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Abstract

Introduction The prevalence of diabetes in Belgium has steadily increased since 2001, reaching 6.9% in 2024,

with type 2 diabetes (T2D) accounting for approximately 90% of cases. Diabetes-related healthcare expenditures
were estimated at €2 billion in 2022. The European Care4Diabetes Joint Action aimed to transfer and adapt the
evidence-based Dutch lifestyle program Reverse Diabetes2 Now to 12 European countries. This study evaluated the
transferability and potential effectiveness of the Care4Diabetes lifestyle intervention on metabolic, behavioral, and
subjective health outcomes among Belgian adults with T2D in primary care.

Research design This quasi-experimental implementation study was conducted in two primary care centers in
Wallonia. Forty-three participants initiated the program and 37 completed the 12-month follow-up. The intervention
included a 6-month intensive phase with five thematic group sessions and one individual check-up, followed by

an additional check-up and a refresher session at Month 12. Primary outcomes were changes in HbA1c and T2D
medication use. Secondary outcomes included anthropometric measures, lipid profile, behavioral outcomes, and
subjective health indicators. Linear mixed models were used to assess changes over time, accounting for repeated
measures.

Results At Month 12, 46% of participants had no change in T2D medication, 43% underwent medication
deintensification, and 11% required intensification. After adjustment for T2D medication changes, HbA1c decreased
significantly from baseline to Month 6 by 5.4 mmol/mol (0.49%; p=0.002), but the reduction was attenuated at Month
12 to 2.8 mmol/mol (0.26%; p=0.06). Sensitivity analyses restricted to participants without T2D medication changes
showed significant decreases in HbA1c at Month 6 and Month 12. Body weight decreased significantly (—3.6 kg

at Month 12, p<0.001). Improvements were also observed in dietary behaviors and perceived general health, and
satisfaction among participants and healthcare providers was high.
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Conclusions The Care4Diabetes program demonstrated good transferability and promising effectiveness in primary
care in Wallonia. Larger studies across Belgium are needed to further assess clinical effectiveness and potential

economic benefits.

Text box 1. Contributions to the literature

« The rising prevalence and costs of type 2 diabetes highlight the need
for effective lifestyle interventions in primary care, but evidence on
their implementation and impact remains limited.

« This study demonstrates that a primary care-integrated lifestyle
intervention can be implemented in routine practice and may support
medication deintensification while maintaining glycemic control and
improving patient-reported health.

« These findings support re-centering lifestyle management as the
foundation of type 2 diabetes care, alongside appropriate pharmaco-
logical treatment, to reduce disease burden.

Introduction

Diabetes prevalence in Belgium has nearly doubled from
3.4% in 2001 to 6.9% in 2024, with regional disparities
(around 6% in Brussels and Flanders vs. 9% in Wallonia)
[1]. A 32.8% increase in type 2 diabetes mellitus (T2D)
prevalence is projected between 2018 and 2030 [2], with
healthcare costs estimated at €2 billion in 2022 [3].

T2D accounts for approximately 90% of all cases [4]. Its
main modifiable risk factors include overweight and obe-
sity, unhealthy diet, and physical inactivity. Despite the
proliferation of new diabetes therapies, a recent system-
atic review and meta-analysis of randomized controlled
trials has shown that non-pharmacological approaches
are more effective in achieving diabetes remission than
pharmacological interventions [5]. Diabetes remission
is defined by the American Diabetes Association (ADA)
as an HbAlc < 48 mmol/mol (6.5%) for at least three
months without taking diabetes medication [6]. In line
with this evidence, the ADA also emphasizes in its clini-
cal recommendations lifestyle management remains a
cornerstone of diabetes care [7]. Despite broad consen-
sus, integrated lifestyle interventions remain underused
in primary care due to a stronger focus on pharmaco-
logical management and limited experience with mul-
tidisciplinary, lifestyle-centered approaches, as well as
organizational and resource constraints.

To address these structural and organizational issues,
the overarching objective of the Care4Diabetes European
Joint Action (C4D JA) was to reduce the burden of T2D
and its related risk factors—both at the societal and indi-
vidual levels—through effective integrated lifestyle-based
programs across 12 European countries. The broader
expected impacts included improvements in patients’
well-being and quality of life, reductions in diabetes-
related healthcare costs, and strengthened health system
capacity to adopt innovative, integrated, and sustainable

interventions for the prevention and management of
T2D.

To achieve these aims, the C4D JA sought to transfer
and adapt the evidence-based and reimbursed Dutch life-
style program “Reverse Diabetes2 Now,” developed by the
non-profit organization “Voeding Leeft” This program
has already demonstrated effectiveness in the Nether-
lands: after two years, 44% of participants reported both
reduced medication use and lower HbAlc levels, 42%
reported either reduced medication use or lower HbAlc
levels, leaving only 14% of participants who reported
increased medication use or higher HbAlc levels [8].

The objective of this study was to evaluate the transfer-
ability and potential effectiveness of the Care4Diabetes
(C4D) lifestyle intervention on metabolic, behavioral, and
subjective health outcomes among Belgian adults with
T2D in primary care settings.

Research design and methods

Study design

This study followed a quasi-experimental implementation
trial design. It was conducted in two geographical areas
of Wallonia, one of the three Belgian regions: the district
of Dinant and the province of Luxembourg. Two primary
care centers located in Achéne/Ciney (District of Dinant)
and Marche-en-Famenne (Province of Luxembourg) spe-
cializing in the management of T2D participated in the
study: the Réseau Multidisciplinaire Local de I'Union des
Omnipraticiens de I'Arrondissement de Dinant (RML
UOAD) and the Maison du Diabéte/Chronicare.

Recruitment and study population

Participants were recruited via primary care centers
(websites, social media, mailing lists), direct contact by
nurses, and general practitioner referrals. Interested indi-
viduals were screened using an eligibility questionnaire.

Inclusion criteria

Participants were eligible if they met the following cri-
teria (differences between Group 1 and Group 2 are
indicated):

+ Age 20-80 years
+ Time since T2D diagnosis

o Group 1 < 6 years
o Group 2 < 10 years

+ Currently using medication for T2D
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o Group 1 excluding SGLT?2 inhibitors and GLP-1
receptor agonists

o Group 2 including SGLT?2 inhibitors or GLP-1
receptor agonists if used = 6 months

« BMI 25-40 kg/m?®

+ Motivation to engage in lifestyle change

«+ Ability to participate in the intervention (self-
monitoring glycemia, sufficient digital skills, internet
access, and availability for group sessions)

The broader criteria in Group 2 were introduced to better
reflect current Belgian clinical practice and were agreed
upon within the C4D national consortium.

Exclusion criteria
Participants were excluded if they presented any of the
following conditions:

+ Type 1 diabetes or latent autoimmune diabetes in
adults

+ Use of SGLT?2 inhibitors or GLP-1 receptor agonists
(Group 1 only)

+ Severe COPD

« History of bariatric surgery

+ Kidney failure (GFR <45 ml/min unless approved by
a general practitioner)

+ Heart failure

+ Pregnancy or intention to become pregnant

«+ Eating disorders or severe psychological disorders

+ Vegetarian or vegan diet

Intervention

Providers training

Between September and November 2023, three train-
ers (a nurse, a dietitian, and the principal investigator)
received online training from the Dutch Reverse Dia-
betes2 Now team. They subsequently delivered a face-
to-face French-language train-the-trainers session to 12
healthcare professionals (three nurses, four dietitians,
three lifestyle coaches, and two coordinators). One addi-
tional coordinator was trained later to replace a staff
member on maternity leave.

Timeline and program overview
The intervention was delivered in two cohorts:

+ Group 1: January 2024 — December 2024
+ Group 2: October 2024 — October 2025

The program comprised two phases:
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+ Intensive phase: five full-day thematic group sessions
delivered over the first 6 months including an
individual check-up between thematic day 4 and 5

+ Aftercare phase: a refresher session at Month 12
preceded by an individual check-up

Detailed program planning is provided in Supplementary
Tables 1, and all program materials are publicly available
[9].

Data collection
Data were collected at baseline, at Month 6 (post—inten-
sive phase), and at Month 12 (aftercare phase).

Primary outcomes

+ HbAlc
+ Change in T2D medication use

Secondary metabolic outcomes

+ BMI, body weight, waist circumference

+ Blood pressure

« Lipid profile (triglycerides, total cholesterol, LDL,
HDL)

+ Changes in antihypertensive and lipid-lowering
medication

Behavioral outcomes

+ Dietary intake

+ Eating habits

+ Physical activity
+ Self-efficacy

Subjective outcomes

+ Perceived general health

+ Quality of life

« Fatigue

« Sleep problems

« Participant and healthcare provider satisfaction

Measurement procedures
Primary and secondary metabolic outcomes
Fasting blood samples, medication use, anthropometric
measures, and blood pressure were collected by trained
nurses at baseline, Month 6, and Month 12. All blood
analyses were performed by the same accredited labo-
ratories. Medication use was extracted from medical
records and verified with participants.

Body weight, BMI, and waist circumference were mea-
sured using standardized procedures and calibrated
equipment. Blood pressure was measured twice using
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validated automated devices, and the mean value was
recorded.

Changes in T2D medication between baseline and
Month 12 were assessed using a two-step procedure cap-
turing both treatment category and dose changes. Treat-
ments were classified hierarchically according to the
most intensive therapy prescribed, regardless of whether
medications from lower categories were also used:

. Metformin only

. DPP-4 inhibitors (gliptins)
SGLT2 inhibitors

GLP-1 receptor agonists

. Long-acting insulin

. Short-acting insulin

. Other

N U A W

Transitions to higher categories were defined as intensifi-
cation, and transitions to lower categories as deintensifi-
cation. Dose changes within the same category were also
considered.

Changes in antihypertensive and lipid-lowering medi-
cation were categorized as initiation, discontinuation, or
no change between baseline and Month 12.

Behavioral outcomes
Behavioral outcomes were assessed using self-reported
adapted questionnaires.

Dietary intake was assessed using a tailored version
of the Healthy Diet Index food frequency questionnaire
[10], developed for use across countries and to address
the objectives of the C4D JA. Participants reported the
frequency of consumption of major food categories per
day or per week.

Eating habits were assessed using a six-item composite
score (1-5 Likert scale) reflecting regular eating patterns,
enjoyment of food, avoidance of ultra-processed foods,
perceived influence on health, confidence in lifestyle
change, and conscious health-related choices [11, 12].

Physical activity was assessed across four domains:
low-, moderate-, and high-intensity aerobic activities,
and muscle-strengthening or mobility activities. Partici-
pants reported the average hours per week spent in each
[13].

Self-efficacy was measured using an eight-item scale
assessing confidence in achieving goals and overcoming
challenges [14].

Subjective outcomes
Perceived general health was assessed with a five-point
self-rating question. Quality of life was measured using
the EQ-5D-5 L questionnaire [15].

Fatigue and sleep problems were assessed using single-
item questions referring to the past month.
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Participant satisfaction with the program was evalu-
ated using Likert-scale items covering program content,
structure, perceived benefits, peer support, and use of
the Facebook group. Overall satisfaction was assessed
with a recommendation score (1-10).

Healthcare professionals’ satisfaction was assessed after
the intensive phase (6 months) and after the aftercare
phase (12 months). Eleven aspects of the implementa-
tion process were evaluated using Likert scales, including
clarity of materials, team communication, perceived use-
fulness, skill development, and likelihood of recommend-
ing the program.

Statistical analyses

Descriptive statistics were reported as percentages for
categorical variables and means with standard deviations
for continuous variables.

Linear mixed models (LMMs) were used to assess
changes across time points. This approach accounts for
within-participant correlations in repeated measures and
allows inclusion of participants with incomplete observa-
tions under the missing-at-random assumption.

Standard LMMs (REML) were used for continuous
outcomes, while Poisson or binomial mixed models were
applied for count outcomes depending on overdisper-
sion. Models examining HbAlc, weight, BMI, and waist
circumference were adjusted for changes in T2D medi-
cation. Blood pressure and lipid outcomes were adjusted
for changes in antihypertensive and lipid-lowering treat-
ments. Sensitivity analyses were conducted by restricting
the sample to participants with no medication changes
during follow-up. P-values were adjusted for multiple
testing using the Holm method. Statistical significance
was set at p < 0.05. Analyses were performed using R [16].

Final sample size

A total of 1,153 individuals were reached through
recruitment activities, and 186 were screened for eligibil-
ity. Forty-six met the inclusion criteria, and 43 provided
written informed consent. Twenty participants were
included in Group 1 and 23 in Group 2.

Six participants discontinued the program for reasons
unrelated to the intervention (e.g., family illness or loss of
motivation), resulting in a final sample of 37 participants.
Among the six program sessions, 24 participants (65%)
attended all sessions, 12 (32%) attended five sessions, and
1 (3%) attended four sessions.

Results

Participant characteristics

Forty-three participants initiated the program, and 37
completed the 12-month follow-up. Participant char-
acteristics are presented in Table 1. Most participants
were women (65%), with a mean age of 60.8 years and
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Table 1 Baseline characteristics of study participants
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Overall (N=37)

Gender N (%)
Women
Men
Education N (%)
Primary or secondary inferior
Secondary superior and post-secondary
Bachelor, Master and PhD
Age (years)
Mean (SD)
Household income N (%)
Great difficulty to make both ends meet, 1
2
3
4
Can easily make both ends meet, 5
Work situation N (%)
Working
Unemployed
Retired
Housewife/husband
Other
Time since T2D diagnosis (years)
Mean (SD)
Diabetes related complicationst (%)
0
1
2

24 (64.9%)
13 (35.1%)

5(13.5%)
19 (51.4%)
13 (35.1%)

60.8 (8.04)

2 (5.4%)

6 (16.2%)
14 (37.8%)
10 (27.0%)
5(13.5%)

14 (37.8%)
1(2.7%)
17 (45.9%)
3(8.1%)
2 (5.4%)

4.00 (3.44)
31 (83.7%)

5(13.5%)
1(2.7%)

*Diabetes-related complications included angina pectoris, myocardial infarction, stroke, atrial fibrillation, proteinuria, retinopathy, cataract, peripheral neuropathy,

and foot ulcer

Table 2 Changes in T2D, antihypertensive and lipid-lowering medication from baseline to month 12 (N=37)

Changes between baseline and month 12 T2D medication N (%) Antihypertensive medica- Lipid-
tion N (%) lowering

medica-
tion N (%)

No change 17 (45.9%) 34 (91.8%) 32 (86.4%)

Deintensification for T2D medication 16 (43.2%) 2 (5.4%) 1(2.7%)

OR

Discontinuation for antihypertensive or lipid-lowering medication

Intensification for T2D medication 4(10.8%) 1(2.7%) 4 (10.8%)

OR
Initiation for antihypertensive or lipid-lowering medication

a mean diabetes duration of 4.0+ 3.44 years. Most were
either employed (38%) or retired (46%). Over half had
completed upper secondary or post-secondary educa-
tion (51%), 35% held a bachelor’s, master’s, or doctoral
degree, and 14% had primary or lower secondary educa-
tion. Overall, 16% had experienced at least one diabetes-
related complication.

Primary outcomes
At Month 12, 46% of participants had no change in T2D
medication, 43% underwent deintensification, and 11%

intensification; the corresponding proportions at Month
6 were 76%, 22%, and 3%, respectively (Table 2; see Addi-
tional file Table 2).

Linear mixed models adjusted for T2D medication
changes showed a significant HbAlc reduction of —-5.4
mmol/mol (- 0.49%) from baseline to Month 6 (p =0.002)
(Table 3). A smaller reduction was observed at Month 12
(-2.8 mmol/mol (-0.26%)), but it was not statistically
significant. Sensitivity analyses restricted to participants
without medication T2D changes showed significant
decreases at both time points (Month 6: —3.6 mmol/mol
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Table 3 Changes in metabolic variables from baseline to Months 6 (T2) and 12 (T3) (N=37)

(2026) 84:130
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Fixed effect Baseline vs. T2 P value* Baseline vs. T3 P value

HbA1c" (mmol/mol) B=49.5SE=1.60 B=-536SE=1.60 P=0.002 B=-280SE=153 P=0.06
Cl[46.3;52.8] Cl[-8.40; -2.40] ClI[-5.90;0.11]

HbATc! (%) =668 SE=0.15 B=-049SE=0.15 B=-026S5E=0.14
Cl[6.39;6.98] Cl[-0.77;-0.22] CI[-0.54;0.01]

HbA1ct (mmol/mol) B=470SE=1.09 B=-3.61SE=098 P=0.002 B=-219SE=098 P=0.04
Cl[44.8;49.2] ClI[-5.68;-1.74] Cl[-4.15,;-0.22]

HbATcE (%) B=6.45SE=0.10 B=-033SE=0.09 3=-0.20 SE=0.09
Cl[6.25;6.65] CI[-0.52;-0.16] Cl[-0.38;-0.02]

BM\“(kg/mz) 3=326SE=1.06 B=-1.60SE=0.26 P<0.001 B=-128SE=0.26 P<0.001
Cl[30.5; 34.6] Cl[-2.11;-1.08] Cl[-1.79;-0.77]

BM\f(kg/mz) B=314SE=1.09 B=-179SE=039 P<0.001 B=-125SE=038 P=0.002
Cl[29.2;33.5] CI[-2.57;-1.02] Cl[-2.01;-0.50]

Weight* (kg) =909 SE=3.68 B=-410SE=0.71 P<0.001 3=-359SE=0.70 P<0.001
Cl[83.7;98.2] Cl[-549;-2.72] Cl[-4.96 ;-2.22]

Weightf (kg) B=89.2 SE=4.37 B=-412SE=0.90 P<0.001 B=-3.52SE=0.88 P<0.001
Cl[80.6; 97.7] Cl[-5.89;-2.36] Cl[-5.24;-1.80]

Waistline"” (cm) B=112SE=3.29 B=-840SE=124 P<0.001 f=-920SE=1.24 P<0.001
Cl[106;119] Cl[-10.8; -5.96] ClI[-11.6;-6.76]

Waistline®™ (cm) B=112SE=48 B =-9.00SE=1.70 P<0.001 B =-744SE=170 P<0.001
CI[103;122] CI[-12.3;-5.67] ClI[-10.8;-4.11]

Mean systolic® (mmHg) B=141SE=453 B=-226SE=2.99 P=0.66 B=-289SE=2.96 P=0.66
CI[132;150] CI[-8.12;3.59] Cl[-8.70; 2.90]

Mean systolic® (mmHg) f=140SE=338 B=-262SE=3.19 P=047 f=-3815E=3.16 P=047
Cl[133;146] Cl[-8.87;3.64] Cl[-10;2.39]

Mean diastolic® (mmHg) 3=86.6SE=244 B=-163SE=182 P=0.74 3=-0.17SE=1.80 P=093
Cl[81.8;914] CI[-5.20;1.93] Cl[-3.70; 3.36]

Mean diastolic® (mmHg) B=839SE=1.77 B=-188SE=1.92 P=0.65 B=-0.10SE=1.90 P=0.96
Cl[80.4 ;874] Cl[-5.66; 1.88] Cl[-3.83;3.69]

Total cholesterol® (mg/dL) B=205SE=8.22 B=-442SE=472 P=0.66 B=-468SE=4.77 P=0.66
Cl[189;221] Cl[-13.7;4.83] Cl[-14.0;4.65]

Total cholesterol® (mg/dL) B=165SE=855 B=-172SE=437 P=1.00 B=-147SE=437 P=1.00
Cl[149;182] Cl[-10.3;6.85] CI[-10.0;7.10]

LDL® (mg/dL) B=122SE=7.27 B=-467SE=436 P=057 B=-421SE=440 P=057
Cl[108;137] CI[-13.2;3.87] Cl[-12.8;4.41]

LDL® (mg/dL) R=864SE=742 R=-0725E=374 P=1.00 B =-063SE=374 P=1.00
Cl[71.9;101] CI[-8.06;6.63] Cl[-7.97;6.72]

HDL® (mg/dL) B=51.8SE=296 B=368SE=1.17 P=0.004 P=304SE=1.18 P=001
Cl[46.0;57.6] Cl[1.39;5.97] CI0.78;5.36]

HDL® (mg/dL) B=50.0SE=2.68 B=434SE=3.06 P<0.001 p=3.06SE=1.17 P=001
Cl[44.8;52.3] CI[2.05;6.64] Cl[0.78;5.36]

Triglycerides® (mg/dL) B=1535E=16.2 B=-16.5SE=10.1 P=021 B=-113SE=102 P=0.27
CI[121;185] CI[-36.3;3.26] Cl[-31.3;864]

Triglycerides® (mg/dL) B=144SE=126 B=-259SE=948 P=0.02 B=-11.9SE=948 P=0.21
Cl[120;169] Cl[-44.5;-7.36] CI[-30.5;6.60]

W: Linear mixed-effects models were adjusted for change in T2D medication

£: Sensitivity analyses included participants for whom no change T2D medication was observed (N=17)

*: Owing to measurement errors in Group 1, analyses were restricted to data from Group 2, resulting in a sample size of N=23 for the linear mixed-effects models

and N=9 for the sensitivity analyses

$: Linear mixed-effects models were adjusted for changes in antihypertensive medication for blood pressure outcomes and changes in lipid-lowering medication

for lipid outcomes

§: Sensitivity analyses included participants for whom no change in antihypertensive (N=34) or lipid-lowering (N=32) medication was observed, respectively

#: After Holm correction for multiple testing
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(~0.33%), p =0.002; Month 12: ~2.2 mmol/mol (- 0.20%),
p=0.04).

Secondary metabolic outcomes

Linear mixed models adjusted for changes in T2D medi-
cation showed significant reductions in anthropometric
measures (Table 3). Body weight decreased by 4.1 kg at
Month 6 and 3.6 kg at Month 12 compared with baseline
(both p<0.001), while BMI decreased by 1.6 kg/m® and
1.3 kg/m?* at Month 6 and Month 12, respectively (both
p<0.001). Similar results were observed in sensitivity
analyses restricted to participants without medication
changes.

No significant changes were observed in systolic or
diastolic blood pressure, total cholesterol, or LDL cho-
lesterol in models adjusted for antihypertensive or lipid-
lowering medication, nor in sensitivity analyses (Table 3).

In contrast, HDL cholesterol increased significantly
at both time points (+3.7 mg/dL at Month 6, p=0.004;
+3.0 mg/dL at Month 12, p=0.01), with similar findings
in sensitivity analyses.

Triglycerides showed no significant change in the
adjusted models. However, sensitivity analyses indi-
cated a significant reduction at Month 6 (-25.9 mg/dL,
p=0.02), which was no longer significant at Month 12
(-11.9 mg/dL, p=0.21).

Behavioral outcomes

Significant changes in weekly food consumption were
observed for several categories (Fig. 1).

Dietary intake with Statistically Significant Change (Holm-adjusted)

Servings per week

6 months

Baseline
Time
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Reductions were found for desserts and biscuits
(-39%), fast food (-54%), high-fat dairy products
(-38%), refined grains (-55%), sugary drinks (-35%),
and whole grains (-22%). In contrast, nut consumption
increased (+37.5%). Although vegetable (+ 16%) and fruit
(+11%) intake increased, these changes were not statisti-
cally significant (see Additional file Fig. 1).

No significant changes were observed in eating habit
scores, physical activity (any intensity), or self-efficacy
between baseline and Month 12 (Table 4).

Subjective outcomes

Several subjective outcomes were assessed during the
study period (Table 4). Participants reported a significant
improvement in perceived general health between base-
line and Month 12 (=0.57, SE=0.16, 95% CI [0.25; 0.88],
p=0.01), whereas overall quality of life did not change
significantly. Non-significant reductions were observed
for sleep problems and fatigue.

Participant and healthcare professional satisfaction
were high, with mean scores ranging from 4.0 to 4.8
and 3.5 to 5.0, respectively, on a 5-point scale (see Addi-
tional file Figs. 2 and 4, and 5). Program recommendation
scores were also high (see Additional file Figs. 3 and 6).

Discussion

Comparison between C4D and other lifestyle interventions
in primary care settings

Robust evidence on lifestyle interventions for T2D
implemented in primary care remains limited [17-19].

Food

Desserts & biscuits
- Fast food

% High-fat dairy

% Nuts

% Refined grains
Sugary drinks
Whole grains

12 months

Fig. 1 Dietary intake variables with significant changes over time using linear mixed models (N=37)
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Table 4 Changes in behavioral and subjective variables from baseline to Months 6 and 12 (N=37)

(2026) 84:130

Page 8 of 11

Fixed effect Baseline vs. T2 Pvalue? Baseline vs. T3 Pvalue
Behavioral outcomes

Eating habits (1 to 5 units) 3=3.97SE=0.10 3=0.27 SE=0.09 P=0.09 3=0.09 SE=0.09 P=1.00
Cl[3.77,;4.17] Cl[0.07;044] CI[-0.09;0.27]

Self-efficacy score (1 to 5 units) B=3.79SE=0.12 B=-0.05SE=0.11 P=1.00 3=-013SE=0.11 P=1.00
Cl[3.55;4.03] CI[-0.27;0.15] Cl[-0.33;0.08]

Low physical activity (hours/week) B=555SE=1.40 B=144SE=162 P=1.00 f=032SE=162 P=1.00
Cl[2.79;831] Cl[-1.74;4.62] Cl[-2.86; 3.49]

Moderate physical activity (hours/week) B=230SE=0.75 B=0.63 SE=0.69 P=1.00 3=1.37SE=069 P=0.58
Cl[0.82;3.78] CI[-0.73;1.99] CI[0.01;2.73]

High physical activity (hours/week) B=021SE=027 B=0.65SE=036 P=0.66 3=0.71SE=036 P=0.58
CI[-0.32;0.74] CI[-0.05; 1.36] CI10.001;1.41]

Muscle strengthening (hours/week) B=245SE=097 B=-115SE=137 P=1.00 3=-0.77SE=137 P=1.00
CI0.55 ;4.36] Cl[-3.84;1.53] Cl[-3.46;1.91]

Subjective outcomes

Perceived general health (1 to 5 units) B=295SE=0.13 B=032SE=0.16 P=027 B=057SE=0.16 P=0.01
Cl[2.68;3.21] CI10.01;0.64] Cl0.25,;0.88]

Quiality of life Eq. 5D5L (-0.532 to 1 unit) B=0.70 SE=0.04 3=0.03 SE=0.02 P=1.00 3=0.01SE=0.02 P=1.00
Cl[0.62;0.78] Cl[-0.02;0.07] CI[-0.04; 0.05]

Fatigue (1 to 5 unit) B=343SE=0.19 B=-051SE=0.21 P=0.12 3=-022SE=0.21 P=1.00
Cl[3.06;3.80] Cl[-0.93;-0.10] CI[-0.63;0.20]

Sleep problems (1 to 5 units) B=3.70SE=0.20 B=-027SE=0.24 P=1.00 3=-046SE=0.24 P=0.29
Cl[3.30;4.11] CI[-0.74;0.20] CI[-0.93;0.01]

#: After Holm correction for multiple testing

Nevertheless, integrated lifestyle programs have shown
improvements in glycemic control and weight loss and,
in some cases, diabetes remission (HbAlc < 48 mmol/
mol (6.5%) for at least two months without medication)
[18, 19]. Most studies, however, focus mainly on nutri-
tion and/or physical activity, often without addressing
sleep or stress, and detailed intervention descriptions are
frequently lacking, limiting comparisons of content and
intensity.

Several interventions include meal-replacement strat-
egies [18, 19], which may hinder large-scale imple-
mentation due to limited acceptability and long-term
adherence [20, 21]. In contrast, culturally adapted dietary
approaches such as the one implemented in this study
may be more acceptable and sustainable. Another small
study delivered a combined nutrition and physical activ-
ity intervention but included only minimal nutritional
guidance (e.g., vinegar diluted in water or added to sal-
ads). Regarding intervention intensity, one study reported
25-37.5 h of participant contact compared with approxi-
mately 42 h in the present program [18].

Overall, comparisons across lifestyle interventions
remain challenging due to heterogeneity in program
components (e.g., nutrition, physical activity, stress,
sleep) and intensity. More standardized reporting frame-
works and transparent descriptions of intervention con-
tent would improve comparability and facilitate evidence
synthesis.

Comparison between C4D and the same program Reverse
Diabetes2 Now in the Netherlands

The C4D program was adapted from the Dutch Reverse
Diabetes2 Now (RD2) intervention developed by the
non-profit organization Voeding Leeft. The Belgian ver-
sion closely mirrored the original program in content and
structure, with only minor cultural adaptations to dietary
recipes, allowing meaningful comparison between the
two interventions.

In the original RD2 publication (2019) [22], which eval-
uated outcomes between baseline and Month 6, the mean
reduction in HbAlc was similar to that observed in the
present study (- 5.5 mmol/mol (-0.5%) in both programs;
Supplementary Table 2), despite higher baseline HbAlc
levels in the Dutch cohort. This suggests that the Belgian
adaptation achieved comparable glycemic improvements
in a population with a slightly more favorable metabolic
profile at baseline.

Medication deintensification occurred earlier in the
RD2 program than in the Belgian implementation. This
difference may partly reflect baseline treatment patterns:
approximately 73% of RD2 participants used sulfonyl-
ureas and/or insulin with metformin, therapies often dis-
continued when carbohydrate intake is reduced to avoid
hypoglycemia. In contrast, C4D participants were more
frequently treated with metformin alone or with GLP-1
receptor agonists, which are not associated with hypo-
glycemia risk and therefore do not systematically require
medication reduction.
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Differences may also reflect clinical decision-making
practices. While medication reduction was pursued ear-
lier in the Dutch cohort, the Belgian approach prioritized
glycemic stability and cautious follow-up. Nevertheless,
by Month 12, 48.6% of C4D participants had reduced
their medication while maintaining a mean HbA1lc of 48
mmol/mol (6.5%). In contrast, 24-month follow-up data
from RD2 showed no significant change in HbAlc com-
pared with baseline (56.3 (7.5%) vs. 58.5 (7.0%) mmol/
mol), although 67% of participants used less medication,
suggesting a stronger emphasis on medication reduction
in the Dutch context [23].

Anthropometric improvements were comparable
across programs. Mean weight loss (- 4.3 kg in C4D vs.
-4.9 kg in RD2) and BMI reductions (- 1.4 vs. -1.7 kg/
m?) were of similar magnitude, although Belgian partici-
pants had slightly higher baseline BMI (32.6 vs. 31.2 kg/
m?®). In RD2, around 31% of participants were treated
with metformin, sulfonylureas, and insulin at baseline,
and approximately half discontinued insulin during the
intervention. Because insulin therapy is associated with
weight gain [24], its discontinuation may partly explain
the slightly greater weight loss observed in the RD2
program.

Larger reductions in total cholesterol, LDL cholesterol,
and triglycerides were reported in RD2; however, baseline
lipid levels were higher in the Dutch cohort, which likely
contributed to the greater absolute changes. Participants
in C4D already presented more favorable lipid profiles at
baseline, with LDL cholesterol and triglycerides below
commonly recommended thresholds (< 100 mg/dL and
< 150 mg/dL, respectively) and HDL cholesterol close
to the target value (> 50 mg/dL) recommended by the
American Diabetes Association [25]. Moreover, changes
in lipid-lowering medication were not considered in the
RD2 analysis, which may have influenced these results.

Improvements in perceived general health were
reported in both programs.

Transferability, acceptability and scalability

Satisfaction among both participants and healthcare pro-
viders was high, highlighting the acceptability and trans-
ferability of the C4D program when culturally adapted.
These findings support the feasibility of implementing
structured lifestyle interventions across healthcare sys-
tems. In Belgium, however, an established federal care
pathway for people with T2D already exists; C4D should
therefore be positioned as a complementary intervention
rather than an overlapping service.

A key strength of C4D is its group-based format,
whereas routine diabetes care is primarily delivered
through individual consultations due to the organiza-
tional resources required for group programs. As primary
care increasingly shifts toward integrated care models in
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response to the growing burden of chronic diseases [26,
27], including T2D, group-based lifestyle interventions
may become more relevant.

Scalability is further supported by the train-the-train-
ers model, which enables trained professionals to dis-
seminate knowledge and skills to additional providers.
Improvements in providers’ lifestyle-related knowledge
and skills between the two implementation rounds sug-
gest a learning-curve effect. Training a larger number of
healthcare professionals (12 instead of 8) also strengthens
the program’s capacity for future scale-up and sustainable
implementation.

Sustainability and long term support needs

Newer pharmacological treatments, such as GLP-1
receptor agonists and SGLT2 inhibitors, are increas-
ingly used in T2D care; however, lifestyle modification
remains a cornerstone of disease management and can-
not be replaced by pharmacotherapy alone. Lifestyle-
based interventions can complement medical treatment,
helping prevent disease progression and treatment inten-
sification [28], and in some cases enabling medication
deintensification or remission [29, 30].

In this study, a greater proportion of participants
reported medication deintensification between Month
6 and Month 12. However, sustaining behavioral
change appears to require ongoing support. Partici-
pants expressed a need for additional sessions, reflected
in lower satisfaction during the aftercare phase, which
included only one session compared with five during the
intensive phase. These findings highlight the importance
of structured follow-up and refresher components to
maintain benefits and prevent relapse [31, 32].

Public health and economic implications

Progression of T2D is associated with important clinical
and economic consequences, including disease worsen-
ing, treatment intensification, reduced quality of life,
higher complication and hospitalization rates, produc-
tivity loss, absenteeism, and increased healthcare costs
[28, 33]. Given that T2D is a major contributor to med-
ication-related healthcare expenditure in Belgium [3],
interventions such as C4D —which enable medication
deintensification while maintaining HbAlc levels below
48 mmol/mol (6.5%) and improving perceived general
health—may help reduce both disease burden and long-
term healthcare costs.

Strength and limitations

A key strength of this study is its quasi-experimental
design, which is well suited to real-world primary care
settings and provides strong external validity. The design
also reflects real-world patient engagement and attri-
tion patterns, increasing the relevance of the findings
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for routine practice. Another strength is the inclusion of
medication change as a primary outcome, offering a clin-
ically meaningful perspective beyond glycemic control.
In addition, linear mixed models appropriately accounted
for repeated measures and missing-at-random observa-
tions while adjusting for changes in T2D, lipid-lowering,
or antihypertensive medications.

However, several limitations should be noted. First, the
absence of an a priori power calculation and the relatively
small sample size may have limited statistical power. Sec-
ond, the specific geographical setting may restrict gen-
eralizability. Finally, although participants with primary
education were included, the sample size did not allow
subgroup analyses by educational level, limiting insights
into potential equity-related differences.

Implications for future research

The C4D program showed good transferability in Belgian
primary care and was associated with improvements in
T2D management. The evidence generated by this study
could be strengthened through a pragmatic random-
ized controlled trial comparing routine care with the
C4D program. Conducting such a study in a larger and
more representative Belgian sample would allow a more
robust evaluation of clinical effectiveness and economic
benefits. Additionally, assessing the program at the pre-
diabetes stage could be particularly valuable, as early pre-
vention of T2D substantially reduces all-cause mortality
[34] and may provide even greater benefits for patients
and healthcare systems.
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