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IMPORTANCE Approximately 55 million people in the US and approximately 1.1 billion people
worldwide are postmenopausal women. To inform clinical practice about the health effects of
menopausal hormone therapy, calcium plus vitamin D supplementation, and a low-fat dietary
pattern, the Women’s Health Initiative (WHI) enrolled 161 808 postmenopausal US women
(N = 68 132 in the clinical trials) aged 50 to 79 years at baseline from 1993 to 1998, and
followed them up for up to 20 years.

OBSERVATIONS The WHI clinical trial results do not support hormone therapy with oral
conjugated equine estrogens plus medroxyprogesterone acetate for postmenopausal women
or conjugated equine estrogens alone for those with prior hysterectomy to prevent
cardiovascular disease, dementia, or other chronic diseases. However, hormone therapy is
effective for treating moderate to severe vasomotor and other menopausal symptoms. These
benefits of hormone therapy in early menopause, combined with lower rates of adverse
effects of hormone therapy in early compared with later menopause, support initiation of
hormone therapy before age 60 years for women without contraindications to hormone
therapy who have bothersome menopausal symptoms. The WHI results do not support
routinely recommending calcium plus vitamin D supplementation for fracture prevention in
all postmenopausal women. However, calcium and vitamin D are appropriate for women who
do not meet national guidelines for recommended intakes of these nutrients through diet. A
low-fat dietary pattern with increased fruit, vegetable, and grain consumption did not
prevent the primary outcomes of breast or colorectal cancer but was associated with lower
rates of the secondary outcome of breast cancer mortality during long-term follow-up.

CONCLUSIONS AND RELEVANCE For postmenopausal women, the WHI randomized clinical
trials do not support menopausal hormone therapy to prevent cardiovascular disease or other
chronic diseases. Menopausal hormone therapy is appropriate to treat bothersome
vasomotor symptoms among women in early menopause, without contraindications, who
are interested in taking hormone therapy. The WHI evidence does not support routine
supplementation with calcium plus vitamin D for menopausal women to prevent fractures or
a low-fat diet with increased fruits, vegetables, and grains to prevent breast or colorectal
cancer. A potential role of a low-fat dietary pattern in reducing breast cancer mortality, a
secondary outcome, warrants further study.
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A pproximately 55 million women in the US1 and 1.1 billion
women worldwide2 are postmenopausal. The Women’s
Health Initiative (WHI), the largest study of women’s health

in the US, enrolled 161 808 postmenopausal women aged 50 to 79
years in studies to inform clinical practice about prevention of chronic
diseases, healthy aging, and the health effects of menopausal hor-
mone therapy, calcium plus vitamin D supplementation, and low-
fat dietary modification.3-5 Overall, the WHI was designed to study
strategies to prevent cardiovascular disease (CVD), cancer (espe-
cially breast and colorectal cancer), and hip fractures.4 The 4 WHI
randomized clinical trials (RCTs) included 68 132 women and were
designed to study the benefits and risks of menopausal hormone
therapy (2 trials), calcium plus vitamin D supplementation, and di-
etary modification. The study design, primary aims, and clinical mes-
sages of the WHI RCTs are summarized in the Table. The Box con-
tains a brief list of frequently asked questions about the WHI RCTs.
The WHI observational study addressed questions related to dis-
ease prevention in a racially, ethnically, and socioeconomically di-
verse cohort of postmenopausal women.

The WHI began recruitment in 1993, at a time when observa-
tional studies had reported that postmenopausal women who took
hormone therapy had lower risks of coronary heart disease (CHD),6,7

osteoporotic fractures,8 and all-cause mortality7 compared with
postmenopausal women who did not take hormone therapy. Nearly
15 million US women received hormone therapy prescriptions
annually,9 and hormone therapy was increasingly prescribed to pre-
vent CVD and other chronic diseases among women in both early

and late menopause.10 However, no RCTs had evaluated the ben-
efits and risks of hormone therapy for chronic disease prevention.4,11

Calcium and vitamin D supplements were studied in the WHI be-
cause previously they had been tested primarily in populations with
osteoporosis or low bone mineral density (BMD),12,13 and no prior
RCT had evaluated the benefits and risks of calcium plus vitamin D
supplementation among postmenopausal women with typical frac-
ture risk. A low-fat dietary pattern was studied in the WHI because
of epidemiologic evidence that people who consumed more di-
etary fat and fewer fruits and vegetables had higher rates of breast
and colorectal cancer.14,15 The dietary intervention in the WHI was
designed to assess whether a diet low in fat and high in fruits, veg-
etables, and grains could reduce breast cancer and colorectal can-
cer. This Review summarizes the results of the 4 WHI RCTs and ap-
plications of the WHI results to current clinical practice.

WHI Methods and Design
Eligible postmenopausal women were recruited to participate in 1
of 2 hormone therapy trials and/or the low-fat dietary modification
trial in 1993-1998, as detailed elsewhere.4,5,16-18 After 1 year, women
could join the calcium plus vitamin D supplementation trial (Figure 1;
eFigure 1 in the Supplement). Therefore, depending on eligibility and
informed consent, women could participate in a minimum of 1 and
a maximum of 3 WHI RCTs; however, participants could participate
in only 1 hormone therapy clinical trial. Sex, ethnicity, and race were

Table. Design, Primary Aims, and Clinical Messages of the Women’s Health Initiative Randomized Clinical Trialsa

CEE plus MPA trial
(N = 16 608)

CEE-alone trial
(N = 10 739)

Calcium and vitamin D
supplementation trial
(N = 36 282)

Low-fat dietary
modification trial
(N = 48 835)

Trial-specific participant
eligibility

In situ uterus; current hormone
users required a 3-mo
discontinuation; successful
completion of 1-mo placebo
run-in

Prior hysterectomy; current
hormone users required a 3-mo
discontinuation; successful
completion of 1-mo placebo
run-in

One year after randomization to
hormone therapy and/or low-fat
dietary modification trial,
women could join the calcium
and vitamin D supplementation
trial.

Estimated fat intake ≥32% of
energy at baseline based on a
food frequency questionnaire

Interventions Oral CEE, 0.625 mg/d, plus
MPA, 2.5 mg/d, vs placebo

Oral CEE alone, 0.625 mg/d, vs
placebo

1000 mg/d of elemental calcium
carbonate and 400 IU/d of
vitamin D3 vs placebo

Total fat reduction (20% of
energy goal), increased
vegetable and fruit intake (to
≥5 servings/d), and increased
grain intake (to ≥6 servings/d)
vs usual diet

Primary outcome CHD CHD Hip fracture Invasive breast cancer,
colorectal cancer

Primary safety outcome Invasive breast cancer Invasive breast cancer

Clinical application Findings do not support use of
CEE plus MPA to prevent CHD,
stroke, dementia, or other
chronic diseases, and the
treatment significantly
increased breast cancer risk in
contrast to CEE alone. Findings
in younger women support the
FDA-approved indication of
hormone therapy for treatment
of moderate to severe
vasomotor symptoms.
Individualized patient care and
shared decision-making are
essential.

Findings do not support use of
CEE alone to prevent CHD,
stroke, dementia, or other
chronic diseases. Findings in
younger women support the
FDA-approved indication of
hormone therapy for treatment
of moderate to severe
vasomotor symptoms.
Individualized patient care and
shared decision-making are
essential.

Calcium and vitamin D
supplementation did not prevent
hip fracture in postmenopausal
women. Findings are consistent
with the national recommended
dietary allowances for intake of
calcium (1200 mg/d) and
vitamin D (600-800 IU/d) among
postmenopausal women. Women
not meeting these intake goals
may benefit from
supplementation.

A low-fat dietary pattern with
an increase in vegetables,
fruits, and grains did not
significantly decrease the
incidence of breast or
colorectal cancer. A reduction
in breast cancer mortality was
observed with long-term
follow-up. Such a diet provides
an option for postmenopausal
women seeking to reduce
breast cancer risk.

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease;
FDA, Food and Drug Administration; MPA, medroxyprogesterone acetate.
a The overall population and eligibility included 68 132 postmenopausal women

(mean age, 63 years) recruited at 40 US clinical centers from 1993 to 1998. All
trials required that participants be postmenopausal women aged 50 to 79

years with no prior breast cancer, with an unremarkable baseline
mammogram, and with expected 3-year or longer survival. Women were
excluded for major comorbid conditions or substance use disorders that could
affect adherence or safety.
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self-identified. In the clinical trials, the proportion of women who
identified as being of Hispanic ethnicity was 4.7% (n = 3231); for race,
10.0% (n = 6826) identified as Black, 84.4% (n = 57 528) as White,
2.1% (n = 1430) as Asian; for the remainder, participants identified
as as other race, more than 1 race, or unknown race or the informa-
tion was not reported. Detailed methods on the design, treatment
assignment and delivery, follow-up, outcomes, and statistical analy-
ses are in the eAppendix in the Supplement, and the key design fea-
tures, primary aims, and clinical applications of each trial are sum-
marized in the Table. Subgroup analyses by age at randomization (50-
59, 60-69, or 70-79 years) were prespecified for each trial.

Menopausal Hormone Therapy Trials
The postmenopausal hormone therapy trials tested the benefits and
risks of conjugated equine estrogens (CEE) plus medroxyproges-
terone acetate (MPA) vs placebo among women with uterus in situ
and CEE alone vs placebo among women with prior hysterectomy.
The primary aim of the postmenopausal hormone therapy clinical
trials was to assess whether hormone therapy reduced the primary
outcome of CHD compared with placebo. For safety, invasive breast
cancer was the primary outcome. The planned duration of the RCTs
was 9 years.

Because hormone therapy was established as an effective treat-
ment for menopausal symptoms and this was a US Food and Drug
Administration–approved indication,10,19,20 assessing effects on va-
somotor and other symptoms was not a WHI goal. The WHI tested
the benefits and risks of oral CEE (0.625 mg/d) combined with MPA

(2.5 mg/d) and CEE (0.625 mg/d) alone, the most commonly pre-
scribed hormones at the time of trial inception,19 for prevention of
CHD and other chronic diseases.21,22

Estrogen Plus Progestin Among Postmenopausal Women
With Uterus In Situ
The WHI RCT on CEE plus MPA included 16 608 women aged 50 to
79 years (mean age, 63.3 years); 5520 of the participants were aged
50 to 59 years. The trial was stopped in 2002, 3.3 years early (per
recommendation of the data and safety monitoring board), after a
median follow-up of 5.6 years because risks outweighed benefits.
Specifically, the data and safety monitoring board concluded that
the evidence for breast cancer harm, along with evidence for some
increase in CHD, stroke, and pulmonary embolism, outweighed the
evidence of benefit for fractures and possible benefit for colorectal
cancer compared with placebo.21 Results for the primary and sec-
ondary outcomes are presented in Figure 2 as hazard ratios (HRs),
annualized rates as percentages, and P values, along with attribut-
able risks (differences in rates per 10 000 women per year), com-
paring CEE plus MPA with placebo for both the overall cohort and
for younger women aged 50 to 59 years (ages at which women are
more likely to seek hormone therapy for menopausal symptoms).22

Incidence rates by 10-year age groups for CEE plus MPA vs placebo
are shown in Figure 3, and the HRs for all 10-year age groups are
shown in eFigure 2 in the Supplement.

Effects of CEE Plus MPA on CVD Outcomes
When the trial was stopped early in 2002, CEE plus MPA, com-
pared with placebo, significantly increased the prespecified sec-
ondary outcomes of stroke (annualized rate, 0.33% vs 0.24%; HR,
1.37; 95% CI, 1.07-1.76) and pulmonary embolism (0.18% vs 0.09%;
HR, 1.98; 95% CI, 1.36-2.87) (Figure 2). Compared with placebo, CEE
plus MPA nonsignificantly increased the primary outcome of CHD
by 18% (0.41% vs 0.35%; HR, 1.18; 95% CI, 0.95-1.45) and had no
significant effect on all-cause mortality (0.52% vs 0.53%; HR, 0.97;
95% CI, 0.81-1.16). (Figure 2).21,22 Hazard ratios had similar pat-
terns by age group (Figure 2; eFigure 2 in the Supplement), but ab-
solute and attributable risks were lower in women aged 50 to 59
years compared with women aged 60 years or older (Figure 3; eFig-
ure 2 in the Supplement). Effects of hormone therapy by age sub-
groups were prespecified in the trial protocol; these interactions were
not statistically significant for CEE plus MPA.22,23 After the inter-
vention ended, at a cumulative follow-up of 13 years, CVD risks re-
turned to baseline and there were no significant differences in HRs
for all-cause mortality across age groups and no statistically signifi-
cant interactions by age.22 Women at lower baseline CVD risk, such
as those with lower low-density lipoprotein cholesterol levels (�130
mg/dL)24 or without metabolic syndrome25 at enrollment, tended
to have more favorable CVD outcomes while taking hormone therapy
than those at higher cardiometabolic risk, although these sub-
group analyses were not prespecified in the protocol.

Effects of CEE Plus MPA on Cancer Outcomes
Breast cancer was the primary outcome for safety monitoring, and
breast cancer mortality was a prespecified secondary outcome in the
protocol. Compared with placebo, CEE plus MPA significantly in-
creased breast cancer incidence by 24% at 5.6 years (0.43% vs
0.35% annually; HR, 1.24; 95% CI, 1.01-1.53).22 At 20-year follow-

Box. Frequently Asked Questions About the WHI Clinical Trials

Did Age Influence the Effects of Hormone Therapy
on Health Outcomes?
In both of the WHI hormone therapy trials, women younger than
60 years had a more favorable benefit-risk ratio than women aged
60 to 69 years or 70 to 79 years. This was primarily because of
lower absolute risks of adverse events in younger women but also
because of lower hazard ratios for several clinical event outcomes
in younger women than in older women (especially in the
CEE-alone clinical trial).

Should Postmenopausal Women at Typical Risk of Fracture
Routinely Take Calcium Plus Vitamin D Supplements
for Fracture Prevention?
In the WHI, calcium and vitamin D supplementation did not
significantly reduce hip fracture or other fractures in
postmenopausal women. However, supplementation is
appropriate for those who do not attain the recommended dietary
intakes of these nutrients through food.

What Were the Effects of the WHI Low-Fat Dietary Intervention?
The WHI’s low-fat dietary intervention was associated with a small
weight loss (1.9 kg at year 1; 0.4 kg after 7 years) and was not
associated with adverse effects. Although the intervention did not
significantly reduce the incidence of breast cancer or colorectal
cancer, a reduced risk of breast cancer mortality among women
with breast cancer was observed during long-term follow-up.

Abbreviations: CEE, conjugated equine estrogens; MPA, medroxyproges-
terone acetate; WHI, Women’s Health Initiative.
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up, CEE plus MPA, compared with placebo, significantly increased
breast cancer incidence (0.45% vs 0.36%; HR, 1.28; 95% CI,
1.13-1.45).26 Breast cancer mortality was significantly increased
through 11-year follow-up,27 but this effect was not statistically sig-
nificant at 20-year follow-up.26 CEE plus MPA also increased mam-
mographic density,28 frequency of abnormal mammograms,29,30 and
frequency of breast biopsies.30 These results suggested that CEE
plus MPA stimulated breast cancer growth and delayed breast can-
cer diagnosis.29 Breast cancer HRs were similar by age (P = .68 for
interaction by age),22 but women 50 to 59 years old had lower at-
tributable risks (Figure 2; eFigure 2 in the Supplement).22

Colorectal cancer and endometrial cancer were secondary out-
comes. Although CEE plus MPA was initially associated with a sig-
nificant 39% lower colorectal cancer incidence compared with pla-
cebo (0.10% vs 0.16%; HR, 0.61; 95% CI, 0.42-0.87),31 the larger
tumors at diagnosis in the CEE plus MPA group suggested delayed
detection rather than clinical benefit,32 and cumulative results over
extended follow-up were no longer significantly reduced.22 Com-
pared with placebo, CEE plus MPA significantly reduced endome-
trial cancer incidence by 33% (0.07% vs 0.10%; HR, 0.67; 95% CI,
0.49-0.91) through long-term follow-up.22,33

Effects of CEE Plus MPA on Hip Fracture, Global Index,
and Other End Points
Compared with placebo, CEE plus MPA significantly reduced hip
fractures by 33% (0.11% vs 0.17%; HR, 0.67; 95% CI, 0.47-0.95)
(Figure 2).22 A lower rate of hip fracture in the CEE plus MPA
group compared with placebo (0.23% vs 0.28%; HR, 0.81; 95%
CI, 0.68-0.97) persisted after the intervention ended and at
13-year of cumulative follow-up.22 Compared with placebo, CEE
plus MPA increased rates of a prespecified global index, a com-

posite outcome consisting of CHD, stroke, pulmonary embolism,
hip fracture, breast cancer, colorectal cancer, endometrial cancer,
or death from other causes (time to first event). Attributable risks
from CEE plus MPA, compared with placebo, were 20 excess
events for every 10 000 women per year in the overall cohort, 12
excess events per 10 000 women aged 50 to 59 years per year,
and 38 excess events per 10 000 women aged 70 to 79 years per
year (Figure 2 and Figure 3; eFigure 2 in the Supplement).22 After
the intervention was completed, at 13-year follow-up, CEE plus
MPA had no significant effect on the global index outcome com-
pared with placebo.22 Compared with placebo, CEE plus MPA
decreased diabetes (0.72% vs 0.88%; HR, 0.81; 95% CI, 0.70-
0.94 [a self-reported and exploratory outcome]) and increased
gallbladder disease (1.31% vs 0.84%; HR, 1.57; 95% CI, 1.36-1.80
[a self-reported safety outcome]).22 Among 4532 women aged
65 years or older, compared with placebo, CEE plus MPA
increased probable dementia incidence, assessed by in-person
cognitive function testing (0.45% vs 0.22% annually; HR, 2.05;
95% CI, 1.21-3.48).34 A subsequent WHI ancillary study among
women randomized to CEE plus MPA at ages 50 to 55 years that
used telephone-administered cognitive assessments performed
about 7 years after the trial ended reported no effect of CEE plus
MPA on cognition compared with placebo.35

Estrogen Alone Among Postmenopausal Women
With Prior Hysterectomy
Among 10 739 women aged 50 to 79 years (mean age, 63.6 years)
with prior hysterectomy, the WHI RCT tested whether oral CEE alone
(0.625 mg/d) reduced the primary outcome of CHD compared with
placebo. A total of 3313 participants were aged 50 to 59 years. The
trial was stopped 1 year early in 2004 by the National Institutes of

Figure 1. Design of the Women’s Health Initiative (WHI) Randomized Clinical Trials (RCTs) and Observational Study

Women’s Health Initiative (WHI):
Total participants: N = 161 808

WHI extenstion studies

Women in RCTs and observational studies combined

CEE + MPA
stopped

CEE alone
stopped

WHI main study (mean follow-up, 8.1 y) Extension 1 Extension 2 (varying follow-up intervals)

1993 1998 2002

Dietary modification and 
calcium and vitamin D
trials ended

2004

2005

Randomized clinical trials: N = 68 132

Long-term follow-up for
• Cardiovascular disease
• Cancer (especially breast and colorectal)
• Hip fractures 
• Other chronic diseases
• Mortality

Calcium and
vitamin D trial
N = 36 282

Low-fat dietary
modification trial
N = 48 835

Observational studies: N = 93 676

Enrollment

Hormone therapy trials
Conjugated equine estrogens (CEE) + 
medroxyprogesterone acetate (MPA)
N = 16 608

CEE alone
N = 10 739

20252010 2015 2020

Initial enrollment in 1 of the 2 
hormone therapy trials and/or 
the dietary modification trial 
with optional supplemental 
enrollment in the calcium and 
vitamin D trial after 1 year

Cumulative results summarized in WHI reports from 2010-2020

Intervention and postintervention phases of the RCTs through Extension 1
(2010) and at varying follow-up intervals during Extension 2. Cumulative results
were summarized by key WHI reports, as indicated by trial color-coded symbols

on the timeline. The RCT rectangles are not drawn to scale, but the sample size
of each trial is included within the relevant rectangle.
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Figure 2. Health Outcomes in the Full Cohort and in Women Aged 50 to 59 Years in the Women’s Health Initiative Hormone Therapy Trials

P valuec
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Hazard ratio (95% CI)
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.029 (0.07) 13 (0.10) –3Colorectal cancerd 0.71 (0.30-1.67)

.02117 (0.98) 142 (1.17) –19Global indexd 0.84 (0.66-1.07)

.0435 (0.29) 50 (0.40) –11All-cause mortalityd 0.70 (0.46-1.09)
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CEE indicates conjugated equine estrogens; MPA, medroxyprogesterone acetate. Full
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for age 50 to 59 years follow the same order as the full cohort; shading is identical
unless superseded by statistically significant evidence for an age trend (P � .05 for
interaction). Data are from Manson et al.22 Summaries correspond to trial intervention
phases (medians: 5.6 years for CEE plus MPA; 7.2 years for CEE alone).

aAnnualized rates were calculated by dividing the total number of events by
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bDifference in estimated absolute excess risks (hormone therapy − placebo).
cP value for full cohort or significant interaction for trend by age group (other
trends by age are nonsignificant).
dSecondary end points. ePrimary end points.
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Health at a median follow-up of 7.2 years due to increased risk of
stroke and no overall benefit for CHD (Figure 2 and Figure 3; eFig-
ure 2 in Supplement).36

Effects of Estrogen Alone on CVD
During the intervention phase, compared with placebo, women in the
overallcohortrandomizedtoCEEcomparedwithplacebohada6%de-

Figure 3. Absolute Risks of Health Outcomes by 10-Year Age Groups in the Women’s Health Initiative Hormone Therapy Trials
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CEE indicates conjugated equine estrogens; MPA, medroxyprogesterone
acetate. In the CEE plus MPA trial, no age interactions were statistically
significant. In the CEE-alone trial, age interactions were statistically significant
(P � .05 for interaction) for colorectal cancer, global index, all-cause mortality,
and myocardial infarction (see Figure 2). Data are from Manson et al.22

Summaries correspond to the intervention phase of each trial, a median of 5.6
years in the CEE plus MPA trial and a median of 7.2 years in the CEE-alone trial.
aPrimary end points.
bSecondary end points.
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crease in CHD (primary end point) and a 3% decrease in myocardial in-
farction (secondary end point), differences that were not statistically
significant. During the intervention, compared with placebo, CEE sig-
nificantly increased rates of stroke (secondary outcome) (0.45% vs
0.34%; HR, 1.35; 95% CI, 1.07-1.70). Compared with placebo, CEE non-
significantly increasedthesecondaryoutcomeofpulmonaryembolism
(0.14% vs 0.10% annually; HR, 1.35; 95% CI, 0.89-2.05) and had no ef-
fectonthesecondaryoutcomeofall-causemortality(0.80%vs0.77%;
HR, 1.03; 95% CI, 0.88-1.21) (Figure 2).22,36 There were statistically sig-
nificant prespecified interactions by age for the effects of CEE on myo-
cardial infarction compared with placebo (P = .02 for interaction), and
all-cause mortality (P = .04 for interaction), reflecting more favorable
results in younger women and more adverse effects in older women.
Absolute risks were also lower in younger woman than in older
women.22 (Figure 3; eFigure 2 in the Supplement). No significant inter-
actions by age were identified for total CHD, stroke, or pulmonary em-
bolism. During the postintervention follow-up, risks of stroke, pulmo-
nary embolism, CHD, and all-cause mortality were not significantly dif-
ferentbetweentheCEEandplacebogroups.22 Thefavorableinteraction
by age for younger (aged 50-59 years) women compared with older
women for myocardial infarction22,37,38 persisted in follow-up after the
intervention was completed (P = .007 for interaction by age). Also, at
18-year follow-up, 11 years after the intervention ended, compared with
placebo, CEE was associated with reduced all-cause mortality among
the 1129 women aged 50 to 59 years with prior bilateral oophorectomy
(0.56% vs 0.79% annually; HR, 0.68; 95% CI, 0.48-0.96; P = .03 for
interaction by age).39 In an exploratory substudy conducted among
women aged 50 to 59 years, 1.3 years after the intervention was com-
pleted and after a mean of 7.4 years of treatment, coronary artery cal-
cium values were significantly lower among those randomized to CEE
alone compared with those randomized to placebo.40

Effects of Estrogen Alone on Cancer
AmongwomenwithpriorhysterectomyrandomizedtoCEEalonecom-
pared with placebo, the rate of breast cancer, the primary outcome for
safety, was nonsignificantly lower in the CEE group (0.28% vs 0.35%;
HR, 0.79; 95% CI, 0.61-1.02) during the intervention (Figure 2).22,41,42

There were no significant differences in outcomes by age group
(Figure 2). At 10.7 years of follow-up, rates of breast cancer were signifi-
cantlylowerintheCEEgroupcomparedwiththeplacebogroup(0.27%
vs 0.35%; HR, 0.77; 95% CI, 0.62-0.95),38 with significant risk reduc-
tions persisting at 12- and 20-year follow-up.26,41 Significant reductions
in deaths from breast cancer among women assigned CEE alone vs pla-
cebo were observed at 12-year follow-up41 and persisted in analyses at
20-yearfollow-up(0.031%vs0.046%;HR,0.60;95%CI,0.37-0.97).26

Thus, the effects of CEE alone and CEE plus MPA on breast cancer were
divergent during long-term follow-up, with women assigned to CEE
alone having lower incidence of and mortality from breast cancer com-
pared with those assigned to placebo, and women assigned to CEE plus
MPA having higher breast cancer incidence compared with those as-
signed to placebo.22,26 There were no significant differences in rates of
colorectal cancer during the intervention (Figure 2) or at 13-year cumu-
lative follow-up.22

Effects of Estrogen Alone on Hip Fracture, Global Index,
and Other End Points
Among all women randomized to CEE vs placebo, during the
median 7.2-year intervention, CEE reduced rates of hip fracture

by 33% (0.13% vs 0.19%; HR, 0.67; 95% CI, 0.46-0.96) compared
with placebo (Figure 2).22 After the intervention, at 13-year
follow-up, there was no significant effect of CEE compared with
placebo on hip fracture (0.22% vs 0.24%; HR, 0.91; 95% CI, 0.72-
1.15). In the overall cohort, there was no effect of CEE on the
global index, which consisted of the same outcomes as for CEE
plus MPA except endometrial cancer (due to prior hysterectomy)
(Figure 2). However, in prespecified analyses, more favorable
trends for younger women than older women were observed dur-
ing the intervention phase (P = .02 for interaction by age), with 19
fewer global index events per 10 000 person-years among
women aged 50 to 59 years randomized to CEE alone vs placebo
compared with 51 excess global index events per 10 000 person-
years for women aged 70 to 79 years randomized to CEE alone vs
placebo (Figure 2; eFigure 2 in the Supplement).22 After 13-year
follow-up, the age differences in the global index persisted
(P = .01 for interaction by age).22 Compared with placebo, during
the intervention, those randomized to CEE had 14% (95% CI,
2%-24%) lower rates of type 2 diabetes (exploratory outcome)
and 55% (95% CI, 34%-79%) higher rates of gallbladder disease
(safety outcome).22 In the WHI Memory Study, among women
aged 65 years or older (n = 2947), those randomized to CEE
alone had a 49% (95% CI, −17% to 166%) increased rate of
dementia as assessed by in-person cognitive function testing
compared with those randomized to placebo, but this difference
was not statistically significant.34 A subsequent study of CEE
alone and cognition among women randomized into the WHI at
ages 50 to 55 years, using telephone-administered cognitive
assessments performed about 7 years after the trial ended,
reported neither benefit nor risk of CEE alone on cognition
among women in early menopause.35

Key Clinical Messages From
the WHI Hormone Therapy Trials
Results from the WHI do not support either CEE plus MPA or CEE
alone for preventing CHD, stroke, dementia, or other chronic dis-
eases in postmenopausal women. Younger menopausal women typi-
cally have low absolute risks of most of these chronic diseases, with
low hormone therapy–related attributable risks in early meno-
pause (generally less than 1 additional adverse event per 1000
women per year), and younger menopausal women may derive sig-
nificant quality-of-life benefits from symptom relief. Differences in
breast cancer outcomes with combination estrogen plus progestin
vs estrogen alone have clinical implications, with risk increasing with
longer duration of use of combination therapy. The WHI hormone
therapy results should not be extrapolated to decision-making for
women with premature or early onset of menopause (ie, age �45
years) because these individuals were not studied in the WHI and
current guidelines recommend hormone therapy until the typical age
of menopause onset in these settings (in the absence of
contraindications).19 Currently available formulations of hormone
therapy (such as estradiol) include lower doses and transdermal
routes of delivery, which may have lower risks of thrombotic
events,19,20 although these differences have not been demon-
strated in RCTs. Individualized patient care and shared decision-
making should be implemented, taking into account patient pref-
erences, severity of symptoms, and cardiometabolic and general
health status.
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Calcium and Vitamin D Supplementation Trial

The WHI calcium and vitamin D supplementation trial was de-
signed to test whether calcium plus vitamin D supplementation, com-
pared with placebo, lowered the risk of hip fracture (primary end
point) in postmenopausal women at typical fracture risk who were
not preselected for low BMD. The clinical trial also tested whether
calcium plus vitamin D supplementation lowered the risk of total frac-
tures and colorectal cancer (secondary end points). Participants in
the hormone therapy trial or the low-fat dietary modification trial
were invited to join the calcium plus vitamin D supplementation trial
beginning at their first annual follow-up visit.43

In this trial, 36 282 women were randomly assigned to 1000
mg/d of elemental calcium carbonate with 400 IU/d of vitamin D3

or placebo. Personal supplementation of calcium (up to an addi-
tional 1000 mg/d) and/or vitamin D (initially up to 600 IU/d; later
up to 1000 IU/d)44 was permitted. The mean baseline intakes (diet
and supplements) were 1150 mg/d of calcium and 370 IU/d of vita-
min D.

Fracture and Bone Health
During the 7-year intervention, compared with placebo, calcium plus
vitamin D supplementation did not significantly affect hip frac-
tures rates (0.14% vs 0.16% annually; HR, 0.88; 95%CI, 0.72-1.08)
(Figure 4). However, a reduction in hip fracture was observed among
women aged 60 years or older (0.19% vs 0.24%; HR, 0.79; 95% CI,
0.64-0.98), and an increased risk of hip fracture was observed

among younger women (HR, 2.17; 95% CI, 1.13-4.18; P = .05 for in-
teraction by age) (analyses stratified by 10-year age groups were pre-
specified but analysis of <60 years vs �60 years was post hoc). Frac-
tures at other sites were not significantly reduced. In sensitivity
analyses among women who were adherent (ie, who took �80%
of their study pills), calcium plus vitamin D supplementation re-
duced hip fracture in the overall cohort (0.10% vs 0.14%; HR, 0.71;
95% CI, 0.52-0.97) (Figure 4). Among women not taking calcium
supplements outside of study interventions who were randomized
to calcium plus vitamin D supplementation, the HR for hip fracture
was 0.70 (95% CI, 0.51-0.98; P = .11 interaction by personal cal-
cium supplementation [none, <500 mg/d, or �500 mg/d]) in post
hoc analyses.44 Women receiving calcium plus vitamin D supple-
mentation had greater preservation of total hip BMD than women
assigned to placebo but no statistically significant differences in bone
density were observed for clinical spine or whole-body BMD.

Over the cumulative follow-up of 11.1 years (intervention plus
postintervention), there was no statistically significant effect of cal-
cium plus vitamin D supplementation on hip fractures.45 However,
compared with placebo, calcium plus vitamin D supplementation re-
duced hip fracture among women who had been adherent during
the trial (HR, 0.77; 95% CI, 0.60-0.99).

Colorectal Cancer
During the 7-year intervention and follow-up, the incidence of in-
vasive colorectal cancer did not significantly differ between women
assigned to calcium plus vitamin D supplementation and those as-
signed to placebo (0.13% vs 0.12% annually; HR, 1.08; 95% CI,

Figure 4. Fracture Outcomes in the Women’s Health Initiative Calcium and Vitamin D Supplementation Trial
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0.86-1.34).46 Similarly, there were no statistically significant differ-
ences in the incidence of invasive colorectal cancer at a mean fol-
low-up of 11.1 years or in sensitivity analyses limited to women who
were adherent to study medication during the trial.45,46

All-Cause Mortality and Other Outcomes
Compared with placebo, calcium plus vitamin D supplementation
had no statistically significant effect on total mortality during the in-
tervention period (0.58% vs 0.63%; HR, 0.91; 95% CI, 0.83-1.01)
(secondary end point)47 or over extended follow-up (0.88% vs
0.91%; HR, 0.96; 95% CI, 0.90-1.03).45 Compared with placebo, cal-
cium plus vitamin D supplementation also had no statistically sig-
nificant effect on cardiovascular events during the intervention48

or cumulative follow-up45 and had no effects on coronary artery cal-
cium measurements performed in a subgroup (n = 754) at the end
of the intervention phase in 2005.49 Compared with placebo, cal-
cium plus vitamin D supplementation had no effect on invasive breast
cancer, a secondary end point, during the intervention or cumula-
tively but reduced the risk of in situ breast cancer, an exploratory
outcome (0.10% vs 0.12% annually; HR, 0.82; 95% CI, 0.68-0.99).45

Compared with placebo, supplementation significantly increased the
risk of kidney stones (0.35% vs 0.30% annually; HR, 1.17; 95% CI,
1.02-1.34) (safety end point).50

Key Clinical Messages From the WHI Calcium
and Vitamin D Supplementation Trial
Overall, calcium plus vitamin D supplementation did not signifi-
cantly reduce hip fractures in postmenopausal women compared
with placebo among women not selected on the basis of low BMD.
However, several lines of evidence in the clinical trial suggested bone
health benefits of calcium plus vitamin D supplementation, includ-
ing greater preservation of total hip BMD and reduction in hip frac-
tures among women aged 60 years or older (who are more likely to
have osteoporotic fracture) and among women adherent with study
medications. Compared with placebo, calcium plus vitamin D supple-
mentation had no effect on lower arm or wrist fracture, total frac-
ture, colorectal cancer, CVD, or total mortality. The absolute in-
crease in the risk of kidney stones among women randomized to
calcium plus vitamin D supplementation was small (0.35% vs 0.30%
annually; HR, 1.17; 5 extra cases per 10 000 women per year). Al-
though these results did not support routine calcium plus vitamin
D supplementation for postmenopausal women at typical risk of frac-
ture and without regard to bone density, the Institute of Medicine
recommends a dietary allowance for calcium of 1200 mg/d and for
vitamin D of 600 to 800 IU/d for maintenance of bone health in post-
menopausal women,51 either with diet alone or in combination with
supplements.

Dietary Modification Trial
This clinical trial tested whether a low-fat dietary pattern reduced
the risk of invasive breast cancer or colorectal cancer (primary end
points), and CHD (secondary end point).4 The intervention was de-
signed to reduce total fat consumption to 20% of total energy in-
take, increase vegetable and fruit intake to at least 5 servings per
day, and increase grain intake to at least 6 servings per day. The diet
intervention was not designed to change total caloric intake.

The low-fat dietary pattern intervention was a median 8.5-
year behavioral intervention, delivered primarily by registered di-
etitians in small-group sessions (eTable in the Supplement). At 1-year
follow-up, change from baseline in self-reported dietary intake in the
intervention group (n = 19 541), compared with the usual-diet com-
parison group (n = 29 294),52 showed significantly reduced in-
takes of each of the major subtypes of fat (saturated, monounsat-
urated, polyunsaturated, and total trans fatty acid), no significant
differences in percentage reductions in each of these fat subtypes,
and significant increases in vegetables, fruits, and grains (eFigure 3
in the Supplement). Differences in dietary fat intake persisted
throughout the intervention period (absolute reductions of 10.7%,
9.5%, and 8.1% at years 1, 3, and 6, respectively) and modestly per-
sisted after the intervention (3.6%).53 The intervention group lost
weight (a mean of 1.9 kg) compared with the control group at year
1 (P < .001). This difference was attenuated at a mean follow-up of
7.5 years, but a small (0.4-kg) statistically significant weight differ-
ence was evident throughout the intervention period.54,55 A mod-
estly higher physical activity level also was observed in the inter-
vention group during trial follow-up; the intervention group had a
4% (95% CI, 2%-6%) higher mean number of episodes per week of
moderate or vigorous recreational physical activity.56

Breast and Colorectal Cancer
Compared with usual diet, the low-fat diet high in fruits and veg-
etables did not significantly reduce breast cancer (0.42% vs 0.46%;
HR, 0.92; 95% CI, 0.84-1.01; P = .09) or colorectal cancer (0.13% vs
0.12%; HR, 1.07; 95% CI, 0.90-1.27; P = .45) at 8.5-year follow-up
(Figure 5).52,58

In post hoc analyses, during the intervention phase, all-cause
mortality after a breast cancer diagnosis was reduced (P = .02)
(Figure 5).59 At 20-year cumulative follow-up, a reduction in breast
cancer mortality, a secondary outcome, was observed (0.037% vs
0.047% annually; HR, 0.79; 95% CI, 0.64-0.97 P = .02).57 Risk re-
ductions were primarily in women with higher waist circumference
and at higher cardiometabolic risk.60 The breast cancer findings were
likely mediated by a significant reduction in cancers that were es-
trogen receptor positive, progesterone receptor negative, which
typically have a poorer prognosis.57,59

Coronary Heart Disease
Coronary heart disease, defined as nonfatal myocardial infarction
plus coronary death, was not significantly reduced by the low-fat
dietary pattern (Figure 5). However, compared with placebo, low-
density lipoprotein cholesterol was slightly lower (by 3.55 mg/dL
[P < .05]) in the intervention group.52,61 Differential rates of statin
use in the intervention group vs the comparison group (�5%
higher in the comparison group based on serial medication inven-
tories) may have obscured the ability to detect differences in CHD
outcomes between treatment groups (postrandomization
confounding).62

Other Outcomes
The dietary intervention did not significantly reduce endometrial,
ovarian, or total cancer compared with usual diet.63 The dietary in-
tervention also did not significantly reduce stroke, coronary revas-
cularization, or total CVD outcomes compared with usual diet.52,61

In post hoc analyses, both serum insulin and glucose were lower in
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the intervention group than the comparison group during follow-
up, and type 2 diabetes requiring insulin was also lower among par-
ticipants assigned to the intervention group, a potential benefit re-
lated to glucose tolerance that requires further study.52,64

Key Clinical Messages From the WHI Diet Modification Trial
In the WHI, a low-fat dietary pattern with increased intake of veg-
etables, fruits, and grains did not significantly decrease the inci-
dence of breast cancer or colorectal cancer (primary outcomes)
or CHD (secondary outcome) in postmenopausal women. How-
ever, after 20 years of follow-up, lower rates of breast cancer
mortality (a secondary outcome) were observed in the interven-
tion group compared with the usual-diet group (0.037% vs
0.047%; HR, 0.79; 95% CI, 0.64-0.97; P = .02) No adverse out-
comes associated with the low-fat dietary pattern were observed,
and a small weight loss occurred (1.9 kg at year 1) compared with
the usual-diet group.

Limitations
The WHI clinical trials had several limitations. First, the WHI hor-
mone therapy trials tested CEE plus MPA and CEE alone, the most
common hormone therapy formulations at WHI inception, but
other hormone therapy formulations or routes of delivery may

have yielded different results. Second, for the calcium plus vita-
min D supplementation trial, the frequent use of nonstudy cal-
cium and vitamin D supplements may have attenuated the effects
of the intervention. Third, the dietary intervention did not
achieve the target total fat reduction to 20% of total calories,
which may have affected results. Fourth, in the clinical trial of
diet, the effects of reducing dietary fat could not be distinguished
from effects of increasing dietary intake of fruit, vegetables, and
grains.

Conclusions
For postmenopausal women, the WHI RCTs did not support
menopausal hormone therapy with oral CEE plus MPA or CEE
alone for those with prior hysterectomy to prevent CVD or other
chronic diseases. Menopausal hormone therapy is appropriate to
treat bothersome vasomotor symptoms among women in early
menopause, without contraindications, who are interested in tak-
ing hormone therapy. The WHI evidence does not support routine
supplementation with calcium plus vitamin D for menopausal
women to prevent fractures or a low-fat diet with increased fruits,
vegetables, and grains to prevent breast or colorectal cancer. A
potential role of a low-fat dietary pattern in reducing breast can-
cer mortality, a secondary outcome, warrants further study.

Figure 5. Clinical Outcomes in the Women’s Health Initiative Dietary Modification Trial

P value
Favors

intervention
Favors
comparison

Annualized rate, % (No.)a

Intervention Comparison
Clinical outcomes
(N = 48 835)

Clinical outcomes
(N = 48 835)

Hazard ratio
(95% CI)

.090.42 (671) 0.46 (1093) –4Invasive breast cancerc 0.92 (0.84-1.01)

.450.13 (216) 0.12 (303) +1Colorectal cancerc 1.07 (0.90-1.27)

.610.37 (591) 0.38 (914) –1Coronary heart diseased 0.97 (0.88-1.08)

.640.59 (989) 0.61 (1520) –2All-cause mortalityd 0.98 (0.91-1.06)

.080.016 (27) 0.024 (61) –1Breast cancer mortalityd 0.67 (0.43-1.06)

.020.025 (40) 0.038 (94) –1Death (all causes) after breast cancere 0.64 (0.44-0.93)

0.5 0.7

0.7

21 1.33

1.33

Hazard ratio (95% CI)

Intervention phaseA

Difference
per 10 000
person-yearsb

P value
Favors

intervention
Favors
comparison

Annualized rate, % (No.)a

Intervention Comparison
Hazard ratio
(95% CI)

.180.44 (1299) 0.46 (2075) –2Invasive breast cancerc 0.95 (0.89-1.02)

.430.14 (417) 0.13 (604) +1Colorectal cancerc 1.05 (0.93-1.19)

.600.39 (929) 0.39 (1386) 0Coronary heart diseased 1.02 (0.94-1.11)

.231.49 (5337) 1.52 (8161) –3All-cause mortalityd 0.98 (0.95-1.01)

.020.037 (132) 0.047 (251) –1Breast cancer mortalityd 0.79 (0.64-0.97)

.010.12 (359) 0.14 (652) –2Death (all causes) after breast cancere 0.84 (0.74-0.96)

0.5 21
Hazard ratio (95% CI)

Cumulative follow-upB

Difference
per 10 000
person-yearsb

Follow-up during the median 8.5-year intervention phase and over a cumulative
follow-up of 19.6 years for most outcomes (see Methods section of text for
details). Data are from Prentice et al52 and Chlebowski et al.57

aAnnualized rates were calculated by dividing the total number of events by
total follow-up time in years and are expressed as percentages. Randomized
allocation ratio was 40% for the intervention and 60% for the comparison

group; annualized rates precede number of events.
bDifference in estimated absolute excess risks (intervention minus comparison).
cPrimary end points.
dSecondary end points.
eExploratory end point.
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