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SECTION 1-A5
PROTOCOL APPENDIX 5

WOMEN'S HEALTH INITIATIVE OBSERVATIONAL STUDY
OVERVIEW OF OBJECTIVES AND HYPOTHESES

Objectives

The objective of the Observational Study (OS) is to provide information complementary to that obtained from
the Clinical Trial (CT). Measurement of baseline characteristics, remeasurement after three years, storage of
frozen blood specimens, and ascertainment of clinical events in a large cohort of postmenopausal women
allow the following specific objectives to be formulated:
1) Prediction of risk of outcome on the basis of:

. Questionnaires and interview data

¢  Physical exam findings

«  Laboratory data

2)  Extension of results in the CT to related exposures and regimens
3)  Assessment of temporal relationships between risk factors and disease occurrence

4)  Documentation of variation in the incidence of cardiovascular disease, cancer, osteoporosis and fracture
in postmenopausal women on the basis of geographic region and other demographic characteristics, and
an evaluation of the extent to which differences among demographic subgroups in the prevalence of
identified risk factors account for such variation. Table 2-AS.1 - Cumulative Number of Events For
100,000 Women Age 50-79 Years At Baseline presents estimates of the number of events of various types
at 3, 6, and 9 years of follow-up.

Hypotheses
These hypotheses include those of high priority that have been stated to date. This is not an exhaustive listing

and future hypotheses will be added as they are developed. Table 1-A5.2 - Summary of Exposure/Disease
Hypotheses summarizes the general exposure/disease hypotheses of interest initially.

Disease-Related Hypotheses Classified by Predictive Factors

1) Diet

a)  Antioxidant intake (vitamins C and E, carotenoids, selenium, zinc) predicts decreased risk of
cancer, coronary heart disease (CHD), and stroke.

b)  Fiber intake is associated with lower risk of colorectal cancer, breast cancer, and other cancers, as
well as CHD and stroke.

¢)  Alcohol intake predicts decreased risk of cardiovascular disease, and increased risk of breast and
colorectal cancer.

d)  Alcohol intake during adolescence increases risk of breast cancer during adulthood.

e) Intake of vitamins B6, B12, and folate is associated with decreased risk of CHD and stroke. Folate
intake predicts reduced risk of colorectal cancer.

f)  Coffee and caffeine are related to increased risk of CHD and stroke, as well as fracture.
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k)

m)

n)

0)

p)

Coftee and caffeine predict reduced risk of breast and ovarian cancer and increased risk of
colorectal cancer.

Salt, alcohol, and calcium intake are predictors of hypertension.
Intake of vitamin D and calcium predicts lower risk of CHD and stroke, as well as cancer.

Dietary fat and fatty acid intake is related to breast, endometrial and other cancers. Different types
of dietary fat may have different effects on the risk of breast and other cancers. Dietary fat may
also have an effect on breast cancer survival.

Dietary fat and subtypes are related to risk of cardiovascular disease. Trans fatty acids increase risk
of CHD and stroke; oleic acid may decrease these risks. Fish and omega-3 FA's predict reduced
risks. Dietary fat and subtypes also predict total mortality.

Excessive intake of alcohol is associated with decreased bone density and increased risk of
fractures.

Other dietary factors such as intake of excessive carbonated beverages may reduce bone density and
increase fracture incidence, possibly secondary to high phosphoric acid content. Similarly, high
levels of phosphate in the diet may predispose to bone loss, possibly as a result of increased
parathyroid hormone levels.

High protein intake may increase bone loss and fracture due to associated increased calcium
excretion.

Increased dietary fiber, magnesium, potassium, calcium, and antioxidant vitamins, as well as
reduced dietary fat, decrease the occurrence of non-insulin-dependent diabetes mellitus (NIDDM).

Frequency of eating alters the risk of colorectal cancer.

2)  Physical Activity

a)
b)
c)
d)
e)

Physical activity independent of adiposity predicts lower risk of CHD and stroke.
Physical activity predicts increased bone mineral density and decreased risk of fracture.
Regular physical activity reduces the incidence of NIDDM.

Physical activity decreases the risk of breast and colorectal cancer.

Physical activity decreases total mortality.

3) Body Habitus

a)
b)
c)

d)

2)

h)
i)

Weight, adipose distribution, weight cycling are predictors of CHD, stroke, and cancer.
Height is a predictor of cardiovascular disease and cancer.

Weight gain since early adulthood (age 18) is related to breast, endometrial and colorectal cancer,
as well as CHD and stroke.

Body weight is related to breast cancer survival.
Lower weight is related to decreased bone density and osteoporosis-related fractures.
Body fat distribution and weight change predict risk of NIDDM.

Predictors of weight gain in adulthood include decreased physical activity, increased percentage of
energy from fat, weight cycling, and obesity in late adolescence.

Blood pressure is associated with waist-hip ratio (WHR) and weight gain.

Some determinants of the variance in waist-hip ratio are modifiable (physical activity, dietary fat,
smoking, alcohol, hormone therapy). These and other variables can also be assessed as predictors
of change in WHI at the three-year visit.
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1) Higher birth weight is associated with breast cancer.

4)  Reproductive factors

a)  Reproductive factors including increased age at first birth, lower parity, early age at menarche, late
menopause, oligomenorrhea, and infertility may be associated with breast, endometrial, ovarian and
colorectal cancer.

b)  Reproductive factors including age at menopause and parity predict risk of CHD and stroke.

c)  Several reproductive variables including parity and lactation are predictors of bone density and
osteoporosis-related fractures.

d)  Lactation is associated with decreased risk of breast and other cancers. Having been breast fed as
an infant may also predict a reduced risk of breast cancer.

e) = Tubal ligation and hysterectomy reduce risk of ovarian cancer.

5) Medications

a) Non-steroidal anti-inflammatory drugs (NSAIDs) may prevent CHD and stroke events, colorectal
cancer, and may decrease dementia in arthritis patients.

b)  Antioxidant drugs may prevent tissue damage when an acute coronary or cerebrovascular occlusion
occurs.

¢)  Multivitamin and mineral supplement use may decrease risk of cancer, CHD, stroke, and
osteoporotic fractures.

d)  Past oral contraceptive use:

1) may be associated with increased risk of breast cancer and decreased risk of ovarian and
endometrial cancer (variables of interest would include duration, age at first use, use before
first full-term pregnancy).

2)  is not associated with increased risk of CHD and stroke.
3) isapredictor of bone density and osteoporosis-related fractures.
e)  Past use of diethylstilbestrol (DES) is associated with increased risk of breast cancer.

f)  Hormone replacement therapy (HRT) predicts CHD, stroke, cancer, and fracture risk. Dosage,
type, duration, and regimen used can be examined.

g)  Higher endogenous estrogen levels is related to benefit from HRT with regard to fracture risk.

h)  Medications such as thiazide diuretics are predictors of osteoporosis-related fractures. Also of
interest are glucocorticoids, lasix, dilantin and tamoxifen. Further, thyroxine replacement therapy,
particularly when associated with suppression of thyroid stimulating hormone, may be a
determinant of bone density and fracture risk.

i) Antacids with high levels of calcium are related to fracture risk.
1) Class of antihypertensive medication may modify the risk of CHD and stroke.

k)  Cimetidine increases breast cancer risk (via effects on estrogen metabolism).

6) Smoking
a)  Cigarette smoking is a predictor of reduced bone density and osteoporosis-related fractures.

b)  Smoking increases risk of CHD, stroke, diabetes, cataracts, colorectal cancer, disability, and total
mortality.

¢)  Smoking is a risk factor for asthma in postmenopausal women.

d)  Exposure to passive smoking is a risk factor for CHD, stroke, cancer and fractures,
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7

8)

9)

10)

11)

12)

Pathology

a) Mammographic patterns of dysplasia, as well as benign breast disease histologic subtypes are
predictors of breast cancer.

Medical History

a) History of high cholesterol is related to CHD and stroke events.

b) History of high blood pressure is related to CHD and stroke.

c) History of benign breast disease alters breast cancer risk (depending on histologic subtype).

d) History of polyps is associated with risk of colorectal cancer.

e) History of atrial fibrillation is associated with CHD and cerebrovascular events.

f)  Breast implants increase risk of breast cancer.

g) Breast implants increase risk of collagen vascular disorders.

Family History

a) The magnitude of the increase in risk of cancer, CHD, stroke, and fractures is associated with a
positive family history. Also any modifying effect of age at diagnosis in family members can be
examined.

Behavioral/Psychosocial/Functional

a) Participants with greater social support, less depression, or fewer life events, will have fewer
chronic diseases, fewer hospitalizations, and lower mortality.

b) Maoderators of stress predict recurrence of disease.

¢) Physical function measures assessed at baseline (hand grip, chair stands, timed gait) predict risk of
osteoporosis/fractures, CHD, stroke, disability, and total mortality.

Environmental/Occupational Exposures

a)  Sun exposure (assessed by residential history) is associated with CHD, stroke, cancer and fracture
risk.

b) Organochlorine residues from pesticides increase risk of breast cancer.
¢) Talc use predicts ovarian cancer.
d)  Electric blankets/waterbed use predicts increased risk of breast and other cancers.

e) Work as a cosmetologist increases risk of breast cancer.

Special Populations
a) Black women have similar fracture rates to other women, after adjusting for leanness.

b) CHD, stroke, cancer and fracture risks are not geographically-related when adjusted for other risk
factors.

¢) CHD, stroke, cancer and fracture risks are not ethnically-related when adjusted for other risk
factors.
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13) Biological Markers

"Nested" case-control or case-cohort analyses can be performed to assess prediagnostic blood
measurements as predictors of subsequent disease. These hypotheses are summarized in in Table 1-A5.3
- Biomarker Hypotheses and Plasma/Serum Volume Required.

a)

b)

c)

d)

e)

i)
k)

Endogenous sex hormones (estradiol, estrone, prolactin, progesterone, androgens) are predictors of
cardiovascular disease, cancer, and osteoporosis.

1) Serum total estradiol, percent free estradiol, percent bioavailable estradiol, estrone, and
estrone sulfate are associated with increased risk of breast cancer and decreased risk of
CHD/stroke/fractures. &

2)  Serum progesterone is associated with increased risk of breast cancer.

3)  Androgens such as androstenedione, testosterone, dehydroepiandrosterone (DHEA), and
dehydroepiandrosterone sulfate (DHEA-S) are associated with increased risk of breast cancer
and CHD/stroke and decreased risk of fractures. )

4)  Peptides such as prolactin are associated with increased risk of breast cancer.

Plasma lipids (total cholesterol and subfractions, apo B, Lp(a), plasma omega-3 fatty acids, and
trans fatty acids) are predictors of cardiovascular disease in postmenopausal women. Lp(a) may
predict acute MI, sudden death and stroke. The role of plasma lipids as predictors of cancer and
total mortality can also be examined.

Insulin has powerful growth-promoting properties and may increase bone density and reduce risk of
fracture. Growth hormone secretion, and its consequent metabolic functions, decrease with age and
replacement hormone has been used in elders to promote muscle mass and physical function. In
addition, the declining production of adrenal steroids dehydroepiandrosterone (DHEA) and 11B-
hydroxyandrosterone has been related to lower bone density and offers promise as predictors of
bone loss and fracture.

Fasting hyperinsulinemia is a predictor of future occurrence of NIDDM in nondiabetic women and
of increased risk of CHD/stroke in both nondiabetic women and diabetic women without prior
hypoglycemic therapy. Potentially modifiable determinants of fasting hyperinsulinemia, including
physical activity level, body mass index, diet composition, postmenopausal hormone therapy,
smoking, and other variables, could also be explored. Further, the role of glycemic control (as
measured by serum fructosamine) could be examined as a predictor of CHD/stroke events in both
nondiabetic and diabetic women.

Endogenous estrogen levels are associated with dietary fat intake.

Plasma antioxidants (vitamin C, vitamin E, carotenoids, ubiquinol, zinc, selenium) are associated
with risk of breast cancer, ovarian cancer, endometrial cancer, colorectal cancer, CHD, and stroke.
Levels of antioxidants will be affected by smoking.

Plasma retinol and cholecalciferol are associated with reduced risk of breast and other cancers.
Blood levels of organochlorine residues are associated with increased breast cancer risk.

Hemostatic factors (TPA, PALI, fibrinogen, Factor II) are predictors of CHD and stroke and venous
thromboembolic disease. Factor VII levels are associated with levels of Lp(a).

Serum levels of 25-hydroxyvitamin D, are associated with higher levels of HDL.

Other markers such as homocysteine, folate, iron/ferritin, vitamins B6 and B12, calcium,
magnesium, anti-cardiolipin antibodies, sialic acid, ceruloplasmin level may be related to CHD and
stroke.
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14) Genetic markers
White blood cell DNA can be used to explore genetic markers for the prediction of cancer, CHD, stroke,
diabetes, and osteoporosis.

Examples:

a) Estrogen-receptor gene
b)  Vitamin D receptor gene
c¢) Colorectal cancer genes
dy B53
e) Glycogen synthase gene
Quality of Life Hypotheses
a) The influence of several baseline variables, including physical activity level, diet, body habitus,
smoking and co-morbid conditions, can be examined in relation to quality of life in the cohort.
b) Use of hormone replacement therapy can be assessed in relation to quality of life.
¢) Participants with greater social support who develop chronic diseases can be assessed in relation to
quality of life.
Outcome Research Hypotheses

Functional Outcomes of Chronic Illness

This would require baseline and periodic testing for physical and cognitive functions; simple self-report and
performance testing protocols are available. Social variables would include impact on women's employment,
insurance availability, social networks and support, care-giving activities, family structure, and personal and
family assets. This may be valuable for community-based health and social planning.

Risk Factors for Functional Severity and Impact of Chronic Conditions

The goal here is to determine whether "standard” vascular risk factors (e.g., diabetes, hypertension, smoking
habits) and other social and hygienic behaviors predict whether illnesses are fatal vs. non-fatal, and among
survivors, predict disease severity in terms of functional impact and use of medical services. This could be
done for incident diabetes mellitus, myocardial infarction, stroke, hip and spine fracture and also for various
common neoplasms and neurologic illnesses.
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Table 1-A5.1
Cumulative Number of Events For 100,000 Women Age 50-79 Years At Baseline

Average Years of Follow-Up 3 6 9

Total Deaths 5,000 11,100 18,200

CHD 1,900 4,200 6,700

CVD 4,000 8,500 13,800

Breast Cancer 1,000 2,000 3,100

Colorectal Cancer 500 1,100 1,900

i g 3,300 7,000 11,200

Fracture

Diabetes 1,500 3,330 5,460

Table 1-A5.2
Summary of Exposure/Disease Hypotheses
Breast Colorectal
CHD Stroke Cancer Cancer Fractures Diabetes
Diet X X X X X X
Physical Activity X X X X X X
Body Habitus X X X X X X
Reproductive X X X X X
Medications X X X X X
Smoking X X X X X
Pathology X X
__'/'\

Medical History X J X X X
Family History X X X X
Behavnoral.! X X X X X X
Psychosocial
Environmental X X X X
Special Populations X X X X
Biological Markers X X X X
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Table 1-A5.3
Biomarker Hypotheses and Plasma/Serum Volume Required
Endpoints
Biomarkers Volume of
_ Breast Colorectal CHD/ Plasma/Serum

Cancer* Cancer Stroke Fractures | Diabetes Reﬂ uired
Endogenous estrogen levels (total
estradiol,% bioavailable estradiol i ! y 25ml
estrone, estrone-sulfate)
Endogenous androgens
(androstenedione, testosterone, free T i i) 1.0 ml
testos, DHT, DHEA, DHEA-S)
Prolactin 0.25 ml
Progesterone ) N 0.5 ml
Sex-hormone binding globulin 4 0.125 ml
Antioxidant vitamins (beta-
carotene, other carotenoids, retinol, \ ~L \ { \ 1.Oml
tocopherols, vitamin C)
Cholecalciferol 4 + 4 $ 1.0 ml
Organochlorine residues ) 1.0 ml
Genetic markers Tord Tord Tord Tord Tord
Lipids and lipoproteins
(cholesterol, LDL, subtypes, HDL- Tord Tord 0.5 ml
2,HDL-3, VLDL, apolipoproteins)
Fatty acids (poly-unsaturated and
mono-unsaturated FA's) v v v 05ml
Trans fatty acids T 0.5 ml
Marine oils (omega-3 FA's [EPA &
DHA]) 1 { \ 0.5 ml
Lp(a) and isoforms 1 0.5 ml
Oxidized LDL T 0.5 ml
Saturated FA's T 1 T i 0.5 ml
Homocysteine T 0.5 ml
Folate, vitamin B6, vitamin B12 & 1 & 0.5 ml
Selenium, zinc, ubiquinol l { ) { l 1.0 ml
Ferritin T T T T 0.5 ml
Calcium, magnesium l d l d d 0.5 ml
Fasting insulin level T T ) { T 0.5 ml
C-peptide/pro-insulin T ) 1.0 ml
Fibrinogen i 0.5 ml
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Table 1-A5.3 (Continued)
Endpoints(continued)
Biomarkers Volume of
Breast Colorectal CHD/ Plasma/Serum
Cancer* Cancer Stroke Fractures | Diabetes Reﬂuircd
Tissue plasminogen activator
(TPA) and PAI-1 T o
Factors Il and VII T 0.5 ml
Anticardiolipin antibodies T 0.5 ml
Serum fructosamine T 0.5 ml
Ceruloplasmin T 0.5 ml
C-reactive protein ) 0.5 ml
Sialic acid T 0.5 ml
Chlamydia antibody titer 1 0.5 ml
Herpes Simplex Virus
Types 1 and 2 antibody T 0.5 ml
Cytomegalovirus antibody titer L 0.5 ml
Thyroid stimulating hormone
(TSH) Tord 0.5 ml
Parathyroid hormone (PTH) 0.2 ml
Bone-specific alkaline 0.2 ml
phosphatase (BsAP)
Osteocalcin 0.2 ml
IGF - 1
IGF - BP3, and IGF 11 035wl
The above hypotheses can also be tested for endometrial and ovarian cancer.
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7.3  Data Analysis

Analyses of longer term intervention effects will employ the weighted (2-sided) log rank
statistic as originally described (The Women’s Health Initiative Study Group, 1998). Such a
statistic can be written

T=Xw;(0;-Ej)

where w; is the value of the weight function evaluated at the i™ largest time from
randomization to clinical outcome event among women in both groups, Oj is one or zero
depending on whether the outcome occurred in a woman in the treated group or not, and E; is
the conditional expected value of O;. If V; represents the conditional variance of O;, then it

follows that the variance (02) of T is estimated by o2=% Wi2Vi and the test for differences

between groups is then made by referring T2/52 to the 95th percentile of a chi-square
distribution on one degree of freedom.

The weighting was intended to enhance test power under the expectation that intervention
versus control disease incidence ratios increase in absolute value approximately linearly as a
function of time since randomization. The weights w; were chosen to equal time from

randomization up to a disease-specific maximum (three years for cardiovascular disease and
fracture occurrence, 10 years for cancer occurrence and total mortality) and to be constant
thereafter. Because this assumption was supported in some instances in the hormone trials and
not in others, both weighted and unweighted statistics will be used, with unweighted statistics
as the default test statistics unless a prior evidence had suggested otherwise (e.g., for effects on
cancer incidence).

To examine post-intervention effects, weighted and unweighted time to event analyses will be
conducted, typically using date of the close-out visit (or date of official notification of study
closure for the HT trials) as the “time zero” for these analyses. Weights for post-intervention
analyses will be defined to account for changing exposure to the interventions, lag-time and
carry-over effects.

Analyses of intervention effects will typically be stratified on baseline age (50-54, 55-59, 60-
69, 70-79), and self-reported prevalent disease (if applicable) for that outcome, and the
categories of the other interventions. The primary HT comparisons will be examined
separately based on baseline WHI hysterectomy status.

To assess potential selection bias among Extension Study participants relative to the initial trial
cohort, comparisons of demographics, health history, adherence to intervention and key
outcome event rates will be made between Extension Study enrollees and non-enrollees using
data from the initial WHI database. Methods to account for non-representative enrollment
using probability weighted tests may be employed if there is evidence of noteworthy selection
in Extension Study enroliment.



All analyses of clinical trial results will be reported as two sided tests with acknowledgement
of multiple testing issues, either by appropriate adjustment of p-values and confidence intervals
or by an acknowledgement of the number of tests performed.

More detailed explanatory analyses will include tests for group differences with concomitant
adjustment for covariates, as well as explanatory analyses that examine the extent to which an
intervention benefit can be explained by changes in intermediate variables and outcomes (e.g.,
nutritional and biochemical measurements). These analyses will be conducted using relative
risk regression methods, with appropriate account of measurement error in the intermediate
variable measurements, using data obtained in a reliability substudy. Nested case-control and
case-cohort sampling procedures (see next subsection) will be used in most such analyses since
stored materials used to determine immediate variable values will not be routinely analyzed for
the entire CT cohort.

Simple graphical displays and standard statistical methods will be used to present biochemical,
bone density, and nutritional results by treatment group, clinic, and time since randomization
during the course of the CT. Similar displays will describe the frequency and severity of
adverse effects.

Observational Study

The ability to estimate relative risks reliably for the outcomes of interest in the OS as a
function of baseline characteristics (exposures, behaviors or biologic measurements), or as a
function of changes in such characteristics between baseline and three years is dependent on
the accurate measurement of the characteristics (and outcomes) under study, and the accurate
ascertainment and proper accommodation of all pertinent confounding factors. Even
measurement error that is nondifferential in the sense that it is unrelated to disease risk given
the 'true’ characteristic values, can severely attenuate or otherwise distort relative risk
estimates. Since many of the characteristics to be ascertained in the OS (e.g., nutrient intakes,
blood cholesterol) are subject to noteworthy measurement error, a stratified 1% random
subsample of the OS women had repeat baseline information and specimens obtained at
between one and three months following their OS enrollment, and again at between one and
three months following their three year clinic visit. This reliability subsample provides
information of the reproducibility of the measurements taken (Langer et al, 2003), and can be
used, under classical measurement error assumptions, to correct relative risk estimates for non-
differential error in predictor and confounding variables. The 1% reliability sample was
stratified on age, racial/ethnic group, and socioeconomic group. The size of the OS cohort, and
the comprehensive set of measurements obtained allow a particularly thorough accommodation
of confounding, by means of individual matching, stratification or regression modeling.

Relative risk regression methods (e.g., Cox, 1972) will also provide the primary data analytic
tool for the OS. These methods, which can be thought of as an extension of classical person-
year methods that avoids the assumption of constant disease risk for a study subject across the
follow-up period, allow flexible modeling of the risks associated with the characteristics under
study, as well as flexible accommodation of potential confounding factors, by means of
stratification, matching, or regression modeling. Though less well developed they can also
accommaodate the types of reliability sample alluded to above (e.g., Pepe et al, 1989; Espeland
et al, 1989; Lin et al, 1992), in order to produce 'deattenuated’ relative risk estimates. Finally,



relative risk regression methods are also readily adapted to accommodate nested case-control
(Liddell et al, 1977; Prentice and Breslow, 1978) and case-cohort (Prentice, 1986) sampling
schemes.

Nested case-control sampling proceeds by selecting for each 'case’ of a study outcome one or
more ‘control’ women who have not developed the disease in question by the follow-up time at
which the corresponding case was ascertained. Additional matching criteria in the OS will
typically include baseline age, clinic, and date of enrollment, and depending on the analysis
may also include racial/ethnic or socioeconomic group, or other factors. Nested case-control or
case-cohort sampling provides the only practical approach to reducing the number of OS
women whose blood specimens need be analyzed and processed, if the measurements of
interest cannot be assumed to be stable over time. For example, certain of the antioxidant
concentrations to be measured in blood specimens are known to substantially degrade over the
course of a few months or years of storage, in which case the follow-up-time-matched aspect
of the nested case-control approach is essential to valid relative risk estimation. For
measurements that are stable over time, however, case-cohort sampling could provide an
alternative that has some decided advantages. Case-cohort sampling involves the selection of a
random, or a stratified random, sample of the cohort to serve as a comparison (control) group
for the cases of all the outcomes under study.

Analyses that relate change in risk factors to disease risk have particular potential for gaining
insight into disease mechanisms. For example, the OS provides a valuable forum for
addressing the issue of whether or not the association between low blood cholesterol (e.g.,
<160 mg/dl) and excess non-cardiovascular mortality derives primarily from persons who have
experienced major reductions in blood cholesterol over the preceding three years. In fact the
OS is large enough that such analysis could be restricted to women with relatively low baseline
blood cholesterol (e.g., lowest two quintiles) in order to avoid a complicated interpretation if
the effect of interest happened to 'interact’ with baseline cholesterol measurement.

Furthermore the OS, by virtue of ascertaining a range on non-specific markers of debility or
disease (e.g., serum albumin, hemoglobin; cancer biomarkers; baseline and follow-up disease
prevalence by questionnaire and physical exam) may be able to examine whether the excess
mortality associated with reduced blood cholesterol can be explained by the presence of
recognized or latent disease. The careful accommodation of measurement error in predictor
and confounding variables is particularly important in such risk-factor-change analyses.

Appendix 3 of the original WHI protocol provides power calculations for OS analyses as a
function of disease rate, exposure frequency, relative risk, follow-up duration and, importantly,
as a function of subsample sizes corresponding to racial/ethnic, age, and other important OS
subgroups.

Clinical Trial and Observational Study

Separate analyses in both the CT and OS will be conducted according to self-reported baseline
prevalence of the clinical outcome being analyzed. In fact, whenever applicable, relative risk
analyses based on randomized CT comparisons will be accompanied by corresponding OS
relative risk analyses. The comparability of these analyses is enhanced by the common aspects
of baseline data collection procedures and outcome determination procedures in the CT and
OS. Estimated relative risk functions from the two sources will take suitable account of prior



"exposure" histories and of measurement error in exposure assessment. Under circumstances
in which careful analyses of this type lead to substantial agreement between CT and OS results,
analyses will be conducted to extrapolate the relative risk results beyond those examined in the
CT, using the OS. For many observational analyses, joint analyses of the CT/OS cohorts with
stratification on cohort will also be a useful strategy for examining possible explanations for
differences between relative risks in the CT and OS.



Outcome Ascertainment Process
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Section 8
Outcomes
Introduction

The Women’s Health Initiative (WHI) Extension Study (ES) outcomes are diverse and complex. The aim of the WHI
Extension Study is to continue to assess the relationship of particular interventions on a broad range of health and iliness
conditions in women. Primary, subsidiary, and intermediate outcomes have been identified as important for the study.
To ensure that the identified outcomes represent true disease states, detailed outcomes ascertainment procedures and
diagnostic criteria for adjudication have been developed by study investigators. The standardized outcome procedures
detailed below help ensure that the outcomes are ascertained in an unbiased manner.

The WHI Extension Study outcomes ascertainment and adjudication procedures are by and large the same as those used
for the main WHI program. Outcomes ascertainment procedures performed by Field Center (FC) staff include the
identification, investigation, and documentation of potential outcomes, and adjudication procedures include the review of
assembled case packets by Physician Adjudicators.

All WHI Clinical Trial (CT) participants were unblinded to their treatment assignment before the close of the main WHI
study (October 1, 2004 — March 31, 2005). While this information is located in the FC chart documentation and is
readily accessible, the treatment assignment information should not be made available to the Physician Adjudicator who
is adjudicating the possible WHI Extension Study outcomes. This is to maintain continued objectivity and uniformity in
the adjudication process and ensure unbiased adjudication of events.

8.1 Overview of Outcoines Process

The types of events collected in the WHI main program have been streamlined in the WHI Extension Study
and outcomes ascertained through self-report alone has been expanded. Major outcomes of interest require
full ascertainment and documentation supporting the event or procedure. See the list of outcomes requiring
adjudication in Table 8.1 — WHI Extension Study Outcomes. Note that outcomes collected for HT (PE, DVT,
and hysterectomy) will only be collected through 2007. Those outcomes identified by self-report alone (i.e.,
do not require investigation, documentation, or adjudication) are also included in the table under “Self-
reported outcomes requiring adjudication for a hospitalization of 2 nights or more.”

The entire process of ascertainment of an outcome plus the adjudication of a final diagnosis by the Physician
Adjudicator should be completed within 3 months of initial identification of a possible outcome. The three-
month interval begins with the completion of Form 33 — Medical History Update and ends with the
adjudication of the event by completion of the appropriate outcomes form. See Figure 8.1 ~ Outcomes
Ascertainment and Adjudication Process for a flow diagram of the entire process. Given the delays often
inherent in obtaining records, it may at times not be possible to meet this 3-month deadline. However, all
efforts should be made to obtain and process all documents as quickly as possible.

These sections of the WHI Extension Study Manual contain instructions and resources for FC physicians and
staff to follow for each step of the outcomes and adjudication process.

e  Section 8.2 Identification of Outcomes, Section 8.3 — Investigation of Outcomes, and Section 8.4 —
Documentation of Outcomes describe how to process the initial identification of an outcome, investigate
and obtain the required documents for each outcome, assemble the documentation into an adjudication
case packet, and forward the case packet with appropriate outcomes forms to the CCC for central
adjudication. Note that other outcomes ascertained only by self-report are identified in Table 8.1 — WHI
Extension Study Outcomes.

e Section 8.5 — Fatal Events — Special Considerations describes additional procedures and guidelines for
follow-up of participant deaths, including contacts with participant families.

e Section 8.6 — Physician Adjudication describes the procedures Physician Adjudicators must follow in
reviewing documents related to a possible WHI Extension Study outcome and assigning a WHI
Extension Study-defined diagnosis.
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8.1.1

e Sections 8.6 to 8.11 — Fatal Events, Cardiovascular, Other, Fracture, and Cancer Adjudication describe
in detail how to complete the specific outcomes forms which assign specific diagnoses.

e  Appendix A — Field Center and Participant Forms: Includes Forms 33, 33D, 120, 125, and 134 as well
as other forms completed by participants and FC staff.

o Appendix B - Coding Reference, ICD 9-CM and ICD-10

o  Appendix C — Explanation of Medical Terms: medical terms used in outcomes documents.
s Appendix D — Medications Used for Treatment of Cardiovascular Disease

o Appendix E - Model HIPAA Medical Release of Information

Definitions Used for WHI Extension Study Outcomes
Definitions specific to WHI Extension Study outcomes and outcomes investigations are included below.

Adjudication: The assignment of the final decision/diagnosis by a Physician Adjudicator or Clinical
Coordinating Center (CCC) Cancer Coder after reviewing the outcome documents contained in an
adjudication case packet and recording the decision/diagnosis and details supporting the diagnosis on the
outcomes forms.

Adjudication case packet: Materials relevant to a specific outcome case. Each case packet includes an
Investigation Documentation Summary (WHIX0988), Members Outcomes Status Report (WHIX1215),
relevant outcomes forms, and required medical record documents pertaining to the type of outcome(s) being
adjudicated.

Ascertainment: The initial identification of a possible WHI Extension Study outcome, investigation of
sources of supporting medical records, and documentation for an adjudication case.

Closed outcome case: A WHIX database function in which further ascertainment and/or adjudication
procedures are stopped or concluded, either because a final diagnosis has been assigned or it has been
determined that no WHI Extension Study outcome occurred. A closed outcome is recorded in the database
via assignment of a “close date” in the WHIX Outcomes Management Subsystem.

Discovery: Review of medical records indicates a possible WHI Extension Study outcome or provider visit
not self-reported by the participant on her Form 33 — Medical History Update or Form 33D — Medical History
Update (Detail). Investigation of the unreported outcome or provider visit is appropriate as they were located
in medical records the Outcomes Coordinator (OC) is authorized to review. Also includes identification of a
death through the Social Security Death Index or National Death Index (SSDI or NDI) and obituaries.

Documentation: The assembly of required supporting medical records (obtained through investigation of a
possible outcome) into an adjudication case packet. Documentation also includes tracking these documents
and packets through the WHIX database and/or manual tracking systems until the adjudication case is closed.

Emergency Room (ER) or Emergency Department (ED) visit: Visit or admission to a hospital ER/ED.
This may or may not lead to a hospital admission. Several events (i.e., newly diagnosed hip fractures,
cancers, PTCAs, strokes, and HT deep vein thrombosis {DVT], pulmonary embolism [PE]or hysterectomy)
occurring or diagnosed solely at an ER visit (without subsequent hospitalization) will be investigated,
documented, and adjudicated as possible outcomes. Also includes ER/ED documentation in all adjudication
case packets when the ER visit results in a WHI ES defined outcome.

Five major cancers: The five primary WHI cancer outcomes sites: breast, colon, rectum, endometrium, and
ovary. :

Hospitalization: An overnight stay in an acute care hospital, for any reason. In the WHI Extension Study,
there is no minimum length of stay required for specified outcomes of interest. Other selected outcomes are
investigated only if the hospitalization is for 2 nights or more. (See Table 8.1 — WHI Extension Study
Outcomes for the complete list of outcomes to investigate based on the hospitalization length of stay.) Short
stays, observation stays, and day surgeries may be referred to in medical records as outpatient visits, but for
the WHI ES these stays are considered hospitalizations if they resuit in overnight stays at an acute-care
facility due to a complication or need for close observation. (Note that an overnight stay in a rehabilitation
facility is not considered an overnight hospitalization.) Psychiatric admissions are also not investigated or
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adjudicated in the WHI ES. Transfers from one hospital to another, on the same day, are considered one
“case” for WHI ES purposes, and medical records are obtained from both facilities.

Identification: The routine procedures through which the FC learns of a possible outcome, which is typically
through participant completion of an annual Form 33 — Medical History Update and subsequent Form 33D —
Medical History Update (Detail) or in the event of a participant’s death, through some other interim report to
FC staff by the participant’s proxy (family, friend or health care provider). The initial notification of a
participant’s death may also come from other sources (e.g., CCC returned mail, newspaper obituaries,
National Death Index reports).

Investigation: The process of locating provider (e.g., hospitals, clinics, physicians) information about a
possible outcome, requesting medical records that may support its diagnosis, and filing such documents in a
participant’s outcomes file.

Medical History Update Forms: Form 33 — Medical History Update is a self-administered form (routinely
mailed by the CCC to the participant) annually. Form 33 collects information on those outcomes that do not
require further ascertainment procedures, as well as screens for those participants who have had a major
clinical event. Form 33D — Medical History Update (Detail) is required from those participants who indicate
on Form 33 that they have had a major clinical event that may require adjudication. Form 33D, collected by
FC staff by phone or mail, is used to obtain more detailed information to assist the OC with outcomes
ascertainment. :

Outcomes file: A participant’s file of outcomes-related documents. This file may include medical records
documents that are not currently required for a pending adjudication case packet, as well as copies of pending
and closed adjudication case packets. There is no required organization for the WHI ES chart. Instead the
CCC recommends the following be included in the charts: Form 33 — Medical History Update, Form 33D -
Medical History Update (Detail), Form 85 — Mammogram with accompanying documentation attached,
Personal Information Updates (PIU), Consents, and Release of Information (ROI). The Personal Information
Updates (PIUs) from the WHI chart may be included in'the outcomes chart. It may also be helpful to keep the
Form 85s and chart/progress notes from WHI with the chart. The original WHI outcomes charts need to be
accessible during the WHI Extension Study, but it is not necessary for immediate or frequent retrieval.

: Qutcomes forms: Forms 120-132, are completed by the FC Outcome Coordinator (OC), Physician
Adjudicator, or CCC resource. Forms completed by FC staff and participants are located in Appendix A and
outcomes forms are located in Sections 8.6 —8.11.

Outpatient visits: Any short stay, observation stay, clinic visit, or day surgery that does not involve an
overnight stay. Only certain events (e.g., newly diagnosed stroke, hip fractures, cancers, cardiac
revascularization procedures, and in the HT, DVT and hysterectomy) occurring at an outpatient visit alone
without hospitalization will be investigated, documented, and adjudicated as possible outcomes. If the
selected outpatient visit results in an overnight hospital stay, collect and include the outpatient documentation
in the adjudication case packet. See Table 8.1 — WHI Extension Study Outcomes for a complete list of
outpatient visits requiring investigation.

WHIX: The WHI Extension Study database that assists with the collection and tracking of outcome cases
through the ascertainment and adjudication process. The review of the participant’s outcomes chart should
not be replaced by the sole use of the WHIX tracking system.
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Table 8.1
WHI Extension Study Outcomes

As identified on Form 33, Form 33D, and Form 120

Outcomes Requiring Adjudication

Investigation and Adjudication NOT Required

o Coronary heart disease & other cardiovascular disease*
Form 121
Hospitalized one or more nights:
Acute myocardial infarction (MI)
Coronary artery bypass graft (CABG)
Peripheral arterial disease, symptomatic and/or requiring a
procedure
Carotid artery disease requiring a procedure or surgery
Hospitalization not required:
Coronary death
Coronary revascularization (PTCA, coronary stent, laser)

 Stroke* (hospitalization not required) Form 132

¢ Venous thromboembolic disease* — Form 126 (HT only)

Hospitalized one or more nights:
Pulmonary embolism (PE)

Hospitalization not required:
Deep venous thrombosis (DVT)

o Five major cancers* — Form 130
Hospitalization not required:

Breast Colon
Endometrium " Rectal
Ovary

Other Cancers* (excludes non-melanoma skin cancer)

o Hip and Upper Leg Fractures¥ — Form 123

Hospitalization not required

o All deaths* — Form 120, 124
Out of hospital death; Adjudicate death with last relevant
hospitalization (if available).

o Hysterectomy* — Form 131 (HT only)
Hospitalization not required:

o Any hospital stay of 2 nights or more except those solely
for certain procedures — Form 125

Self-reported outcomes requiring adjudication for a
hospitalization of 2 nights or more. Form 125

¢ Self-report events on Form 33
Diabetes mellitus requiring therapy
Other age-related outcomes:
inflammatory arthritis
macular degeneration
moderate or severe memory problems (dementia,
Alzheimer’s)
Benign breast disease
Colorectal polyps
Venous thromboembolic disease (non HT)
Congestive heart failure
Angina pectoris (chest pain)
TIA
Parkinson’s disease
Systemic lupus erythematosus (lupus)

* Complete Form 125 if hospitalized one or more nights.

o Selected hospitalized procedures requiring no follow-up

(no required outcomes forms):

Appendectomy

Bunionectomy

Carpal tunnel repair/release

Cholecystectomy

Club foot release

COPD exacerbation

Cormmneal transplant

Cosmetic/plastic surgery, other than breast

Extracapsular cataract extraction (EEC)

Fractures, other than hip and upper leg

Glaucoma

Hemorrhoidectomy

Inguinal herniorrhaphy

Knee arthroscopy

Laceration repair

Laminectomy (see spinal disorders below)

Ligation and stripping, vascular (varicose vein strip)

Out of country overnight hospitalization for gastrointestinal
(GI) symptoms related to travel. (Requires PI
signature.)

Overnight hospitalization < 2 nights (excludes extension

outcomes of interest)

Overnight hospitalization for:

- Any research study (that does not involve a WHI
outcome) :
- Sleep studies (not related to a research study)

Pelvic floor surgeries (for stress urinary incontinence, vaginal,
uterine or rectal prolapse)

Psychiatric admission

Rhinoplasty / septoplasty / septorhinoplasty

Rehabilitation facility admissions

Rotator cuff repair

Scleral buckle

Skin disorders and procedures (includes non-melanoma and
excludes melanoma) .

Spinal disorders/procedures: For example, spinal stenosis,
spondylolisthesis, degenerative disc disease, spinal fusion,
facectomy

Stapedectomy

Synovectomy of wrist

Tonsillectomy & adenoidectomy (T & A)

Total joint replacement (knee, hip or shoulder)

Turbinectomy

Tympanostomy tube

Upper gastrointestinal (GI) endoscopy

Vitrectomy

Recurrence of selected outcomes (associated hospitalizations
must still be adjudicated; see Table 8.3 — Subsequent
Conditions)
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Figure 8.1
Outcomes Ascertainment and Adjudication Process
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contact on Form 33
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Outcomes Coordinator assembles adjudication case packet, completes
and enters Form 125 at FC and routes the original case to the CCC

\

Adjudication
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8.1.2 Field Center Outcomes Staff

Each FC will identify an Outcomes Coordinator. This person is responsible for overseeing the activities of the
outcomes team and the process of outcomes ascertainment, including:

" Identifying medical events and having working knowledge of outcomes procedures.

Collecting Form 33D from participant.

Requesting medical records documentation from providers.

Ongoing tracking of documents.

Final assembling into adjudication case packets.

Forwarding the case packets to the CCC.

The Outcomes Coordinator (OC) is the key FC person involved in outcomes ascertainment, but other WHI
Extension Study staff may assist in this effort. The OC contacts participants by phone or mail to obtain
detailed self-report information about potential WHI Extension Study outcomes and thereby initiates the
ascertainment process with the identification of potential outcomes. Investigation commences when the OC
requests medical records documentation from the healthcare provider and prepares the documentation for the
Physician Adjudicator. The OC is responsible for performing data entry, generating reports, conducting
interviews to elaborate self-report data, requesting documents, and preparing and tracking case packets for
adjudication.

To ensure unbiased ascertainment of outcomes, it is recommended that FC staff involved in outcomes
ascertainment not be exposed to information through participant contacts or reports that is effectively or
definitively unblinding (i.e., information that, respectively, allows “educated guesses” or provides “proof” of
treatment arm.). However, each FC will determine, based on local resources and operations, the extent to
which these recommendations can be followed.

'8.1.3 Physician Adjudicator

The Physician Adjudicator is responsible for review of assembled adjudication case packets and assigning the

" appropriate outcome diagnosis based on WHI Extension Study defined criteria. It is strongly recommended
that WHI Extension Study Physician Adjudicators not be exposed to information through participant contacts
or reports that is effectively or definitively unblinding (i.e., information that, respectively, allows educated
guesses or provides “proof” of treatment arm). Thus, Physician Adjudicators should not have contact with
participants or participant files (except appropriate adjudication case packets) to ensure unbiased adjudication.
See Section 8.6 — Physician Adjudication for more information on the Physician Adjudicator’s roles and
responsibilities.

An outcome case is assigned to committees based on outcome type following a single-adjudicator review model.
The four adjudication Committees include:

e Cardiovascular Disease (CVD)/Death: The CVD Committee is responsible for adjudicating myocardial
infarction, CABG, coronary revascularization, peripheral arterial disease, carotid artery disease, and
venous thromboembolic disease (HT only through 2007). The Committee will also adjudicate all deaths,
selected hospitalization stays of two nights or more, and hysterectomies (HT only through 2007). They
complete Form 121 — Report of Cardiovascular Outcome, Form 124 ~Final Report of Death, and Form
126 — Report of Hysterectomy (HT) as needed, and review Form 125 — Summary of Hospitalization
Diagnosis as requested by CCC outcomes staff. See Sections 8.7 — 8.9 for details of completing the
forms.

e Stroke: A group of neurologists who adjudicate all strokes, completing Form 132 — Report of Stroke
Outcome (see Section 8.8 — Cardiovascular Outcomes).

e Fracture: Staff at University of California, San Francisco (UCSF), adjudicate all hip fractures,
completing Form 123 — Report of Fracture Outcome (see Section 8.10 — Fracture Outcomes).

e Cancer: The CCC cancer coders adjudicate the five primary sites (breast, ovary, endometrium, colon,
and rectum), completing Form 130 — Report of Cancer Outcome (see Section 8.11 — Cancer Outcomes)
using SEER (Surveillance, Epidemiology, and End Results) guidelines. Cancer cases for which the CCC
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staff cannot assign a final diagnosis will be forwarded to the CCC consulting pathologist for coding and

adjudication. The CCC cancer coders also adjudicate all “other cancers” by completing a subset of the
questions of Form 130.

Adjudication case packets are typically distributed to one of four central adjudication committees based on the
participant’s self-report. In the event that a case has more than one outcome included (or discovered) in the
documentation, the case may be routed to more than one committee.

Physician Adjudicators will primarily adjudicate by mail, with cases being routed from and returned to the
CCC. The exception is cancer coding, which is conducted at the CCC.

8.14 - Outcomes Adjudication Committee (OAC)

The Outcomes Adjudication Committee (OAC), formerly called the Morbidity and Mortality Committee (M&M)
in WH], is an Advisory Committee whose role is to review protocol, policy, and procedures as they relate to
outcomes and adjudication, and make recommendation to the Extension Study Executive Committee (ESEC).
The OAC is comprised of Physician Adjudicators from FCs, other WHI Extension Study investigators, an OCFC

representative, and appropriate CCC staff. Adjudicators and staff are assigned to central adjudication
subcommittees based on their professional expertise.
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8.2

8.2.1

8.2.1.1

8.2.1.2

8.2.1.3

8.2.2

Identification of QOutcomes

Field-Centers (FCs) may become aware of potential outcomes through different mechanisms:

e Routine annual Form 33 — Medical History Update and/or Form 33D — Medical History Update (Detail).
o Death reported by proxy (e.g., family, friend, health care provider) or other source (e.g., newspaper
obituary, returned mail to the CCC, National Death Index report).

Note that even if a participant reports a primary outcome, she will continue to be followed for the duration of
the study for other WHI Extension Study outcomes.

Outcomes to be Identified
Outcomes Requiring Full Adjudication

Outcomes to be identified and forwarded for adjudication are listed in Table 8.1 — WHI Extension Study
Outcomes, under “Outcomes Requiring Adjudication”. In general, only the first occurrence of a particular
outcome is adjudicated. There are however some outcomes that require ongoing investigation and
adjudication. See Section 8.3.2 — First vs. Recurrent Events for more detailed information.

Outcomes Identified Only by Self-Report on Form 33/33D - Medical History Update (Detail)

Specific outcomes are identified by the participant’s self-report alone on Form 33 — Medical History Update
or Form 33D — Medical History Update (Detail). See the list of outcomes under the heading “Self-Reported
outcomes requiring adjudication for a hospitalization of 2 nights or more” in Table 8.1 —- WHI Extension Study
Outcomes. These self-reported outcomes do not require investigation, documentation, or adjudication unless
the outcome is associated with a hospital stay of 2 nights or more.

Hospitalizations Due Solely to Selected Conditions or Elective Procedures

Selected outcome diagnoses and elective procedures do not require investigation, documentation, or
adjudication. See the list in Table 8.1 — WHI Extension Study Outcomes in the column labeled “Investigation
and Adjudication NOT Required.” Do not complete Form 125 — Summary of Hospitalization Diagnosis if the
participant reports these events or procedures as the only reason/event during the hospitalization, even if the
hospital stay is 2 nights or more. In the WHIX outcomes subsystem adjudication screen, enter Closure Code
10 — Extension case, not adjudicated, not forwarded to the Clinical Coordinating Center (CCC). (See Section
8.4.3 — WHIX Outcomes Closure Codes for more details.

Routine Administration of Form 33 — Medical History Update

Potential outcomes will primarily be identified through the routine administration of Form 33 — Medical
History Update and, if needed, Form 33D — Medical History Update (Detail). Form 33 collects information
on those outcomes that do not require further ascertainment procedures (outcomes by self-report alone), as
well as screens for those participants who have had a medical problem, event, or procedure that may require
adjudication.

CCC mailing of Form 33: Participants typically complete Form 33 as a self-administered form, although
FCs may choose to administer it as an interview if the participant is unable or unwilling to complete and mail
in the form, or if the participant has difficulty understanding or completing forms. At each annual contact
date, the CCC will mail a Form 33 to the participant to be completed and returned to the CCC for scanning.
The CCC is responsible for mailing the Form 33s to all WHI Extension Study participants as part of their
annual contact (see Section 7 — Follow-Up Contacts).

CCC repeat mailings: Following the CCC mailing, if the Form 33 is not returned within three months of the
first mailing, the CCC will send it again. If the form is not returned within two months of the second mailing,
the CCC will send it a third time. If the form is still not returned, the FC becomes responsible for collecting
the missing Form 33.
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FC Follow-up: The FC is also responsible for collecting any additional information from the participant to
resolve questions or missing data identified when the CCC scans the returned Form 33 (see Section 8.2.8 -
Forms Processing Reports for more details). For incapacitated or deceased participants, a participant's proxy
(e.g., family, friend, or health care provider) may complete a Form 33 (see Section 8.5 — Fatal Events —
Special Considerations).

Routine Administration of Form 33D - Medical History Update (Detail)

When a participant reports an outcome of interest or a hospital stay of 2 nights or more on Form 33, FCs
follow-up by asking her to complete Form 33D, which collects more specific information about the potential
outcomes. Form 33D asks participants to provide names and addresses of hospitals, outpatient clinics, and
physician offices where possible outcomes were diagnosed or treated. Form 33D also asks participants to
provide more detailed information regarding cardiovascular and stroke diagnoses, incident cancer, causes of
hip fractures, venous thromboembolic disease (PE, DVT) and hysterectomy operations (HT only through
2007), and revascularization procedures.

Identify participants needing a Form 33D: Following the scanning of Form 33 — Medical History Update,
the FC can run WHIX0622 — Members with Potential Outcomes Report to identify those participants who need
to complete Form 33D — Medical History Update (Detail). Based on WHI experience, an estimated 10% of
the completed Form 33s will need a Form 33D. As the study population ages, the number of participants
needing a Form 33D will likely increase. Refer to the Form 33 form instructions (in Appendix A) for the
algorithm that indicates, based on the participant’s form responses, who needs to complete a Form 33D. -

Administer Form 33D: FCs will probably find that administration of Form 33D by interview gathers more
complete data for proceeding with a timely outcomes investigation. However, depending on the FC staffing
levels it may be more time efficient to mail Form 33Ds to participants and follow up with information errors
as they arise. FCs are advised to obtain new, signed medical release forms when Form 33D is collected.

Additional hospitalizations: If the participant indicates more hospitalizations/provider visits than are allotted
on the Form 33D, the participant is instructed to write the details for the additional hospitalizations on the last- .
page of the form. The OC then manually creates and links the additional visits indicated on the form and
investigates the possible outcomes as appropriate (see Section 10 — Data Management documentation for
instructions on manually creating and linking conditions).
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Statistical Power far the WHI Observational Study

Observational Study

There are 2 number of factors to be considered in describing the power of the OS to clucidate relationships
between baseline measurements and subsequent disease risk, as well as refationships between changes in
measurements from baseline and three years and subsequent disease risk. Thesc include:

(@) Incidence rates for diseases of interest - as described in Section I of the Protocol and in the caricr part
of this Appendix, incidence rates are quite variable for the diseases of interest in the Women's Health Initiative
{WHI). Forciewmpley e muwal incience rates for sare key outcome categories, assuming that 10%, 20%,
45% and 25% of OS enrollees are in the age categores 50-54, 55-59, 60-69 and 70-79, respectively, are
approximately 5.0 for CHD, 3.0 for breast cancer, 1.8 for colarectal cancer, and 4.0 for hip fractures, per
1,000 enrollecs. Naturally, it will be desirable to use the QS for studies of less common outcomes, including
specific cancers (e.g., endometrial, avarian), selected vascular diseases (e.g.. hemorthagic stroke, deep vein
thrombaosis). and fractures at specific, less common sites. The anaual incidence rates for such diseases may be

less than 1.0, or even less than 0.5 per thousand, Henge, generic power caleulations have beza conducte,d for
annual Incidence mates of 0.1, 0.5, 1.0, 2.0 and 5.0 per thousand.

(if) Follow-up durations - it is particularly important that the OS begin to generate research reports as early -
as possible during the course of the WHI program. Hence, power calculations have been performed for
average cohort follow-up durations of 3, 6 and 9 years. The thres-year power calculations, for example, can
be applied to studies of baseline characteristics when the average follow-up time for the OS (or a subset
thereof) is three years, or to the study of changes in characteristics between baseline and three years when the
average follow-up time is six years, since outcomes prior to a participants three-year visit do not contribute to
these [atter analyses.

(iD) Sample size and subset analyses - power calculations based on the entire intended OS sample size of
100,000 are perhaps of maost interest, but there is also considerable intersst in analyses based on various OS
subsets. For example, separate analyses for each decade of baseline age would require power calculations for
cohorts in the range of 25,000 to 45,000 subjects-in view of the anticipated OS age distribution mentioned
above. Similarly, the anticipated OS enroliment by racial/ethnic subgroup is as foilows: non-Hispanic, white -
B0,000; African American - 10,000; Hispanic - 6,000; Native American - 2,000; Asian Pacific Islander -
2,000, Other analyses may be restricted to OS women for whom a certain measurement falls within sclected
percentiles relative to the overall OS distribution. Far example, an important goal of the OS pertains to further
clucidation of the relationship between a low-blood cholesterol or a recent reduction in blood cholesterol and
subsequent mortality. Analyses restricted to the approximately 40,000 women with baseline blood chalesterol
in the lowest two quintiles may provide particular insights. For cxamplc, one will be able to compare the
mortality rates of women with bloed cholesterol measurements in the lowest quintile at both basaline and three

years, to those whose cholesteral has dropped from the second lowest to the lowest quintile between baseline
and their three-year visit.

Power calculations were conducted for samplc-s:zcslof 100,000; 80,000; 40,004; 20,000; 10,0C0; 6,000 and
2,000 in order ta cxplorc the rclanonsl'up between power and subset sample size.

{iv) Dlstnhutmn of exposures or characteristics - the characteristics or cxposu.rcs 10 bc rc!atedto dtscasc
risk may involve a variety of types of measurements, including binary, categorical and continuous variates, and
mixtures thereof. However, most analyses, especiaily exploratory analyses, will invalve the comparison of
disease risks between two groups of OS members distinguished by their values of oné¢ ar more characteristics.
For example, ane may compare current ERT users to non-users; or may compare women in the highest quintile
of baseline blood chalesterol, or baseline dietary fat intake, to corresponding women in the lowest quintile.
Hence, power calculations were conducted as a function of the frequency of a binary characteristic or
exposure, with 'exposure’ frequencies taking values of 0.5%, 1%. 109, 30% and 50%. For example, to obtain
the power of a comparison of the highest quintile to lowest quintile of blaod chalesterol in the eatire OS |
cohort one can examine the following tables for a sample size of 40,000 (the highest and lowest quintiles
combined) with an exposure frequency of 50% (one-half of the 40,000 women will be in. the highest quintile).

(v) Odds ratio - there are a range of odds ratio values that may be pertinent to associations of interest in ihe
0OS. Odds ratios of 2.0 or above may have panticular public health importanes, particularly if the characterisic
under study is fairly commor. Note that odds ratios and refative risks ars virtually identical for the range of



Table [-AJ.1. pravides power calculations for analyses based on the eatire cohart of size 100,000. For
example, from the lower section of Table [-A3.1. ane can see that the pawer {or detecting a relative risk of 1.5
assaciated with a characteristic present in 50% of the cohoct is 72% after an average three years of follow-up,
and 95% afier an average of six years of follow-up, even for a disease with annual disease incidence of 05%
per year, which is closeto that for'cancers of the andometdum and ovary, for example, An odds ratio of about
1.5 for above versus below the median fat intake can be projected from international correlation analyses for
endometrial and ovarian cancer, after accounting for regression dilution. Similarly, an odds ratio of 2.0
associated with a characteristic arising in only 1% of the cohort can be detectad with adequate power for
diseases as common as breast cancer or hip fractures, and can be detected with power 83% afier an average of
only three years uifolduw-up for a discase such as CHD having an annoal incidencs of about 5% per year or
greatzr. '

Table I-A3.2. presents corresponding analyses for a subsample of the OS of siz= 80,000. As such, it gives
projected power for QS analyses restricted to non-Hispanic white women or far analyses on the entire 100,000
womea based on a case~caatrol analysis with four coritrals per case. Note that the power reductions in moving
from Table 1-A3.1. to Table I-A3.2. tend to be faicly modest. Consider two specific associations which could
be examined in the OS: About 5-10% of postmenapausal women have serum ferritin concentrations about 200
pgfliter. A stady in Finaish men indicates that such elevated cancentrations may convey an odds ratio of about
22 for CHD. Table-J-A3.2. indicates that a 1:4 matched case-control study in the OS cohort would have
power in the vicinity of 90% for detecting an elevated serum ferritin and CHD association, even if the odds
ratio is as small as [ 25. As a second example, suppose that a particular occupational group, such as a lab
technician or hair dresser, coastitutes only 5% of the OS cohort. Table I-A3.2. indicates that 2 1:4 matched
case-control study based on the OS would have power of at least 76% by an average six years of follow-up, or
94% by an average of nine years of follow-up, for detecting an odds radc of 3.0 for a disease such as breast
cancer with an annual incidence rate of two per 1,000 or greater. In fact, a British Columbia study suggests a
breast cancer odds ratio of about four for these occupational groups.

Table I-A33. shows corresponding power calculations for a subsample of size 40,000, as corresponds, for
example, to studies restricted to extreme quintiles of a measured characteristic. A relative risk as small as 1.50
between extreme quintiles of a autrient intake variable, for example, will be able to be detected with pawer
90% or greater by an average of three years of follow-up for diseases such as breast cancer, hip fractures or
CHD having an annual incidence of at least 2%. Such an odds ratio can be detectad with a power of 80% for
@ much rarer disease with incidence of .05% per year, by an average of nine years of follow-up. Table 1-43.4.
gives corresponding power calculations for a subsample of size 20,000. These eatries are pertinent to full-
cohort analyses restricted ta the subset of women in the age range 70-79 at baseline, and to subsamples of size
40,000 under 1:1 matched casecontrol sampling.

Table [-A3.5. gives pawer calculations for a subsample of size 10,000 - the anticipated number of African
Americans in the OS. Note that there will be adequate power ta detect an odds ratio of 1.50 or lasger for
diseases of annual incidence of 2% or larger, provided the characteristics or exposure arises in about half of
the women in the subsample. Table /-A3.6. gives power calculations for 2 subsamgle of size 6,000 - the
anticipated number of Hispanic American women in the OS. There is adequate power to detect an odds ratio
of 1.75 or larger for discases of annual incidencs of 2% per yedr or larger, again provided the characteristic
arises in about 50% of the subsample. Finally, Table [-A3.7. gives power calculations for 2 subsample of size
2.000 - the anticipated number of Native American, and of Asian and Pacific Islander American women ia the
OS. Odds ratios of 3.0 will be able to be detected for discases having annual incidence of about.2% per year
or greater, pravided the characteristic under study arises in about 50% of the subsample.



Ia coasidering the range of odds ratios pertineatig the 0OS. it is impartaat to consider &ie regression
attenuation that arises from random measurement &rae in the assessment of characzesistics of interest. For
example, the slope of the cegression line that relates the log-disease incidence (e.g., 10g-CHD incidence) o a
single blood cholesterol measurement are attenuated by a factor of about 273 on the tasis of such random
_Teasurament.AarRG..so thac an odds ratio of 2 is reduced to exp{(23)leg 2}=1.59 kv {nendiffeasntial}
measurement errac. The carresponding attenuation factor foc estimates of autrieat intakes based on a food
requency instrument may be in the viciaity of 1/3 depending upan the autrient and asssssment instrument, so
that an odds ratio of 2 is attenuated to about 1 26 based on random measurement &Sr for such exposures,
Henes, to explare the pawer of the OS under various configurations of association sz=agth and regression
dilution, power calculations have besn canducted for odds ratios of 1.25, 150. 1.75, 2.0 and 3.0

(vi) Sampling procedures, and confounding factor contral - the power calculadens that follow assume the
characteristic ot expasure under study (0 be available on all pertinent study subjects, and uses the asymprotic:
distribution of a simple odds rato statistic. Hawever, many of the OS 2nalyses will use ime-matched case-
control, or stratified case-cohort, sampling to reducs the number of women for whem expensive analysis of
stared specimens or complicated questionnaires must be carried out. The efficieacy of a time-matched case-

control analysis as compared to a full cohart analysis is approximately K(k+1 ), where k is the number of
cantrols matched t0 each case. Hence, a ane—to-k matched case-coawol study bass<d an a cohort of size 71 has
power approximately equat toa full-cohort analyses based on a sample of size nkgk+1).

The following array can be used to abgmximatcly caonvert full-cohort sample siz= to carresponding Lk
matched case~control effective sample size for k=1.235.

Effective Cohort Sizes for 1:k Matched Case-Control Analysis

Full Cohort Sample Sizes
Controls (k)

per case 100.000 80,000 40,000 20,000  10.000 6.000 2,000
1 50,000 40,000 20,000 . 10,000 5.000 3,000 1,000
2 66.667 53333 26667 13333 6,667 4,000 1333
3 75,000 60,000, 30,000 15,000 7.500 4500 1,500
4 80,000 64,000 32,000 16000 8000 4,800 1.600
5 83333 56,667 33,333 16,667 - 8333 5.000 1,667

Most OS analyses will also make pravisian, via stratification, matching or regression modeling, for factors that
have patential ta confound the assqciation under stmdy. Such coatral is essential to-accurate odds ratio, or
relative risk estimation, and corresponding more camplex tests will tend t. have caduced power, relative to'The
carresponding test in which canfounding control is unnecsssary. However, the power reduction is likely to be
quite minor in most O3S analyses sa that no provision foc confounding cantral is included in the OS power -
calculations. : w o :

The follawing tables present the powsr calculations for the-canfigurations listed 2bove, with the éxcention diat
combinations of factars for which the power is less than 50% are omitted for brevity-
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Table 1-A3.1
0S Power Calculations for Cohort Size of 100,000
Annual Disease Incidence Per 1,000 Women
0.1 0.5 1.0 2.0 5.0

Average Years of Follow-up 3 6 9 3 6 9 3 6 9 3 6 9 3 6 9
Exposure Odds
Frequency Ratio

0.50% 1.75 0.79

2.00 0.55 0.82 095

3.00 0.73 088 098 096 1.00 1.00

1.00% 1.50 0.60 0.79

1.75 069 059 091 098

2.00 0.55 0.72 090 083 099 1.00

3.00 0.72 089 099 089 100 1.00 1.00 100 1.00

10% 1.25 0.52 065 083 075 096 1.00

- 1.50 0.57 0.77 057 0.89 098 089 100 1.00 1.00 1.00 1.00

1.75 0.55 0.89 098 089 100 1.00 100 100 100 1.00 1.00 1.00

2.00 0.51 078 097 1.00 097 100 100 1.00 100 1.00 1.00 100 1.00

3.00 0.83 097 1.00 1.00 100 100 1.00 100 100 100 100 1.00 1.00 1.00

30% 1.25 0.59 072 088 072 095 099 098 1.00 1.00

1.50 0.64 092 099 092 1.00 1.00 1.00 1.00 1.00 100 100 1.00

1.75 051 071 092 1.00 1.00 1.00 100 100 100 100 100 1.00 100 1.00

2.00 073 050 099 1.00 1.00 1.00 1.00 100 100 1.00 1.00 100 1.00 1.00

3.00 0.86 1.00 1.00 1.00 1.00 100 1.00 100 1.00 100 100 1.00 1.00 100 1.00

50% 1.25 0.66 08 093 080 098 1.00 099 1.00 1.00

1.50 0.72 095 099 095 100 100 1060 100 100 100 1.00 1.00

1.75 0.59 078 095 1.00 1.00 1.00 100 100 100 1.00 100 10D 1.00 1.00

2.00 0.80 094 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00

3.00 090 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 1-A3.2
OS Power Calculations for a Subsample Size of 80,000
Annual Disease Incidence Per 1,000 Women
0.1 0.5 1.0 2.0 5.0

Average Years of Follow-up 3 6 9 3 6 9 3 6 9 3 6 9 3 6 9
Exposure Odds
Frequency Ratio

0.50% 1.75 0.67

2.00 0.71 0.89

3.00 0.57 0.76 094 0.88 1.00 1.00

1.00% 1.50 0.69

1.75 - 057 0.83 095

2.00 059 081 072 097 1.00

3.00 0.57 077 095 077 099 100 100 1.00 100

10% 1.25 054 073 064 092 098

1.50 0.66 080 094 080 098 100 1.00 100 1.00

1.75 079 094 079 098 1.00 098 100 1.00 1.00 100 1.00

2.00 066 095 1.00 095 1.00 100 1.00 1.00 1.00 100 1.00 1.00

3.00 0.69 0.91 1.00 1.00 1.00 100 100 100 100 100 100 1.00 100 100

30% 1.25 0.62 080 062 090 098 095 1.00 t.00

1.50 0.53 0.85 096 085 099 100 099 1.00 100 1.00 1.00 1.00

1.75 060 0.84 099 1.00 099 100 1.00 1.00 1.00 100 1.060 100 1.00

2.00 0.62 0.82 097 1.00 1.00 1.00 1.00 1.00 -1.00 100 1.00 100 1.00 1.00

3.00 0.75 0.98 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 100 1.00 1.00 1.00

50% 1.25 0.56 069 086 0.69 094 099 098 100 1.00

1.50 0.61 090 098 090 1.00 1.00 1.00 1.00 1.00 100 100 1.00

1.75 068 0.89 1.00 1.00 100 100 1.00 1.00 100 100 100 1.00 1.00

2.00 0.69 0.87 098 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00

3.00 0.81 099 1.00 1.00 1.00 1.00 1.00 1.00 100 100 100 100 1.00 100 1.00
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Table 1-A3.3
OS Power Calculations for a Subsample Size of 40,000

Annual Disease Incidence Per 1,000 Women

0.1 0.5 1.0 20 5.0
Average Years of Follow-up 3 6 9 3 6 9 3 6 9 3 6 9 3 6 9

Exposure Odds

Frequency Ratio
0.50% 2.00 0.53
3.00 0.57 0.87 098
1.00% 1.75 0.67
2.00 0.70 0.89
3.00 0.57 076 094 088 100 1.00
10% 1.25 0.64 0.81
1.50 0.66 0.79 093 088 1.00 1.00
1.75 0.64 079 094 079 098 100 1.00 100 1.00
2.00 066 086 066 095 1.00 095 100 1.00 1.00 1.00 1.00
3.00 0.51 0.82 1.00 1.00 1,00 1.00 1.00 100 1.00 100 1.00 1.00 1.00
30% 1.25 061 079 071 095 0.99
1.50 053 073 053 085 0% 085 099 1.00 1.00 1.00 1.00
1.75 0.51 0.84 096 084 099 1.00 099 100 100 1.00 1.00 1.00
2.00 0.73 097 1.00 097 100 100 100 100 100 100 1.00 1.00
3.00 0.76 0.93 1.00 1.00 1.00 1.00 100 1.00 100 100 1.00 1.00 1.00 1.00
50% 1.25 0.56 0.69 0.86 079 097 1.00
1.50 0.61 0.80 061 050 098 090 1:00 1.00 1.00 100 1.07
1.75 0.59 0.89 098 089 100 100 100 1.00 1.00 1.00 1.00 10
2.00 0.55 0.80 098 1.00 098 100 100 LOO 100 100 1.00 1.00 1.00

3.00 081 095 100 1.00 100 1.00 100 1.00 100 100 1.00 1.00 1.00 1.00
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Table 1-A3.4
OS Power Calculations for a Subsample Size of 20,000

Annual Disease Incidence Per 1,000 Women

0.1 0.5 1.0 2.9 5.0
Average Years of Follow-up | 3 6 9 3 6 9 3 6 9 3 6 9 3 6 9

Exposure Odds

Frequency Ratio
0.50% 3.00 0.69
1.00% 2.00 0.53
3.00 . 0.56 0.86 0.98
10% 1.25 0.50
1.50 0.65 056 0.87 097
1.75 0.64 079 093 088 1.00 1.00
2.00 0.50 066 086 066 095 1.00 098 1.00 1.00
3.00 0.82 097 082 099 1.00 099 100 100 100 1.00 1.00
30% 1.25 0.71 0.87
1.50 053 072 053 085 096 092 1.00 t.00
1.75 051 081 051 084 096 0.84 099 1.00 1.00 1.00 1.00
2.00 073 090 073 097 1.00 097 1.00 1.00 1.00 1.00 1.00
3.00 059 0.86 1.00 1.00 1.00 100 1.00 i.00 1.00 1.00 100 1.00 1.00
50% 1.25 ) 0.56 078 092
1.50 061 079 061 09 098 095 1.00 1.00
1.75 0.59 0.78 0.59 089 0598 0.89 1.00 100 100 1.00 1.00
2.00 080 094 080 098 1.00 098 1.00 1.00 100 1.00 1.00

3.00 0.67 090 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 100 1.00
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Table 1-A3.5
OS Power Calculations for a Subsample Size of 10,000
Annual Disease Incidence Per 1,000 Women
0.5 1.0 2.0 5.0
Average Years of Follow-up | 3 6 9 3 6 9 3 6 9 3 6 9
Exposure Odds
Frequency Ratio
1.00% 3.00 0.69
10% 1.50 0.75
1.75 0.63 054 087 097
2.00 0.50 0.66 086 0.77 098 1.00
3.00 0.65 0.82 096 0.82 099 100 1.00 100 1.00
30% 1.25 0.57
1.50 053 072 063 091 098
1.75 0.51 0.71 051 084 096 091 1.00 1.00
2.00 0.58 073 090 073 097 100 099 100 1.00
3.00 086 097 086 1.00 1.00 1.00 100 100 1.00 1.00 1.00
50% 1.25 0.64
1.50 061 079 071 095 099
1.75 0.59 0.78 059 089 098 095 1.00 1.00
2.00 0.66 0.80 093 0.8¢ 098 100 1.00 100 1.00
3.00 0.58 0.90 098 090 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00



Data Analysis
Observationa] Study

The ability to estimate relative risks for the outcomes of iaterest reliably in the OS as 2 function of
baseline characteristics (exposures, behaviors or biologic medsurszenrs), or as 3 function of changes in
such characteristics between baseline and thras years is depeadent oa the accumca measurement of the
characteristics (and outcomes) under study, and the accurate ascertaiament azd Proper accommodation of
all pertineat coafounding factors. Even measurement error that is nondiffersztial in the segse that it is
unrelated to disease risk givea the 'true’ charactaristic values, can seversly atizauate or otherwise distort
relative risk estimates. Sioce many of the characteristics to be ascertained in the OS (=.g., nutrient
intakes, blood cholesterol) are subject to notaworthy measurement &Tor, 2 stratified 1% ragdom :
subsample of the OS women will have repeat baseline information aad specimens obtained at between oge

reliability hmp[e will be stratified o age, racial/ethaic group, and sociceconomic group. The sizs of
the OS cohort, and the comprehensive set of measursmeats to be obtained wAll allow a particularly
thorough accommodation of confounding, by means of individual matching, stztification or regression
modeling, - '

Relative risk regression methods (e.g., Cox, 1972) will also provide the primary data analytic tool for
the OS. These methods, which can be thought of as an extension of classical pPerson-year methods that

modeling. Though less well developed they can also accommodate the types of reliability sample alluded
to above (e.g., Pepe et al., 1989, Espeland et al, 1989; Lin et al, 1992), in order to produce ’
"deattenuated’ relative risk estimates. Finally, relative risk regression methods are 2lso readily adapted to
accommodate nested case-control (Liddel] et al., 1977; Preatice 2ad Breslow, 1978) and cass-cohort
(Preatice, 1986) sampling schemes.

Nested case-control sampling proceeds by selecting for each 'case’ of 2 study outcoms one or more
*control’ wommwhahavenotdevelopedthedise:scinquwﬁonbythefoﬂowlup time at which the

advantages. Case-cohort ﬁnph'.ng involves the selection of a random, or 2 stratiSed random, sample of
thecohontomasaoompuison(conml) group for the cases of all the outoomes mnder study.

Analyses that relats changs in risk factors to disease risk have particular potential for gaining insight into
disease mechanisms: For example, the OS will provide a valuable forum for addrsssing the issue of
whether or not the association between low blood cholesterol (e-g., <160 mg/dI} and excess pdn-

cholesterol over the precading three years. In fact the OS is large enough that sueh analysis could be
restricted to women with relatively low baseline blood cholesterol (¢.8-, lowest two quintiles) i order to
avoid 2 complicated interpretation if the effect of interest happeaed to "interact’ with baseline cholesterol
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