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 Results

	Table S1: Characteristics of Completers at Randomization
	All groups
	Placebo
	Exercise
	Liraglutide
	Combination

	Per-protocol participants (n)
	130
	39
	26
	36
	29

	Age, years
	44.8±11.7
	43.7±12.3
	45.0±11.8
	46.2±10.3
	44.5±12.7

	Sex, n (men/women)
	50/80
	15/24
	11/15
	13/23
	11/18

	BMI, kg/m2
	32.4±2.9
	32.1±2.9
	32.2±3.3
	32.5±3.1
	32.6±2.5

	Body weight, kg
	96.5±12.3
	96.6±13.2
	96.1±13.2
	94.8±11.3
	99.1±11.4

	MetS-Z, score 
	0.05±0.49
	0.04±0.48
	-0.07±0.58
	0.00±0.44
	0.23±0.42

	Android fat percentage, %-points
	40.7±6.0
	40.6±6.1
	38.2±6.2
	41.6±5.5
	41.9±5.8

	hsCRP§ (mg/L)
	2.4 (1.0 to 5.5)
	2.4 (1.0 to 5.3)
	2.4 (1.4 to 5.3)
	1.8 (0.9 to 4.1)
	3.6 (1.3 to 6.5)

	
	
	
	
	
	

	Non-per-protocol participants (n)
	36
	1
	14
	5
	16

	Age, years
	41.3±11.4
	39.5
	44.7±11.3
	37.7±14.3
	39.6±10.9

	Sex, n (men/women)
	11/25
	0/1
	4/10
	1/4
	6/10

	BMI, kg/m2
	32.8±2.4
	37.9
	32.6±2.3
	31.8±2.0
	32.9±2.5

	Body weight, kg
	96.4±13.7
	105.0
	97.6±13.0
	90.5±21.8
	96.7±12.1

	MetS-Z, score 
	0.01±0.44
	0.12
	0.09 ±0.25
	0.15±0.55
	-0.12±0.53

	Android fat percentage, %-points
	43.0±5.5
	38.0
	43.0±4.4
	43.9±4.5
	42.9±6.8

	hsCRP§ (mg/L)
	2.4 (1.0 to 5.7)
	NA
	3.2 (2.1 to 6.8)
	1.6 (1.2 to 5.3)
	1.2 (0.6 to 4.4)

	Values are observed mean±standard deviation at randomization (week 0) of participants who completed the trial per-protocol and participants who completed the trial but not per-protocol. §Median with interquartile range. NA: hsCRP data was missing for the one participant in the placebo group of non-adherent completers. MetS-Z: metabolic syndrome severity score. hsCRP: high-sensitivity C-reactive protein.



	Table S2: Medication, Smoking and Alcohol Consumption before the Low-calorie Diet by Randomization Group

	
	Placebo

	Exercise

	Liraglutide

	Combination


	Blood pressure medication, n (%)
	7 (14)
	5 (10)
	3 (6)
	9 (18)

	Lipid-lowering medication, n (%)
	3 (6)
	4 (8)
	1 (2)
	6 (12)

	Currently smoking, n (%)
	7/44 (16)
	7/40 (18)
	6/41 (15)
	4/42 (10)

	Previously smoked, n (%)
	15/35 (43)
	15/33 (45)
	14/34 (41)
	17/37 (46)

	Alcohol consumption, average standard drinks/week ±SD
	3.5±4.8
	2.8±3.8
	2.2±5.2
	3.4±6.1

	Blood pressure or lipid-lowering medication, smoking and alcohol consumption (average units per week during the last 12 months) before the low-calorie diet by randomization group. One participant in the exercise group consumed 70 standard drinks/week and was not included in the alcohol consumption mean in this table. SD: standard deviation. 



	Table S3: Estimated Treatment Differences vs. Placebo Group at Week 52 – Per-protocol Population

	 
	Exercise group vs Placebo group
	Liraglutide group vs Placebo Group
	Combination group vs Placebo group

	MetS-Z, score
	-0.11 (-0.34 to 0.12), 0.349
	-0.37 (-0.58 to -0.16), <0.001
	-0.48 (-0.7 to -0.25), <0.001

	Android fat percentage, %-points
	-2.6 (-4.8 to -0.4), 0.022
	-2.8 (-4.8 to -0.8), 0.006
	-6.1 (-8.2 to -4.0), <0.001

	hsCRPa, mg/L
	0.96 (0.57 to 1.62), 0.869
	0.76 (0.46 to 1.24), 0.263
	0.57 (0.34 to 0.95), 0.030

	Per-protocol analysis. The results are adjusted for age group (</≥ 40 years) and sex. Changes are estimated mean difference (95% confidence intervals), p-value. aChanges are presented as ratios (95% confidence intervals), p-value, via back-transformed log-data. MetS-Z: metabolic syndrome severity z-score. hsCRP: high-sensitivity C-reactive protein.


[bookmark: _Toc54266282]

	Table S4: Changes from Randomization to Week 52 – Intention-to-treat Population

	
	Placebo
	Exercise
	Liraglutide
	Combination

	
	(n = 49)
	(n = 48)
	(n = 49)
	(n = 49)

	Metabolic syndrome 

	Waist circumference†, cm
	4.4 (2.2 to 6.7)
	0.5 (-1.8 to 2.8)
	-1.1 (-3.2 to 1.1)
	-3.9 (-6.0 to -1.8)

	Systolic Blood pressure†, mmHg
	4.2 (-0.3 to 8.6)
	3.6 (-0.9 to 8.1)
	-1.0 (-5.4 to 3.4)
	-0.1 (-4.4 to 4.2)

	Diastolic blood pressure†, mmHg
	2.8 (0.2 to 5.4)
	1.1 (-1.5 to 3.7)
	0.1 (-2.5 to 2.7)
	-0.3 (-2.8 to 2.2)

	HDL-c†, mmol/L
	0.2 (0.1 to 0.3)
	0.3 (0.2 to 0.3)
	0.2 (0.2 to 0.3)
	0.3 (0.2 to 0.3)

	Triglycerides†, mmol/L
	0.0 (-0.1 to 0.1)
	0.1 (0.0 to 0.3)
	0.0 (-0.1 to 0.1)
	0.1 (0.0 to 0.2)

	Fasting glucose, mmol/L
	0.4 (0.2 to 0.5)
	0.2 (0.0 to 0.3)
	-0.2 (-0.4 to -0.1)
	-0.1 (-0.2 to 0.1)

	HOMA-IR†a
	1.55 (1.31 to 1.84)
	1.32 (1.10 to 1.57) 
	1.33 (1.13 to 1.57) 
	1.16 (0.99 to 1.37)

	MetS-Z, score 
	0.09 (-0.07 to 0.24)
	-0.04 (-0.21 to 0.12)
	-0.29 (-0.44 to -0.14)*** § 
	-0.24 (-0.38 to -0.09)** §

	Body composition

	Body weight†, kg
	6.1 (3.5 to 8.7)
	2.0 (-0.7 to 4.6)
	-0.7 (-3.2 to 1.8)
	-3.4 (-5.9 to -0.9)

	Total fat percentage†, %-points
	0.4 (-0.6 to 1.5)

	-1.7 (-2.8 to -0.6)

	-1.6 (-2.6 to -0.6)

	-3.5 (-4.5 to -2.5)


	Android fat percentage, %-points
Female, %-points
Male, %-points
	0.0 (-1.4 to 1.5)


-0.4 (-2.2 to 1.4)
0.8 (-1.8 to 3.4)
	-3.0 (-4.5 to -1.4)*** §


-3.7 (-5.6 to -1.7)*** §
-1.8 (-4.4 to 0.8)
	-2.9 (-4.3 to -1.5)*** §


-3.5 (-5.2 to -1.8)*** §
-1.7 (-4.4 to 1.0)
	-5.2 (-6.6 to -3.8)*** §


-5.7 (-7.4 to -4.0)*** §
-4.5 (-6.9 to -2)*** §

	Gynoid fat percentage, %-points
Female, %-points
Male, %-points
	0.3 (-0.7 to 1.2)


0.1 (-1.1 to 1.3)
0.6 (-1.1 to 2.3)
	-1.8 (-2.8 to -0.8)


-1.8 (-3.1 to -0.5)
-1.7 (-3.4 to 0.0)
	-1.2 (-2.2 to -0.3)


-1.3 (-2.5 to -0.2)
-1.1 (-2.8 to 0.7)
	-3.3 (-4.2 to -2.4)


-3.2 (-4.3 to -2.1)
-3.5 (-5.1 to -1.9)

	Android-gynoid ratio
	0.0 (-0.03 to 0.02)
	-0.03 (-0.05 to -0.01)
	-0.05 (-0.07 to -0.02)
	-0.05 (-0.07 to -0.03)

	Inflammation marker

	hsCRP‡ (mg/L)
	0.85 (0.59 to 1.2)
	0.76 (0.53 to 1.1)
	0.64 (0.45 to 0.90)*
	0.65 (0.47 to 0.90)*

	Intention-to-treat analysis. The results are adjusted for age group (</≥ 40 years) and sex. Changes are estimated mean difference (95% confidence intervals) within group. Significance testing was only performed on MetS-Z, android fat percentage, and hsCRP. †Outcomes previously reported (1). ‡Changes are presented as ratios (95% confidence intervals) via back-transformed log-data. aHOMA-IR: homeostatic model assessment of insulin resistance, calculated as fasting insulin times fasting glucose levels, divided by 22.5. Change as geometric mean ratios with 95% confidence intervals. MetS-Z: metabolic syndrome severity score. hsCRP: high-sensitivity C-reactive protein. *p<0.05, **p<0.01, and ***p<0.001 within-group. §p<0.05 vs. placebo.










	Table S5: Supplementary Analysis of Changes in MetS-Z from Randomization to Week 52 

	
	Placebo
	Exercise
	Liraglutide
	Combination

	
	(n = 39)
	(n = 26)
	(n = 36)
	(n = 29)

	Per-protocol Population

	MetS-Z, score
	0.10 (-0.07 to 0.26)
	-0.05 (-0.26 to 0.15)
	-0.28 (-0.46 to -0.11)** §
	-0.48 (-0.67 to -0.29)*** §

	
	
	
	
	

	Intention-to-treat Population

	MetS-Z, score
	0.10 (-0.07 to 0.27)
	-0.06 (-0.24 to 0.13)
	-0.29 (-0.46 to -0.12)** §
	-0.31 (-0.48 to -0.14)*** §

	Supplementary analysis adjusted for age group (</≥ 40 years), sex, blood pressure and lipid-lowering medication, smoking, and alcohol consumption (average standard drinks per week during the last 12 months) at inclusion. Changes are estimated mean difference (95% confidence intervals) within-group. MetS-Z: metabolic syndrome severity score. *p<0.05, **p<0.01, and ***p<0.001 within-group. §p<0.05 vs. placebo.



	Table S6: 
Absolute Changes from Week -8 to 0
	Before low-calorie diet
(n = 215)
	After low-calorie diet
(n = 195)
	Changes
(n = 195)

	Lean massa, kg
	65.3±12.9
	60.4±11.6
	-5.1 (-5.6 to -4.6)

	Fat massa, kg
	44.9±7.2
	37.7±7.2
	-7.3 (-7.7 to -6.9)

	Android fat mass, kg
	4.2±9.4
	3.3±8.1
	-0.9 (-0.9 to -0.8)

	Gynoid fat mass, kg
	7.3±1.7
	6.2±1.6
	-1.1 (-1.2 to -1.1)

	Android lean mass, kg
	5.2±1.1
	4.7±0.9
	-0.6 (-0.6 to -0.5)

	Gynoid lean mass, kg
	10.6±2.0
	9.7±1.7
	-1.0 (-1.1 to -0.9)

	Values are observed mean±standard deviation. The results are adjusted for age group (</≥ 40 years) and sex. Changes are estimated mean difference (95% confidence intervals). aOutcomes previously reported (1).



	Table S7: Changes in Absolute Masses from Randomization to Week 52 – Per-protocol Population

	
	Placebo
	Exercise
	Liraglutide
	Combination

	
	(n = 39)
	(n = 26)
	(n = 36)
	(n = 29)

	Lean massa, kg
	2.9 (1.8 to 4.0)
	2.1 (1.0 to 3.3)
	0.0 (-1.0 to 1.1)
	0.5 (-0.6 to 1.5)

	Fat massa, kg
	2.6 (0.7 to 4.5)
	-1.2 (-3.2 to 0.8)
	-2.0 (-3.9 to -0.2)
	-4.7 (-6.5 to -2.9)

	Android lean mass, kg
	0.41 (0.27 to 0.54)
	0.22 (0.06 to 0.38)
	0.09 (-0.04 to 0.23)
	0.05 (-0.1 to 0.2)

	Gynoid lean mass, kg
	0.69 (0.48 to 0.91)
	0.46 (0.19 to 0.72)
	-0.07 (-0.3 to 0.15)
	-0.02 (-0.27 to 0.23)

	Android fat mass, kg
	0.29 (0.09 to 0.49)
	-0.15 (-0.39 to 0.1)
	-0.18 (-0.39 to 0.03)
	-0.71 (-0.94 to -0.48)

	Gynoid fat mass, kg
	0.47 (0.2 to 0.74)
	-0.17 (-0.5 to 0.16)
	-0.32 (-0.6 to -0.04)
	-0.96 (-1.27 to -0.64)

	Per-protocol analysis. The results are adjusted for age group (</≥ 40 years) and sex. Changes are estimated mean difference (95% confidence intervals) within-group. aOutcomes previously reported (1). 





Figures


Figure S1: CONSORT flow diagram

[image: ]
CONSORT diagram of the participants enrolled. apersonal life conditions: job-related, moving, disease, or death in the family. LCD: low-calorie diet. 



Figure S2: Observed MetS-Z of Women by Randomization Group
[image: ]


Figure S3: Observed MetS-Z of Men by Randomization Group
[image: ]

Observed MetS-Z of individual per-protocol participants (black dots) by randomization group at the three visits, before the low-calorie diet (week -8), after the low-calorie diet (week 0, randomization), and end of trial (week 52), presented as box plots. Tops of the boxes indicate the upper quartile; bottom of the box is the lower quartile; white diamonds observed mean; black horizontal line medians; whiskers ±1.5 times the interquartile range or highest or smallest observation. Box plots overlay MetS-Z quartiles associated with risk of future diabetes (2) and coronary heart disease (3) compared to the first quartile for white women/men and adjusted for individual MetS factors. For diabetes, unadjusted risks are also shown in parentheses. Number of women/men in the placebo group: 24/15, exercise group: 15/11, liraglutide group: 23/13, combination group: 18/11 after the low-calorie diet. MetS-Z: metabolic syndrome severity z-score. T2DM: type 2 diabetes, CHD: coronary heart disease.




Methods
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Metabolic Syndrome Severity Z-score Factor Loadings & Formula (4)
Male non-Hispanic white
 

Female non-Hispanic white
 
WC: waist circumference, HDL: high-density lipoprotein cholesterol, SBP: systolic blood pressure, TRI: triglycerides, GLU: fasting blood glucose

Homeostatic model assessment of insulin resistance (HOMA-IR)
Fasting insulin levels (milliunits/mL) multiplied with the fasting glucose level (mmol/liter), divided by 22.5. Conversion factors: Insulin: 1 μU per mL equal to 6.00 pmol/L; Glucose: 1 mg/dL equal to 0.05551 mmol/L (1).

Dual-Energy X-Ray Absorptiometry: Android & Gynoid Region of Interest
The android region of interest was defined by the software as the area of the trunk limited by two horizontal lines; the pelvic line and a line placed 20% cranially of the length between the pelvic line and neck cut line. The upper gynoid line was defined as 1.5 times the length of the android region and placed inferior to the pelvic line. The lower gynoid line was placed twice the height of the android region from the upper gynoid line (5).
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