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Aims:  The  Finnish  National  Diabetes  Prevention  Program  (FIN-D2D)  was  the  first  large-scale  diabetes
prevention  program  in  a  primary  health  care  setting  in the world.  The  risk  reduction  of  type  2 dia-
betes  was 69%  after  one-year  intervention  in  high-risk  individuals  who  were  able  to lose  5%  of  their
weight.  We  investigated  long-term  effects  of one-year  weight  change  on  the  incidence  of  type  2  diabetes,
cardiovascular  events,  and all-cause  mortality.
Methods:  A  total  of  10,149  high-risk  individuals  for type 2 diabetes  were  identified  in primary  health
care  centers  and  they  were  offered  lifestyle  intervention  to prevent  diabetes.  Of  these  individuals  who
participated  in  the  baseline  screening,  8353  had an  oral  glucose  tolerance  test  (OGTT).  Complete  follow-
up  data during  one-year  intervention  were  available  for  2730  individuals  and  those  were  included  in  the
follow-up  analysis.  The  long-term  outcome  events  were  collected  from  national  health  registers  after  the
median follow-up  of 7.4 years.
Results:  Among  individuals  who  lost  weight  2.5−4.9%  and  5%  or more  during  the  first  year,  the  hazard
ratio  for  the  incidence  of  drug-treated  diabetes  was  0.63  (95%  CI 0.49−0.81,  p =  0.0001),  and  0.71  (95%  CI
0.56−0.90,  p  = 0.004),  respectively,  compared  with  those  with  stable  weight.  There  were  no  significant
differences  in  cardiovascular  events  or  all-cause  mortality  among  study  participants  according  to one-
year weight  changes.

Conclusions: High-risk  individuals  for type  2  diabetes  who  achieved  a moderate  weight  loss by  one-year
lifestyle  counseling  in  primary  health  care  had  a long-term  reduction  in  the  incidence  of  drug-treated
type  2 diabetes.  The  observed  moderate  weight  loss  was  not  associated  with  a  reduction  in cardiovascular
events.
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This is an  open  access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
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. Introduction
Type 2 diabetes is a chronic disease associated with many co-
orbidities and premature mortality. Cardiovascular disease is

 major cause of mortality in people with type 2 diabetes [1].
ccording to a meta-analysis, cardiovascular disease and all-cause
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mortality risk is much higher in people with type 2 diabetes com-
pared with non-diabetic people [2]. Prevention of type 2 diabetes
and its complications is essential in order to reduce the global bur-
den of type 2 diabetes.

Randomized controlled trials (RCT’s) have shown that lifestyle
intervention comprising healthy diet, physical activity, and weight
control in high-risk individuals is efficient for the prevention of type
2 diabetes and management of cardiovascular risk factors [3–6].
Among people with impaired glucose tolerance (IGT), the reduction
in risk of diabetes was 58% during the lifestyle intervention trial
lasting for approximately three years in both the Finnish Diabetes
Prevention Study (DPS) [3] and the US Diabetes Prevention Program
(DPP) [4].

There is the paucity of evidence that also the incidence of car-
diovascular disease may  be reduced by such lifestyle interventions;
the diabetes prevention RCT’s have not been designed to test such
a hypothesis. Nevertheless, the recent long-term follow-up of the
Da Qing diabetes prevention trial in Chinese people with IGT has
indicated that in long-term also cardiovascular mortality may  be
reduced by lifestyle intervention among people who  participated
in a diet and/or physical activity intervention [7].

Furthermore, benefits of type 2 diabetes prevention by lifestyle
intervention in RCTs have been shown to sustain at least 10–20
years; the long-term diabetes risk reduction in RCTs where the
intervention lasted for 3–6 years has varied between 27–43%
[7–12], while the absolute risk reduction remained unchanged or
even increased further between randomisation groups in the DPS
follow-up [8]. In the DPS, no difference between the initial interven-
tion and control groups was found in cardiovascular morbidity or
all-cause mortality after ten years follow-up, but compared with
a population-based observational cohort of people with IGT car-
diovascular mortality in both groups in the DPS was  significantly
lower [13]. The recent sub-study based on the DPS data suggests
a lower incidence of early retinopathy in the former intervention
group [14]. On the other hand, at the 15-year follow-up of the DPP
observational study, there were no overall differences in aggregate
microvascular outcomes between the original lifestyle intervention
and placebo groups [11]. The Chinese Da Qing study showed the
benefits of lifestyle interventions on diabetes prevention, retinopa-
thy incidence, and cardiovascular and all-cause mortality during
the 23-year follow-up, and the difference between the intervention
and control groups started to appear after 10 years from base-
line [15]. Recently reported 30-year results of the Chinese Da Qing
study strengthen these earlier findings [7]. A systematic review and
meta-analysis of 20 RCT‘s which addressed the progression from
pre-diabetes to overt type 2 diabetes found that lifestyle interven-
tions effectively decreased the incidence of type 2 diabetes, but did
not reduce all-cause mortality or cardiovascular and microvascular
disease [16].

Longer-term effectiveness of lifestyle interventions for diabetes
prevention in the primary care settings is still unclear, because
there are limited numbers of studies with long follow-up time.
Lifestyle intervention in primary care in Poland showed that mod-
est weight reduction decreased diabetes risk and reduction in
cardiovascular risk factors were maintained at the three-year
follow-up [17]. Similar findings were found in a three-year follow-
up study in Finland [18]. A prospective cohort study in Spain with a
four-year follow-up showed that intensive lifestyle intervention in
primary care reduced diabetes incidence by 37% among high-risk
individuals identified by the Finnish diabetes risk score (FINDRISC)
[19].

The Finnish National Diabetes Prevention Programme (FIN-

D2D) was the first large-scale diabetes prevention program in a
primary health care setting in the world. After a one-year follow-
up, the incidence of diabetes decreased and there were favourable
changes in cardiovascular disease risk factors in the high-risk
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ohort identified by the FINDRISC [20]. The risk reduction of type 2
iabetes was  directly related to the magnitude of weight change; it
as  69% of the individuals who  were able to lose at least 5% of their

nitial weight [20]. In this report, we  explored long-term effects of
eight loss achieved during one-year lifestyle intervention on the

ncidence of drug- treated type 2 diabetes, cardiovascular events,
nd all-cause mortality in the FIN-D2D high- risk cohort.

. Methods

.1. Study design

This study is a 7.4-year follow-up of the FIN-D2D high-risk
ohort. The original study was  conducted in five hospital dis-
ricts during years 2003–2008, and has been described in more
etail elsewhere [20]. In the high-risk strategy of the FIN-D2D
rogramme, individuals at risk for type 2 diabetes were screened
ostly through primary health care centres, but also pharmacies

nd public events and were invited to join the FIN-D2D programme
20]. Screening was  conducted using the FINDRISC [21]. Persons
coring ≥15 points in the FINDRISC were invited to receive lifestyle
ounselling. The rationale for the choice of the FINDRISC threshold
as been described in our earlier publications [22,23]. In addi-
ion, eligible persons were those with a history of impaired fasting
lucose (IFG), IGT, ischemic cardiovascular disease or gestational
iabetes. After identification of high-risk persons for type 2 dia-
etes, they were invited to visit voluntarily in one of the over 400
rimary health care units or occupational health care clinics located

n the FIN-D2D program area. In these clinics, health check-ups with
 short interview and measurements of anthropometric character-
stics, blood pressure and brief counselling for healthier lifestyle

ere conducted by local nurses, who  had received training regard-
ng lifestyle prevention of type 2 diabetes. Study participants were
lso referred to laboratory tests including a 2-h OGTT and the mea-
urement of fasting blood lipids.

Participants were offered either individual or group-based
ifestyle counselling. The topics of the individual counselling and
roup sessions were weight reduction, a healthy diet and physical
ctivity based on the person’s individual needs. Due to the local
esources and other circumstances in the large number of clinics
hat took care of the intervention there was  no uniform protocol
or the frequency and intensity of the intervention.

During the visits to the clinics, the participants were asked to
ll in a questionnaire about lifestyle and intervention activities.
aseline visits were conducted during 2004–2007 and the one-year

ollow-up visits during 2005–2008 (9–18 months after baseline).
ndividuals, who had a follow-up visit before (n = 172) or after
n = 1470) one-year follow-up were excluded from analyses. In
otal, 10,149 high-risk individuals (3379 men  and 6770 women)
ged 18–87 years participated in baseline visit and 3880 persons
n the one-year follow-up visit and they also had OGTT data from
oth visits (Fig. 1). Altogether1150 individuals were excluded from
he present analysis because they had screen-detected diabetes at
aseline or one-year follow up since they did not have data on
eight change prior to the onset of diabetes, or other necessary
ata were missing. Complete follow-up data during one-year inter-
ention were available for 2730 individuals and they were included
n the present follow-up analysis (Fig. 1).

During the health examination, weight and height were mea-
ured and body mass index (BMI) was  calculated. In the present
nalyses change in weight at the one-year follow-up visit was cat-

gorized into four classes, lost 5% or more, lost 2.5−4.9%, stable
eight (<2.5%) and gained (>2.5%) [20]. Data on socio-demographic

actors, health status and regular medication were collected by a
elf-report questionnaire.
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Fig. 1. The number of people in the FIN-D2D high-risk cohort identified during 

2.2. Incidence of drug-treated diabetes, cardiovascular events
and all-cause mortality

Data on the incidence of drug-treated diabetes, cardiovascular
events, and all-cause mortality were collected from three nation-
wide health registers using computerized data linkage with the
national personal identification number until study close of 31st
of December 2012 with the median follow–up time of 7.4 years.

The incidence of drug-treated diabetes was identified by the
record data linkage to the National Prescription Register (ATC class
A10, drugs for diabetes) and Register for Drug Cost Reimburse-
ment (class 103, diabetes). Register data do not distinguish the
type of diabetes. The incidence of cardiovascular events was exam-
ined through a data linkage with the National Hospital Discharge
Register, which covers discharges of in-patient admissions to any
hospital in Finland. Data on deaths were obtained from the National
Death Register that provided the underlying cause of death based
on official death certificates. The diagnoses were coded according
to the International Classification of Diseases [24]. Cardiovascular
events included the ICD-10 codes I20-I25, I61, I63, which stand for
acute coronary events, coronary heart disease and stroke.

2.3. Research ethics

The data were collected according to the guidelines of the Dec-
laration of Helsinki and international ethical standards. The ethical
steering committee within the National Institute for Health and
Welfare gave approval for the FIN-D2D-follow-up study and for
data linkage to nationwide health registers.

2.4. Statistical analysis

Cox proportional hazards models, expressed as hazard ratios
(HRs) and 95% confidence intervals (CI’s) were used to examine
effects of weight change on the incidence of drug-treated type
2 diabetes, cardiovascular events, and mortality after adjustment
for age, sex, BMI, fasting glucose, 2-h glucose, drug treatment for

drug hypertension and treatment for lipids at baseline. Analyses
were conducted separately for men  and women when calculating
the incidence of drug-treated type 2 diabetes and when weight
change was categorized into two classes: lost weight and stable
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to 2008 and the participants with the one-year and seven-year follow-up data.

r gained weight. People who initiated treatment with glucose-
owering drugs before the one-year follow-up visit were excluded
rom the analyses since their weight change prior to the diagnosis
f diabetes could not be obtained. Statistical analyses were done
ith the statistics package STATA, version 15 (StataCorp, College

tation, Texas, USA).

. Results

.1. Baseline characteristics according to the weight change

Baseline characteristics of the high-risk individuals for drug-
reated type 2 diabetes according to weight change during the
ne-year lifestyle intervention are presented in Table 1 and Sup-
lemental Tables 1 and 2. The majority of participants were obese,
nd the mean BMI  was over 30 kg/m2. The mean FINDRISC score
as 17 points in all study groups.

The participants who gained weight were younger and their BMI
nd 2-h glucose level were slightly lower than those of the partic-
pants who  had stable weight or lost weight, and their prevalence
f IGT was lower (Table 1).

.2. Incidence of drug-treated diabetes according to weight
hange

Among the 2730 individuals who  participated in the one-year
ifestyle intervention, 594 had started glucose-lowering drug treat-

ent during the follow-up. The overall incidence of diabetes per
000 person-years was  33.2 (CI 30.6–36.0) and the annual conver-
ion rate was  0.8%.

In individuals who lost weight 2.5−4.9% and 5% or more during
he one-year intervention, the incidence of drug-treated diabetes
as reduced by 37% (HR = 0.63, CI 0.49−0.81, p = 0.0001) and 29%

HR = 0.71, CI 0.56−0.90, p = 0.004), respectively, compared with
he people with stable weight when adjusted for age, sex, BMI, fast-
ng glucose, 2-h glucose, drug treatment for hypertension and drug

reatment for lipids at baseline (Fig. 2 and Table 2). In individuals
ho gained weight 2.5% or more, the incidence of drug-treated dia-

etes tended to be higher than in those with stable weight (HR =
.22, CI 0.99−1.51, p = 0.059).
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Table  1
Baseline characteristics of the participants by one-year weight change during the intervention (mean and SD; or percentage and p value).

N Weight loss ≥5% N Weight loss
2.5−4.9%

N Stable weight N Gained weight p

Age (years) 481 54.0 (10.7) 459 55.8 (9.8) 1257 55.5 (10.2) 533 52.4 (10.6) <0.001
Sex:  men  (%) 481 30.8 459 30.5 1275 35.7 533 29.6 0.013
FINDRISC score 404 17.2 (3.0) 382 17.2 (3.1) 1068 17.1(3.2) 447 16.9 (3.2) 0.249
BMI  (kg/m2) 481 32.6 (5.6) 458 31.5 (4.9) 1257 31.2 (5.0) 532 30.6 (5.2) <0.001
Education low (%)a 450 72.2 435 73.8 1209 70.6 501 70.1 0.546
Smoking (%) 451 16.0 434 11.5 1210 13.6 499 17.3 0.036
Fasting glucose (mmol/l) 481 5.8 (0.6) 459 5.7 (0.6) 1257 5.8 (0.6) 533 5.7 (0.6) <0.001
2-h  glucose (mmol/l) 481 7.2 (1.9) 459 7.0 (1.8) 1257 7.0 (1.8) 533 6.7 (1.8) <0.001
NGT  (%) 481 43.7 459 51.9 1257 48.6 533 58.5 <0.001
IFG  (%) 481 21.8 459 21.1 1257 23.2 533 16.7 0.020
IGT  (%) 481 34.5 459 27.0 1257 28.2 533 24.8 0.006
Total  cholesterol (mmol/l) 453 5.2 (0.9) 433 5.2 (1.0) 1208 5.2 (1.0) 507 5.1 (1.0) 0.186
LDL  cholesterol (mmol/l) 440 3.1 (0.9) 426 3.1 (0.9) 1186 3.1 (0.9) 501 3.0 (0.8) 0.098
HDL  cholesterol (mmol/l) 448 1.4 (0.4) 431 1.4 (0.4) 1203 1.4 (0.4) 507 1.4 (0.4) 0.230
Triglycerides (mmol/l) 448 1.6 (0.9) 430 1.6 (1.1) 1200 1.6 (0.9) 507 1.5 (1.0) 0.426
Systolic blood pressure (mmHg) 477 140 (17.0) 457 141 (17.0) 1251 139 (17.5) 528 138 (17.5) 0.033
Diastolic blood pressure (mmHg) 477 86 (9.0) 457 86 (9.3) 1251 86 (9.5) 528 86 (9.5) 0.461
Drug  treatment for elevated blood pressure (%) 481 46. 6 459 54.0 1257 51.2 533 52.0 0.129
Drug  treatment for dyslipidemia (%) 481 21.4 459 26.6 1257 24.7 533 24.2 0.310

BMI  = Body Mass Index, NGT = normal glucose tolerant, IFG = impaired fasting glucose, IGT = impaired glucose tolerance, LDL = low-density lipoprotein, HDL = high-density
lipoprotein.

a Education was categorized into two classes: low (primary, basic or middle school, vocational school or corresponding, upper secondary school) and high (college,
polytechnic, and academic degree).

Table 2
Diabetes incidence, cardiovascular events and total mortality during follow-up by weight changes.

Weight changes Weight loss ≥5% Weight loss 2.5–4.9% Stable weight Gained weight

Diabetes incidence
Number of drug treated type 2 diabetes 89 74 296 135
Rate  per 1000 person-years (95% CI) 27.6 (22.4−33.9) 23.7 (18.9−29.8) 36.5 (32.6−40.9) 39.5 (33.3−46.7)
Hazard ratio (95% CI)a 0.71 (0.56−0.90) 0.63 (0.49−0.81) 1.00 1.22 (0.99−1.51)
p-value 0.004 0.0001 (ref) 0.059

Cardiovascular events
Number of CVD events 19 26 76 22
Rate  per 1000 person-years (95% CI) 5.6 (3.6−8.8) 8.0 (5.5−11.8) 8.6 (6.9−10.8) 5.8 (3.8−8.8)
Hazard  ratio (95% CI)a 0.75 (0.45−1.24) 1.01 (0.65−1.56) 1.00 0.85 (0.53−1.37)
p-value 0.261 0.963 (ref) 0.504

Total  mortality
Number of deaths 9 10 24 10
Rate  per 1000 person-years (95% CI) 2.6 (1.3−5.0) 3.0 (1.6−5.6) 2.6 (1.8−3.9) 2.6 (1.4−4.8)
Hazard  ratio (95% CI)a 1.11 (0.51−2.41) 1.22 (0.58−2.56) 1.00 1.26 (0.59−2.69)
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p-value 0.790 

a Adjusted for age, sex, BMI, fasting glucose, 2-h glucose, drug treatment for hype

In men, the incidence of drug-treated diabetes was  41% lower
in those who lost weight 2.5−4.9% than in those with stable weight
(HR = 0.59, CI 0.39−0.89, p = 0.012) when adjusted for age and
BMI  at baseline. In men  who lost weight 5% or more, the differ-
ence compared with those with stable weight was numerically
reduced, but not statistically significant (HR = 0.72, CI 0.50–1.04, p
= 0.080). In women, the incidence of drug-treated diabetes was 34%
lower (HR = 0.66, CI 0.48−0.92, p = 0.013) in those who  lost weight
2.5−4.9% compared with those with stable weight when adjusted
for age and BMI  at baseline, and 31% (HR = 0.69, CI 0.51−0.95, p
= 0.021) lower in those who lost weight 5% or more. Both in men
and women who gained weight, the incidence of diabetes tended
to increase.

In men  who lost weight compared with men with stable or
increased weight the incidence of drug-treated diabetes was  38%
lower when adjusted for age and BMI  at baseline (HR = 0.62, CI
0.4−0.83, p = 0.001). In women who lost weight compared with

women with stable or increased weight the incidence of drug-
treated diabetes was 36% lower when adjusted for age and BMI
at baseline (HR = 0.64, CI 0.51−0.81, p < 0.001).
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03 (ref) 0.547

on and drug treatment for lipids at baseline.

.3. Incidence of cardiovascular events and all-cause mortality
ccording to weight change

Overall, 143 cardiovascular events were ascertained in the study
ohort during the follow-up (Table 2). There were no statistically
ignificant differences in incidence of cardiovascular events among
he weight change groups after adjustment for age, sex, BMI, fast-
ng glucose, 2-h glucose, drug treatment for hypertension and drug
reatment for lipids at baseline (Supplemental Fig. 1 and Table 2).

There were 53 individuals who deceased during the follow-up
Table 2). There were no statistically significant differences in all-
ause mortality among the weight change groups.

. Discussion

This extended median 7.4-year follow-up of the subsample

f the FIN-D2D cohort of people at high risk of type 2 diabetes
howed that a moderate weight reduction (≥2.5%) one year after
he lifestyle intervention had sustained long-term benefits and was
ranslated to a significant 29–37% reduction in the incidence of
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Fig. 2. The cumulative incidence (%) of drug-treated type 2 diabetes during the
seven-year follow-up in individuals at high-risk of type 2 diabetes according to the
weight change in one-year intervention.

drug-treated diabetes. The observed moderate weight loss was not
associated with a reduction in cardiovascular events or all-cause
mortality in a post-hoc analysis, but the number of the events
was small resulting in low statistical power. A limited number of
implementation studies exist that have evaluated effects of lifestyle
interventions for diabetes prevention in primary care settings with
a long follow-up time [17–19]. Findings from previous short-term
studies were similar to our results [25], but the follow-up time was
at least three years longer in our study.

The challenge has been how the available evidence from suc-
cessful RCT’s proving the efficacy of lifestyle intervention on type 2
diabetes prevention could be translated to the current health care
practice. A systematic review and meta-analysis of 22 real-world
implementation studies showed that the prevention of type 2 dia-
betes can be effective in the real-world settings during a 12-month
follow-up [25]. Seven studies included in this meta-analysis were
done in primary care settings and the rest in community or outpa-
tients settings [25]. Johnson et al. reported that in 19 translational
studies based on the DPP and DPS methodology, but with modifica-
tions to increase feasibility, weight loss was achieved in a range of
settings, but no consistent changes associated with interventions
were found in blood glucose or waist circumference [26]. The strong
association between overweight and obesity and increased dia-
betes incidence is well established. Obesity is associated with more
than ten-fold increase in the incidence of type 2 diabetes compared
with people with normal weight [27], and the risk steeply increases
with increasing level of BMI  or waist circumference [28]. In most
clinical trials, weight reduction has been the key point of a lifestyle
intervention for the prevention of type 2 diabetes [4]. Recently, the
2-year results of DiRECT trial showed that 70% of patients with type
2 diabetes who took part in the primary care-based weight man-
agement programme and lost more than 15 kg were in remission
after two years [29].

Thus, the target of lifestyle interventions to prevent type 2
diabetes should be focused on weight reduction, although other
aspects of unhealthy lifestyle should also be addressed. Previous

diabetes prevention trials, such as the DPS and DPP, showed that the
maximum weight reduction was achieved after one year, and there-
after some regain of weight gradually occurred. Still, the lifestyle
intervention group kept lower body weight in long-term compared
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ith the control group [3,4]. Thus, a one-year weight change is a
alid indicator of the success of lifestyle intervention for diabetes
revention, especially in participants who  are obese or overweight
t baseline.

In  our study, only 17.5% of participants had lost at least 5% of
heir body weight during the one-year follow-up [20]. In the Span-
sh study from the Diabetes in Europe-Prevention Using Lifestyle,
hysical Activity and Nutritional Intervention (DE-PLAN) project in
rimary care, 24% of participants in the intensive group reduced the
eight by at least 3%, and in the Polish study 27% of participants

chieved a BMI  reduction of >5% after one-year follow-up [17,19]. In
he Norwegian study only 8.7% of participants had evidence of >5%
eight loss during follow-up [30]. In a meta-analysis of 22 real-
orld implementation studies the average weight loss was  2.6 %

t the one-year follow-up [25]. Longer duration and intensity of
ession attendance resulted in a higher weight loss.

Prior research on translational diabetes prevention programs
hows that the intervention programs were most effective when
hey included a minimum of four to six months of weekly sessions
ollowed by periodic maintenance sessions for at least one year [31].
ur study intervention was done in a clinical setting in primary
are without extra facilities or manpower, which explains the low
umber of intervention visits [20]. Participants had on average 2.9

ntervention visits during the one-year intervention and only 29% of
hem had three or more visits [20], and those with a higher number
f intervention visits succeeded to lose more weight than others.
he relatively small number of intervention visits may explain the
maller weight loss of participants in this study compared with
he above-mentioned other studies. The recent report from the
E-PLAN study cohort identified by the FINDRISC in Norway also

howed that a very low intensity lifestyle intervention did not result
n significant benefits regarding the prevention of type 2 diabetes
30].

Selection bias is a possible limitation of our study, because only
9% of individuals who  had an OGTT at baseline had any follow-up
ata and many people did not participate in the intervention pro-
ram. These participants with follow-up data were probably more
otivated to do lifestyle changes, which might affect the result

f this study, but the extent of this bias remains unclear. How-
ver, the weight change groups did not differ in their baseline sex
nd FINDRISC-score. The incidence of diabetes was  comparable in
his cohort (33/1000 person-years) compared with a meta-analysis
here the incidence of diabetes was 36 (95% CI 15.1–83.0)/1000
erson-years in people with raised HbA1C [32]. It is of note that the

ncidence varies according to the criteria used to diagnose diabetes.
Data on drug-treated diabetes to ascertain the incident cases of

iabetes were obtained from the register data (the National Pre-
cription Register and the Register for Drug Cost Reimbursement).
lthough the coverage of these registers is virtually complete, only

he people who received drug treatment for diabetes were identi-
ed. Many people with asymptomatic new-onset diabetes can only
e detected by assessing glycemia by laboratory tests, and some
uch cases have been missed. Since our cohort was known to have

 high risk of diabetes by the local health personnel, it is possi-
le that they had been monitored by glycaemia re-testing, but we
o not have information about it. However, it is unlikely that the
ne-year weight change would have caused bias in the detection
f diabetes during the seven–year follow-up. The type of diabetes
as not defined by the register data, but this limitation is a minor

ssue since the majority of cases in this age group would have type
 diabetes.

In the FIN-2D2 programme, the participants in the high-risk

ohort were at a very high risk to develop diabetes. Obviously,
easures to prevent diabetes even earlier are needed. The main

nclusion criteria for the high-risk cohort in the FIN-D2D program
as FINDRISC score ≥15. [20] The ideal cut-point for the FINDRISC
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score based on sensitivity and specificity would have been 11 or 12
[20] that was also proposed by the Norwegian study [30]. The rea-
son for choosing a FINDRISC score of ≥15 for inclusion criteria was
that a lower score threshold would have identified too many high-
risk persons and resources in primary care would not have been
able to organize lifestyle intervention and follow-up for so many
people. Even the cut-point of the FINDRISC score of ≥15 seemed
to produce too many individuals for many primary care centres to
cope with. Over the past ten years, mobile and digital services have
developed rapidly which makes it possible to increase flow also in
health care and diabetes prevention programs can be implemented
in much larger groups of high-risk persons.

Our study showed benefits of lifestyle intervention on diabetes
prevention, but there were no effects on cardiovascular events or
total mortality. These findings are similar to those obtained in most
previous follow-up studies [11,13]. None of the diabetes prevention
studies have been designed for preventing cardiovascular events or
all-cause mortality, and all studies have been clearly underpowered
for this, but some post-hoc analyses of previous trials have been
published. The Chinese study showed benefits of lifestyle interven-
tions on cardiovascular and all-cause mortality to appear only after
10 years follow-up [7,9,15]. In the Look AHEAD study, intensive
lifestyle intervention did not reduce cardiovascular morbidity and
mortality in persons with type 2 diabetes who were overweight
or obese during median of 9.6-year follow-up [33]. In the post-
hoc analysis of the Look AHEAD study with a follow-up of 10.2
years, when the intensive lifestyle intervention and control groups
were combined, the risk of cardiovascular events or mortality was
reduced by 21% in the trial participants who were able to lose at
least 10% of their weight at one year compared with the partici-
pants whose weight remained stable or who gained weight [34].
However, it may  also be that people at high risk of type 2 diabetes
through their lifestyle will have also a higher risk for cardiovascular
events due to other risk factors such as hypertension and dyslipi-
daemia, and they may  have changed their lifestyle for this reason
as well, not only due to the risk of diabetes.

5. Conclusions

This study shows that individuals at high-risk for type 2 diabetes
who achieved a moderate weight loss during a one-year program of
lifestyle counselling in primary health care had a long-term benefit
in terms of reduced incidence of new-onset drug-treated type 2
diabetes. The observed moderate weight loss was not associated
with a reduction in cardiovascular events.
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