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[bookmark: _Hlk217205858]Methods S1. Exclusion Criteria for CENTRAL and DIRECT-PLUS Trials
Participants were excluded from both CENTRAL and DIRECT-PLUS trials if they met any of the following criteria: elevated serum creatinine (≥2 mg/dL), abnormal liver function tests, self-reported inability to participate in physical activity (PA), current enrollment in another clinical trial, pregnancy or lactation, active malignancy or recent cancer therapy (within 3 years), or any severe illness requiring potential hospitalization.
Additional exclusion criteria differed slightly between trials. CENTRAL excluded participants who were physically active (>3 hours/week) or had hypertriglyceridemia (serum triglycerides >400 mg/dL). DIRECT-PLUS excluded individuals using Warfarin (due to vitamin K interaction), or those with pacemakers or platinum-based implants.
[bookmark: _Hlk217205870]Methods S2. Magnetic Resonance Imaging and Fat Quantification
Imaging Acquisition and Abdominal Fat Analysis
Body fat compartments were assessed via 45-minute whole-body MRI scans (3.0 Tesla Ingenia, Philips Healthcare) conducted at baseline, 18 months, and 5–10 years post-intervention. Abdominal adipose tissue was quantified using a 3D modified DIXON (mDIXON) protocol with no interslice gap (slice thickness and spacing: 2 mm). Scanning parameters included: repetition time = 3.6 ms, echo times = 1.19 ms and 2.3 ms, field of view = 520×440×80 mm, and voxel size = 2×1.4×1 mm. The protocol produced four contrast types: in-phase, out-of-phase, water, and fat images [25]. Breath-hold was applied during acquisition to minimize motion artifacts.
All images were analyzed by trained raters blinded to intervention group and time point. Fat depot segmentation was performed using a MATLAB-based semi-automated algorithm. Deep and superficial subcutaneous adipose tissue (SAT) were distinguished by manual tracing of the fascia superficialis [22, 23]. Two axial slices (L4–L5 and L5–S1) were used per participant. Fat depots were reported both as absolute areas (cm²). Inter- and intra-observer reproducibility was excellent (ICC > 0.96, p < 0.001).
Intrahepatic Fat Content: mDIXON, mDIXON Quant and ¹H-MRS
Intrahepatic fat content (IHF) was assessed using different imaging modalities across the studies: the mDIXON method was applied in CENTRAL, single-voxel proton magnetic resonance spectroscopy (¹H-MRS) was used in DIRECT-PLUS, and mDIXON Quant was used in the FIT follow-up.
For mDIXON, hepatic fat fraction was calculated using the Fat Ratio Calculation PRIDE software (Philips) based on signal intensity from defined 2,000 mm² regions of interest (ROIs) placed across liver slices at 3 cm intervals. Each slice was divided into quadrants, and ROIs were evenly distributed to represent the full hepatic volume. The mean hepatic fat fraction was calculated from the average of all ROIs. Analysis was blinded to group and time point. Inter-rater and intra-rater correlations were r = 0.99 and r = 0.98, respectively (both p < 0.001) [26].
For ¹H-MRS, localized spectra were acquired using the same 3.0T scanner (Philips Ingenia, Best, Netherlands) from a voxel placed in the anterior right liver lobe, individualized per participant. Data were processed using Mnova software (Mestrelab Research, Spain) by a physicist blinded to group assignment. Hepatic fat fraction was calculated as the area under the lipid peaks divided by the total area under lipid and water peaks [24].
For mDIXON Quant imaging, the hepatic fat fraction was assessed using a 3D field echo (FFE) T1-weighted sequence with a six-echo acquisition protocol. Scans were completed in a single 16-second breath-hold. Imaging parameters included a repetition time (TR) of 5.7 ms, an initial echo time (TE1) of 1.0 ms, an echo spacing (ΔTE) of 0.7 ms, and a flip angle of 3°. The field of view (FOV) was 400 mm (right–left) by 350 mm (anterior–posterior), with 80 contiguous axial slices acquired at a slice thickness of 3.0 mm. Hepatic fat content was calculated automatically for each region of interest (ROI) using the manufacturer’s mDIXON Quant software (Philips Healthcare). To ensure adequate spatial sampling of hepatic fat, four nonadjacent axial liver slices were selected at regular intervals (3–5 slices apart). On each selected slice, four ROIs of approximately 200 mm² were manually placed in anatomically distinct regions, avoiding large vessels and bile ducts. Fat fraction values were computed for each ROI using the mDIXON Quant algorithm, and the average of all 16 ROIs was used to determine the mean hepatic fat fraction for each participant. 
To compare and validate the different imaging modalities used for IHF assessment, we examined their correlations in a subset of participants (n = 50). Strong correlations were observed between mDIXON, mDIXON Quant, and ¹H-MRS (r ≥ 0.9, p < 0.001), supporting the consistency and reliability of these methods.
[bookmark: _Hlk217205885]Methods S3. Anthropometric and Clinical Measurements
Anthropometric and clinical data were collected at baseline, post-intervention (18 months), and at 5–10 years follow-up. Height was measured to the nearest millimeter using a fixed stadiometer; weight was recorded without shoes to the nearest 0.1 kg. Waist circumference was measured at the midpoint between the last rib and iliac crest using a flexible tape. Blood pressure was measured twice after a seated rest using an automated oscillometric device (Accutorr-4, Datascope).
[bookmark: _Hlk136168981]Laboratory Assays
Fasting blood samples were obtained at 8:00 AM following a 12-hour fast, centrifuged, and stored at −80°C. Total cholesterol, HDL-cholesterol, and triglycerides were measured enzymatically using a Cobas 8000 analyzer (Roche). Coefficients of variation (CV) were 1.3% for total cholesterol and 2.1% for triglycerides. Plasma levels of high-sensitivity C-reactive protein (hsCRP) were measured by a Tina-quant® hsCRP assay from Roche. Glucose was measured using the GLUC3 hexokinase method (Roche). Fasting insulin
was analyzed via two platforms: the Immulite enzyme immunoassay (Diagnostic Products) for the CENTRAL trial (CV: 2.5%), and the Roche Elecsys immunoassay for DIRECT-PLUS and FIT follow-up. All assays were processed at the University of Leipzig Core Laboratory.

Results
[bookmark: _Hlk200093515][bookmark: _Hlk217205927]Table S1. Follow-up Characteristics of the CENTRAL and DIRECT-PLUS 18-month Trials Participants, 5- and 10-Years Post-Intervention, Stratified by Participation Status (Single and Rejoiners, n=384).
	Characteristic1
	N
	Single-time participants (N=308)2
	T1+T2 rejoiners (N=76)2
	Follow-up comparison (FDR-adjusted3)

	Sex
	384
	270 (88%)
	72 (95%)
	0.322

	Age at 5 and 10-year follow-up, years
	384
	57.13 ± 10.43
	56.73 ± 9.25
	0.874

	Mediterranean diet score at 5 and 10-year follow-up
	384
	6.92 ± 2.11
	7.29 ± 1.93
	0.455

	Physical activity at 5 and 10-year follow-up, MET-hours/week
	384
	30.43 ± 39.80
	26.31 ± 29.81
	0.642

	Smoking status at 5 and 10-year follow-up
	352
	47 (17%)
	10 (14%)
	0.772

	BMI at 5 and 10-year follow-up, Kg/m²
	383
	30.42 ± 4.20
	31.20 ± 3.62
	0.176

	Weight at 5 and 10-year follow-up, Kg
	383
	90.37 ± 14.44
	94.28 ± 12.87
	0.095

	Waist circumference at 5 and 10-year follow-up, cm
	383
	102.43 ± 10.87
	106.24 ± 12.30
	0.085

	VAT area at 5 and 10-year follow-up, cm²
	352
	121.11 ± 53.07
	128.27 ± 63.17
	0.838

	Deep SAT area at 5 and 10-year follow-up, cm²
	350
	206.03 ± 85.60
	226.96 ± 76.77
	0.085

	Superficial SAT area at 5 and 10-year follow-up, cm²
	349
	120.53 ± 54.98
	123.56 ± 46.94
	0.545

	Diastolic blood pressure at 5 and 10-year follow-up, mmHg
	383
	79.84 ± 11.66
	81.28 ± 9.55
	0.549

	Systolic blood pressure at 5 and 10-year follow-up, mmHg
	383
	131.27 ± 16.60
	131.87 ± 15.08
	0.838

	Fasting glucose at 5 and 10-year follow-up, mg/dL
	382
	99.15 ± 19.21
	99.85 ± 23.33
	0.838

	Fasting Insulin at 5 and 10-year follow-up, µU/mL
	382
	16.54 ± 9.74
	16.44 ± 8.99
	0.874

	HOMA-IR at 5 and 10-year follow-up
	381
	4.11 ± 2.69
	4.14 ± 2.73
	0.923

	HbA1c at 5 and 10-year follow-up, %
	381
	5.67 ± 0.72
	5.73 ± 0.79
	0.542

	Triglycerides/HDLc ratio at 5 and 10-year follow-up
	382
	3.87 ± 3.16
	3.47 ± 2.99
	0.324

	TyG Index at 5 and 10-year follow-up
	381
	8.80 ± 0.51
	8.72 ± 0.51
	0.545

	METS-IR at 5 and 10-year follow-up
	381
	47.35 ± 8.37
	47.77 ± 7.46
	0.769

	hsCRP at 5 and 10-year follow-up, mg/L
	381
	3.57 ± 4.61
	3.55 ± 3.18
	0.642


[bookmark: _Hlk195787655]1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; T1, trial 1; T2, trial 2; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD) for continuous variables; Number (%) for categorical variables.
[bookmark: _Hlk197183831]3 Continuous variables were analysed using the Wilcoxon rank sum test, while categorical variables were evaluated using Pearson's Chi-squared test. False discovery rate correction for multiple testing was applied.
[bookmark: _Hlk217205945]Table S2. Baseline Characteristics of T1+T2 Rejoining Participants: Comparison Between the Start of Their First vs. Second Lifestyle Interventions (n=76).
	Characteristic1
	N
	T1 baseline2
	T2 baseline2
	p-value3
	FDR-adjusted p-value4

	Intrahepatic fat, %
	68
	12.46 ± 12.35
	10.69 ± 8.60
	0.100
	0.124

	Diastolic, mmHg
	75
	79.00 ± 9.89
	82.34 ± 10.31
	0.016
	0.027

	Systolic, mmHg
	75
	122.00 ± 14.17
	131.57 ± 13.69
	<0.001
	<0.001

	Fasting glucose, mg/dL
	75
	108.50 ± 23.08
	103.08 ± 21.33
	0.053
	0.076

	Fasting insulin, µU/mL
	75
	16.57 ± 9.47
	14.65 ± 7.74
	0.015
	0.027

	[bookmark: _Hlk195787444]HbA1c, %
	76
	5.62 ± 0.57
	5.58 ± 0.64
	0.307
	0.327

	TyG Index
	73
	8.89 ± 0.51
	8.78 ± 0.51
	0.016
	0.027

	METS-IR
	73
	49.88 ± 8.77
	48.98 ± 7.21
	0.013
	0.027

	hsCRP, mg/L
	75
	3.37 ± 2.83
	3.77 ± 6.07
	0.512
	0.512


[bookmark: _Hlk195794892]1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD).
3 Repeated-measures ANCOVA, adjusted for baseline BMI and age.
4 False discovery rate correction for multiple testing.

[bookmark: _Hlk217205955]Table S3. Intervention Changes Among Rejoiners During the First and Second Interventions (n=64).
	Characteristic1
	N
	Change during T12
	Change during T22
	P-value3
	FDR-adjusted P-value4

	Diastolic BP change during intervention, %
	60
	1.57 ± 11.29
	-2.63 ± 12.04
	0.068
	0.135

	Systolic BP change during intervention, %
	60
	1.74 ± 9.72
	-1.07 ± 8.48
	0.115
	0.204

	Fasting Glucose change during intervention, %
	63
	0.69 ± 12.61
	2.61 ± 14.69
	0.500
	0.667

	Fasting insulin change during intervention, %
	62
	-5.62 ± 38.60
	-5.64 ± 34.34
	0.997
	0.997

	HOMA-IR change during intervention, %
	61
	-3.41 ± 41.90
	-2.75 ± 40.14
	0.923
	0.985

	HbA1c change during intervention, %
	64
	-0.70 ± 4.00
	0.96 ± 3.93
	0.016
	0.048

	Triglycerides/HDL-C change during intervention, %
	63
	-1.97 ± 51.30
	-3.52 ± 42.85
	0.844
	0.985

	TyG Index change during intervention, %
	62
	-0.54 ± 4.26
	-0.66 ± 4.33
	0.867
	0.985

	METS-IR change during intervention, %
	61
	-5.73 ± 9.67
	-2.76 ± 8.10
	0.029
	0.066

	hsCRP change during intervention, mg/L5
	58
	-0.30 ± 2.78
	0.15 ± 2.00
	0.317
	0.507


[bookmark: _Hlk197346611][bookmark: _Hlk197600612]1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD).
3 Repeated-measures ANCOVA, adjusted for baseline BMI and age.
4 False discovery rate correction for multiple testing.
[bookmark: _Hlk213766552]5 hsCRP change is reported as an absolute difference due to near-zero baseline values. 

[bookmark: _Hlk217205966]Table S4. Intervention Responses of the First Trial Participants Among Single and Future Rejoining Participants.
	Characteristic1
	N
	T1-only (n=126)2
	T1+(future T2 rejoiners) (n=68)2
	P-value3
	FDR-adjusted P-value4

	[bookmark: _Hlk197179979]Weight change during intervention, %
	190
	-3.26 ± 5.37
	-3.44 ± 6.39
	0.930
	0.930

	[bookmark: _Hlk197181845]Waist circumference change during intervention, %
	179
	-3.85 ± 5.35
	-3.68 ± 5.84
	0.851
	0.930

	[bookmark: _Hlk197180068]VAT area change during intervention, %
	187
	-34.47 ± 17.33
	-32.65 ± 18.38
	0.482
	0.868

	[bookmark: _Hlk197180103]Deep SAT area change during intervention, %
	187
	-32.10 ± 12.96
	-30.84 ± 14.48
	0.578
	0.868

	[bookmark: _Hlk197180156]Superficial SAT area change during intervention, %
	187
	-24.60 ± 16.55
	-23.80 ± 13.12
	0.722
	0.930

	Intrahepatic fat change during intervention, %5
	182
	-3.72 ± 5.66
	-6.19 ± 9.59
	0.127
	0.526

	Diastolic BP change during intervention, %
	187
	1.29 ± 21.09
	1.13 ± 11.33
	0.893
	0.930

	Systolic BP change during intervention, %
	187
	0.98 ± 10.33
	1.03 ± 9.80
	0.863
	0.930

	Fasting glucose change during intervention, %
	196
	0.78 ± 9.87
	1.23 ± 13.05
	0.780
	0.930

	Fasting insulin change during intervention, %
	187
	-16.10 ± 34.28
	-7.66 ± 38.42
	0.146
	0.526

	HOMA-IR change during intervention, %
	187
	-14.58 ± 37.58
	-6.01 ± 41.58
	0.177
	0.530

	HbA1c change during intervention, %
	194
	-1.24 ± 3.77
	-0.26 ± 4.94
	0.085
	0.526

	[bookmark: _Hlk200287751]Triglycerides/HDL-C change during intervention, %
	192
	-14.47 ± 35.11
	-2.16 ± 50.41
	0.094
	0.526

	TyG Index change during intervention, %
	192
	-1.39 ± 4.50
	-0.53 ± 4.16
	0.298
	0.670

	[bookmark: _Hlk197180221][bookmark: _Hlk197180251]METS-IR change during intervention, %
	185
	-6.70 ± 8.85
	-5.55 ± 9.64
	0.441
	0.868

	hsCRP change during intervention, mg/L5
	190
	-0.60 ± 4.14
	-0.31 ± 2.65
	0.556
	0.868

	Energy intake change during intervention, Kcal/day
	185
	-947.78 ± 1,332.41
	-574.90 ± 1,068.18
	0.012
	0.219

	Physical activity change during intervention, MET-hour/week
	180
	17.10 ± 50.53
	10.64 ± 29.36
	0.232
	0.596


[bookmark: _Hlk196467526][bookmark: _Hlk200605187]1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD).
3 ANCOVA test, controlled for baseline BMI.
4 False discovery rate correction for multiple testing.
[bookmark: _Hlk196461399]5 IHF and hsCRP changes are reported as absolute differences due to near-zero baseline values. 

[bookmark: _Hlk217205997][bookmark: _Hlk197202481]Table S5. Changes During the 10-Year Follow-up After the First Trial, Stratified by Participation Status (Single and Future Rejoining Participants, n=194).
	Characteristic1
	N
	T1-only2
	T1+(future T2 rejoiners) 2
	P-value3
	FDR-adjusted P-value4

	Weight change during 10 years follow-up, %
	189
	4.83 ± 8.65
	3.44 ± 10.90
	0.339
	0.592

	Waist circumference change during 10 years follow-up, %
	178
	1.67 ± 7.37
	1.47 ± 10.78
	0.886
	0.928

	VAT area change during 10 years follow-up, %
	170
	34.35 ± 43.60
	28.23 ± 46.47
	0.370
	0.592

	Deep SAT area change during 10 years follow-up, %
	170
	24.07 ± 31.02
	18.71 ± 33.44
	0.289
	0.577

	[bookmark: _Hlk197203354]Superficial SAT area change during 10 years follow-up, %
	170
	13.52 ± 27.13
	7.08 ± 24.80
	0.120
	0.449

	Intrahepatic fat change during 10 years follow-up, %
	165
	4.42 ± 7.87
	2.77 ± 7.55
	0.218
	0.577

	Diastolic BP change during 10 years follow-up, %
	186
	2.53 ± 15.69
	1.82 ± 12.83
	0.773
	0.928

	Systolic BP change during 10 years follow-up, %
	186
	7.04 ± 14.81
	6.68 ± 11.97
	0.860
	0.928

	Fasting glucose change during 10 years follow-up, %
	194
	-4.58 ± 15.54
	-6.31 ± 24.64
	0.592
	0.862

	Fasting insulin change during 10 years follow-up, %
	190
	32.54 ± 72.36
	31.62 ± 64.20
	0.928
	0.928

	HOMA-IR change during 10 years follow-up, %
	189
	28.00 ± 74.74
	29.29 ± 107.81
	0.920
	0.928

	HbA1c change during 10 years follow-up, %
	193
	5.28 ± 10.82
	2.58 ± 11.59
	0.118
	0.449

	Triglycerides/HDLc change during 10 years follow-up, %
	193
	33.53 ± 96.99
	14.94 ± 61.92
	0.140
	0.449

	TyG Index change during 10 years follow-up, %
	192
	0.22 ± 5.54
	-1.05 ± 5.36
	0.138
	0.449

	METS-IR change during 10 years follow-up, %
	185
	7.75 ± 14.34
	3.67 ± 16.02
	0.073
	0.449

	hsCRP change during 10 years follow-up, mg/L
	190
	1.16 ± 5.93
	0.27 ± 3.37
	0.253
	0.577


1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD).
3 ANCOVA, adjusted for Mediterranean diet adherence score at follow-up.
4 False discovery rate correction for multiple testing.
5 IHF and hsCRP changes are reported as absolute differences due to near-zero baseline values. 

[bookmark: _Hlk217206005]Table S6. Changes During the 5-Year Follow-up After the Second Trial, Stratified by Participation Status (Single and Rejoining Participants, n=224).
	Characteristic1
	N
	T2-only2
	T1+T2 Rejoiners
	P-value3
	FDR-adjusted P-value4

	Diastolic BP change during 5-year follow-up, %
	221
	-0.62 ± 12.83
	3.00 ± 13.58
	0.066
	0.176

	Systolic BP change during 5-year follow-up, %
	221
	1.01 ± 12.29
	2.03 ± 10.87
	0.568
	0.757

	Fasting glucose change during 5-year follow-up, %
	222
	-2.20 ± 11.07
	-3.18 ± 17.65
	0.545
	0.757

	Fasting insulin change during 5-year follow-up, %
	224
	49.34 ± 76.21
	48.15 ± 113.20
	0.774
	0.826

	HOMA-IR change during 5-year follow-up, %
	222
	46.65 ± 82.74
	49.69 ± 145.22
	0.992
	0.992

	HbA1c change during 5-year follow-up, %
	220
	2.70 ± 7.48
	2.38 ± 7.30
	0.687
	0.824

	Triglycerides/HDL-C change during 5-year follow-up, %
	223
	27.96 ± 58.94
	18.43 ± 47.56
	0.220
	0.352

	TyG Index change during 5-year follow-up, %
	221
	0.85 ± 4.37
	0.01 ± 4.67
	0.176
	0.352

	METS-IR change during 5-year follow-up, %
	221
	4.94 ± 10.83
	1.33 ± 12.66
	0.027
	0.085

	hsCRP change during 5-year follow-up, mg/L5
	214
	0.33 ± 2.27
	0.47 ± 3.06
	0.721
	0.824


1 BMI, body mass index; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; METS-IR, metabolic score for insulin resistance; SAT, subcutaneous adipose tissue; TyG Index, triglyceride-glucose index; VAT, visceral adipose tissue.
2 Mean ± standard deviation (SD).
3 ANCOVA, adjusted for Mediterranean diet adherence score at follow-up.
4 False discovery rate correction for multiple testing.
5 hsCRP change is reported as an absolute difference due to near-zero baseline values. 
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