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Abstract

Background The incidence and prevalence of type 2 diabetes (T2DM) are expected to continue rising. T2DM causes
life-threatening, disabling and costly complications, and significantly reduces quality of life and life expectancy. The
burden of T2DM can be reduced using comprehensive lifestyle modifications. The aim of this study is to evaluate the
applicability and cost-effectiveness of a multicomponent, multidisciplinary lifestyle program in 22 European regions
and to generate guidelines for transfer to European health care systems.

Methods A quasi-experimental study (without a control group) will be conducted to evaluate the CARE4DIABETES
program, which is based on the Reverse Diabetes 2Now best practice. The program will involve more than 120
healthcare professionals and 860 people with T2DM from 12 European countries - Belgium, Bulgaria, Finland, Hungary,
Italy, Greece, Malta, Poland, Portugal, Slovakia, Slovenia and Spain. Patients will be enrolled based on clinical criteria
and motivation for change. The program will have two phases, an intensive phase (6 months) with face-to-face and
online training to achieve behavioral change, and an online aftercare phase (6 months) to consolidate changes.

The program will be evaluated for impact, sustainability and cost-effectiveness using a combination of validated

questionnaires at baseline, six months and one year after the start of the intervention.
Clinical trial number Trial registration number: ISRCTN62063346.
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Introduction

Type 2 diabetes mellitus (T2DM) is a highly heteroge-
neous non-communicable chronic disease with a variable
age of onset, associated with an undetermined degree
of obesity and insulin resistance, and with tendency to
develop health- and life-threatening complications [1].
Widespread worldwide, T2DM is already one of the
major public health challenges for middle- and high-
income countries [2]. Although the underlying causes
of T2DM are a puzzle with genetic, physiological, and
behavioural pieces -some of which remain unknown-,
probably lifestyle-related factors are the dominant cause.
Therefore, a comprehensive approach for people living
with T2DM should pursue long-lasting lifestyle modifica-
tions [3].

There is robust evidence on the efficacy of a wide
range of interventions to improve glycaemic control and
self-management disease via changes in relevant health-
related behaviours, including adherence to pharmacolog-
ical treatment and to healthy lifestyle, which theoretically
lead to long term improvements in T2DM progression
[4]. Some examples of effective interventions include
among the others: programs to enhance health literacy,
disease information and skills of e-health strategies, such
as gamification, use of wearable devices or telemonitor-
ing; peer-led interventions; mind practices to reduce
stress [5—14].

There is also a growing body of evidence for T2DM
remission, that can be achieved through intensive behav-
ioural interventions, alone or combined with bariatric
surgery or pharmacological interventions [15-17]. T2DM
remission is considered when maintaining glycated hae-
moglobin below 6.5% without pharmacological treatment
for three months [18], and it has been recognized by the
World Health Organization and scientific associations as
an appropriate therapeutic goal [19]. However, accord-
ing to the American College of Lifestyle Medicine, thera-
peutically dosed intensive lifestyle modifications should
be preferentially recommended as the primary modality
for T2DM care and remission [20]. Interventions should
include personalized nutrition coupled with physical
activity engagement as ways to reach weight loss [19].
However, long-term weight regain is the usual hurdle
encountered by patients and clinicians in the real-world
setting, as the difficulty of long-lasting restricted diets,
such as very low-calorie or nutritional ketosis diets, hin-
ders the sustainability of any potential results. Therefore,
studies targeting different populations on the efficacy of
various complementary strategies for weight manage-
ment, including mental stress and sleep disorders [21],
are required [19]. Additionally, the American Diabetes
Association has introduced another recommendation for
the inclusion of technology assisted T2DM programmes
based on patients’ preferences [22].
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Against this background, a multicomponent and multi-
disciplinary programme called “Reverse Diabetes 2Now”
(RD2N) was developed in The Netherlands seeking rem-
edy for T2DM [23]. RD2N focuses on improving par-
ticipant skills -rather than just knowledge- to manage
relevant components of their lifestyle, regaining control
over their disease. In essence, RD2N is a 6-month pro-
gramme that provides intensive group-based coun-
selling on nutrition, physical activity, sleep and stress
management, biometric feedback, and cooking classes,
combined with a digital coaching platform and close
physician-monitoring of medication use. In preliminary
studies, RD2N has demonstrated lasting real-life benefits,
especially in terms of body weight, medication use and
quality of life in people living with T2DM [24].

RD2N was selected by the European Union as best
practice in primary care, to be tested as a joint action in
different countries. CARE4DIABETES - Reducing the
burden of non-communicable diseases by providing a
multi-disciplinary lifestyle treatment intervention for
T2DM - was the name given to the joint action. There-
fore, CARE4ADIABETES (C4D) was conceived as a com-
prehensive and structured framework to design, adapt,
implement and evaluate the RD2N best practice in the
EU, seeking for a sustainable reduction in the burden of
T2DM and its related risk factors, both at societal and
personal level, as well as raise awareness and accep-
tance on improved and more innovative related lifestyle
interventions, in line with EU policy framework and the
Action Plan for Prevention and Control of Non Com-
municable Diseases in the World Health Organization
(WHO) EU Region 2016-2025 [25].

This paper describes the study protocol of C4D to
transfer the RD2N best practice into 12 selected Euro-
pean countries: Belgium, Bulgaria, Finland, Hungary,
Italy, Greece, Malta, Poland, Portugal, Slovakia, Slovenia,
and Spain. Conclusions about acceptance and effective-
ness in different contexts will allow the production of
guidelines for transferability of the intervention in the
EU.

Methods

Design and ethical considerations

C4D will be a one-group pre-test/post-test quasi-exper-
imental study, conducted in concert in 12 countries.
Briefly, C4D will evaluate the acceptability and efficacy of
an innovative multicomponent intervention addressing
several lifestyle behaviours (i.e. nutrition, physical activ-
ity, sleep, and stress management), that can trigger the
achievement of long lasting body weight control, healthy
glucose levels, lowering -and in some cases interrupting-
medication consumption, reducing comorbidities, com-
plications and associated healthcare costs, and improving
health-related quality of life. The intervention will be
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based on the “Integrated Model for explaining moti-
vational and behavioural change” (I-CHANGE model)
and will focus on improving participants’ skills - not just
knowledge - to manage relevant components of their
lifestyle [26]. The structured implementation process,
including training and capacity building of healthcare
personnel and cultural adaptation according to local situ-
ation, aims to produce a sustainable lifestyle care model
that can be scaled up nationally. Each country/partner
will have a local multidisciplinary team in charge of driv-
ing the process, consisting of at least a diet expert, regis-
tered nurse or general practitioner, a coach, facilitator or
equivalent and a lead coordinator (Table 1). The C4D will
run from February 2023 to January 2026.

The study has been approved by an ethics committee
(EC) in each participating country to conduct the activi-
ties in accordance with EU ethical standards. Study par-
ticipants must sign the informed consent form before
starting the proposed activities. Previously, they will
have received, through an information sheet and inter-
view with the assigned professional of reference, all the
related information, as to resolve any doubt that may
arise beforehand. Since behavioural changes are expected
from the beginning of the program, the first pharmaco-
logical reduction of antidiabetic agents should be carried
out early during the first intervention sessions unless EC
and/or clinicians recommended differently for a specific
country. Further medication modifications will be made
during the program based on the biometric levels of the
participants. Thereby, C4D will be implemented under
strict (and continuous) medical supervision.

Stages/Sequencing actions

The study protocol is divided in different stages and each
of them applies different approaches to ensure its scien-
tific soundness (Fig. 1).
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Preparatory actions

The challenge of transferring a particular contextualized
successful practice into a different environment along
the EU requires a deep knowledge of the original RD2N
best practice. But at the same time, the uniqueness of
each context needs to be analysed to provide the best
opportunity to transform RD2N best practice into a local
real possibility. Therefore, preparatory actions include a
comprehensive analysis of general aspects to be consid-
ered by the local teams when adapting, implementing,
monitoring, and evaluating the RD2N best practice. They
also involve the examination of country-specific circum-
stances, including key stakeholders’ identification as local
facilitators of the entire process. Different methodologies
will be applied: (a) SCIROCCO [27], self-assessment tool
which will be used to identify the maturity of the health
and social care systems, for the adoption and scaling up
of integrated care, or best practice solutions; (b) Consoli-
dated Framework for Implementation Research (CFIR), a
construct to analyse determinants [28]; it is designed to
describe barriers and facilitators to implementation out-
comes; (c) SQUIRE 2.0, a framework for reporting new
knowledge about the actions and how to improve health-
care [29]; (d) SWOT analysis (acronym of strengths,
weaknesses, opportunities and threats), a technique
for assessing the national, regional and local contexts,
including stakeholders [30], which can help to analyse
what each partner does best now, and to devise a success-
ful strategy for the future.

During this preliminary stage, up to 120 healthcare
professionals (i.e. up to 10 per country) are directly
trained by Dutch RD2N best practice owner for their
actions in their countries. The training is designed
online over 5 sessions with all selected members of the
multidisciplinary team per each country (together), that
will receive the “know how” to transmit to people with
T2DM the fundamental elements of the intervention.
Three formations have been planned with four countries
in each formation to effectively deliver the training. Then,

Table 1 Roles and functions of the intervention team by voeding Leeft foundation

Role

Responsibilities in RD2N practice

Diet expert

- Physiological explanation of the metabolic disturbance of type 2 diabetes (insulin resistance).

- Guidance for participants in changing eating habits.

Registered Nurse or General Practitioner

- Safe process guidance for individual participants.

- Individual and group guidance on reduction of medication and reversing type 2 diabetes.
- Manage participant record and registration.
- Contact with the lead practitioner of the participant.

Coach/facilitator or equivalent

- Create a safe setting for the individual and the group.

- Activate and monitor group dynamics.
- Guidance in awareness and behavioural change.
- Guide to activation and integration of sustainable behaviour.

Coordinator

- Quality assurance.

- Practical organization of the program
- Communication with participants.
- Administration participants and keeping overview of progress.
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PREPARATORY RECRUITMENT INTERVENTION EVALUATION TRANSFER

In depth review of Belgium, Bulgaria, Intensive Aftercare
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T1: baseline T2: 6 months T3:12 months

Fig. 1 Sequence of stages of C4D

Table 2 Eligibility criteria for participants

Age 20-80 years

T2DM treated with medication (oral or injected medicines or insulin)
T2DM duration 1-10 years

BMI 25-40 kg/m?

No COPD or kidney or heart failure diagnosis

No bariatric surgery (self-reported/medical record)

No eating disorder (self-reported /medical record)

No pregnancy (self-reported /medical record)

Committed to make lifestyle changes to control T2DM

Ability to use necessary digital devices

Access to internet

Sufficient language skills to take part in the program

Possibility to take part in the program as provided (schedule, location)
Willingness to measure blood glucose at home

T2DM: type 2 diabetes mellitus, BMI: body mass index; COPD: chronic
obstructive pulmonary disease

local multidisciplinary team members will adapt the con-
tent and materials to their respective local languages and
context. The main materials that need adaptation are: the
participant’s book, recipe book, formative content of the
intervention sessions and entries on the digital platform.

Recruitment of participants

People with a physician-diagnosed T2DM will be invited
by the healthcare worker in charge of their follow-up,
who will previously determine the compliance with selec-
tion criteria. A candidate will be considered for participa-
tion if he/she meets all eligibility criteria (Table 2). People
already selected must be informed in detail about their

-

Fig. 2 Minimum sample sizes per countries

participation and commitments and signed the consent
form; they must fill in baseline registration forms to be
compared with new forms required as their participation
progresses.

According to C4D study protocol, 860 people living
with T2DM are expected to be recruited, with a mini-
mum of 40 participants per country (Fig. 2). An estima-
tion was done considering body weight as main outcome.
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Based on the 6-month body weight reduction results
from the original best practice, with standard deviation
of 5.1 kg, we can estimate that a sample size of 40 par-
ticipants is sufficient for a paired sample t-test (power
of 80%, type 1 error rate 0.05), assuming the true effect
size (mean reduction in body weight during the first 6
months) is 2.3 kg. Therefore, 860 participants will be
enough to test the hypothesis involving health-related
quality of life.

Intervention

Although C4D adapts the intervention features to coun-
try-specific guidelines, contexts and needs, there is an
overall approach to achieve a robust, structured frame-
work. The intervention consists of a T2DM self-manage-
ment education and support group program [31], based
on the I-Change model [26], and developed over 12
months, the program consists of two phases: an intensive
phase followed by an aftercare intervention, each lasting
6 months.

The intensive phase provides participants with theo-
retical content and practical activities on the 4 pillars
- nutrition, physical activity, sleep and relaxation - of
RD2N best practice (Fig. 3). Activities and workshops
related to this content include interpretation of changes
in glucose levels throughout the day, biometric feedback,
physical exercises, relaxation and coaching practices, and
cooking classes. C4D provide people living with T2DM
with skills for incorporating healthy habits into their life-
styles in an experiential dynamic way (i.e. participants
must ‘live’ and practice the concepts they receive during
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the theoretical sessions). For pedagogic and organiza-
tional reasons people living with T2DM will be organized
into groups of 20 people approximately.

The intensive phase tests two different delivery modes
with identical content, one face-to-face and the other
telematic, supported by a digital platform in both cases.
The face-to-face modality refers to interventions con-
sisting of about 6 on-site group training sessions over
6 months. A novel aspect of C4D is the inclusion of an
overnight stay in order to: (a) promote group bonding,
through joint acquisition of the knowledge received and
its practice; (b) focus attention, by taking participants
out of their own environment, responsibilities and situ-
ation at home; (c) aid follow-up, as the stay would allow
for greater control over program follow-up (fewer trig-
gers in the program environment, such as e.g., snack-
ing); (d) guarantee for safety, as participants would feel
physically and emotionally safe (especially participants
on hypoglycaemic medication); (e) ease the burden, as
the two start days are fully scheduled and intensive. Con-
versely, the telematic modality refers to several fully digi-
tal group sessions. The online platform will offer support
throughout the duration of both intervention modalities,
including coaching, close personal advice, and physician-
monitoring of medication use.

The aftercare intervention over the following 6 months
ensures that barriers are removed, and new habits
become sustainable over time. Integrating T2DM self-
care into daily life is a challenge for participants and their
families. Therefore, individual participant characteristics,
social determinants of health, and psychosocial factors

/| CO

CARE4 X
DIABETES
Joint Action

—

Plant based food
Avoid processed foods
Limit high sugar
/starch products
Regular meal pattern
Don't count calories
Prioritize healthy fats
Stay hydrated

Varied diet

Eat enough

counts

/?&cﬁvity

Enjoy food

[ [Elutriﬁ’on

* —
—) C ;

Fig. 3 Pillars of C4D intervention

= All exercise

= Make exercise a
daily habit

= Be aware of what
stress does to
your body

= Get enough good -
quality sleep

= Establish a bed -time

routine

= Avoid caffeine in the

evening

Make time for

relaxation in your

daily routine

= Do what's right for
you




Diez-Valcarce et al. BMC Public Health

Table 3 Clinical and behavioural measurements

(2025) 25:1069

Page 6 of 9

Table 4 Components of RE-AIM framework

Measurements Timeline Data collec-
T1:0 T2:6  T3:12 tion method
baseline months months

Sociodemographic
characteristics)
Lifestyle behaviors
(smoking, diet pat-
tern, alcohol intake)
T2DM duration

X

Self-reported
questionnaire

Self-reported
questionnaire

Medical record

Height X Clinical
measurement
Weight X X X Clinical
measurement
Waist circumference  x X X Clinical
measurement
Blood pressure X X X Clinical
measurement
Serum lipids X X X Laboratory test
Glycosylated X X X Laboratory test
hemoglobin
Medication for X X X Medical record
diabetes
Medication for blood  x X X Medical record
pressure and lipids
Quality of life X X X Self-reported
questionnaire
Perceived health X X X Self-reported
questionnaire
Self-care for chronic  x X X Self-reported
diseases questionnaire
Self-efficacy X X X Self-reported
questionnaire
Fatigue X X X Self-reported
questionnaire
Sleep problems X X X Self-reported
questionnaire
Physical activity and ~ x X X Self-reported
muscle-strengthening questionnaire
Diet (food frequency  x X X Self-reported

questionnaire)

questionnaire

should be part of the person-centered care, respecting,
and responding to their individual preferences and bar-

riers [1].

Evaluation

C4D includes three types of evaluation: impact, process
and economic evaluation.

The impact of the intervention will be assessed in terms
of behavioural change, participant clinical characteris-
tics related to people living with T2DM (anthropometric
measures, biomarkers, medication use, etc.) and quality
of life. Measurements will be taken at three time points:
T1: baseline (prior to the beginning of the interven-
tion); T2: between the intensive and aftercare phases (6
months); and T3: immediately after the end of the inter-
vention (12 months). Trained staff using standardised

Component Indicator
Reach
Inclusion Activities/procedures to attract possible
participants
Number of potential participants screened for
eligibility

Exclusion Number of potential participants excluded (per

exclusion criterion)
Background Characteristics of participants compared to non-
characteristics participants or to target population
Effectiveness
Number of sessions/hours of intervention
organized
Number of intervention sessions/hours of inter-
vention attended by each participant
Attrition (%)
Outcome measures (%) completed at each
timepoint

Adoption

Characteristics of settings participating com-
pared to non- participants
Number (and %) of staff participating
Characteristics of staff participants vs. typical staff
Implementation
Adaptations made to intervention (Phase 1)
Cost of intervention
Consistency of implementation across staff/
settings
Maintenance
Outcome measures at 12 months
Adaptations made to intervention (Phase 2)
Model integration to the organization

methods will collect study variables, like laboratory
and clinical measurements, and self-report question-
naires (Table 3); agreed validated questionnaires will be
requested and made available when appropriate. The sur-
vey will be available in English and needs to be translated
into local languages. The translation and translation-back
process and contextual adaptation will be used to ensure
compatibility with the original questionnaires adapting to
regional characteristics.

The process evaluation considers the satisfaction and
experience of participants and staff, using a self-reported
questionnaire. The evaluating process follow the RE-
AIM framework (Table 4). In addition to the quantitative
parameters, qualitative data collect factors influencing
participation/non-participation; elements contributing
the outcomes; the barriers preventing adoption (both by
care providers and participants); how was the interven-
tion implemented; and what will be sustained, discontin-
ued, or adapted, and why.

Socio-demographic characteristics such as sex, age,
education, immigrant background, cohabitation and
income level will be analysed.
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C4D will collect data on the costs, and the economic
impact of the implemented practice, comparing the
intervention costs against the benefits of the practice
(e.g. quality of life measured with the validated question-
naire). Economic data collection will include the trans-
fer and adaptation costs of the program per country and
the implementation phase. Transfer and adaptation data
will include developing the online platform, translating
and adapting the materials, planning the practicalities
of the intervention and training the trainers. The imple-
mentation costs will include labour (cost of training staff
to deliver the intervention and the personnel cost of the
actual intervention), capital (the cost of renting spaces to
undertake practice’ activities), administrative (the cost of
promoting the intervention to eligible participants), con-
sumables (other materials, tools, goods needed for the
intervention implementation) and overhead costs.

Quality control

Two different tools, proven effective during previous
European projects are included to assure quality con-
trol. During the intervention, PDSA methodology [32],
acronym of “plan, do, study and act” ensures to make
corrections and fine-tune the design for future use. The
second tool will be the Standards for Quality Improve-
ment Reporting Excellence (SQUIRE) [33], which are a
set of 19 descriptive units that present how to examine
and develop quality improvements in healthcare. The
guidelines were developed over the years to respond to
the insufficient and limited studies published in this field.
They have proven to be useful designing implementation,
and for writing communications.

Transfer

The Consolidated Framework for Implementation
Research (CFIR) [28] will be used to examine factors
influencing different levels of care delivery (patient care,
delivery groups, health organisation or policy) that could
hinder or facilitated the implementation of the best prac-
tice in C4D. The CFIR offers some constructs that have
proven effective during the implementation. It is adapt-
able to a variety of contexts and settings, and covers five
key domains: the intervention, the internal and external
environment, the people involved, and the implemen-
tation process itself. Each domain comprises multiple
constructs that interact in complex ways to influence
the effectiveness of implementation. CFIR provides the
multidisciplinary teams with a specific methodology
to identify relevant factors influencing implementation
and increasing their potential success rate for future
implementations.
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Discussion

C4D will be highly relevant to the EU 4 H Programme
[34], which sets as one of their key priorities the decrease
in the impact of non-communicable diseases on indi-
viduals and on society. Based on RD2N effective lifestyle
treatment for people with T2DM and the underlying
principles of behavioural change (I-Change model) [26],
the C4D purpose will be to improve and foster health in
the EU Member States by reducing the burden of T2DM
and its related risk factors and complications, both at
societal and personal level.

Adopting general healthier habits in life can have wide-
reaching positive effects on various health parameters
as they are interconnected, and positive changes in one
area often contribute to improvements in others like car-
diovascular, respiratory, and other non-communicable
diseases: bone health, stronger immune and cognitive
function. Although the concept of T2DM remission has
emerged as a real-world option, effective implementation
in routine clinical practice may not be feasible until long-
term studies prove the efficacy of different approaches
[35] and the different European context testing the Dutch
RD2N practice will contribute to those efforts. The com-
mon peer groups will be a novel contribution to enhance
diabetes knowledge, reinforce each other, and receive
support for change in behaviour [4], adding mental and
social well-being to the results.

Improved lifestyle, and risk factor management among
people with T2DM may reduce costs related to T2DM
treatment, and in the long term, costs related to reduced
functional and working capacity [36] and to the manage-
ment of T2DM complications. The diversity on the socio-
economic context, healthcare systems, and the level of
commitment from the 12 countries participating demand
tailored approaches to consider the unique characteris-
tics and challenges of each one of them. It underscores
the relevance of collecting data and insights from various
sources to inform successful implementation strategies in
different scenarios.

The absence of a control group in the study limits the
ability to draw strong conclusions or causal claims about
the effects of the intervention. These actions will test the
feasibility and practical aspects of the intervention, and
control groups should be introduced in subsequent stud-
ies once the C4D is over, for the purpose of attributeing
observed changes or outcomes truly because the inter-
vention and not to other factors that might influx.

The results of C4D are expected to support new EU
policies, as all countries see their affected population
increase and seek for a sustainable reduction in the
overall burden of T2DM and its related risk factors and
complications.
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