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INTRODUCTION

The Women’s Health Initiative (WHI) Observational
Study (OS) was established to explore the predictors and
natural history of important causes of morbidity and mortal-
ity in postmenopausal women, and to serve as a secular
control for the WHI Clinical Trial (CT). It enrolled 93,676
ethnically diverse women born in four different decades,
from those who came of age in the depression-era, to the first
members of the baby boom. Accordingly, this cohort reflects
a wide range of socio-cultural influences on opportunities and
health behaviors.

OS participants will contribute longitudinal data on
health status, risk exposures and disease events. The follow-
up interval will be slightly shorter than that in the clinical
trial, approximately 7 years. All OS women had a physi-
cal examination at baseline and 3 years. Additional data are
obtained with annual mailed questionnaires. These forms
explore risk exposures, health behaviors, and the prevalence
of less common diseases to provide a comprehensive view of
both classical and novel risk factors, as well as secular trends
in the predictors of healthy aging and disease events. Be-
cause of its size, the OS will permit exploration of factors
associated with less common diseases.

This article describes the demographic, reproductive, di-
etary, and health characteristics of the OS women by eth-
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nicity and age. In addition, we present information on the
reliability of many of the baseline measures assessed in a
subset of participants who were selected for the Measure-
ment Precision Study (OS-MPS).

METHODS

Study participants were enrolled at 40 centers throughout
the United States between October 1, 1993 and December
31, 1998. Potential subjects were excluded if they did not
plan to reside in the area for at least 3 years, had medical
conditions predictive of survival less than 3 years, or had
complicating conditions such as alcoholism, drug depen-
dency or dementia. All participants provided informed
consent using materials approved by institutional review
boards at each center. Details of the scientific rationale,
eligibility requirements and other aspects of the design of
the WHI have been published (1).

Participants entered the OS by expressing interest in
either the diet modification (DM) or postmenopausal hor-
mone therapy (PHT) components of the clinical trial, but
proving ineligible or unwilling to participate in the clinical
trial, or by responding to a direct invitation to be screened
for the OS. Thus, the specific exclusions for the DM and PHT
components influenced the characteristics of women in the
OS. Those exclusions are outlined in Hays’ article in this
issue.

Data Collection and Definition of Variables

Demographic and risk exposure data, as well as data regard-
ing family and medical history, were obtained by self-report
using standardized questionnaires. Certified staff took physi-
cal measurements, including blood pressure, height and
weight, and blood samples at the clinic visit. Most blood is
reserved for nested case-control studies, but levels of certain
nutrients and cardiovascular risk markers, assayed in a sub-
sample, are reported here. A standardized written protocol,
centralized training of local clinic staff, local quality assur-
ance activities, and periodic quality assurance visits by the
1047-2797/03/$–see front matter
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Clinical Coordinating Center were used to maintain uni-
form data collection procedures at all study sites. Additional
details can be found in the appendix to Anderson’s article.

Statistical Analyses

Distributions of categorical variables were calculated in
strata defined by age and ethnicity, and the chi-square statis-
tic was used to assess group differences. For continuous vari-
ables, means and standard deviations were calculated for
these same strata, and analysis of variance (ANOVA) was
used to assess the significance of differences between age
and ethnic categories, with and without adjustment for
effect modifiers.

Since the sample size was very large, tests for statistical
significance were highly significant (p � 0.001) for nearly
all comparisons. Accordingly, the level of statistical signifi-
cance is not shown in the tables. Age-adjustment was ap-
plied to all variables but only meaningfully affected the
fractions living alone, widowed, and with hysterectomy.
Given the limited utility of age-adjustment with so few
factors affected, unadjusted rates are reported in all tables.
All contrasts noted in the results were statistically signifi-
cant with or without adjustment; the items highlighted
were chosen based on either the magnitude of differences
or “ad hoc” hypotheses.

Reliability Subsample

The test-retest reliability of selected measures was assessed in
a subset of OS women who participated in the Measurement
Precision Study. The self-administered baseline question-
naires and the blood draw were repeated approximately 3
months after baseline. Physical measures and interviewer-
administered questionnaires were not included. The Food
Frequency Questionnaire (FFQ) was not repeated because
it was assessed in a separate study (2).

A predefined number of women who enrolled in the
OS between October 1996 and June 1997 were randomly
selected each month and invited to join the OS-MPS at
the time of their entry into the WHI. Sampling was stratified
by center, age, and race/ethnicity and continued until 1000
women agreed to participate. To reduce burden, each partic-
ipant repeated four of the original eight questionnaires based
on a random assignment of clinics into two groups. Thus,
the reliability of each variable was tested in approximately
half of the women participating in the OS-MPS.

Overall, 2045 women were selected, 1092 completed the
repeat questionnaires, and 872 had the repeat fasting blood
draw. The average time between measures was 3 months
(range: 8–15 weeks). The response rate was greater than
the apparent 53% because some women who enrolled did
not participate 3 months later as their clinic had reached
its quota.
Kappa statistics were calculated for dichotomous or nomi-
nal categorical variables, weighted kappa was used for or-
dered categorical variables, and the intra-class correlation
coefficient (ICC) was used for continuous measures (the
blood measures) (3). The distributions of the blood analytes
were generally positively skewed; however, the ICCs with
and without log transformation were almost identical, so
the untransformed values are given. These statistics are
reported in Tables 1, 2, and 4 alongside the primary study
data for the items assessed.

RESULTS

93,726 women enrolled in the OS between September 1,
1994 and December 31, 1998. Of these, 31 provided insuffi-
cient baseline data to be included in these analyses, and 19
duplicate enrollments were found across multiple sites. After
removing these, the remaining 93,676 women form the final
analytic OS cohort, of which 78,013 (83.3%) were White,
7,639 (8.2%) Black, 3,623 (3.9%) Hispanic, 2,671 (2.9%)
Asian/Pacific Islander, 422 (0.57%) American Indian, and
1308 (1.4%) of unknown race/ethnicity. The age distribu-
tion was 31.7%, 44.0% and 24.3%, respectively, for groups
50 to 59, 60 to 69, and 70 to 79 years old. Comparisons be-
tween OS and CT participants can be made by contrasting
the tables presented in similar formats in this and preced-
ing articles as well as in the appendix to Hays’ article.

Age Contrasts

Educational attainment, occupational level, and total family
income declined with age (Table 1). Twenty-five percent
of the women aged 70 to 79 years had total family income
less than $20,000 compared with 10% of women aged 50
to 59 years. Conversely, over half the women aged 50 to
59 years reported family incomes greater than $50,000 com-
pared with about 25% of women aged 70 to 79 years.

Current smoking was inversely associated with age, de-
clining by 2% for each decade from a maximum of 8% in
women 50 to 59 years old. Women 70 to 79 years old were
the least likely to have ever smoked. Current alcohol
use decreased with age, and older women were more likely
to be past drinkers. The frequency of moderate or greater
physical activity decreased with age. Conversely, the youn-
gest age group reported more hours sedentary. Body Mass
Index (BMI) was lowest in women 70 to 79 years old, but
waist/hip ratio increased slightly with age.

All participants were postmenopausal so childbearing
was complete. Nonetheless, women in the oldest two age
groups reported more pregnancies and live births than
women aged 50 to 59 years (Table 2). Yet, a greater
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fraction of women 70 to 79 years old had their first child
after age 30 than women in the younger age cohorts.

The prevalence of diabetes, hypertension, prior myocar-
dial infarction, stroke, cancer, fracture, and hysterectomy
increased with age. Access to a health care provider in-
creased, but the frequency of mammography and Pap smears
declined with age. Women 50 to 59 years old were the most
likely to be depressed, with a prevalence about 50% greater
than women aged 70 to 79 years.

Total energy intake declined, while the use of supple-
ments and servings of fruits and vegetables increased with
age (Table 3). There were no other important age-related
differences in dietary factors. The small sample size for
blood analytes precludes meaningful comparisons by age
group (Table 4).

Racial/Ethnic Contrasts

The distributions of variables by ethnicity are shown in the
appendix to Hays’ article. The average age ranged from 60.6
years for Hispanic women to 63.9 years for White women.
Hispanic women reported the lowest educational at-
tainment, the lowest frequency of managerial/professional
occupation, and the highest frequency of homemaker as sole
occupation. Hispanics and American Indians had similar
distributions of income, with nearly 40% reporting a family
income below $20,000. In contrast, White women were 1.9
times more likely than American Indian and Hispanic, and
1.6 times more likely than Black women, to report family
income above $50,000.
While few women in any of the ethnic groups had never
married, Black women were less likely to be married
currently than women of the other races/ethnicities. Pre-
viously married Black and Hispanic women were more likely
to be divorced than widowed, while White and Asian
women were slightly more likely to be widowed than di-
vorced. Black women had the highest rates of living alone,
divorce, and widowhood. Asian/Pacific Islander women
were the least likely to live alone.

More Asian/Pacific Islanders reported never having been
smokers than women of other races, while Black and Ameri-
can Indian women reported being current smokers more
often than the other groups. White women reported a
greater prevalence of alcoholic beverage use, and more fre-
quent drinking than the other groups. White women en-
gaged in substantially more moderate or strenuous activity
than women in the other groups.

Black women had the highest prevalence of hysterectomy
(54.8%). Black and American Indian women reported simi-
lar high rates of hysterectomy before the age of 40 (24.8%
and 25.4%, respectively). Black and Hispanic women had
substantially higher rates of tubal ligation (21.6% and
23.6%) than women of other races. The percentage of
women ever breastfeeding was highest among Asian/Pacific
Islanders (62.2%), and lowest among Blacks (47.7%). Benign
breast disease was most common in Whites (23.0%) and
least frequent in Hispanics (17.5%).

Over 60% of White and Asian/Pacific Islander partici-
pants were current or past users of postmenopausal hor-
mones. Duration of use was greatest in Whites and Asian/
Table 3. Dietary intake of WHI Observational Study participants by age, from a Food Frequency Questionnaire

Age at screening (y)

50–59 60–69 70–79 Total
(N � 28,487) (N � 39,640) (N � 21,789) (N � 89,916)

Nutrienta N Mean � SD N Mean � SD N Mean � SD N Mean � SD

Energy (kcal) 28,487 1498 � 563 39,640 1460 � 531 21,789 1413 � 512 89,916 1460 � 537
Total fat (g) 28,487 50 � 26 39,640 49 � 25 21,789 48 � 24 89,916 49 � 25
% Energy from fat 28,487 30 � 8 39,640 30 � 8 21,789 30 � 8 89,916 30 � 8
Total carbohydrate (g) 28,487 189 � 74 39,640 184 � 69 21,789 180 � 67 89,916 184 � 70
Protein (g) 28,487 62 � 26 39,640 61 � 24 21,789 59 � 24 89,916 61 � 25
Total SFA (g) 28,487 17 � 9 39,640 16 � 9 21,789 16 � 8 89,916 16 � 9
% Energy from SFA 28,487 10 � 3 39,640 10 � 3 21,789 10 � 3 89,916 10 � 3
Total trans fatty acid (g) 28,487 2.9 � 1.4 39,640 2.9 � 1.4 21,789 2.9 � 1.3 89,916 2.9 � 1.4
Dietary fiber (g) 28,487 16 � 6 39,640 16 � 6 21,789 16 � 6 89,916 16 � 6
Cholesterol (mg) 28,487 173 � 101 39,640 170 � 98 21,789 161 � 93 89,916 168 � 98
Vitamin D (mcg) 28,487 4.1 � 2.0 39,640 4.3 � 2.1 21,789 4.4 � 2.2 89,916 4.3 � 2.1
Total alpha-toc eq (mg) 28,487 7.4 � 3.0 39,640 7.5 � 3.0 21,789 7.5 � 3.0 89,916 7.5 � 3.0
Vitamin C (mg) 28,487 94 � 54 39,640 99 � 54 21,789 104 � 55 89,916 99 � 54
Folacin (mcg) 28,487 228 � 98 39,640 236 � 97 21,789 238 � 98 89,916 234 � 98
Calcium (mg) 28,487 680 � 372 39,640 675 � 362 21,789 668 � 363 89,916 675 � 366
Total calcium (mg) 28,487 978 � 611 39,640 1012 � 618 21,789 1002 � 611 89,916 999 � 614
Fruits and vegetables 28,487 3.7 � 1.6 39,640 3.9 � 1.6 21,789 4.2 � 1.7 89,916 3.9 � 1.7

(servings/day)
Grains (servings/day) 28,480 4.3 � 1.8 39,633 4.0 � 1.7 21,788 3.7 � 1.5 89,901 4.0 � 1.7
aMeans and standard deviations were computed on the log scale and back-transformed values are reported.
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Table 4. Baseline blood analytes from a random sample of WHI Observational Study participants by age

Age at screening (y)

50–59 60–69 70–79 Total Reliability
(N � 325) (N � 453) (N � 284) (N � 1062) (N � 564)

Blood Analytea,b N Mean � SD N Mean � SD N Mean � SD N Mean � SD ICCc

Total cholesterol (mg/dl) 325 210 � 35.6 453 217.1 � 34.9 284 220.3 � 36.9 1062 215.4 � 35.8 0.82
LDL-C (mg/dl) 316 115.8 � 34 444 120.8 � 33.6 282 125.3 � 35.4 1042 120.4 � 34.3 0.83
HDL-C (mg/dl) 324 60.2 � 17.2 453 62.9 � 16.4 284 60.6 � 16.1 1061 61.4 � 16.5 0.89
HDL-2 (mg/dl) 313 18.5 � 8.7 447 20.5 � 9.3 273 19.9 � 9.2 1033 19.7 � 9.1 0.88
HDL-3 (mg/dl) 313 40.6 � 9.7 447 41.5 � 8.8 273 40.3 � 8.7 1033 40.8 � 9 0.86
Triglyceride (mg/dl) 325 130.5 � 65.9 453 131.3 � 60.8 284 136.1 � 58.8 1062 132.1 � 61.6 0.80
Lp(a) (mg/dl) 322 16.6 � 18 453 17.7 � 19.7 284 15.1 � 16.6 1059 16.6 � 18.2 0.95
Retinol (µg/ml) 325 0.6 � 0.14 452 0.61 � 0.14 284 0.61 � 0.16 1061 0.61 � 0.15 0.81
Alpha-carotene (µg/ml) 325 0.07 � 0.07 452 0.08 � 0.06 284 0.08 � 0.06 1061 0.08 � 0.06 0.73
Beta-carotene (µg/ml) 325 0.22 � 0.2 452 0.26 � 0.2 284 0.29 � 0.25 1061 0.26 � 0.22 0.84
Beta-cryptoxanthine (µg/ml) 325 0.07 � 0.05 452 0.08 � 0.05 284 0.09 � 0.06 1061 0.08 � 0.06 0.62
Lycopene (µg/ml) 325 0.4 � 0.22 452 0.36 � 0.2 284 0.33 � 0.21 1061 0.36 � 0.21 0.65
Lutein and zeaxanthin (µg/ml) 325 0.19 � 0.09 452 0.21 � 0.1 284 0.22 � 0.1 1061 0.21 � 0.1 0.83
Alpha-tocopherol (µg/ml) 325 15.1 � 5.7 452 17.2 � 6.8 284 18.6 � 7.4 1061 16.9 � 6.7 0.81
Gamma-tocopherol (µg/ml) 325 1.4 � 1.2 452 1.2 � 0.9 284 1.2 � 1 1061 1.3 � 1 0.85
Factor VII activity, antigen (%) 309 126.2 � 32.2 447 124.4 � 29.7 273 121.1 � 29.3 1029 123.7 � 30.2 0.86
Factor VIIC (%) 299 121.5 � 32 434 124.4 � 29.1 268 122 � 28.8 1001 122.6 � 29.8 0.83
Fibrinogen (mg/dl) 309 286.7 � 57.8 445 292.4 � 55.5 274 298.5 � 58.1 1028 292.1 � 56.7 0.67
Glucose (mg/dl) 322 94.4 � 19.2 452 93 � 14.1 281 96.6 � 18.8 1055 94.3 � 17 0.83
Insulin (µlU/ml) 309 8.9 � 4.6 428 8.5 � 4 270 9.1 � 4.6 1007 8.8 � 4.3 0.71
aMeans and standard deviations were computed on the log scale and back-transformed values are reported.
bMeans and standard deviations are weighted by the overall CT & OS ethnic distribution.
cIntra-class correlation coefficient.
Pacific Islanders. Self-reported fracture at age 55 or older
was twice as common in White (14.7%) compared with
Black women (6.8%), with women of other races falling in
between these rates. Hispanic women had the lowest rates
of identifying a regular health care provider. Hispanic and
American Indian women had the lowest rates of mammog-
raphy within the past 2 years, or a PAP smear within the
past 3 years, the highest prevalence of depression (23%),
double the rate in Whites, and triple the rate in Asian/
Pacific Islanders.

Systolic and diastolic blood pressures were greatest in
Black women. The prevalence of treated hypertension in
Blacks was 1.6 to 2.2 times greater than that of the other
groups. American Indians were the most likely to have
untreated hypertension. Black and American Indian women
were more likely to have experienced a stroke or myocardial
infarction. BMI was the lowest in Asian/Pacific Islanders
and highest in Blacks; the mean BMI in all groups except
Asian/Pacific Islanders was at least in the overweight range.
The prevalence of diabetes was five times greater in Ameri-
can Indian, almost four times greater in Black and more
than two times greater in Hispanic, than in White women.

Although White and American Indian women reported
a previous diagnosis of cancer more often than women in
the other ethnic groups, they did not have a striking excess
of any specific type except melanoma. Black women had
the highest rates of prior breast and colon cancers, while
Asian/Pacific Islanders were the least likely to have had
breast cancer.

Black women reported a relatively low total energy
intake, but a high percent of energy from fat. White women
reported low cholesterol consumption, and the highest
consumption of energy, protein, carbohydrates, fiber, cal-
cium, vitamin D, and fruit and vegetable servings.

Measurement Precision Study

Reliability statistics are shown in the final columns of Tables
1, 2, and 4. There were no major differences by age or
ethnicity (data not shown). Most demographic factors, re-
productive variables, and family medical history were reli-
ably reported, with kappa or weighted kappa above 0.8.
Occupation, years lived in the current state of residence,
passive smoking exposure, physical activity and induced
abortion had reliability coefficients in the 0.6 to 0.8 range.
Most of the self-reported medical conditions yielded kappa
above 0.75, however self-report for some medical conditions
was not reliable at this level. These conditions included
stroke, congestive heart failure, carotid endarterectomy/an-
gioplasty, peripheral arterial disease, deep venous thrombo-
sis, depression, and bone fracture at or after age 55. Reported
number of falls in the last 12 months also had low reproduc-
ibility (kappa = 0.45), but part of this poor reliability is
probably due to the shift in the 1-year reference period
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between the first and second administration of the ques-
tionnaire.

Most blood analytes were reliable with ICCs above 0.8.
Blood measures with less reliable ICCs (between 0.6 and
0.8), included insulin, fibrinogen and several of the serum
carotenoids. Limited dietary sources of some of the carot-
enoids (e.g., lycopene) may make their serum levels more
variable over time than for other nutrients.

Representative Relative Risks Demonstrable
in Prospective Analyses

Applying conventional statistical assumptions of α = 0.05
and β = 0.80, analyses in the entire OS population should
allow demonstration of exposure:disease associations with a
relative risk (RR) of 1.4 after 3 years, and well-below 1.25
after 6 years of follow-up for an exposure present in at least
10% of the population, e.g., hyperlipidemia, and a disease
with an annual incidence of 5 per 1000, such as coronary
heart disease (CHD) in women aged 70 to 74 years. An
equivalent RR could be demonstrated after 3 years for
an exposure present in at least 30% of the population, e.g.
hypertension. For a less common disease with an annual
incidence of 1 per 1000, e.g., breast cancer at ages 65 to 79
or CHD at ages 55 to 59, the detectable relative risks after
3, 6, and 9 years of follow-up for an exposure found in at
least 30% of the population, e.g., high fat diet, are 1.5, 1.4
and 1.25, respectively.

At the other end of the spectrum, for analyses restricted
to a sub-population of 6,000 participants, e.g., ethnic sub-
groups, demonstrable RRs at 3, 6, and 9 years for a risk
factor with 10% exposure and a disease with 5/1000 annual
incidence, are 2.75, 1.9, and 1.75, respectively. These esti-
mates improve to 1.9, 1.65, and 1.4 if the exposure is present
in 30% of the population. For a disease with 1/1000 annual
incidence and a risk factor with 10% exposure, a RR of
3.2 is detectable at 9 years. If the exposure is present in 30%
of the population, the detectable RR is 2.8 at 6 years and
2.5 after 9 years.

DISCUSSION

The fraction of the US population comprised of ethnic
minorities decreases with age and this is reflected in the
composition of the WHI OS cohort. According to US
Census data for women aged 50 to 59, 60 to 69, and 70 to
79 years, the fraction of Blacks declines from 11% to 10%
to 8%, and the fraction of Hispanics from 7% to 6% to
4%, while the fraction of Whites increases from 78% to 81%
to 85% (4). The trends in the OS are similar but the minor-
ity fractions are slightly lower in each decade. Overall, 81%
of US women aged 50 to 79 years were White, and the
fraction in the OS is similar at 83%. While the cohort
overall is somewhat better educated than same aged women
in the US, OS volunteers are less different from the US
population in general than participants in other recent stud-
ies of postmenopausal women (5,6).

Women enrolled in the OS have some traits that result
from the clinical trial exclusions. Although its benefit re-
mains to be proven, postmenopausal hormone use was popu-
lar as a preventive intervention for coronary disease when
women were recruited to the WHI, and few women who were
taking hormones were willing to participate in a randomized
trial of this treatment. Thus, more OS women were on
hormones at baseline than clinical trial participants. Other
studies have found that women who elected to take
hormones generally had more favorable risk factor profiles
and healthier lifestyles than women who did not, even
before they began using hormones (7–9).

Similarly, potential participants were excluded from the
dietary modification trial if their diets were already low in
fat. If they did not join the PHT trial, women excluded from
the DM trial for this reason were offered participation
in the OS. Eating a low fat diet is a common healthy
behavior that may overlap with other healthy life style traits.
Thus, because of the selection process for both the dietary
and hormone trials, the OS would be expected to have more
women with healthy life styles than the clinical trial and
this is indeed the case.

Consistent with other US population data (10), total
family income declined with increasing age. Some of this
effect may be attributable to the parallel increase in widow-
hood and living alone. It is also possible that there is a
cohort effect due to inflation, since wages were lower when
the oldest participant’s households were employed, which
could influence the current value of savings. In census data
from 1990 that were unselected for gender, the prevalence
of total family income �$15,000 rose steeply from 5% to
37% as householder age went from between 45 and 54
years to between 65 and 74 years. Corresponding rates for
income �$50,000 were 40% and 13% (10).

The trends in parity by age may be attributable to the
social and economic trends during the reproductive years
for these women. The oldest participants were in their
childbearing years during World War II and the post-
war baby boom, while the younger participants came of age
when women were increasingly involved in the work-
place. Oral contraceptives became available near the end
of the reproductive years for the oldest women, but were an
option throughout the reproductive years for the youngest.

As expected, the prevalence of hypertension increased
with age in parallel with the age-related increases in systolic
blood pressure. Yet, OS women may be healthier than the
population from which they were drawn. For example,
among NHANES-III women aged 50 to 79 years, 48%
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were hypertensive, 7% reported a history of physician-diag-
nosed heart attack, and 5% reported a physician-diagnosed
stroke (11). Equivalent rates in the OS were 34%, 3%,
and 2%. Thus, the prevalence of coronary disease and stroke
was only about half that expected using NHANES-III esti-
mates. The fraction of current smokers in the OS, at 6%,
is one-third the 18% rate in NHANES-III. This may be
related to a healthy volunteer effect.

The frequency of engaging in some form of exercise did
not decline by age in the OS sample. Similar findings have
been reported for women aged 50 to 79 years in the
NHANES-III population (12). However, BMI declined and
waist/hip ratio increased with age. It is not clear whether
these differences are meaningful in terms of body-weight–
associated disease risks. They may also represent changes in
body habitus resulting from age-related changes in height
and girth, including those related to osteoporosis. A similar
trend for declining BMI with age has been reported in
NHANES-III (13).

Yet, despite their generally healthy risk factor profiles
and lower self-reported prevalence of cardiovascular disease,
cancer prevalence in the OS group was higher than popula-
tion estimates. Compared with the NHANES-III cohort,
slightly greater proportions of the OS cohort reported
having had a cancer other than skin cancer. Similarly, esti-
mated prevalence rates of invasive cancer computed from
the Connecticut SEER registry (personal communication),
weighted to the age distribution of the OS women, are 30%
to 70% lower for breast, colorectal, and endometrial cancer,
and two to three times lower for melanoma or cervical
cancer. The excess rates in the OS may be explained by
the likelihood that cancer survivors were motivated to
join the WHI but were excluded from the clinical trial. The
three-fold excess of melanoma and cervical cancer reported
by WHI women may reflect in-situ disease that would not
appear in SEER, or confusion of non-melanoma skin cancers
with melanoma and cervical dysplasia with cancer in self-
report. Conversely, the rates of melanoma may be lower
in Connecticut where the degree of sun exposure is less
than in the US as a whole.

Hip fracture incidence rates have been reported in other
populations from hospital discharge data. They increase
exponentially with age in White women (1.63/1000 in
65-year-olds to 35.4/1000 in 95-year-olds) and less than
exponentially with age in Black women (14). These data
are consistent with the WHI finding of increased prevalence
with age. The WHI ethnic differences in hip fracture are
consistent with those reported elsewhere (14–16).

OS Black women had the highest prevalence of hysterec-
tomy overall, and hysterectomy before age 40. In contrast,
recent data from the National Hospital Discharge Survey
(NHDS) do not show a difference by race in annual rates
of hysterectomy (17), suggesting that this discrepancy may
reflect past rather than current practice. Also, the NHDS
diagnosis most often associated with hysterectomy was leio-
myoma (fibroids) which was twice as common in Black
compared with White women (17). Symptomatic fibroids
may influence these differences since other published data
show that Black women undergo hysterectomy for fibroids
at an earlier age than White women (18). OS Black women
were twice as likely as other participants to have never had
a term pregnancy, suggesting an increase in both premature
births and abortions. This is consistent with data showing
an increased risk of prematurity among Black women (19).
The higher rates of tubal ligation in OS Hispanic and Black
women is consistent with the increased parity and abortion
rates that we observed in these groups. Differences in the rates
of breastfeeding may relate to cultural differences in the
acceptability of this practice.

The prevalence of depression was greater in younger
women despite the greater likelihood that older women
are widowed or living alone. This observation may be partly
explained by the greater contribution of minority women to
the younger age group since Hispanic and American Indian
women had a particularly high prevalence of depression. It
is also possible that the scale measures stress more than
depression (20) and that younger women are more stressed
due to competing roles.

The Measurement Precision Study found that most risk
factors were reliably reported, similar to findings by others
(21). It also confirmed the reliability of most health condi-
tions that will be followed in the OS. Notable exceptions
were found for major cardiovascular endpoints, depression,
and bone fracture at age 55 or older. Notwithstanding the
lower reliability of self-report for specific prevalent diseases,
incident events resulting in hospitalization for these condi-
tions will be validated by medical record review. The relia-
bility of most blood analytes was excellent, although insulin,
fibrinogen, and carotenoids were less reliable than other
measures. These reliability coefficients reflect the measure-
ment error of using a single measure at one point in
time, including the errors due to specimen handling, labora-
tory error and “within-subject” variation over a 3-month
period but not long-term variability.

While a longitudinal study that depends on volunteers
cannot be fully representative of the population from which
it is drawn, the WHI OS includes a greater number of
minority and economically disadvantaged women than have
previously participated in any comparable study. The differ-
ences between ethnic groups, particularly the contrasts be-
tween Hispanic women and the other ethnic groups with
regard to education, family income and reproductive history
are striking, as are the contrasts between Black women and
the other ethnic groups in cardiovascular risk and factors
that lead to living alone.
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The WHI OS, with its large sample size overall, minority
representation comparable to US population levels by age,
long duration, and large variety of exposure and outcome
variables measured over time, offers unusual opportunities
to study predictors of both common and uncommon health
outcomes in postmenopausal US women.

The Writing Group wishes to acknowledge the contributions of Sandra A.
Daugherty, M.D., M.P.H., WHI Clinical Center, University of Nevada,
Reno, NV, who passed away as this manuscript was being prepared.

REFERENCES

1. The Women’s Health Initiative Study Group. Design of the Women’s
Health Initiative clinical trial and observational study. Control Clin Trials.
1998;19:61–109.

2. Patterson RE, Kristal AR, Fels-Tinker L, Carter RA, Bolton MP, Agurs-
Collins T. Measurement characteristics of the Women’s Health Initiative
food frequency questionnaire. Ann Epidemiol. 1999;9:178–187.

3. Armstrong BK, White E, Saracci R. Principles of Exposure Measurement
in Epidemiology. Oxford: Oxford University Press; 1994.

4. Day JC. Population projections of the United States by age, sex, race and
Hispanic origin: 1995 to 2050. US Bureau of the Census, Current Popula-
tion Reports, P-25-1130. Washington DC: US Government Printing Office;
1996: Table 2:42,90.

5. Miller VT, Byington RL, Espeland MA, Langer RD, Marcus R, Shumaker
S, et al. Baseline characteristics of the PEPI participants. Control Clin
Trials. 1995;16:54S–65S.

6. Schrott HG, Bittner V, Vittinghoff E, Herrington DM, Hulley S. Adher-
ence to National Cholesterol Education Program Treatment goals in post-
menopausal women with heart disease. The Heart and Estrogen/Progestin
Replacement Study (HERS). JAMA. 1997;277:1281–1286.

7. Barrett-Connor E, Brown WV, Turner J, Austin M, Criqui MH. Heart
disease risk factors and hormone use in postmenopausal women. JAMA.
1979;241:2167–2169.
8. Barrett-Connor E, Wingard DL, Criqui MH. Postmenopausal estrogen use
and heart disease risk factors in the 1980s. Rancho Bernardo, Calif, revisited.
JAMA. 1989;261:2095–2100.

9. Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P. Prior use
of estrogen replacement therapy, are users healthier than non-users? Am
J Epidemiol. 1996;143:971–978.

10. US Census Bureau. Age of householder by household income in 1989.
1990 Census Lookup Server. Database C90STF3C1.

11. US Department of Health and Human Services, Center for Disease Control
and Prevention, National Center for Health Statistics. National Health and
Nutrition Examination Survey, III 1988-94. NCHS CD-ROM Series 11;
Nos. 1, 1A; July 1997.

12. Crespo CJ, Keteyian SJ, Heath GW, Sempos CT. Leisure-time physical
activity among US adults: results from the Third National Health and
Nutrition Examination Survey. Arch Intern Med. 1996;156:93–98.

13. Kuczmarski RJ, Flegal KM, Campbell SM, Johnson CL. Increasing preva-
lence of overweight among US adults. JAMA. 1994;272:205–211.

14. Jacobsen SJ, Goldberg J, Miles TP, Brody JA, Stiers W, Rimm AA. Hip
fracture incidence among the old and the very old: A population-based study
of 745,435 cases. American Journal of Public Health. 1990;80:871–873.

15. Bauer RL. Ethnic differences in hip fracture: A reduced incidence in Mexi-
can Americans. Am J Epidemiol. 1988;127:145–149.

16. Kellie SE, Brody JA. Sex-specific and race-specific hip fracture rates. Ameri-
can Journal of Public Health. 1990;80(3):326–328.

17. Lepine LA, Hillis SD, Marchbanks PA, Koonin LM, Morrow B, Kieke BA,
et al. Hysterectomy surveillance-United States 1980-1993. Morbidity and
Mortality Weekly Review CDC Surveillance Summaries. 1997;46:1–15.

18. Kjerulff KH, Langenberg P, Seidman JD, Stolley PD, Guzinski GM. Uterine
leiomyomas. Racial differences in severity, symptoms and age at diagnosis.
J Reprod Med. 1996;41:483–490.

19. Mercer BM, Goldenberg RL, Das A, Moawad AH, Iams JD, Meis PJ,
Copper RL, Johnson F, Thom E, McNellis D, Miodovnick M, Menārd
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