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Background

 

Type 2 diabetes affects approximate-
ly 8 percent of adults in the United States. Some risk
factors — elevated plasma glucose concentrations in
the fasting state and after an oral glucose load, over-
weight, and a sedentary lifestyle — are potentially
reversible. We hypothesized that modifying these
factors with a lifestyle-intervention program or the
administration of metformin would prevent or delay
the development of diabetes.

 

Methods

 

We randomly assigned 3234 nondiabetic
persons with elevated fasting and post-load plasma
glucose concentrations to placebo, metformin (850
mg twice daily), or a lifestyle-modification program
with the goals of at least a 7 percent weight loss and
at least 150 minutes of physical activity per week.
The mean age of the participants was 51 years, and
the mean body-mass index (the weight in kilograms
divided by the square of the height in meters) was
34.0; 68 percent were women, and 45 percent were
members of minority groups.

 

Results

 

The average follow-up was 2.8 years. The
incidence of diabetes was 11.0, 7.8, and 4.8 cases per
100 person-years in the placebo, metformin, and life-
style groups, respectively. The lifestyle intervention
reduced the incidence by 58 percent (95 percent con-
fidence interval, 48 to 66 percent) and metformin by
31 percent (95 percent confidence interval, 17 to 43
percent), as compared with placebo; the lifestyle in-
tervention was significantly more effective than met-
formin. To prevent one case of diabetes during a
period of three years, 6.9 persons would have to par-
ticipate in the lifestyle-intervention program, and 13.9
would have to receive metformin.

 

Conclusions

 

Lifestyle changes and treatment with
metformin both reduced the incidence of diabetes in
persons at high risk. The lifestyle intervention was
more effective than metformin. (N Engl J Med 2002;
346:393-403.)
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YPE 2 diabetes mellitus, formerly called
non-insulin-dependent diabetes mellitus, is
a serious, costly disease affecting approxi-
mately 8 percent of adults in the United

States.

 

1

 

 Treatment prevents some of its devastating
complications

 

2,3

 

 but does not usually restore normo-
glycemia or eliminate all the adverse consequences.
The diagnosis is often delayed until complications are
present.

 

4

 

 Since current methods of treating diabetes
remain inadequate, prevention is preferable. The hy-
pothesis that type 2 diabetes is preventable

 

5,6

 

 is sup-
ported by observational studies and two clinical tri-
als of diet, exercise, or both in persons at high risk
for the disease

 

7,8

 

 but not by studies of drugs used to
treat diabetes.

 

5

 

The validity of generalizing the results of previous
prevention studies is uncertain.

 

9

 

 Interventions that
work in some societies may not work in others, be-
cause social, economic, and cultural forces influence
diet and exercise. This is a special concern in the
United States, where there is great regional and ethnic
diversity in lifestyle patterns and where diabetes is es-
pecially frequent in certain racial and ethnic groups,
including American Indians, Hispanics, African Amer-
icans, Asians, and Pacific Islanders.

 

10

 

The Diabetes Prevention Program Research Group
conducted a large, randomized clinical trial involv-
ing adults in the United States who were at high risk
for the development of type 2 diabetes. The study
was designed to answer the following primary ques-
tions: Does a lifestyle intervention or treatment with

T
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metformin, a biguanide antihyperglycemic agent, pre-
vent or delay the onset of diabetes? Do these two
interventions differ in effectiveness? Does their ef-
fectiveness differ according to age, sex, or race or
ethnic group?

 

METHODS

 

We conducted a clinical trial involving persons at 27 centers
who were at high risk for diabetes. The methods have been de-
scribed in detail elsewhere,

 

6

 

 and the protocol is available at http://
www.bsc.gwu.edu/dpp. The institutional review board at each
center approved the protocol, and all participants gave written in-
formed consent.

 

Participants

 

Eligibility criteria included an age of at least 25 years, a body-
mass index (the weight in kilograms divided by the square of the
height in meters) of 24 or higher (22 or higher in Asians), and a
plasma glucose concentration of 95 to 125 mg per deciliter (5.3
to 6.9 mmol per liter) in the fasting state («125 mg per deciliter
in the American Indian clinics) and 140 to 199 mg per deciliter
(7.8 to 11.0 mmol per liter) two hours after a 75-g oral glucose
load. These concentrations are elevated but are not diagnostic of
diabetes according to the 1997 criteria of the American Diabetes
Association.

 

11

 

 Before June 1997, the criterion for plasma glucose in
the fasting state was 100 to 139 mg per deciliter (5.6 to 7.7 mmol
per liter), or «139 mg per deciliter in the American Indian clinics.
Eligible persons were excluded if they were taking medicines known
to alter glucose tolerance or if they had illnesses that could seriously
reduce their life expectancy or their ability to participate in the trial.
Recruitment was designed to enroll approximately half the partic-
ipants from racial or ethnic minority groups. A four-step screen-
ing and recruitment process was developed to identify eligible par-
ticipants.

 

6,12,13

 

Interventions

 

Eligible participants were randomly assigned to one of three in-
terventions: standard lifestyle recommendations plus metformin
(Glucophage) at a dose of 850 mg twice daily, standard lifestyle
recommendations plus placebo twice daily, or an intensive pro-
gram of lifestyle modification. The study initially included a fourth
intervention, troglitazone, which was discontinued in 1998 be-
cause of the drug’s potential liver toxicity.

 

6

 

 The results in the tro-
glitazone group are not reported here.

Treatment with metformin was initiated at a dose of 850 mg
taken orally once a day, with placebo tablets also given once a day
initially. At one month, the dose of metformin was increased to
850 mg twice daily, unless gastrointestinal symptoms warranted
a longer titration period. The initiation of treatment with half a
tablet was optional. Adherence to the treatment regimen was as-
sessed quarterly on the basis of pill counts and structured inter-
views. The standard lifestyle recommendations for the medication
groups were provided in the form of written information and in
an annual 20-to-30-minute individual session that emphasized the
importance of a healthy lifestyle. Participants were encouraged to
follow the Food Guide Pyramid

 

14 

 

and the equivalent of a National
Cholesterol Education Program Step 1 diet,

 

15

 

 to reduce their
weight, and to increase their physical activity.

The goals for the participants assigned to the intensive lifestyle
intervention were to achieve and maintain a weight reduction of
at least 7 percent of initial body weight through a healthy low-
calorie, low-fat diet and to engage in physical activity of moderate
intensity, such as brisk walking, for at least 150 minutes per week.
A 16-lesson curriculum covering diet, exercise, and behavior mod-
ification was designed to help the participants achieve these goals.
The curriculum, taught by case managers on a one-to-one basis

during the first 24 weeks after enrollment, was flexible, culturally
sensitive, and individualized. Subsequent individual sessions (usu-
ally monthly) and group sessions with the case managers were de-
signed to reinforce the behavioral changes.

 

Outcome Measures

 

The primary outcome was diabetes, diagnosed on the basis of
an annual oral glucose-tolerance test or a semiannual fasting plasma
glucose test, according to the 1997 criteria of the American Diabe-
tes Association: a value for plasma glucose of 126 mg per deciliter
(7.0 mmol per liter) or higher in the fasting state or 200 mg per
deciliter (11.1 mmol per liter) or higher two hours after a 75-g
oral glucose load.
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 In addition to the semiannual measurements,
fasting plasma glucose was measured if symptoms suggestive of
diabetes developed. The diagnosis required confirmation by a sec-
ond test, usually within six weeks, according to the same criteria.
If diabetes was diagnosed, the participants and their physicians
were informed and glucose-tolerance tests were discontinued, but
fasting plasma glucose was measured every six months, with gly-
cosylated hemoglobin measured annually. As long as the fasting
plasma glucose concentration was less than 140 mg per deciliter,
participants were asked to monitor their blood glucose and to con-
tinue their assigned study treatment. If the fasting plasma glucose
concentration reached or exceeded 140 mg per deciliter, the study
medication was discontinued and the participant was referred to his
or her physician for treatment. Measurements of glucose and gly-
cosylated hemoglobin (HbA

 

1c

 

) were performed centrally. All tests
were performed without interrupting the assigned treatment, ex-
cept that placebo or metformin was not taken on the morning of
the test. The investigators and the participants were unaware of the
results of these measurements and were informed only if the results
exceeded the specified threshold for a change in the treatment.

Self-reported levels of leisure physical activity were assessed annu-
ally with the Modifiable Activity Questionnaire.
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 The physical-
activity level was calculated as the product of the duration and fre-
quency of each activity (in hours per week), weighted by an estimate
of the metabolic equivalent of that activity (MET) and summed
for all activities performed, with the result expressed as the aver-
age MET-hours per week for the previous year. Usual daily caloric
intake during the previous year, including calories from fat, carbo-
hydrate, protein, and other nutrients, was assessed at base line and
at one year with the use of a modified version of the Block food-
frequency questionnaire.
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Statistical Analysis and Early Closure

 

Random treatment assignments were stratified according to the
clinical center. Assignments to metformin and placebo were dou-
ble-blinded. The study design and analysis followed the inten-
tion-to-treat principle. Nominal (unadjusted) P values and confi-
dence intervals are reported.

The blinded treatment phase was terminated one year early, in
May 2001, on the advice of the data monitoring board, on the
basis of data obtained through March 31, 2001, the closing date
for this report. By then, we had obtained evidence of efficacy on
the basis of 65 percent of the planned person-years of observation.
To maintain a type I error level of 0.05 for significance in pairwise
comparisons of the risk of diabetes between groups, with adjust-
ment for repeated interim analyses, the group-sequential log-rank
test

 

18

 

 required a P value of less than 0.0159. For pairwise compar-
isons of other outcomes, a Bonferroni-adjusted criterion of P<
0.0167 was used. The study design provided 90 percent power to
detect a 33 percent reduction from an incidence of 6.5 cases of
diabetes per 100 person-years, with a 10 percent rate of loss to
follow-up per year.

The time to the outcome was assessed with the use of life-table
methods.

 

19

 

 Modified product-limit curves for the cumulative in-
cidence of diabetes were compared with the use of the log-rank
test. The estimated cumulative incidence at three years and the

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on January 7, 2009 . For personal use only. No other uses without permission. 



 

REDUCING THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN

 

N Engl J Med, Vol. 346, No. 6

 

·

 

February 7, 2002

 

·

 

www.nejm.org

 

·

 

395

 

Greenwood estimate of the standard error were used to calculate
the number of persons who would need to be treated in order to
prevent one case of confirmed diabetes during a period of three
years and the associated 95 percent confidence interval. Risk re-
duction, heterogeneity among strata, and interactions between
treatment assignments and covariates were assessed by proportion-
al-hazards regression. Fixed-effects models with the assumption
of normally distributed errors

 

20

 

 were used to assess differences
over time in body weight and plasma glucose and glycosylated
hemoglobin values among the three groups.

 

RESULTS

 

Study Cohort and Follow-up

 

From 1996 to 1999, we randomly assigned 3234
study participants to one of the three interventions
(1082 to placebo, 1073 to metformin, and 1079 to
the intensive lifestyle intervention). Base-line charac-
teristics, including all measured risk factors for dia-
betes, were similar among the three study groups
(Table 1).
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 The participants were followed for an av-

erage of 2.8 years (range, 1.8 to 4.6). At the close of
the study, 99.6 percent of the participants were alive,
of whom 92.5 percent had attended a scheduled vis-
it within the previous five months.

 

Adherence to Interventions

 

Fifty percent of the participants in the lifestyle-
intervention group had achieved the goal of weight
loss of 7 percent or more by the end of the curricu-
lum (at 24 weeks), and 38 percent had a weight loss
of at least 7 percent at the time of the most recent
visit; the proportion of participants who met the
goal of at least 150 minutes of physical activity per
week (assessed on the basis of logs kept by the par-
ticipants) was 74 percent at 24 weeks and 58 percent
at the most recent visit. Dietary change was assessed
only at one year. Daily energy intake decreased by a
mean (±SE) of 249±27 kcal in the placebo group,
296±23 kcal in the metformin group, and 450±26

 

*Plus–minus values are means ±SD.

†Twenty Pacific Islanders were included in this category.

‡Information was not available for one participant.

§To convert the values for glucose to millimoles per liter, multiply by 0.05551.

¶Data are based on responses to the Modifiable Activity Questionnaire.
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 MET denotes metabolic
equivalent. MET-hours represent the average amount of time engaged in specified physical activities
multiplied by the MET value of each activity.
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(N=1079)

 

Sex — no. (%)
Male
Female

1043 (32.3)
2191 (67.7)

335 (31.0)
747 (69.0)

363 (33.8)
710 (66.2)

345 (32.0)
734 (68.0)

Race or ethnic group — no. (%)
White
African American
Hispanic
American Indian
Asian†

1768 (54.7)
645 (19.9)
508 (15.7)
171 (5.3)
142 (4.4)

586 (54.2)
220 (20.3)
168 (15.5)
59 (5.5)
49 (4.5)

602 (56.1)
221 (20.6)
162 (15.1)
52 (4.8)
36 (3.4)

580 (53.8)
204 (18.9)
178 (16.5)
60 (5.6)
57 (5.3)

Family history of diabetes
— no. (%)

2243 (69.4) 758 (70.1) 733 (68.3) 752 (69.8)‡

History of gestational diabetes
— no. of women (%)

353 (16.1) 122 (16.3) 111 (15.7)‡ 120 (16.3)

Age — yr 50.6±10.7 50.3±10.4 50.9±10.3 50.6±11.3

Weight — kg 94.2±20.3 94.3±20.2 94.3±19.9 94.1±20.8

Body-mass index 34.0±6.7 34.2±6.7 33.9±6.6 33.9±6.8

Waist circumference — cm 105.1±14.5 105.2±14.3 104.9±14.4 105.1±14.8

Waist-to-hip ratio 0.92±0.09 0.93±0.09 0.93±0.09 0.92±0.08

Plasma glucose — mg/dl§
In the fasting state
Two hours after an oral glucose

load

106.5±8.3
164.6±17.0

106.7±8.4
164.5±17.1

106.5±8.5
165.1±17.2

106.3±8.1
164.4±16.8

Glycosylated hemoglobin — % 5.91±0.50 5.91±0.50 5.91±0.50 5.91±0.51

Leisure physical activity — MET-hr/wk¶ 16.3±25.8 17.0±29.0 16.4±25.9 15.5±22.1
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