapy influences among women aged 50–59
years at enrollment: The first included a separate hormone
therapy hazard ratio parameter for each possible combina-
tion of age at enrollment decade (in years: 50–59, 60–69,
70–79) and global index clinical outcomes. This “saturated”
hormone therapy hazard ratio model included main effects
by age and outcome category as well as hazard ratio inter-
actions between age and outcome type. For participants in
the 50–59 age group, standard Cox model analyses under
the first model reduced to analyses using only data from the
50–59 subcohort. In comparison, analyses under the second
“parsimonious” model leveraged data from all randomized
participants. This parsimonious model assumed no age-by–
clinical outcome interaction on the hormone therapy hazard
ratio, an assumption that is readily tested for consistency
with trial data, and P values for testing this assumption are
presented. Alternatively stated, the hormone therapy hazard
ratio’s dependence on baseline age does not differ among
the outcome types under this parsimonious model. See Web
Appendix 1 (available at https://academic.oup.com/aje) for
an explicit explanation of hazard rate assumptions for the 2
models.

Estimated hazard ratios and 95% confidence intervals are
presented for each outcome type under both the saturated
and parsimonious hazard ratio models, the latter provided in
the absence of evidence against parsimonious model as-
sumptions. The parsimonious model analyses have potential
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to more precisely estimate treatment hazard ratios in the
50–59 age group compared with the saturated model
analyses.

In addition to Cox model analyses for the global index
(time to earliest of the global index outcomes), a multivari-
ate global index hazard ratio analysis was carried out to
make fuller use of multiple outcome events for individual
participants using the same hazard rate models, by imposing
a common hazard ratio constraint across clinical outcome
categories for the saturated model (15–17) or by constructing
a minimum variance weighted average of outcome-specific
hazard ratio estimates for the parsimonious model (15).

Further analyses allowed hormone therapy hazard ratios
to depend on additional participant characteristics. We pre-
viously presented combined analyses of WHI Clinical Trial
and Observational Study data indicating more favorable
hormone therapy results on breast cancer for both CEE and
CEE + MPA among women having relatively long time
intervals from menopause to first use of hormone therapy
(18). Similar breast cancer hazard ratio patterns were seen in
the Million Women’s Study cohort (19). Subsequent analy-
ses in the WHI CEE trial showed that intervention group par-
ticipants aged 50–59 years with bilateral oophorectomy in
addition to hysterectomy at enrollment had a nominally sig-
nificant reduction in total mortality over cumulative follow-
up (20).

These subset analyses suggest that duration in a state of
estrogen deprivation might be an important timing issue.
Accordingly, we also calculated hormone therapy hazard
ratios among women aged 50–59 years according to whether
a participant’s “gap” time period of estrogen deprivation was
<5 or ≥5 years, under both the saturated and parsimonious
hazard ratio models. Gap time is defined as the larger of
zero and the time from the earlier of bilateral oophorectomy
or age 50 to the earlier of first use of menopausal hormone
therapy or trial enrollment.

Two-sided P values were considered significant if 0.05,
without multiple testing correction. Related to this, a cau-
tious interpretation is needed, especially for outcomes other
than CHD and breast cancer and the (univariate) global
index.

Statistical analyses were conducted using the SAS (SAS
Institute, Inc., Cary, North Carolina) procedure PHREG,
which incorporates multivariate marginal Cox model me-
thodology.

RESULTS

Web Figure 1 shows participant flow in the 2 hormone ther-
apy trials through the (median) 18-year cumulative follow-
up. Baseline characteristics for women 50–59 years of age
at enrollment were well-balanced between randomization
groups, in both the CEE and CEE + MPA trials (Table 1).
Compared with the CEE + MPA trial, participants in the
CEE trial had higher rates of obesity and of prior hormone
therapy use.

Table 2 shows outcome counts and disease rates for the
global index, its multivariate extensions, and each of its
components in the CEE trial. Corresponding analyses under
the saturated hazard ratio model are shown on the left side of

Figure 1. Neither the global index, its multivariate extension,
nor any of its 7 components differed significantly between
CEE and placebo over the trial intervention phase in this
analysis. However, under the parsimonious model (right side
of Figure 1), there was an estimated reduced risk for breast
cancer and hip fracture, with CEE hazard ratios of 0.63 (95%
confidence interval (CI): 0.45, 0.88) and 0.48 (0.30, 0.76),
respectively. The latter estimate requires a very cautious
interpretation because of the paucity of hip fractures in
the 50–59 age group. A test for the no age-by–outcome
type hazard ratio interaction yielded P = 0.12, so that evi-
dence against the parsimonious model is nonsignificant.
The multivariate global index was not significantly reduced
for CEE during the intervention phase under either model,
with a hazard ratio of 0.80 (95% CI: 0.62, 1.03) under the
saturated model, and 0.81 (95% CI: 0.63, 1.04) under the
parsimonious model.

Over cumulative follow-up (Figure 1), the components of
the global index did not significantly differ between CEE
and placebo under the saturated model, although the global
index was reduced, with a hazard ratio of 0.84 (95% CI: 0.72,
0.97). In comparison, under the parsimonious model, which
is quite consistent with the data over cumulative follow-up
(hazard ratio interaction P = 0.79), there is evidence for
hazard ratio reduction in multiple global index components,
with hazard ratios of 0.83 (95% CI: 0.70, 1.00) for CHD,
0.70 (95% CI: 0.57, 0.86) for breast cancer, 0.76 (95% CI:
0.60, 0.97) for hip fracture, and 0.85 (95% CI: 0.73, 1.00) for
all-cause mortality. The multivariate global index has hazard
ratio values of 0.83 (95% CI: 0.71, 0.96) and 0.82 (95% CI:
0.71, 0.95) under the saturated and parsimonious models,
respectively. Note that outcome-specific hazard ratios are
mostly similar between the 2 models, while confidence
intervals are considerably narrower under the parsimonious
model.

Likewise, Table 3 gives outcome counts and disease rates
for CEE + MPA while Figure 2 gives corresponding CEE +
MPA hazard ratio analyses. During the intervention phase,
the hazard ratio does not differ significantly between
CEE + MPA and placebo for the global index, its multivari-
ate extension, or any of its 8 components. In comparison,
under the parsimonious model (interaction P = 0.76), there
is evidence of increased pulmonary embolism risk with
CEE + MPA, as well as of reduced colorectal cancer and
hip fracture risk, with respective hazard ratios of 1.91
(95% CI: 1.25, 2.90), 0.58 (95% CI: 0.38, 0.89), and
0.61 (95% CI: 0.40, 0.94). Over cumulative follow-up,
neither the global index nor its multivariate extensions differ
significantly between CEE + MPA and placebo. Breast
cancer risk was elevated under both the saturated and the
parsimonious model (interaction P = 0.74), with hazard
ratios of 1.38 (95% CI: 1.11, 1.72) and 1.29 (95% CI: 1.11,
1.50) respectively, and endometrial cancer risk was reduced
under the parsimonious model with hazard ratio of 0.74
(95% CI: 0.56, 0.98).

Parsimonious model analyses also produce hormone ther-
apy hazard ratios for women of ages 60–69 and 70–79
years at enrollment. These differ from those for ages 50–59
by estimated multiplicative factors that are common across
outcomes. For CEE at ages 60–69 these estimated factors
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Table 1. Baseline Characteristics of Participants Aged 50–59 Years, Postmenopausal When Enrolled in the Women’s Health Initiative Clinical
Trials of Postmenopausal Hormone Therapy Across 40 Clinical Centers, United States, 1993–1998

Trial of CEE Alone Trial of CEE + MPA

Characteristic CEE (n = 1,639) Placebo (n = 1,674) CEE + MPA (n = 2,837) Placebo (n = 2,683)

No. % No. % No. % No. %

Age at screening, yearsa 54.9 (2.8) 54.9 (2.9) 55.2 (2.6) 55.3 (2.6)

Age group at screening, years

50–54 687 41.9 709 42.4 1,041 36.7 983 36.6

55–59 952 58.1 965 57.6 1796 63.3 1700 63.4

Race/ethnicity

White 1,085 66.2 1,098 65.6 2,192 77.3 2061 76.8

Black 317 19.3 349 20.8 255 9.0 279 10.4

Hispanic 164 10.0 172 10.3 265 9.3 226 8.4

American Indian 18 1.1 10 0.6 11 0.4 16 0.6

Asian/Pacific Islander 29 1.8 23 1.4 68 2.4 63 2.3

Unknown 26 1.6 22 1.3 46 1.6 38 1.4

Beyond high school/GED 1,130 69.8 1,182 71.7 2,184 77.6 2015 75.9

Family income at least $50,000 509 32.6 516 32.7 1,099 40.8 1,045 40.9

No. of years since menopause

<5 281 20.4 288 20.3 1,196 47.5 1,137 46.2

5–9 331 24.0 338 23.9 871 34.6 886 36.0

≥10 767 55.6 790 55.8 452 17.9 436 17.7

HT use status

Never used 841 51.3 831 49.6 1983 69.9 1951 72.7

Past user 513 31.3 531 31.7 553 19.5 482 18.0

Current userb 285 17.4 312 18.6 301 10.6 250 9.3

Baseline vasomotor symptoms

None 609 37.5 636 38.4 1,195 42.6 1,100 41.4

Mild 560 34.4 573 34.6 972 34.6 975 36.7

Moderate/severe 457 28.1 448 27.0 641 22.8 584 22.0

BMIc,d 30.2 (8.6) 30.1 (8.7) 27.7 (7.9) 27.8 (8.2)

BMIc

<25 290 17.8 269 16.1 840 29.8 806 30.2

25–29 511 31.4 544 32.7 962 34.1 862 32.3

≥30 827 50.8 853 51.2 1,017 36.1 999 37.5

Systolic BP, mm Hga 124.8 (15.8) 125.1 (16.2) 121.7 (15.7) 122.3 (16.1)

Diastolic BP, mm Hga 78.0 (9.0) 77.9 (9.1) 76.4 (9.0) 76.6 (8.9)

Smoking status

Never 789 48.6 769 46.2 1,300 46.2 1,254 47.3

Past 597 36.8 646 38.8 1,104 39.2 978 36.9

Current 237 14.6 249 15.0 411 14.6 420 15.8

Bilateral oophorectomy 530 34.1 599 37.8 6 0.2 5 0.2

Treated diabetes (pills or shots) 114 7.0 107 6.4 103 3.6 109 4.1

Hypertensive (self-report or high BP) 625 42.1 657 43.2 797 31.5 772 31.0

High cholesterol 134 8.2 158 9.4 163 5.7 167 6.2

Statin use 54 3.3 66 3.9 59 2.1 66 2.5

Table continues
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Table 1. Continued

Trial of CEE Alone Trial of CEE + MPA

Characteristic CEE (n = 1,639) Placebo (n = 1,674) CEE + MPA (n = 2,837) Placebo (n = 2,683)

No. % No. % No. % No. %

Aspirin use of ≥80 mg for ≥30 days 204 12.4 197 11.8 346 12.2 350 13.0

MI ever 22 1.3 21 1.3 18 0.6 16 0.6

History of angina 75 4.6 64 3.8 59 2.1 54 2.0

History of CABG/PCI 17 1.0 15 0.9 6 0.2 11 0.4

Stroke ever 9 0.5 17 1.0 12 0.4 10 0.4

History of DVT/PE 33 2.0 28 1.7 24 0.8 17 0.6

History of fracture, age ≥55 40 5.1 42 5.3 69 4.8 62 4.3

Family history of female relative
w/breast cancer

285 18.5 261 16.4 403 14.9 371 14.6

Abbreviations: BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; CEE, conjugated equine estrogens; DVT,
deep vein thrombosis; GED, General Educational Development certificate; HT, menopausal hormone therapy; MI, myocardial infarction; MPA,
medroxyprogesterone acetate; PCI, percutaneous coronary intervention; PE, pulmonary embolism.

a Values are expressed as mean (standard deviation).
b Required a 3-month washout prior to randomization.
c Weight (kg)/height (m)2.
d Values are expressed as median (interquartile range).

are 1.26 (95% CI: 0.94, 1.70) in the intervention phase,
and 1.20 (95% CI: 1.01, 1.43) over cumulative follow-up.
Corresponding values for ages 70–79 are 1.42 (95% CI:
1.04, 1.94) during intervention and 1.21 (95% CI: 1.01, 1.46)
over cumulative follow-up. Estimated multiplicative factors
for CEE + MPA at ages 60–69 years are 1.03 (95% CI: 0.78,
1.36) and 0.97 (95% CI: 0.85, 1.11) during intervention and
cumulative follow-up respectively, and for ages 70–79 are
1.10 (95% CI: 0.83, 1.47) and 1.01 (95% CI: 0.87, 1.16)
during intervention and cumulative follow-up respectively.
Outcome-specific hormone therapy hazard ratios and confi-
dence intervals for these older age groups are presented in
Web Figures 2 and 3.

The results of analyses that allowed separate hazard ratios
for participants having (estrogen deprivation) gap times <5
years and ≥5 years, while retaining all other components
of the previous parsimonious model, are shown in Web
Figure 4 for CEE and Web Figure 5 for CEE + MPA.
From Web Figure 4 the multivariate global index provides
little evidence of CEE influence, with a hazard ratio of 0.96
(95% CI: 0.69, 1.33) over the intervention period among
participants with gap time <5 years. However, there is
evidence of health benefits among participants having gap
times ≥5 years with a multivariate global index hazard ratio
of 0.64 (95% CI: 0.43, 0.96), along with evidence for breast
cancer and for CHD risk reduction during the intervention
period. However, a test comparing global index hazard ratios
between gap time categories was not significant (P = 0.23).
These hazard ratio patterns tend to continue over cumulative
follow-up, but hazard ratio differences between gap time
categories attenuate, with a multivariate global index hazard
ratio of 0.83 (95% CI: 0.69, 1.00) for gap times <5 years

and 0.78 (95% CI: 0.62, 0.99) for those with gap time ≥5
years, respectively (P = 0.85 for test of global index hazard
ratio (HR) equality).

The CEE + MPA hazard ratios for breast cancer tend
to be comparatively lower among participants having gap
times of ≥5 years versus <5 years in both the intervention
phase and over cumulative follow-up, but this pattern is not
at all evident for CHD (Web Figure 5). For the interven-
tion phase, the multivariate global index hazard ratios are
0.97 (95% CI: 0.69, 1.35) and 1.25 (95% CI: 0.91, 1.71)
among participants with gap time <5 years and ≥5 years,
respectively (P = 0.25 for test of global index HR equality).
Over cumulative follow-up, multivariate hazard ratios for the
global index are 1.05 (95% CI: 0.90, 1.24) and 1.08 (95%
CI: 0.93, 1.26) for participants with gap time <5 years and
≥5 years, respectively (P = 0.76 for test of global index HR
equality).

For CEE hazard ratios among participants having gap
times of 5 years or more there was evidence of breast cancer
risk reduction whether participants did (HR = 0.55, 95%
CI: 0.32, 0.95) or did not (HR = 0.61, 95% CI: 0.41, 0.90)
have prior oophorectomy. These analyses do not identify
any subsets where the hazard ratio for breast cancer was
elevated with CEE, either during the intervention period or
over cumulative follow-up.

DISCUSSION

Analyses presented here indicate that baseline age modi-
fies the balance of benefits and risks with CEE, with hazard
ratios 20%–40% higher for older women compared with
those aged 50–59 years when starting hormone treatment.

Am J Epidemiol. 2021;190(3):365–375



370 Prentice et al.

Table 2. Counts and Annualized Rates for Outcomes in the Women’s Health Initiative Estrogen-Alone Trial Among Postmenopausal Women
Enrolled in 1993–1998 at Ages 50–79 Years Across 40 Clinical Centers, United States, With Cumulative Follow-up Through 2016

Subgroup Aged 50–59 Years (n = 3,313) Trial of CEE Alone (n = 10,739)

Outcome CEE (n = 1,639) Placebo (n = 1,674) CEE (n = 5,310) Placebo (n = 5,429)

No. % No. % No. % No. %

Intervention Phase

Primary outcomes

Coronary heart disease 21 0.17 35 0.28 205 0.55 222 0.58

Invasive breast cancer 29 0.24 36 0.29 103 0.28 135 0.35

Other monitored outcomes

Stroke 19 0.16 21 0.17 174 0.47 130 0.34

Pulmonary embolism 12 0.099 8 0.064 52 0.14 39 0.10

Colorectal cancer 9 0.074 13 0.10 65 0.17 58 0.15

Hip fracture 5 0.041 1 0.008 48 0.13 74 0.19

All-cause mortalitya 35 0.29 50 0.40 301 0.80 299 0.77

Global indices

Univariate 117 0.98 142 1.17 756 2.09 754 2.04

Multivariate 130 1.07 164 1.31 948 2.51 957 2.47

Cumulative Follow-up

Primary outcomes

Coronary heart disease 71 0.27 91 0.35 521 0.69 550 0.71

Invasive breast cancer 73 0.28 92 0.36 231 0.30 291 0.38

Other monitored outcomes

Stroke 49 0.19 58 0.22 399 0.53 392 0.50

Pulmonary embolism 35 0.13 34 0.13 153 0.20 150 0.19

Colorectal cancer 18 0.069 26 0.10 119 0.15 118 0.15

Hip fracture 19 0.073 20 0.077 208 0.27 229 0.29

All-cause mortalitya 156 0.59 184 0.70 1,258 1.62 1,277 1.61

Global indices

Univariate 334 1.35 393 1.61 1997 2.84 2078 2.91

Multivariate 421 1.61 505 1.93 2,889 3.72 3,007 3.79

Abbreviation: CEE, conjugated equine estrogens
a For consistency with other monitored outcomes included in the global index, extended follow-up includes only participants who provided

consent for long-term follow-up.

Our results are consistent with previous WHI reports (4,
5, 18), but parsimonious model analyses allow previously
reported comparisons to be reexamined with considerably
greater precision. Accordingly, we can now assess that
(median) 7.2 years of CEE intervention yields estimated
global index health benefits that exceed risks for women
who were 50–59 when randomized and were followed for
(median) 18 years. Specific risk reductions are estimated for
breast cancer, CHD, and total mortality, without significant
adverse results for any other global index outcome. Even
for stroke, which played a role in early stoppage of the CEE
trial, there is little evidence of risk elevation for women aged
50–59.

The parsimonious model assumption also agrees well
with CEE + MPA trial data and indicates that the global
index was not significantly altered by (median) 5.6 years of
CEE + MPA intervention among women 50–59. However,
certain global index components were evidently affected,
including a breast cancer risk elevation. Again these findings
are consistent with previous WHI reports, while leading to
comparatively more precise results.

The strongly held belief that important CHD benefits
would follow for commonly used CEE and CEE + MPA
regimens was corroborated here only for CEE, and then only
in a borderline significant fashion, among participants aged
50–59.
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Figure 1. Hazard ratios (HRs) and 95% confidence intervals (CIs) for outcomes in the conjugated equine estrogens (CEE)-alone trial during
the intervention phase and cumulative follow-up among participants aged 50–59 years at randomization, Women’s Health Initiative, United
States, 1993–2016. Participants were postmenopausal and aged 50–79 when enrolled at 40 US clinical centers during 1993–1998. Cumulative
follow-up is through 2016. HRs for primary and other monitored outcomes are from a multivariate marginal Cox regression model stratified by
10-year age group, randomization status in the Diet Modification trial, prior disease (if applicable), race/ethnicity, prior hormone therapy use,
study phase (time-dependent), and outcome type. The left forest plots (saturated model, panels A and C) are derived by including regression
terms for CEE and product interaction terms for CEE × age group, CEE × outcome type, and CEE × outcome type × age group. The right forest
plots (parsimonious model, panels B and D) also provide estimated HRs for women aged 50–59 years but drop the 3-factor interaction, CEE
× age group × outcome type, so that estimates are based on a common CEE × outcome type interaction. Dashed reference lines correspond
to estimated HR for multivariate global indices. Similar summaries for women aged 60–69 and 70–79 years can be found in supplemental Web
Figures 2a and 2b, respectively. Time to first event of any monitored outcome defines the univariate global index; summary statistics are from
a univariate Cox regression model with stratification described above. Marginal estimate of a common HR for monitored outcomes defines the
multivariate global index. Robust sandwich-estimators for variances account for within participant correlation of multivariate failure times. For
consistency with other monitored outcomes included in the global index, extended follow-up includes only participants who provided consent
for long-term follow-up.

These findings continue to point to harm when MPA is
added to CEE, even when focusing on participants aged
50–59. MPA might override health benefits associated with
favorable sex hormone profiles (21). For breast cancer, anti-
inflammatory properties of MPA might interfere with apop-
tosis of undetected tumor cells that could otherwise be
induced following a sustained period of estrogen deprivation
(22, 23). Strategies to combine CEE with a selective estrogen

receptor modulator, instead of MPA or other progestin,
have been developed and approved by the Food and Drug
Administration (24, 25).

The favorable health benefits versus risks with CEE dur-
ing the intervention period, especially evident for breast
cancer, might derive (Web Figure 4) primarily from partici-
pants who had some years of estrogen deprivation prior to
randomization, whereas participants having the short gap
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Table 3. Counts and Annualized Rates for Outcomes in the Women’s Health Initiative Estrogen + Progestin Trial Among Postmenopausal
Women Enrolled in 1993–1998 at Ages 50–79 Years Across 40 Clinical Centers, United States, With Cumulative Follow-up Through 2016

Subgroup Aged 50–59 Years (n = 5,520) Trial of CEE + MPA (n = 16,608)

Outcomes CEE + MPA (n = 2,837) Placebo (n = 2,683) CEE + MPA (n = 8,506) Placebo (n = 8,102)

No. % No % No. % No %

Intervention Phase

Primary outcomes

Coronary heart disease 38 0.23 27 0.17 196 0.41 159 0.35

Invasive breast cancer 55 0.33 42 0.27 205 0.43 155 0.35

Other monitored outcomes

Stroke 26 0.15 16 0.10 159 0.33 110 0.24

Pulmonary embolism 18 0.11 8 0.051 87 0.18 41 0.091

Colorectal cancer 7 0.041 8 0.051 50 0.10 76 0.17

Endometrial cancer 6 0.035 5 0.032 27 0.056 30 0.066

Hip fracture 1 0.006 5 0.032 53 0.11 75 0.17

All-cause mortalitya 35 0.21 48 0.31 250 0.52 238 0.53

Global indices

Univariate 170 1.03 141 0.91 875 1.88 737 1.68

Multivariate 186 1.10 159 1.01 1,027 2.13 884 1.96

Cumulative Follow-up

Primary outcomes

Coronary heart disease 129 0.28 114 0.26 710 0.55 652 0.53

Invasive breast cancer 198 0.43 136 0.31 574 0.45 432 0.36

Other monitored outcomes

Stroke 87 0.19 77 0.17 579 0.45 492 0.40

Pulmonary embolism 55 0.12 48 0.11 235 0.18 199 0.16

Colorectal cancer 44 0.094 35 0.079 178 0.14 197 0.16

Endometrial cancer 39 0.083 47 0.11 97 0.74 127 0.10

Hip fracture 43 0.091 48 0.11 394 0.30 421 0.34

All-cause mortalitya 266 0.56 267 0.60 1870 1.42 1793 1.44

Global indices

Univariate 673 1.55 612 1.47 3,265 2.78 3,009 2.67

Multivariate 861 1.82 772 1.74 4,637 3.52 4,313 3.45

Abbreviations: CEE, conjugated equine estrogens; MPA, medroxyprogesterone acetate.
a For consistency with other monitored outcomes included in the global index, extended follow-up includes only participants who provided

consent for long-term follow-up.

times that characterize CEE use among post-hysterectomy
women in the community do not show breast cancer risk
reduction. Analyses cross-classified by gap time and bilat-
eral oophorectomy status suggest that breast cancer benefits
with CEE at ages 50–59 are more closely tied to a large
gap time than to prior bilateral oophorectomy status (20). If
the benefits of CEE in this age range are largely restricted
to women having lengthy prior estrogen deprivation time
periods, then the clinical relevance of these findings could
be reduced.

The recent summary of the worldwide observational
breast cancer literature reported a significantly elevated risk
with estrogens alone (6). With focus on women aged 50–59
years, the WHI randomized trials do not suggest any such
elevation overall (Figure 1), or when stratified by gap time
(Web Figure 4), prior bilateral oophorectomy status, or by
both gap time and oophorectomy status. In contrast, there is
evidence of breast cancer risk reduction in this age group,
overall and among women who begin taking estrogens
following estrogen deprivation. The observational literature
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Figure 2. Hazard ratios (HRs) and 95% confidence intervals (CIs) for outcomes in the conjugated equine estrogens (CEE) + medroxypro-
gesterone acetate (MPA) trial during the intervention phase and cumulative follow-up among participants aged 50–59 years at randomization,
Women’s Health Initiative, United States, 1993–2016. Participants were postmenopausal and aged 50–79 when enrolled at 40 US clinical centers
during 1993–1998. Cumulative follow-up is through 2016. Panels A and B summarize the intervention phase, and panels C and D summarize
cumulative follow-up. HRs for primary and other monitored outcomes are from a multivariate marginal Cox regression model stratified by 10-year
age group, randomization status in the Diet Modification trial, prior disease (if applicable), race/ethnicity, prior hormone therapy use, study phase
(time-dependent), and outcome type. The left forest plots (saturated model, panels A and C) are derived by including regression terms for CEE
+ MPA and product interaction terms for CEE + MPA × age group, CEE + MPA × outcome type, and CEE + MPA × outcome type × age group.
The right forest plots (parsimonious model, panels B and D) also provide estimated HRs for women aged 50–59 years but drop the 3-factor
interaction, CEE + MPA × age group × outcome type, so that estimates are based on a common CEE + MPA × outcome type interaction.
Dashed reference lines correspond to estimated HR for multivariate global indices. Similar summaries for women aged 60–69 and 70–79 years
can be found in supplemental Web Figures 3a and 3b, respectively. Time to first event of any monitored outcome defines the univariate global
index; summary statistics are from a univariate Cox regression model with stratification described above. Marginal estimate of a common HR
for monitored outcomes defines the multivariate global index. Robust sandwich-estimators for variances account within participant correlation
of multivariate failure times. For consistency with other monitored outcomes included in the global index, extended follow-up includes only
participants who provided consent for long-term follow-up.

might include biases due to uncontrolled confounding or
due to the absence of a clinical context to ensure equal
mammography utilization, and to ensure equal outcome
ascertainment, between hormone therapy users and nonusers.
For example, in our combined analyses of WHI Clinical
Trial and Observational Study data (18), we observed
elevated breast cancer hazard ratios in the Observational
Study component until a careful account was taken of

each participant’s screening mammography history prior
to and over the study follow-up period. Note, however, that
WHI trial results, even under the parsimonious model, are
not sufficiently precise to exclude some breast cancer risk
elevation among women having gap times <5 years.

The principal strength of this report is the randomized,
placebo-controlled design of the WHI hormone therapy
trials of the most commonly used estrogen alone and
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estrogen + progestin therapy preparations in the United
States at the time the trials were initiated (1993). Additional
strengths include high-quality clinical outcome data over a
cumulative follow-up period of (median) 18 years, providing
substantial information on the long-term health effects of a
median of 7.2 years (CEE) and 5.6 years (CEE + MPA)
of hormone therapy intervention. Other strengths include
baseline hormone therapy history obtained for all WHI
participants, through personal interview, as well as the
protocol-required annual mammography screening during
the intervention phase of the hormone treatment trials.

A limitation is that many participants were older and had
a longer period of estrogen deprivation prior to starting hor-
mone therapy than is the case for women making hormone
therapy decisions in community settings. Also, trial results
are imprecise when restricted to younger women. Here we
mitigate this latter limitation by leveraging the entire cohort
in a manner consistent with trial data, substantially enhanc-
ing the precision of hormone therapy hazard ratio estimates.
Other limitations arise from some lack of adherence to study
pills (1, 4) during the trial intervention periods, from the need
to re-consent participants following the intervention period
(Web Figure 1), and from multiple testing issues, especially
as relates to the several outcomes included in the global
index for each trial.

In summary, additional analysis of WHI randomized trial
data, under a parsimonious model with additional years of
follow-up, are consistent with prior reports while providing
stronger evidence that long-term health benefits exceed risks
for CEE at ages 50–59 years in the population of post-
hysterectomy women studied. In comparison, CEE + MPA
among women aged 50–59 among women having an intact
uterus leads to some serious health risks, precluding its use
for disease-prevention purposes. These results substantially
agree with the worldwide observational study literature for
similar menopausal hormone therapy preparations, with the
exception of CEE use and breast cancer risk.
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