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Abstract: Interventions for primary prevention are crucial in tackling type 2 diabetes
(T2D) by offering a structured approach to implementing lifestyle modifications, such as
community-based programs. The aim of this study was to demonstrate the effectiveness
of primary prevention interventions in preventing or delaying the onset of T2D in the 28
EU member states (EU-28). The present systematic review is registered on PROSPERO
(CRD42020219994), and it followed the PRISMA guidelines. Eligibility criteria comprised
original interventional studies reporting incidence of T2D in member states of the EU-28.
A total of 23,437 records were initially retrieved, of which 16 met the eligibility criteria for
inclusion. These interventional studies, published between 2003 and 2021, provided data
from Spain, the UK, Finland, the Netherlands, and Denmark. Thirteen studies were of low
quality, two were moderate, and one was high-quality. Three studies focused solely on
dietary interventions, twelve studies combined diet, physical activity, and lifestyle coun-
seling, and one study applied repeated health checks with personalized feedback and life-
style advice. Overall, 10 studies reported a significant reduction in T2D incidence exclu-
sively among high-risk individuals following the interventions with HR: 0.4 (95% CI: 0.3—
0.7) to 0.75 (95% CI: 0.58-0.96). Only a few studies reported that primary lifestyle inter-
ventions decreased T2D risk, thus limiting generalizability. While lifestyle improvements
were noted on high-risk groups, significant risk reduction among healthy individuals was
not observed. Multicomponent interventions combining dietary modifications, physical
activity, and personalized lifestyle counseling were the most effective in reducing the in-
cidence of T2D among high-risk populations in the EU-28.
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1. Introduction

According to the Global Burden of Disease 2021 study, type 2 diabetes mellitus (T2D)
was responsible for over 104.000 deaths and 4.3 million Disability-Adjusted Life Years
(DALYs) in the European Union (EU) [1]. In 2021, the total health expenditure of diabetes
(DM) in adults (20-79 years) in the European region was estimated at USD 189.3 billion,
which comprises 19.6% of global expenditure [2]. The cost of DM in the EU alone was
estimated at EUR 150 billion in 2019 [3]. This includes both direct costs, such as medication
and treatment, and indirect costs, such as productivity loss resulting from absenteeism
and premature retirement, as well as the costs of rehabilitation and retraining. These costs
exceed 10% of healthcare budgets in some EU countries [4].

The prevention of T2D is largely achievable through the implementation of lifestyle
modifications, including the maintenance of a healthy diet, regular physical activity, and
weight management. Studies have demonstrated that the adoption of a healthy lifestyle
can significantly reduce the risk of developing T2D [5]. It is important to note that the
incidence of T2D is associated with a number of risk factors, including modifiable and
non-modifiable factors. Non-modifiable factors include sex, age, ethnicity, and family his-
tory. Modifiable factors include lifestyle-related factors such as cigarette smoking and an
unhealthy diet, as well as physical inactivity. Obesity, in particular, is considered to be a
significant metabolic risk factor for T2D [6].

The field of primary prevention of T2D presents a significant challenge from a policy
perspective. One of the key obstacles is the implementation of lifestyle interventions in
practice. Individuals from lower socioeconomic backgrounds are more likely to engage in
negative lifestyle habits, such as smoking, physical inactivity, obesity, and low fruit and
vegetable consumption. Furthermore, there is a risk that policies may fail to adequately
consider the complex sociocultural environment that affects health and illness. This may
lead to an overemphasis on the individual’s responsibility for lifestyle change [7]. Further-
more, it is crucial to develop behavior change and maintenance strategies that are tailored
to individuals with prediabetes within their sociocultural environments. This is of para-
mount importance both for individuals and society as a whole in order to reduce the risk
of progression to T2D. Furthermore, policy makers should propose incentives to influence
health behavior among the population and those at high risk of T2D. These may include
legislation, information campaigns, and price signals [8,9].

Beyond the member states, the EU has the potential to improve the health of the EU
population. Notwithstanding the significant prevalence of T2D and its substantial eco-
nomic impact, the EU has devoted limited policy attention to the disease. A legal surveil-
lance study identified 22 legislations in the EU aimed at preventing DM, non-communi-
cable diseases (NCDs), and obesity. However, only five of these legislations specifically
addressed preventing DM [10]. The European Parliament passed a resolution emphasiz-
ing the prevention, management, and better care of DM in the EU. This resolution high-
lights the need for increased efforts to address the growing burden of DM and improve
care for individuals living with the condition [11]. However, it should be noted that a
number of initiatives exist that are focused on combating NCDs, covering DM, in the EU,
including the Healthier Together EU NCD Initiative and the EU4health program. These
initiatives provide funding for research and development of projects designed to combat
NCDs [12].
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Interventional studies are of significant importance in the field of DM prevention re-
search, as they offer a structured approach to implementing specific interventions, such
as lifestyle modifications and community-based programs. By directly assessing the effec-
tiveness of such interventions, they provide crucial evidence on the value of prevention
of DM [13,14]. The discussion on T2D dates back a century, yet rigorous randomized clin-
ical trials (RCTs) for prevention only emerged in the 1990s, with earlier attempts lacking
experimental designs. Limited by the absence of consensus on definitions, progress in
population studies and RCTs was hindered, leading to a reliance on ecological and obser-
vational data to understand the impact of lifestyle factors on DM development [15].

The Finnish Diabetes Prevention Study (DPS) marked a significant milestone as the
initial well-designed RCT focusing on preventing T2D through lifestyle changes with in-
dividual randomization. Remarkably, participants who diligently followed the lifestyle
intervention and achieved four or five out of the five lifestyle goals remained free from
developing T2D throughout the trial [15]. While there is substantial evidence demonstrat-
ing the efficacy of DM prevention programs, there are significant knowledge gaps per-
taining to their implementation, transferability, and scalability in real-world settings. This
is particularly evident in the context of addressing disparities in DM prevention and care
[5].

A systematic review of interventional studies in the EU is crucial to consolidate and
analyze evidence-based interventions for preventing T2D in the EU population, providing
valuable insights into the effectiveness of various preventive strategies. This can guide
policy-making decisions and contribute to the development of targeted and evidence-
based DM prevention programs, tailored to the specific needs of the EU population. The
aim of this systematic review is to identify and evaluate interventions designed to prevent
or delay T2D among healthy and high-risk individuals, implemented and evaluated in
the EU-28.

2. Materials and Methods

On 1 January 2023, the systematic review was initiated after submitting and receiving
approval for the protocol on the International Prospective Register of Systematic Reviews
(PROSPERO) under the identifier CRD42020219994. In order to guide each step of the
methodological process and reporting, we used the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 checklist.

2.1. PICOs and Research Question

Since we aimed to analyze intervention data related to the prevention of T2D, we
utilized the PICOS framework (P: population; I: intervention; C: comparator; O: outcomes;
S: type of study) to structure our analysis.

e  Population: individuals of all age groups without DM living in the 28 member states
of the EU.

e Intervention: we aimed to analyze a wide range of interventions related to physical
activity regimen, dietary modifications, weight management programs, eating pat-
terns, counseling sessions, change in attitudes, knowledge gain, supplement intake,
glycemia monitoring protocols, and other preventive measures to reduce the inci-
dence of T2D.

e  Control: each intervention was compared with a control group, which could be the
absence of the intervention, conventional treatments, or varying levels of the same
intervention.

e  Outcomes: the primary outcome measure was the incidence of T2D.
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e  Types of study: only interventional studies were considered for inclusion in our anal-
ysis, including but not limited to randomized clinical trials (RCTs), non-randomized
trials, quasi-experimental studies, and clinical trials.

Utilizing the PICOS framework as a basis, the research questions for this systematic
review were formulated:

1. Among individuals without DM residing in the EU-28, what is the effectiveness of
preventive interventions compared to standard care in reducing the incidence of
T2D?

2. How do different preventive measures targeting nondiabetic populations in the EU-
28, such as weight loss programs, dietary supplements, counseling, physical activity,
or exercise regimens, compare in terms of their ability to lower the incidence of T2D?

2.2. Eligibility Criteria

The eligibility assessment for titles, abstracts, and full texts adhered to a specific se-
quence of inclusion criteria. To be included in the present systematic review, studies
should meet the following inclusion criteria: (a) original research with available full text;
(b) studies with individuals living in the EU-27 member states or the UK (EU-28); (c) in-
terventional studies, such as RCTs and non-randomized clinical trials; (d) minimum fol-
low-up of 6 months; (e) studies assessing data on individuals without DM at baseline; (f)
studies reporting T2D preventive interventions such as dietary modifications, physical
activity regimens, counseling sessions, weight management programs, eating pattern,
change in attitudes, knowledge gain, supplement intake, glycemia monitoring protocols,
and others; and (g) studies reporting data on the onset of T2D, such as incidence rate,
hazard ratio, odds ratio, and relative risk ratio.

Studies that met the following exclusion criteria were excluded: (a) observational
studies such as cohort, case—control, cross sectional, economic studies, nonexperimental
studies, studies of simulation models, case reports, series of cases, literature reviews, non-
original studies, laboratorial studies, expert opinions, and letters; (b) studies merging data
from different member states; (c) studies in which the data regarding T2D were merged
with different types of DM or studies in which the type of DM was not explicitly reported;
(d) studies primarily focusing on any topic other than T2D; (e) studies with no relevant
intervention, such as pharmaceutical, genetics, biomarkers, and risk factors; and (f) stud-
ies with lack of 95% confidence intervals (95% Cls), standard deviation (SD), or standard
error (SE).

2.3. Search Strategy, Study Selection, and Data Extraction

With a focus on the EU-28, the search strategy for the study was centered around
three main keyword concepts: T2D prevention, prevention activities (such as dietary
changes, physical activities, counseling, and others), and study design (such as interven-
tional and clinical trials). The authors created comprehensive search strategies using a
combination of subject headings and keywords customized for each respective database:
PubMed via EMBASE, Scopus, CINAHL Plus, Web of Science, CAB abstracts, and Clini-
caltrials.gov. To validate the search strategy, the authors compared it against a set of
known included articles derived from previously published reviews. Also, the list of ref-
erences from the identified relevant articles was screened. A supplementary snowball
search involved screening the references of similar systematic reviews. The search started
on 1st January and concluded on 1st March 2023, and the retrieved results were exported
in RIS format and imported into the Covidence platform (accessible at www.covi-
dence.org) to remove duplicate articles. Articles presenting redundant information in
comparison to previously included articles were systematically excluded as duplicates.
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This criterion was also applied to pre-print articles that had undergone peer review and
publication. In such cases, preference was given to the peer-reviewed versions as the de-
finitive source. The search strategy was based on the PICOS frameworks, and the most
appropriate MeSH terms and Boolean operators were used:

“(((observational study) OR (clinical trial) OR (clinicaltrial) OR (“Clinical Studies as
Topic”) OR (Controlled Before-After Studies) OR (Case-Control Studies) OR (“Cohort
Studies”)) AND (type 2 diabetes mellitus)) AND ((“diet, food, and nutrition” OR “Risk
Factors”) OR “Life Style” OR “Exercise” OR “Leisure Activities” OR “Preventive Health
Services” OR “Communication” OR “Health Behavior” OR “Risk Reduction Behavior”
OR “Dietary Supplements” OR “primary prevention” OR “prevention and control” OR
“Social Determinants of Health”)) AND (Austria OR Belgium OR Bulgaria OR Croatia OR
Cyprus OR Czech Republic OR Denmark OR Estonia OR Finland OR France OR Germany
OR Greece OR Hungary OR Ireland OR Italy OR Latvia OR Lithuania OR Luxembourg
OR Malta OR Netherlands OR Poland OR Portugal OR Romania OR Slovakia OR Slovenia
OR Spain OR Sweden OR “United Kingdom” OR Europe OR “European Union”))”.

Supplementary File S1 presents the customized search strategies utilized for every
electronic database, alongside the respective count of studies retrieved from each data-
base.

Twenty trained reviewers collaborated in pairs, and three reviewers mediated disa-
greements in meetings for the research selection process. The process began with a pilot
screening of thirty studies, which allowed reviewers to get calibrated as they evaluated
the same publications together. The interrater reliability was then assessed using Cohen’s
kappa coefficient, and meetings were held to resolve conflicts and standardize the screen-
ing process. After calibration, each of the 20 reviewers started using the Covidence plat-
form to select papers, first by title and abstract. All the disagreements were solved in a
consensus meeting with the two reviewers involved in the disagreement and a third re-
viewer with more experience on the topic. A specific order of exclusion criterion was ap-
plied for the screening process in Covidence: (a) full text is not available, (b) irrelevant
article type, (c) not in the EU-28, (d) irrelevant design, (e) irrelevant topic, (f) irrelevant
intervention, and (e) irrelevant outcome. While screening titles and abstracts, reviewers
classified the results as “no”, “maybe”, or “yes”. When “no” was selected, the screening
process for that study ended. For the other two possibilities, further screening occurred.
After all abstracts were screened, the full text of the studies included was retrieved, down-
loaded, and uploaded to Covidence. The full-text screening phase in the systematic review
was conducted using the same methodology as the title and abstract screening. Reviewers
were calibrated using 10 papers, and a meeting was held to standardize the screening
process. The eligibility criteria were maintained in the same order, but the “maybe” option
was not available. To facilitate data extraction, one of the authors created a standardized
data extraction form on Covidence based on the JBI Manual for Evidence Synthesis, which
reviewers completed in pairs. The form included questions related to study characteristics
(e.g., first author, publication year, and country of origin, database or data source, ethics
approval), study methods (e.g., aims of the study, country, setting, study design, inter-
vention, and follow-up), and sample characteristics (e.g., size, groups, age range, gender,
diagnostic methods, and/or definitions of T2D).

2.4. Methodological Quality Assessment and Data Analysis

The assessment of methodological quality took place during the course of the data
extraction process. Reviewers were able to extract data and complete the quality assess-
ment form simultaneously in Covidence. We employed the National Institutes of Health’s
(NIH) National Heart, Lung, and Blood Institute (NHLBI) quality assessment tool. In 2013,
NHLBI developed a series of specific assessment tools that assist reviewers in focusing on
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concepts that are critical to a study’s internal validity. The tools were assessed to identify
methodological or implementation problems, and they were adjusted according to spe-
cific study designs. The studies included in our selection were assessed using the “Quality
Assessment of Controlled Intervention Studies”, which included 14 questions [16].

Reviewers completed the forms in pairs, and disagreements were settled in meetings
with a third reviewer. The meeting included a consensus for the data extraction form and
the quality assessment form at the same time. The authors identified a set of highly critical
domains for promoting more accurate quality assessments of the included studies: items
2,6,9 and 11.

e  Low Methodological Quality:

o  Critical domain questions: One or more “no” answers, or one “no” answer com-
bined with one “cannot determine/not reported”, or two or more “cannot deter-
mine/not reported” answers.

o  Non-critical domain questions: Three or more “no” answers, or four or more
“cannot determine/not reported”, or one “cannot determine/not reported” re-
sponse combined with two “no” answers.

e Moderate Methodological Quality:

o  Critical domain questions: One “no” answer and one “cannot determine/not re-
ported” answer.

o  Non-critical domain questions: Two “no” answers, or three “cannot deter-
mine/not reported”, or one “cannot determine/not reported” response com-
bined with one “no” answer.

e  High Methodological Quality:

o  Critical domain questions: No “no” answers and no “cannot determine/not re-
ported”.

o  Non-critical domain questions: One “no” answer and at most two “cannot de-
termine/not reported” responses.
The interrater reliability rate for each phase of the study was automatically calculated
with Cohen’s kappa coefficient (ic) by the Covidence platform.

3. Results

The process of the literature search is presented in a PRISMA flow diagram (Figure
1). Our initial database search yielded 23,437 records, of which 4552 were found to be
duplicates and therefore excluded. No additional records were identified by the snowball
search method. Independent reviewer pairs screened 18,885 titles and abstracts, from
which 17,434 were excluded, as they were found to be irrelevant to the study’s objectives.
Full text was not available for 62 studies. A total of 1389 full texts were matched to the
inclusion criteria and analyzed by the reviewer pairs. Out of these, 1373 did not meet the
eligibility criteria, resulting in the selection of 16 studies for inclusion in our systematic
review.
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Identification of studies via databases and reaisters

Records removed before screening:
Duplicate records removed:
(n = 4552)

Records excluded:
(n=17,434)

v

Reports not retrieved:
(n=62)

v

Reports excluded (n = 1373):
Article type (n =196)

Not an EU-28 study (1 = 135)

Not relevant design (1 = 626)

Off topic (n=119)

Not relevant exposure or interven-
tion (n = 180)

Not relevant outcome (n = 115)
Study with duplicate information
(n=2)

Records identified from:
g Databases (n = 23,437)
'..3 PubMed: n = 3936
9 Scopus: n = 6076
?E Embase: n =4957
g CINHAL Plus: n = 2181
= Web of Science: n = 4687
CAB abstracts: n = 1598
- Clinicaltrials.gov: n =2
— v
Records screened:
(n =18,885)
A\ 4
Reports sought for retrieval:
ot (n = 1451)
(=
=
=
v
g
3 v
[95]
Reports assessed for eligibility:
(n = 1389)
—
)
o
O
o
._3 v
=1
L]
Studies included in review:
(n=16)

Studies included from snowball
search (n=0)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA 2020).

Characteristics of the Included Studies

The 16 interventional studies included in our review were published between 2003

and 2021 (Table 1).
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Table 1. Main characteristics of the included studies.

Total Sample Age

Title Author (Year) Country  City or Region Study Design Sample (n) Male (n) Female (n) Range Follow-Up Time
A randomized general population Randomized trial 17,631 8700 8931
k tal. (201 f Co- 24.1
study of the effects of repeated health Skaaby [el 7a] (2018) Denmark Subz;iioefo (pre-randomized allo-  Control: 12,892 Control: 6333 Control: 6559 30 to 60 years old (mgaelj)r s
checks on incident diabetes P 8 cation of participants) Intervention: 4739  Intervention: 2367  Intervention: 2372
Prevention of diabetes mellitus in
sub]efts w1th. 1m.pa1ref:1 glucose toler- Lindstrom et al. . Helsinki, Kuopio, Randomized con- 522 172 350 40 to 65 years old
ance in the Finnish Diabetes Preven- (2003) [18] Finland  Oulu, Tampere, trolled trial Control: 257 Control: 81 Control: 176 5547 3.2 years (mean)
tion Study: results from a random- and Turku Intervention: 265 Intervention: 91 Intervention: 174 B
ized clinical trial
Sustained reduction in the incidence
. . . . .. Helsinki, Kuopio, . 522 172 350
of type 2 diabetes by hfesfyle. mter.- Lindstrom et al. Finland ~ Oulu, Tampere, Randomlzec.l con- Control: 257 Control: 31% Control: 69% 40 to 64 years old 7 years
vention: follow-up of the Finnish Dia- (2006) [19] trolled trial . . . 55 (mean) (median)
. and Turku Intervention: 265  Intervention: 34%  Intervention: 66%
betes Prevention Study
Improve.d lifestyle and decreased dia- . ) Helsinki, Kuopio, . 500
betes risk over 13 years: long-term  Lindstrom et al. . Randomized con- 40 to 64 years old 0-16 years
R L Finland Oulu, Tampere, K Control: 257 172 350 K
follow-up of the randomized Finnish (2012) [20] trolled trial . 55+7 9 years (median)
. . and Turku Intervention: 265
Diabetes Prevention Study (DPS)
418 243 55 to 80 years old
Reduction in the incidence of type 2 Multicenter, random- Control: 134 175 Control: 83 Control: 67.8 £ 6.1
diabetes with the Mediterranean diet: Salas-Salvado et al. Spai Northeastern  ized, parallel-group Intervention group 1: Control: 51 Intervention group 1: Intervention group 1: 4 (median)
results of the PREDIMED-Reus nutri-  (2011) [21] pain Spain primary prevention 139 Intervention 1: 56 83 67461 years (median
tion intervention randomized trial trial Intervention group 2: Intervention 2: 68 Intervention group 2: Intervention group 2:
145 77 66.6 +5.8
Delaying progression to type 2 diabe-
tes among high-risk Spanish individ- . 552 184 368 45 to 75 years old 3.8 years (mean)
. O . . Costa et al. (2012) . . Prospective cohort Control: 62.0 £7.9
uals is feasible in real-life primary Spain Catalonia Control: 219 Control: 78 Control: 141 . 4.2 years (me-
. L. R [22] study K K K Intervention group: .
healthcare settings using intensive Intervention: 333 Intervention: 106 Intervention: 227 622480 dian)
lifestyle intervention T
3541 1346 2195 55 to 80 years old
. . . . Parallel-group, ran- Control: 1147 Control: 401 Control: 746 Control: 66.5 + 6.0
Prevention of diabetes with Mediter- , R h . X R K
diets: b Ivsis of Salas-Salvado et al. Spai N/A domized, primary Intervention group 1: Intervention group Intervention group 1: Intervention group 1: 4.1 years (me-
ranean ciets: a subgrotp analysisota — n014) 23] pain cardiovascular pre- 1154 1:439 715 66.2+6.0 dian)
randomized trial . . . . . .
vention trial Intervention group 2: Intervention group Intervention group 2: Intervention group 2:
1240 2:5,061,346 734 67.2+6.1
Effective translation of a type-2 diabe-
. . . . 1088 418 670
tes primary prevention program into  Sanchez et al. Spai The Basque coun- Phase IV randomized Control: 634 Control: 266 Control: 368 45 to 70 years old ’
routine primary care: the PreDE clus- (2018) [24] pain try cluster clinical trial ontron Ontron ontron 59.3+6.9 years

ter randomized clinical trial

Intervention: 454

Intervention: 152

Intervention: 302
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Quality and quantity of protein in-

take influence incidence of type 2 dia- de la Cruz-A ¢ Randomized, single- 436 369 67 20 to 76 years old
betes mellitus in coronary heart dis- € la (Zr()lzzl) [;; € Spain Cordoba blind, controlled in- Control: 218 Control: 182 Control: 36 Control: 57.4+0.6 5 years (median)
ease patients: from the CORDIO- a tervention trial Intervention: 218 Intervention: 187 Intervention: 31  Intervention: 58.1 £ 0.6
PREV study
a;ilet‘s,exzlelt:lci)rllncif ;yifeedz ?iiiteefﬁﬁr 102 41 61 38 to 74 years old
P & Penn et al. (2009) Newcastle upon  Randomized con- Control: 57.4 0-5 years
ance: the European Diabetes Preven- UK . Control: 51 Control: 20 Control: 31 .
. . [26] Tyne trolled trial . . . Intervention group: 3.1 years (mean)
tion RCT in Newcastle upon Tyne, Intervention: 51 Intervention: 21 Intervention: 30 56.8
UK )
Effect of a lifestyle intervention on
weight change in south Asian indi- Bhopal et al. (2014) Edinburgh or Non-blinded, family- 171 78 93 C3 > tto Sf gze zri (1)1)d3
viduals in the UK at high risk of type opate al UK Glasgow (Scot-  cluster randomized Control: 86 Control: 39 Control: 46 ONTTOR 022 = 7 3 years
; ; [27] - . . . Intervention group:
2 diabetes: a family-cluster random- land) controlled trial Intervention: 85 Intervention: 39 Intervention: 47 528+102
ized controlled trial T
A community-based primary preven- 40-75 if White Euro-
tion program for type 2 diabetes inte- pean; 25-75 years if
rating identification and lifestyle in- Davies et al. (2016) Cluster randomized 880 560 320 South Asian
& & . . Y , ' UK Leicestershire . Control: 433 Control: 278 Control: 155 3 years (median)
tervention for prevention: the Let’s [28] controlled trial . . . Control: 63.9+7.9
. . Intervention: 447 Intervention: 282 Intervention: 165 .
Prevent Diabetes cluster randomized Intervention group:
controlled trial 63.9+7.6
A.pragmafclc and scalable strategy us- 40 to 74 years old
ing mobile technology to promote . . 891 432 459
. . Nanditha et al. Randomized con- Control: 60.2 +9.3
sustained lifestyle changes to prevent (2020) [29] UK N/A trolled trial Control: 444 Control: 216 Control: 228 Intervention eroup: 2 years
type 2 diabetes in India and the UK: a Intervention: 447 Intervention: 216 Intervention: 231 603+ 9i p:
randomized controlled trial T
Lifestyle intervention with or without 1028 645 383 Above 40 years old
ty . . . Control: 178 Control: 108 Control: 70 Control: 65.3 =10
lay volunteers to prevent type 2 dia- Randomized clinical . . . .
betes in people with impaired fastin Sampson et al. UK East of England 3-arm parallel-erou Intervention group 1: Intervention group Intervention group 1: Intervention group 1: 3.8 years
peop joipa & (2021 [30] & patate-group 424 1:258 166 66.5+8.6 2 years (mean)
glucose and/or nondiabetic hypergly- trial . . . .
cemia: a randomized clinical trial Intervention group 2: Intervention group Intervention group 2: Intervention group 2:
) 426 2:279 147 66.7+9.5
Predictors of lifestyle intervention Roumen etal.  The Nether- . Randomized con- 147 75 72 Control:.58.8 +84 3-6 years
outcome and dropout: the SLIM (2011) [31] lands Maastricht trolled trial Control: 73 Control: 37 Control: 36 Intervention group: 41 years (mean)
study Intervention: 74 Intervention: 38 Intervention: 36 55.0+6.5 Y
A lifestyle intervention to reduce 95
Type 2 diabetes risk in Dutch primary Vermuntetal. The Nether- Eindhovenand Randomized con-
trol: 44 A N/A 40 to 7! 1d 2.
care: 2.5-year results of a randomized (2012) [32] lands surrounding trolled trial Control: 446 N/ / 0to70years o > years

controlled trial

Intervention: 479
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The studies included data from five distinct nations, with the distribution of papers
as follows: Spain—5 [21-25], UK—5 [26-30], Finland—3 [18-20], The Netherlands—2
[31,32], and Denmark—1 [17]. The studies included in this analysis were subjected to re-
liability and quality assessment, and the results are presented in Table 2. Out of the 16
studies, 13 were found to be of low quality [17,21,22,25-28], 2 were moderate [24,26,27]
and 1 was of high quality [23]. The Cohen’s kappa coefficient (k) was 0.62 for the interrater
reliability assessment, indicating moderate level of internal consistency [33]. Additional
results, including ethical approval, T2D diagnosis, associated comorbidity, and other
characteristics, can be found in Table 3.

Table 2. Quality assessment of the included interventional studies was conducted utilizing the

NHLBI quality assessment tool for controlled intervention studies [16].

References Q1 Q2* Q3 Q4 Q5 Qe6* Q7 Q8 Q9* Q10 OQl11* Q12 Q13 Q14  Quality
Skaaby et al. [17] Y NR N NA NR Y CD CD NR NR NR NR Y Y L
Lindstrom et al. [20] Y NR N NA N Y N Y Y NA Y N Y Y L
dela Cruz-Aresetal. [25] Y Y NR NA N Y NR NR NR NR Y NR N Y L
Vermunt et al. [32] Y N NR NA N Y N Y NR NR Y Y Y NR L
Sanchez et al. [24] Y Y N NA Y Y Y Y NR Y Y Y Y Y M
Sampson et al. [30] Y Y Y NA NR Y N N NR Y Y Y Y Y L
Salas-Salvad¢ et al. [23] Y Y Y NA Y Y Y Y Y Y Y Y Y Y H
Salas-Salvad¢ et al. [21] Y NR NR NA Y Y CD CD Y Y Y NR Y Y L
Roumen et al. [31] Y NR NR NA NR Y N Y N N CD CD Y Y L
Penn et al. [26] Y Y Y NA N N Y N CD CD Y N Y Y L
Nanditha et al. [29] Y Y Y NA Y Y CD CD Y NR Y CD Y Y L
Lindstrom et al. [19] Y NR NR NA NR Y Y Y N NR Y CD Y Y L
Lindstrom et al. [18] Y NR NR NA NR Y Y NR CD NR CD NR Y Y L
Davies et al. [28] Y Y Y NA CD N N Y CD CD Y CD Y Y L
Costa et al. [22] N NA N NA CD Y N Y CD N Y Y CD Y L
Bhopal et al. [27] Y Y Y NA N Y Y Y N CD Y Y Y Y M

Y: Yes; N: No; CD: Cannot determine; NA: Not applicable; NR: Not reported. H: high quality; M:
moderate quality; L: low quality. Assessment questions: Q1: Was the study described as random-
ized, a randomized trial, a randomized clinical trial, or an RCT? Q2: Was the method of randomiza-
tion adequate (i.e., use of randomly generated assignment)? Q3: Was the treatment allocation con-
cealed (so that assignments could not be predicted)? Q4: Were study participants and providers
blinded to treatment group assignment? Q5: Were the people assessing the outcomes blinded to the
participants’ group assignments? Q6: Were the groups similar at baseline on important characteris-
tics that could affect outcomes (e.g., demographics, risk factors, comorbid conditions)? Q7: Was the
overall drop-out rate from the study at endpoint 20% or lower of the number allocated to treatment?
Q8: Was the differential drop-out rate (between treatment groups) at endpoint 15 percentage points
or lower? Q9: Was there high adherence to the intervention protocols for each treatment group?
Q10: Were other interventions avoided or similar in the groups (e.g., similar background treat-
ments)? Q11: Were outcomes assessed using valid and reliable measures implemented consistently
across all study participants? Q12: Did the authors report that the sample size was sufficiently large
to be able to detect a difference in the main outcome between groups with at least 80% power? Q13:
Were the outcomes reported or the subgroups analyzed prespecified (i.e., identified before analyses
were conducted)? Q14: Were all randomized participants analyzed in the group to which they were
originally assigned, i.e., did they use an intention-to-treat analysis? *: Highly critical domain items
2,6,9,and 11.
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Table 3. Additional characteristics of the included studies.

Author (Year)  Ethical Approval Ethical Approval Details

Type 2 Diabetes Diagnosis

Comorbidity Population Characteristics

The study was conducted according to the
Helsinki
Skaaby et al. (2018) Declaration and Danish relevant ethics com-
[17] mittees.
All participants gave their written and

informed consent.

Yes nual measurements during a 5-year period;

registered use of chiropody (coded for diabe-

tes); prescription of oral antidiabetic medica-
tion or insulin at least twice

Hospitalization with a diagnosis of diabetes;
measurements of blood glucose either five
times or more within 1 year; two or more an-

Danish people age 30-60 with-
out type 2 diabetes from 11 mu-
nicipalities in the suburbs of Co-

penhagen

Not reported

The ethics committee of the National Public Defined according to the WHO 1985 criteria
[34], i.e., either a fasting plasma glucose con- Overweight subjects, body
centration over 140 mg/dL or 2 h post-chal- mass index (BMI) > 25 kg/m?

Health Institute in Helsinki, Finland, ap-
Yes proved the study protocol.
All study participants gave written informed
consent.

Lindstrom et al.
(2003) [18]

lenge plasma glucose concentration of 200

Finnish overweight subjects,
body mass index (BMI) > 25
kg/m? with IGT aged 40 to 65
years

and with IGT
mg/dL

The ethics committee of the National Public
Health Institute in Helsinki, Finland, ap-
Yes proved the study protocol.
All study participants gave written informed
consent.

Lindstrom et al.
(2006) [19]

Diabetes was defined according to WHO 1985
criteria, i.e., either fasting plasma glucose of 7.8
mmol/L or more or 2 h post-challenge plasma
glucose of 11.1 mmol/L or more

Overweight (mean body mass
index 31.1 kg/m?), middle-aged
(mean age 55 years) participants
with impaired glucose tolerance

Overweight, middle-aged
men and women with im-
paired glucose tolerance

The ethics committees of the National Public
Health Institute in Helsinki, Finland (inter-
vention phase),
and of the North Ostrobothnia Hospital Dis-

Lindstrom et al. trict (follow-up

Fasting plasma glucose >7.8 mmol/lor 2 h

European population aged be-

Overweight, middle-aged tween 40 and 64, overweight

Yes . plasma glucose > 11.1 mmol/l in two separate persons with impaired glu- . .
(2012) [20] period) ap.p.roved the stud}.l profocol. OGTTs (WHO 1985 criteria) cose tolerance persons with impaired glucose
All study participants gave written informed tolerance
consent at baseline and again at the begin-
ning of the post-
intervention follow-up
At least three cardiovascular . .
. Community-dwelling men and
ey . . .. L. . risk factors, namely smok- . . .
The local institutional American Diabetes Association criteria: fasting ine. hvpertension women without prior cardiovas-
Salas-Salvado et al. review board approved the study protocol. plasma glucose >7.0 mmol/l or 2 h plasma glu- e P it cular disease but with at least
Yes dyslipidemia, overweight-

(2011) [21] All participants provided written

informed consent.

cose > 11.1 mmol/l after a 75 g oral glucose

three cardiovascular risk factors
and family history of premature
cardiovascular disease

ness (BMI > 25 kg/m?), and
family history of premature
cardiovascular disease (55

load, measured yearly
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years in men and 60 years in
women)

Costa et al. (2012)

The research ethics committee board at the

FINDRI >14 -
Jordi Gol Research Institute (Barcelona, N SC score or pre

diabetes defined using White European individuals

Y i the stud tocol. TT>11.1 1/1 (WHO criteri ithout diabet 45-7
22] es Spal.n? approved e study protoco OG mmol/l (WHO criteria) WHO criteria for fasting or 2 without diabetes aged 45-75
All participants gave written informed con- years
h glucose
sent.
Community-dwelling men
and women without CVD at
baseline who had either type
2 diabetes or at least three or
The institutional review board (IRB) of Hos- American Diabetes Association (ADA) crite- more cardiovascular risk
Salas-Salvads et al pital Clinic (Barcelona, Spain) approved the ria: fasting plasma glucose levels of 7.0 mmol/L  factors, namely current ~ Spanish men and women with-
' Yes study protocol. or greater (126.1 mg/dL) or 2 h plasma glucose smoking, hypertension, hy- out diabetes at high cardiovascu-
(2014) [23] . . . . . :
All participants provided written informed levels of 11.1 mmol/L or greater (200.0 mg/dL)  percholesterolemia, low lar risk
consent. after a 75 g oral glucose load high-density lipoprotein
cholesterol levels, over-
weightness or obesity, and
family history of premature
CVD
.. . Spanish nondiabetic 45 to 70-
Sanchez et al. (2018) Thgo]iii?;teeSZun;Z/E;l?;;asltﬁzsealﬁzoiﬁlCs Assessed by the OGTT in accordance with the  Attendees considered at  year-old primary health care at-
' Yes .. PP . y'p . . WHO protocol and a cut-off point for type 2 high risk of T2D (FINDRISC tendees considered at high risk
[24] All participants received the patient infor- . . . . .
. ) diabetes diagnosis > 200 mg/mL > 14 points) of type 2 diabetes (FINDRISC >
mation sheet and gave written consent. .
14 points)
The local ethics committees, the Helsinki Coronary heart disease pa- Coronarv heart disease patients
Declaration, and Good Clinical Practice ~ Fasting glucose > 126 mg/dL, 2 h glucose dur- tients of European ancestry Y P
de la Cruz-Ares et o . . o ) of European ancestry who had
Yes guidelines approved the trial protocol. ing OGTT > 200 mg/dL, or HbAlc>6.5%  who had their last coronary .
al. (2021) [25] iy . o . . ) their last coronary event more
All participants gave written informed con- (ADA criteria for diagnosis of type 2 diabetes) event more than 6 months
. . than 6 months before enrollment
sent to participate in the study. before enrollment
The Newcastle and North Tyneside NHS Re-
search Ethics Committee approved the study Derived from the mean of two standard oral .
Penn et al. (2009) protocol. . Participants from the UK, aged
Yes . . . glucose tolerance tests (OGTTs)—stratum 1: 7.8 Impaired glucose tolerance
[26] All participants gave informed, written con- between 38 and 74
to 9.4 mmol/l; stratum 2: 9.5 to 11.1 mmol/l)
sent before the start of
the study.
Bhopal et al. (2014) Yes The Scotland A Research Ethics Committee 75 g oral glucose tolerance test. The oral glu- Impaired glucose tolerance Individuals of south Asian de-

[27]

approved the study. cose tolerance test followed standardized or impaired fasting glucose scent living in the UK
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Outcomes were reviewed annually by a
data monitoring and ethics committee.

procedures, with venous blood taken after an
overnight fast of 10-16 h and 2 h after glucose
load

WHO 1999 [34] criteria/guidelines. Following

th date of the WHO di ti iteria t
Ethical approval was sought, and ¢upaae ot the O diagnostic criteria to

Davies et al. (2016) . . . ,. include HbAlc (WHO, 2011) [35], we obtained people at risk of . . .
(28] Yes the stuc.ly mvolved. practice-level and indi a protocol amendment in January 2013, allow- PDM/T2DM people with prediabetes mellitus
vidual-level informed consent. . o .
ing HbAlc > 6.5% to become part of the diag-
nostic criteria for T2DM within this study
In the UK, approval was from the Westmin- Peonle with prediabetes de
. ster Research Ethics Committee and site spe- Diabetes as defined by international criteria for . P P People who met the HbAlc en-
Nanditha et al. s . fined by an HbAlc level of -
Yes cific assessment (SSA) plus research and de- fasting plasma glucose or HbAlc at any study try criteria (>42 and <47
(2020) [29] . . C . 242 and <47 mmol/mol
velopment (R&D) approvals were in place at review visit or in any healthcare setting (56.0% and <6.4% mmol/mol [>6.0% and <6.4%])
each participating NHS Trust. - R
People at increased risk of
type 2 diabetes: elevated
The National Research Ethics Service re- Paired fasting glucose measurements both > 7.0 faas;;r;ge I;lraasﬁzlil;;:z;e lle vel
Sampson et al. search ethics committee approved the study. mmol/l, or a2 h OGTT > 11.1 mmol/l under- . & Y. People with nondiabetic hyper-
Yes .. . . . . .. cated hemoglobin level with .
(2021) [30] All participants gave written informed con- taken if HbAlc > 42 mmol/l in IFG participants . glycemia
o an elevated fasting plasma
sent. (WHO criteria) .
glucose level/people with
current prediabetes glycemic
categories
The Medical Ethics Review Committee of
Maastricht Uni i d the stud The incid f type 2 diabet deter-
Roumen et al. (2011) aastricht University approved the study : e inci encle of type 2 diabetes was deter . . Dutch population with impaired
Yes protocol. mined according to the World Health Organi- Impaired glucose tolerance
[31] . Y ) . glucose tolerance (IGT)
All subjects gave written informed consent zation criteria of 1999
before the start of the study.
The Medical Ethical Review Committee of 0 28108iS Of type 2 diabetes was based on one i 0ovc with FINDRISC
Vermunt et al. . o oral glucose tolerance test according to the European, aged between 40 and
Yes the Catharina Hospital in Eindhoven, the

(2012) [32]

score > 13 (higher risk of de-

2006 World Health Organization diagnostic veloping type 2 diabetes)

criteria

70
Netherlands, approved the study.
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The detailed primary findings from the included interventional studies are summa-
rized in Table 4. Out of the 16 studies, 3 aimed solely at changing dietary habits without
interventions targeting physical activity or caloric restriction, including individuals at
high risk for T2D [21,23,25]. Sessions provided by a trained multidisciplinary team in-
cluded informative talks and written material with dietary patterns, shopping lists, meal
plans, and recipes. Individuals received personalized advice to increase the consumption
of vegetables, fruits, legumes, and fish, as well as recommendations to reduce the intake
of fast food, butter, sugar-sweetened beverages, and red or processed meats. In the COR-
DIOPREV study [25], the intervention group introduced increased plant-based protein
intake with a Mediterranean diet, while in the PREDIMED [23] and PREDIMED-Reus [21]
trials, members of the intervention group assigned to the two Mediterranean diet groups
received allotments of either extra-virgin olive oil (50 mL/d) or mixed nuts (30 g/d: 15 g of
walnuts, 7.5 g of almonds, and 7.5 g of hazelnuts) and either virgin olive oil (1 L/week) or
mixed nuts (30 g/day), respectively. Participants in control groups following the low-fat
diet were advised to decrease the consumption of all types of fat, including those from
animal and plant sources. The risk of T2D showed significant association with the inter-
ventions compared to the control groups in all three studies; the HR was 0.6385 (95% CI:
0.4257-0.9587) in the CORDIOPREYV [25], 0.70 (95% CI: 0.54-0.92) in the PREDIMED [23],
and 0.48 (95% CI: 0.27-0.86) in the PREDIMED-Reus [21] study.

A total of 12 studies included a combination of diet and physical activity components
enhanced by lifestyle counseling. The Finnish studies were based on the Finnish Diabetes
Prevention Study (DPS), where overweight individuals (BMI > 25) with impaired glucose
tolerance (IGT) in the intervention group received personalized counseling to increase
aerobic capacity and improve cardiorespiratory fitness. Individuals had the opportunity
to participate in free-of-charge supervised exercise sessions in the gym [20]. Regarding
changing dietary habits, to achieve individual goals, at least a 5% reduction in body
weight, less than 30% of daily energy intake from fat, less than 10% of daily energy intake
from saturated fat, and at least 15 g of fiber intake per 1000 kcal were set. Moreover, fre-
quent ingestion of whole meal products, vegetables, berries and fruit, low-fat milk and
meat products, soft margarines, and vegetable oils rich in monounsaturated fatty acids
was recommended [18,19]. The interventions resulted in a significant reduction in T2D
risk when compared to the control groups. The Finnish Diabetes Prevention Study re-
sulted in a 58% overall reduction in the risk of T2D among participants aged 40-65 years
with IGT (HR: 0.4, 95% CI: 0.3-0.7). The reduction in the incidence of T2D was associated
with number and magnitude of lifestyle changes made [18,19]. The results from the ex-
tended follow-up of the Finnish DPS show that the effect of lifestyle intervention on dia-
betes risk did not disappear after active lifestyle counseling was stopped (HR: 0.57, 95%
CI: 0.43-0.76) [19]. Lifestyle intervention in high-risk individuals had a long-lasting effect
on the prevention of T2D with a relatively short active lifestyle intervention after a median
follow-up time of 9 years (HR: 0.614, 95% CI: 0.478-0.789) [20].

Interventional studies from Spain [22,24] included intensive monthly educational
sessions in small groups to promote healthy lifestyle changes, including healthy diet and
physical activity among individuals with high risk of T2D. Participants in PreDE cluster
RCT received continuous motivation through regular nurse-initiated phone calls every 6
weeks [24]. Educational programs for individuals with prediabetes or high risk of T2D
were delivered over 6 h in two to four sessions to groups of five to fifteen participants.
Topics covered general information on T2D and its risks, nutritional advice based on the
PREDIMED MEDAS questionnaire to increase adherence to the Mediterranean diet, the
benefits of physical activity, and tobacco cessation advice [22]. After a follow-up period of
2 years, a relative risk reduction of 32% (RR: 0.68, 95% CI: 0.47-0.99) was reported in the
intervention group compared to the control in the PreDE cluster RCT [24], while the
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overall incidence of DM was reduced by 36% (HR: 0.54, 95% CI: 0.37-0.79) at the 4-year
follow-up in the intervention group when the DE-PLAN-CAT public health program was
applied [22].

Studies from the UK included the Norfolk Diabetes Prevention Study [30], where the
intervention was delivered by trained health care professionals, aimed to support physical
activity and dietary changes using patient-centered counseling. Behavior change targets
were set by participants, including a 7% weight loss for those with BMI > 30, 150 min of
moderate-intensity physical activity per week, muscle-strengthening exercises, and re-
duced fat intake. The counseling program comprised six two-hour group sessions over 12
weeks, targeted towards individuals at increased risk for T2D. Following the conclusion
of the initial 12-week period, participants had up to 15 additional sessions scheduled
every 8 weeks, beginning in the fourth month. After a median follow-up period of 2 years,
a significant reduction in the risk of progressing to T2D among participants with high risk
was observed in the intervention groups (OR: 0.57, 95% CI: 0.38-0.87) [30]. In the Euro-
pean Diabetes Prevention RCT in Newcastle upon Tyne [26], participants with impaired
glucose tolerance in the intervention group met with a dietician and physiotherapist for
30 min sessions immediately post-randomization, then bi-weekly, monthly for three
months, and every three months up to five years. They received an information pack on
physical activity opportunities, a City Card, and an induction session with a trainer at a
local leisure center. After a median follow-up of 3.1 years, a nonsignificant 55% reduction
in DM incidence was observed in the intervention group (RR: 0.45, 95% CI: 0.2-1.2) [26].
In a 2-year RCT in the UK [29], all participants identified with prediabetes through the
NHS Health Check program received personalized education on healthy diet and physical
activity benefits at baseline. The intervention group additionally received 2-3 weekly SMS
messages about lifestyle. Physical activity and SMS acceptability were monitored at base-
line and follow-up. At the 2-year follow-up, there was no significant difference in the in-
cidence of T2D between the intervention and control group (HR: 0.99, 95% CI: 0.69-1.43)
[29]. The Let’s Prevent Diabetes cluster RCT [28] was a 6 h program delivered to groups
of ten in either one full-day or two half-day sessions by two trained educators. Goals in-
cluded a 5% body weight reduction, limiting fat intake, increasing fiber intake, and pro-
moting physical activity. Participants had 3 h refresher sessions at 12 and 24 months to
reinforce key messages and update action plans. After a follow-up period of 3 years, there
was a nonsignificant 26% reduced risk of developing T2D (HR 0.74, 95% CI: 0.48-1.1) in
the intervention group among individuals with prediabetes [28]. In a family-cluster ran-
domized controlled trial [27], families received 15 dietitian visits over 3 years to achieve
weight loss through a calorie-deficit diet and daily brisk walking. Culturally adapted re-
sources and the Counterweight Program were used. Annual group sessions, including a
food shopping tour and walking, were provided. Pedometers were given for motivation
and progress assessment. With a 3-year follow-up, progression to T2D was less frequently
observed in the intervention group compared to the control, but the difference was not
significant (OR: 0.68, 95% CI: 0.27-1.67) [27].

Two studies from the Netherlands [31,32] investigated the effect of a lifestyle inter-
vention on the incidence of T2D. Intervention in the SLIM study [31] included components
focusing on diet and physical activity. The dietary recommendations followed the Dutch
Nutrition Council’s guidelines for a healthy diet. Based on a 3-day physical activity log,
participants received personalized advice from the researcher and/or a dietitian on how
to increase their physical activity to at least 30 min a day, five days a week. In the random-
ized controlled trial carried out in Dutch primary care [32], 11 consultations, each lasting
20 min, were scheduled alternately with the nurse practitioner and the general practi-
tioner. Additionally, five group meetings were organized by dietitians and physiothera-
pists to offer more detailed information on diet and exercise. Participants in the
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intervention group were also invited to a 1 h consultation with a dietitian, during which
a 3-day food record was reviewed. After a mean follow-up of 4.1 years, a significant risk
reduction in T2D was observed in the SLIM study among participants in the intervention
group (RR: 0.53, 95% CI: 0.29-0.97) [31], while the cumulative incidence of T2D after 2.5
years was not significantly different between the intervention and control group in the
Dutch primary care trial [32].

In a large pre-randomized general population study conducted in Denmark [17], re-
searchers examined the effect of repeated general health checks on the 30-year incidence
of T2D. The participants, aged 30, 40, 50, and 60, were from 11 municipalities in Copen-
hagen. The intervention group was invited to participate in up to three surveys between
1982 and 1994. Participants received personalized information about their results, disease
risk, and lifestyle based on their responses and test results. Additionally, their general
practitioners were provided with written summaries of the test results. Overall, the inter-
vention group underwent repeated health checks and received tailored feedback and
counseling based on their health assessments. The results indicate that the intervention
had no beneficial effect on the development of DM (HR: 1.07, 95% CI: 0.98-1.16) [17] (Table
4).
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Table 4. Outcomes from the included studies.

Number of Cases

Value of the Outcome Measure (Con-

Value of the Outcome Measure (Inter-

Titl Author (Y I i I i
itle uthor (Year)  Country ntervention ) trol) vention) nterpretation
A randomized general Repeated general health Rfepeated gen.eral health checks
. with personalized feedback and
population study of the Skaaby et al checks. counseling showed no beneficial
effects of repeated health y ’ Denmark  Personalized feedback 2636 HR: 1.07 (95% CI: 0.98-1.16, p = 0.153) Sng . .
. . (2018) [17] . and significant intervention ef-
checks on incident diabe- and counseling based on .
. fect on the development of diabe-
tes their health assessments. tes
Cumulative incidence percentage (Year Cumulative incidence percentage (Year
1): 6.1 (95% CI: 3.2-9.0) 1): 1.9 (95% CI: 0.2 to 3.6)
. . Cumulative incidence percentage (Year Cumulative incidence percentage (Year
Prevention of diabetes Modifying eating behav- 2): 14.4 (95% CL: 9.9 to 18.6) 2): 6.3 (95% Cl: 3.2 t0 9.2)
o . . ior. Seven sessions with o o
mellitus in subjects with . . Cumulative incidence percentage (Year Cumulative incidence percentage (Year . .
. . a nutritionist during the o o The risk of diabetes was reduced
impaired glucose toler- . .. . 3):20.9 (95% CI: 15.5 to 25.9) 3):9.1 (95% CI: 5.4 to 12.6) . L
. .. . Lindstrom et al. . first year of the study Control: 59 R o by a statistically significant 58%
ance in the Finnish Dia- (2003) [18] Finland d 3 thereaf- Int tion: 27 Cumulative incidence percentage (Year Cumulative incidence percentage (Year the int i
betes Prevention Study: anc every o mo thereal- - tntervention: 4):23.0 (95% CL: 16.9 to 28.6) 4):10.9 (95% CL 6.4 to 15.2) 11 the miervention group com
ter. Individually tailored o o pared to the control.
results from a random- ireuit-t ist Cumulative incidence percentage (Year Cumulative incidence percentage (Year
ized clinical trial Clrtcm, “lype resistance 5): 34.4 (95% CI: 21.9 to 44.9) 5): 20.0 (95% CI: 8.8 to 29.8)
TAITing SesSIons. Cumulative incidence percentage (Year Cumulative incidence percentage (Year
6): 42.6 (95% CI: 26.0 to 55.5) 6): 20.0 (95% CI: 8.8 to 29.8)
HR: 0.4 (95% CI: 0.3-0.7, p < 0.001)
Intensive diet-exercise Incidence rate per 100 person-years: 7.4 Incidence rate per 100 person-years: 4.3
Sustained reduction in C.our.15.ehng.. Detailed and (95% CI: 6.1-8.9, p = 0.001) (95% CI: 3.4-5.4, p = 0.001)
o . individualized counsel- - .
the incidence of type 2 di- . . . The overall incidence of diabetes
. . . . ing to achieve the life- . .
abetes by lifestyle inter- Lindstrom et al. . .. Control: 110 was reduced by a statistically sig-
. Finland  style goals. Individually . s . . .
vention: follow-up of the  (2006) [19] . .. Intervention: 75 nificant 43% in the intervention
. K tailored circuit-type HR: 0.57 (95% CI: 0.43-0.76, p = 0.001)
Finnish Diabetes Preven- . . group compared to the control.
. moderate-intensity re-
tion Study . .
sistance training ses-
sions.
I d lifestyle and Individualized lifestyl

fprovect festy’e an fdtviduatized 4 estyle Absolute risk of developing type

decreased diabetes risk intervention. . .
. i . . Incidence rate per 100 person-years (control): 7.2 (95% CI 6.1-8.5) 2 diabetes was reduced by a sta-
over 13 years: long-term Lindstrom et al. . Counseling sessions Control: 140 . . . - L .
Finland . . . Incidence rate per 100 person-years (intervention): 4.5 (95% CI 3.8-5.5) tistically significant 19.4% in the
follow-up of the random-  (2012) [20] with nutritionist. Intervention: 106 . .

. N . . . HR: 0.614 (95% CI: 0.478-0.789, p < 0.001) intervention group compared to

ized Finnish Diabetes Supervised exercise ses-

. L the control.
Prevention Study (DPS) sions in the gym.

Reduction in the inci- Behavioral intervention Control: 24 Incidence rate per 1000 person-years: 46.4 Incidence rate per 1000 person-years  Following a median follow-up of
dence of type 2 diabetes Salas-Salvadd Spain promoting the MedDiet. Interven.tion (95% CI: 30.1-68.5) (MedDiet + VOO): 24.6 (95% CI: 13.5- 4.0 years, diabetes rates were re-
with the Mediterranean et al. (2011) [21] P Allocated diet (low-fat oup 1: 14 Cumulative incidence rate: 17.9 (95% CI: 40.8) duced by a statistically signifi-

diet: results of the or Med diet). group & 11.4-24.2) Incidence rate per 1000 person-years cant 51% and 52% with the
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PREDIMED-Reus nutri-
tion intervention ran-
domized trial

Intervention (MedDiet + Nuts): 26.8 (95% CI: 15.3-43.0) consumption of a Mediterranean
group 2: 16 Cumulative incidence rate (MedDiet +  diet supplemented with virgin
VOO): 10.1 (95% CI: 5.1-15.1) olive oil or mixed nuts, respec-
Cumulative incidence rate (MedDiet + tively, compared to the control
Nuts): 11.0 (95% CI: 5.9-16.1) diet group.

HR crude (MedDiet + VOO vs. Con): 0.53 (95% CI: 0.27-1.09)
HR crude (MedDiet + Nuts vs. Con): 0.58 (95% CI: 0.31-1.10)
HR crude (Combined MedDiet vs. Con): 0.55 (95% CI: 0.32-0.95)

HR age- and sex-adjusted (MedDiet + VOO vs. Con): 0.52 (95% CI: 0.27-1.00)
HR age- and sex-adjusted (MedDiet + Nuts vs. Con): 0.55 (95% CI: 0.29-1.00)
HR age- and sex-adjusted (Combined MedDiet vs. Con): 0.53 (95% CI: 0.31-0.92)
HR multivariate-adjusted (MedDiet + VOO vs. Con): 0.49 (95% CI: 0.25-0.97)
HR multivariate-adjusted (MedDiet + Nuts vs. Con): 0.48 (95% CI: 0.24-0.96)
HR multivariate-adjusted (Combined MedDiet vs. Con): 0.48 (95% CI: 0.27-0.86)

Delaying progression to

A 6 h educational pro-
gram scheduled in two

HR: 0.54 (95% CI: 0.37-0.79)
Incidence percentage: 22.8% (95% CI: Incidence percentage: 18.3% (95% CI:

o 2 diabetes amon to four sessions. Increase 22.9-35.3%) 14.3-22.9%)
t}.zp ) > among knowledge of type 2 dia- The risk of diabetes was reduced
high-risk Spanish indi- . - L o
. . g Costa et al. . betes risks. Promote the ~ Control: 63 by a statistically significant 46%
viduals is feasible in real- Spain . . . . . .
. . (2012) [22] Mediterranean diet and Intervention: 61 in the intervention group com-
life primary healthcare . i
. S . provide nutritional ad- HR: 0.64 (95% CI: 0.47-0.87, p < 0.004) pared to the control.
settings using intensive .
lifestvle intervention vice. Increase adherence
4 to the Mediterranean
diet.
Incidence rate per 1000 person-years
(MedDiet + EVOO): 16 (95% CI: 12.7-19.9)
Incidence rate per 1000 person-years: 23.6 ~ Cumulative incidence (MedDiet +
(95% CI: 19.3-28.7) EVOO): 6.93 (95% CI: 5.53-8.55)
Cumulative incidence: 8.81 (95% CI: 7.23—  Incidence rate per 1000 person-years  Following a median follow-up of
10.60) (MedDiet + Nuts): 18.7 (95% CI: 15.1-22.9) 4.1 years, the Mediterranean diet
. . . ) Cumulative incidence (MedDiet + Nuts): groups supplemented with extra-
Prevention of diabetes B::;\SS;al iﬁze;;llsgit;z: I(r:1 22:]2;11231 7.42 (95% CI: 6.02-9.02) virgin olive oil and mixed nuts
with Mediterranean di- Salas-Salvado Spain F;anean diget Allocated oup 1: 80 HR crude (MedDiet + EVOO vs. Con): 0.69 (95% CI: 0.51-0.92) showed a statistically significant
ets: a subgroup analysis et al. (2014) [23] P diet (low- f;nlt or Med Iiter\in.tion HR crude (MedDiet + Nuts vs. Con): 0.81 (95% CI: 0.61-1.08) 40% relative risk reduction and a
of a randomized trial diet) oup 2: 92 HR crude (Combined MedDiet vs. Con): 0.75 (95% CI: 0.58-0.96) nonsignificant 18% risk reduction
' group & HR age- and sex-adjusted (MedDiet + EVOO vs. Con): 0.68 (95% CI: 0.51-0.92) in diabetes risk, respectively,
HR age- and sex-adjusted (MedDiet + Nuts vs. Con): 0.80 (95% CI: 0.60-1.06) compared to the control diet
HR age- and sex-adjusted (Combined MedDiet vs. Con): 0.74 (95% CI: 0.58-0.95) group.

HR multivariate-adjusted A (MedDiet + EVOO vs. Con): 0.68 (95% CI: 0.51-0.92)
HR multivariate-adjusted A (MedDiet + Nuts vs. Con): 0.82 (95% CI: 0.61-1.09)
HR multivariate-adjusted A (Combined MedDiet vs. Con): 0.75 (95% CI: 0.58-0.96)
HR multivariate-adjusted B (MedDiet + EVOO vs. Con): 0.60 (95% CI: 0.43-0.85)
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HR multivariate-adjusted B (MedDiet + Nuts vs. Con): 0.82 (95% CI: (0.61-1.10)
HR multivariate-adjusted B (Combined MedDiet vs. Con): 0.70 (95% CI: 0.54-0.92)

Educational sessions to
promote healthy lifestyle
and provide information
concerning diets and ex-

Spain ercise.
Continuous reinforce-
ment through regular
contact via telephone

calls from nurses.

Effective translation of a
type-2 diabetes primary
prevention program into Sanchez et al.
routine primary care: the  (2018) [24]
PreDE cluster random-
ized clinical trial

Unadjusted RR (intention to treat): 0.68 (95% CI: 0.47-0.99, p = 0.048)
Control: 77 Unadjusted RR (per protocol): 0.69 (95% CI: 0.47-1.00)
Adjusted RR (intention to treat): 0.68 (95% CI: 0.49-0.95)
Adjusted RR (per protocol): 0.56 (95% CI: 0.39-0.81)

Relative risk of type 2 diabetes
was reduced by a statistically sig-
nificant 32% in the intervention
group compared to the control.

Intervention: 38

ﬁ-lj)i:i’g’i:::k?grfllzgi o ) Adopting a d.iet with r.nore plant-
incidence of type 2 diabe- de la Cruz-Ares Modlfylng:;hng behav- HR unadjusted model: 0.6008 (95% CI: 0.4064-0.8883, p = 0.0096) s t]:;sset?cSigt;zjjg::;:glg‘e’/flzovjer
tes mellitus in coronary et al. (2021) [25] Spain Allocated di.et (low-fat 106 HR multivariable model 1: 0.5981 (95% CI: 0.4043-0.8848, p = 0.0199) risk of developing type 2 diabe-
heart disease patients: . HR multivariable model 2: 0.6385 (95% CI: 0.4257-0.9578, p = 0.0024) . . .
from the CORDIOPREV or Med diet). tes in the intervention group
study compared to the control.

Incidence rate per 1000 person-years: 67.1 Incidence rate per 1000 person-years: 32.7
(95% CI: 34.2-117.5) (95% CI: 10.7-74.6)

Individual and group ac-
tivities by dietitian and
physiotherapist. Infor-

mation pack detailing fa-

cilities and opportunities

Prevention of type 2 dia-
betes in adults with im-
paired glucose tolerance: ~ Penn et al.

The overall incidence of diabetes
Control: 11 was reduced by a nonsignificant

. UK for physical activity in . . . .
the E D T 2| 2 Int tion: % in the int t
e uljopean .1abe es (2009) [26] Newcastle upon Tyne ntervention: 5 RR: 0.45 (95% CI: 0.2-1.2) 55% in the intervention group
Prevention RCT in New- . . compared to the control.
with a City Card and the

castle upon Tyne, UK

opportunity to meet
with a trainer at a local
leisure center.

Effect of a lifestyle inter-
vention on weight
change in south Asian in-
dividuals in the UK at
high risk of type 2 diabe-
tes: a family-cluster ran-
domized controlled trial

Families had 15 visits
from a dietitian over 3
years. Promoting a calo-
rie-deficit diet and phys-
ical activity was empha-
sized. Advice included
information on shopping
and cooking.

Control: 17
Intervention: 12

The intervention group showed a
lower frequency of progression
to diabetes compared to the con-
trol group, though this difference
was not statistically significant.

OR adjusted: 0.68 (95% CI: 0.27-1.67, p = 0.3705)

A community based pri-
mary prevention pro-

Increase knowledge and

Incidence rate per 1000 person-years (in- In the intervention group, there
Incidence rate per 1000 person-years (in- tention to treat): 57.60 (95% CI: 45.09—  was a 26% reduction in the risk

promote realistic percep-
UK tions of PDM, as well as
promoting healthy be-
havior and physical

Control: 67 tention to treat and per protocol): 63.16 73.59) of developing type 2 diabetes
Intervention: 64 (95% CI: 49.71-80.24) Incidence rate per 1000 person-years (per compared to the control group,
protocol): 53.04 (95% CI: 40.31-69.80)  although this reduction was not
HR: 0.74 (95% CI: 0.48-1.14, p = 0.18) statistically significant.

gram for type 2 diabetes Davies et al.
integrating identification ~ (2016) [28]
and lifestyle intervention

for prevention: the Let’s
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Prevent Diabetes cluster
randomized controlled
trial

activity. Modifying eat-
ing behavior.

A pragmatic and scalable
strategy using mobile
technology to promote
sustained lifestyle
changes to prevent type 2
diabetes in India and the
UK: a randomized con-
trolled trial

Nanditha et al.
(2020) [29]

Personalized education
and motivation about
healthy diet and the ben-
efits of enhanced physi-
cal activity. Regular
short message service
(SMS) messages about
lifestyle 2-3 times
weekly during the trial.

UK

Control: 56
Intervention: 64

HR: 0.99 (95% CI: 0.69-1.43)

Personalized education and mo-
tivation on healthy diet and
physical activity, supported by
SMS messages 2-3 times a week,
resulted in a nonsignificant re-
duction in diabetes progression
in the intervention group over
two years.

Lifestyle intervention
with or without lay vol-
unteers to prevent type 2
diabetes in people with
impaired fasting glucose
and/or nondiabetic hy-
perglycemia: a random-
ized clinical trial

(2021) [30]

Sampson et al.

Support maintenance of
changes in physical ac-
tivity and diet using pa-
tient-centered counsel-
ing techniques. Behavior
changes and increased
motivation with individ-
ually tailored goal set-
tings.

UK

Control: 39
Intervention
group 1: 55
Intervention
group 2: 62

OR unadjusted (INT vs. CON): 0.53 (95%
CI: 0.34-0.84, p=0.01)
OR unadjusted (INT-DPM vs. CON): 0.60
(95% CI: 0.3-0.93, p = 0.02)
OR unadjusted (Combined INT vs.
CON): 0.57 (95% CI: 0.38-0.85, p = 0.01)
OR adjusted (INT vs. CON): 0.54 (95% CI: OR unadjusted INT-DPM vs. INT): 1.11
0.34-0.85, p = 0.01) (95% CI: 0.7-1.65, p = 0.59)
OR adjusted (INT-DPM vs. CON): 0.60  OR adjusted (INT-DPM vs. INT): 1.12
(95% CI: 0.38-0.94, p = 0.02) (95% CI: 0.75-1.65, p = 0.59)
OR adjusted (Combined INT vs. CON):  OR adjusted (INT-DPM vs. INT): 1.14
0.57 (95% CI: 0.38-0.85, p = 0.01) (95% CI: 0.77-1.70, p = 0.51)
OR adjusted (INT vs. CON): 0.54 (95% CI:
0.34-0.85, p = 0.01)
OR adjusted (INT-DPM vs. CON): 0.61
(95% CI: 0.39-0.96, p = 0.03)
OR adjusted (Combined INT vs. CON):
0.57 (95% CI: 0.38-0.87, p = 0.01)
HR unadjusted (INT vs. CON): 0.53 (95%
CI: 0.35-0.80, p = 0.003)
HR unadjusted (INT-DPM vs. CON): 0.62
(95% CI: 0.41-0.92, p = 0.02)

HR unadjusted (Combined INT vs.
CON): 0.57 (95% CI: 0.40-0.82, p = 0.002)
HR adjusted (INT vs. CON): 0.53 (95% CI:
0.35-0.81, p = 0.003)

HR adjusted (INT-DPM vs. CON): 0.64
(95% CI: 0.43-0.97, p = 0.03)

HR adjusted (Combined INT vs. CON):
0.58 (95% CI: 0.41-0.84, p = 0.004)

HR unadjusted (INT-DPM vs. INT): 1.09
(95% CI: 0.76-1.57, p = 0.63)
HR adjusted (INT-DPM vs. INT): 1.13
(95% CI: 0.78-1.63, p = 0.51)

Individuals classified in the high-
risk intermediate glycemic cate-
gory with impaired fasting glu-
cose and/or nondiabetic hyper-
glycemia were 40% to 47% less
likely to develop type 2 diabetes
in the intervention groups com-

pared to the control over an aver-

age period of 24 months.
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Predictors of lifestyle in-
tervention outcome and

dropout: the SLIM study (2011)[31]

Roumen et al.

The Nether-
lands

Dietary recommenda-
tions and physical activ-
ity training. Personal-
ized advice from re-
searcher and/or dietitian.

N/A

RR: 0.53 (95% CI: 0.29-0.97, p = 0.04)

Lifestyle counseling was associ-
ated with a statistically signifi-
cant diabetes risk reduction of
47% in the intervention group

A lifestyle intervention to
reduce type 2 diabetes

risk in Dutch primary ~ Vermunt et al.

care: 2.5-year results of a
randomized controlled
trial

(2012) [32]

The Nether-
lands

Consultations with the
nurse practitioner and
the general practitioner.
Meetings with dieticians
and physiotherapists to
provide information on
diet and exercise.

Control: 46
Intervention: 41

Cumulative incidence percentage (p =
0.14):
0.5 year: 3.9%
1.5 year:8.3%
2.5 year: 11.9%

Cumulative incidence percentage (p =
0.28):
0.5 year: 4.6%
1.5 year:8.1%
2.5 year: 10%

compared to the control.

Cumulative diabetes incidence
was not significantly different be-
tween the intervention and the
usual care (control) group.
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4. Discussion

This systematic review represents the first analysis of the interventions implemented
and evaluated in the EU-28 with the aim of preventing or delaying T2D in healthy and
high-risk individuals. Compared with the control conditions, 10 studies reported a signif-
icant reduction in the incidence of T2D after completing the intervention [18-25,30,31],
while 6 studies showed a nonsignificant association between the interventions and out-
come [26-29,32,33].

When interventions included dietary and physical activity components supple-
mented by individual guidance on T2D risk management, individually tailored goal set-
tings were effective in reducing the T2D risk. Nevertheless, modifications to dietary habits
were also found to be effective. Long-term adherence to a Mediterranean diet, supple-
mented with extra-virgin olive oil, mixed nuts, or plant-based proteins, without energy
restrictions, resulted in a substantial reduction in the risk of T2D among older persons
with high cardiovascular risk [21-23]. Lifestyle interventions aimed at weight reduction,
a healthy diet, and increased physical activity in high-risk individuals had a long-lasting
effect in the prevention of the disease among both women and men [20]. Early, compre-
hensive lifestyle change as the primary target of a T2D prevention strategy with a rela-
tively short active lifestyle intervention was able to extend time free of DM [31], but the
effects were limited to those who had high-risk glycemic categories [18]. Our findings
support existing evidence from EU investigations that multicomponent interventions,
which include dietary behaviors, physical activity elements, and personalized lifestyle
counseling, are effective in reducing the risk of T2D among healthy and high-risk individ-
uals. Large effects were found when a high-risk approach was applied at the individual
level, especially among people with prediabetic conditions. However, when the interven-
tions were delivered at the population level, the effects were smaller and less significant
[17].

Our systematic review highlights key differences between interventions that signifi-
cantly reduced the incidence of T2D and those that did not. Interventions combining die-
tary modifications, physical activity, and personalized lifestyle counseling were generally
more effective. For example, the Finnish Diabetes Prevention Study and the PREDIMED
trials demonstrated significant reductions in T2D risk through comprehensive lifestyle
changes and adherence to the Mediterranean diet. In contrast, interventions lacking these
multifaceted approaches often failed to show significant benefits. For instance, a Danish
study focusing solely on repeated health checks with personalized feedback did not yield
significant reductions in T2D incidence. Similarly, interventions relying on minimal inter-
ventions, such as SMS messages for lifestyle advice, also did not demonstrate significant
effects. These findings suggest that the effectiveness of interventions may depend on their
comprehensiveness and the level of personalized support provided. Multicomponent in-
terventions tailored to individual needs and incorporating both dietary and physical ac-
tivity elements were more likely to achieve significant reductions in T2D incidence.

A population-wide prevention strategy is often more straightforward to implement,
as it obviates the need to identify and target high-risk individuals. Such a strategy may
also be more efficacious because it does not necessitate behavior modification and can be
sustained indefinitely. This raises pertinent questions regarding the equity and efficacy of
different prevention approaches. A simulation study assessing the impact of primary and
secondary interventions has elucidated the differential effects of population versus high-
risk focused interventions. The findings indicate that population-wide secondary preven-
tion interventions yield the most significant overall reductions in both the standard devi-
ation and prevalence of the disease. Conversely, high-risk focused primary prevention
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interventions targeting major risk factors result in substantial reductions in both the prev-
alence and standard deviation of the disease within the high-risk cohort.

Evidence from the reviewed studies indicates that interventions combining dietary
improvements and physical activity, supported by personalized lifestyle counseling, are
particularly effective in reducing the risk of developing T2D. Specifically, adherence to a
Mediterranean diet rich in extra-virgin olive oil, nuts, and plant-based proteins without
caloric restriction has been shown to significantly lower T2D risk among older individuals
with high cardiovascular risk. Additionally, comprehensive lifestyle interventions aimed
at weight loss and the adoption of healthy dietary and exercise habits have demonstrated
long-term benefits in both men and women at high risk of T2D. These findings underscore
the importance of the multifaceted approach to lifestyle modification, emphasizing per-
sonalized, culturally sensitive guidance to enhance adherence and effectiveness across di-
verse populations [20,36—40].

Community-based educational interventions play a crucial role in preventing T2D.
These programs improve knowledge, self-efficacy, and self-care practices among individ-
uals, leading to positive health outcomes. Previous research has shown their effectiveness
by demonstrating the intervention’s ability to improve self-care concerning glycemic con-
trol [41]. Further evidence comes from a systematic review and meta-analysis, which
shows these interventions can significantly reduce T2D incidence by 46% [42]. Successful
implementation of these interventions necessitates a fully engaged, collaborative ap-
proach to planning and execution [43]. The results found in the present study align with
previous studies that found lifestyle interventions, such as diet modification and physical
activity promotion programs, could significantly reduce the risk of T2D in adults even if
implemented at a low to moderate frequency. For large populations with scarce resources,
a lower frequency of lifestyle interventions could be effective, but the program duration
must be at least 12 months [44]. It is crucial to enhance the knowledge of healthcare pro-
viders about prediabetes treatment and management. This should involve training in
identifying recommended lifestyle modifications, clinical targets, and pharmacological
therapies for patients with prediabetes [45]. The findings of this study highlight the ne-
cessity of increasing access to lifestyle intervention programs to avoid the development of
T2D. Previous research has found barriers like cost, availability, and awareness that can
limit participation [46]. An integrated healthcare system that works with politicians is vi-
tal for lowering program fees, increasing the number of intervention sites, and conducting
focused outreach initiatives to raise awareness. This is consistent with the success factors
identified by a prior study that used the PIPE (penetration, implementation, participation,
and effectiveness) impact metric [47], a program penetration component that works
through successful strategies to reach target populations, such as mail invitations, media
advertising, and contacting local physicians or churches [44]. To ensure that these inter-
ventions are implemented successfully, healthcare providers must be knowledgeable
about prediabetes and its management. It is critical to emphasize that a prediabetes diag-
nosis represents an opportunity to prevent or delay the onset of T2D [48].

Providers should be educated on the importance of clear communication about the
high risk of disease progression, even though effective treatments exist to prevent or delay
such progression. There are some strategies for educating healthcare providers about pre-
diabetes treatment. First, the National Diabetes Prevention Program (National DPP) [49]
encourages providers to refer prediabetic patients to the National DPP. This lifestyle
change program is led by qualified coaches and it significantly lowers the risk of T2D.
Second, Diabetes Self-Management Education and Support (DSMES) [50], in which pro-
viders play an important role in increasing access to DSMES, teaches patients practical
skills for managing DM in everyday life. Finally, providers must stay up to date with the
latest Standards of Diabetes Care; these guidelines cover screenings, management, and
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related comorbidities and regularly review and implement evidence-based practices in
the clinical setting [51].

Our study has some limitations that must be acknowledged. First, studies from only
five countries were identified —Finland, Denmark, Spain, the Netherlands, and the UK—
which limits the generalizability of our findings to the entire EU. Second, the studies
spanned only an 18-year period from 2003 to 2021, excluding more recent data and any
data prior to 2003, potentially affecting the comprehensive understanding of long-term
intervention impacts. Additionally, only one of the included studies was of “high qual-
ity”, while the remaining fifteen were of “moderate quality” or “low quality”, which may
compromise the reliability of our conclusions. The heterogeneity in interventions, meth-
ods, and reported outcomes precluded us from performing a meta-analysis, thereby lim-
iting our ability to synthesize results quantitatively. Furthermore, the varied reporting
formats of T2D incidence data—such as incidence rates, hazard ratios, risk ratios, and
odds ratios—affected direct comparisons and synthesis of findings. Although each inter-
vention included a control group, the method of randomization and the statistical power
often limited the reliability of the outcome results. Despite these limitations, our study
possesses several strengths. It is a novel systematic review that evaluates the effect of in-
terventions on T2D incidence prospectively including data from EU member states. Im-
portantly, all included studies were interventional, with the majority being RCTs, and
each had a control group, enhancing the robustness of our findings. Additionally, our
study collected subregional data, enabling comparisons not only at the national level but
also across specific regions. Another significant strength lies in the rigorous methodology
employed throughout the selection and evaluation process, ensuring a thorough and sys-
tematic approach to data analysis. The methodological rigor increases the credibility and
relevance of our study’s outcomes.

5. Conclusions

This review found that there are only a few scientific publications that report primary
lifestyle interventions with the outcome of T2D incidence. The review addressed two key
research questions related to the primary prevention of T2D among nondiabetic popula-
tions in the EU-28. First, regarding the effectiveness of preventive interventions compared
to standard care, the findings indicate that lifestyle modifications, particularly those com-
bining dietary changes and physical activity with personalized counseling, significantly
reduce T2D incidence in high-risk individuals. However, the impact among low-risk pop-
ulations remains limited and less generalizable. Second, when comparing different pre-
ventive measures, interventions such as adherence to a Mediterranean diet and structured
weight loss programs demonstrated notable effectiveness in lowering T2D risk, particu-
larly among individuals with prediabetes or other high-risk glycemic categories. Multi-
component strategies integrating diet, physical activity, and tailored counseling proved
most effective, underscoring the importance of personalized approaches in prevention ef-
forts. Further large-scale randomized studies targeting both high- and low-risk popula-
tions are essential to establish reliable evidence for population-wide strategies that can
effectively reduce T2D incidence across diverse groups.

To obtain reliable and generalizable results, further large-scale, properly randomized
interventional studies are needed, where the primary outcome is the change in the inci-
dence of T2D, with an adequate follow-up period. Furthermore, interventional studies are
needed among low-risk individuals to see how studies using various population-based
intervention approaches affect the development of T2D over the years. The aforemen-
tioned knowledge is of the utmost importance to the formulation of sound policy.
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