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OBJECTIVE — The Diabetes Prevention Program (DPP) is a 27-center randomized clinical
trial designed to evaluate the safety and efficacy of interventions that may delay or prevent
development of diabetes in people at increased risk for type 2 diabetes.

RESEARCH DESIGN AND METHODS — Eligibility requirements were age =25 years,
BMI =24 kg/m?* (=22 kg/m? for Asian-Americans), and impaired glucose tolerance plus a fast-
ing plasma glucose of 5.3-6.9 mmol/l (or =6.9 mmol for American Indians). Randomization
of participants into the DPP over 2.7 years ended in June 1999. Baseline data for the three treat-
ment groups—intensive lifestyle modification, standard care plus metformin, and standard care
plus placebo—are presented for the 3,234 participants who have been randomized.

RESULTS — Of all participants, 55% were Caucasian, 20% were African-American, 16%
were Hispanic, 5% were American Indian, and 4% were Asian-American. Their average age at
entry was 51 + 10.7 years (mean = SD), and 67.7% were women. Moreover, 16% were <40
years of age, and 20% were =60 years of age. Of the women, 48% were postmenopausal. Men
and women had similar frequencies of history of hypercholesterolemia (37 and 33%, respec-
tively) or hypertension (29 and 26%, respectively). On the basis of fasting lipid determinations,
54% of men and 40% of women fit National Cholesterol Education Program criteria for abnor-
mal lipid profiles. More men than women were current or former cigarette smokers or had a
history of coronary heart disease. Furthermore, 66% of men and 71% of women had a first-
degree relative with diabetes. Overall, BMI averaged 34.0 = 6.7 kg/m? at baseline with 57% of
the men and 73% of women having a BMI =30 kg/m?. Average fasting plasma glucose (6.0 +
0.5 mmol/l) and HbA, (5.9 + 0.5%) in men were comparable with values in women (5.9 + 0.4
mmol/l and 5.9 + 0.5%, respectively).

CONCLUSIONS — The DPP has successfully randomized a large cohort of participants
with a wide distribution of age, obesity, and ethnic and racial backgrounds who are at high risk
for developing type 2 diabetes. The study will examine the effects of interventions on the devel-
opment of diabetes.
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he Diabetes Prevention Program (DPP)
is a randomized clinical trial being con-
ducted in 27 centers in the U.S. The
rationale and design of the study have been
described in detail (1). Briefly, the purpose of

the DPP is to determine whether the pro-
gression to diabetes from a state of impaired
glucose tolerance (IGT) can be prevented or
delayed. The DPP is examining two strate-
gies: 1) an intensive lifestyle intervention
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A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion
factors for many substances.

that includes moderate-intensity exercise to
achieve and sustain at least 150 min per
week of exercise together with a healthy diet
to achieve and maintain at least a 7% loss of
body weight or 2) 850 mg metformin taken
twice a day. These two intervention groups
are compared with a group given standard
lifestyle recommendations plus twice-daily
placebo tablets. A fourth study intervention
using troglitazone was discontinued in 1998
because of safety concerns (1).

The primary outcome of the DPP is the
development of diabetes on an annual oral
glucose tolerance test (OGTT) or semian-
nual fasting glucose measurement using the
criteria of the American Diabetes Associa-
tion (fasting plasma glucose =7.0 mmol/l or
2-h plasma glucose =11.1 mmol/l after a
75-g OGTT that must be confirmed with
repeat testing [2]). Secondary outcomes of
the DPP include the progression of defects
in insulin sensitivity and diminished insulin
secretion as well as the development and/or
progression of vascular diseases, obesity,
and cardiovascular risk factors.

IGT is conventionally defined as a
plasma glucose level of 7.8-11.0 mmol/12 h
after ingestion of 75 g glucose in the setting
of nondiabetic fasting levels (2,3). Individ-
uals with IGT are at increased risk for
development of type 2 diabetes (4-0).
However, IGT may revert to normal glu-
cose tolerance and may not progress inex-
orably to diabetes (7-9). Indeed, a great
deal of heterogeneity exists in the rates of
progression to diabetes in different popula-
tions (10). Recent data suggest that the
annual rates of progression to type 2 dia-
betes from IGT range from 2.3% per year to
~11% per year with higher rates in non-
white racial/ethnic groups (2—4,10). In a
recent analysis of six population-based
cohorts, the average conversion rate was
estimated at 5.8% per year (10).

In addition, some studies suggest that a
higher fasting plasma glucose level confers
an increased risk of conversion to diabetes
(10-12). Based on these studies and also to
maximize the chances of demonstrating
prevention of diabetes with a practical sam-
ple size and time frame, eligibility for the
DPP required both IGT and a fasting plasma
glucose between 5.3 and 6.9 mmol/l (or
=6.9 mmol/l for American Indians). Inclu-
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DPP baseline characteristics

Table 1—Participant characteristics by treatment group assignment

Overall Lifestyle Metformin Placebo

n 3,234 1,079 1,073 1,082
Age (years)* 50.6 + 10.7 50.6+11.3 50.9 +10.3 50.3+10.4
Sex

Male 1,043 (32.3) 345 (32.0) 363 (33.8) 335 (31.0)

Female 2,191 (67.7) 734 (68.0) 710 (66.2) 747 (69.0)
Race/ethnicity

Caucasian 1,768 (54.7) 580 (53.8) 602 (56.1) 586 (54.2)

African-American 645 (19.9) 204 (18.9) 221 (20.6) 220 (20.3)

Hispanic 508 (15.7) 178 (16.5) 162 (15.1) 168 (15.5)

American Indian 171 (5.3) 60 (5.6) 52 (4.8) 59 (5.5)

Asian-American 142 4.4) 57 (5.3) 36 (3.4) 49 (4.5)
Fasting glucose (mmol/D)* 59+0.5 59+04 59+0.5 59+0.5
BMI (kg/mz)* 340+£6.7 339+6.8 339+6.6 342 +6.8
Blood pressure (mmHg)*

Systolic 123.7 +14.7 1237+ 148 1240+ 149 1235+14.4

Diastolic 78393 78.6+£9.2 783+95 78.0+9.2

Data are means + SD or n (%) unless otherwise stated. Percentages may not add up to 100 because of round-
ing. *Eligibility criteria: age =25 years, fasting plasma glucose 5.3—-6.9 mmol/l (95-125 mg/dl) (=6.9 mmol/l
[<125 mg/dl] for American Indians), 2-h plasma glucose 7.8-11.0 mmol/l (149-199 mg/dl), BMI =24 kg/m?*
(=22 kg/m? for Asian-Americans), and systolic/diastolic blood pressure =180/105 mmHg,.

sion criteria for DPP initially (before June
1997) permitted fasting plasma glucose
between 5.6 and 7.7 mmol/l (or =7.7
mmol/l for American Indians) (1). An addi-
tional study goal was to recruit 50% of par-
ticipants from racial/ethnic groups with
high prevalence rates of diabetes. The con-
version rate using these combined criteria
was estimated to be 7.7 per 100 person-
years (10), and the final DPP sample size
calculation was based on a conversion rate
of 7.5 per 100 person-years (1).

IGT is not only associated with progres-
sion to type 2 diabetes but is independently
a risk factor for coronary heart disease
(CHD) (13), although not for microvascular
complications (6). In addition, IGT and type
2 diabetes have a number of risk factors in
common, including obesity, advanced age,
prior gestational diabetes, family history of
type 2 diabetes, a predilection for some
racial/ethnic groups, dyslipidemia, and
insulin resistance (14-18). This overlap
plausibly argues that IGT is a predecessor of
type 2 diabetes, but the specific contribution
of each risk factor to progression from IGT
to type 2 diabetes has not been quantified.
The goal of the DPP was to include individ-
uals with a variety of these risk factors and
particularly participants from U.S. racial and
ethnic minorities and older individuals
(=60 years of age).

The DPP was designed with an inten-
tion-to-treat analysis plan (1,19,20). The

final sample size (3,234 participants) for the
three-group study will provide >90%
power to detect a 33% reduction in the pri-
mary outcome of conversion to diabetes
with a level of significance of 5% (two-
sided), adjustment for losses to follow-up,
and pairwise comparisons among three
groups (1). Participants were randomized
over a 2.7-year period and are to be fol-
lowed for a total of 3.3-6.0 years. Interim
results are reviewed by a data and safety
monitoring committee to protect patient
welfare. The study is scheduled to complete
participant follow-up in June 2002.

The present report presents the baseline
demographic and biomedical characteristics
and describes the major outcome variables
that were measured at entry. To compare the
DPP participants with the general U.S. pop-
ulation, we present an analysis of the par-
ticipants in the National Health and
Nutrition Examination Survey (NHANES)
111 with glycemia, BMI, and age comparable
to the participants in the DPP (21,22).

RESEARCH DESIGN AND
METHODS

Participants

Individuals were recruited from a variety of
sources including informational mailings,
open screenings, advertisements, and refer-
rals from health care professionals that were
based on the individuals perceived risk for

development of diabetes. Informed consent
was obtained from all participants before
screening, consistent with the Helsinki Dec-
laration and the guidelines of each center’s
institutional review board (the ApPENDIX
provides a full list of the DPP Research
Group membership and clinical centers).
Individual consent procedures were used
for each step of the study. A four-step con-
sent procedure addressed specific phases of
screening and recruitment and of study par-
ticipation. The initial screening step con-
sisted of a fasting glucose level, with
eligibility to continue screening on the basis
of the test method: a reflectance glucose
meter using a sample of capillary blood
(4.2-7.8 mmol/l) or venous blood (3.6-7.8
mmol/l), or a fasting plasma glucose test
performed with a glucose analyzer (4.5-7.8
mmol/l). Participants were asked to fast for
12-14 h and to refrain from smoking, exer-
cise, or other unusual activity before the
testing of fasting plasma glucose. After this
initial step, on the same day or a different
day, a 75-g OGTT was administered from
which final eligibility was determined.
Additional inclusion criteria were age
=25 years and BMI =24 kg/m? (=22
kg/m? for Asian-Americans because of dif-
ference in fat distribution in this popula-
tion) (23). Major exclusions included a
recent (i.e., within 6 months) myocardial
infarction, symptoms of CHD, serious ill-
ness, or use of medications known to impair
glucose tolerance, previously detailed (1).
Screening of participants proceeded over
4-13 weeks before possible randomization.

Procedures

Initial screening consisted either of a fasting
blood glucose test (performed on capillary
or venous whole blood using a One Touch
reflectance glucose meter [LifeScan, Milpi-
tas, CA]) or, in a few clinics, a fasting plasma
glucose test using a glucose analyzer. Study
personnel were certified in the procedures
for lancing the fingertip, drawing blood,
and performing the tests. Reflectance
devices and analyzers were checked for
accuracy using established procedures. Bio-
chemistry Laboratory—determined fasting
plasma glucose from a venous sample
before the OGTT was ultimately used to
establish eligibility regardless of initial
screening methods.

The OGTT was preceded by instruc-
tions to consume a usual diet with ade-
quate carbohydrates and was initiated
between 0700 and 1100 after an overnight
fast. Blood was sampled from a vein before
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oral glucose (0 min) and then after 75 g fla-
vored glucose (Trutol 75; Custom Labora-
tories, Baltimore, MD). Blood was drawn
during the fasting state for plasma glucose,
insulin, and proinsulin. Additional blood
samples were obtained at 30 min (for
plasma glucose and insulin) and 120 min
(for plasma glucose). Fasting specimens for
lipids and HbA,  were obtained in eligible
participants immediately before random-
ization. The average time interval between
OGTT specimens and HbA,  was 64 = 18
days (mean + SD).

Blood samples were collected and
processed at each DPP clinical site following
the standardized manual of operations (24).
Whole-blood samples for HbA, = analysis
were shipped to the Biochemistry Labora-
tory by overnight express within 24 h of
sample collection. Serum and plasma sam-
ples were stored at —20°C for a few days
and then shipped on dry ice in batches to
the Biochemistry Laboratory.

Standardized interviewer-administered
questionnaires were used to obtain self-
reported data on personal medical history,
employment, education, family income,
prior pregnancies, smoking, medications,
drug or alcohol use, and family medical
history. Race/ethnicity was self-reported
using the questions used in the 1990 U.S.
Census questionnaire (25). Additionally,
dietary intake, body fat distribution, and
physical activity levels at baseline were
assessed, but they are not reported here.
Clinic staff were certified in the performance
of a standard 12-lead electrocardiogram
(ECG) as well as measurement of body
weight, height, and blood pressure. Weight
was measured in duplicate on a calibrated
balance beam scale. Standing height was
determined in duplicate with a standard
stadiometer. Blood pressure was measured
twice with a mercury sphygmomanometer;
readings were obtained with the subject
seated using procedures standardized in the
manual of operations (24).

Measurements

All analytical measurements were per-
formed at a central Biochemistry Labora-
tory (University of Washington, Seattle,
WA). Plasma glucose was measured on a
chemistry autoanalyzer by the glucokinase
method (26). HbA & was measured by a
dedicated ion-exchange high-performance
liquid chromatography instrument (Vari-
ant; BioRad, Hercules, CA) (27). Insulin
measurements were performed by a
radioimmunoassay method using an

Table 2—Demographic and socioeconomic characteristics by sex

Overall Male Female
n 3,234 1,043 2,191
Age (years)
25 to <40 505 (15.6) 113 (10.8) 392 (17.9)
40 to <50 1,137 (35.2) 286 (27.4) 851 (38.8)
50 to <60 945 (29.2) 325(31.2) 620 (28.3)
=60 647 (20.0) 319 (30.6) 328(15.0)
Race/ethnicity
Caucasian 1,768 (54.7) 608 (58.3) 1,160 (52.9)
African-American 645 (19.9) 165 (15.8) 480(21.9)
Hispanic 508 (15.7) 167 (16.0) 341 (15.6)
American Indian 171 (5.3) 20(1.9) 151 (6.9)
Asian-American 142 (4.4) 83 (8.0) 59 (2.7)
Employment status
Employed (full- or part-time) 2,401 (74.2) 771 (73.9) 1,630 (74.4)
Retired 420 (13.0) 217 (20.8) 203 (9.3)
Homemaker 204 (6.3) 1(0.1D) 203 (9.3)
Not employed 121 (3.7) 33(3.2) 88 (4.0)
Seasonally employed 25(0.8) 8(0.8) 17 (0.8)
Student 21 (0.6) 2(0.2) 19 (0.9)
Other 37(1.1) 11(1.1D) 26 (1.2)
Never worked 5(0.2) 0(0.0) 5(0.2)
Education (years)
<13 834 (25.8) 221 (21.2) 613 (28.0)
13-16 1,556 (48.1) 488 (46.8) 1,068 (48.7)
=17 844 (26.1) 334 (32.0) 510 (23.3)
Prior pregnancy — 1,869 (85.3)
Postmenopausal — 1,049 (47.9)
Annual family income
<$20,000 446 (13.8) 110 (10.5) 336 (15.3)
$20,000 to <$35,000 561 (17.4) 146 (14.0) 415(18.9)
$35,000 to <$50,000 641 (19.8) 207 (19.8) 434 (19.8)
$50,000 to <$75,000 646 (20.0) 218 (20.9) 428(19.5)
=$75,000 682 (21.1) 281 (26.9) 401 (18.3)
Refused 257 (7.9) 81 (7.8) 176 (8.0)
Marital status
Never married 420 (13.0) 115(11.0) 305(13.9)
Living together 125 (3.9) 31 (3.0) 94 (4.3)
Married 1,999 (61.8) 765 (73.3) 1,234 (56.3)
Separated 91 (2.8) 26 (2.5 65 (3.0)
Divorced 448 (13.9) 75(7.2) 373(17.0)
Widowed 151 4.7) 31(3.0) 120 (5.5)
Smoking
Never 1,897 (58.7) 497 (47.7) 1,400 (63.9)
Former 1,111 (344) 471 (45.2) 640 (29.2)
Current 226 (7.0) 75(7.2) 151 (6.9)

Data are n (%) unless otherwise stated. Percentages may not add up to 100 because of rounding.

anti-guinea pig antibody that measures
total immunoreactive insulin. The assay is
a 48-h polyethylene glycol-accelerated
method with coefficients of variation (CVs)
of 4.5% for high-concentration quality
control samples and 6.9% for low-con-
centration quality control samples. The CV
for masked split duplicates in this assay

was <8.5%. Proinsulin was measured by a
commercially available radioimmunoassay
method (Linco Research, St. Louis, MO).
Measurements of total plasma cholesterol
and triglycerides were performed enzy-
matically (28) using methods standard-
ized to the Centers for Disease Control
and Prevention Reference Methods. HDL
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Table 3—Self-reported characteristics of participants by sex and race/ethnicity

All Caucasian African-American Hispanic American Indian Asian-American

Men

n 1,043 608 165 167 20 83

Family history of type 2 diabetes 690 (66.2) 390 (64.3) 117 (70.9) 112 (67.1) 13 (65.0) 58 (69.9)

History of high cholesterol 389 (37.3) 234 (38.5) 65 (39.4) 53 (31.7) 3(15.0) 34 (41.0)

History of hypertension 302 (29.0) 171 (28.1) 58 (35.2) 49 (29.3) 5(25.0) 19 (22.9)
Women

n 2,191 1,160 480 341 151 59

Family history of type 2 diabetes 1,553 (70.9) 799 (68.9) 360 (74.8) 243 (71.3) 116 (76.8) 35 (60.3)

History of gestational diabetes 353 (16.1) 191 (16.5) 63 (13.1) 55(16.2) 36 (23.8) 8(13.8)

History of high cholesterol 730 (33.3) 429 (37.0) 147 (30.6) 114 (33.4) 22 (14.6) 17 (29.3)

History of hypertension 569 (26.0) 303 (26.1) 144 (30.0) 68 (19.9) 40 (26.5) 15(25.9)

Data are n (%) unless otherwise stated. Percentages may not add up to 100 because of rounding.

fractions for cholesterol analysis were
obtained by the treatment of whole plasma
with dextran sulfate-Mg?* to precipitate all
of the apo lipoprotein B—containing
lipoproteins (29). LDL cholesterol was cal-
culated by the equation of Friedewald et al.
(30). In participants with triglycerides
>4.5 mmol/l, the lipoprotein fractions
were separated by preparative ultracen-
trifugation of plasma (31).

An ECG reading center (EPICARE
Center, Wake Forest University School of
Medicine, Winston-Salem, NC) analyzed
and reported ECGs using the NOVACODE
Program (32,33). This program also has
algorithms for ECG coding according to the
Minnesota Code (34). Myocardial infarc-
tion was classified using Minnesota coding
and other ECG abnormalities using NOVA-
CODE methodology.

Data management and analyses
Locally generated data from each partici-
pant were double-entered by certified clinic
staff at each clinical site and checked for
allowed ranges and internal consistency
using distributed data entry software pro-
vided by the DPP Coordinating Center
(CoC). Data from the network of micro-
computers at the clinical sites and data from
the central resource units (the Biochemistry
Laboratory and the ECG reading center)
were transferred electronically to a database
at the CoC. The central database was main-
tained, and all analyses were performed
using the Statistical Analysis System (SAS
Institute, Cary, NC).

The data reported here were obtained
before randomization and are based on the
database as of 5 January 2000. Baseline char-
acteristics of randomized participants were
examined by treatment group assignment,

sex, and race/ethnicity (Caucasian, African-
American, Hispanic, American Indian, and
Asian-American). DPP data were also com-
pared with the weighted NHANES TII data
for those participants matching the major
DPP eligibility criteria (1,21).

RESULTS

Clinical and demographic
characteristics

More than 158,000 individuals underwent
screening, yielding 30,986 OGTTs per-
formed across the study. Of these, 3,819
people were ultimately randomized, with
3,234 participants in the three-arm cohort.

The overall distribution by age, sex,
racial/ethnic group classification, fasting
glucose, BMI, and blood pressure of DPP
participants by treatment group assign-
ment is shown in Table 1. The overall
mean (+ SD) age at randomization was
50.6 + 10.7 years. Nearly 68% of the par-
ticipants were women. More than 45% of
the DPP participants belonged to a U.S.
minority racial or ethnic group; 54.7%
were Caucasian, 19.9% African-American,
15.7% Hispanic, 5.3% American Indian,
and 4.4% Asian-American.

Average fasting plasma glucose, BMI,
and systolic and diastolic blood pressures
reflected inclusion and exclusion criteria and
were similar in the three treatment groups.
Of note, only 54 participants (1.67%) who
had been randomized before the new crite-
ria for diabetes diagnosis would be classified
as diabetic (2). These individuals had a stan-
dard assessment of glycemia at their next
semiannual visit and continue to be fol-
lowed in the DPP as per protocol (1).

As shown in Table 2, distributions by
age and race/ethnicity differed by sex.

Among women, a greater percentage was
younger, and among men, a greater per-
centage older, although the majority of the
cohort was 40-59 years of age. Nearly
31% of male and 15% of female DPP par-
ticipants were 60 years of age or older.
Among each racial/ethnic group, the
majority of participants were women,
except for Asian-Americans.

We also examined the distribution of
participants by race/ethnicity, age, and sex
in individual clinics (data not shown). Four
clinics randomized predominantly Ameri-
can Indians; the total number of partici-
pants in these clinics ranged from 20 to 80
individuals per center. The remaining 23
centers randomized participants from more
than one racial/ethnic group; the total num-
ber of participants in these centers ranged
between 33 and 166 people per center
(median 139 people). The majority of clin-
ics enrolled >25% of participants from at
least one non-Caucasian group.

The socioeconomic status of DPP par-
ticipants and other demographic data at the
time of randomization are also summarized
in Table 2. Women were more likely than
men to be unmarried upon entry into DPP,
largely because a greater proportion were
divorced. Of the women, 85% had had a
prior pregnancy and 48% were post-
menopausal upon entry into the study. Fewer
men (48%) reported never having smoked
cigarettes compared with women (64%).

Characteristics of participants by
sex and racial/ethnic group

Other variables associated with IGT and
type 2 diabetes are summarized in Table 3,
stratified by sex and racial/ethnic group.
Family history of type 2 diabetes among
men and women by ethnic grouping was
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Table 4—Clinical characteristics in male subjects by racial/ethnic group

All Caucasian African-American Hispanic American Indian Asian-American
n 1,043 608 165 167 20 83
Age at randomization 53.8=+11.2 553+11.2 543 +103 50.4+10.9 442 +10.5 50.7 £ 10.7
(years) (26.5-85.2) (27.5-85.2) (26.5-79.3) (26.5-77.7) (27.5-66.1) (29.1-72.1)
25 to <40 113 (10.8) 53(8.7) 12(7.3) 28 (16.8) 7(35.0) 13 (15.7)
40 to <50 286 27.4) 149 (24.5) 50 (30.3) 51 (30.5) 8 (40.0) 28 (33.7)
50 to <60 325(31.2) 186 (30.6) 58 (35.2) 56 (33.5) 3(15.0) 22 (26.5)
=60 319 (30.6) 220 (36.2) 45(27.3) 32(19.2) 2 (10.0) 20(24.1)
BMI (kg/m?) 320+57 325+£58 32560 31.7+5.0 312+41 28337
(22.7-70.9) (24.0-70.9) (24.4-64.9) (24.4-54.4) (24.3-40.1) (22.7-44.0)
<30 453 (43.4) 246 (40.5) 66 (40.0) 72 (43.1) 8 (40.0) 61 (73.5)
30 to <40 505 (48.4) 305 (50.2) 84 (50.9) 84 (50.3) 11 (55.0) 21 (25.3)
=40 85(8.1) 57 (9.4) 15(9.1) 11 (6.6) 1(5.0) 1(1.2)
Blood pressure
(mmHg)
Systolic 1258 £13.9 1259+ 13.7 1282 £ 14.2 1239+ 13.6 1196+ 114 1259+ 143
(80.0-176.0) (80.0-175.0) (100.0-176.0) (95.0-169.0) (102.0-138.0) (92.0-164.0)
Diastolic 799+93 792 +9.6 80.9+89 80.2 +£8.0 792 £85 832+9.1
(25.0-105.0) (25.0-105.0) (55.0-105.0) (60.0-102.0) (63.0-94.0) (54.0-101.0)

Glycemia (mmol/l)
Fasting plasma
glucose
2-h plasma glucose
HbA,_ (%)
HbA, >6.1%
Insulinemia (pmol/l)
Fasting insulin

30-min insulin
Fasting proinsulin

Lipids (mmol/)
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

6.0+0.5(52-7.7)

9.1+0.9 (7.8-11.0)
59+05#4.0-7.7)
316 (30.4)

158.3+98.6
(26.4-1,104)
589.6 + 423.1
(27.0-4.,854)
20.7£16.7
(2.0-144.0)

52+0.9(2.0-9.0)
1.0£02(0.5-2.2)
33+0.8(0.9-7.1)
2.0+1.1(0.3-6.8)

60+05(5.3-77) 60+04(53-7.3)

92+09(78-11.0) 9.1+1.0(7.8-11.0) 9.1+1.0(7.8-11.0) 9.1+0.9(7.9-10.5)

6.0+0.5(5.3-7.7)

58+04(52-6.6) 6.0x04(53-7.5)

9.1+0.9 (7.8-11.0)

58+04#4.0-72) 62x07(42-77) 59x0544-72) 58+05#5-67) 6.0x04(4.8-6.8

133 (22.0) 105 (64.0) 47 (28.1) 5(25.0) 26(31.3)

156.6 + 100.8 1475+ 735 1783+ 1182 151.0+70.1 1553 £ 88.2
(27.0-684) (26.4-510) (42.6-1,104) (48.0-288) (36.0-480)

555.4 +423.7 527.2+317.3 710.8 £413.5 819.5 +760.1 600.6 +441.0

(31.2-4,854) (66.0-1,812) (27.0-2,190) (294.0-3,480) (78.0-2,280)
205£173 205£173 22.8+16.8 194+121 19.0+12.1
(2.0-131.0) (4.8-144.0) (3.8-100.0) (6.8-43.0) (3.5-67.0)

52+09(2.9-8.1)
1.0+£02(05-2.2)
3.2+0.8(1.0-6.0)
2.1+1.1(0.3-6.8)

52+0.9(2.0-9.0)
11+02(0.6-1.9)
3.4+09(0.9-7.1)
15+0.9(05-5.9)

52+0.9(2.8-7.9)
1.0£02(0.5-1.7)
32+0.9(1.0-6.3)
22+1.2(0.5-6.5)

49+1002.5-63)
1.0£0.1(0.7-1.2)
29+1.0(1.1-44)
2.1+1.1(0.3-5.1)

54+1.0Q2.9-7.7)
1.1+02(0.7-1.6)
34+0.8(1.6-5.3)
2.0+1.1(0.5-5.3)

Data are means + SD (range) or n (%) unless otherwise stated. Percentages may not add up to 100 because of rounding. Insulin results were available for 848 men.

similar, but history of gestational diabetes
among women in the various racial/ethnic
categories was most frequent among Amer-
ican Indian women. The prevalence of par-
ticipant-reported history of high cholesterol
and hypertension was similar for men and
women and for all ethnic categories, except
for the lower prevalence of high cholesterol
among American Indians.

The distribution of age, BMI, blood
pressure, glucose, insulin, and lipids by
racial/ethnic group is shown in Tables 4 and
5. For both men and women, all of the
minority groups—particularly American
Indian—were younger than the Caucasians.
Although inclusion criteria established the
lower limits of BMI, there was no upper
limit, so substantial proportions of partici-

pants (particularly women) had a baseline
BMI =40 kg/m?. Because Asian-Americans
have lower BMIs than other racial groups,
the entry criteria allowed BMI as low as 22
kg/m? in this group; thus, there were more
Asian-American participants with BMI <30
kg/m?. In all racial/ethnic categories, women
had higher BMI levels than men. In both
sexes, there were greater proportions of peo-
ple in the higher BMI categories in the
younger age-groups.

Mean seated systolic and diastolic arm
blood pressures were 126 + 14 and 80 + 9
mmHg, respectively, in men and 123 + 15
and 78 + 9 mmHg, respectively, in women.
To represent the prevalence of hypertension
in the DPP cohort more accurately, we com-
bined self-reports and measured blood

pressure in participants as follows: partici-
pants were classified as having hypertension
at baseline if they 1) reported a physician
diagnosis of hypertension and were taking
blood pressure—lowering medication, or 2)
if their systolic blood pressure was =140
mmHg and/or diastolic blood pressure was
=90 mmHg. Using these combined criteria,
27.5% of the DPP cohort had hypertension,
with rates of 27.0% in Caucasians, 35.0% in
African-Americans, 21.3% in Hispanics,
13.5% in American Indians, and 38.0% in
Asian-Americans (data not shown).

Fasting plasma glucose values were sim-
ilar across all racial/ethnic groups and by sex,
although they were slightly lower in Ameri-
can Indians because of the different eligibil-
ity criteria for fasting plasma glucose.
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Table 5—Clinical characteristics in female subjects by racial/ethnic group

All Caucasian African-American Hispanic American Indian Asian-American
n 2,191 1,160 480 341 151 59
Age at randomization 49.1+10.1 50.3+10.2 488+9.8 473+96 445+97 48985
(years) (25.5-84.4) (26.1-84.4) (25.5-83.2) (25.8-79.1) (26.1-79.1) (32.0-70.1)
25 to <40 392 (17.9) 167 (14.4) 88 (18.3) 77 (22.6) 52 (34.4) 8(13.8)
40 to <50 851 (38.8) 442 (38.1) 187 (39.0) 138 (40.5) 57 37.7) 27 (45.8)
50 to <60 620 (28.3) 341 (29.4) 136 (28.3) 90 26.4) 35(23.2) 18 (30.5)
=60 328 (15.0) 210 (18.1) 69 (14.4) 36 (10.6) 7(4.6) 6(10.2)
BMI (kg/m?) 349+7.0 350+7.1 363+7.1 34.0+6.0 33.9+6.3 30.7+6.5
(22.1-71.5) (23.9-71.5) (24.1-65.1) (22.6-64.9) (24.0-55.4) (22.1-50.4)
<30 593 (27.1) 325 (28.0) 101 (21.0) 94 (27.6) 38(25.2) 35 (59.3)
30 to <40 1,134 (51.8) 585 (50.4) 248 (51.8) 194 (56.9) 90 (59.6) 16 (28.8)
=40 464 (21.2) 250 (21.6) 131 27.3) 53 (15.5) 23(15.2) 7(11.9)
Blood pressure
(mmHg)
Systolic 122.7+15.0 122.6+143 1264 +159 121.1+ 147 115.6+12.3 1234+ 184
(84.0-179.0) (84.0-175.0) (89.0-175.0) (90.0-179.0) (88.0-152.0) (89.0-173.0)
Diastolic 775+9.2 77287 794 +£10.3 76.5+8.7 748 £8.6 81.0+11.0
(47.0-110.0) (48.0-103.0) (47.0-105.0) (57.5-103.0) (53.0-110.0) (59.0-104.0)
Glycemia (mmol/l)
Fasting plasma 59+04#.2-7.7) 59+04(5.3-7.7) 60+05(53-75 58+04(53-73) 55+052-68) 59+04(53-6.8
glucose
2-h plasma glucose 9.1 +0.9(7.8-11.0) 9.2+0.9(7.8-11.0)0 9.1+1.0(7.8-11.0) 9.1+09(7.8-11.0) 9.1+1.0(7.8-11.0)0 9.4+0.9 (7.8-11.0)
HbA,_ (%) 59+0.5(3.2-8.5) 58+04(3.6-74) 62+06(3285 59+05#4-75 60+04(5.0-76) 59+0445-7.1)
HbA, . >6.1% 616 (28.2) 215(18.6) 259 (53.8) 76 (22.4) 52 (34.4) 15(254)
Insulinemia (pmol/l)
Fasting insulin 158.1 +86.1 150.7 £ 80.3 1669 +91.1 168.0 +91.1 170.0 £ 89.4 147.5+103.1
(14.4-720) (14.4-552) (18.0-576) (32.4-720) (34.2-534) (36.0-576)
30-min insulin 606.6 + 367.5 5574 +323.1 617.0 +415.6 680.8 + 378.0 809.7 + 444.1 568.8 +276.2
(18.0-3,600) (36.0-3,600) (18.0-3,024) (51.6-2,100) (78.0-2,436) (132.0-1,248)
Fasting proinsulin 16.7+12.2 157+114 18.6£13.1 17.8+12.7 179+ 14.0 132+83
(2.0-101.0) (2.0-101.0) (3.0-93.0) (3.0-68.0) (4.0-75.0) (2.5-43.0)
Lipids (mmol/)
Total cholesterol 53+1.02.1-9.3) 54+09Q2593) 52+102.183) 52+09(3283) 48+1028-83) 54+x09Q.7-74
HDL cholesterol 12+0.3(0.5-2.7) 12+03(0.5-26) 13+03(0.6-27) 12+03(0.6-27) 12+03(0.6-2.1) 13+03(0.6-1.9)
LDL cholesterol 3.2+0.9(0.6-6.5) 32+08(0.6-64) 33+09(0.6-6.1) 32+09(12-65) 28+08(13-54 32+09(1.3-5.0)
Triglycerides 1.7+ 0.9 (0.2-6.6) 19+1.00.2-66) 12+x06(03-54) 18+090.5-54) 17+08(05-54) 20+12(0.6-6.3)

Data are means = SD (range) or n (%) unless otherwise stated. Note: Percentages may not add up to 100 because of rounding. Insulin results were available for 1,720 women.

Two-hour plasma glucose levels after the
OGTT were identical for men and women
and also similar across racial/ethnic sub-
groups. HbA, averaged 5.9 + 0.5% in both
sexes, but a substantial fraction of partici-
pants had HbA, >6.1%—the upper limit
of the Biochemistry Laboratorys normal
range. Overall, 30.4% of men and 28.2% of
women had elevated HbA, ; African-Amer-
ican men and women had the highest pro-
portions with elevated values (64 and 54%,
respectively), and the proportions were low-
est in Caucasian men and women (22 and
19%, respectively). HbA, averages were
equal by treatment group assignment (data
not shown).

Fasting plasma insulin and proinsulin
values in men showed no differences

among the different racial/ethnic groups,
although among women, both fasting
insulin and proinsulin values were lowest
among Asian-American women. The 30-
min plasma insulin concentrations dis-
played greater variability, with the highest
values observed among American Indian
men and women relative to the other
racial/ethnic groups.

Fasting lipid parameters are also
shown in Tables 4 and 5. Overall, 44% of
men and 60% of women had normal lipid
profiles according to the National Choles-
terol Education Program (NCEP) classifi-
cation. Although total cholesterol values
were similar among the racial/ethnic
groups in men, Caucasian and Asian-
American women had the highest total

cholesterol. LDL cholesterol tended to be
lowest among American Indians in both
men and women, whereas plasma triglyc-
erides were lower among African-Ameri-
can participants. HDL cholesterol levels
were higher among African-Americans and
Asian-Americans.

Cardiovascular disease

Sex-specific cardiovascular disease (CVD)
data are summarized in Table 6. The
absolute prevalence of a history of these
major CVD events was low. The percentage
with a history of myocardial infarction or
stroke, or history of coronary artery bypass
graft, was higher in men than in women,
and ECG abnormalities were more frequent
among men.
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Comparison of DPP and NHANES III

To compare the DPP participants with the
general U.S. population, we examined the
characteristics of the NHANES III partici-
pants—a representative sample of the U.S.
population. We confined this analysis to
the 299 NHANES III participants with the
same restrictions on the age, BMI, and fast-
ing and 2-h plasma glucose level eligibility
criteria for DPP participants. Because classi-
fication by OGTT in NHANES III was
undertaken only in those subjects =40
years of age, we reanalyzed the DPP data to
include only participants =40 years of age
at baseline (n = 2,729). In contrast to the
DPP, only 32% of the NHANES group had
a first-degree relative with diabetes and
0.2% of women reported a history of gesta-
tional diabetes. As shown in Table 7, the
results suggest that the DPP participants are
younger, with a higher proportion of
women and racial/ethnic minorities. DPP
participants also self-reported a lower fre-
quency of hypertension, and BMI and fast-
ing plasma insulin concentrations were
higher among the DPP participants. Finally,
serum lipid profiles were more favorable in
the DPP subset than in the NHANES group.

CONCLUSIONS — Our predeter-
mined target was to include ~50% of par-
ticipants from U.S. minority ethnic and racial
groups, and >45% of the DPP cohort met
those criteria. The remaining 55% self-iden-
tified as Caucasian likely represent a varied
pool of individuals with ancestry from
Europe as well as western Asia and the Mid-
dle East. The heterogeneity of the U.S.
minority subgroups should also be noted,
because the African-American designation
included people of Afro-Caribbean descent,
and the term “Hispanic” includes individuals
from Latin America and the Caribbean with-
out regard to racial admixture. American
Indian participants in the DPP are concen-
trated in the Southwest because four centers
recruited exclusively from regional tribes;
small numbers of American Indian partici-
pants were randomized in other centers.
Asian-Americans in the DPP included par-
ticipants descended from Japanese, Chinese,
other East Asian groups, Asian Indians, and
Pacific Rim Australasian populations.

Given the paucity of data in the litera-
ture regarding the natural history of IGT in
many racial/ethnic minority groups, the
DPP may provide valuable data on the
effectiveness of the DPP interventions in
specific groups. Moreover, the baseline
results already indicate that there may be

Table 6—Cardiovascular disease characteristics by sex

Overall Men Women

n 3,234 1,043 2,191
History

Myocardial infarction 32 (1.0) 23(2.2) 9(0.4)

Stroke 34 (1.1 18 (1.7) 16 (0.7)
Bypass surgery

CABG/PTCA 13(04) 11(1.1) 2(0.1)

Leg 3(0.D) 2(0.2) 1(0.0)
ECG results

Minnesota Code MI 60 (2.0) 34(3.4) 26(1.3)

Left ventricular hypertrophy 29(1.0) 14 (1.4) 15(0.7)

Major abnormality 225 (7.3) 113 (11.3) 112 (5.4)

Minor abnormality 607 (19.8) 233 (23.4) 374 (18.1)

Data are n (%) unless otherwise stated. Percentages may not add up to 100 because of rounding. Centrally read
ECG results were available for 3,069 participants. CABG, coronary artery bypass graft; PTCA, percutaneous

transluminal coronary angioplasty .

significant heterogeneity in critical meta-
bolic factors associated with an increased
risk for developing type 2 diabetes. To the
extent that younger age is associated with
development of type 2 diabetes in popula-
tions with a strong genetic predisposition
to type 2 diabetes (5,10), it is notable that
the average ages of participants in those
groups were lower than among Caucasian
participants. In recent studies, the rate of
conversion from IGT to type 2 diabetes
was highest among younger adults in only
three subgroups of individuals: Pima Indi-
ans, Nauruans, and Hispanics (10).
Among Caucasians, the same study found
that IGT progression rates increased with
older age (10).

Associated risk factors for CHD were
also highly prevalent in the DPP cohort. A
history of and/or treatment for hypertension
was present in 27% of individuals, despite
the fact that individuals were excluded from
participation in the DPP because of the use
of antihypertensive medications such as thi-
azide diuretics and B-blockers. These latter
exclusions may have accounted for the
lower frequency of hypertension in DPP
compared with NHANES 1II participants,
although a number of differences between
these two groups were likely also because of
the larger female fraction of subjects who
volunteered to participate in the DPP. The
presence of severe CHD in the DPP is also
likely to have been constrained by exclud-
ing people with severe symptoms or recent
myocardial infarction or other major vascu-
lar events (1).

Because the DPP selected participants
who were overweight, this cohort has
many obese individuals. Although the

majority of participants had a BMI <40
kg/m?, BMI =40 kg/m? was present in 8%
of men and 21% of women. On the other
hand, older participants tended to be
leaner; half of the participants who were 60
years of age or older had BMI between 25
and 30 kg/m?. These cross-sectional data
do not, however, exclude a cohort effect, in
that the contribution of body fat to impair-
ment in glucose tolerance may be complex,
and this older subset of DPP participants
may have a differing set of risk factors for
IGT than younger, more obese participants.
Alternatively, “selective mortality” among
people as they age may explain the differ-
ence in obesity prevalence. Given the het-
erogeneity in BMI, analyses of outcome
results may have to be adjusted accordingly,
taking into account additional factors such
as age and fat distribution.

Dyslipidemia was present in a large
proportion of participants. More than 37%
of men and 33% of women reported a his-
tory of and/or treatment for high choles-
terol. Serum lipid values fulfilled NCEP
criteria for diet or drug treatment for hyper-
lipidemia in 54% of men and 40% of
women. These results point to the powerful
association among the risk factors for car-
diovascular disease in the presence of IGT.

The DPP baseline findings should be
placed in the context of available informa-
tion regarding the characteristics of people
with IGT or comparable hyperglycemia. In
two observational studies conducted in
the U.K.—the Bedford (35) and Whitehall
(36) studies—the average age of the sub-
jects (~56 years) was greater than that in
the DPP cohort, and the average BMI
(27-28 kg/m?) was lower. An additional
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Table 7—Comparison of DPP and NHANES III participant characteristics

DPP-IGT* NHANES IIT*#

n 2,729 299
Age in years (%)

40 to <50 41.7 30.8

50 to <60 34.6 234

=60 23.7 45.8
Female sex (%) 65.9 51.5
Race/ethnicity (%)

Caucasian 56.7 75.6

African-American 20.0 5.9

Hispanic 14.8 13.8

Asian-American 4.4 NA

American Indian 4.1 NA

Other 0.0 47
BMI (kg/m?) 336 20.9
Education in years (%)

<13 25.7 68.7

13-16 47.1 23.9

=17 27.2 7.4
Smoking status (%)

Former 37.4 44.9

Current 6.5 14.4
Hypertension (%) 29.0 44.6
Lipids (mmol/)

Total cholesterol 53 5.7

HDL cholesterol 1.2 1.2

LDL cholesterol 33 3.6

Triglycerides 1.8 2.1
Glycemia

HbA, (%) 5.9 5.5

Fasting insulin (pmol/) 153.0 87.0

Data are % or means (lipids, HbA, , fasting insulin). NHANES III participants met the DPP fasting glucose, age,
and BMI eligibility criteria. NA, not available. *Since glucose tolerance tests in NHANES were obtained only on
those who were =40 years of age, DPP subjects aged =40 years were analyzed (n = 2,729).

observational study of 474 Mexican-Amer-
icans in San Antonio, Texas, has been
reported (37): the average age (42 years)
and BMI (28 kg/m?) among these subjects
were lower than those in the DPP, but
among those individuals who went on to
develop type 2 diabetes (n = 28), fasting
plasma glucose, 2-h plasma glucose, and
fasting insulin values were comparable
with corresponding values in the DPP
cohort. The Malmo, Sweden (38), and the
Da Qing, China (39), studies were
prospective interventional studies that
aimed at preventing the progression from
IGT to diabetes. In both studies, age
(45-48 years) and BMI (~26 kg/m?) were
lower than those in the DPP A smaller
randomized clinical trial, the Malmohus
study, suggested that tolbutamide
decreases progression to diabetes (11) and
mortality rates caused by CVD (40).

All of the above studies included sub-
jects with IGT, but fasting plasma glucose
ranged from 5.0 mmol/l (36) to ~8.3
mmol/l (35), and mean fasting plasma
insulin concentrations averaged 72-144
pmol/l (although plasma insulin values
were reported only in the Mexican-Ameri-
cans [37] and in the Bedford study [36]).
Among 446 Mexican-Americans who did
not progress to diabetes, the baseline fast-
ing plasma insulin concentration was only
72 pmol/l (37). In a smaller cohort of indi-
viduals with IGT from Nauru, an associa-
tion between fasting and 2-h plasma
insulin concentrations and progression to
diabetes has been reported (41); the mean
fasting insulin concentration in these sub-
jects was 126 pmol/l. Overall, the DPP
cohort includes individuals who are more
overweight and hyperinsulinemic and less
hypertensive than the subjects in these

other studies. The DPP participants may
also be less susceptible to hypertension-
related morbid events that may confound
the secondary CVD outcomes attributed to
IGT or hyperglycemia per se (42).

Two recent studies have been organized
with the intention to prevent type 2 dia-
betes. The Diabetes Prevention Study (DPS)
in Finland is a prospective trial including
523 overweight subjects with IGT that is
designed to test the efficacy of a lifestyle
intervention (43). The trials published 1-year
interim findings (43) and announced 4-year
results (44) indicate that an intensive diet
and exercise program was effective in pre-
venting type 2 diabetes. Of note, at baseline,
the average age of DPS subjects (55 years),
their sex distribution (33% men), and mean
BMI (31 kg/m?) were virtually identical to
those of the DPP. A second study testing the
use of acarbose in preventing the conver-
sion of IGT to type 2 diabetes is the STOP-
NIDDM Trial (45). In this study, 1,418
subjects with IGT and a fasting plasma glu-
cose between 5.6 and 7.8 mmol/l were ran-
domized. Preliminary data in these subjects
indicate some similarities to the DPP
cohort, with a mean age of 54.8 years and
78% having a BMI >27 kg/m?. Despite the
absence of precise details such as the sex
and ethnic distribution of this group, there
also appear to be significant differences
from the DPP participants; hypertension
(48%), dyslipidemia (51%), and family
history of diabetes (93%) were all more fre-
quent than in the DPP.

A substantial fraction of DPP partici-
pants had HbA, . >6.1%—the upper limit of
assay normal range—consistent with the
enrollment criteria for fasting and postchal-
lenge hyperglycemia. It is remarkable, how-
ever, that the proportions of participants with
elevated HbA,  were highest in the minority
racial/ethnic groups, despite comparable fast-
ing and 2-h plasma glucose levels across
these subgroups. The difference in fasting
glucose entry criteria (1) did not account for
the divergence of groups with elevated
HbA, , and only a small number (n = 54) of
participants in the DPP were randomized
under the former eligibility criteria. These
observations suggest that elevated HbA, _lev-
els may precede the development of type 2
diabetes as defined by current American Dia-
betes Association and World Health Organi-
zation criteria (46). Alternatively, these data
could be consistent with the conclusions
from previous studies in subjects without
diabetes (47,48) that significant variability in
HbA, - may reflect factors such as erythrocyte
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turnover rates. The large fractions of minor-
ity subgroups with an elevated HbA, _are all
the more puzzling, because both fasting and
2-h plasma glucose levels were similar to
those in Caucasians. The observed HbA,
variability among ethnic/racial groups is
unlikely to reflect different glycemic expo-
sures before randomization, because partici-
pants were carefully followed through the
prerandomization run-in phase, and the
average duration of the interval between the
OGTT and HbA,_ determinations was simi-
lar for all of the groups Notably, the groups
with the highest proportion of participants
with an elevated HbA,  were neither more
obese nor hyperinsulinemic, and preparation
for the OGTT was standardized. Whether
some of the low and high HbA, _values were
secondary to the presence of sickle cell
hemoglobin, high levels of fetal hemoglobin,
or other hemoglobinopathies, which were
not criteria for exclusion, is not known.
Finally, secondary analyses of factors such as
dietary intake and physical activity along
with age, sex, and ethnicity may shed light
on these findings.

In conclusion, the data obtained at base-
line in the participants randomized to the
DPP three-group protocol indicate that the
study has recruited an appropriate cohort in
which to test the trial questions. These par-
ticipants represent a cohort comprising older
individuals as well as subjects from U.S.
minority racial/ethnic groups—all of which
are groups with higher risk of developing
type 2 diabetes. The participants have a vari-
ety of metabolic characteristics associated
with increased risk for diabetes and CVD,
including obesity, hyperglycemia, hyperin-
sulinemia, and dyslipidemia.
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APPENDIX

The DPP Research Group up to the end
of randomization

Pennington Biomedical Research Center —
G.A. Bray, MD*; LW, Culbert, BSN, RN,
CCRC*#*; CM. Champagne, PhD, RD; L.
Dawson, B. Eberhardt, RD, LDN; EL. Green-
way, MD; EG. Guillory, LPN; A A. Hebert,
RD; M.L. Jeffirs, LPN; B.M. Kennedy, MPA;
J.C. Lovejoy, PhD; L.E. Melancon, BA, BS;
L.H. Morris, BS; L. Reed; J. Perault; D.H.
Ryan, MD; D.A. Sanford, LPN; K.G. Smith,
BS, RTR; L.L. Smith, BS; J.A. St. Amant,
PTR; E. Tucker; R.T. Tulley, PhD; PC. Vick-
nair, MS, RD; D. Williamson, PhD; and J.J.
Zachwieja, PhD. University of Chicago—J.A.
Tobian, MD, PhD*; M.J. Matulik, RN, BSN,
CCRC**; B. Clarke, MD; D.A. Collins, BS,
K.B. Czech, MS; C. DeSandre, BA; D.A.
Ehrmann, MD; G. Geiger, MPA; B. Harding-
Clay, CMA, CCRC; RM. Hilbrich, RD; WL.
McNabb, EdD; K.S. Polonsky, MD; A.R.
Semenske, MS, RD; and K.A. Stepp, MS. Jef-
ferson Medical College — PG. Watson, RN,
ScD*; J.T. Mendoza, BSN, RN**; KA.
Smith, BSN, RN**; B.J. Goldstein, MD,
PhD; C. Lark; R. Liberoni, MPH; L. Murphy,
AS; C. Pepe, RD, MS; and J.M. Spandorfer,
MD. University of Miami — R.B. Goldberg,
MD*; P Rowe, MPA**: ]J. Calles, MSEd; P
Casanova, MD; R.P Donahue, PhD; H.J. Flo-
rez, MD; A. Giannella, RD, MS; V.
McLymont, RN, BS; J. Mendez; P O'Hara,
PhD; J. Qjito; and R. Prineas, MD, PhD. The
University of Texas Health Science Center —
S.M. Haffner, MD, MPH*; M.G. Montez,
RN, MSHP**; H. Miettinen, MD, PhD; C.M.
Mobley, PhD; L.A. Mykkanen, MD, PhD;
and M.M. Rozek, MD. University of Colorado
— RE Hamman, MD, DrPH*; PV. Nash,
MS*#; B.N. Calonge, MD, MPH; J.O. Hill,
PhD; S.R. Hoyer, BS; B.T. Jortberg, MS, RD,
CDE; M. Miller-Stone, MS, RD; J.G. Regen-
steiner, PhD; H. Seagle, MS, RD; S.C.
Steinke, MS; L. Testaverde, MS; and B. Van-
Dorsten, PhD. Joslin Diabetes Center — E.S.
Horton, MD*; K.E. Lawton, RN**; R.A.
Arky, MD; M. Bryant; J.P. Burke, BSN, E.
Caballero, MD; K.M. Callaghan, BA; O.P
Ganda, MD; T. Franklin; S.D. Jackson, MS,

RD; AM. Jacobsen, MD; L.M. Kula, RD; M.
Kocal, RN, CDE; M.A. Malloy, BS; M.
Nicosia, MS, RD; C.F Oldmixon, RN; J. Pan,
BS, MPH; M. Quitingon; S. Rubtchinsky,
BS; E.W. Seely, MD; D. Schweizer, BSN; D.
Simonson, MD; E Smith, MD; C.G.
Solomon, MD, MPH; and J. Warram, MD.
University of Washington — S.E. Kahn, MB,
ChB*; B.K. Montgomery, RN, BSN**; WY.
Fujimoto, MD; R.H. Knopp, MD; E-W. Lip-
kin, MD; M. Marr; B.S. McCann, PhD; T.T.
Nguyen, BA; J.P. Palmer, MD; and R.S.
Schwartz, MD. University of Tennessee —
AE. Kitabchi, PhD, MD*; M.E. Murphy,
RN, MS, CDE, MBA**; WB. Applegate,
MD, MPH; M. Bryer-Ash, MD, MRCP
(U.K), FRCP (O); A. Crisler; G. Cunning-
ham; AW, Franklin, RN, BSN; S.L. Frieson,
RN; D.L. Green, RN; R. Imseis, MD; C.L.
Kennedy, PhD; H.C. Lambeth, RN, BSN;
L.C. Lichtermann, RN, BSN; H. Oktaei, MD;
M.L. O'Toole, PhD; H. Ricks; LM.K. Rut-
ledge, RN, BSN; AR. Sherman, MS, RD,
CDE; C.M. Smith, RD, MPH; J.E. Soberman,
MD; and B.J. Williams-Cleaves, MD. North-
western University Medical School — B.E.
Metzger, MD*; M.K. Johnson, MS, RN**; C.
Behrends, BS; M.L. Cook, MS; M. Fitzgib-
bon, PhD; D. Heard, MA; D. McPherson,
MD:; M.E. Molitch, MD; M. Moore, MS, RD;
T. Pitts, MD; S. Roston, RN, RD; and PA.
Schinleber, RN, MS. Massachusetts General
Hospital — D.M. Nathan, MD*; C. McK-
itrick, BSN**: K. Abbott; E. Anderson, MS,
RD; L. Bissett, MS, RD; E. Cagliero, MD; S.
Crowell, BSN; L. Delahanty, MS, RD; S.
Fritz, RN; E. Levina, BA; T. Michel, MS, PT;
D. Norman, PhD; J. O’Keefe, PhD; A. Pou-
los, BA; L. Ronan, MD; M. Rosal, PhD; M.
Salerno, BA; C. Shagensky, BA; B. Steiner,
EdM; H. Turgeon, RN, BSN; and A. Young,
MPH, CHES. University of California, San
Diego — J.M. Olefsky, MD*; M.L. Carrion-
Petersen, RN, BSN**; E. Barrett-Connor
MD; M. Beltran, RN, BSN, CDE; K.
Caenepeel-Mills; S.V. Edelman, MD; R.O.
Ford; J. Garcia; R.R. Henry, MD; M. Hill; J.
Horne, RD; D. Leos; S. Mudaliar, MD; A.
Pollard; and J. Torio-Hurley. St. Luke’s-Roo-
sevelt Hospital — EX. Pi-Sunyer, MD*; J.E.
Lee, MS**:; D.B. Allison, PhD; N _J. Aronoff,
MS, RD; .M. Barreras; J.P Crandall, MD;
S.T. Foo, MD; S.J. Orlando, BA; K. Parkes,
RN; E.S. Rooney, BA; G.E.H. Van Wye, MA,
and K.A. Viscovich, ANP Indiana University
— D.G. Marrero, PhD*; M.S. Kukman-
Kelly, RN, CDE**; Y.E Dotson, BS; S.E.
Fineberg, MD; J.C. Guare, PhD; A. Hadden;
JM. Ignaut, MA; M.A. Jackson; M.S. Kirk-
man, MD; B.D. Porter, MSN, RNC, CDE;
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M. Prince, MD; and M.L. Wheeler, MS,
RD, CDE. MedStar Research Institute — R.E.
Ratner, MD*; G. Youssef, RD, CDE**; A.
Bonar, MD; M. Bronsord, MS, RD, CDE; E.
Brown; WW. Cheatham, MD; S. Cola; A.
Comfort; G. Boggs, MSN, RN; C. Evans; C.
Levetan, MD; T. Kellum, MS, RD, CDE; A.K.
Nair, BS; M.D. Passaro, MD; R. Rubin, PhD;
and S. Shapiro, BS, RN. UCLA Medical School
— M.E Saad, MD*; M. Budgett**; S.D.
Jinagouda, MD**; A. Aziz, MD; B. Bernaba,
MD; S.L. Bodkin; V. Ciobanu; C. Cosenza,
RD; J.E. Hagar, BS; A. Khan, MD; D. Kumar,
MD; Q. Khawaja, MD; G. Lui; A.R. Marston,
PhD; V. Mehta, MD; A.R. Sharma, MD; K.
Szamos, RD; A. Vargas; B. Vargas; and N.
Zambrana. Washington University, St. Louis
— S. Dagogo-Jack, MD*; A.S. Santiago,
RN*#: ]S, Brendle, MT; E.B. Fisher Jr., PhD;
D.C. Gherardini, RN; J.M. Heins, RD; .M.
Marsala, RN; C.C. Raspberry, MSW; and J.V.
Santiago, MD. Johns Hopkins School of Medi-
cine — C.D. Saudek, MD*; VL. Bradley,
BA**; EL. Brancati, MD, MHS; S. Cappelli,
BA; J.B. Charleston, RN, MSN; R.R. Rubin,
PhD; KJ. Stewart, EdD; and E. Sullivan,
MEd, RN. University of New Mexico School of
Medicine—D.S. Schade, MD*; K.S. Adams,
RN, MSN*#; LE Atler, PhD; D.A. Bowling;
PJ. Boyle, MD; M.R. Burge, MD; L. Butler,
BUS; J.L. Canady, RN, CDE; L. Chai, RN; M.
Guillen, RD; M. Gutierrez, RD; D. Horn-
beck, RN; C. Johannes, RN, CDE; P Katz,
LPN; C. King; R. McCalman, RD; D.A. Mon-
toya, RN; A. Rassam, MD; and W. Senter,
RD. Albert Einstein College of Medicine — H.
Shamoon, MD*; J.O. Brown, RN, MPH,
MSN*#; J. Adames, BS; E. Blanco, BA; L.
Cox, MS, RD; H. Duffy, MS, C-ANP; S.
Engel, MD; A. Friedler, BS; T. Harroun, BS;
CJ. Howard-Century, MA; S. Kloiber, RN;
N. Longchamp, LPN; D. Pompi, BA; E.A.
Walker, RN, DNSc; J. Wylie-Rosett, EdD,
RD; and J. Zonszein, MD. University of Pitts-
burgh — RR. Wing, PhD*; M.K. Kramer,
BSN, MPH**; S. Barr, BS; L. Clifford, BS; R.
Culyba, BS; M. Frazier; R. Gilligan, BS; L.
Harris, RN; S. Harrier, MLT; W. Henderson,
RN, BSN; S. Jeffries, BSN, MSN; G. Koen-
ning, MS, RD; K. Maholic, BS; M. Mullen,
MPH, RD; A. Noel, BS; TJ. Orchard,
MBBCh, MedSci; A. Otto, MS, RD; M.
Smith, BSN; V. Stapinski, BS; J. Viteri, MS; T.
Wilson, BA; K.V. Williams, MD, MPH; and J.
Zgibor, MPH, PhD. University of Hawaii —
R.E Arakaki, MD*; R'W. Latimer, BSN,
MPH**; N.K. Baker-Ladao, BS; R.M. Bed-
dow, MD; LM. Dias; D.A. Dupont; L.L.
Fukuhara, BSN, RN; M.K. Mau, MD; S.K.
Odom, MPH, RD; R.U. Perry; and J.S. Toku-

naga, BS. Southwest American Indian Center
for Diabetes Prevention — W.C. Knowler,
MD, DrPH*; N J. Cooeyate**; M.A. Hoskin,
MS, RD**; C.A. Percy, RN, MS**; K]J.
Acton, MD, MPH; VL. Andre, RN, FNP; S.
Antone; N.M. Baptisto; R. Barber; PH. Ben-
nett, MB, FRCP; M.B. Benson, RN, BSN;
E.C. Bird, MPH, RD; B.A. Broussard, RD,
MPH, MBA, CDE; M. Chavez, RN, AS; T.S.
Dacawyma, PTR; R. Duncan, RD; J.M. Gha-
hate, MPH; M. Glass, MD; D. Gohdes, MD;
G. Grant, MD; R.L. Hanson, MD; E. Horse;
G. Hughte; LE. Ingraham, MS, RD, LN;
M.C. Jackson, RMA, RPT; PA. Jay; R.S.
Kaskalla; D. Kessler, MD; K.M. Kobus, RNC-
ANP; T. Morgan; Y. Nashboo; S. Poirier,
MD; M. Reidy, MD; S. Ridpath, BS; J.
Roumain, MD, MPH; D .H. Rowse, MD; R ].
Roy; S. Sangster, BS; J. Sewemaenewa; C.
Wilson, MD; and M. Yazzie, BA. Data Coor-
dinating Center (George Washington University
Biostatistics Center) — S. Fowler, PhD*; R.
Bain, PhD; J. Bamdad; T. Brenneman; J.
Callaghan; S.L. Edelstein, ScM; K.L. Grimes;
S. Jones; T.L. Jones; J.M. Lachin, ScD; P
Mucik; R. Orlosky; C.E. Stimpson; C. Suiter;
E. Temprosa, MS; and C. Van Aerden.
National Institute of Diabetes and Digestive and
Kidney Diseases Program Office — R. East-
man, MD, and S. Garfield, PhD. National
Institute on Aging— R. Andres, MD. Centers
for Disease Control and Prevention — M.M.
Engelgau, MD; K.M. Venkat Narayan, MD;
and D.E Williamson, PhD. University of
Michigan — WH. Herman, MD, MPH. Cen-
tral Units: Central Biochemistry Laboratory —
S.M. Marcovina, PhD, ScD*; A. Aldrich, BA;
and WL. Chandler, MD. Epicare Center
(Wake Forest University School of Medicine) —
PM. Rautaharju, MD, PhD*; T. Alexander,
ACS; N.T. Pemberton, BS; R. Prineas, MD,
PhD; ES. Razack Rautaharju, PhD; and Z.
Zhang, MD. Nutrition Coding Center (Univer-
sity of South Caroling) — E.J. Mayer-Davis,
PhD*, and M. Martin, MSPH. Central
Carotid Ultrasound Unit New England Med-
ical Center) — D.H. O’Leary, MD*; LR.C.
Funk, MS; KA. O’Leary, BS; and J.E Polak,
MD. CT-scan Reading Unit (University of Col-
orado Health Sciences Center) — E.R. Stamm,
MD*, and AL. Scherzinger, PhD. Lifestyle
Resource Core (University of Pittsburgh) —
RR. Wing, PhD*; B.P. Gillis, MS, RD; A.M.
Kriska, PhD; C. Huffmyer; and E.M. Ven-
ditti, PhD. Quality of Well- Being Reading Unit
(University of California, San Diego) — R.M.
Kaplan, PhD*; KM. David, MPH; and WJ.
Sieber, PhD.

*Principal investigator; **program coordi-
nator.
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