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Abstract
Aims/hypothesis To assess the feasibility and effectiveness
of an active real-life primary care lifestyle intervention in
preventing type 2 diabetes within a high-risk Mediterranean
population.
Methods A prospective cohort study was performed in the
setting of Spanish primary care. White-European individu-
als without diabetes aged 45–75 years (n02,054) were
screened using the Finnish Diabetes Risk Score (FIN-
DRISC) and a subsequent 2 h OGTT. Where feasible,
high-risk individuals who were identified were allocated
sequentially to standard care, a group-based or an individual

level intervention (intensive reinforced DE-PLAN [Diabetes
in Europe—Prevention using Lifestyle, Physical Activity
and Nutritional] intervention). The primary outcome was
the development of diabetes according to WHO criteria.
Analyses after 4-year follow-up were performed based on
the intention-to-treat principle with comparison of standard
care and the combined intervention groups.
Results The standard care (n0219) and intensive intervention
(n0333) groupswere comparable in age (62.0/62.2 years), sex
(64.4/68.2% women), BMI (31.3/31.2 kg/m2), FINDRISC
score (16.2/15.8 points), fasting (5.3/5.2 mmol/l), 2 h plasma
glucose (7.1/6.9 mmol/l) and self-reported interest to make
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lifestyle changes at baseline. Diabetes was diagnosed in 124
individuals: 63 (28.8%) in the standard care group and 61
(18.3%) in the intensive intervention group. During a 4.2-year
median follow-up, the incidences of diabetes were 7.2 and 4.6
cases per 100 person-years, respectively (36.5% relative risk
reduction, p<0.005). The number of participants needed to be
treated by intensive intervention for 4 years to reduce one case
of diabetes was 9.5.
Conclusions/interpretation Intensive lifestyle intervention
is feasible in a primary care setting and substantially reduces
diabetes incidence among high-risk individuals.

Clinical trial registration: ClinicalTrial.gov NCT01519505
Funding: Commission of the European Communities, Insti-
tute of Health Carlos III, Spanish Ministry of Health and
Department of Health, Generalitat de Catalunya.
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Lifestyle intervention . Primary care

Abbreviations
FINDRISC Finnish Diabetes Risk Score
FPG Fasting plasma glucose
IFCC International Federation of Clinical Chemistry
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
NGSP National Glycohemoglobin Standardization

Program
2hPG 2 h Plasma glucose
RRR Relative risk reduction

Introduction

Type 2 diabetes is an important preventable disease and a
growing public health problem. Based on clinical trials, it is
known that type 2 diabetes development can be prevented or
delayed by intensive lifestyle intervention among high-risk
people. However, developing a diabetes prevention strategy
that applies to the general population is challenging and
requires political commitment [1–3].

When planning national diabetes prevention measures, peo-
ple at high risk of developing type 2 diabetes should be targeted
with lifestyle modification interventions through a stepwise
high-risk approach tailored to the specific local situation [2].
A key issue is translation of diabetes prevention research into
practice. In fact, community-based evaluations in a range of
countries are essential to learn about the viability and effective-
ness of programmes designed and implemented locally [4].

The present study aimed to assess the feasibility, and
subsequently the effectiveness, of an active real-life primary
care strategy to prevent type 2 diabetes in high-risk Spanish
individuals using existing public healthcare resources.

Methods

The methodology from a public health programme, DE-
PLAN (Diabetes in Europe—Prevention using Lifestyle,
Physical Activity and Nutritional intervention), developed
in Catalonia (Spain) was used for study purposes [5]. A
multidisciplinary Steering Committee was established with
representatives from each primary care centre to implement
a single common protocol as well as a curriculum for the
training of prevention managers (general practitioners and
nurses). These participating centres were selected in a strati-
fied manner and covered all primary care services for
315,703 inhabitants (4.5% of the population in Catalonia).
All participating professionals were certified after several
training meetings. The supplementary resources used were
recorded and partially funded. The research ethics commit-
tee board at the Jordi Gol Research Institute (Barcelona,
Spain) approved the protocol and all participants gave writ-
ten informed consent.

White-European individuals without diabetes aged 45–
75 years were evaluated by general practitioners in 18
primary healthcare centres. The participants were consecu-
tively recruited from a random list from the computerised
public healthcare system to obtain a representative sample
of the population assigned to each centre. All individuals
with severe psychiatric disease, chronic kidney and liver
disease or blood disorders were excluded.

The first screening used the Spanish version of the Finn-
ish Diabetes Risk Score (FINDRISC), a well-validated
eight-item European questionnaire related to diabetes risk
factors (the most recent version used ranged from 0 to 26
points) characterising individuals according to their future
risk of type 2 diabetes as follows: (<7 points [low], 7–11
[slightly elevated], 12–14 [moderate], 15–20 [high], >20
[very high]) [3, 6] (www.diabetes.fi). The questionnaire
collected information about age, sex, weight and height
(BMI), waist circumference, use of concomitant blood pres-
sure medication, history of high blood glucose disorders,
physical activity, family history of diabetes and daily con-
sumption of vegetables, fruits or berries. Both questionnaire
and European guidelines recommend that people with
scores >14 should have blood tests for detecting diabetes
[3–6]. Body weight and height were measured in light
clothing, without shoes. Waist circumference was measured
midway between the lowest rib and the iliac crest. Anthro-
pometric variables were determined by trained nurses.

The second screening was carried out using a 2 h 75 g
OGTT according to WHO standards, with measurements of
fasting and 2 h postload plasma glucose. All participants
were asked to have a screening OGTT as part of the proto-
col. Participants with FINDRISC scores ≤14 were offered an
OGTT on a voluntary basis. A second OGTT to confirm a
diagnosis of diabetes based on the first OGTT was
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recommended in the study protocol. These measurements
were repeated at the yearly follow-up visits to determine
type 2 diabetes incidence. The lipid profile and HbA1c

determinations were performed simultaneously. Three main
diagnostic categories (normal, prediabetes and diabetes)
were defined based on 2 h postload glucose (<7.8; 7.8–
11.0 mmol/l and/or fasting plasma glucose [6.1–6.9 mmol/l];
and >11.1 mmol/l, respectively) [7]. The plasma glucose and
lipid profile determinations were carried out using a uniform
glucose oxidase–peroxidase and a cholesterol oxidase–phenol
aminophenazone (CHOD-PAP) method, respectively. The
HbA1c assay was a standardised HPLC assay aligned to the
Diabetes Control and Complications Trial in all laboratories
[8]. The intra- and interassay coefficients of variation for all
assays ranged from 2% to 3%.

People were eligible for the lifestyle intervention only if
they had had an OGTT, did not have diabetes and had either
or both of a FINDRISC score >14 or prediabetes defined
using WHO criteria for fasting or 2 h glucose. Prior to any
intervention, the participants completed a 46-item basic
questionnaire provided by the European DE-PLAN/IMAGE
project adapted to the Spanish language and habits [4, 5].
This survey was focused on dietary and physical exercise
behaviour to detect participants’ baseline status and possible
future changes. In view of the present evaluation, particular
attention was paid to eight specific items aimed at assessing
the individual self-reported interest in introducing lifestyle
changes.

The protocol consisted of two interventions (standard
care or intensive) and two steps (start and reinforcement).
In turn, intensive intervention was delivered individually or
in groups. The following targets for lifestyle intervention
were suggested: no more than 30% of daily energy from fat,
no more than 10% of energy from saturated fat, at least
3.6 g/1,000 kJ (15 g/1,000 kcal) of fibre, at least 30 min/
day of moderate physical activity and at least an arbitrary
but realistic 3% weight reduction. The participating centres
were asked to assign individuals who agreed to take part in
the programme consecutively to the standard care interven-
tion, the individual intensive lifestyle intervention and the
group intensive intervention if it was feasible in their routine
clinical practice. Before measurements were taken, people
allocated to the intensive intervention were given the choice
of group or individual sessions.

Participants in the standard care intervention each re-
ceived general information on diet, cardiovascular health
and the risk of type 2 diabetes, without an individualised
programme. The process was reinforced by taking advan-
tage of subsequent visits to the centre, as in standard health-
care practice.

The intensive group intervention consisted of a 6 h edu-
cational programme scheduled in two to four sessions with
five to 15 participants, who also received specific training

materials. The methods were adapted to the experience,
needs and skills available (empowerment) based on motiva-
tion, peer support and positive feedback. The cornerstones
of the contents were: (1) what type 2 diabetes is and what it
means to be at risk; (2) the Mediterranean diet and nutri-
tional advice based on the Prevención con Dieta Mediterrá-
nea-Mediterranean Diet Adherence Screener (PREDIMED
MEDAS) questionnaire as a tool to increase adherence to
the Mediterranean diet during the follow-up [9]; (3) physical
activity and its beneficial health effects; and (4) tobacco
advice (in the centres with smokers in the intervention
group). As for the individual intensive intervention group,
the methods used were similar but individually delivered. To
maintain motivation for preventive lifestyle changes, regular
contact by phone or text message was programmed at least
once every 6–8 weeks. Process-based evaluation of the
individual risk and response was provided to encourage
the lifestyle modification.

An effort was made to ascertain the type 2 diabetes status
in people who discontinued the programme prematurely as
well. These individuals were independently identified at the
end of the follow-up by their primary care teams or the
group responsible for data treatment; an additional blood
test for each of these individuals was sought when required.
Finally, diabetes diagnoses of all individuals who discon-
tinued the protocol were ascertained and included in the
intention-to-treat analysis.

Statistical analyses were conducted using SPSS version
15.0 for Windows (SPSS Inc., Chicago, IL, USA). The
sample size was calculated based on available data on dia-
betes incidence in the high-risk Catalan population [10].
Consequently, it was assumed that the mean annual inci-
dence in the standard care intervention group would be
7.5% and the mean expected incidence in the group of
maximum impact (intensive intervention group) would be
3.25% (50% reduction in the yearly rate). Basic hypotheses
for calculations were: 35% positive high-risk screenees by
the FINDRISC, 10% negative screenees with prediabetes
diagnostic criteria at OGTT, 20% of individuals having
undiagnosed diabetes and a theoretical distribution between
participants in the standard care, individualised intensive
and group intensive interventions close to 1:1:1. Allowing
for a discontinuation rate of 30%, it was assumed that no
less than 1,650 people should be included in the screening
phase to include at least 550 participants in the lifestyle
intervention (type 1/type 2 error 5%/20%).

Multiple comparisons of significant differences among
groups were carried out by one-way ANOVA and/or by
Student’s t test. The level of statistical significance was set
as p<0.05 for all analyses. Person-years were the sum of
time under follow-up for all participants before diabetes
diagnosis or end of follow-up if diabetes did not develop
during the study period. We estimated the cumulative
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incidence and the probability of remaining diabetes-free in
each intervention group using Kaplan–Meier survival
curves. Participants who discontinued the study protocol
were considered to be at risk for diabetes until their last
visit, at which point data were censored. The difference
between the curves was evaluated with the two-sided log-
rank test. The Cox proportional hazards model was used to
estimate the HR for development of diabetes. The analyses
were adjusted for intervention group, sex, age and baseline
blood test results: 2hPG or the corresponding prediabetes
interval (IGT 7.8–11.0 mmol/l), FPG or the corresponding
prediabetes interval (IFG 6.1–7.0 mmol/l), HbA1c and lipid
profile values. First, the biochemical measurements were
included in the model and then omitted, keeping the FIN-
DRISC items separate. The 95% CI were also estimated. All
comparisons were based on the intention-to-treat principle.

Results

In all, 2,054 individuals were screened by the FINDRISC
(81% response) and 1,192 (58%) received an OGTT. Of
these, 624 (52.3%) were classified as being at high type 2
diabetes risk by the FINDRISC (n0347), the OGTT
(n0106) or both tests (n0171), and were offered the life-
style intervention (Fig. 1). Finally, 552 (88.3%) agreed to
participate in the intervention programme. In two of the 18
sites, the intensive intervention was not available and 51
individuals (9.3%) were allocated directly to the standard
care group. In the remaining 16 centres, the consecutive
assignment procedure was feasible (n0501 individuals,
90.7%) and 168 participants (33.6%) were assigned to the
standard care group, 171 (34.1%) to the individual intensive
intervention and 162 (32.3%) to the group intensive inter-
vention. After allowing personal choice between intensive
approaches, 79 participants initially allocated to individual
intensive intervention chose to swap to the group approach
(46.2%) and 11 participants initially allocated to group
intervention chose to swap to the individual intensive ap-
proach (6.8%). In short, a total of 219 (39.7%) were
assigned to standard care intervention and 333 (60.3%) to
intensive lifestyle intervention (Fig. 1). No statistical differ-
ences in the screening variables were found between indi-
viduals who accepted (n0552) or refused (n073) the
lifestyle intervention programme. The first individual was
allocated in March 2006 and the last in December 2006; the
study ended in December 2010. The median follow-up was
4.2 years (mean 3.8 years).

A total of 66.7% of participants were female, mean age
was 62.1 years and mean BMI was 31.2 kg/m2. The risk of
diabetes assessed by the first screening test (FINDRISC
score) was higher in women (16.2/15.8 points, p<0.001).
In contrast, the risk of diabetes found by the second

screening test (OGTT) was higher in men both fasting
(5.4/5.1 mmol/l, p<0.001) and 2 h postload plasma glucose
(7.4/6.8, p<0.001). Despite these differences, the standard
care and the intensive intervention groups were statistically
comparable regarding all baseline findings, which reflected
similar risk factor patterns (Table 1). In addition, no statis-
tically significant differences between groups were found in
self-reported interest to make lifestyle changes (p values
ranging from 0.59 to 0.98).

During the study, 228 individuals (41.3%) discontinued
the study protocol: 102 (46.6%) in the standard care inter-
vention group and 126 (37.8%) in the intensive group. Of
these, 56 could not be contacted, 24 discontinued due to
severe illness, three died and 145 withdrew for personal
reasons (most alluding to problems in their work schedule
or from rejection of the blood test). Mean annual discontin-
uation rate was slightly higher in the standard care group
(12.6% vs 9.7%, p00.04). All participants discontinuing the
study could be traced by direct personal contact or searching
into their computerised medical records; we included 19
(8.4%) diabetes-related diagnoses (11 individuals allocated
into the standard care group and eight into the intensive
group) in the intention-to-treat analysis. Of these, nine indi-
viduals were receiving specific diabetes treatment, four had
been diagnosed at least by two blood tests and six had
agreed to a blood retest according to the protocol.

Diabetes was diagnosed in a total of 124 participants: 63
(28.8%) in the standard care group and 61 (18.3%) in the
intensive group. The absolute incidences of diabetes were
7.2 and 4.6 cases per 100 person-years, respectively
(p<0.005, logrank test). Consequently, during the Catalan
DE-PLAN programme, the risk of diabetes was reduced by
36.5% in the intensive intervention group compared with
the standard care group. Similarly, the incidence of diabetes
in participants with prediabetes (IFG and/or IGT) was 13.4
cases per 100 person-years in the standard care group and
8.9 cases per 100 person-years in the intensive group
(33.6% RRR, p00.01). Table 2 shows a similar baseline
risk pattern between participants who progressed to diabetes
or did not in the standard care and the intensive intervention
study groups. Overall, 13 individuals were diagnosed as
having diabetes by medical records and 111 participants on
the basis of an OGTT, of whom 44 and 67 were subsequent-
ly confirmed by fasting and 2 h postload glucose values,
respectively. The incidence of diabetes in the subgroup of
participants directly assigned to standard care intervention
was 8.2 cases per 100 person-years.

Diabetes incidence increased over time, but not propor-
tionally. The cumulative incidence of diabetes was lower in
the intensive group than in the standard care group with
statistically significant differences from the third year. After
4 years, the cumulative incidences were 18.3% (95% CI
14.3, 22.9) and 28.8% (95% CI 22.9, 35.3), respectively
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(36.5% RRR). The corresponding 4-year HR was 0.64 (95%
CI 0.47, 0.87; p00.004). The cumulative probability of
remaining diabetes-free after 4 years was 81.9% (95% CI
76, 87.8) in the intensive group and 72.5% (95% CI 68.4,
76.6) in the standard care group (Fig. 2). The cumulative 4-
year incidence of diabetes in men was 21.7% in the inten-
sive group (95% CI 14.3, 30.8) and 37.2% (95% CI 26.5,
48.9) in the standard care group (41.6% RRR, p00.02). For
women, these figures were 16.7% (95% CI 12.2, 22.2) and
24.1% (95% CI 17.3, 32.0), respectively (30.6% RRR,
p00.08).

At the end of the first year of follow-up, 24.7% of
individuals in the intensive group and 18.8% of those in
the standard care group reduced their weight by at least 3%.
These percentages were 20.4%/20.3% at the end of the
second year, 20.5%/17.6% at the end of the third and
19.6%/14.7% at the end of the fourth year.

According to these results, 9.5 participants who choose to
take part in the lifestyle intervention programme needed to

be treated for 4 years to prevent one case of type 2 diabetes
(NNT 9.5).

Results from the proportional hazards regression model
indicated that hyperglycaemia was the most relevant predic-
tive factor for developing diabetes (Table 3). The risk of
developing diabetes at follow-up increased either with in-
creasing baseline HbA1c (HR 2.16 [95% CI 1.25, 3.74]) or,
especially, when prediabetes was present in any form: IFG
(HR 3.56 [95% CI 1.67, 7.56]), IGT (HR 5.37 [95% CI
3.25, 8.88]) or both categories (HR 9.39 [95% CI 4.89,
18.03]). The BMI (HR 1.08 per kg/m2 [95% CI 1.04,
1.12]) was also an independent predictive factor. Regarding
preventive lifestyle intervention, the intensive approach had
a protective effect on diabetes incidence (HR 0.54 [95% CI
0.37, 0.79]) compared with the standard care intervention.
Multivariate analysis evidenced no predictive value for age,
sex and other classic risk factors evaluated, except for his-
tory of blood glucose disorders (HR 2.01 [95% CI 1.37,
2.96]). When a new model was set up omitting biochemical

Invited to participate
n=2,547

Refused participation
n=493 (19.4%)Accepted participation          

n=2,054 (80.6%)

Performed OGTT 
n=591 (44.2%)

Performed OGTT
n=601 (83.9%)

Diabetes
n=28     

(4.7%)

Prediabetes
n=106
(18%)

Normal 
n=457

(77.3%)

Diabetes
n=83

(13.8%)

Prediabetes
n=171

(28.4%)

Normal 
n=347

(57.8%)

Low−moderate risk at FINDRISC
n=1,338 (65.1%)

High−very high risk at FINDRISC
n=716 (34.9%)

Excluded from
intervention

n=568
(47.6%)

Offered intervention
n=624

(52.4%)

Prediabetes
n=91

(16.5%)

Prediabetes
n=160
(29%)

Normal 
n=301

(54.5%)

Accepted intervention                 
n=552

(88.5%)

Consecutively assigned 
standard care

n=168 (30.4%)

Consecutively assigned 
individual intensive

n=171 (30.9%)

Consecutively assigned 
group intensive
n=162 (29.4%)

Individual intensive
n=103 (18.6%)
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n=230 (41.7%)

Refused intervention
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(11.5%)
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n=501 (90.7%)

After personal choice of 
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Standard-care intervention group
n=219 (39.7%)

Intensive intervention group          
n=333 (60.3%)
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(two centres)
n=51 (9.3%)

n=11 (6.8%) n=79 (46.2%)

Identified diabetes
at study close

n=124 (22.5%)
Diabetes: n=63 (28.8%)

55 by study protocol, 8 by medical records 
Diabetes: n=61 (18.3%)

56 by study protocol, 5 by medical records 

Fig. 1 Flow diagram describing the DE-PLAN-CAT study design, number of participants and the main outcomes by lifestyle intervention groups
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measurements of glucose but keeping the FINDRISC items
separate (Table 3), the intensive intervention retained its
protective effect (HR 0.65 [95% CI 0.45, 0.92]) and the
history of blood glucose disorders gained in predictive value
(HR 2.52 [95% CI 1.76, 3.61]). In addition, the use of
medication for high blood pressure (HR 1.52 [95% CI
1.04, 2.21]) appeared as an independent outstanding
predictor.

Discussion

Compelling evidence has been accumulated to support the
efficacy of intensive lifestyle intervention to prevent or
delay the incidence of type 2 diabetes [1]. It has also been
shown that people identified as being at high risk of diabetes
determined by the FINDRISC will significantly benefit from
lifestyle intervention [11]. However, efficacy is not

Table 2 Baseline risk pattern
characteristics of participants
who progressed to diabetes
(n0124) or did not (n0428)
during the study

Data are shown as mean±SD for
continuous variables or n (%) for
categorical variables

Variable Progressed to diabetes
(n0124)

Did not progress to
diabetes (n0428)

p value

Age (years) 62.6±7.7 62±8 0.49

Sex (women) 72 (58.1) 296 (69.2) 0.02

FINDRISC score 16.7±4.1 15.8±3.2 0.006

BMI (kg/m2) 32.1±5.1 30.9±4.5 0.01

Waist circumference (cm) 103±11.6 99.9±10.3 0.005

Systolic BP (mmHg) 136±16.2 133.4±13.7 0.09

Diastolic BP (mmHg) 82.2±9.1 79.5±9.1 0.004

FPG (mmol/l) 5.6±0.7 5.1±0.7 <0.001

2hPG (mmol/l) 8.5±1.7 6.6±1.8 <0.001

Total cholesterol (mmol/l) 5.4±0.9 5.5±0.9 0.69

HDL-cholesterol (mmol/l) 1.4±0.3 1.5±0.4 0.01

LDL-cholesterol (mmol/l) 3.3±0.9 3.3±0.8 0.93

Triacylglycerol (mmol/l) 1.6±1.0 1.4±0.7 0.003

Prediabetes, n (%) 102 (82.3) 149 (34.8) <0.001

HbA1c (%) (NGSP) 5.51±0.37 5.28±0.35 <0.001

HbA1c (mmol/mol) (IFCC) 36.7±4.1 34.2±3.8 <0.001

Intensive intervention, n (%) 61 (49.2) 272 (63.6) 0.004

Table 1 Baseline characteristics
in the standard care (n0219) and
intensive intervention (n0333)
groups

Data are shown as mean±SD for
continuous variables or n (%) for
categorical variables

Variable Standard care intervention
group (n0219)

Intensive intervention
group (n0333)

p value

Age (years) 62.0±7.9 62.2±8.0 0.79

Sex (women) 141 (64.4) 227 (68.2) 0.36

FINDRISC score 16.2±3.3 15.8±3.6 0.26

BMI (kg/m2) 31.3±4.7 31.2±4.7 0.77

Waist circumference (cm) 101.6±11.1 100.0±10.3 0.08

Systolic BP (mmHg) 135.2±14.3 133.2±14.3 0.11

Diastolic BP (mmHg) 80.9±9.6 79.7±8.9 0.14

FPG (mmol/l) 5.3±0.7 5.2±0.7 0.21

2hPG (mmol/l) 7.1±2 6.9±2 0.27

Total cholesterol (mmol/l) 5.4±0.9 5.5±0.9 0.80

HDL-cholesterol (mmol/l) 1.5±0.4 1.5±0.4 0.55

LDL-cholesterol (mmol/l) 3.3±0.8 3.3±0.8 0.35

Triacylglycerol (mmol/l) 1.5±0.7 1.4±0.8 0.64

Prediabetes, n (%) 103 (47) 148 (44.4) 0.55

HbA1c (%) (NGSP) 5.31±0.35 5.34±0.38 0.26

HbA1c (mmol/mol) (IFCC) 34.5±3.8 34.9±4.1 0.26
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equivalent to effectiveness, in view of transferring the find-
ings of diabetes prevention research into real life, particu-
larly in primary healthcare. In fact, assessing effectiveness
in diabetes prevention appears to represent a forced landing
into reality [12] and implementation of clinical trial inter-
ventions into community settings has been difficult every-
where [11–15].

No wonder only a limited number of countries have
projected national plans based on screening the population
at risk and developing a continuous preventive intervention
[2]. Obviously, this intervention has to be proven to be
effective and even cost-effective [16]. The DE-PLAN proj-
ect followed this course of action entirely within the scope
of public health in Catalonia (nearly 7 million inhabitants).

If efficacy refers to the adequacy of the outcome (reducing
the incidence of diabetes) to target (prevent or delay its onset),
one could say categorically that lifestyle modification is an
effective measure, based on published clinical trials. In con-
trast, if effectiveness means the real possibility of inserting
proven measures in daily practice, one could say that no
initiative has been shown truly effective in preventing type 2
diabetes. The term effectiveness seems appropriate to refer to
the results of this study, whereas the first objective was to
show that intensive lifestyle intervention was feasible in pri-
mary care, at least over 4 years. We have scheduled subse-
quent annual monitoring of the participants who did not

develop diabetes. As far as we know, these data represent
the first assessment of long-term feasibility and effectiveness
of a public healthcare strategy to prevent type 2 diabetes
within a European primary care setting.

Contrary to population-based studies, but similar to others
conducted in communities or workplaces [14], this project
essentially focused on a large sample of undiagnosed high-
risk individuals, where the likelihood of developing glucose
abnormalities and diabetes clearly increases. The feasibility
and effectiveness of lifestyle interventions need to be validated
within the population in which they are intended to be used.
The Catalan DE-PLAN project evidenced that the overall
incidence of diabetes was reduced by 36% at 4-year follow-
up in individuals following the intensive intervention com-
pared with the standard care regime. This is a significant result
with important implications for primary healthcare-based dia-
betes prevention. Although there are costs associated with such
a prevention programme, 9.5 individuals needed-to-treat to
reduce one case of diabetes is a promising index regarding
cost-effectiveness of the intensive intervention when compared
with the standard care one [16]. The design of the associated
cost-effectiveness analysis has been already published [17].

The reduction in diabetes incidence achieved with inten-
sive lifestyle modification in this study of 36% was more
modest than that observed in trials, which have shown a
58% reduction in diabetes incidence [18, 19]. The decline in

Participants at risk Year 1 Year 2 Year 3 Year 4

Total no. 514 476 453 430

Cumulative no.with diabetes 37 78 104 124

     Intensive intervention group 20 41 53 61

     Standard-care intervention group 17 37 51 63
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Fig. 2 Proportion of subjects
without diabetes during the
study and the 95% CI for the
cumulative probability of
remaining diabetes-free (lines)
in the standard-care interven-
tion group (n0219; white dia-
monds) and the intensive
intervention group (n0333;
black diamonds). p00.005
(logrank)
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the incidence of diabetes was progressive, starting immedi-
ately after implementing the intervention, reaching a statis-
tically significant difference by the third year and then
continuing until the study close-out. The difference in effect
with respect to that obtained in academic clinical trials can
be explained easily by differences in methods and intensity
of interventions applied. The core intervention programme
implemented in Catalonia was similar to that applied in the
Finnish Diabetes Prevention Study [5, 18] following the
practice and evidence-based guideline for diabetes preven-
tion as part of the European IMAGE project [3, 4]. The
transfer of such interventions was conducted in community
settings, administered through an intensive education
programme and delivered exclusively by trained primary
healthcare professionals. However, the primary care inter-
vention was projected to search for changes not only in
participant lifestyles but also in the clinical practice of
participating centres.

When comparing this study with clinical trials, the most
important limitation is the process of allocation to interven-
tion and we cannot rule out some selection bias. In fact, the
DE-PLAN was never defined as a clinical trial, but as a
public health study; and group assignment was not handled
by a randomisation list, but by successive entry, and partici-
pants’ preference as to type of intensive intervention was
ultimately respected. It is likely that the effect of the inter-
vention may have been overestimated if exclusively referred
to this type of bias. But there is another, opposite, bias at
work. The data were analysed according to the intention-to-
treat principle, even though some intensive intervention

group participants did not follow the recommendations. In
contrast, all participants in the standard care group received
general health advice at baseline and at follow-up visits and
may have benefited from these recommendations. If this
type of bias is also considered, the effect of the intervention
may have been underestimated.

Another limitation is the relatively high discontinua-
tion rate. Even accepting the technical difficulties in
measuring the participants’ motivation to make lifestyle
changes and also assuming that there were no large
differences between the participants assigned to either
standard or intensive lifestyle interventions, the discon-
tinuation throughout the study was somewhat higher in
the standard care group. Undoubtedly, the main reason is
that the protocol was conducted under real working con-
ditions. To increase effectiveness, methodological issues
surrounding the implementation and comparison of pro-
grammes carried out under standard care conditions have
to be explored. That is why we are currently conducting
a thorough analysis on changes in participants’ lifestyle
habits by type of intervention applied. As published, a
sustained effect can be possible based on the people
participating in the intervention itself [20]; nevertheless,
we suggest that the continued reinforcement by the pri-
mary care teams also influenced our study results.

The general profile of the participants was similar to that
of the primary care-attended population. In fact, women are
the ones who most often use these services in Spain [21, 22]
and such predominance is similar to both Finnish and Amer-
ican trials published [18, 19]. It seems that individuals
identified as at high risk at screening all benefit similarly
from lifestyle intervention, regardless of age and sex. In
previous controlled trials, older people seemed to benefit
somewhat more than younger ones, but men and women
both had similar outcomes. The Finnish trial revealed that
there was no difference in the benefit from lifestyle inter-
vention among different socioeconomic groups [23]. Con-
sequently, in specifying the target participant profile for
diabetes prevention in primary care, it is not necessary to
pay too much attention to population subgroups; however, it
is important to plan properly for consistent preventive meas-
ures, if possible at the national level [24].

The study also provided evidence of the direct (prediabetes
diagnosed at the screening) and indirect (HbA1c) independent
predictive role of hyperglycaemia on diabetes incidence. In
addition, BMI and previous history of high glucose disorders
were independent predictors. Nevertheless, the intensive life-
style intervention approach had a protective effect on inci-
dence compared with the standard care approach in all
multivariate models performed.

Several risk scores predict diabetes risk based on non-
invasive routine measures or on data from questionnaires
[25]. Therefore, substantially reducing diabetes incidence is

Table 3 Independent determinants of developing type 2 diabetes, from
the proportional hazards model analysis

Variable Including all
biochemical glucose
measurements

Omitting all
biochemical glucose
measurements

BMI (kg/m2) 1.08 (1.04, 1.12) –

History of blood
glucose disorders

2.01 (1.37, 2.96) 2.52 (1.76, 3.61)

IFG 3.56 (1.67, 7.56) –

IGT 5.37 (3.25, 8.88) –

Both conditions
(IFG+IGT)

9.39 (4.89, 18.03) –

HbA1c (per 1%) 2.16 (1.25, 3.74) –

Intensive intervention 0.54 (0.37, 0.79) 0.65 (0.45, 0.92)

Use of antihypertensive
drugs

– 1.52 (1.04, 2.21)

Data are shown as HR and the corresponding 95% CI

All variables with independent predictive value are presented. The
analyses were adjusted for lifestyle intervention group, sex, age and
baseline blood test results. All biochemical glucose measurements or
the corresponding diagnostic category of prediabetes were included in
the first model and then omitted in the second, keeping the FINDRISC
items separately
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feasible in real-life primary healthcare settings using intensive
lifestyle intervention among high-risk individuals identified
first with a simple method such as the FINDRISC tool. Our
recommendation is that all people attending primary health-
care facilities should be screened for the risk of diabetes.
Intervention programmes that have now been developed and
scientifically tested, not only by academic clinical trials but by
primary care implementations, must be recognised as the
standard evidence-based healthcare. It would consequently
be helpful to include these conclusions in the European guide-
line for type 2 diabetes prevention.
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