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ABSTRACT: The Women's Health Initiative (WHLI) is a large and complex clinical investigation

of strategies for the prevention and control of some of the most common causes of
morbidity and mortality among postmenopausal women, including cancer, cardiovascu-
lar disease, and osteoporotic fractures. The WHI was initiated in 1992, with a planned
completion date of 2007. Postmenopausal women ranging in age from 50 to 79 are
enrolled at one of 40 WHI clinical centers nationwide into either a clinical trial (CT)
that will include about 64,500 women or an cbservational study (OS) that will include
about 100,000 women, The CT is designed to allow randomized controlled evaluation
of three distinct interventions: a low-fat eating pattern, hypothesized to prevent breast
cancer and colorectal cancer and, secondarily, coronary heart disease; hormone replace-
ment therapy, hypothesized to reduce the risk of coronary heart disease and other
cardiovascular diseases and, secondarily, to reduce the risk of hip and other fractures,
with increased breast cancer risk as a possible adverse outcome; and calcium and vitamin
D supplementation, hypathesized to prevent hip fractures and, secondarily, other frac-
tures and colorectal cancer.

Overall benefit-versus-risk assessment is a central focus in each of the three CT
compcenents. Women are screened for participation in one or both of the components—
dietary modification (DM) or hormone replacement therapy (HRT}—of the CT, which
will randomize 48,000 and 27,500 women, respectively. Women who prove to be ineligi-
ble for, or who are unwilling te enroll in, these CT components are invited to enroll in
the OS. At their 1-year anniversary of randomization, CT women are invited to be
further randomized into the calcium and vitamin D (CaD) tral compoenent, which is
projected to include 45,000 women. The average follow-up for women in either CT or O3
is approximately 9 years. Concerted efforts are made to enroll women of racial and ethnic
minerity groups, with a target of 20% of overall enrollment in both the CT and OS.

This article gives a brief description of the rationale for the interventions being
studied in each of the CT components and for the inclusion of the OS component.
Some detail is provided on specific study design choices, including eligibility criteria,
recruitment strategy, and sample size, with attention to the partial factorial design of
the CT. Some aspects of the CT monitoring approach are also outlined. The scientific
and logistic complexity of the WHI implies particular leadership and management
challenges. The WHI organization and committee structure employed to respond to these
challenges is also briefly described. Controlled Clin Trials 1998;19:61-109 © Elsevier
Science Inc. 1998
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INTRODUCTION

The WHI clinical trial includes three overlapping components, each a ran-
domized controlled comparison among women who are postmenopausal and
in the age range of 50 to 79 at randomization. The dietary modification {DM)
component randomly assigns 48,000 eligible women to either a sustained low-
fat eating pattern (40%) or self-selected dietary behavior (60%), with breast
cancer and colorectal cancer as designated primary outcomes and coronary
heart disease as a secondary outcome. The nutrition goals for women assigned
to the DM intervention group are to reduce total dietary fat to 20% and saturated
fat to less than 7% of corresponding daily calories and, secondarily, te increase
daily servings of vegetables and fruits to at least five and of grain products to at
least six. The hormone replacement therapy (HRT) component is a randomized,
double-blind comparison among 27,500 women, with coronary heart disease
as the primary outcome, with hip and other bone fractures as secondary out-
comes, and with breast cancer as a potential adverse outcome. The design of
the HRT component assumes that 45% of women will be post-hysterectomy at
randomizabion, in which case there is a 1:1 randomized double-blind allocation
between conjugated equine estrogen (ERT) 0.625 g /day or placebo. The re-
maining 55% of women, each having a uterus at baseline, are randomized
to 1:1 to this same preparation of estrogen plus continuous 2.5 mg/day of
medroxyprogesterone (PERT) or placebo. Eligible women can be randomized
into one or both of the DM and HRT components. At the 1-year anniversary
of randomization, all women are further screened for possible randomization
mto the calcium and vitamin D {CaD) component, which plans to enroll 45,000
women, with hip fracture as the primary outcome and with other fractures
and colorectal cancer as secondary outcomes. The CaD component is a 1:1

Table? Women’s Health Initiative Clinjcal Trial Partial Factorial Design: Pro-
jected Number of Women Entering the Various Trial Components*

Hormone Replacement Therapy Component

Dietary Modification Intact Uterus Without Uterus Not
Component PERT* Controi ERT* Control Randomized
Intervention 19,200 1210 1210 930 990 14,800
Control 28,800 1815 1815 1485 1485 22,200
Not Randomized 16,500 4538 4538 arnz 3712 —
64,500 7563 7563 6187 6187 37,000

*In each cell, appraximately 70% of women are projected to be eligible and willing to be randomized
to receive calcium and vitamin D supplementation or placebo (1:1 allocation).

* Pert, progestin/estrogen replacement therapy; ERT, estrogen replacement therapy.
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randomized double-blind trial of 1000 mg elemental calcium plus 400 interna-
tional units of vitamin Dj daily, versus placebo. Table 1 shows the anticipated
numbers of women in various cells of the CT.

Postmenopausal women ages 50 to 79 who are screened for the CT but prove
to be ineligible or unwilling to be randomized are offered the opportunity to
be one of 100,000 women enrolled in an observational study (OS). The OS is
intended to provide additional knowledge about risk factors for a range of
diseases, including cancer, cardiovascular disease, and fractures. It has an em-
phasis on biological markers of disease risk and on risk factor changes as
modifiers of risk.

There is also an emphasis on the inclusion of women of racial / ethnic minority
groups, with an overall target of 20% in both the CT and OS. Such a fraction
will allow meaningful study of disease risk factors within minority groups in
the OS, while certain CT subsamples are weighted heavily in favor of the
inclusion of minority women in order to strengthen the study of intervention
effects on specific intermediate outcomes (e.g., changes in blood lipids or micro-
nutrients) within minority groups.

Age distribution goals are also specified for the CT as follows: 10%, ages
50-54; 20%, ages 55-59; 45%, ages 60-69, and 25%, ages 70-79. While the age
range of 55 to 69 may be regarded as most natural for the “treatments” to be
tested, there was also interest in having a sufficient representation of younger
(50-54) postmenopausal women for intermediate outcome (biomarker) studies
and of older {70-79) women for studies of treatment effects on quality of life
measures, including aspects of physical and cognitive function.

With a projected 164,500 women enrolled in a complex program at 40 clinical
centers {CCs) in the United States, the WHI is perhaps the most massive and
challenging program ever undertaken. It has a budget of $628 million over the
15-year period, 1992-2007. Not surprisingly, a good deal of preliminary research
and advance planning were necessary to provide sufficient bases for the devel-
opment of such a program. An account of the evolution of the WHI has pre-
viously been provided [1]. Key preliminary studies included the National Can-
cer Institute-sponsored Women’s Health Trial {2,3] and the subsequent
Women's Health Trial: Feasibility Study in Minority Populations [4], which
demonstrated the feasibility of recruiting postmenopausal women to a dictary
intervention trial and the feasibility of such women making a major dietary
change toward a low-fat eating pattern, and the National Heart, Lung and
Blood Institute-sponsored Postmenopausal Estrogen/Progestin Interventions
(PEPI) Trial, which examined the effects of various postmenopausal hormone
replacement therapy regimens on heart disease risk factors [5], endometrial
pathology [6], and bone mineral density [7].

The next section provides a description of the rationale behind the choice
of the specific interventions used in each of the three CT components and of
the designated clinical outcomes in both the CT and OS. The presentation then
turns to a discussion of study design choices and statistical aspects of the
design, followed by a brief description of CT monitoring issues. Finally, a
description is given of the organizational and management approach to this
complex undertaking, including mention of a committee structure designed
to ensure adequate communications and decision-making procedures and to
preserve investigator interest.
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CHOICE OF INTERVENTIONS AND OUTCOMES IN THE WHI CT AND OS§
Dietary Modification Component

Rationale for and Feasibility of @ Clinical Trial of a Low-Fat Eating Pattern

Nutrition, in its broadest sense, very likely plays a fundamental role in breast
and colon cancer incidence [8]. Documented breast cancer risk factors, including
age at menarche, adult height, and postmenopausal body mass, suggest that
adult and early nutrition each may exert its own influences. A breast cancer
prevention hypothesis [9] motivated the series of NCI-sponsored feasibility
studies mentioned above.

The extent to which modifications of the diet alone can reduce cancer inci-
dence has been studied for at least 5 decades. Rodent feeding experiments
dating back to the 1940s [10] indicate a promoting role for both total calorie
consumption and for fat calorie consumption specifically, in mammary tumori-
genesis [11-13]. Tumors are promoted in older as well as in immature female
animals [14]. Consumption of both polyunsaturated and saturated fat appears
to be related to mammary tumor risk [15, 16]. Increased consumplion of either
saturated or polyunsaturated fat increases circilating levels of reproductive
hormones in older female primates [17]. In comparison, rodent feeding studies
point to a more consistent role for saturated fat consumption in colonic tumori-
genesis [18].

Epidemiologic study of these associations began in the 1970s. Ecologic associ-
ations were observed between national mortality rates for cancers of the breast,
colon, and selected other cancer and corresponding national estimates of per
capita food supply. More recent analyses of this type [19-22] indicate similar
strong relationships between the cancer incidence rates of breast, colon, rectum,
ovary, and endometrium among women ages 50 to 69 and per capita fat supply,
with corresponding relationships among males for cancers of the colon, rectum
and prostate. Such analyses also suggest an association between breast cancer
risk and both saturated fat and, particularly, polyunsaturated fat, while the
corresponding colon cancer association is primarily with saturated fat. These
associations are supported by analyses relating changes in fat supply within
countfries and corresponding lagged changes in cancer incidence rates [22].

The animal experiments and ecologic studies stimulated a substantial num-
ber of case-control and cohort studies of these same associatbions, beginning in
the middle to late 1970s. Howe et al [23] presented a combined analysis of the
data from 12 breast cancer case-control studies involving several thousand
cases and controls. They reported a highly significant positive relationship
between postmenopausal breast cancer risk and estimated fat intake, though
they interpreted the magnitude of the association to be less than that projected
from the international data analyses. A recent pooled analysis of seven cohort
studies [24], however, did not demonstrate any significant relationship between
breast cancer risk and estimated dietary fat consumption. An overview of the
colorectal cancer case-control study data [25] and specific cohort studies [26,
27] yielded somewhat variable results concerning an association with estimated
fat intake.

To summarize, analysis of international variations in cancer incidence rates
suggests relationships with dietary fat consumption that would have great
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public health importance. For example, Prentice and Sheppard [22) project
that a 50% reduction in fat consumption could eventually reduce the risk of
postmenopausal breast cancer, colon cancer, and rectal cancer by 61%, 67%,
and 29%, respectively, in the United States, The international comparisons are
supported by animal feeding experiments and time trend studies, and they can
provide an explanation for the cancer incidence experiences of first-generation
migrants from low-fat- to high-fat-consuming countries [28-30]. There is even
some supporlive data on migrants from high-fat- to low-fat-consuming coun-
tries [31]. In contrast, analytic epidemiologic studies, which are usually re-
garded as yielding more reliable epidemiologic data, have often yielded weak
or equivocal results.

Each of these types of observational studies has substantial methodologic
limitations. The ecologic studies involve crude dietary measurements and avail-
able data have not allowed a careful attempt to control confounding. On the
other hand, such studies have included populations with widely varying dietary
habits and a dietary measure that reflects average nutrient availability for tens
of thousands of persons in each country. In contrast, cohort and case-control
studies of these associations have generally taken place within populations
having a modest range of fat intake and have involved assessment instruments
having substantial random measurement error {32] along with likely important
systematic errors [33, 34]. These features combine to yield results of unknown
reliability from both ecologic and analytic data sources [35].

In view of the preceding discussion, one can view the dietary fat reduction
and breast and colon cancer prevention as strong hypotheses in the sense that
there are various sources of data suggesting effects of substantial importance to
public health. However, these hypotheses and, more specifically, the hypothesis
that a change in the diet of postmenopausal women can influence the subse-
quent risk for these diseases have not yet been tested. Note that even reliable
determination of dietary fat and disease associations would likely leave open
the question of disease-risk reduction following a fat reduction in the middle
and later decades of life and the time course of any such reduction. Hence,
there is a clear need for a randomized intervention trial to test the cancer-
reduction potential of a low-fat eating pattern at a predefined age. The targeted
diseases are among the most common cancers among women in the United
States. Specifically, among American women, breast cancer is the cancer with
the greatest incidence and the second greatest mortality, after lung cancer, with
more than 175,000 cases and 44,500 deaths per year, while colorectal cancer is
the third leading cause of cancer incidence and mortality, with more than
75,000 new cases and 31,000 deaths per year.

In general, the data sources alluded to above suggest a stronger association
of dietary fat with postmenopausal as compared to premenopausal cancer risk
[22]. For this reason, as well as because of the lower incidence tates among
younger as compared to older women for each of the outcomes of interest, it
seem natural to focus initially on dietary change among postmenopausal
womer.

As noted previously, a series of NCI-sponsored feasibility studies of a low-
fat intervention trial was carried out between 1984 and 1995 under the name
Women'’s Health Trial (WHT). These studies indicated that postmenopausal
women in the middle and later decades of life could be recruited in large
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numbers to such a trial, could make a major change in their reported fat
consumption to about 20% of daily calories from fat, and could largely maintain
such a reported change over a study follow-up period of up to 2 years [2-4].
Also, a subset of the initial group of WHT women, contacted about 2 years
after the end of any dietary intervention or maintenance activities, reported
having retained a substantial portion of the change in their use and consumption
of dietary fat [36]. Closely related feasibility studies among women of a broader
range of ages took place in Canada over the same time period with similar
results [37]-

The dietary intervention program developed in the WHT appeared to lead
to the desired maintained reduction in total fat, with evidently little change in
the ratio of polyunsaturated to saturated or monounsaturated fat, according
to food records supplied by participating women. Reductions in polyunsatu-
rated as well as saturated fat was viewed as desirable in view of a potential role
of polyunsaturated fats in relation to breast and other cancers. This intervention
program also yielded a measurable increase in consumption of vegetables and
fruits and a very modest increase in grains as natural partial replacements for
high-fat foods [3]. These associated dietary changes may enhance any cancer-
preventing potential of dietary intervention activities, as there is a body of
analytic epidemiologic literature suggesting a possible protective effect of vege-
tables and fruits for breast cancer [23] and of fruits, grains, and foods containing
various sources of fiber for colon cancer [38—40].

The WHI dietary intervention program refines the program used in the
preceding WHT feasibility studies. In contrast to those earlier studies with the
single goal of fat reduction, additional daily goals of five or more servings of
vegetables or fruits and six or more servings of grain products are specified
for women assigned to dietary intervention. The WHI monitors the achievement
and maintenance of dietary goals using food records, food frequency question-
naires, 24-hour dietary recalls, and specific self-monitoring instruments to en-
sure that sufficient differences between intervention and control groups are
created in relation to each dietary goal, while maintaining as the highest priority
the goal of determining the percentage of calories derived from total fat. Note,
however, the resulting reduced ability to attribute any observed dietary-inter-
vention effects on breast cancer or other outcomes to specific elements of the
dietary modification program. Such attribution will require an observational,
analytic approach using self-reported dietary data, the limitations of which
have already been indicated.

Coronary heart disease (CHD) risk reduction is a secondary goal of the
dietary modification (DM) clinical trial component. International comparisons
[41] and migrant studies [42] suggest an association between dietary saturated
fat and coronary heart disease mortality. As for the cancers discussed above,
and presumably for the same methodologic reasons, it has been difficult to
demonstrate a consistent association between estimated saturated fat consump-
tion and CHD incidence or mortality within populations in analytic epidemio-
logic studies. However, reductions in dietary fat and cholesterol are widely
known to reduce total and low-density lipoprotein cholesterol in human clinical
studies, although results appear to be somewhat less consistent in women than
in men [43, 44] and no study of long-term effects has been conducted. The
Women’s Health Trial feasibility studies [2, 3] yielded reductions in total blood
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cholesterol of about 5-6% on average among dietary intervention women at 1
and 2 years of fellow-up. Furthermore, a number of cohort studies have shown
a clear relationship between blood cholesterol and CHD incidence and mortality
and, importantly, randomized clinical trials in men and women have shown
that reductions in CHD events have been observed in relation to the use of
cholesterol-lowering drugs [45-47]. While these studies do not prove the hy-
pothesis that the low-fal eating pattern being taught in the WHI will lead to
a reduction in CHD risk, WHI investigators viewed this hypothesis as some-
what too well-established to provide the primary motivation for the DM compo-
nent. However, CHD results will contribute in an important manner to the
assessment of overall benefits versus risks associated with the DM intervention
and to an assessment of the overall public health impact that may follow from
a widespread adoption of a low-fat eating pattern.

Various other clinical outcomes, including other cancers, other cardiovascu-
lar diseases, and diabetes, may be favorable impacted by a low-fat eating
pattern. The WHI will monitor a broad range of clinical and behavioral out-
comes in order to provide as complete a view as practical of the effects of
intervention on health.

Dietary Modification Intervention Program

The WHI dietary intervention implements a change of eating behaviors
rather than a prescribed diet. Several psychosocial and behavioral themes are
ceniral to the intervention program, including motivation and reinforcements,
self-determination, self-management, skills training, social support, relapse pre-
vention, self-reliance, and self-efficacy. Dietary intervention women are as-
signed to a permanent intervention group of, preferably, 10 to 12 members.
They meet weekly with a trained nutrition interventionist for 6 weeks, every
other week for an additional 6 weeks, and monthly for the course of the first
year. Each intervention woman also has one individual dietary counseling
session with her interventionist between 12 and 16 weeks from the beginning
of intervention to ensure the nutriionat balance of her new dietary pattern.
Dietary maintenance sessions occur approximately quarterly after the first year
of dietary intervention, along with optional, peer-led monthly meetings of the
intervention groups.

Appendix I provides an oulline of the objectives and content of each of the
18 group intervention sessions as well as of the individual session during the
first intervention year. Appropnate concepts about nutrition and behavior are
integrated into each session in a cumulative fashion. The early sessions (sessions
1-8) cover the major sources of fatin the American diet and the critical nutrition
skills (shopping, recipe modification, restaurant selection) needed for major
changes in fat consumption. Later topics are more specialized and emphasize
behavioral skills such as problem-solving for low-fat party and holiday foods.
Topics that deal with maintenance (relapse prevention, creating long-term
guidelines) are included in the later sessions.

The behavioral topics are organized around strategies. The first two behav-
ioral topics are seif-management and motivation for low-fat dietary change.
The core of the necessary behavior skills is self-management. The identification
and reinforcement of motivations to change are included in the first session to
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develop and maintain participants’ interest in changing. Social influences and
support are included in the next five sessions because of the critical nature of
social influences on eating and on successful health-behavior change. Time
management, problem-solving, and coping with stress are introduced after the
initial large decreases in fat consumption have occurred to help incorporate
the new low-fat behaviors into everyday living. Finally, relapse prevention is
included in the last sessions to assist with long-term maintenance.

Nutrition and behavioral strategies are integrated into each session for sev-
eral reasons. The intervention materials consistently focus on dietary behaviors,
not nutrients, as a means of changing fat consumption. Therefore, integrating
the two types of strategies in each session is important. Implementing the
philosophy of a self-directed, self-controlled eating plan means that each nutri-
tionist and participant must view dietary changes as a series of activities that
will ultimately become part of everyday life. Integrating dietary plans with
behavioral strategies in each session helps participants integrate them into daily
life. The relative focus on nutrition is highest in the early sessions during
the time of most intensive dietary change, while the emphasis on behavioral
strategies to maintain the early dietary changes increases in later sessions. The
nutrition and behavioral aspects of the WHI dietary modification program are
described in detail in Tinker et al [48].

Hormone Replacement Therapy Component

Rationnle for a Clinical Trial of HRT

The hormone replacement therapy component of the CT is intended to test
the hypothesis that women assigned to estrogen replacement therapy (ERT) will
have lower rates of coronary heart disease and osteoporosis-related fractures.
Because progestin and estrogen (PERT) are used together in women with a
ufkerus in order to diminish the risk of endometrial cancer, we will also assess
whether the hypothesized cardioprotective effects of estrogen in preventing
coronaty heart disease and fractures will be retained with this regimen. The
incidence of breast cancer and endometrial cancer will be monitored during
and after the frial.

Coronary heart disease was selected as a primary outcome in light of recogni-
tion that heart disease is the major cause of morbidity and mortality among
postmenopausal women, especially over the age of 65, and because the hypothe-
sized cardioprotective effect of HRT cannot be proven with observational stud-
ies alone. The frequency of osteoporosis-related fractures, a major cause of
morbidity in elderly women, may be reduced by a proportion similar to that
for CHD.

The idea that postmenopausal estrogen replacement therapy may reduce
the risk of coronary heart disease has been evolving for some time. Prior
to 1980, some believed that exogenous estrogen would increase the risk of
cardiovascular events based, in part, on the adverse effects of estrogen therapy
in men with heart disease [49] and in those being treated for prostate cancer
[50] and on the emerging evidence that oral contraceptive pills were associated
with an increased risk of stroke, thromboembolic events, and coronary heart
disease among women over 35 [51]. However, the role of menopause as a risk
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factor for coronary heart disease was recognized during the 1980s [52-54].
Menopause has an adverse effect on the lipid profile. Low-density lipoprotein
rises for approximately 10 to 15 years after menopause, and high-density lipo-
protein drops [55]. Weight gain and a change in body fat distribution, increases
in blood pressure, and a host of other metabolic factors are among the other
changes that may affect risk.

Epidemiologic evidence for a cardioprotective effect of postmenopausal es-
trogen therapy began to emerge in the late 1970s and early 1980s. A majority
of the more than 30 observational studies reported note a benefit from estrogen
[56, 57]. Supporting this conclusion are studies showing that age-adjusted, all-
cause mortality is also lower among estrogen users [58, 59]. It is important to
note, however, that only one small prospective controlled trial with disease
endpoints has been conducted [60].

The mechanism for the hypothesized improvement in cardiovascular risk
with estrogen Is not completely understood, but up to half of the effect may
be explained by the beneficial lipid changes that occur with estrogen administra-
tion [59]. Exogenous estrogen increases HDL and lowers LDL (5, 61, 62]. Other
factors that may play a role are changes in coagulation factors, blood pressure,
insulin, body fat distribution, and direct effects on the arterial wall [5, 63].

Despite the apparent strength of the observational study reports, major
questions remain. First, observational studies are always subject to potential
bias. The studies of hormone replacement therapy have the potential for selec-
tion (or prescribing) bias. During the past 3 decades physicians in the United
States and Europe have received many negative and contradictory messages
about the safety of hormone replacement therapy, making it likely that women
who received estrogen were healthier than women who did not take estrogen
[64]. Estrogen users have been found to have a demographic profile associated
with better health in at least two cohort studies [65, 66]. Although several
investigators have reported a benefit of estrogen for heart disease after control-
ling for risk factors [58, 67], potential biases cannot be entirely eliminated in
this post hoc fashion.

Second, the effect of the combined estrogen plus progestin replacement on
coronary heart disease must be determined. Progestin is given in combination
with estrogen to women with a uterus in order to reduce the increased risk of
endometrial cancer that would otherwise be associated with unopposed estro-
gen [68]. Most epidemiologic data related to cardioprotectve effect is based
on women who took unopposed estrogen. Progestin can have the effect of
reversing, or at least blunting, the lipid effects of estrogen that are presumed
to be beneficial [5, 69, 70].

Estrogen stabilizes bone mineral density, and many observational studies
support a reduction in fracture rates [57]. Estrogen replacement therapy is
currently FDA-approved for both the prevention and the treatment of osteopo-
rosis. In observational studies, current users and long-time users of estrogen
appear to get the most benefit [71, 72], but concern about the potential for
selection bias can again be raised [72]. Furthermore, the effect of combined
therapy has not been extensively studied. Finally, an accurate assessment of
the overall risks and benefits of hormone replacement therapy are especially
important because of the availability of alternatives to estrogen for the treatment
of osteoporosis [73].
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The potential adverse effect that generates the most concern is the possibility
of an increased risk of breast cancer with long-term estrogen use. The numerous
observational studies have yielded results that are consistent with a modest
elevalbion in risk that may increase with duration of use [57, 74, 75]. An addi-
tional adverse effect of progestin has also been posited, although available data
sources appear to be somewhat inconsistent [76-78].

Finally, the WHI is recruiting women older than those included in typical
randomized trials, with about two-thirds of the cohort over 60 years of age, and
trial follow-up will be longer than any previous trial. For example, considerable
evidence suggests that administration of hormones to women early in meno-
pause stabilizes bone mineral density, but there are many fewer pertinent data
about the effects of starting hormones later, especially over age 60. It is critical
to determine the overall benefits and risks associated with long-term HRT
because the hypothesized benefits for heart disease and fractures may accrue
primarily to long-term users, and hypothesized adverse effects on breast cancer
may increase with duration of use.

In summary, the potential bias introduced by the prescribing habits of the
preceding decades may be important; the effects of combined hormone replace-
ment therapy on cardiovascular disease and breast cancer must be carefully
assessed; and overall benefits and risks of long-term hormone therapy need to
be assessed. None of these issues can be completely resolved by additional
observational studies. In fact, many expert observers have recommended that
a randomized trial of hormone replacement therapy with “hard” endpoints be
performed [69, 76, 79].

Exogenous ovarian steroid hormones have multiple target tissues in addition
to the bone, endometrium, vascular system, and breast, and hormone replace-
ment therapy has the potential to affect the risk of several additional conditions
[57]. Epidemiologic studies suggest the following potential associations: an
adverse effect on risk for cholelithiasis and systemic lupus erythematosis; a
beneficial effect on risk for dementia, particularly Alzheimer’s disease, as well
as stroke and colon cancer; and a putative increased risk of thromboembolic
disease. The WHI will monitor all of these conditions.

Selection of HRT Regimens

The WHI protocol calls for randomization of hysterectomized women to
either estrogen (conjugated equine estrogens 0.625 mg/day) or placebo. Women
with a uterus will be randomized to either estrogen (conjugated equine estro-
gens 0.625 mg/day) plus progestin (medroxyprogesterone acetate 2.5 mg/day
continuous) or placebo.

Statistical power considerations led to the use of a single estrogen in the
CT. Conjugated equine estrogens are the most widely prescribed estrogen
preparations in the United States [80]. There are substantial data from both
observational studies and short-term clinical krials that suggest an association
of this form of exogenous estrogen with the desired level of effects on lLipids
and other metabolic factors; however, this choice is somewhat arbitrary in the
sense that other forms of orally administered estrogens probably have similar
effects. On the other hand, it is generally considered appropriate in a large-
scale clinical trial to use the intervention for which there is the most extensive
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preceding evidence. Partly for this reason, transdermal estrogen was viewed
as inappropriate for this trial.

The dose of 0.625 mg/day was chosen because it is considered the minimum
effective dose for the preservation of bone mineral density [81]. This dose has
been demonstrated to lead to a significant rise in HDL cholesterol and drop
in LDL cholesterol [5]. Cyclic administration of estrogen, typically for 25 days
of the montbh, is still widely used in the United States, but it appears to confer no
advantages over the more convenient daily administration chosen for this trial.

The original protocol called for women with a uterus to be randomized to
placebo, combined estrogen and progestin, or unopposed estrogen. The ratio-
nale for this approach was the uncertainty related to the potential adverse
effects of adding progestin, leading to the possibility that the overall risk-
benefit ratio for unopposed estrogen, despite the increased endometrial cancer
rate, might be superior to combined therapy. After the publication of the initial
PEPI Trial results [5], the unopposed estrogen regimen was discontinued from
the study. The PEPI Trial was not of sufficient size and duration to demonstrate
an increased risk of endometrial cancer in the group using unopposed estrogen,
but itdid report an excess risk of serious endometrial hyperplasia (adenomatous
and atypical) of approximately 40%. Although estrogen-induced endometrial
hyperplasia is usually readily reversible with short-term progestin therapy,
most clinicians recommend conversion to combined therapy if the woman is
to remain on hormone therapy. Following this guideline and extrapolating
from the incidence of hyperplasia in the PEPI study, we estimated that in the
WHI, well over half of the unopposed-estrogen users might have to be con-
verted to combined therapy within the first 5 years of WHI, and only a small
proportion would remain on their original treatment assignment at the end of
follow-up. The end result would be the inability to test the effects of unopposed
estrogen on coronary heart disease or fractures. The approximately 300 women
already randomized to the unopposed estrogen arm were informed of this
change in protocol and, if they chose o remain in the trial, were converted in
an unblinded fashion to the combined estrogen-progestin regimen.

Several progestins are used around the world in postmenopausal hormone
therapy. Medroxyprogesterone is the most widely prescribed progestin in the
United States. Compared with synthetic 19-nortestosterone, medroxyprogester-
one acetate is less metabolically active yet provides the desired endometrial
protection [82). The dosage of medroxyprogesterone required depends on the
regimen employed. The most well-studied regimens at 10 mg given for at least
12 days each month, cyclically, and 2.5 mg given daily.

A major decision the WHI faced was whether to administer the progestin
ona cyclic or a daily regimen. First, data from mostrandomized trials, including
the recently completed 3 year PEPI Trial, suggest that the cyclic and the daily
regimens have similar metabolic effects. The daily method is somewhat more
convenient than having to remember to stop and start on a particular cycle
day. The major known difference between these two regimens is the pattern
of vaginal bleeding. With cyclic therapy, the majority of women will experience
regular cyclic bleeding in response to withdrawal of the progestin. The expecta-
tion of bleeding is a major reason women choose not to start HRT [83] and is
a major reason they discontinue HRT. The daily regimen was originally devel-
oped to improve this situation. Over 90% of women who remain on combined
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daily estrogen and progestin for at least 12 months will develop amenorrhea.
The trade-off is that most women will have up to several months of unpredict-
able spotting and/or bleeding when beginning this regimen. Some evidence,
however, suggests that women over 60, who constitute the majority of subjects
in the WHI, experience less of this “start-up bleeding.” Therefore, for reasons
of convenience and a more acceptable bleeding profile and in the absence of
other medical reasons to choose one over the other, the WHI adopted the
daily progestin.

Calcium and Vitamin D Component

Rationale for a Clinical Trial of Calcium and Vitamin D Supplementation

This component of the WHI CT is designed to test the hypotheses that
women who are randomized to receive a combination of calcium and vitamin
D supplementation will have a lower risk of hip fracture and, secondarily,
other fractures and colorectal cancer than women who are randomized to
receive corresponding placebos. Breast cancer risk reduction is another potential
benefit. To date, the effectiveness of these dietary supplements is uncertain,
and evidence about their potential value has been based almost exclusively on
observational studies.

Aboul one of every six white women and one of every twenty or thirty
African-American and Latina women will suffer a hip fracture during her
lifelime [84]. Women with lower bone mass in the hip have a much greater
risk of hip fracture [85], so interventions that increase bone mass or reduce the
rate of bone loss in the hip are likely to decrease fracture risk.

Adults lose a certain amount of calcium daily through urine and other routes
[86]. If the amount of calcium lost consistently exceeds the amount absorbed,
a loss of bone results. A woman’s capacity to absorb calcium declines with
menopause and aging [87]. Estrogen replacement increases the fractional ab-
sorption of calcium [82] and appears to be capable of increasing bone mineral
density [7]. It has been recommended that women consume at least 1000 mg/
day of elemental calcium before menopause and 1500 mg/day of calcium after
menopause fo maintain the balance between calcium absorption and excretion
[88]. In contrast to these recommendations, the median daily dietary calcium
intakes of postmenopausal women in the United States has ranged from 352
mg in black women 80 years old or older to 630 rig in non-Hispanic white
women 60 to 79 [89], all less than half of recommended levels.

Randomized Erials have shown that calcium supplementation slows the rate
of bone loss in women [90, 91]. A few observational studies have come to
conflicting conclusions about the relationship between dietary calcium intake
and risk of hip and other types of fractures [92, 93]. Therefore, it remains
uncertain whether calcium supplementation will reduce the risk of hip or other
fractures. Nevertheless, many women are taking calcium supplements in the
hope that it will reduce their risk of osteoporotic fractures.

Previous research also suggests a potential for vitamin D supplementation
in the prevention of osteoporotic fractures. Twenty-five hydroxyvitamin D, or
25(0OD)D, is converted in the kidney to 1,25(0OH),D which acts to increase
intestinal absorption of calcium. Very low levels of 25(OH)D can limit the
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formation of 1,25(0OH),D and lead to osteomalacia, or secondary increases in
secretion of parathyroid hormone with more rapid reabsorption of bone. It is
believed that vitamin D supplementation may increase intestinal absorption
of calcium, but it might also have independent effects on bone metabolism that
slow bone loss [94]. One nonrandomized controlled trial [95] found that a single
annual injection of 150,000 to 300,000 IU of ergocalciferol was associated with
a lower risk of all fractures combined, in nursing home and geriatric clinic
patients 75 years old and older. This treatment has yet to be tested in a random-
ized blinded trial involving community-dwelling postmenopausal women of
a wider age spectrum.

The combination of calcium and vitamin D may offer greater protection
against bone loss and fracture than either one alone. One randomized trial found
that the combination of 1.2 g of elemental calcium (as tricalcium phosphate) with
800 IU of vitamin D; reduced the risk of hip and other fractures by about one-
third [96]. However, the long-term care residents involved in this study had
low dietary calcium intakes (511-514 mg/day) and low serum levels of 25(QH)

- vitamin D (13-16 ng/ml) compared with a normal range of 15-50 ng/ml It is
uncertain whether a combination of calcium and vitamin D supplementation
will also reduce the risk of fractures in younger, community-dwelling women
with a lower prevalence of vitamin D deficiency and a higher level of dietary
calcium intake.

Most types of fractures in older women are related to low bone mass [97].
If calcium and vitamin D supplementation decreases the rate of bone loss, it
may well decrease the risk of fractures other than hip fractures. In support of
this concept is the study of elderly women in French nursing homes [96] where
the combination of calcium and vitamin D decreased the rate of both hip and
other types of fractures.

A role for calcium and vitamin I} has also been proposed in the prevention
of colorectal cancer. Fatty acids and bile salts stimulate the proliferation of
colonic epithelium. Calcium binds to fatty acids and bile salts, forming insoluble
soaps, thereby diminishing these toxic effects [98]. Some observational studies
suggest that higher intakes of calcium and vitamin D may decrease the risk of
colon cancer [99, 100]. In particular, one study observed significantly lower
rates of colon cancer among men whose diets contained at least 1200 mg/
day of calcium. Other studies have found nonsignificant trends [101] or no
association [102] between calcium intake and risk of colon cancer or occurrence
of colonic polyps [103].

Some investigators postulate that vitamin D might also have an independent
protective effect against colorectal cancer. An inverse relationship between
serum levels of 25(OH)D and the subsequent risk of colorectal cancer has been
reported [104] and disputed [105], but 25(OH)D levels also reflect the intake
of dairy products and, hence, of calcium. The Health Professionals Follow-up
Study and Nurses Health Study found no association between vitamin D intake
and diagnosis of colorectal adenomas [103]. There have been no human trials
of the effect of calcium or vitamin D supplements on the risk of colon cancer.

As mentioned above, some scientists have also hypothesized a protective
effect of vitamin D on breast cancer. Most breast cancer cell lines contain
receptors of 1,25(0H),D [106] and in vitro application of analogs of 1,25(0H),D
may shrink some breast cancers [107]. However, there is very little informabon
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about the potential effects of 25(OH)D on breast cancer. Observations of lower
rates of breast cancer in regions that receive more sunlight [108, 109] have
led to speculation that higher levels of 25(OH)D might reduce the risk of
breast cancer.

Calciunt and Vitamin D Supplemmentation Protocol

At their first annual visit, parkicipants in the DM or HRT trials are asked if
they are interested in joining the calcium and vitamin D trial. Willing and
eligible women are randomly assigned in a double-blind fashion to the supple-
ment or placebo group. The active tablets contain 500 ng of elemental calcium
(as calcium carbonate) and 200 IU of vitamin D,. Participants are instructed to
take two tablets a day, for a total of 1000 mg of elemental calcium and 400 IU
of vitamin D; daily. They are advised to take the tablets with meals, preferably
in divided doses. Those randomized to the placebo group receive matching
placebo tablets to be taken in the same fashion.

As noted previously, the primary outcome of the calcium and vitamin D
component of the trial is hip fracture. Hip fractures must be confirmed by
reports of X-rays or, in uncertain cases, centralized review of X-rays and other
diagnostic studies. Other fractures besides hip fractures comprise a secondary
endpoint, but a few types of fractures are not counted because they are difficult
to diagnose from conventional X-rays (rib fractures) or have not been associated
with reduced bone mass (face, skull, finger and toe fractures) [97]. Change in
bone mass measured at the hip and spine by dual X-ray absorptiometry (Hologic
QDR 2000, Waltham, MA) is an intermediate outcome that is measured in all
WHI women who participate at one of three bone densitometry clinical centers.
Urine specimens are also collected from these women and stored for studies
of intervention effects on bone metabolites.

The elemental calcium is administered in the form of calcium carbonate, the
most widely used supplement in the United States. Most participants in the
trial are expected to have dietary calcium intakes exceeding 500 mg/day; thus,
the addition of 1000 ng/day will yield an average total calcium intake exceeding
1500 mg/day in the active treatment group. This level is in accord with recom-
mendations for reduction of bone Joss and would, theoretically, be sufficient
to reduce substantially the risk of colon cancer [100]. This dose of caldum
carbonate has a low frequency of hypercalciuria, has not been associated with
an increased risk of kidney stones [110], and rarely produces hypercalcemia.

A dose of 400 IU of vitamin D, exceeds the RDA and reliably raises 25(OH}D
levels into normal ranges in vitamin D-deficient women. This dose of vitamin
D; is safe and has not been associated with any serious side effects.

The Observational Study Component

The observational study (OS) component of the WHI will complement the
clinical trial by assessing new risk indicators and biomarkers for disease in a
large prospective cohort of .about 100,000 postmenopausal women. The O5
cohort will be comprised of clinical trial screenees who are either ineligible or
unwilling to participate in the CT. Thus, the marginal costs of the OS cohort



Design of the Women's Health Initiative 75

assembly are comparatively small and the strategy takes advantage of the CT’s
need to screen a large number of potential participants to achieve the targeted
number of randomizations.

As with the CT, OS enrollees will be followed for an average of 9 years.
Minority women will be well represented, with a target enrollment of 20%
minority women in the study-wide cohort. The large size of the cohort and
the effort to include sizable proportions of women of racial/ethnic minority
groups will permit the assessment of important exposure-disease relationships
in individual minority groups. As minority women have not been well repre-
sented in most previous cohorts, the OS will provide a unique resource for
exploring potential differences in risk factors for major health outcomes across
ethnic groups.

Participants in the O5 have a baseline screening visit that includes the follow-
ing elements, which are shared by CT women: physical measurements (height,
weight, blood pressure, heart rate, waist and hip circumferences), collection of
blood specimens (stored as serum, plasma, and buffy coat), a medication/
supplement inventory, and completion of questionnaires related to medical
history, family history, reproductive history, lifestyle/behavioral factors, and
quality of life. In addition, an OS questionnaire ascertains additional exposures,
including geographic residence history, passive smoking exposure in childhood
and adulthood, early life exposures, details of physical activity, weight and
weight cycling history, and occupational exposures. The major clinical out-
comes of interest in the OS are coronary heart disease, stroke, breast cancer,
colorectal cancer, ostecporotic fractures, diabetes, and total mortality. Data
collected at baseline will be related to subsequent clinical events, with the goal
of improving risk prediction of these major health outcomes in postmenopausal
women. Participants in the OS will be mailed annual forms to update selected
exposures and ascertain medical outcomes, and they will return for a repeat
visit, including blood collection, about 3 years after entry.

The physical measurements, questionnaire and interview data, and reposi-
tory of biological specimens will permit a broad array of hypotheses to be
addressed in the cohort. Most biomarker analyses will be conducted using a
“nested” case-control or case-cohort design using the prospectvely collected
materials and specimens. The OS will provide stable estimates of the magnitude
of the effects of established risk indicators (including serum cholesterol and
lipoprotein subfractions, blood pressure, body weight, physical activity, diet,
and reproductive history), as well as affording an opportunity to identify and
test new hypotheses regarding disease eticlogy in women. The latter will in-
clude new potential biomarkers of disease—for example, protein polymor-
phisms and DNA markers. Finally, the OS is designed to elucidate the mecha-
nisms underlying the ostensibly elevated risk of mortality at low levels of blood
cholesterol {111], weight, and blood pressure. The hypothesis that underlying
debility and disease are responsible will be tested by relating markers (e.g.,
serum albumin) of clinical and subclinical disease as well as changes in weight,
cholesterol, and blood pressure between the baseline and 3-year visits to subse-
quent mortality in cohort.
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CHOICE OF STUDY POPULATION
Eligibility Criteria

The WHI is designed to be as inclusive as it is practical to be of postmeno-
pausal women, initially in the age range of 50 to 79, with a sufficient follow-
up duration to address adequately questions of risks versus benefits and of
the public health potential of the CT interventions. The diseases responsible
for much of the morbidity and mortality in women are largely concentrated
among women who are at least 50 years old. A focus on postmenopausal
women is essential for the HRT trial component, while the motivating data for
the DM component suggest initial study among postmenopausal women, as
was previously mentioned. Motivating clinical trial data for the CaD component
have arisen primarily from studies of women who are quite elderly [96].

It might have been considered natural to restrict the study to a somewhat
narrower age range, say 55-69, to simplify the verification of postmenopausal
status by excluding women under 55, and to enhance the likelihood of sufficient
control over food choice and preparation and the ability to participate fully in
program activities throughout the follow-up period by excluding women over
69. The HRT treatments under study are, however, of great relevance to early
postmenopausal women, so information on a range of intermediate outcomes
(e.g., blood lipids, antioxidants, clotting factors, and hormones) in women in
the 50-54 age range was regarded as highly desirable. Correspondingly, if the
study interventions tum out to be equally efficacious in terms of relative risk
reduction throughout the postmenopausal age range, then older women, on
average, will contribute most to the testing of study hypotheses by virtue of
their higher rates of all the key clinical outcomes. Furthermore, knowledge
concerning the effects of treatments on intermediate outcomes and on clinical
outcomes related to physical and cognitive function were thought to be of
considerable interest among older women. Since the average follow-up period
is about 9 years, it seem inadvisable to enroll women older than 79 years.

In view of the differential information contribution by younger women as
compared to older women under study design assumptions, and in view of
the differing age-incidence curves for the diseases that may be affected by CT
interventions, the WHI established target enrollment frachons of 10:20:45:25
for the respective baseline age categories of 50-54, 55-59, 6069, and 70-79.
For example, an overrepresentation in the 50-54 age category for the HRT
component may unduly reduce the study’s power because the incidence of the
primary CHD outcome increases rapidly with increasing age; and it could
distort the benefit-to-risk profile because the ratio of breast cancer to CHD
incidence is higher among younger postmenopausal women than among
older wommnen. _

Because the HRT component involves separate randomized comparisons for
women with and without a uterus at randomization, it was necessary to specify
a target fraction of hysterectomized women into this component. The fraction
of 45% was established on the basis of study power and practical recruit-
ment considerations.

As mentioned previously, the WIII plans to enroll women of racial /ethnic
minority groups in at least the same proportion as such women exist in the
population of women between 50 and 79; that is, 17%, according to the 1930
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U.S. census. A specific targel of 20% was established in both the CT and the
OS. In view of the difficulty that has been experienced in enrolling minorities
in some other clinical studies, various efforts are under way to enhance such
recruitment. In particular, 10 of the 40 WHI clinical centers are designated as
minority recruitment centers on the basis of their access to and history of
interaction with large numbers of women in certain population subgroups,
particularly African-Americans and Hispanic Americans.

Other eligibility criteria include the ability and willingness to provide written
informed consent for the pertinent program components and an expectation
of being resident in the study recruitment area for at least 3 years following en-
rollment.

Exclusion Criteria

Study subjects were excluded from the CT and OS if they had medical
conditions predictive of a survival ime of less than 3 years; if they were known
to have conditions or characteristics inconsistent with study participation and
adherence (alcoholism, drug dependency, mental iliness, dementia); or if they
were active participants in another randomized controlled clinical trial.
Women were excluded from the CT (1) for reasons of competing risks (inva-
sive cancer in the past 10 years; breast cancer at any time or suspicion of breast
cancer at baseline screening; acute myocardial infarction, stroke, or transient
ischemic attack in the previous 6 months; known chronic active hepatitis or
severe cirrhosis), (2) for reasons of safety {blood counts indicative of disease;
severe hypertension; or currently use of oral corticosteroids), and {3) for reasons
relating to adherence or retention (unwillingness or inability to compete base-
line study requirements). In addition, a woman screened at any of three bone
densitometry clinics was encouraged to discuss the results of her baseline bone
density measurement with her primary care physician to help determine the
appropriateness of continued screening for the CT. Women were excluded
from the CT if they were found to have femoral neck bone mineral density of
more than three standard deviations below the corresponding age-specific
© mearn.
Each CT component incorporated specific exclusionary criteria. The DM
component excluded (1) women who had special dietary requirements that
were incompatible with the intervention program, (2) women who ate 10 or
more main meals per week that were prepared outside the home, (3) women
who were unable to complete satisfactorily a 4-day food record, (4) women
who had been diagnosed with colon cancer, type I diabetes mellitus, or gastroin-
testinal conditions that contraindicated a high-fiber diet, {(5) women who had
had a bilateral prophylactic mastectomy, and (6) women whose food frequency
questionnaire estimated dietary percent of calories from fat as being less than
32%. This exclusion was expected to lead to an increase in the difference in
average percent of calories from fat between intervention and control groups
of 2.5% to 3%, with noteworthy corresponding increases in study power for
each clinical outcome.

For the HRT component, women were excluded (1) for various safety reasons
{(endometrial cancer or endometrial hyperplasia at baseline; malignant mela-
noma; pulmonary embolism or deep vein thrombosis that was nontraumatic
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or that had occurred in the previous 6 months; bleeding disorder; lipemic
serum and hypertriglyceridemia diagnosis; current use of anticoagulants or
tamoxifen; or PAP smear or pelvic abnormalities} and (2) for reasons of adher-
ence or retention (severe menopausal symptoms inconsistent with assignment
to placebo; inability or unwillingness to discontinue current HRT use or oral
testosterone use; inadequate adherence with placebo run-in; unwillingness to
have baseline or follow-up endometrial aspirations}.

The WHI deferred the opportunity for randomization into the CaD compo-
nent of the CT until the 1-year anniversary of a woman'’s randomization into
the DM and/or HRT trial components, primarily to avoid undue burden on
study subjects. The DM intervention program, in particular, is quite time-
consumning during its first several months. With this decision, the potential
pool of CaD enrcllees was fixed by enrollment into the other two trial compo-
nents; hence it was desirable to minimize additional CaD exclusions. Accord-
ingly, CT women were allowed to enter the CaD component regardless of
their baseline calcium intake. However, women were excluded from the CaD
component for reasons of safety (1) if she chose to continue vitamin D supple-
mentation in excess of 600 IU per day, (2) if she had a history of renal calculi
or hypercalcemia, or (3) if she currently used oral corticosteroids. In addition,
women could be excluded at the time of screening for the CaD component for
reasons of competing risk or adherence or if they were predicted to have
survival expectation of fewer than 3 years.

Overlap among CT Components and OS Enrollment

Important efficiencies arise in the WHI as a result of overlap in the three
CT components and because of recruitment of OS participants from the pool
of CT screenees.

Overlap between the DM and HRT components will necessarily be fairly
small because of the component-specific exclusionary criteria just listed, particu-
larly the food frequency percent of calories from fat exclusion for the DM
component and the intended continued use of hormone replacement therapy
exclusion for the HRT component. Specifically, the less than 32% of calories
from fat exclusion was expected to exclude about 40% of women otherwise
eligible for the DM, although this figure turmed out to be closer to 50% among
women screened in the first years of the WHI. Other DM-specific exclusionary
criteria were expected to come into play infrequently among women eligible
and willing for the HRT, and a high percentage (e.g., 80-90%) of such women
were expected to be willing to be randomized to the DM. Hence, about 40%
of women randomized to the HRT component were projected to be randomized
to the DM component.

Women potentially eligible for, and interested in, the DM and/or HRT
components are invited to the clinic for the first of three screening visits. Women
may drop out of potential CT participation as they are screened for clinical,
physical, and biochemical exclusionary criteria and as they learn more about
the details and demands of participation in the CT. The feasibility studies
mentioned earlier suggested that one out of three women making a first screen-
ing visit would be randomized to the CT. This leaves a recruitment pool that
15 expected to be sufficient for the OS5, although additional OS recruitment can
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take place, if necessary, from the group of women initially contacted for poten-
tial CT participation who did not make a first screening visit to the clinic.

STUDY SUBJECT SCREENING AND FOLLOW-UP STRATEGY
Screening

As mentioned previously, the WHI wanted to make the eligibility criteria
as broad as was practical in order to enhance the generalizability of the results
to the population of postmenopausal women. Therefore, women with prevalent
cardiovascular disease or a past history of bone fractures may be included,
allowing the study of both primary and secondary prevention in the CT. The
study cohort at each clinic can be drawn from a population-based sample, for
example, using residential mailing lists; from a sample of convenience, for
example, women who respond to media announcements or participate in
screening programs or health maintenance organizations; or from a combina-
tion thereof. This flexibility in recruitment strategies is expected to have little
impact on the generalizability of intervention effects or relakive risk estimates,
particularly since substantial baseline data are being collected on CT/QS enroll-
ees that can be used to refine such estimates.

Figure 1 shows a model screening strategy for use by the WHI clinical
centers. An initial mail contact provides basic information on the WHI and
ascertains interest in participation. Interested women are then contacted by
phone by trained interviewers or by additional mailings so the women who
are ineligible for the CT can be identified. Those continuing to be eligible and
interested are scheduled for a first screening visit (SV1), and a packet of materi-
als and forms is mailed to them for their attention prior to SV1. Clinics may,
at their discretion, invite such women to a prescreening visit (SV0) to provide
information in relation to the personal information form and the food frequency
questionnaire. A woman is typically invited for an SV1 only if she continues
to be potentially eligible for the DM or HRT components, or both. Figure 1
shows some details of the content of an SV1. A woman ceasing to be willing
and eligible for the CT is invited to continue being screened for possible OS
enroliment. In fact, a woman fulfilling supplementary OS requirements may
be enrolled in the OS at the end of SV1.

Figure 2 shows the content of screening visits 2 and 3. SV2 focuses on clinical
activities, including ECG, breast examination, mammogram, and gynecologic
examination for potential HRT enrollees. Women being screened for the DM
component are also instructed in the completion of a 4-day food record. The
third screening visit (SV3) assesses the adequacy of the completed 4-day food
record (DM) and of adherence during a placebo run-in period (HRT). Cognitive
and physical funchon status are also assessed on random subsamples of women
65 years of age or older. All CT eligibility criteria are confirmed at SV3 and,
if appropriate, a wornan proceeds to randomization into one or both trial
components. Throughout 5V2 and 5V3 a woman who proves to be ineligible
or unwilling to be randomized to the CT is offered the opportunity for continued
screening toward OS enrollment. '
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Figure 2 WHI's model enrollment activitics and flow: second and third screening visits.

Follow-up

Women in the clinical trial are followed through regularly scheduled exami-
nations to ensure the timely ascertainment of updated medical histories, to
monitor the occurrence of possible adverse effects, to dispense study medica-
tions, and to promote adherence to the study protocol. All CT women are
expected to participate in annual clinic visits, and all are to have intermediate
6-month contacts which, in the case of HRT women in their first 2 years of CT
participation and women in their first year of CaD trial participation, are
intended to be in the form of dlinic visits, but otherwise can be by phone or
mail. Rather extensive data are collected at the 1-year visit, as changes in
individual characteristics or behaviors between baseline and 1 year provide
the principal basis for explanatory analyses of intervention effects on study
oufcomes.

Some intermediate effects of trial interventions are ascertained by collecting
extensive data at 3, 6, and 9 years from randomization and at study close-out
on a 6% sample of CT women. To maximize component-specific information,
as well as racial/ethnic-specific information, the sampling rate is higher (8.6%)
among HRT than among DM women (4.3%), and minority women have odds
for selection at least sixfold higher than Caucasian women have. This approach
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will allow considerable precision in intermediate outcome studies among Afri-
can-American and Hispanic American women and some precision for such
studies among Native American and Asian-American women.

ECGs are obtained at 3, 6, and 9 years for all CT women. Follow-up mammo-
grams are obtained annually for HRT women and biennially for non-HRT
women in the CT. Additionally HRT women are contacted at about 6 weeks
from randomization to discuss any concerns related to their HRT trial participa-
tion and to identify any adverse experiences they have not reported. A sirnilar
contact takes place for women participating in the CaD trial, at about 4 weeks
from randomization.

Adherence in the HRT and CaD components is monitored by counting
unused pills at regularly scheduled clinic visits. All DM women are asked to
complete a food frequency questionnaire at 1 year, while a subsample of women
provide such information in the remaining years. DM women in the 6% subsam-
ple previously mentioned are also asked to provide 4-day food records at 1
year and 24-hour dietary recalls at 3, 6, and 9 years, while an additional indepen-
dent 1% sample is selected for 24-hour dietary recall data collection during each
follow-up year. In addition, a range of biomarkers is measured in subsamples of
CT women in an attempt to provide objective measures of adherence within
each CT component.

OS study participants are contacted annually by mail to obtain updates of
their medical histories and selected exposure data. They are also mailed an
annual newsletter at about 6 months following each such update. At about 3
years after enrollment, all OS participants are invited to a clinic follow-up visit
to update selected baseline data, to obtain additional risk factor data, and to
collect a blood specimen. A 1% sample of OS participants are asked to return
to the clinic between 1 and 3 months after their baseline and 3-year visits to
participate in a reliability substudy, at which time blood will be drawn and
the measurement of selected data items that are prone to measurement error
are repeated.

Both the clinical trial and the observational study provide rich resources for
ancillary studies.

SAMPLE SIZE AND POWER FOR THE CT AND OS§

Data from preceding observational studies and feasibility clinical trials were
used to specify a series of design assumptions for each CT component. These
assumptions were then used to determine the sample size necessary to yield
study powers in the range 80-95% for the primary endpoint comparisons in
each trial component. In each case, power was based on a two-sided 5% level
test of significance using a weighted logrank or weighted odds ratio test statistic,
with weights based on the intervention-versus-control group hazard ratios,
or odds ratios, under design assumptions, as elaborated below. A variety of
sensitivity calculations were also carried out to determine how study power
at the selected sample sizes may change under departures from design assump-
tions. Power calculations were also carried out for the OS cohort and for
subsets thereof.
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The DM Component of the CT

The design assumptions for the DM component build upon those given in
Self et al [112] for a design of a full-scale women’s health trial of a low-fat
dietary intervention in relation to breast cancer incidence. Their calculations
involve assumptions concerning the strength of relationship between percent
of calories from fat and breast cancer risk, the lag in achieving an intervention
effect, dietary adherence, and baseline disease rates and compeling risks leading
to an estimated 17% lower breast cancer incidence in the intervention-versus-
control group and an 80% power for a two-sided weighted logrank test, based
on a sample size of 32,000 and an average follow-up period of 8 years. In
comparison, the design assumptions for the DM component of the WHI lead
to an assumed 14% lower intervention-versus-control breast cancer incidence
and a projected power of 86% for breast cancer alone, based on a sample size
of 48,000 and an average 9-year follow-up period.

The specific design assumptions for breast cancer in the DM component can
be described as follows: the international studies of correlation between diet
and cancer incidence described earlier suggest a relative risk of breast cancer
of about (.4 for a lifetime 20% versus 40% of calories from fat diet. This, along
with migrant study data also mentioned above, led us to assume a breast cancer
relative risk function that declines linearly from unity to 0.5 over a 10-year
period and is flat thereafter for an intervention woman adhering to a 20%
calories from fat diet compared to a control woman consistently consuming a
40% calories from fat diet. Breast cancer risk was assumed to depend linearly
on percent of calories from fat cumulated over the preceding decade.

Dietary adherence assumptions were based on feasibility study results from
the Women's Health Trial [2, 3, 112]. Specifically, the difference between control
and intervention group average percent of energy from fat in the Women’s
Health Trial was 14.7% at 1 year and 13.2% at 2 years from randomizabon.
Because average percent of energy from fat at baseline in the WHI was about 3%
less than anticipated, it was necessary to set daily fat gram goals for intervention
women that were considerably more demanding than in the Women'’s Health
Trial. Additionally, the control-minus-intervention difference in average per-
cent of energy from fat was assumed to increase from 0 at randomization to
only 13% at 1 year, and subsequently to decrease linearly to about 11% at 10
years from randomization, to allow some modest loss of adherence over Hme
arnong intervention women and/or downward drift in percent of energy from
fat among control group women. These assumptions were combined with age-
specific breast cancer incidence rates for 1985-1989 from the SEER program, _
acknowledging the target WHI age distribution, to compute the power for a -
two-sided weighted logrank test, with weights increasing linearly from baseline
to 10 years, under various assumptions concerning total sample size and aver-
age follow-up duration in the DM component. United States mortality rates
were used to accommodate competing risks. The upper part of Table 2 shows
selected power calculations of this type, including the design assumption 86%
power at a total sample size of 48,000. Power calculations for the DM component
assume a randomizabon ratio of 40:60 for the intervention-versus-control
group. This imbalance is motivated by a desire to control total trial cost, as the
cost associated with a DM intervention woman’s participation considerably
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exceeds that for corresponding DM control women. Note that the power for
this study component would be enhanced if disease risk decreased more rapidly
than is implied by our assumed linear relaticnship as dietary percent of calories
from fat is reduced toward the 20% target.

The same data sources and assumptions were used to calculate power for
colorectal cancer as a distinct primary outcome for the DM component, with
the exception that the full compliance relative risk reduction (hazard ratio) was
assumed to exceed that for breast cancer by a ratio of 10:7, based on somewhat
stronger and more consistent epidemiologic assaciations, the possibility of a
more rapid disease rate change following the adoption of a low-fat diet, and
the possible greater contribution from the achievement of vegetable, fruit,
and grain goal elements of the DM intervention. As shown in Table 2, these
assumptions yield a projected power of 90% for the comparison of colorectal
cancer incidence in the intervention-versus-control group at an average 9 years
of follow-up at the design sample size of 48,000.

The approximate 6% reduckon in total serum cholesterol observed over the
first 2 years of the WHT feasibility study was used to project a coronary heart
disease incidence reduction of 14% over an average 9-year follow-up period.
U.5. age-specific mortality rates for the years 1980-1988 were projected forward
linearly to yield CHD mortality rates for the study period. CHD incidence rates
were obtained from these by multiplying by 2.5, based on incidence-to-mortality
ratios in the Framingham study, and were then reduced by one-third, somewhat
arbitrarily, to acknowledge an anticipated healthy volunteer effect. These as-
sumplions led to a projected power of 86% for CHD at an average 9 years of
follow-up (Table 2). Because ECGs, the basis for silent myocardial infarction
diagnoses, are conducted at baseline, 3, 6, 9 years, the power just cited is based
on a weighted odds ratio statistic, with incidence data grouped into 3-year
periods. The weights were 0.5, 1.0, and 1.0 for the 0 to 3-year, 3- to 6é-year,
and 6- to 9-year periods, respectively, corresponding to an assumption of an
intervention effect that is achieved linearly over the first 3 years from random-
izabon.

In view of the large sample size (48,000) in the DM component and the
broad range of possible pathophysiologic effects of a low-fat eating pattern,
intervention-versus-contrel group power for total mortality is also of interest.
Such power is dominated by the intervention effect on mortality from diseases
other than breast cancer, colorectal cancer, or coronary heart disease. Specifi-
cally, if mortality rates for breast and colorectal cancer and coronary heart
disease are assumed to be 25%, 35%, and 40% of corresponding respective
incidence rates, and any intervention effect on mortality from other causes is
assumed to occur linearly over a 10-year period, then the power for a total
mortality comparison between intervention and control groups at an average
9 years of follow-up is only 29% if the intervention has no effect on deaths
from other causes, but it rises to 85% if overall deaths from other causes
are reduced by as little as 5% in the intervention group as compared to the
control group.

The HRT Component of the CT

Observational studies, reviewed above, suggest that CHD incidence may be
reduced by as much as 50% among women taking ERT over a 10-year period.
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Preliminary epidemiologic data do not provide a clear basis for differing CHD
relative risk assumptions for ERT versus PERT. Hence, for both ERT versus
placebo and PERT versus placebo, we assume an estimated full-compliance
incidence-rate reduction of 30% which is achieved linearly over the first 3 years
after randomization.

PEPI data [5] and early experience in the WHI led us to assurne that 6% of
women assigned to ERT or PERT will stop their assigned HRT during the first
year after randomization, a rate that is assumed to drop to 3% per year in
subsequent years. Additionally, it is assumed that 1.5% of control group women
will switch to ERT or PERT in each of the first 5 years from randomization,
after which the rate will drop to 1.0% per year.

CHD incidence rates and competing risk mortality rates, as previously de-
scribed, were combined with these intervention effects and adherence assump-
tions to project an overall 21% lower CHD incidence in intervention-versus-
control groups at an average 9 years of follow-up for both ERT and PERT. The
upper part of Table 3 shows CHD projected power of 88% for PERT versus
placebo, based on the 55% of women having an intact uterus at randomization
and a total HRT sample size of 27,500. Also shown is a projected 81% power
for ERT versus placebo based on the 45% of women who are post-hysterectomy
at randomization. Randomization to active-versus-placebo preparations is on
a 1:1 basis for both PERT and ERT comparisons.

Hip (proximal femur) fractures constitute a subsidiary outcome for the HRT
component, while power calculations were also conducted for a combined
site fracture outcome consisting of proximal femur, distal forearm, proximal
humerus, pelvis, and vertebra. Observational studies suggest that ERT may
reduce hip and combined site fracture rates by about 50%. To accommodate
biases in these studies we assumed a full-compliance relative risk of 30% that
is achieved linearly over a 3-year period. Age specific fracture incidence rates
were based on data from a Rochester, Minnesota, study (personal communica-
tion from Dr. L.J. Melton) with a healthy volunteer correction of 0.8. The
combined fracture incidence was additionally multiplied by 0.8 to account for
fractures at more than one of the five anatomical sites. When combined with
the adherence and lag assumptions previously mentioned, we can project a
21% lower hip fracture and a 20% lower combined fracture incidence for ERT
versus placebo. The same assumptions were applied to the PERT-versus-pla-
cebo comparisons giving the projected power shown in Table 3. WHI has
moderate power for detecting an effect of PERT or ERT on hip fracture and
excellent power (> 99%) for combined fractures.

As previously noted, an increase in breast cancer risk is an important poten-
tial adverse effect of ERT or PERT. Because of the importance of this issue,
and because an increase in breast cancer may arise later than any reduction in
CHD or fractures, an additional 5 years of follow-up is planned to ascertain
breast cancer incidence. Power calculations were conducted assuming full-
compliance relative risks of 1.2 and 1.3 that are realized linearly over the
first 10 years of HRT usage. When combined with HRT adherence, lag, and
competing risk assumptions, these lead to average increases of 15% and 22%,
respectively, in intervention-versus-control-group breast cancer incidence over
an average 14-year follow-up period. Table 3 indicates that the HRT trial compo-
nent has appreciable power to detect such a breast cancer increase, particularly
at the stronger of the two relative risk specifications.
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38 WHI Study Group

The above power calculations were all given separately for ERT versus
placebo and PERT versus placebe. It is also of interest to consider power for
overall tests of HRT versus placebo, with stratification on baseline uterine
status. In particular, under the design assumptions listed above, with a 22%
intervention effect there is a 79% power of detecting a breast cancer difference
between HRT and placebo after an average of only 9 years of follow-up (not
shown in Table 3). The corresponding projected powers (also not shown) for
heart disease, hip fractures, and combined frachures are 99%, 94%, and >99%,
respectively, at an average 9 years of follow-up.

The CaD Component of the CT

As noted in the previous section, about 40% of HRT women, or 11,000
women, are expected to be randomized to the DM component. This degree of
overlap leads to a total CT sample size of 64,500 (48,000 plus 27,500 minus
11,000}. We project about 70% of these women to be willing and eligible for
the CaD component, leading to a projected sample size of 45,000 to be random-
ized ona 1:1 basis to active CaD versus placebo. For hip and combined fractures,
the same assumptions regarding relative risk and adherence were made as
with HRT. Fracture incidence rates and competing risk mortality rate assump-
tions were as described previously. Table 4 shows corresponding power projec-
tion for hip fractures and combined fractures at average follow-up times of 5
and 8 years, since the CaD) randomization takes place 1 year into CT participa-
tion. Note the substantial power for both hip and combined fractures even at
sample sizes considerably smaller than 45,000. Colorectal cancer power for the
CaD comparison was calculated under the assumptions previously described,
along with a relative risk assumption that leads to a 19% overall intervention
effect at planned study termination. As shown in Table 4 there is a projected
85% power for detecting a reduction in colorectal cancer incidence among
wamen receiving calcium and vitamin D as compared to the control group
under these design assumptions.

Partial Factorial Aspects of Sample Size and Power

The hypothesized effects of each of the three CT interventions has some
influence on the underlying disease rates upon which the other intervention
effects apply. These corresponding influences on projected study power are,
however, quite minor for each CT comparison. Somewhat greater power influ-
ences could occur if the relative risk change associated with a given intervention
is appreciably altered by the presence of active treatment in one or both of the
other CT interventions. For example, one can hypothesize a lesser frachure risk
reduction associated with CaD or HRT if a woman is simultaneously assigned
to the aclive form of the other treatment. Similarly, the HRT or DM relative
risks for CHD may be less if the woman is in the active group for the other
intervention, and breast cancer risk reduction associated with DM may be
reduced by the use of HRT. However, the power projections given in Tables
24 are still approximately correct, even if the relative risk function for one
intervention varies with the others, provided the hypothesized intervention
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effects are interpreted as intervention effects averaged over the other treatment
assignment categories.

Observational Study Power

Under the age distribution intended for the CT, annual projected incidence
rates per 1000 enrollees in the OS are approximately 5.0 for CHD, 3.0 for breast
cancer, 1.8 for colon cancer, and 4.0 for hip fractures. Various less common
diseases, particularly other cancers, other cardiovascular diseases, and site-
specific fractures, are also of interest in the OS. Hence, generic power calcula-
tions were conducted for annual incidence rates of 0.1, 0.5, 1.0, 2.0, and 5.0
per thousand.

While the characteristics or exposures to be related to disease risk may
involve a variety of measurements, many analyses, especially exploratory anal-
yses, will involve comparisons between two groups distinguished by one or
more characteristics. Hence, power calculations were carried out for a binary
characteristic or exposure, with exposure frequencies taking values 0.5%, 1.0%,
10.0%, 30.0%, or 50.0%.

Odds ratios relating such a binary exposure variable to a disease ranged
over the values 1.25, 1.50, 1.75, 2.00, and 3.00. The smaller odds ratios are of
interest in relation to exposures that are difficult to measure. For example,
random measurement error for some exposures (e.g., dietary factors, physical
activity measures) may severely attenuate the odds ratio toward one. For exam-
ple, an odds ratio of 2.0 relating actual exposure to disease may be attenuated
to an odds ratio of exp{(1/3)log2) = 1.26 between the measured exposure and
disease, under plausible measurement model assumptions.

Many OS analyses will involve the processing of specimens or questionnaire
data from women developing a given disease along with a suitable number of
time-from-enrollment matched controls (i.e., nested case-control sampling).
The power of a matched case-control analysis based on a cohort of size 1 is
approximately equal to that of a full-cohort analysis based on a sample of size
nk(k+1)~", where k is the number of controls per case [113]. Hence, for example,
a 1:1 matched case-control analysis based on a cohort of size 80,000 is approxi-
mately equal to a full-cohort analysis based on a cohort of size 40,000.

Most OS analyses will make provision by stratification, matching, or regres-
sion modeling for factors that have the potential to confound the association
under study. Such control, essential to accurate odds ratio estimation, tends to
yield corresponding tests of association of somewhat reduced power. As such
power reductions will typically be quite minor, we have made no provision
for confounding in OS5 power calculations.

OS power calculations were conducted for the full cohort of size 100,000 as
well as for subcohorts of sizes 80,000, 40,000, 20,000, 10,600, 6,000, and 2,000,
All power calculations are based on a two-sided odds ratio test at a 5% signifi-
cance level [e.g., 114].

Table 5 shows power calculations for an OS subsample of size 40,000 as
corresponds, for example, to comparisons between exposure variable quintiles
using the entire cohort. An odds ratio as small as 1.50 for an exposure having
a frequency of 0.50 can be detected with a probability (power) of 90% or greater
by an average of 3 years of follow-up for diseases such as breast cancer, hip
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fractures, or CHD having an annual incidence of at least 0.20%. Such an odds
ratic can be detected with a power of 80% for much rarer diseases having an
annual incidence of 0.05% by an average of 9 years of follow-up. The calculated
power is omitted from Table 5 if it is less than 0.50.

Table 6 gives power calculations for a subsample of size 10,000, the approxi-
mate anticipated number of African-American women to be enrolled in the
OS. Note, for example, that there will be adequate power by the end of the
study to detect an odds ratio of 1.50 or larger for diseases of annual incidence
of 2.0% or more, provided the characteristic or exposure arises in about one-
half of the women in the subsample.

CT MONITORING

Many aspects of monitoring the WHI clinical trial are similar to those re-
quired for monitoring other randomized mullicenter clinical trials. A Data and
Safety Monitoring Board (DSMB), responsible for monitoring the integrity of the
trial and the safety of its participants, meets at approximate 6-month intervals to
review the progress of the trial. Members of the DSMB are independent scien-
tists with expertise in women's health, including gynecology, oncology, cardiol-
ogy, and bone metabolism as well as clinical trial design, statistics, and ethics.

The DSMEB reviews many aspects of CT activities. It reviews the informed
consent procedures [115] and other informational documents provided to the
participants; data on recruitment rates of participants into the trial, focusing
on both the number of women recruited and their age and ethnicity distribu-
tions; levels of participants” adherence ko the interventions, as these also impact
upon the trial’s power; and rates of adverse events, and it compares these
with the randomized groups to check for unexpected side effects. In all these
activities, the methodology to be used and the issues to be confronted are
similar to those that occur in other trials.

However, there is a major DSMB activity that requires special attention in
the WHI, namely, the monitoring of the multiple diseases the WHI interventions
may affect. A long-term prevention trial, such as the WHI, and a therapeutic
trial have important differences with regard to the aims and conditions of
monitoring the disease outcomes [116]. These include the involvement of
healthy participants (as opposed to patients), the low mortality and morbidity
rates, the potential effects (both beneficial and harmful) on several diseases,
and the difficulty of repeating the frial. These considerations lead to a substantial
emphasis on global assessment of health effects.

An exercise conducted with the DSMB and with the Design and Analysis
Committee of WHI investigators reinforced the need for a major emphasis on
global assessments of health in monitoring the WHI CT. Sets of hypothetical
interim results (scenarios) of the WHI trial were constructed, and members of
the above groups were asked whether, for each scenario, they would or would
not recomunend stopping a given CT component. The majority vote was then
compared to the recommendations obtained from the application of various
statistical rules to the same scenarios. We found noteworthy disagreements
between the majority vote and the conventional statistical approach based on
group sequential testing [117] of the primary disease endpoint. Agreement
with the majority vote was much improved when we considered monitoring



93

Design of the Women's Health Initiative

001 00’1 0ot 0ot 00’1 00’1 0t 001 060 86'0 060 8e'0 Goe
001 001 001 001 860 08'0 £6°0 08'0 99'0 00e
o't ool g6'0 860 680 650 B0 650 &Ll
660 S60 L0 64°C 19°0 05’1
90 a1 200'05
o't 001 oot 00’1 01 00°L 0ot 0ot 980 260 98’0 00e
001 001 660 o't 46'0 £L0 060 €40 8e'c ooz
00'1 00’1 160 960 ¥8°0 160 140 150 641
86'0 160 £9'0 40 €50 081
£5°0 LAl %00°0€
00t o1 001 001 660 8’0 960 280 <90 oo'e
00’1 860 L0 980 99'0 oc'e 0oz
60 £8'0 ¥60 £9'0 gL
840 041 %0001
69'0 0o'e %001
6 9 € 6 9 € 6 9 € 6 9 € oney sppo  Aouanbarg amsodxy
0's 0T ol cQ dn-mojjog jo sieax a3etoay

uswop4 QQT 19d sduepU] aseasi(] [enuay

00001 Jo 271G a]duresqng e 10j SUOREMO[EY) 19MOJ SO 9 2[qEL



94

WHI Study Group

algorithms that not only acknowledge the statistical significance of the primary
endpoint and potential adverse outcomes, but also depend importantly on a
benefit-versus-risk summary index that is responsive to differences in desig-
nated trial outcomes as well to differences in other-cause mortality between
active and placebo groups. This activity also served to encourage useful discus-
sion among DSMB members to resolve differcences in their recommended ac-
tions. These exercises, along with a discussion of implications for monitoring
algorithms for the WHI, have been separately described [116]. Note that the
data from the ERT-versus-placebo and PERT-versus-placebo comparisons will
be considered jointly in early-stoppage considerations in the HRT clinical trial
component, and that otherwise, each CT component can be considered indepen-
dently for early stoppage without compromising the other components.

ASPECTS OF THE ORGANIZATION AND EARLY IMPLEMENTATION OF
THE WHI

By its very nature, the WHI is one of the most complex studies ever mounted.
The study investigates multiple diseases in a design that includes both a multi-
component clinical trial and an observational study to be carried out in two
phases. In the first phase of WHI, the protocol and procedures were to be
evaluated among 16 vanguard clinical centers before the second phase or entry
of the final set of 24 CCs. The combined operational units include the 40 clinical

- centers and a clinical coordinating center having multiple subcontractors, in-

cluding a clinical facilitation center to share responsibility for overseeing clinic
performance; a bone densitometry center; a drug distribution and specimen
storage center; a central laboratory; a central ECG-reading center, and a facility
for providing the nutrient database. Within the NIH, the managernent scheme
is also complex. The WHI was initiated within the office of the Director of the
NIH under the joint oversight of the Director of the Office of Disease Prevention
and the Director of the Office of Research on Women’s Health. Various NIH
institutes participate including the National Heart, Lung and Blood Institute,
the Natonal Cancer Institute, and the National Institute of Arthritis, Diabetes
and Digestive and Kidney Diseases.

Following an initial period of study in which the vanguard, but not the
other 24, clinical centers were active, the WHI incorporated a regional aspect
into study management. The clinical centers were divided geographically into
four regions. This approach allowed the clinical centers” principal investigators
to be active in decision-making and provided a conduit for staff to share
expertise and establish close affiliation with other clinical centers. To mentor
the new clinical centers, each new center was aligned with one of the vanguard
clinical centers in its region. Each region elected its own chair, and one of the
chairs was selected to be the national spokesperson for the clinical centers.
Each region meets periodically through telephone conference calls and holds
regional meetings to share common problems and solutions.

Figure 3 shows the study’s organization, including the Council and Steering
Committees representing the group of investigators. The Council provides
overall scientific direction to WHI, is empowered to make protocol changes,
and may refer management and operational issues to the Steering Committee.
It is the arbiter of issues referred by the Steering Committee or the standing
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Figure 3 Organization of the Study.

advisory committees of the Council. The Council comprises the full membership
of the Steering Committee, the chairs of nine standing advisory committees,
two regional principal investigator group chairs who do not sit on the Steering
Committee, two clinical coordinating center representatives, and two program
office representatives, for a total potential membership of 18. The Council
normally meets quarterly, with face-to-face meetings twice a year, one of which
coincides with a WHI annual general meeting. The advisory committees include
(1) Dietary Modification, (2) Hormone Replacement Therapy, (3) Calcium/
Vitamin D and Osteoporosis, (4} Observational Study, (5) Special Populations,
(6) Behavioral, (7) Publications and Presentations, (8) Design and Analysis, and
(9) Morbidity and Mortality.

The Steering Committee is charged with study-wide management and opera-
tional decisions. This body is empowered to approve study policy changes,
including changes in the WHI manuals, that do not require amendments to
the protocol. The Steering Committee has a membership of seven, including
the clinical coordinating center Principal Investigator (PI) or designate, the NTH
Project Officer, the Chair of the Council, two clinical center PI committee
members, including the committee Chair PI, the Chair of the Clinical Center
Staff Comumittee, and one at-large member who is the Chair of one of the
standing advisory committees of the Council.

The Clinical Centers have two major comumnittees: the Principal Investigator’s
Committee consists of the Chairs of each of the regional Clinical Center PI
groups; the Clinical Center Staff Committee is made up of the six national
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Clinical Center Staff Group Chairs. The six national staff groups are the recruit-
ment coordinators, clinic managers, clinic practitioners, lead nutritionists, data
coordinators, and outcome specialists. Initial appointments to any of these fora
is for a period of 1 or 2 years; thereafter, all appointments are for 2 years to
allow broad participation while maintaining continuity.

Such a large investigative group faces continuing challenges in terms of the
selection of participants at national meetings and the ability to communicate
rapidly with one another. E-mail through a WHI-wide area network in conjunc-
tion with newsletters, surveys, and other communication tools have facilitated
communication. Also, the size and number of the various committees allow
all investigators to participate to some extent in the decision-making process.

The study organization and committee struchure provides the foundation
for communications. Protocol policy or procedural issues or problems identified
by any study personnel can be brought to the attention of an appropriate
committee member or designated clinical coordinating center representative.
Issues can be brought up for consideration through the regional structure or
at the level of the Council Advisory Committee. Most questions of study oper-
ation are directed to the clinical coordinating center, answered directly by
e-mail, and disseminated to all clinical centers.

DISCUSSION

The Women's Health Initiative Clinical Trial is a major undertaking that is
designed to carefully assess interventions and treatments that have great poten-
tial for improving the health of American women. The diseases targeted for
prevention, including coronary heart disease, breast cancer, colorectal cancer,
and osteoporotic fractures, are among the most common causes of morbidity
and mortality in middie-aged and older women. While the sample size for
each component of the CT was selected to ensure sufficiently precise interven-
tion effects, information on designated primary outcomes, CT monitoring, and
reporting activities will also focus on overall benefit-to-risk assessment and on
answering the questions of whether or not, and which, women should under-
take the study interventions.

The low-fat eating pattern being tested in the WIHI follows decades of obser-
vational study indicating that some elements of a Western lifestyle contribute
to highly elevated rates of breast, colorectal, and other cancers and of coronary
heart disease and other vascular diseases in women. Whether or not a high-
fat eating pattern is responsible for an important fraction of such elevation is
difficult to establish using nonexperimental methods, and it would be virtually
impossible to determine whether or not a major dietary change in the middle
and later decades of life can reduce the risk of these diseases without an
appropriate randomized dietary intervention trial.

Opinions concerning the benefits and risks of hormone replacement therapy
have fluctuated greatly over the past 25 years, during which time there has been
substantial evolution in choice of preparation and dosages. The widespread
and increasing use of HRT among postmenopausal American women and the
complexity of decision-making conceming initial and continuing use of HRT
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argue strongly for a randomized trial of sufficient size and duration to compare
carefully risks and benefits.

Conducting the DM and HRT components of the clinical trial jointly leads
to economies, particularly in such areas as study subject recruitment and clinical
center staffing, even though fewer than 17% of women are expected to enroll
in both CT components.

Considerably greater overlap is anticipated between the calcium and vitamin
D and the other CT components, with about 70% of women enrolled in the
CT projected to be randomized to the CaD component. The Cal) component
is as a comparatively inexpensive addition to the CT that will address critical
health issues related to the prevention of osteoporosis and fractures.

The Observational Study component of the WHI is designed to provide an
opportunity for participation to the large number of women coming to a WHI
clinical center who are found to be unwilling or ineligible for CT randomization.
The OS allows the data and specimens obtained during CT screening to be
merged with limited additional baseline and follow-up data and specimens to
form a large, valuable cohort of middle-aged and older women. This cohort
will be used for a range of studies of the determinants of the same broad class
of diseases considered in the CT, in a cost-effective manner.

The size and complexity of the WHI CT and OS pose some special logistic and
organizational challenges. An organizational structure that adapts to program
phases and needs and a data management system that includes a wide area
network connecting program units have helped to meet these challenges. The
WHI time table calls for study subject recruitment to be completed by early
1998, with follow-up and close-out visits completed by March 2005, to be
followed by a period of data analysis and reporting. Of course, outcome data
on any of the CT components could possibly be reported early if the accumu-
lated data answer the corresponding public health question, and results from
the OS can be anticipated throughout the follow-up period.

This work was supported by NIH contracts for the WHI,
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