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Using data from theWomen’s Health Initiative (1993–2009; n = 158,833 participants, of whom 84.1%were white,

9.2% were black, 4.1% were Hispanic, and 2.6% were Asian), we compared all-cause, cardiovascular, and cancer

mortality rates in white, black, Hispanic, and Asian postmenopausal women with and without diabetes. Cox propor-

tional hazard models were used for the comparison from which hazard ratios and 95% confidence intervals were

computed. Within each racial/ethnic subgroup, women with diabetes had an approximately 2–3 times higher risk

of all-cause, cardiovascular, and cancer mortality than did thosewithout diabetes. However, the hazard ratios for mor-

tality outcomeswere not significantly different between racial/ethnic subgroups. Population attributable risk percent-

ages (PARPs) take into account both the prevalence of diabetes and hazard ratios. For all-cause mortality, whites

had the lowest PARP (11.1, 95% confidence interval (CI): 10.1, 12.1), followed by Asians (12.9, 95% CI: 4.7, 20.9),

blacks (19.4, 95% CI: 15.0, 23.7), and Hispanics (23.2, 95% CI: 14.8, 31.2). To our knowledge, the present study

is the first to show that hazard ratios for mortality outcomes were not significantly different between racial/ethnic

subgroups when stratified by diabetes status. Because of the “amplifying” effect of diabetes prevalence, efforts to

reduce racial/ethnic disparities in the rate of death from diabetes should focus on prevention of diabetes.

diabetes; health disparities; menopause; mortality; obesity; women’s health

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; PARP, population attributable risk percentage; WHI,

Women’s Health Initiative.

Diabetes is the seventh leading cause of death in the United
States. By 2030, an estimated 48 million people older than 64
years of age in developed countries will be living with dia-
betes (1). Cardiovascular disease (CVD) plays a significant role
in the rate of death from diabetes; adults with diabetes are 2–4
times more likely to die of CVD than are those without dia-
betes (1). Vascular disease is responsible for the vast major-
ity of diabetes-related deaths in North America and Europe.

Women with diabetes are at a higher risk of CVD and expe-
rience more adverse outcomes after a vascular event than do
women without diabetes (2). Additionally, the increased mor-
tality risk after a myocardial infarction that is associated with
diabetes is higher in women than in men with diabetes (3).

In addition to sex, differences in diabetes mortality rates may
exist for racial and ethnic groups.Among peoplewith diabetes
in the United States, blacks and Hispanics are 2.1 times and

1533 Am J Epidemiol. 2013;178(10):1533–1541

American Journal of Epidemiology

© The Author 2013. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Vol. 178, No. 10

DOI: 10.1093/aje/kwt177

Advance Access publication:

September 17, 2013



1.5 times more likely than whites to die of all causes, respec-
tively, whereas total mortality among Asians is considerably
lower compared with that among whites (1). Death from myo-
cardial infarction has been reported to be significantly lower
in blacks with diabetes than in whites (4).
Diabetes and its precursor, the metabolic syndrome, are

becoming established as causes of cancers of various anatomic
sites, with the strongest evidence for lung cancer (5), colon
cancer (6, 7), and breast cancer (8, 9). There is evidence sug-
gesting an elevated risk of colon cancer in blacks with diabe-
tes compared with whites with diabetes (10–12).
To our knowledge, there has been no study that has exam-

ined racial/ethnic disparities in mortality outcomes among post-
menopausal women with and without diabetes. Data from the
Women’s Health Initiative (WHI) provide a unique opportu-
nity to examine racial/ethnic disparities on rates of overall, CVD,
and cancer mortality among postmenopausal women with and
without diabetes. We hypothesized that overall mortality, CVD
mortality, and cancer mortality rates will differ by race/ethnicity.

MATERIALS ANDMETHODS

The WHI participants

The design of the WHI and the baseline characteristics of
patients have been described in detail previously (13–15). A
total of 161,808 women (68,132 in clinical trials and 93,676
in an observational study) were enrolled in the WHI between
1993 and1998with ongoing follow-up.Data used in the present
investigation were obtained from women in both the clinical
trial and observational study arms at baseline who were fol-
lowed through August 2009 for an average duration of 10.4
years. The protocol and consent forms were approved by the
institutional review boards for all participating institutions.

Identification of diabetes at baseline and follow-up

Diabetes at baseline was defined based on self-report of ever
having received a diagnosis of diabetes from a physicianwhen
not pregnant.At each annual follow-up visit, participantswere
asked, “Since the date given on the front of this form, has a
doctor prescribed any of the following pills or treatments?”
Choices included “pills for diabetes” and “insulin shots for
diabetes.” Self-report of treatment with oral drugs or insulin
was used to define incident diabetes. For the purposes of this
analysis, we included both women who reported having prev-
alent diabetes at baseline and those who reported being
treated for diabetes through August 2009. Women who
reported prevalent or incident diabetes were characterized as
having diabetes. The accuracy of self-reported diabetes in the
WHI trials was assessed using self-reported medication and
laboratory data, and self-reported diabetes was found to be a
valid indicator of diagnosed diabetes (16). This method will not
capture cases of undiagnosed diabetes and diabetes managed
with dietary intervention only.

Death ascertainment and adjudication

Follow-up for clinical outcomes was performed at 6-month
intervals in the clinical trial arm and annually in the observa-

tional study arm through August 2009. The participants in clin-
ical trial arm had at least yearly follow-up clinic visits, whereas
participants in the observational study arm were followed pri-
marily by mail, with clinic visits at baseline and year 3. Deaths
were identified as part of routine participant follow-up that
included reports from family/next of kin, obituaries, andNational
Death Index searches. Death certificates and hospital records
were obtained and then centrally adjudicated by reviewers
blinded to study component or randomization assignment. Hos-
pitalization records from the time of death and the most recent
relevant hospitalization before death, autopsy records, and the
death certificate were used by the adjudicators to help deter-
mine the cause of death. Formanyout-of-hospital deaths, doc-
umentation consisted only of the death certificate and records
from the most recent relevant hospitalization before death.
In these cases, the immediate and underlying causes of death
were abstracted from the death certificate (17).CVDdeathwas
defined as death consistent with CVD as the underlying cause
based on a review of medical records and the death certificate.
CVD deaths were subclassified as definite coronary heart dis-
ease, cerebrovascular disease, pulmonary embolism, possible
coronary heart disease, other CVD, and unknown CVD (18).
Cancer deaths were obtained from the same sources, and ana-
tomic site was determined based on codes from the Interna-
tional Classification of Diseases, Ninth Revision. Appendix
Table 1 shows the distribution of CVD and cancer deaths by
diabetes status and racial/ethnic group.

Race/ethnicity

At baseline, WHI participants self-reported their race/
ethnicity, choosing from the listed categories, which included
white, black, Hispanic, American Indian/Alaska Native, Asian,
and American Indian. Because of sample size limitations, data
on American Indians (n = 713) were not included in analyses
reported here. We also excluded 1,849 women who reported
their race/ethnicity as “other” and 413 women who did not
supply information on race/ethnicity.

Covariates

All covariates were measured at baseline. Body mass index
(weight (kg)/height (m)2) was computed based on measured
weight and standing height. Waist circumference also was mea-
sured.Demographicandhealth-historydatawere self-reported
and included date of birth (age), cigarette smoking status, fam-
ily history of diabetes, personal history of hypertension or high
cholesterol requiring medication, family history of CVD, and
hormone therapy use. Recreational physical activity level was
assessed using questions about frequency and duration of sev-
eral types of activity. All WHI participants completed a stan-
dardized food frequency questionnaire to estimate average daily
nutrient intake over the 3-month period before enrollment (19).
Dietary quality, assessed using the Alternate Healthy Eating
Index (20, 21), was computed based on food items and nutri-
ents derived from the food frequency questionnaire. Higher
scores on the Alternate Healthy Eating Index are indicative
of a better-quality diet.
BecausemanyWHI participants are retired, individual income

may not necessarily reflect socioeconomic status; therefore,
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neighborhood-level socioeconomic status was used in the anal-
yses. Detailed methodology for determing neighborhood-level
socioeconomic status has been described elsewhere (22, 23).
Briefly, theWHI neighborhood-level socioeconomic status was
createdusingan indexof6variables:1)percentageof adultsolder
than 25 years of age with less than a high school education;
2) percentage of male unemployment; 3) percentage of house-
holds with an income below the poverty line; 4) percentage
of households receiving public assistance; 5) percentage of
households with children that were headed only by a woman;
and 6) median household income.

Statistical analyses

Baseline characteristics by race/ethnicity for postmenopausal
women with diabetes at baseline or during follow-up versus
women without diabetes at either time were summarized using
means and standard deviations for continuous variables and
percentages for categorical variables. Hazard ratios and 95%
confidence intervals for death (all-cause, CVD, and cancer mor-
tality) comparing women with either prevalent or incident dia-
betes to women without diabetes were estimated using Cox
proportional hazards models. For each participant, diabetes
status was modeled as a time-varying binary covariate. For
example, a woman with no diabetes at study entry who reported
diabetes in her 27th month would contribute person-time to
the “without diabetes” group from 0 to 26 months, and would
contribute person-time to the “with diabetes” group after 26
months. The time to event of interest was defined as the inter-
val between study enrollment and the earliest of the follow-
ing: 1) date of last annual medical update during which the
participant was alive or in August, 2009 (censorship) or
2) date of death (event).

For each mortality outcome (i.e., all-cause, CVD, cancer)
among each race/ethnicity subgroup, model 1 included time-
varying diabetes status and age; model 2 included further

adjustment of study arm, body mass index, smoking status,
medical history of hypertension, high cholesterol requiring
medication, family history of CVD, hormone therapy use,
region of residence in the United States, neighborhood-level
socioeconomic status score, physical activity level, and dietary
quality score. To calculate the population attributable risk per-
centage (PARP) and 95% confidence intervals among race/
ethnicity subgroups, we used mortality risk estimates from mul-
tivariate Cox proportional hazards models and the proportion
of persons who had prevalent or incident diabetes from study
enrollment to August 2009. We used methods described by
Spiegelman et al. (24) to determine partial PARPs to esti-
mate the proportion of deaths that hypothetically would not
have occurred in this study population if no women were
exposed (i.e., did not have diabetes).

RESULTS

Among the 158,833 women included in the analyses, the
average age was 63 years; 84.1% were white (n = 133,541),
9.2% were black (n = 14,618), 4.1% were Hispanic (n =
6,484), and 2.6% were Asian (n = 4,190). At baseline, 4.4%
of the participants had a history of diabetes diagnosis (n =
7,169). The annual incidence of reported diabetes diagnosis
or medication initiation was 0.80%, and the cumulative inci-
dence was 5.45% (n = 10,307 incident diabetes cases) over
1,288,375 person-years of follow-up. Baseline characteristics
of women who reported diabetes at baseline or during follow-
up versus womenwho did not report diabetes during the study
are summarized in Tables 1 and 2. In general, women who
reported diabetes had higher baseline body mass indexes
andworsedietaryqualityscores,were lessactive,andhadmore
medical conditions, including hypertension and high choles-
terol, than did women who did not report having diabetes.

In multivariable-adjusted analyses, within each race/ethnicity
subgroup, women with diabetes were had a 2–3 times higher

Table 1. Means and Standard Deviations for Selected Baseline Characteristics of Continuous Variables by Race/Ethnicity for Women

With (n = 21,584) and Without (n = 137,249) Diabetes, Women’s Health Initiative, United States, 1993–2009

Characteristic

Asian (n = 4,190) Black (n = 14,618) Hispanic (n = 6,484) White (n = 133,541)

With
Diabetes
(n = 665)

Without
Diabetes
(n = 3,525)

With
Diabetes
(n = 3,964)

Without
Diabetes

(n = 10,654)

With
Diabetes
(n = 1,349)

Without
Diabetes
(n = 5,135)

With
Diabetes

(n = 15,606)

Without
Diabetes

(n = 117,935)

Age, years 63.5 (7.4) 63.0 (7.6) 61.8 (6.8) 61.5 (7.2) 60.5 (6.6) 60.2 (6.8) 64.0 (7.0) 63.5 (7.2)

Body mass indexa 27.2 (5.0) 24.3 (4.4) 33.3 (6.8) 30.5 (6.5) 31.5 (6.0) 28.4 (5.6) 31.5 (6.5) 27.1 (5.4)

Waist
circumference, cm

86.1 (11.2) 77.3 (10.1) 98.0 (13.9) 89.7 (13.5) 94.2 (13.0) 85.2 (12.2) 96.7 (14.9) 84.6 (12.9)

Physical activity,
MET-hours/
weekb

11.5 (14.0) 13.3 (14.2) 8.3 (11.4) 10.1 (13.2) 8.6 (12.1) 10.9 (14.1) 9.8 (12.0) 13.2 (13.9)

Dietary quality
score

37.9 (9.8) 39.2 (10.6) 32.0 (10.2) 33.6 (11.0) 31.2 (9.2) 33.4 (10.2) 34.6 (10.5) 37.2 (10.9)

NSES score 76.0 (7.8) 77.2 (7.1) 62.4 (11.8) 64.4 (11.9) 66.0 (10.5) 69.0 (10.4) 76.0 (7.1) 77.3 (6.9)

Abbreviations: MET, metabolic equivalents; NSES, neighborhood-level socioeconomic status.
a Weight (kg)/height (m)2.
b Total energy expended from recreational physical activity.
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risk of all-cause, CVD, and cancer mortality than did those
without diabetes (Table 3). Adjustment for a range of poten-
tial confounders, including CVD risk factors, family history
of CVD, and neighborhood socioeconomic status, caused a
similar modest attenuation of hazard ratios for all race/ethnicity
categories, except for a smaller attenuation among Asian
women. However, all confidence intervals within each race/
ethnicity category overlapped all of the others. The percentages
of women with prevalent or incident diabetes from study
enrollment to August 2009 were, in decreasing frequency,
27.1% for blacks, 20.8% for Hispanics, 15.9% for Asians,
and 11.7% for whites. PARP takes into account both the
prevalence of diabetes and the risk associated with the
disease. For all-cause mortality, whites had the lowest PARP
(11.1, 95% confidence interval (CI): 10.1, 12.1), followed
by Asians (12.9, 95% CI: 4.7, 20.9), blacks (19.4, 95% CI:
15.0, 23.7), and Hispanics (23.2, 95% CI: 14.8, 31.2). For
CVD mortality, a similar pattern was observed; the PARP
for diabetes appeared to be highest in Hispanics (30.6, 95%
CI: 8.7, 49.7) and then in blacks (25.9, 95% CI: 17.8, 33.7)
compared with whites, who had statistically lower PARPs
with smaller confidence intervals than did blacks (14.9, 95%
CI: 12.7, 17.1), but not Hispanics, who had very wide 95%
confidence interval. For cancer mortality, the PARPs for

diabetes appeared higher for Hispanic and Asian women
than for either black or white women; however, in relation to
group mean differences, confidence intervals were relatively
wide and overlapping.

DISCUSSION

Consistentwithfindings fromother studies, results from the
WHI show that postmenopausal women with diabetes expe-
rience a higher riskof all-cause,CVD, and cancermortality than
did women without diabetes (1). However, the hazard ratios
for mortality outcomes were not significantly different between
racial/ethnic subgroups according to diabetes status. Both black
and Hispanic women, who are at higher-than-average risk of
developing diabetes, had higher proportions of all-cause and
CVD mortality attributable to diabetes than did whites.
These findings, which reflect the probability of dying con-

ditioned upon having diabetes, are in stark contrast to the over-
allmortalitydata for thecountryas awhole.National data show
that, relative towhites, blackswith diabetes are 2.1 timesmore
likely todieandHispanicsare1.5 timesmore likely todie (Asians
are at much lower risk) (25). Differences evident in the country
as a whole probably reflect survivor bias to some extent (the
WHI sample is probably disproportionately weighted toward

Table 2. Selected Baseline Characteristics of Categorical Variables by Race/Ethnicity for Women (n = 21,584) and Without (n = 137,249)

Diabetes, Women’s Health Initiative, United States, 1993–2009

Characteristic

Asian (n = 4,190) Black (n = 14,618) Hispanic (n = 6,484) White (n = 133,541)

With
Diabetes
(n = 665)

Without
Diabetes
(n = 3,525)

With
Diabetes
(n = 3,964)

Without
Diabetes

(n = 10,654)

With
Diabetes
(n = 1,349)

Without
Diabetes
(n = 5,135)

With
Diabetes

(n = 15,606)

Without
Diabetes

(n = 117,935)

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

Region

Northeast 30 4.5 174 4.9 696 17.6 1,799 16.9 170 12.6 600 11.7 3,867 24.8 29,024 24.6

South 33 5.0 224 6.3 1,954 49.3 4,968 46.6 553 41.0 2,176 42.4 3,796 24.3 27,603 23.4

Midwest 26 3.9 138 3.9 940 23.7 2,613 24.5 45 3.3 203 3.9 3,630 23.3 27,582 23.4

West 576 86.6 2,989 84.8 374 9.4 1,274 12.0 581 43.1 2,156 42.0 4,313 27.6 33,726 28.6

Smoking status

Never 482 72.8 2,518 71.9 1,855 47.9 5,227 50.1 801 60.5 3,205 63.7 7,766 50.3 58,010 49.8

Former 155 23.4 844 24.1 1,591 41.1 4,003 38.3 407 30.8 1,479 29.4 6,615 42.9 50,896 43.7

Current 25 3.8 141 4.0 427 11.0 1,210 11.6 115 8.7 345 6.9 1,044 6.8 7,605 6.0

Hormone therapy
use

Never used 209 31.7 967 27.8 1,985 50.9 4,847 46.3 604 45.8 1,960 39.3 5,554 36.7 35,449 30.0

Past user 146 22.1 719 20.6 991 25.4 2,559 24.8 317 24.0 1,080 21.6 3,990 26.4 25,940 22.7

Current user 305 46.2 1,796 51.6 925 23.7 3,030 28.9 399 30.2 1,951 39.1 5,586 36.9 52,933 46.3

Medical history

Hypertension 373 56.3 1,126 32.1 2,681 69.1 5,262 50.1 596 44.6 1,356 26.7 8,014 51.8 33,750 28.8

High cholesterol
requiring
medication

212 32.4 630 18.3 774 20.7 1,421 14.1 244 20.1 662 14.0 3,281 22.4 13,866 12.5

Family history of
diabetes

382 57.9 1,161 33.0 2,407 61.4 4,331 41.0 819 61.2 1,957 38.7 7,515 48.4 32,364 27.6

Family history of
cardiovascular
disease

260 42.5 1,121 33.9 1,722 48.1 4,115 42.8 625 50.0 2,011 42.5 8,896 60.1 59,993 53.4
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Table 3. Comparison of the Rates of Death From All-Causes, Cardiovascular Disease, and Cancer by Race/Ethnicity in WomenWith and Without Diabetes (n = 158,833), Women’s Health

Initiative, United States, 1993–2009

Asian (n = 4,190) Black (n = 14,618) Hispanic (n = 6,484) White (n = 133,541)

No. % HRa 95% CI No. % HR 95% CI No. % HR 95% CI No. % HR 95% CI

Follow-up among subjects with
DM, person-years

4,099 26,686 7,914 94,438

Total follow-up, person-years 38,726 130,540 55,297 1,378,798

Prevalence of exposureb 15.9 27.1 20.8 11.7

All-cause mortality

Deaths among subjects
with DMc

58 14.15 534 20.01 113 14.28 2,175 23.03

Deaths among subjects
without DMc

199 5.75 932 8.97 261 5.51 11,239 8.75

Model 1d 2.44 1.71, 3.47 2.46 2.17, 2.78 2.99 2.30, 3.89 2.72 2.56, 2.88

Model 2e 2.12 1.43, 3.15 2.11 1.83, 2.44 2.3 1.72, 3.23 2.2 2.00, 2.36

PARPf 12.9 4.7, 20.9 19.4 15.0, 23.7 23.2 14.8, 31.2 11.1 10.1, 12.1

CVD-related mortality

Deaths among subjects
with DMc

17 4.15 207 7.76 31 3.92 713 7.55

Deaths among subjects
without DMc

57 1.65 281 2.71 51 1.08 2,798 2.18

Model 1d 2.6 1.42, 4.87 3.31 2.71, 4.04 4.08 2.42, 6.87 3.86 3.50, 4.20

Model 2e 2.26 1.14, 4.46 2.65 2.10, 3.35 3.05 1.66, 5.61 2.87 2.57, 3.20

PARPf 13.6 −1.4, 28.0 25.9 17.8, 33.7 30.6 8.7, 49.7 14.9 12.7, 17.1

Cancer mortality

Deaths among subjects
with DMc

26 5.37 126 4.72 42 5.31 588 6.23

Deaths among subjects
without DMc

88 2.54 342 3.29 111 2.34 4,642 3.61

Model 1d 2.1 1.20, 3.60 1.4 1.16, 1.80 2.21 1.44, 3.39 1.67 1.49, 1.86

Model 2e 2.06 1.09, 3.88 1.38 1.05, 1.81 2.13 1.30, 3.47 1.44 1.27, 1.62

PARPf 14.5 1.6, 26.9 6.7 0.6, 12.8 17.5 5.4, 29.1 4.3 3.2, 5.5

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; DM, diabetes mellitus; HR, hazard ratio; PARP, population attributable risk percent.
a Hazard ratios and 95% confidence intervals were estimated from a Cox proportional hazards model for each race/ethnicity subgroup.
b Includes both prevalent and incident diabetes from study enrollment to August 2009.
c Mortality per 1,000 person-years.
d Model 1 was adjusted for age.
e Model 2 was adjusted for age, study arm, body mass index, smoking status, medical history of hypertension, high cholesterol requiring medication, family history of cardiovascular disease, hormone

therapy use, region of residence within the United States, neighborhood socioeconomic status score, physical activity level and dietary quality score.
f PARP was calculated based on method by Spiegelman et al. (24).
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healthier older women). Nevertheless, to our knowledge, our
study is the first to show that the hazard ratios for mortality out-
comeswere not significantly different between racial/ethnic sub-
groups according to diabetes status in postmenopausal women.
These results withstood adjustment for a very comprehensive
set of physiological and behavioral risk factors.
Although the probability of dying conditioned upon diabetes

did not differ significantly by racial/ethnic group, the percent-
ages of women with prevalent or incident diabetes from study
enrollment toAugust 2009were significantly different by race
(i.e., 27.1% for blacks, 20.8% for Hispanics, 15.9% for Asians,
and 11.7% for whites) (26). We also observed that both black
and Hispanic women, who are at higher-than-average risk of
developing diabetes (26), appeared to have higher proportions
of all-cause and CVDmortality attributable to diabetes than did
whites. Therefore, because of the “amplifying” effect of diabetes
prevalence, efforts to eliminate racial and ethnic disparities in
deaths from diabetes should focus on prevention of type 2 dia-
betes mellitus.
According to theNationalDiabetesFacts, theprevalence rates

of diagnosed diabetes by race/ethnicity are 12.6% for blacks,
11.8% for Hispanics, 8.4% for Asians, and 12.6% for whites
(27).This race/ethnicitypatternwassimilar towhatwasobserved
in our study population except that theWHI had higher observed
rates for all subgroups, a finding consistent with the fact that
our population was more advanced in age.
Several limitations are worth noting. First, although type 2

diabetes mellitus represents the vast majority of newly inci-
dent diabetes cases in postmenopausal women, theWHI cannot
absolutelyeliminate the possibilityof late-onset type 1 diabetes.
We therefore indicatediabetes ingeneral, inkeepingwithother
WHI publications (26, 28–31). Second, in order to be able to
assess risks within groups, the WHI included a disproportion-
ately larger sample size for blacks, Hispanics, andAsians com-
pared with the general US population. Because the WHI is not
a representative national sample,we cannot generalize the results
to a larger population without making additional inferential
assumptions. Although participants in the WHI overall have
higher educational levels and socioeconomic statuses than the
general US population, we did adjust for neighborhood SES.
We noted that multivariable-adjusted hazard ratios were simi-
larlyattenuated foreachgroupbut less so forAsians.Third,only
self-reported prevalence of diabetes and treated incident dia-
betes were ascertained; thus, prevalence and incidence of diabe-
tes may be underestimated. However, our previous validation
study showed that self-reports of treated diabetes were suffi-
cientlyaccurate to allowuse inepidemiologic studies (16). Forth,
diabetes is a chronic disease that requires prolonged and regular
treatment (32). Measures of quality of care for diabetes, types
of antidiabeticmedication used, andmedication adherence could
affect diabetes-related mortality rates. However, we could not
control for these factors in the present study. Several previous
studies assessed racial/ethnic variation in the management of
diabetes and utilization of preventive health services and noted
disparities (33–35). However, results have been inconsistent.
For example, Nwasuruba et al. (34) found that among 1,720
adults with diabetes in the 2002–2004 Texas Behavioral Risk
Factor Surveillance Survey, Hispanics had poorer access to
care than didwhites or blacks. Using data obtained from 19,483
diabetic managed care organization enrollees, Oster et al. (33)

found that blacks andHispanics hadmorehealthcarevisits (means,
7.0 and6.5, respectively) in the past year thandidwhites (mean,
5.7; P < 0.0001). None of these studies have focused on post-
menopausal women, and this could be an area of future research.
We also lacked laboratory measures of glycosylated hemo-
globin, lipids and other metabolic markers to validate or exp-
lain results. Other limitations include missing data; however,
the rates of retention in the WHI were over 95% during the
average follow-up period of 7 years (36).
The present study has several strengths. First, it included a

large, racially diverse sample of well-characterized postmen-
opausalwomen. Second, the prospective design enabled an exam-
ination of factors that contributed tomortality. Third, this study
was to our knowledge thefirst to show that the hazard ratios for
mortality outcomes were not significantly different between
race/ethnicity subgroups according to diabetes status in post-
menopausal women. These results withstood adjustment for
a very comprehensive set of physiological and behavioral risk
factors. The present study sheds new light on an ever-present
problem of all-cause, cardiovascular, and cancer mortality in
postmenopausalwhite, black,Hispanic, andAsianwomenwith
and without diabetes.
In conclusion, postmenopausal women with diabetes had

a 2–3 fold higher risk of all-cause, CVD, and cancer mortality
than did women without diabetes; however, the hazard ratios
did not differ significantly between race/ethnicity subgroups
according to diabetes status. It should be noted, however, that
risk given diabetes is a multiplier against overall diabetes rates,
which tend to be much higher in blacks and Hispanics than
in whites and Asians. Because of significant racial/ethnic dis-
parities in diabetes prevalence and incidence, black and His-
panic women have higher proportions of all-cause and CVD
mortality attributable to diabetes than do white women. Our
study suggested that efforts to eliminate racial and ethnic dis-
parities in the rate of death from diabetes should focus on
prevention of type 2 diabetes mellitus.
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Appendix Table 1. Number of Deaths From Cardiovascular Disease and Cancer by Cause, Women’s Health Initiative, United States, 1993–2009

Cause of Death

Asian (n = 4,190) Black (n = 14,618) Hispanic (n = 6,484) White (n = 133,541) Total (n = 158,833)

No. With
Diabetes

No. Without
Diabetes

No. With
Diabetes

No. Without
Diabetes

No. With
Diabetes

No. Without
Diabetes

No. With
Diabetes

No. Without
Diabetes

No. With
Diabetes

No. Without
Diabetes

CVD
subclassification

Definite CHD 7 8 47 50 8 10 573 240 635 308

Cerebrovascular
CHD

25 2 57 43 19 8 782 141 883 194

Pulmonary
embolism

0 0 13 6 1 0 83 8 97 14

Possible CHD 10 5 88 77 10 7 688 182 796 271

Other CVD 11 2 64 24 13 5 585 128 673 159

Unknown CVD 4 0 12 7 0 1 87 14 103 22

Total 57 17 281 207 51 31 2,798 713 3,187 968

Cancer site

Breast 7 1 48 21 21 3 536 48 612 73

Ovarian 3 0 17 1 11 3 339 29 370 33

Endometrial 2 0 2 0 1 0 87 9 92 9

Colon 7 0 39 10 10 3 329 50 385 63

Rectosigmoid 0 0 1 0 0 0 10 2 11 2

Rectum 2 1 3 2 1 0 38 3 44 6

Uterine 0 0 2 4 2 1 20 2 24 7

Other 63 20 200 82 64 29 3,064 409 3,391 540

Unknown 4 4 30 6 1 3 219 36 254 49

Total 88 26 342 126 111 42 4,642 588 5,183 782

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease.
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