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Abstract
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/m2 (≥22 kg/m2 for Asian-Americans), and impaired glucose tolerance plus a fasting 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 treatment 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%, respectively) 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 abnormal 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/m2 at baseline with 57% of the men and 73% of women having a BMI ≤30 kg/m2.
Average fasting plasma glucose (6.0 ± 0.5 mmol/l) and HbA1c (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 development of diabetes.

Abbreviations
CHD, coronary heart disease; CoC, Coordinating Center; CV, coefficient of variation; CVD,
cardiovascular disease; DPP, Diabetes Prevention Program; DPS, Diabetes Prevention Study; ECG,
electrocardiogram; IGT, impaired glucose tolerance; NCEP, National Cholesterol Education
Program; NHANES, National Health and Nutrition Examination Survey; OGTT, oral glucose
tolerance test
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The Diabetes Prevention Program (DPP) is a randomized clinical trial being conducted 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 progression to diabetes from a state
of impaired glucose tolerance (IGT) can be prevented or delayed. The DPP is examining two
strategies: 1) an intensive lifestyle intervention 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 semiannual fasting glucose measurement using the criteria of the
American Diabetes Association (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/l 2 h after ingestion
of 75 g glucose in the setting of nondiabetic fasting levels (2,3). Individuals with IGT are at
increased risk for development of type 2 diabetes (4–6). However, IGT may revert to normal
glucose tolerance and may not progress inexorably to diabetes (7–9). Indeed, a great deal of
heterogeneity exists in the rates of progression to diabetes in different populations (10). Recent
data suggest that the annual rates of progression to type 2 diabetes 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 sample 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). Inclusion 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 additional study goal was to recruit 50% of participants from racial/ethnic
groups with high prevalence rates of diabetes. The conversion 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 progression 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 individuals 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 intention-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 primary outcome of conversion to diabetes with a level of significance of 5%
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(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 followed 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. population, we present an analysis of the participants in the
National Health and Nutrition Examination Survey (NHANES) III 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 referrals from health care professionals that were based on the
individual’s perceived risk for development of diabetes. Informed consent was obtained from
all participants before screening, consistent with the Helsinki Declaration 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 consent procedure addressed specific phases of screening
and recruitment and of study participation. The initial screening step consisted 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, exercise, 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/m2 (≥22 kg/m2 for Asian-
Americans because of difference in fat distribution in this population) (23). Major exclusions
included a recent (i.e., within 6 months) myocardial infarction, symptoms of CHD, serious
illness, 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, Milpitas, 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. Biochemistry 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 instructions to consume a usual diet with adequate carbohydrates
and was initiated between 0700 and 1100 after an overnight fast. Blood was sampled from a
vein before oral glucose (0 min) and then after 75 g flavored glucose (Trutol 75; Custom
Laboratories, 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 HbA1c were
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obtained in eligible participants immediately before randomization. The average time interval
between OGTT specimens and HbA1c 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 HbA1c analysis were shipped
to the Biochemistry Laboratory by overnight express within 24 h of sample collection. Serum
and plasma samples 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 performed at a central Biochemistry Laboratory (University
of Washington, Seattle, WA). Plasma glucose was measured on a chemistry autoanalyzer by
the glucokinase method (26). HbA1c was measured by a dedicated ion-exchange high-
performance liquid chromatography instrument (Variant; BioRad, Hercules, CA) (27). Insulin
measurements were performed by a radioimmunoassay method using an 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-concentration 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 enzymatically (28) using methods standardized
to the Centers for Disease Control and Prevention Reference Methods. HDL fractions for
cholesterol analysis were obtained by the treatment of whole plasma with dextran sulfate-
Mg2+ to precipitate all of the apo lipoprotein B–containing lipoproteins (29). LDL cholesterol
was calculated by the equation of Friedewald et al. (30). In participants with triglycerides >4.5
mmol/l, the lipoprotein fractions were separated by preparative ultracentrifugation 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 infarction was classified using Minnesota coding and other ECG abnormalities
using NOVA-CODE methodology.

Data management and analyses
Locally generated data from each participant were double-entered by certified clinic staff at
each clinical site and checked for allowed ranges and internal consistency using distributed
data entry software provided by the DPP Coordinating Center (CoC). Data from the network
of microcomputers at the clinical sites and data from the central resource units (the
Biochemistry Laboratory and the ECG reading center) were transferred electronically to a
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database at the CoC. The central database was maintained, 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 characteristics 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 compared with the weighted
NHANES III 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 performed 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 assignment is shown in Table 1.
The overall mean (± SD) age at randomization was 50.6 ± 10.7 years. Nearly 68% of the
participants 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 criteria for diabetes diagnosis
would be classified as diabetic (2). These individuals had a standard assessment of glycemia
at their next semiannual visit and continue to be followed 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 percentage older, although the
majority of the cohort was 40–59 years of age. Nearly 31% of male and 15% of female DPP
participants 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 American Indians; the total
number of participants 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
number of participants in these centers ranged between 33 and 166 people per center (median
139 people). The majority of clinics enrolled >25% of participants from at least one non-
Caucasian group.

The socioeconomic status of DPP participants 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
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ethnic grouping was similar, but history of gestational diabetes among women in the various
racial/ethnic categories was most frequent among American Indian women. The prevalence of
participant-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 participants
(particularly women) had a baseline BMI ≥40 kg/m2. Because Asian-Americans have lower
BMIs than other racial groups, the entry criteria allowed BMI as low as 22 kg/m2 in this group;
thus, there were more Asian-American participants with BMI <30 kg/m2. In all racial/ethnic
categories, women had higher BMI levels than men. In both sexes, there were greater
proportions of people 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 combined self-reports and
measured blood pressure in participants as follows: participants 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 similar across all racial/ethnic groups and by sex, although
they were slightly lower in American Indians because of the different eligibility criteria for
fasting plasma glucose. Two-hour plasma glucose levels after the OGTT were identical for
men and women and also similar across racial/ethnic sub-groups. HbA1c averaged 5.9 ± 0.5%
in both sexes, but a substantial fraction of participants had HbA1c > 6.1%—the upper limit of
the Biochemistry Laboratory’s normal range. Overall, 30.4% of men and 28.2% of women had
elevated HbA1c; African-American men and women had the highest proportions with elevated
values (64 and 54%, respectively), and the proportions were lowest in Caucasian men and
women (22 and 19%, respectively). HbA1c 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 displayed
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 Cholesterol Education Program
(NCEP) classification. 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 triglycerides were lower among African-American participants. HDL cholesterol levels
were higher among African-Americans and Asian-Americans.
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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.

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 participants—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 fasting and 2-h plasma glucose level eligibility criteria for
DPP participants. Because classification 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 gestational
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 frequency of hypertension, and BMI and fasting 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 predetermined target was to include ~50% of participants from U.S. minority ethnic and
racial groups, and >45% of the DPP cohort met those criteria. The remaining 55% self-
identified as Caucasian likely represent a varied pool of individuals with ancestry from Europe
as well as western Asia and the Middle 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 without regard to racial admixture. American Indian participants in the DPP are
concentrated in the Southwest because four centers recruited exclusively from regional tribes;
small numbers of American Indian participants were randomized in other centers. Asian-
Americans in the DPP included participants descended from Japanese, Chinese, other East
Asian groups, Asian Indians, and Pacific Rim Australasian populations.

Given the paucity of data in the literature 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 significant heterogeneity in critical metabolic 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 populations 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 Indians,
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 thiazide diuretics and β-blockers. These latter exclusions may have
accounted for the lower frequency of hypertension in DPP compared with NHANES III
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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 excluding
people with severe symptoms or recent myocardial infarction or other major vascular 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/m2, BMI ≥40 kg/m2 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/m2. These cross-sectional data do not, however, exclude a cohort effect, in that the
contribution of body fat to impairment 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 difference in obesity prevalence. Given the heterogeneity 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 history of and/or treatment for high cholesterol. 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
cardiovascular disease in the presence of IGT.

The DPP baseline findings should be placed in the context of available information 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 subjects (~56 years) was greater than that in the DPP cohort, and the average BMI (27–
28 kg/m2) was lower. An additional observational study of 474 Mexican-Americans in San
Antonio, Texas, has been reported (37): the average age (42 years) and BMI (28 kg/m2) 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 Malmö, 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/m2) were lower than those in the DPP. A smaller randomized clinical trial, the
Malmöhus study, suggested that tolbutamide decreases progression to diabetes (11) and
mortality rates caused by CVD (40).

All of the above studies included subjects 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-Americans
[37] and in the Bedford study [36]). Among 446 Mexican-Americans who did not progress to
diabetes, the baseline fasting plasma insulin concentration was only 72 pmol/l (37). In a smaller
cohort of individuals with IGT from Nauru, an association between fasting and 2-h plasma
insulin concentrations and progression to diabetes has been reported (41); the mean fasting
insulin concentration in these subjects 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).
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Two recent studies have been organized with the intention to prevent type 2 diabetes. 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 trial’s
published 1-year interim findings (43) and announced 4-year results (44) indicate that an
intensive diet and exercise program was effective in preventing 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/m2) were virtually identical to those of the DPP. A second study testing the
use of acarbose in preventing the conversion of IGT to type 2 diabetes is the STOP-NIDDM
Trial (45). In this study, 1,418 subjects with IGT and a fasting plasma glucose between 5.6 and
7.8 mmol/l were randomized. 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/m2. 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 frequent than in the DPP.

A substantial fraction of DPP participants had HbA1c > 6.1%—the upper limit of assay normal
range—consistent with the enrollment criteria for fasting and postchallenge hyperglycemia. It
is remarkable, however, that the proportions of participants with elevated HbA1c were highest
in the minority racial/ethnic groups, despite comparable fasting 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 HbA1c, and only a small number (n = 54) of participants
in the DPP were randomized under the former eligibility criteria. These observations suggest
that elevated HbA1c levels may precede the development of type 2 diabetes as defined by
current American Diabetes Association and World Health Organization criteria (46).
Alternatively, these data could be consistent with the conclusions from previous studies in
subjects without diabetes (47,48) that significant variability in HbA1c may reflect factors such
as erythrocyte turnover rates. The large fractions of minority subgroups with an elevated
HbA1c are all the more puzzling, because both fasting and 2-h plasma glucose levels were
similar to those in Caucasians. The observed HbA1c variability among ethnic/racial groups is
unlikely to reflect different glycemic exposures before randomization, because participants
were carefully followed through the prerandomization run-in phase, and the average duration
of the interval between the OGTT and HbA1c determinations was similar for all of the groups.
Notably, the groups with the highest proportion of participants with an elevated HbA1c were
neither more obese nor hyperinsulinemic, and preparation for the OGTT was standardized.
Whether some of the low and high HbA1c 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 baseline 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 participants 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 variety of metabolic characteristics
associated with increased risk for diabetes and CVD, including obesity, hyperglycemia,
hyperin-sulinemia, and dyslipidemia.
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