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Summary
Background Lifestyle interventions can prevent the deterioration of impaired glucose tolerance to manifest type 2 
diabetes, at least as long as the intervention continues. In the extended follow-up of the Finnish Diabetes Prevention 
Study, we assessed the extent to which the originally-achieved lifestyle changes and risk reduction remain after 
discontinuation of active counselling. 

Methods Overweight, middle-aged men (n=172) and women (n=350) with impaired glucose tolerance were randomly 
assigned to intensive lifestyle intervention or control group. After a median of 4 years of active intervention period, 
participants who were still free of diabetes were further followed up for a median of 3 years, with median total 
follow-up of 7 years. Diabetes incidence, bodyweight, physical activity, and dietary intakes of fat, saturated fat, and 
fi bre were measured.

Findings During the total follow-up, the incidence of type 2 diabetes was 4·3 and 7·4 per 100 person-years in the 
intervention and control group, respectively (log-rank test p=0·0001), indicating 43% reduction in relative risk. The 
risk reduction was related to the success in achieving the intervention goals of weight loss, reduced intake of total and 
saturated fat and increased intake of dietary fi bre, and increased physical activity. Benefi cial lifestyle changes achieved 
by participants in the intervention group were maintained after the discontinuation of the intervention, and the 
corresponding incidence rates during the post-intervention follow-up were 4·6 and 7·2 (p=0·0401), indicating 36% 
reduction in relative risk. 

Interpretation Lifestyle intervention in people at high risk for type 2 diabetes resulted in sustained lifestyle changes 
and a reduction in diabetes incidence, which remained after the individual lifestyle counselling was stopped. 

Introduction
The pandemic of type 2 diabetes is an enormous public 
health problem.1,2 Studies using lifestyle intervention in 
people with impaired glucose tolerance have shown 
that the progress to manifest type 2 diabetes can be 
prevented or postponed.3–8 Lifestyle intervention in 
these studies lasting for 3–6 years emphasised 
bodyweight control, physical activity, and dietary 
modifi cation. Reduction in relative risk achieved in the 
intervention group compared with the control group 
ranged from 30% to 67%, as shown in a recent 
meta-analysis.9 The Finnish Diabetes Prevention Study5 
and the US Diabetes Prevention Program6 both revealed 
a 58% relative risk reduction in the progression from 
impaired glucose tolerance to type 2 diabetes, during a 
mean intervention period of about 3 years. 

However, whether the risk reduction achieved during 
active counselling for lifestyle changes will last 
after discontinuation of the intervention is not known. 
The extended follow-up of the Diabetes Prevention 
Study was designed to assess the long-term results of 
the lifestyle intervention originally aimed at reducing 
the risk for developing type 2 diabetes in high-risk 
individuals.

Methods
The Diabetes Prevention Study was a randomised 
controlled trial aimed at prevention of type 2 diabetes by 
lifestyle intervention. The study design has been 
described in detail previously.10 The study protocol was 
approved by the ethics committee of the National Public 
Health Institute in Helsinki, Finland, and all study 
participants gave written informed consent. Random-
isation started in 1993 and was completed in 1998 
(fi gure 1). The fi rst interim analysis was done in March, 
2000.5 According to the recommendation of the endpoint 
committee, the intervention period was discontinued at 
each participant’s next yearly clinic visit, after a median 
follow-up of 4 years. Subsequently, we decided to continue 
to monitor the participants who had remained free of 
diabetes. This report consists of the data obtained until 
Dec 31, 2004, ie, post-intervention follow-up for a median 
of 3 years, with median total follow-up of 7 years. 

Participants
Originally, 522 men and women in fi ve study centres 
were randomised at the baseline visit to one of the two 
treatment modalities, the intervention group with 
intensive diet-exercise counselling (n=265, the proportion 
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of women 66%) or the control group (n=257, the 
proportion of women 69%). Overweight (mean body-mass 
index 31·1 kg/m2), middle-aged (mean age 55 years) 
participants with impaired glucose tolerance based on 
two 75 g oral glucose tolerance tests by the WHO 1985 
criteria11 were eligible for the study. Mean fasting plasma 
glucose at baseline was 6·1 (SD 0·8) mmol/L and mean 
plasma glucose value 2 h after the 75 g oral glucose load 
was 8·9 (1·5) mmol/L without signifi cant diff erences 
between the two groups. The overall proportion of 
participants who were lost to follow-up was 10% in the 
intervention group and 8% in the control group (p=0·3619 
Fisher’s exact test; fi gure 1). 

Intervention 
The main goals of the intervention were: weight reduction 
of 5% or more; less than 30% of the daily energy intake 
from fat; less than 10% of the daily energy intake from 
saturated fat; fi bre intake 15 g per 1000 kcal or more; and 
moderately intense physical activity 30 min per day or 
more. The duration of intervention ranged from less 
than 1 year (indicating withdrawal before the fi rst yearly 
visit) up to 6 years, with median length of 4 years. The 
implementation of the intervention programme has been 
previously reported.12 Briefl y, the participants in the 
intervention group were given detailed and individualised 

counselling to achieve the lifestyle goals. They had seven 
personal counselling sessions with the study nutritionist 
during the fi rst year and every 3 months thereafter. The 
median number of dietary counselling sessions per 
participant was 20 thus indicating excellent compliance 
with the study protocol. The participants were also 
advised to increase their level of physical activity, and 
were off ered free of charge, supervised, individually 
tailored circuit-type moderate-intensity resistance 
training sessions to improve the functional capacity and 
strength of the large muscle groups of the upper and 
lower body. 

The participants in the control group were given 
general verbal and written health behaviour information 
at baseline without specifi c individualised advice. At the 
last intervention period visit all the participants were 
given a summary of their laboratory test results during 
the intervention period, including the glucose values, 
and they were also told about the fi ndings of the 
randomised trial. 

Post-intervention follow-up 
All individuals who participated in the Diabetes 
Prevention Study were invited to take part in the 
post-intervention follow-up. During this follow-up, all 
study participants had a yearly visit with the study nurse. 
The visits included the same procedures as during the 
intervention period, and were similar for all participants 
irrespective of their former randomisation group. No 
specifi c diet or exercise counselling was provided.

Procedures and measurements
The parameters measured every year included fasting 
and post load (75 g oral glucose tolerance test) plasma 
glucose after a 12-h fast. During the intervention, plasma 
glucose was measured locally according to standard 
guidelines. During the post-intervention follow-up, 
centralised glucose assays were established enzymatically 
with the hexokinase method (Thermo Electron Oy, 
Vantaa, Finland). 

A clinical examination was done and questionnaires 
including questions about physical activity were obtained 
at baseline and at every yearly visit. Individuals who 
reported that they “mostly read, watch TV, and spend 
time in other ways that are not physically demanding” 
during their spare time were categorised as physically 
inactive, and those who reported “walking, bicycling, or 
other exercise for at least 4 hours per week” were 
categorised as achieving the physical activity goal. All 
study participants completed a 3-day food record with a 
picture booklet of portion sizes of typical foods.13 The 
average intakes of total fat (proportion of the total daily 
energy intake), saturated fat (proportion of the total daily 
energy intake), and dietary fi bre (g per 1000 kcal) from 
the baseline and 1-year, 2-year, and 3-year visits of the 
intervention period were calculated using a dietary 
analysis programme and the Finnish Food Composition 

 27 diabetes cases

 265 intervention group

 

First interim analysis

March 28, 2000
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November, 1993–June, 1998
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 17 new diabetes cases  
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 17 new diabetes casesEnd of intervention   
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 17 new diabetes cases  
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 8 rejoined the trial
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 17 new diabetes cases  

 1 new withdrawal

 75 diabetes cases  
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 27 lost to follow up†

 17 new diabetes cases  
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 110 diabetes cases  

 127 without diabetes

 20 lost to follow up†

 17 new diabetes cases  
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 38 new diabetes cases  

 5 rejoined the trial

 7 new withdrawals

 13 new diabetes cases  

 1 new withdrawal

 59 diabetes cases  

 17 withdrawals

Figure 1: Trial profi le 

*After the decision to end the intervention period, the intervention was continued until each participant’s next 

scheduled yearly clinic visit. End date thus varied from March, 2000, to Dec, 2001. †Participants who were lost to 

follow-up were treated as censored observations in the analyses.



Articles

www.thelancet.com   Vol 368   November 11, 2006 1675

Database (Fineli) developed at the National Public Health 
Institute, Helsinki, Finland.14 The dietary analyses were 
repeated at the fi rst post-intervention follow-up visit to 
clarify the maintenance of the dietary changes after the 
intervention had been discontinued.

The study participants were categorised according to 
their success in achieving the fi ve predefi ned lifestyle 
goals (0=not achieved, 1=achieved) by the 3-year visit, 
with mean physical activity and nutrient intakes during 
the years 1, 2, and 3. For those who either dropped out or 
were diagnosed with diabetes before the 3-year visit, the 
last observation for bodyweight was used for calculating 
weight reduction. A success score from 0 to 5 was 
calculated as the sum of the achieved goals. The analysis 
was repeated at the fi rst post-intervention follow-up-
visit.

The development of type 2 diabetes was the primary 
endpoint. Since the study was started before the cur-
rent criteria for diabetes were introduced,15 diabetes was 
defi ned according to WHO 1985 criteria,11 ie, either 
fasting plasma glucose of 7·8 mmol/L or more, or 
2-hour post-challenge plasma glucose of 11·1 mmol/L or 
more. The diagnosis of diabetes was confi rmed by a 
second oral glucose tolerance test. 

Statistical analysis
Kaplan-Meier survival curves were calculated to estimate 
the probability of remaining free of diabetes in the two 
groups. Participants who were lost during follow-up 
were treated as censored observations. The diff erence 
between the survival curves was tested with the log-rank 
test. The Cox proportional hazards model was used to 
estimate the hazard ratio for development of diabetes. 
The proportionality assumption of the model was 
assessed with graphical methods (ie, the log-log plot). All 
comparisons of the endpoints were based on the 
intention-to-treat principle. 

Mean levels of bodyweight, nutrient intakes, and 
physical activity during the study were compared between 
the groups with analysis of covariance, adjusting for the 
level of respective variable at baseline. Further, analysis of 
covariance was used to examine changes in these variables 
from the last intervention period visit until the fi rst 
post-intervention examination. In this analysis, adjustment 
was made for the level of respective variable at the last visit 
during intervention. In further analyses, the Cox model 
was used to analyse the relation between the success score 
and the incidence of diabetes. First, the success score 
variable was included in the model as categorical variable, 
with those who did not achieve any of the lifestyle goals as 
reference category. Additionally, test of linear trend was 
done including the success score as continuous variable 
in the model. In these analyses the groups were pooled. 
The analyses were adjusted for treatment group, study 
centre, sex, age, and the baseline 2-h post-challenge 
plasma glucose concentration. Analyses were done with 
the statistics package Stata version 8.0.

Role of the funding source
The sponsors of the study had no role in study design, 
the collection, analysis, or interpretation of the data, or in 
the writing of the report. The corresponding author had 
full access to all data in the study and had the fi nal 
responsibility to submit for publication.

Results
The total number of cases of diabetes diagnosed during 
the overall follow-up of 7 years was 75 in the intervention 
group and 110 in the control group (fi gure 1). The 
incidence rates were 4·3 (95% CI 3·4–5·4) and 
7·4 (6·1–8·9) per 100 person-years in the intervention 
and control group, respectively (p=0·0001 log-rank test). 
The corresponding hazard ratio was 0·57 (0·43–0·76; 
fi gure 2). The cumulative incidence of diabetes at year 6 
was 23% in the intervention group and 38% in the control 
group, with an absolute risk reduction of 15% (7·2–23·2). 
The number of people needed to be treated to prevent 
one case of type 2 diabetes by lifestyle intervention was 
22 for 1 year. The mean bodyweight and the intake of 
total and saturated fat were lower in the intervention 
group compared with that in the control group during 
the intervention (table 1). Further, intake of dietary fi bre 
and physical activity were higher in the intervention 
group. 

In the intervention and the control group, respectively, 
10% and 27% of the participants did not achieve any of 
the predefi ned goals by the 3-year examination, whereas 
14% and 6% achieved four or fi ve goals (p<0·0001 for 
Fisher’s exact test). There was a strong inverse correlation 
between the success score and the incidence of diabetes 
during the total follow-up. Incidence rate per 
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Figure 2: Diabetes by treatment group

Follow-up time is truncated at 8 years, since number of participants at risk beyond this point was low, but they are 

included in the calculation of hazard ratios. 
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100 person-years ranged from 8·4 (95% CI 6·2–11·3) in 
the participants who did not achieve any of the goals at 
the 3-year visit, to 2·0 (1·0–4·3) in those who achieved 
four or fi ve of the goals. The hazard ratios were 1·00, 

0·85 (0·57–1·28), 0.66 (0·40–1·09), 0·69 (0·38–1·26), 
and 0·23 (0·10–0·52) for success score from 0, 1, 2, 3, to 
4–5, respectively (test for trend p=0·0004). 

To assess the independent eff ects of achieving the 
success score components at the 3-year examination on 
diabetes incidence during the total follow-up, all fi ve 
variables for lifestyle goal were fi rst individually included 
in a Cox model. Univariate hazard ratios (95% CI) were 
0·45 (0·31–0·64) for weight reduction from baseline, 
0·65 (0·45–0·95) for intake of fat, 0·59 (0·31–1·13) for 
intake of saturated fat, 0·69 (0·49–0·96) for intake of 
fi bre, and 0·62 (0·46–0·84) for physical activity, 
comparing those who did or did not achieve the respective 
goal. When all fi ve success score components were 
simultaneously included in the Cox model, the 
multivariate-adjusted hazard ratios for diabetes (95% CI) 
were 0·43 (0·30–0·61) for weight reduction, 0·80 
(0·48–1·34) for intake of fat, 0·55 (0·26–1·16) for intake 
of saturated fat, 0·97 (0·63–1·51) for intake of fi bre, and 
0·80 (0·57–1·12) for physical activity. Furthermore, 
weight change from baseline was signifi cantly associated 
with the achievement of each of the other four lifestyle 
goals, and consequently, success score was strongly and 
inversely correlated with weight reduction. The 3-year 
weight reduction was 0·5%, 2·1%, 4·3%, 4·7%, and 
8·7% for success score from 0, 1, 2, 3, to 4–5, respectively 
(test for trend p<0·0001). Additionally, all the dietary 
goals (total fat, saturated fat, and fi bre) were signifi cantly 
associated with each other (p for all <0·0001). 
Achievement of the fat intake goal or the fi bre intake goal 
was associated also with the physical activity goal 
(p=0·0019 and p<0·0001, respectively).

To explore whether the reduced long-term risk of type 2 
diabetes in the intervention group could be attributed 
solely to a reduced risk during the actual intervention of 
the study, we excluded all participants who were 
diagnosed with diabetes during the intervention (n=116) 
and calculated the incidence rates exclusively for the 
post-intervention follow-up. The median post-intervention 
follow-up time was 3 years, and the number of incident 
new cases of type 2 diabetes was 31 in the intervention 
group of 221 people at risk, and 38 in the control group of 
185 people at risk. The corresponding incidence rates 
were 4·6 and 7·2 per 100 person-years, respectively 
(log-rank test p=0·0401), ie, 36% relative risk reduction 
(fi gure 3).

Bodyweight, physical activity, and nutrient intakes in 
those without diabetes at the end of the intervention are 
shown in table 2. The diff erences in these variables 
between the groups remained favourable for the 
intervention group during the post-intervention 
follow-up. The proportion of physically active individuals 
decreased in the control group. Conversely, the 
participants in the control group reduced their intake of 
saturated fat more but, since they had a higher intake to 
start, still maintained a higher intake of saturated fats 
than the intervention group.

Intervention Control p*

n Mean n Mean

Bodyweight (kg)

Baseline 265 86·7 257 85·5 0·3267

Year 1 256 82·2 250 84·8 <0·0001

Year 3† 256 83·4 251 85·2 <0·0001

Last intervention period visit† 257 84·3 251 85·6 <0·0001

Proportion of physically active (%)‡

Baseline 261 64 257 67 0·5192

Year 1 252 86 245 69 <0·0001

Year 3† 256 82 251 71 0·0003

Last intervention period visit† 256 81 251 71 0·0013

Energy proportion of fat (%)

Baseline 264 36 255 37 0·0670

Year 1 254 33 245 35 0·0001

Year 3† 254 32 246 34 <0·0001

Energy proportion of saturated fat (%)

Baseline 264 16 255 17 0·0188

Year 1 254 14 245 16 <0·0001

Year 3† 254 13 246 15 <0·0001

Dietary fi bre (g per 1000 kcal)

Baseline 264 11·7 255 11·7 0·9431

Year 1 254 14·2 245 12·5 <0·0001

Year 3† 254 14·1 246 12·7 <0·0001

*p for test of equality between groups, adjusting for baseline level. †Last observation brought forward for individuals 

who dropped out or became diabetic during the study. ‡Individuals who reported walking, cycling, or other moderate 

intensity activity for at least 4 h per week categorised as physically active.

Table 1: Bodyweight, physical activity, and dietary intake during the intervention period of the study

0·00

0·75

0·50

0·25

1·00

0 1

194

165

2

180

148

3

167

134

4

102

73

221

185

Log-rank test: p=0·0401

Hazard ratio=0·61 (95% CI 0·38–0·98)

Number at risk, intervention/control:

K
ap

la
n

-M
ei

er
 e

st
im

at
e 

o
f 

p
ro

b
ab

ili
ty

 o
f 

re
m

ai
n

in
g

 f
re

e 
o

f d
ia

b
et

es

Follow up time (years)

Intervention

Control

Figure 3: Diabetes by treatment group during the post-intervention follow-up period

Follow-up time is truncated at 4 years, since number of participants at risk beyond this point was low, but they are 

included in calculation of hazard ratios. 
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The success score analysis was repeated to analyse the 
eff ect of maintained lifestyle changes on the diabetes 
incidence during the post-intervention follow-up. In the 
intervention and control groups, respectively, 7% and 
14% of the participants did not achieve any of the lifestyle 
goals at the fi rst follow-up visit, 32% and 40% achieved 
one, while 18% and 7% achieved at least four out of the 
fi ve goals (p=0·0042 for Fisher’s exact test). The incidence 
rate of diabetes per 100 person-years was 8·0 (95% CI 
4·2–15·4) in the group that did not achieve any of the 
goals, compared with 3·8 (1·7–8·5) in the group with 4 
or 5 goals achieved. The hazard ratios were 1·00, 0·96 
(0·45–2·04), 0·37 (0·15–0·93), 0·78 (0·32–1·91) and 
0·54 (0·20–1·49) for the success score from 0, 1, 2, 3, to 4 
or 5, respectively (p=0·1089).

Univariate hazard ratios (95% CI) for diabetes 
incidence during the post-intervention follow-up were 
0·55 (0·30–1·02) for achieving the weight reduction 
goal, 0·74 (0·44–1·27) for achieving the fat intake goal, 
1·01 (0·54–1·89) for achieving the saturated fat intake 
goal, 0·72 (0·40–1·30) for achieving the fi bre intake goal, 
and 0·62 (0·36–1·06) for achieving the physical activity 
goal, compared with those who did not achieve the 
respective goal at the fi rst post-intervention follow-up 
examination. When all fi ve variables for lifestyle goals 
were simultaneously analysed, the adjusted hazard ratios 
were 0·52 (0·28–0·96) for weight reduction from 
baseline, 0·67 (0·35–1·31) for the intake of fat, 1·62 
(0·68–3·85) for the intake of saturated fat, 0·77 
(0·38–1·57) for the intake of fi bre, and 0·82 (0·46–1·48) 
for physical activity.

Discussion
Individually randomised controlled lifestyle intervention 
studies have shown the benefi t of healthy lifestyle on 
delaying the deterioration of glucose tolerance to 
manifest type 2 diabetes, at least as long as the inter–
vention continues.5–8 Our study with a median of 7 years 
total follow-up shows that a marked diff erence in the 
cumulative incidence of diabetes can be sustained after 
the discontinuation of active counselling. The absolute 
diff erence in diabetes risk between the intervention and 
control groups was about 15% during the initial trial 
period and also remained the same during the 
post-intervention follow-up. The relative risk reduction 
of 43% was, however, less than the 58% seen during the 
original study,5 as expected from the increasing 
cumulative diabetes incidence in both groups. 

The earlier Da Qing IGT and Diabetes Study4 with 
clinics randomly assigned either to diet, exercise, or diet 
plus exercise intervention showed a 31%, 46%, and 42% 
risk reduction, respectively, after a 6-year intervention. 
The relative risk reduction achieved in our study was 
about the same after a similar period even though the 
duration of active intervention was shorter. Thus, from a 
public health point of view there is an important message: 
an intensive lifestyle intervention lasting for a limited 

time can yield long-term benefi ts in reducing the risk of 
type 2 diabetes in high-risk individuals. 

The achieved changes in physical activity and dietary 
habits seemed to be maintained at least 1 year after the 
discontinuation of the intervention. The diff erences 
between the groups persisted despite a possible dilution 
eff ect, since the control group participants can be 
considered to have received a reinforced mini-
intervention when they were provided with their own 
glucose results and told about the main fi ndings of the 
Diabetes Prevention Study at the end of the intervention 
period. Still, a modest diff erence in bodyweight change 
from baseline between the intervention and control 
groups was preserved. Our results confi rm the fi ndings 
from earlier studies showing that interventions can 
have long-term eff ect on lifestyle,16,17 and off er 
encouraging evidence for the effi  cacy of comprehensive 
lifestyle intervention even without large reduction in 
weight.

Analysis of the success score showed that most people 
who maintained the lifestyle goals at 3-year visit remained 
free of diabetes during the extended follow-up. This 
fi nding indicates that the true eff ect of healthy lifestyle 
results in a dramatically better outcome than that seen by 
the intention-to-treat analysis of the treatment eff ect. 
Each of the success score components at the 3-year visit 

Intervention Control p* p†

n Mean n Mean

Bodyweight (kg)

Baseline 190 84·9 165 84·0 0·5174

Last intervention visit 190 81·8 165 83·3 <0·0001

First post-intervention follow-up visit 190 83·1 165 84·0 0·0032 0·1482

Proportion of physically active (%)‡

Baseline 184 70 164 70 0·9102

Last intervention visit 187 88 164 76 0·0035

First post-intervention follow-up visit 187 86 164 71 0·0005 0·0273

Energy proportion of fat (%)

Baseline 187 36 159 37 0·1879

Year 3‡ 187 31 159 34 0·0002

First post-intervention follow-up visit 187 31 159 33 0·0174 0·1189

Energy proportion of saturated fat (%)

Baseline 187 16 159 17 0·0676

Year 3‡ 187 13 159 15 <0·0001

First post-intervention follow-up visit 187 12 159 14 0·0001 0·0128

Dietary fi bre (g per 1000 kcal)

Baseline 187 11·9 159 11·9 0·9750

Year 3‡ 187 14·5 159 12·9 0·0003

First post-intervention follow-up visit 187 13·6 159 12·6 0·0071 0·4577

*p for test of equality between the groups, adjusting for the baseline level. †p for test of equal change between the 

groups from the last intervention period visit to the fi rst post-intervention follow-up visit, adjusting for the level at the 

last intervention visit. ‡Individuals who reported walking, cycling, or other moderate intensity activity for at least 4 h 

a week were categorised as physically active.

Table 2: Bodyweight, physical activity, and dietary intakes of participants of the post-intervention 

follow-up period who were without diabetes at the end of the intervention



Articles

1678 www.thelancet.com   Vol 368   November 11, 2006

(except that for saturated fat intake) was signifi cantly 
associated with the reduction in diabetes risk in 
univariate analyses, but when all the components were 
included into the model simultaneously, only the eff ect 
of weight reduction remained signifi cant. Analyses from 
the fi rst post-intervention follow-up visit revealed 
similar tendency; however, the only signifi cant 
association was between weight reduction and diabetes 
risk in the multivariate model. The fi ndings suggest 
that dietary composition and physical activity are 
important in diabetes prevention but their eff ect on 
diabetes risk is in large part, although not entirely, 
mediated through resulting weight reduction. 
Nevertheless, because of the multicollinearity shown by 
the fact that weight change correlated with all the other 
intervention goals, the interpretation of the results 
should be made cautiously. 

Our fi ndings do not allow us to distinguish between 
the carry-over eff ect from the intervention, and the 
ongoing eff ect of lifestyle during the post-intervention 
follow-up, on diabetes incidence. In a subgroup 
analysis of the Diabetes Prevention Study population, 
we showed a marked improvement in insulin 
sensitivity concomitantly with weight loss, whereas 
insulin secretion did not change signifi cantly.18 This 
fi nding suggests that the prolonged benefi t of the 
lifestyle intervention on the diabetes risk could partly 
be attributed to a correction of insulin resistance, 
which, on the other hand, might result in a preservation 
of the beta cell function. Even so, we cannot rule out 
the eff ect of maintaining lifestyle changes after the 
original intervention period. The question concerning 
the risk reduction in those in whom the success score 
or its components changed during the post-intervention 
follow-up period would be of interest, but unfortunately 
at the present our data have restricted statistical power 
for this kind of subgroup analyses. 

About a third of participants in the intervention group 
met none or only one of the predefi ned goals 1 year after 
the intervention. Adherence to the intervention is a 
specifi c challenge for future diabetes prevention 
programmes. Oral antidiabetic medications have been 
shown to prevent diabetes, and could be an option for 
those who have not responded satisfactorily to lifestyle 
intervention. However, medications seem to lower blood 
glucose as long as they are taken, but much of their 
eff ect dissipates as soon as the drug is discontinued.6,19–21 
Unfortunately, there has thus far been no pharmacological 
trial specifi cally targeted to people at high risk of diabetes 
and who were unable to change their lifestyle. 

Some limitations of the present study have to be 
addressed. The analyses related to the post-intervention 
follow-up period of the Diabetes Prevention Study were 
not planned in the original study protocol, and post hoc 
analyses have to be interpreted with caution. The 
post-intervention follow-up was not foreseen while 
calculating the original sample size,10 and because of 

low numbers of people at risk and cases of diabetes the 
statistical power remains restricted. Furthermore, the 
study participants were volunteers and willing to take 
part in a long-lasting trial and thus were probably more 
health-conscious than the general population. A low 
number of withdrawals is a marker of high commitment, 
but since there was no diff erence between the groups it 
is also an advantage in the analyses. Future studies will 
reveal if the results from this clinical trial can be 
transposed into usual health-care settings. Also the 
generalisability of our fi ndings in other populations 
must be studied. 

Based on the Kaplan-Meier analysis, around 50% of 
people with impaired glucose tolerance will develop 
diabetes during 10 years when no active intervention is 
applied. Although a lifestyle intervention alone, even if 
successful, does not necessarily prevent type 2 diabetes 
in all individuals, it will still postpone the onset of the 
disease. Even delaying the onset of diabetes can have a 
substantial eff ect on subsequent morbidity, and therefore 
on the cost-eff ectiveness of diabetes prevention.22 
Whether the lifestyle intervention used in the Diabetes 
Prevention Study reduces diabetes-related microvascular 
and macrovascular complications in the long run is still 
to be proven, and such an assessment is planned in the 
future after an adequate number of cases and 
person-years have been accumulated. 

The high diabetes incidence even in the intervention 
group of our study suggests that preventive actions 
should probably be targeted to all high-risk individuals, 
even before impaired glucose tolerance is present. The 
lifestyle intervention used in the Diabetes Prevention 
Study has formed the basis for the implementation 
programme for the prevention of type 2 diabetes in 
Finland.23 This programme identifi es high risk 
individuals with a simple, validated risk score 
questionnaire24,25 and thus is likely to reach people at an 
earlier stage in the process leading to diabetes. Although 
a population-based strategy to fi ght the pandemic of 
type 2 diabetes is urgently needed, an individualised 
approach to guide people at high risk is also warranted. 
A simple lifestyle intervention seems to work well. 
However, further research is needed to reveal the 
optimum and most cost-effi  cient strategy, intensity, and 
duration of such an intervention. The results from the 
extended follow-up of the Finnish Diabetes Prevention 
Study nevertheless show that the eff ect of lifestyle 
intervention on diabetes risk does not disappear after 
active lifestyle counselling is stopped.
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