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Clinical Care/Education/Nutrition

Randomized Controlled Trial of a New

Dietary

Education Program to Prevent

Type 2 Diabetes in a High-Risk Group of
Japanese Male Workers

MarKO WATANABE, puD*

KazUE YAMAOKA, PHD

Masako YOKOTSUKA, PHD>

Tosuiro TANGO, FHD®

OBJECTIVE — The aim of this study was to assess the effectiveness of a new dietary education
{NDE) progrant in reducing plasma glucose (PG) levels in Japanese male workers at high risk for
type 2 diabetes through a randomtized controlled trial.

RESEARCH DESIGN AND METHODS — W randomly assigned 173 high-risk tnen
{(mcan age. 35 years) 1o either the NDE or the control (conventional dietary education} group.
Each subject in the NDE group received 1wo individualized interventions especially aimed at
reducing total energy intake at dinner by modifying dietary intake. The control group received
conventional group counseling. An “overintake/underintake fraction” for total energy intake was
uscd to measure the status of dietary intake. Our hypothesis was that the NDE group would have
a 10% decrease in 2-h PG 1 year afier the start of the educmion. Culcome measures were
compared with ANCOVA by adjusting for baseline values.

RESULTS — The NDE group had a siguificantly lower total energy intake at dinner and daily
than the control group. The adjusted dilterences in changes from baseline in the absolute value
ofthe “overintake/underintake fraction” were —15.3% (95% C1 =24.6 10 —6.0%,P = 0.002} [or
the NDE group and —6.0% (—9.810 —2.2%, P = 0.002) for the control group. The NDE group
had a decreased 2-h PG after | year, whereas that value was increased in the control group. The
adjusted difference in the percent change of 2-h PG was significant (—15.2%, —22.0 to —8.4%,
P < 0001

CONCLUSIONS — The NDE was shown to reduce glucose levels in high-risk subjects for
ype 2 diabetes.

Diabetes Care 26:3209-3214, 2003

lence of type 2 diabetes has drastically in-
creased with estimates of no fewer than

he inctdence of type 2 diabetes is
increasing worldwide, and its prev-

alence in adults was estimated to rise
o 5.4% by 2025 (1). With the change in
recent years from the traditional Japanese
lifestyle to a western lifestyle, the preva-

6,900,000 cases in Japan (2. This disease
leads to vascular complications that result
in considerable morbidity and premature
mortality (3). Type 2 diabetes incurs seri-
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ous health problems among the Japanese
(4). Dietary education at an carly stage
may play a key tole in preventing diabe-
tes. Considering the poor quality of life
that can result from diabetes, effective di-
etary education that would delay or avoid
progression to diabetes in those at high
risk is clearly imponant.

Management of diabetes in primary
care has been well studied (5-7). In addi-
tion, the effects of dietary education as an
intervention in high-risk subjects have
been the topic of several reports (8—-11).
Many Japanese male workers tend to eat
and drink a great deal late ar night, and
changing the habit of excess energy intake
during this period might reduce the risk
{or diabetes. For the purpose of attaining
and maintaining optimal blood glucose
levels and of modifying dietary intake as
appropriate for prevention, we developed
a new dietary education {(NDE} program
based on information on an individual's
dictary encrgy intake for breakfast, tunch,
and dinnet. [nformation was obtained
through use of the semiquantitative food
frequency questicnnaire that included
lists of 65 food items for each meal
(FFQW®63) (12). Qur aim was 10 assess
the effectiveness of the NDE in reducing
plasma glucose (PG} levels in Japanese
male workers at high risk for type 2 dia-
betes through a randomized controlled
wial and, at the same time, to implement
an evidence-hased nutritional program.

RESEARCH DESIGN AND

METHODS — The randomized con-
trolled study was designed to assess the
effectiveness of the NDE in reducing PG
to test the hypothesis that subjects partic-
ipating in the NDE would have a 10%
reduction in the 2-h PG level in the 75-g
oral glucose tolerance west (2-h PG, pri-
mary end point) 1 year after the start of
the education (described in Dictary inter-
vention section) compared with a control
group that received conventional dictary
education. Enrollment and treatment of
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Education to prevent type 2 diabetes

subjects were conducted in accordance
with the Helsinki Declaration, and all
study subjects gave written informed
consent,

Eligibility and exclusion criteria
Study subjects were male workers at high
risk for type 2 diabetes, aged 35-70 years,
and living in a metropolitan area of To-
kyo. Japan. The Japanese Diabetes Society
(JDS) Committee has classified ihe glyce-
mic state inte three categories based on
fasting plasma glucose (FPG) and 2-h PG
(13}. Because the JDS strongly recom-
mended considering patients with 1-h PG
values of =10 mmoll as borderline, to
capture patients at an early stage for risk
of diahetes in addition to those above-
described definitions, we treated patients
with 1-h PG =10 mmol/ as borderline in
the present study. Qur definition was as
follows: normal, FPG <6.1 mmol/, 2-h
PG <7.8 mmol/l, and 1-h PG <10
mmolA; diabetes, FPG =7.0 and/or 2-h
PG =11.1 mmol/t; and borderline, all re-
maining values between normal and dia-
betes. Borderline individuals are
considered 1o be high-risk individuals.
Subjects were recruited primarily during
an annual health checkup in a health ex-
amination center located in the center of
Tokyo from February 2000 to January
2001. The examination included anthro-
pometrics, blood pressure measure-
ments, and an oral glucose tolerance test.
Cligible subjects were those diagnosed as
borderline. Subjects taking hypoglycemic
agents, cholesterol-lowering drugs, or an-
tihypertensive drugs were excluded. Fur-
thermore, those who refused 1o
participate in the dietary questionnaire
survey were excluded. A total of 173 sub-
jects were then randomly assigned to ei-
ther the NDE group (86 patients) or the
control group {87 patients),

Dictary intervention

Each subject in the NDE group received
individualized counseling using a booklet
explaining the concepts of the NDE. The
policies of the NDE were to provide the
subject with information on his actual
dictary practices as revealed by the
FFQWO63, 10 increase his motivation to
improve dietary practices, and o help
him to recognize his need for behavior
modification. The FFQW63, a self-
administered semiquantitative food fre-
quency questionnaire, consists of 63 food
items for each meal with colored itustra-

tions showing portion sizes. Relatively
high validity (correfation coefficient r =
0.64) and reproducibility {r = 0.76) for
daily encrgy intake were obtained (12).
From the responses 1o the FFQW63, en-
ergy intake for each meal was estimated
according to feod groups corresponding
to the JDS food exchange book (14). Fur-
thermore, latent problems {e.g., too nuch
eating late at night) could be claritied. The
counseling aimed to help individuals
reduce total energy intake by modifying
dietary intake and to adopt habits appro-
priate for prevention of diabetes. The di-
etary education program was comprised
of two parts. The first part consisted of an
individual dietary counseling session 1
month after the baseline health checkup,
and the second part was administered by
mail 6 months after the health checkup.
Dietary counseling was tailored to each
subject on the basis of FFQW635 results
with a booklet illustrating “recommenda-
tions for meals” corresponding Lo the rec-
ommended dietary allowance {(RDA) for
total energy intake by the JDS. RDA was
calculated based on the individual's
height, unit kilocalorie {usually 25-30
keal), which was defined by physical ac-
tivity level based ot occupation, and age.
Then, the following “overintake/
underintzke fraction” was used 10 mea-
sure the individual's status of dietary
intake:

(Aclual total energy intake

RDA - l) X 100(%}

Furthermore, 10 optimize total energy in-
take in a day, the NDE aimed to reduce
total energy intake at late night. Based on
the assessment by the FFQW65, the NDE
group knew their actual food intake pat-
tern and recognized how it differed from
the recommended pattern. This program
also aimed 1o keep protein energy around
15-20%, fat energy around 20-25%, car-
bohydrate energy around 55-60% of the
total energy intake, and to optimize the
intake of whole-grain products, vegeta-
bles, fruits, low-fat milk, beans, fish,
meat, and eggs and maintain the intake of
alcohol at an appropriate level. These
standards followed the recommendations
of the Japanese Diabetes Society {14) and
American Diabetes Association (13). The
nutritionist encouraged the subject to rec-
ognize latent dietary problems and to set
his own goals for improvement and at-

tempted o enhance motivation for di-
etary improvement,

The importance of education in self-
management was emphasized in recom-
mendations for the treatment and
prevention of diabetes (16). For the sec-
ond part of the program, the following
four items were mailed to each NDE sub-
ject accompanied by a letter encouraging
the subject to improve his dietary habits:
1) self-administered checklist consisting
of 10 items that assessed dietary intake; 2)
information related to improving dietary
behavior; 3} examples of menus corre-
sponding to the subject’s RDA; and 4} in-
formation to confirm the necessity of
blood glucose control. On the other hand,
each control group subject was given gen-
eral oral and written information ahout
results of the health examination and re-
sults of the FFQW®63 but without a de-
tailed explanation. The control group
received only conventional group coun-
seling using 2 leallet with general infor-
mation for prevention of lifestyle-relatedt
diseases,

Outcome measures

The primary outcome measure was the
percent change from baseline in 2-h PG
values 1 year after inittation of dietary
education.

The change from baseline in the ab-
solute value of “overintake/underintake
fraction” for total energy was used as a
secondary outcorme measute.

Statistical analyses

Enrolled subjects were randomly as-
signed to the NDE group or the control
group by the study nurse with the use of a
randomization list (random permutated
blocks with length 4). This process was
blinded to other staff members as well as
to the subjects. The sample size needed
for the study was determined hased on
information to detect the difference in pri-
mary end point with a significance level of
5% and power of 90%. Subjects who
withdrew from the study and for whom
there were no data on outcome measures
were excluded from the main analysis.
Difference between groups for baseline
characteristics of the subjects who com-
pleted the trial were assessed by the Stu-
dent's t test and Wilcoxon's rank-sum
test. Qutcome measures were compared
using ANCOVA by adjusting for baseline
values. The Spearman’s correlation coel-
fictent was used for examining the rela-
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Table 1—Baseline characieristics of the suljects who completed the I-year follow-up

Parameters

NDE group Control group

n
Age (year)
Body mass index
PG (mmol/1)
FPG*
1 h after oral glucose challenge
2 h after oral glucose
chailenget
Seruny lipids (mg/dl)
Total cholesterol
HDL cholesterol
Triglycerides
Liver function {IUA}
Alanine aminotransferase
Aspartate aminotransierase
Biood pressure (mmHG)
Systolic
Diastolic
Absolute value of the “overintake/
undlerintake fraction” for
total energy intake (%)
Breakfast
Lunch
Dinner
Daily
Smuoking status (%)
Yes
No

By 7
535274 49 *67
245 340 242+ 27

6.1 * 0.55 3.5x0.35
10.7 %18 10,6 + 1.6
82x135 73x1.7
2013320 1995 + 37.0
522122 5328 %152
1286 * 64.0 127.1 £ 71.1
259*78 230277
317+ 199 269 x 143
1223 + 144 121.1 £ 143
774+ 102 764 x 108
254 * 164 236129
138203 128+ 116
60.5 * 33.6 620371
21.6 + 15.0 199 %149
22(28) 30 (39}
57(72) 47 (61)

[ataare means = SDand n (%), *P < 0.05; 1P < 0.01 for the comparison with the NDE group by iwo-tailed
Wilcoxon's rank-sum test. Data in bold are statisticalty sigmificant.

tionship between the percent changes in
glucose values (fasting, 1-h PG, and 2-h
PG) and the change in the abselute value
of the “overintake/underintake fraction”
by the NDE group and control group.
Because the subjects who dropped
out before the end of the 1-year interven-
tion period were not included in the main
analysis, an “intent-to-treat” (ITT) ap-
proach (17) was used. Specifically, we in-
troduced a binary outcome measure of
“reduced/not reduced” that could apply
10 all randomized subjects, where reduc-
tion was defined as “percent change of
glucose level >>10%,” and the subjects
without data on the outcome measure
were assigned to “not reduced.” Then, for
each of the glucose values, the odds ratio
{crude and adjusted for baseline value) of
reduction in the NDE group compared
with the contrel group was estimated by
logistic regression models for the subjects
used in the main analysis and tor all ran-
domized subjects. Incidence of type 2 di-

abetes during the first year of intervention
adjusted for the baseline 2-h PG value was
also examined for ITT.

All tests for significance were two-
sided with a 5% significance level. All sta-
tistical analyses were performed using
SAS version 8.12 for Windows (SAS Insti-
tute, Cary, NC).

RESULYS — Of the 173 randomized
subjects {86 NDE group, 87 control
group), 156 {90.2%) completed the
L-year follow-up, and their data were an-
alyzed. Of the remaining 17 subjects, 1
changed his job (NDE group), 5 retired
{1, NDE group; 4. control group), 1 can-
celed his follow-up checkup for hnancial
reasons (control group), and 10 could not
be located (6, NDE group: +, control
group). All subjects were asked to com-
plete the FFQW65 before the health
checkup, and all subjects cooperated.
The baseline characteristics of NDE
and control group subjects who com-

Watanabe and Associates

pleted the 1-year [ollow-up are presented
in Table 1. At baseline, characteristics did
not differ statisticaily between groups ex-
cept for FPG (P <0.03) and 2-h PG (P <
0.01).

For dietary intake, as shown in Table
2, the adjusted difference in the change
from baseline in the absolute value of
“overintake/underintake fraction™ for to-
tal energy intake was signiticant for din-
ner {—15.3%. 95% Cl —24.6 Lo —6.0%,
P = 0.002) and daily (—6.0%, —9.8 1
—2.2%, P = 0.002}. The Spearman cor-
relation coefficient between the percent
change in 2-h PG and the change from
baseling in the absolute value of the “over-
intake/underintake fraction” was stgnifi-
cant at dinuer in the NDE group (+ =
0.36, P = 0.001).

Although the baseline level of 2-h PG
was significantly different between the
two groups, the adjusted difference in the
percent change of 2-h PG was also signif-
icantly ditferent (—15.2%,95% Cl —22.0
to —8.4%, P < 0.001) (Table 2, Fig. 1).

As described above, the 17 with-
drawn subjects were excluded from the
main analysis. Therefore, to check their
potential influence on trial results, we
conducted ITT analysis (17). The crude
and adjusted odds ratios of reduction in
the NDE group compared with the con-
trol group and their 93% Cl estimated us-
ing logistic regression models were
similar; only the difference in the 2-h PG
was statistically significant. The propor-
tion of subjects showing significant re-
duction in the main analysis in the NDE
group for 2-h PG was 43% (38 of 79) vs,
16% (12 of 77) for the control group. In
the analysis that included all randomized
subjects, on the other hand, the preportion
of subjects showing reduction in the NDE
group was 44% (38 of 86) vs. 14% (12 of
&7) in the control group. Adjusted odds ra-
tiowas 4.1 (95% C11.9-9.0, P <0.001)in
the main analysis and 5.0 (2.4-10.8, P <
0.001) in the analysis for all randomized
subjects. These results did not exhibit any
statistical evidence ol bias due to exclusion
of the withdrawn subjects.

CONCLUSIONS — This study pro-
vides evidence that an increase i 2-h PG
can be prevented by an individualized
counseling and diabetes education pro-
gram using the FEQW63 for male work-
ers at high risk for type 2 diabetes. The
2-h PG was reduced by ~15% (adjusted)
compared with the control group. The ef-
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Table 2——Percent changes in 2-h PG and changes from baseline in the absolute value of “overintakc/underintake fraction” for total energy
intake 1 year after initiation of dietary education in the NDE group and the control group

Adjusted” difference between the groups

Control Two-tailed
Variable NDE group group Mean 95% (I P value
" 79 77
Percent changes in plasma glucose (%)
Fasting -23*09 2209 —-1.8 —42100.6 0153
1-h PG —32%26 —-33x23 -37 -591025 0.242
20 PG —82x19 11.2x30 —-152 -840 —220 <0001
Change from baseline in the absolute value of
“overintakesunderintake fraction” for
wtal energy intake (%)
Breakfast 04x15 =21x09 2.6 —0.7t05.8 0.126
Lunch 04 =11 LOx1.2 =05 —38t02.7 0.746
Dinner -30x41 11.7 37 =153 240610 —640 0.002
Daily -18%15 +0*x14 —-6.0 —08to—22 0.002

Data are mean = 5D unless otherwise indicated. *Adjusted for baseline value by ANCOVA,

fect was confirmed by analysis according
1o the ITT principle (17}, even though
some NDE group subjects did not follow
dietary recommendations.

To prevent diabetes, early detection of
risk and care to maintain normal PG levels
might be effective. Improvement in lifestyle
relative to diet and exercise (810} or life-
styte and drugs (11) plays an important
role. Swudies in China (8), Finland (9), New
Zealand (10}, and the U.S. (11 provide ev-
idence that changes in lilestyle, including
dietary intake, can: be effective in preventing
diabetes. In the Chinese study (8, an at-
tempt to determine whether a change in diet
or a change in exercise hahits was the more
effective showed no difference in outcormne
between the two interventions. In the Finn-
ish study {9), they did not separate the ef-
fects by diet and exercise but assessed
changes in lifestyle that were as extensive as
possible for each subject. In the New Zea-
land study (10}, the effects on body weight
and glucose tolerance of a 1-year interven-
tion for reducing dietary fat were examined.
[n the U.5. study (11}, the effectiveness of a
lifestyle intervention and treatment with
metformin for subjects at high risk for dia-
betes was discussed. In our intervention
studly, we concenitrated on assessing the ef-
fect of NDE on ghicose tolerance based on a
randomized controlled trial. Our results
were similar to those of the above-
mentioned studies. Specifically, as for
l-year changes in 2-h PG from baseline,
there was an ~6% reduction (haseline and
change in 1 vear were 8.8 and —0.83
mmol/l for the intervention group and 8.8

and —0.28 mmol/t for the control group,
respectively) in Finland, a 9% reduction
{baseline and change in 1 year were 7.5 and
0.01 mmol/ for the intervention group and
7.9 and 0,74 mmo¥1 for the control group,
respectively) in New Zealand, an ~27% re-
duction in China (baseline and change in 6
vear were 9.03 and 3.96 mumol/] for the di-
etary intervention group and 9.03 and 1.48
mmol/l for the control group, respectively),

0%
2%
4%
6% |
8% |
-t0%
12% }
-14%
-16%

18%

“20%
Fasting

1h-PG

and a 15.2% reduction (adjusted, Table 2)
in our study. Because our study was de-
signed to verily the primary end point of 2-h
PG, the fact that the difference in the inci-
dence of diabetes between the two groups
was not significant is not of concern. Also,
the time frame of 1 year was very shont to
show such a difference in incidence.

To prevent the continuation of the re-
cent increase in the prevalence of diabetes

p<0.001

2h-PG

Figure 1—Diffcrence in the mean percent changes from basetine in 2-h PG after I vear between
the NDE group amd the conventional dietary cducation (control) group (adjusted for baseline

value).
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{2,13), an effective dietary education
measure is warranted. Our study was di-
rected toward assessing the effectiveness
of the NDE in reducing PG levels in high-
risk subjects for type 2 diabetes among
Japanese men by comrecting total energy
intake through adequate instruction.
Compared with the control group. total
energy intake both at dinner and daily
was relatively lower in the NDE group,
although the magniude of these reduc-
tions was not significant. Furthermore,
dietary changes were correlated with
changes in PG in the NDE group. These
results indicated the effect of the NDE in
reducing the blood glucose level. To opti-
mize total energy intake each day, the NDE
aimed to reduce total energy intake kite at
night. The intake of energy during the day
rather than at night improves insulin resis-
tanwe, resulting in a reduced blood glucose
lewel. The ravionale for this can be explained
by the study of Lindsay et al. (18), which
indicated that when a fasting blood ghicose
level reaches 7.8 mmolA or more, the total
amount of insulin secretion after a meal be-
gins o decrease.

One may wonder why only two edu-
cation events could result in a reduction
of 2-h PG. Three reasons can be cited.
Namely, the subject was giver specific in-
formation abowt his actual dietary habits
through use of the FFQW65 and could
manage to maintain the current level
rather than experience an increase as
shown in the control group. Further-
more, the program focused on increasing
motivation and encouraging the subject
to recognize the need for behavior modi-
fication through his own efforts. The
rader chart of “ratio of actual-to-RDA” for
totat energy irwake by meals and illustra-
tions of portions might have helped the
subjects modify their foed intake pattern
through recognition of their own dietary
problems. In fact, many subjects success-
fully managed to maintain a balance of
total energy intake. For instance, energy
intake for oil and alcohol was decreased in
the NDE group (£ > 0.03), and those dif-
ferences were significantly correlaed to
the percent change of 2-h PG. Spearman
correlation coefficients for oil were as fol-
lows: dinner, r = 0.33, P = 0.003 and
daily ¥ = 0.23, P = 0.044. For alcohol
daily, the Speannan correlation coeffi-
cient was r = (.28, P = 0.013. These
provide evidence for the effect of the NDE
on dietary intake.

Qur study has a limitation in that the

subjects were all Japanese male workers,
The value of this dietary intervention for
specific populations or in countries other
than Japan is likely but unknown, espe-
cially when different risk factors for dia-
betes may exist in various areas. However,
the strategy of our program. particularly
the focus on maintaining balance in di-
etary intake wmong the three meals daily,
could reasonably be extended to coun-
tries other than Japan. Furthermore, al-
though our definition of the high-risk
group was less stringent than that of the
1GT because we used 2-h PG as the owt-
come measure and examined the effect of
the NDE by a randomized controlled trial,
the same result may apply using the IGT
definition. The effect of the interventions
was assessed after 1 year because an ear-
lier assessment could be biased as a result
of changes made only because subjects
were conscious of being studied. As for
the influence of otker risk factors such as
smoking, we did an additional analysis
that included smoking as & covariate. The
distribution of smokers at baseline was
ot different between the NDE and con-
trol groups. However, the adjusted differ-
ence in the percent change of 2-h PG was
still significant (—14.9%,95% CI —8.1 to
—-21.7%, P < 0.001). However, three
subjects stopped smoking within 1 yearin
the NDE group. Therefore, we excluded
them and confirmed the result. The ad-
justed difference was almost concordant
(—14.9%, —8.010 —21.8%, P < 0.001).
Although our study design was a random-
ized controlled wrial, we cannot deny the
influence of unknown factors, such as
physical exercise.

In conclusion, the NDE can reduce
glucose levels by effecting changes in the
total energy intake of subjects at high risk
for type 2 diabetes. The NDE with the
strategy for maintenance of balance in di-
etary intake among the three daily meals
and using the FFQW63 may play an im-
portant role in the prevention of diabetes
for high-risk groups in the early stages.
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ABSTRACT

Backgreund Type 2 diabetes mellitus is increasing-
ly common, primarily because of increases in the prev-
alence of a sedentary lifestyle and obesity. Whether
type 2 diabetes can be prevented by interventions that
affect the lifestyles of subjects at high risk for the dis-
ease is not known.

Methods We randomly assigned 522 middle-aged,
overweight subjects (172 men and 350 women; mean
age, 55 years; mean body-mass index [weight in kilo-
grams divided by the square of the height in meters],
31) with impaired glucose tolerance to either the in-
tervention group or the control group. Each subject in
the intervention group received individualized coun-
seling aimed at reducing weight, total intake of fat,
and intake of saturated fat and increasing intake of fi-
ber and physical activity. An oral glucose-tolerance
test was performed annually; the diagnosis of diabe-
tes was confirmed by a second test. The mean dura-
tion of follow-up was 3.2 years.

Results  The mean {(£SD) amount of weight lost be-
tween base line and the end of year 1 was 4.2+5.1 kg
in the intervention group and 0.8+3.7 kg in the control
group; the net loss by the end of year 2 was 3.5+5.5 kg
in the intervention group and 0.8+4.4 kg in the control
group (P<0.001 for both comparisons between the
groups). The cumulative incidence of diabetes after
four years was 11 percent (95 percent confidence in-
terval, 6 to 15 percent) in the intervention group and
23 percent (95 percent confidence interval, 17 to 29
percent) in the control group. During the trial, the risk
of diabetes was reduced by 58 percent {P<0.001} in
the intervention group. The reduction in the incidence
of diabetes was directly associated with changes in
lifestyle.

Conclusions Type 2 diabetes can be prevented by
changes in the lifestyles of high-risk subjects. (N Engl
J Med 2001;344:1343-50.)

Copyright ©® 2001 Massachusetts Medical Society.
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HE incidence of type 2 diabetes mellitus is
increasing worldwide. Type 2 diabetes re-
sults from the interaction between a genetic
predisposition and behavioral and environ-
mental risk factors.! Although the genetic basis of
type 2 diabetes has yet to be identified, there is strong
evidenee that such modifiable risk factors as obesity
and physical inactivity are the main nongenetic de-
terminants of the disease 2
Impaired glucose tolerance is an intermediate cat-
egory between normal glucose tolerance and overt
diabetes,H and it can be identified by an oral glucose-
toferance test. Subjects with impaired glucose toler-
ance have an increased risk of type 2 diabetes!? and
therefore form an important target group for inter-
ventions aimed at preventing diabetes.>5 The Finnish
Diabetes Prevention Study was conducted to deter-
mine the feasibility and eftects of a program of chang-
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es in lifestyle designed to prevent or delay the onset
of type 2 diabetes in subjects with impaired glucose
tolerance,

_ METHODS
Study Design

The design of the Diabetes Prevention Study has been described
in detail ¢lsewhere.1? The study was designed on the assumptions
of a 35 percent cumulative incidence of diabetes and a 35 percent
reduction in incidence in the intervention group, as compared with
the control group, during a six-year period. The study protocol was
approved by the ethics committee of the National Public Health
Institute in Helsinki, Fintand, and all the study subjects gave writ-
ten informed consent.

Study subjects were recruited primarily through the screening of
members of high-risk groups, such as first-degree relatives of pa-
tients with type 2 diabetes. Overweight persons (defined as those
with a body-mass index [the weight in kilograms divided by the
square of the heighe in meters] of 25 or higher) who were 40 0
65 years ofd and had impaired glucose tolerance were eligible for
the study. Impaired glucose tolerance was defined as a plasma glu-
cose concentration of 140 to 200 mg per deciliter (7.8 to 11.0 mmol
per liter} two hours after the oral administration of 75 g of glucose
in subjects whose plasma glucose concentration after an overnight
fast was less than 140 mg per deciliter.}* The test was repeated in
subjects in whom the first result was abnormal, and the mean of
the two values was used to determine eligibility. Criteria for exclu-
sion were a diagnosis of diabetes mellitus, the presence of chronic
discase rendering survival for six years unlikely, and other charac-
teristics {psychological or physical disabilitics) deemed likely to in-
terfere with participation in the study.

Subjects who enrolled in the study were randomly assigned to
the intervention group or the control group by the study physician,
with the use of a2 randomization list, with stratification according
to center, sex, and the mean plasma glucose concentration two hours
after oral glucose challenge (140 to 169 mg per deciliter or 170
to 200 mg per deciliter [7.8 to 9.4 mmol per liter or 9.5 to 11.0
mmol per liter]). The nurses who scheduled the study visits did
not have access to the randomization list. However, the staff mem-
bers involved in the intervention had o be aware of the group
assignment; thus, the study was only pardy blinded. Laboratory
staff did not know the subjects’ group assignments, and the subjects
were not informed of their plasma glucose concentrations during
follow-up unless diabetes was diagnosed.

A total of 523 subjects in five study centers were randomly as-
signed to one of the two treatment groups. The end-points com-
mittee excluded onc subject who had diabetes at base line whose
diagnosis of diabetes was confirmed at her two-year visit. The sub-
jects in the control group were given general oral and written in-
formation about diet (a two-page leaflet) and excrcisc at base line
and at subsequent annual visits, but no specific individualized pro-
grams were offcred to them. They completed a three-day food diary
at base line and at cach annual visit, using a booklet illustrating the
sizes of portions of food.’® Numient intakes were computed with
the use of a program developed at the National Public Health In-
stitute 16

The subjects in the intervention group were given detailed ad-
vice about how to achieve the goals of the intervention, which were
a reduction in weight of § percent or more, in total intake of fat to
less than 30 percent of energy consumed, and in intake of saturated
fat to less than 10 percent of energy consumed; an increase in fiber
intake to at least 15 g per 1000 keal; and moderate excrcise for at
least 30 minutes per day. Frequent ingestion of whole-grain prod-
ucts, vegetables, fruits, low-fat milk and meat products, soft mar-
garines, and vegetable oils rich in monounsarurated fatty acids was
recommended. The dietary advice was tailored to cach subject on
the basis of three-day food records completed four times per year.
Each subjcct in the intervention group had scven scssions with a
nutritionist during the first year of the study and one session every

1344 - N Engl ] Med, Vol. 344, No. 18 - May 3, 2001

three months thereafter. These subjects also received individual
guidance on increasing their level of physical activity. Endurance
exercise (such as walking, jogging, swimming, acrobic ball games,
ot skiing) was recommended as a way 1o increase acrobic capacity
and improve cardiorespiratory fitness. Supervised, progressive, in-
dividually tailored, circuit-type resistance-training scssions were also
offered with the aim of improving the functional capacity and
swrength of the large muscle groups; subjects were instructed 10 per-
form a moderate to high number of repetitions and to take a break
of 15 to 60 seconds between the stations on the circait, During the
first year, the rate of participation in these sessions varied from 50
percent to 85 percent at different centers.

If, at an annual visit, the study physician discovered a clinical con-
dition that required attention, such as a high serum cholesterol con-
centration or hypertension, the subject was advised to contact his or
her own physician for treatment and follow-up.

Clinical Studies

At base line and at each annual visit, all study subjects completed
a medical-history questionnaire and underwent a physical exami-
nation that included anthropometric and blood-pressure measure-
ments and an oral glucose-tolerance test, as described elsewhere 3
Biochemical Ass ts

Plasma glucose was measured at each center by means of stand-
ard methods. The glucose measurements were standardized by the
central laboratory in Helsinki, whose staff analyzed 60 to 80 plasma
samples from cach center in duplicate. A lincar-regression equation
was calculated for ¢ach center, with the use of the plasma glucose
measurcment determined at the Helsinki laboratory as the standard,
These equations were used to correct the locally measured plasma
glucose values. The result of the second oral glucose-tolerance test
was considercd the base-line value for comparison with values ob-
tained later; in some subjects whose entry into the study was de-
layed, a third oral glucose-tolerance test was performed whose result
was considered the base-line value. The serum insulin concentration
was measured by a radicimmunoassay (Pharmacia, Uppsala, Swe-
den), and scrum levels of rotal chelesterol, high-density lipoprotein
cholesterol, and triglycerides were measured by cnzymatic assay in
the central laboratory in Helsinki.

Assessment of the End Points

Diabetes was defined according to the 1985 criteria of the World
Health Organization™ as cither a fasting plasma glucosc concentra-
tion of 140 mg per deciliter or higher or a plasma glucose concen-
tration of 200 mg per deciliter or higher two hours after an oral
glucose challenge. We required confirmation of the diagnosis of
diabetes by a second oral ghucose-tolerance test; if the diagnosis was
not confirmed by the second test, the subject followed the program
according to the original random assignment. The diagnosis of
diabetes was based on the locally measured plasma glucose values,
since these were used for the inclusion of subjects in the study. In
the staristical analysis, corrected plasma ghucose values were used,
The independent end-points committee confirmed all newly diag-
noscd cases of diabetes. The study centers did not exchange infor-
mation concerning the number of subjects who reached the end
point, and the end-point data were linked to the group assignment
at the smady center only after a total of 80 subjects had reached the
end point, as stated in the study plan,

Statistical Analysis

In March 2000, an independent stadstician completed the first
analysis of data, which included all cases of diabetes diagnosed be-
fore that datc. On the basis of the results of this analysis, the end-
points committee recommended that the mal be ended.

Two-sided t-tests and chi-square tests were used to analyze the
differences between the groups at base line and during follow-up.
Survival curves were calculated to estimate the cumulative incidence
of diabetes. The difference between the groups in the incidence of
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diabetes was tested by mcans of the two-sided log-rank cest. All
analyses of end points were based on the intention-to-treat prin-
ciple. The SAS PHREG procedure was used to derive the basic es-
timates, such as the survival functions and the 95 percent confidence
limits of the estimates (SAS/STAT sottware, version 6.12, SAS In-
stitute, Cary, N.C.). Subjects who withdrew from the study were
considered to be at risk for diabetes until their last oral glucose-
tolerance test, at which point data were censored. To estimate the
extent of the dependence of the incidence of diabetes on the chang-
esin lifestyle that were achieved, subjects were given a grade for cach
goal of the intervention at the one-year visit (with 0 indicating that
it,was not achieved or 1 indicating that it was achieved), and a suc-
cess score was computed as the sum of these grades, For ¢ach sub-
group defined according to success score, the proportion of subjects
in whom diabetes had developed was calculated. To test for a sta-
tistical association between this proportion and the success score,
logistic-regression analysis was performed with the use of the SAS
GENMOD procedure. The expected proportion was modeled as
a linear function of the success score.

RESULTS

The first subject was assigned to a group in Novem-
ber 1993 and the last in June 1998. At that time, 90
pereent of the study subjects had been enrolled in the
trial for at least 2 years, and the mean duration of fol-
low-up was 3.2 years. The base-line characteristics of
the two groups were similar (Table 1). During the
first ycar, the mean (+SD) body weighr decreased by
4.2+5]1 kg (4.7*5.4 percent) in the intervention
group and by 0.8+3.7 kg (0.9+4.2 percent) in the
control group (P<0.001) (Table 2). Waist circumfcr-
ence, the fasting plasma glucose concentration, the
plasma ghicosc concentration two hours after oral glu-
cose challenge, and the serum insulin concentration
two hours after glucose challenge decreased signifi-
cantly more among subjects in the intervention group
than among those in the control group. At two years,
the decrease in weight remained significantly greater
in the intervention group (3.5%5.5 kg) than in the
control group (0.8 +4.4 kg) (P<0.001}. At this time,
the mean change from base line in the fasting plasma
glucose concentration was —2*12 mg per deciliter
{(—0.1%0.7 mmol per liter) in the intervention group
and + 314 mg per deciliter (+0.2+0.8 mmol per Li-
ter) in the control group (P<0.001); the change in the
plasma glucose concentrations measured two hours
after oral glucose challenge was —~14 %37 mg per dec-
iliter (-0.8+2.1 mmol per liter) in the intervention
group and +0+44 mg per deciliter {(+0*2.5 mmol
per liter) in the control group (P<0.001). There were
also significantly greater decreases in the intervention
group than in the control group in the serum insulin
concentration two hours after oral glucose challenge,
as well as in the triglyceride concentration and blood
pressure (data not shown).

The study subjects were asked about their health-
related behavior at base line and subsequently at each
annual follow-up examination {Table 3). The sub-
jeets in the intervention group were morc likely to
report changes in dictary and exercise habits. Success
in achieving the goals of the intervention was estimat-
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE SUBJECTS
IN THE INTERVENTION AND CONTROL GROUTS,*

INTERVENTION ConmolL
Groue Graw
CHARACTENISTIC {N=265) {N=257)
Sex {no.)
Male 91 81
Female 174 176
Ape {yr) 55+7 557
Body-mass index 31.3+4.6 31.0x45
Waist ciccamference {cm) 102.0x11.0 10052109
Hip circumference {cm) 1104105 109.4+9.7
Plasma glacose (g /dl)
Fasting 109£14 110£13
2 Hr aficr oral glucose challenge 159+27 159126
Serum insulin (pU/nd)
Fasting 157 158
2 Hr afier oral glucose challenge 98+74 9354
Serum lipids {mg /A1)t
Total cholesterol 215+37 215+35
High-density lipoprotein cholesterol 4612 47x11
Triglycerides 15472 15869
Blood pressure (mm Hg)t
Systolic 140+18 136*17§
Diastolic 869 8610

*Plus—minus values are means *SD. To convert values for glucose to
millimotes per liter, multiply by 0.056. To convert values for insulin to pi-
comoles per liter, multiply by 6. To convert values for cholesterol to milli-
meodes per liter, multiply by 0.026. To convert values for wiglycerides to
millimoles per Liter, multiply by 0.011.

fCholesterol-lowering drugs were being taken by § percent of the sub-
jects in the intervention group and 6 percent of the subjects in the control
group at base line,

fAnthypertensive drugs were being taken by 30 percent of the subjects
in the intervention group and 31 percent of the subjects in the control
group at base fine,

§P=10.03 for the comparison with the intervention group by rwo-railed
t-test,

ed on the basis of the food records and exercise ques-
tionnaires collected at the one-year examination (Ta-
ble 4). The proportion of subjects in the intervention
group who succeeded in achieving a particular goal
varied from 25 percent (fiber intake) to 86 percent
(exercise).

Diabetes was diagnosed in a total of 86 subjects —
27 in the intervention group and 59 in the control
group. The average proportion of subjects in whom
impaired glucose tolerance progressed to diabetes was
3 percent per year in the intervention group and 6 per-
cent per year in the control group. The absolute inci-
dence of diabetes was 32 cases per 1000 person-years
in the intervention group and 78 per 1000 person-
years in the control group.

The cumulative incidence of diabetes was lower in
the intervention group than in the control group (Fig.
1). The difference was statistically significant after two
years: 6 percent in the intervention group (95 per-
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TABLE 2. CHANGES IN SELECTED CLINICAL AND METABOLIC VARIABLES FROM BASE-LINE
TO THE END OF YEAR 1 IN THE SUBJECTS IN THE INTERVENTION AND CONTROL GROUPS.*

WTERVENTION GROUP

CoNTROL GROUP

VanaBLE N =256) IN=250) P VaLuet
mean 5D 95% Cl mean +5D 5% Cl
Change in weight
In kilograms —42+51 ~48tw —3.6 -08+37 -1310-03 <0.001
Percent change -47+x54 -50w—44 -09*42 -10t -08 <{.001
Change in waist circumference {cm) -4.4%£52 -51to—39 -1.3%4.8 -191t0-0.7 <0.001
Change in plasma glucose (mg,/dl}
Fasting —4+12 —6to—1 1+12 Qw2 <0.001
2 Hr after oral glucose challenge -15t34 -19to—11 —5+40 —8to-2 0.003
Change in serum insulin (ug/mi}
Fasting —2+9 -3w-1 -1x7 -2t 0.14
2 Hr after oral glucose challenge —29164 =37 10 —21 -11%£51 -18to—-4 0.001
Change in serum lipids {mg /dl)}
Total cholesterol -5x28 -8t -2 -4*28 -7w0 -1 0.62
High-deusity lipoprotein cholesterol 2+7 lw3 1+4 Otol 0.06
Triglycerides —18%51 =24 1o =12 —1x60 -8toé 0.00)
Change in blood pressure (mm Hg)§
Systolic —5%14 ~7to =3 —-1x15 —3wl 0.007
Diastolic ~hEd —6to —4 -39 —4to—2 0.02

*A total of 15 subjects withdrew from the study within the first year; 1 additional subject did not undergo testing at
one year, although she remained in the study. To convert values for glucose to millimoles per liter, muliply by 0.056. To
convert values for insulin to picomoles pet liter, multiply by 6. To convert values for cholesterol to millimoles per liter,
multiply by 0.026. To convert values for triglycerides to millimoles per liter, multiply by 0.011. CI denotes confidence

interval,

1P values were determined by a rwortailed t-test for cthe difference between the groups.

{Cholesterol-lowering drugs were being taken by 6 percent of the subjects in the intervention group and 8 percent of

those in the contrel group by the end of year L.

$Antihypertensive drugs were being taken by 30 percent of the subjects in the intervention group and 31 percent of

thosc in the control group by the end of year 1.

TABLE 3. SELF-REPORTED CHANGE IN DIETARY AND EXERCISE
HABITS DURING THE FIRST YEAR OF THE INTERVENTION,
ACCORDING TO TREATMENT GROUF.*

InTERvENTION  CONTROL

GROWP Ghoup
VamapLe {N=253} {(N=247) P VaLuet
% of subjects

Drecreased consamprion of Bt 37 70 0.001
Changed the quality of fat 70 39 0.001
Increased consomption of vegetables 72 62 0.01
Decreased consumption of sugar 55 40 0.001
Decreased consumpeion of salt 59 50 0.03
Decreased consumpeion of alcohol 26 23 0.43
Increased exercisef 36 16 0.001

*Seven subjects of 507 who remained in the study at one year had some
missing data and are not included in this table.

TP values were detertnined by the chi-square test foc the difference be-
tween the groups.

tSubjects reported the frequency of exercise in terms of a shift to a high-
er category of the following four categories: (1) “I rcad, watch tclevision,
and work in the household ac tasks that don’t sorain me physically™; (2)
“I walk, cycle, or exercise lightly in other ways at least four hours per
week”; {3) “I exercise 0 maintain my physical condition by running, jog-
ging, skiing, deing gymnastics, swimming, playing ball games, ec., for at
least 3 hours per week™; or {4) “I exercise competitively several times a
week by running, orientcering, skiing, playing ball games, or engaging in
other sports involving heavy exerrion.”

cent confidence interval, 3 to 9 percent) and 14 per- -
cent in the control group (95 percent confidence in-
terval, 10 to 19 percent). At four years, the cumulative
incidence was 11 percent (95 percent confidence in-
terval, 6 to 15 percent) in the intervention group and
23 percent (95 percent confidence interval, 17 to 29
percent) in the control group. According to the Cox
regression analysis of all person-years accumulated,
the cumulative incidence of diabetes was 58 percent
lower in the intervention group than in the control
group (hazard ratio, 0.4; 95 percent confidence inter-
val, 0.3 to 0.7, P<0.001). The incidence of diabetes
was 63 percent lower among men in the intervention
group (95 percent confidence interval, 18 to 79 per-
cent; P=0.01) and 54 percent lower among women
(95 percent confidence interval, 26 to 81 percent;
P=0.008).

The study subjects were ranked according to their
success in achieving the goals of the intervention (and
given a suceess score between 0 and 5) at the one-year
cxamination, with higher scores indicating more goals
met (Fig. 2). There was a strong inverse correlation be-
tween the success score and the incidence of diabetes.
Thirteen subjects in the interventon group and 48
subjects in the control group did not achicve any of
the goals; diabetes developed in 38 percent and 31
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TaBLE 4. SUCCESS IN ACHIEVING THE GOALS
OF THE INTERVENTION BY ONE YEAR,
ACCORDING TO TREATMENT GROUP.*

INTERVENTION  CONTROL

GoAL Groue Groue P Varuet
% of subjocts
Weight reduction >5% 43 13 0.001
Fat intake < 30% of energy intake 47 26 0.001
Saturated- fat invake <10% of cnergy 26 11 0.001
intake
Fiber intake »15 g/1000 kcal 25 12 0.001
Excrcise >4 hr/wki 86 71 ¢.001

*Nutriens intakes were calculared from three-day food records,

P values were determined by the chi-square west for the diflerence be-
tween the groups.

tExercise frequency was reported by the subjects who chose one of the
four categories described in Table 3. The goal identified here was a fre-
quency in category 2 or higher.

1.0+

0.9

0.84

0.7

0.5

Cumulative Probability of
Remaining Free of Diabetss

0.51

0.4

percent of these subjects, respectively, during follow-
up. Diabetes had not developed in any of the subjects
who rcached four or five of the goals (49 subjects in
the intervention group and 15 in the control group).
According to a univariate analysis, the odds ratio for
diabetes in subjects in the intervention group who had
lost more than 5 percent of their initial weight by the
one-year follow-up visit was 0.3 (95 percent confi-
dence interval, 0.1 to 0.7} as compared with those in
the intervention group who had lost less weight or
none at all; the corresponding odds ratio in the con-
trol group was 0.4 (95 percent confidence interval,
0.1 to 1.2). Among the subjects in the intervention
group who did not reach the goal of losing 5 percent
of their initial weight, the odds ratio for diabetes in
those who had achieved the goal with respect to exer-
cise {more than four hours per week) during the first
year was 0.2 (95 percent confidence interval, 0.1 to
0.6) as compared with those in the intervention group
who maintained a sedentary lifestyle; the correspond-
ing odds ratio in the control group was 0.6 {95 per-
cent confidence interval, 0.3 to 1.1). After adjustment

Intervention group

Control group

SuBJECTS AT Risk

Total no. 507

Cumulative no. with diabetes:
Intervention group

Control group 186

T T T T T
2 3 4 5 &
Study Year
- 471 374 167 53 27
15 22 24 27 27
37 51 53 57 59

Figure 1. Proportion of Subjects without Diabetes during the Trial.

The verticat bars show the 95 percent confidence intervals for the cumulative probability of remaining
frea of diabetes. The relative risk of diabetes for subjects in the intervention group, as compared with
those in the control group, was 0.4 (P<0.001 for the comparison between the groups).

N Eng!l ] Mcd, Vol. 344, No. 18 -

May 3, 2001 - www.acjmorg - 1347

Downloaded from www.nejm.org at * on November 3, 2004 |
Copyright © 200t Massachusetts Medical Society. All rights reserved.

~—2-285—



The New England Journa! of Medicine

50

40

304

20+

Incidence of Diabetes (%)

104

O3 Control group
[J Intervention group

No. with DIABETES/ToTae No.

Intervention group  5/13 10/68
Control group 15/48 25/107

T T
2 3 4 5

Success Score

9/69 2138 0/25 0/24

14/48 2115 o 0/4

Figure 2, Incidence of Diabetes during Follow-up, According to the Success Scare.

At the one-year visit, each subject received a grade of 0 for each intervention goal that had not been
achieved and a grade of 1 for each goal that had been achieved; the success scors was computed as
the sum of the grades. Farty subjects who withdrew from tha study when their diabetes status was
unknown and 14 subjects with incomplete data were excluded from this analysis. The association be-
tween the success score and the risk of diabstes, with 95 percant confidence intarvals, was estimated
by means of logistic-regression analysis of the observed data. The curves show the model-based in-
cidence of diabetes according to the success scors as a continuous variable; tha curve whose data
points align with the open bars represents the model-based incidence for the control group, and the
curve whosa data points align with the shaded bars represants the model-based incidence for the in-

tervention group.

for base-line body-mass index, the odds ratio for di-
abetes in those in the intervention group who had
achicved the exercise poal was still statistically signif-
icant (odds ratio, 0.3; 95 percent confidence interval,
0.1 to 0.7).

During the study, 40 subjects (8 percent) withdrew
— 23 in the intervention group and 17 in the control
group. Of these subjects, 9 could not be contacted,
3 withdrew duc to severe illness, 1 died, and 27 with-
drew for personal reasons.

DISCUSSION

This study provides evidence that type 2 diabetes
can be prevented by changes in the lifestyles of both
women and men at high risk for the discasc. The over-
all incidence of diabetes was reduced by 58 percent.
Qur estimate of the effect of the intervention can be
considered conservative for two reasons. First, the data

1348 - N Engl ] Mcd, Vol. 344, No. 18 + May 3, 2001

were analyzed according to the intention-to-treat prin-
dple, even though some subjects in the intervention
group did not follow the recommendations about diet
and cxercisc. Second, for ethical reasons, all subjects
assigned to the control group also received general
health advice at basc line and at annual follow-up
visits and may have benefited from this advice.

The results from previous studies in Sweden!? and
China’8 also provide evidence that changes in lifestyle
arc effective in preventing diabetes, and the magnitude
of the benefit in these studics was similar to that in
our study. In those two studics, the subjects were not
randomly assigned to the intervention and control
groups. The randomization in our study was stratificd
according to clinic, sex, and base-line plasma glucose
concentration two hours after oral glucose challenge
in order to obtain the best possible comparability be-
tween groups. In the Chinesc study,!® an attempt to
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determine whether a change in diet or a change in
cxercisc habits was more cffective found no differ-
ence in outcome between the two interventions, We
did not try to separate these changes but, rather, tried
to achicve changes in lifcstyle that were as extensive as
possible for each subject.

The effect of the interventions was assessed after one
year because earlier assessment may be biased as a re-
sult of changes made only because subjects are con-
scious of being studied. The effect of the intervention
on the incidence of diabetes was most pronounced
among subjects who made comprehensive changes in
lifestyle; on the other hand, the failure to make any
changes resulted in an incidence of diabetes that was
close to the estimate of 35 percent for this high-risk
population. The average amount of weight lost was
not large, yet the difference between the incidence
of diabetes in the intervention group and that in the
control group was substantial. The low odds ratio
for diabetes among those who lost at least 5 percent
of their initial weight reveals the importance of even
a relatively small reduction in weight in the preven-
tion of diabetes.

Our counseling regarding physical exercise includ-
ed components designed to improve both cardiores-
piratory fitness and muscle strength. Achicving a rel-
atively conservative target of more than four hours
of exercise per week was associated with a significant
reduction in the risk of diabetes in the subjects who
did not lose weight. It is likely that any type of phys-
ical activity — whether sports, houschold work, gar-
dening, or work-related physical activity — is simi-
larly beneficial in preventing diabetes. Many subjects
with impaired glucose tolerance are both obese and
inactive, and therefore we would expect to find a
dose—response relation berween the correction of
these multiple risk factors and reductions in the risk
of diabetes.

The main justification for the type of intervention
used in the high-risk subjects in this study is that it
may prevent or postpone the onset of type 2 diabe-
tes and the complications related to the disease. Pa-
tients with diabetes — with or without symptoms —
have an increased prevalence of both macrovascular
and microvascular complications at the time when
diabetes is diagnosed. Many also have hypertension
and an atherogenic scrum lipid profile.1%-22 The chang-
¢s n lifestyle in our study not only improved glucose
tolerance but also reduced the magnitude of several
other cardiovascular risk factors.13 It is commonly ar-
gued that it is difficult to change the lifestyle of obese
and scdentary people, but such pessimism may not
be justificd. The reasonably low dropout rate in our
study also indicates that subjects with impaired glu-
cose tolerance are willing and able to participate in a
demanding intervention program if it is made avail-
able to them.

It is possible to achieve primary prevention of

N Engl J Mcd, Vol. 344, No. 18 -

type 2 diabetes by means of a nonpharmacologic in-
tervention that can be implemented in a primary
health care seteing. According to our results, 22 sub-
jects with impaired glucose tolerance must be treated
in this way for one year — or 5 subjects for five years
— to prevent onc case of diabetes.
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