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Appendix Methods
This section provides a unified description of the statistical models, correction methods, and grouping criteria used in the supplementary tables (Table S1-S20), ensuring the reproducibility and clarity of the analyses.
1. Statistical Models and Adjustment Strategies
1.1 Core Regression Models
Three consistent regression models were used across all association analyses:
Model 1 (Unadjusted): No covariates were adjusted.
Model 2 (Demographic-adjusted): Adjusted for basic demographic variables, including age, gender, residence type, marital status, smoking status, drinking status, and educational level.
Model 3 (Full-adjusted): On the basis of Model 2, we further adjusted for biological markers, including C-reactive protein (CRP), hemoglobin (Hb), uric acid (UA), creatinine (Cr), blood urea nitrogen (BUN), white blood cells (WBC), and platelets (PLT).
1.2 Specialized Analytic Models
Latent Class Growth Modeling (LCGM) for METS-VF change patterns: LCGM was used to identify longitudinal METS-VF change patterns via R software (version 4.4.2) with the lcmm package. Models with 1–3 latent classes were fitted using the hlme function, with gender and age incorporated as auxiliary variables (via the classmb parameter) to enhance classification accuracy. Time was set as a mixture variable to allow heterogeneous trajectories across classes. The optimal number of latent classes was determined by the Bayesian Information Criterion (BIC), with lower BIC indicating better model fit, and classification reliability was evaluated using posterior probabilities (participants with posterior probability ≥ 0.7 for their assigned class were considered reliably classified). Other potential confounders (e.g., residence type, smoking status, CRP, Hb) were not included in the LCGM, as its primary goal was to identify inherent subgroups of METS-VF change rather than adjust for causal confounding—all these confounders were fully adjusted in subsequent Cox proportional-hazards regression models (Model 3).
Inverse Probability Weighting (IPW) model (Table S14): Inverse probability weighting (IPW) was performed as a sensitivity analysis to test the robustness of conclusions under potential covariate imbalance between exposure groups. Specifically, we constructed propensity scores for high METS-VF exposure (Q4 of baseline/cumulative METS-VF, Class 3 of change patterns) using Model 3 covariates, with 1–99% quantile truncation to avoid extreme weights. Standardized mean differences (SMDs) were used to evaluate covariate balance before and after weighting (absolute SMD < 0.1 considered adequate balance), and the sample size remained 3,815 throughout to ensure analytic cohort comparability.
Competing risk model (Table S16): The Fine-Gray model was used to adjust for all-cause mortality as a competing event, and the subdistribution hazard ratio (sHR) was reported to reflect the association between METS-VF profiles and CVD risk after excluding the impact of competing events.
Mediation analysis model (Table S19): To avoid multicollinearity and mathematical coupling between the calculation of METS-VF and eGDR, BMI-based METS-VF (METS-VFBMI) was adopted for sensitivity analysis to improve the robustness of conclusions regarding the mediating effect. Specifically, METS-VFBMI was calculated using the formula: METS-VFBMI = 4.466 + 0.011 × [(Ln(METS-IR))³] + 3.239 × [(Ln(BMI))³] + 0.319 × gender + 0.594 × [Ln(age)], (WHtR in the original METS-VF was replaced with BMI). A bootstrap method with 1000 repetitions was used to test the mediating effect of estimated glucose disposal rate (eGDR), and the indirect effect coefficient, mediated proportion, P value, and E value were calculated.
2. Multiple Comparison Correction
The Benjamini–Hochberg false discovery rate (FDR) method was used to correct for multiple comparison biases. P values < 0.001 after correction were uniformly reported as 0.001, and FDR-corrected P values (P value FDR) are provided in the tables.
3. METS-VF Profiles Grouping Criteria
Quartile grouping: Baseline and cumulative METS-VF were divided into 4 equal-proportion groups (Q1: 1st-25th percentiles; Q2: 26th-50th percentiles; Q3: 51st-75th percentiles; Q4: 76th-100th percentiles) based on indicator distribution in the corresponding population.
Change pattern grouping: Latent class growth modeling (LCGM) was used to identify three change patterns of METS-VF from 2011 to 2015: Class 1 (stable moderate-level group), Class 2 (low-level increasing group), and Class 3 (stable high-level group).
Binary grouping (Table S14): Q4 of baseline/cumulative METS-VF and Class 3 of change patterns were defined as high-risk groups; Q1–Q3 and Class 1-2 were defined as low-risk groups.
4. Statistical Tests and Software
Trend test: METS-VF quartiles were treated as continuous ordinal variables and included in the regression model to test the dose-response trend of METS-VF profiles and CVD risk.
Heterogeneity test: Interaction P values were calculated for gender-stratified analysis (Table S18) to verify gender-specific differences.


Table S1. Framingham Risk Score for Men
	Points
	Age, years
	HDL-C
	TC
	SBP Not Treated
	SBP Treated
	Smoker
	Diabetic

	-2
	
	≥60
	
	<120
	
	
	

	-1
	
	[50, 60)
	
	
	
	
	

	0
	30–34
	[45–50)
	<160
	[120–129]
	<120
	No
	No

	1
	
	[35–45)
	[160–200)
	[130–139]
	
	
	

	2
	35–39
	<35
	[200–240)
	[140–159]
	[120–129]
	
	

	3
	
	
	[240–280)
	≥160
	[130–139]
	
	Yes

	4
	
	
	≥280
	
	[140–159]
	Yes
	

	5
	40–44
	
	
	
	≥160+
	
	

	6
	45–49
	
	
	
	
	
	

	7
	
	
	
	
	
	
	

	8
	50–54
	
	
	
	
	
	

	9
	
	
	
	
	
	
	

	10
	55–59
	
	
	
	
	
	

	11
	60–64
	
	
	
	
	
	

	12
	65–69
	
	
	
	
	
	

	13
	
	
	
	
	
	
	

	14
	70–74
	
	
	
	
	
	

	15
	75+
	
	
	
	
	
	


Abbreviation: HDL-C: High-Density Lipoprotein Cholesterol; TC: Total Cholesterol; SBP: Systolic Blood Pressure.















Table S2. Framingham Risk Score for Women
	Points
	Age, years
	HDL-C
	TC
	SBP Not Treated
	SBP Treated
	Smoker
	Diabetic

	-3
	
	
	
	<120
	
	
	

	-2
	
	60+
	
	
	
	
	

	-1
	
	50–60
	
	
	<120
	
	

	0
	30–34
	45–50
	<160
	120–129
	
	No
	No

	1
	
	35–45
	160–200
	130–139
	
	
	

	2
	35–39
	<35
	
	140–149
	120–129
	
	

	3
	
	
	200–240
	
	130–139
	Yes
	

	4
	40–44
	
	240–280
	150–159
	
	
	Yes

	5
	45–49
	
	280+
	160+
	140–149
	
	

	6
	
	
	
	
	150–159
	
	


Abbreviation: HDL-C: High-Density Lipoprotein Cholesterol; TC: Total Cholesterol; SBP: Systolic Blood Pressure.





Table S3. Specific Definitions of Various Diseases
	Overweight/Obesity
	BMI ≥ 23 kg/m2

	Abdominal obesity
	Waist circumference ≥ 80/90 cm in women / men

	Prediabetes
	Fasting blood glucose ≥ 100-124 mg/dL or HbA1c ≥ 5.7%-6.4% and without self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents

	Diabetes
	Fasting blood glucose ≥ 125 mg/dL or HbA1c ≥ 6.5% or self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents

	Hypertension
	SBP ≥ 130 mmHg or DBP ≥ 80 mmHg or self-reported diagnosis of hypertension or use of antihypertensive medications

	Chronic Kidney Disease
	Any of the two criteria is met:
① Self-reported history of Chronic Kidney Disease
② eGFR < 60 ml/min/1.73m2

	Hypertriglyceridemia
	Triglycerides ≥ 135 mg/dL

	Metabolic syndrome
	Meet any three or more of the five
① Waist circumference ≥ 80/90 cm in female/male.
② HDL-C ＜ 50/40 mg/dL in female/male.
③ Triglycerides ≥ 150 mg/dL.
④ Elevated blood pressure (SBP ≥130 mmHg or DBP ≥ 80 mmHg and/or use of antihypertensive medications)
⑤ Fasting blood glucose ≥ 100 mg/dL

	Clinical CVD
	Any of the two criteria is met:
① Participants were asked "Have you been told by a doctor that you have been diagnosed with a heart disease, including angina, heart attack, congestive heart failure, and other heart problems?"
② "Have you been told by a doctor that you have been diagnosed with a stroke?"

	Subclinical CVD
	Any of the two criteria is met:
① Very high-risk CKD in KDIGO classification: eGFR < 30 ml/min/1.73m2.
② Framingham risk score ≥ 21.5/21.6 in female/male


Abbreviation: BMI: Body Mass Index; HbA1c: Hemoglobin A1c; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; eGFR: Estimated Glomerular Filtration Rate; HDL-C: High-Density Lipoprotein Cholesterol; CVD: Cardiovascular Diseases; CKD: Chronic Kidney Disease; KDIGO: Kidney Disease: Improving Global Outcomes.






Table S4. Criteria for Classifying CKM Syndrome Stages 0-3
	CKM syndrome stages
	Threshold for CKM syndrome conditions

	Stage 0
	All criteria are met:
① BMI < 23 kg/m2
② Waist circumference < 80/90 cm in female/male
③ Fasting blood glucose < 100 mg/dL and HbA1c < 5.7% and without self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents.
④ SBP < 130 mmHg and DBP < 80 mmHg without self-reported diagnosis of hypertension or use of antihypertensive medications.
⑤ HDL-C ≥ 50/40 mg/dL in female/male
⑥ TG < 150 mg/dL
⑦ eGFR ≥ 60 ml/min/1.73m2 and without self-reported diagnosis of CKD
⑧ No Subclinical CVD and clinical CVD

	Stage 1
	Any of the three criteria is met:
① Overweight/obesity
② Abdominal obesity
③ Prediabetes
All criteria are met:
(1) SBP < 130 mmHg and DBP < 80 mmHg without self-reported diagnosis of hypertension or use of antihypertensive medications.
(2) HDL-C < 50/40 mg/dL in female/male
(3) TG < 150 mg/dL
(4) eGFR ≥ 60 ml/min/1.73m2 and without self-reported diagnosis of CKD
(5) No Subclinical CVD and clinical CVD

	Stage 2
	Any of the five criteria is met:
① Hypertriglyceridemia
② Hypertension
③ Diabetes
④ Metabolic Syndrome
⑤ eGFR: 30-60 ml/min/1.73m2 and/or with self-reported diagnosis of CKD
All criteria are met:
① No Subclinical CVD and clinical CVD

	Stage 3
	Any of the two criteria is met:
① eGFR < 30 ml/min/1.73m2
② Subclinical CVD
Any of the eight criteria is met:
① Overweight/obesity
② Abdominal obesity
③ Prediabetes
④ Hypertriglyceridemia
⑤ Hypertension
⑥ Diabetes
⑦ Metabolic Syndrome
⑧ eGFR:30-60 ml/min/1.73m2 and/or with self-reported diagnosis of CKD
The criterion is met:
① No clinical CVD


Abbreviation: CKM: Cardiovascular-Kidney-Metabolic; BMI: Body Mass Index; HbA1c: Hemoglobin A1c; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HDL-C: High-Density Lipoprotein Cholesterol; TG, Triglyceride; eGFR: Estimated Glomerular Filtration Rate; CKD: Chronic Kidney Disease; CVD: Cardiovascular Diseases.



Table S5. Missing Counts and Proportions of Covariates in Regression Models
	Variable Name
	Number of Missing Values
	Total Number of Observations
	Proportion Missing (%)

	Residence type
	267
	4,183
	6.38

	PLT
	33
	4,183
	0.79

	Hb
	31
	4,183
	0.74

	WBC
	31
	4,183
	0.74

	Drinking status
	4
	4,183
	0.10

	Smoking status
	2
	4,183
	0.05

	BUN
	0
	4,183
	0.00

	Cr
	0
	4,183
	0.00

	CRP
	0
	4,183
	0.00

	Educational level
	0
	4,183
	0.00

	Marital Status
	0
	4,183
	0.00

	UA
	0
	4,183
	0.00


[bookmark: _GoBack]Abbreviation: PLT, Platelet; Hb, Hemoglobin; WBC, White Blood Cells; BUN, Blood Urea Nitrogen; Cr, Creatinine; CRP, C-Reactive Protein; UA, Uric Acid.
Note: The total number of observations (4,183) refers to the dataset before excluding participants with missing covariates. After excluding missing values, the final analytic cohort consisted of 3,815 participants for subsequent regression analyses.


Table S6. Baseline Characteristics of the Groups Classified Based on Whether They Have Cardiovascular Disease
	Variables
	Non-CVD (3107)
	CVD (708)
	P value

	Age (years), 
Median (IQR)
	60.00 [54.00, 67.00]
	63.00 [57.00, 68.00]
	<0.001

	Gender, n (%)
	
	
	0.002

	Female
	1671 (53.8)
	426 (60.2)
	

	Male
	1436 (46.2)
	282 (39.8)
	

	Residence type, n (%)
	
	
	0.193

	Rural
	2641 (85.0)
	616 (87.0)
	

	Urban
	466 (15.0)
	92 (13.0)
	

	Marital status, n (%)
	
	
	0.191

	Others
	509 (16.4)
	131 (18.5)
	

	Married
	2598 (83.6)
	577 (81.5)
	

	Educational level, n (%)
	
	
	0.002

	Elementary school or below
	2125 (68.4)
	530 (74.9)
	

	Middle school
	908 (29.2)
	161 (22.7)
	

	University or above
	74 (2.4)
	17 (2.4)
	

	Smoking status, n (%)
	
	
	0.007

	No
	2238 (72.0)
	546 (77.1)
	

	Yes
	869 (28.0)
	162 (22.9)
	

	Drinking status, n (%)
	
	
	0.051

	No
	2010 (64.7)
	486 (68.6)
	

	Yes
	1097 (35.3)
	222 (31.4)
	

	CKM Syndrome Stages, n (%)
	
	
	<0.001

	Stage 0, n (%)
	139 (4.5)
	14 (2.0)
	

	Stage 1, n (%)
	171 (5.5)
	28 (4.0)
	

	Stage 2, n (%)
	2255 (72.6)
	583 (82.3)
	

	Stage 3, n (%)
	542 (17.4)
	83 (11.7)
	

	SBP (mmHg), 
Median (IQR)
	124.50 [113.00, 138.00]
	131.50 [118.00, 145.62]
	<0.001

	DBP (mmHg), 
Median (IQR)
	73.50 [66.75, 81.00]
	75.75 [68.50, 84.00]
	<0.001

	BMI (kg/m2), 
Median (IQR)
	23.48 [21.22, 25.82]
	23.97 [22.00, 26.63]
	<0.001

	TC (mg/dL), 
Median (IQR)
	181.08 [160.04, 205.79]
	187.64 [164.48, 212.16]
	<0.001

	LDL-C (mg/dL), 
Median (IQR)
	100.77 [82.63, 119.69]
	105.41 [85.62, 123.65]
	0.004

	HbA1c (%), 
Median (IQR)
	5.80 [5.50, 6.10]
	5.90 [5.60, 6.30]
	<0.001

	eGDR (mg/kg/min), 
Median (IQR)
	8.05 [6.54, 10.41]
	7.01 [5.96, 9.38]
	<0.001

	eGFR (mL/min/1.73 m²), 
Median (IQR)
	104.31 [89.31, 119.94]
	102.15 [86.13, 118.75]
	0.036

	baseline METS-VF, 
Median (IQR)
	7.14 [6.70, 7.48]
	7.28 [6.91, 7.63]
	<0.001


Abbreviation: CVD, Cardiovascular Disease; IQR, Interquartile Range; CKM, Cardiovascular-Kidney-Metabolic; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body Mass Index; TC, Total Cholesterol; LDL-C, Low - Density Lipoprotein Cholesterol; HbA1c, Hemoglobin A1c; eGDR, Estimated Glucose Disposal Rate; eGFR, Estimated Glomerular Filtration Rate; METS-VF, Metabolic Score for Visceral Fat.





Table S7. Baseline Characteristics of Individuals Classified by Quartiles of METS-VF in 2011
	Variables
	[bookmark: OLE_LINK9]Quartiles of METS-VF in 2011
	

	
	Q1 ( < 6.62)
	Q2 (6.62-7.01)
	Q3 (7.01-7.45)
	Q4 ( > 7.45)
	P value

	Age (years), Median (IQR)
	57.00 [50.50, 63.00]
	57.00 [50.00, 63.00]
	57.00 [49.00, 63.00]
	58.00 [52.00, 64.00]
	0.002

	Gender, n (%)
	
	
	
	
	<0.001

	Female
	391 (34.9)
	512 (45.8)
	660 (59.0)
	864 (77.3)
	

	Male
	728 (65.1)
	606 (54.2)
	458 (41.0)
	254 (22.7)
	

	Residence type, n (%)
	
	
	
	
	0.001

	Rural
	1010 (90.3)
	974 (87.1)
	946 (84.6)
	958 (85.7)
	

	Urban
	109 (9.7)
	144 (12.9)
	172 (15.4)
	160 (14.3)
	

	Marital status, n (%)
	
	
	
	
	0.730

	Others
	139 (12.4)
	149 (13.3)
	147 (13.1)
	157 (14.0)
	

	Married
	980 (87.6)
	969 (86.7)
	971 (86.9)
	961 (86.0)
	

	Educational level, n (%)
	
	
	
	
	<0.001

	Elementary school or below
	766 (68.5)
	756 (67.6)
	776 (69.4)
	848 (75.8)
	

	Middle school
	334 (29.8)
	329 (29.4)
	306 (27.4)
	255 (22.8)
	

	University or above
	19 (1.7)
	33 (3.0)
	36 (3.2)
	15 (1.3)
	

	Smoking status, n (%)
	
	
	
	
	<0.001

	No
	588 (52.5)
	727 (65.0)
	838 (75.0)
	951 (85.1)
	

	Yes
	531 (47.5)
	391 (35.0)
	280 (25.0)
	167 (14.9)
	

	Drinking status, n (%)
	
	
	
	
	<0.001

	No
	617 (55.1)
	676 (60.5)
	766 (68.5)
	877 (78.4)
	

	Yes
	502 (44.9)
	442 (39.5)
	352 (31.5)
	241 (21.6)
	

	CKM Syndrome Stages, n (%)
	
	
	
	
	<0.001

	Stage 0, n (%)
	124 (11.1)
	49 (4.4)
	13 (1.2)
	3 (0.3)
	

	Stage 1, n (%)
	46 (4.1)
	62 (5.5)
	71 (6.4)
	49 (4.4)
	

	Stage 2, n (%)
	683 (61.0)
	766 (68.5)
	876 (78.4)
	933 (83.5)
	

	Stage 3, n (%)
	236 (21.1)
	228 (20.4)
	153 (13.7)
	133 (11.9)
	

	SBP (mmHg), Median (IQR)
	118.50 [108.50, 131.50]
	122.00 [110.50, 135.00]
	126.00 [113.50, 141.00]
	131.50 [118.00, 146.00]
	<0.001

	DBP (mmHg), Median (IQR)
	70.50 [63.50, 79.00]
	72.00 [65.50, 80.00]
	75.00 [67.50, 83.00]
	77.00 [70.00, 85.50]
	<0.001

	BMI (kg/m2), Median (IQR)
	20.17 [18.93, 21.48]
	22.17 [20.85, 23.45]
	24.11 [22.78, 25.56]
	27.07 [25.08, 28.90]
	<0.001

	TC (mg/dL), Median (IQR)
	82.31 [62.83, 120.36]
	96.46 [70.80, 138.72]
	108.86 [80.54, 161.07]
	131.42 [93.15, 192.04]
	<0.001

	LDL-C (mg/dL), Median (IQR)
	111.07 (31.59)
	114.03 (33.16)
	118.12 (35.58)
	119.75 (36.52)
	<0.001

	HbA1c (%), Median (IQR)
	5.10 [4.80, 5.30]
	5.10 [4.80, 5.38]
	5.10 [4.90, 5.40]
	5.20 [5.00, 5.60]
	<0.001

	eGFR (mL/min/1.73 m²), Median (IQR)
	107.08 [92.65, 124.81]
	108.50 [92.73, 125.36]
	107.24 [91.95, 125.11]
	105.78 [91.82, 123.00]
	0.321

	eGDR (mg/kg/min), Median (IQR)
	10.45 [7.74, 11.30]
	9.47 [7.08, 10.67]
	7.34 [6.35, 9.97]
	6.24 [5.39, 8.76]
	<0.001


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; Q, Quartile; IQR, Interquartile Range; CKM, Cardiovascular-Kidney-Metabolic; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body Mass Index; TC, Total Cholesterol; LDL-C, Low - Density Lipoprotein Cholesterol; HbA1c, Hemoglobin A1c; eGDR, Estimated Glucose Disposal Rate; eGFR, Estimated Glomerular Filtration Rate.


Table S8. Variance Inflation Factors of the Adjusted Covariates When Baseline METS-VF Is the Independent Variable
	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	Baseline METS-VF
	1.494
	1
	1.222

	Gender
	2.699
	1
	1.643

	Age
	1.198
	1
	1.134

	Residence type
	1.117
	1
	1.057

	Marital status
	1.027
	1
	1.013

	Smoking status
	1.516
	1
	1.231

	Drinking status
	1.279
	1
	1.130

	Educational level
	1.183
	2
	1.043

	CRP
	1.049
	1
	1.024

	Hb
	1.298
	1
	1.140

	UA
	1.348
	1
	1.143

	Cr
	1.306
	1
	1.143

	BUN
	1.098
	1
	1.048

	WBC
	1.243
	1
	1.115

	PLT
	1.167
	1
	1.080


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CRP, C-Reactive Protein; Hb, Hemoglobin; UA, Uric Acid; Cr, Creatinine; BUN, Blood Urea Nitrogen; WBC, White Blood Cell; PLT, Platelet; GVIF, Generalized Variance Inflation Factor; Df, Degrees of Freedom.
Note: All generalized GVIF values of the adjusted covariates are less than 5, indicating no severe multicollinearity among variables. This ensures the reliability and stability of the regression analysis results when baseline METS-VF is used as the independent variable.









Table S9. Variance Inflation Factors of the Adjusted Covariates When Cumulative METS-VF Is the Independent Variable
	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	Cumulative METS-VF
	1.585
	1
	1.259

	Gender
	2.925
	1
	1.710

	Age
	1.311
	1
	1.317

	Residence type
	1.120
	1
	1.059

	Marital status
	1.029
	1
	1.014

	Smoking status
	1.514
	1
	1.230

	Drinking status
	1.289
	1
	1.135

	Educational level
	1.187
	2
	1.044

	CRP
	1.082
	1
	1.040

	Hb
	1.347 
	1
	1.160

	UA
	1.396
	1
	1.182

	Cr
	1.326
	1
	1.152

	BUN
	1.102
	1
	1.050

	WBC
	1.264
	1
	1.124

	PLT
	1.181
	1
	1.087


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CRP, C-Reactive Protein; Hb, Hemoglobin; UA, Uric Acid; Cr, Creatinine; BUN, Blood Urea Nitrogen; WBC, White Blood Cell; PLT, Platelet; GVIF, Generalized Variance Inflation Factor; Df, Degrees of Freedom.
Note: All GVIF values were < 5, suggesting no significant multicollinearity and supporting the validity of statistical inferences with cumulative METS-VF as the independent variable.









Table S10. Variance Inflation Factors of the Adjusted Covariates When METS-VF Change Patterns Is the Independent Variable
	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	[bookmark: OLE_LINK30]METS-VF change patterns
	1.854
	1
	1.167

	Gender
	2.494
	1
	2.417

	Age
	1.314
	1
	1.241

	Residence type
	1.120
	1
	1.058

	Marital status
	1.031
	1
	1.015

	Smoking status
	1.391
	1
	1.179

	Drinking status
	1.253
	1
	1.119

	Educational level
	1.186
	2
	1.043

	CRP
	1.077
	1
	1.038

	Hb
	1.267
	1
	1.123

	UA
	1.297
	1
	1.139

	Cr
	1.303
	1
	1.142

	BUN
	1.100
	1
	1.049

	WBC
	1.260
	1
	1.122

	PLT
	1.179
	1
	1.086


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CRP, C-Reactive Protein; Hb, Hemoglobin; UA, Uric Acid; Cr, Creatinine; BUN, Blood Urea Nitrogen; WBC, White Blood Cell; PLT, Platelet; GVIF, Generalized Variance Inflation Factor; Df, Degrees of Freedom.
Note: All GVIF values were < 5, demonstrating the absence of severe multicollinearity and guaranteeing the robustness of regression analysis with METS-VF change patterns as the independent variable.













Table S11. The Association Between METS-VF Profiles and the Occurrence of Cardiovascular Disease in Early CKM Syndrome
	Variable
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	HR (95% CI)
	P value
	HR 
(95% CI)
	P value
	HR (95% CI)
	P value
	P valueFDR

	Baseline METS-VF
	
	
	
	
	
	
	

	Per SD change
	1.489 
(1.088-2.039)
	0.013
	1.466 
(0.970-2.213)
	0.069
	1.425 (0.928-2.189)
	0.106
	0.243

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	0.501 
(0.166-1.509)
	0.219
	0.484 
(0.156-1.499)
	0.208
	0.521 (0.171-1.585)
	0.251
	0.322

	Quartile 3
	2.498 
(1.211-5.152)
	0.013
	2.193 
(0.971-4.951)
	0.059
	2.016 (0.800-5.081)
	0.137
	0.243

	Quartile 4
	2.211 
(1.001-4.882)
	0.050
	2.377 
(0.796-7.094)
	0.121
	2.395 (0.746-7.689)
	0.142
	0.243

	P for trend
	
	0.008
	
	0.048
	
	0.069
	0.231

	Cumulative METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.385 
(1.002-1.913)
	0.049
	1.377 
(0.907-2.091)
	0.133
	1.365 (0.852-2.185)
	0.195
	0.293

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.111 (0.449-2.748)
	0.820
	0.962 
(0.338-2.740)
	0.943
	1.024 (0.358-2.932)
	0.965
	0.965

	Quartile 3
	2.682 (1.266-5.681)
	0.010
	2.848 
(1.275-6.359)
	0.011
	2.390 (1.029-5.553)
	0.043
	0.231

	Quartile 4
	2.129 (0.923-4.911)
	0.077
	1.900 
(0.645-5.597)
	0.244
	1.946 (0.599-6.317)
	0.268
	0.322

	P for trend
	
	0.012
	
	0.040
	
	0.068
	0.231

	METS-VF Change Patterns
	
	
	
	
	
	
	

	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	Class 2
	1.830 (0.765-4.378)
	0.174
	1.470 
(0.526-4.108)
	0.463
	1.618 (0.580-4.511)
	0.358
	0.391

	Class 3
	1.881 (0.923-3.835)
	0.082
	2.011 
(0.860-4.703)
	0.107
	2.246 (0.916-5.505)
	0.077
	0.231


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CKM, Cardiovascular-Kidney-Metabolic; HR, Hazard Ratio; CI, Confidence Interval; FDR, False Discovery Rate; SD, Standard Deviation.
Note: The early-stage CKM syndrome (Stages 0-1) cohort included 352 participants (derived from the total 3,815 participants). See Appendix Methods 1.1 for model definitions and Appendix Methods 3 for grouping criteria. No significant associations were found in Model 3, likely due to limited metabolic dysregulation and preserved organ function in early-stage CKM syndrome.


Table S12. The Association Between METS-VF Profiles and the Occurrence of Cardiovascular Disease in Late CKM Syndrome
	Variable
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	P valueFDR

	Baseline METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.247
(1.147-1.356)
	<0.001
	1.203 
(1.089-1.330)
	<0.001
	1.177 
(1.061-1.305)
	0.002
	0.005

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.306 (1.031-1.654)
	0.027
	1.314 
(1.035-1.668)
	0.025
	1.299 
(1.021-1.654)
	0.033
	0.036

	Quartile 3
	1.331
(1.054-1.682)
	0.017
	1.309 
(1.022-1.677)
	0.033
	1.269 
(1.015-1.635)
	0.030
	0.036

	Quartile 4
	1.766
(1.415-2.206)
	<0.001
	1.598 
(1.232-2.074)
	<0.001
	1.513 
(1.155-1.982)
	0.003
	0.006

	P for trend
	
	<0.001
	
	0.001
	
	0.006
	0.010

	Cumulative METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.286 (1.185-1.396)
	<0.001
	1.255 (1.137-1.384)
	<0.001
	1.230 (1.111-1.362)
	<0.001
	0.003

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.247 (0.980-1.587)
	0.072
	1.272 (0.995-1.625)
	0.055
	1.260 (0.984-1.613)
	0.066
	0.066

	Quartile 3
	1.372
(1.086-1.734)
	0.008
	1.375 
(1.072-1.762)
	0.012
	1.344 
(1.043-1.732)
	0.022
	0.029

	Quartile 4
	1.903
(1.524-2.377)
	<0.001
	1.806 
(1.384-2.356)
	<0.001
	1.718 
(1.304-2.263)
	<0.001
	0.003

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.003

	METS-VF Change Patterns
	
	
	
	
	
	
	

	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	Class 2
	0.697 
(0.515-0.944)
	0.020
	0.666 
(0.491-0.902)
	0.009
	0.699 
(0.515-0.948)
	0.021
	0.029

	Class 3
	1.283 
(1.096-1.501)
	0.002
	1.132 
(1.027-1.382)
	0.003
	1.127 
(1.025-1.294)
	0.001
	0.003


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CKM, Cardiovascular-Kidney-Metabolic; HR, Hazard Ratio; CI, Confidence Interval; FDR, False Discovery Rate; SD, Standard Deviation.
Note: The late-stage CKM syndrome (Stages 2-3) cohort included 3,463 participants (90.6% of the total cohort). See Appendix Methods 1.1 for model definitions and Appendix Methods 3 for grouping criteria. Strong and statistically significant positive associations with a clear dose-response trend were observed between METS-VF profiles and incident CVD in the fully adjusted Model 3, reflecting the amplified adverse effects of visceral adiposity and metabolic dysfunction on cardiovascular risk in late-stage disease.








Table S13. Association Between METS-VF Profiles and Incident Cardiovascular Disease Without Exclusion of Missing Values
	Variable
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	P valueFDR

	Baseline METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.302
(1.209-1.403)
	<0.001
	1.257 
(1.146-1.378)
	<0.001
	1.231 
(1.118-1.354)
	<0.001
	0.002

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.317
(1.057-1.641)
	0.014
	1.321 
(1.049-1.663)
	0.018
	1.320 
(1.045-1.667)
	0.020
	0.024

	Quartile 3
	1.560
(1.261-1.931)
	<0.001
	1.472 
(1.164-1.861)
	0.001
	1.436 
(1.130-1.826)
	0.003
	0.005

	Quartile 4
	1.918
(1.561-2.357)
	<0.001
	1.741 
(1.357-2.234)
	<0.001
	1.664 
(1.284-2.156)
	<0.001
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.002

	Cumulative METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.332 
(1.237-1.434)
	<0.001
	1.300 
(1.185-1.427)
	<0.001
	1.274 
(1.156-1.404)
	<0.001
	0.002

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.322 
(1.057-1.654)
	0.015
	1.330 
(1.050-1.685)
	0.018
	1.321 
(1.040-1.678)
	0.022
	0.024

	Quartile 3
	1.629 
(1.313-2.020)
	<0.001
	1.552 
(1.223-1.970)
	<0.001
	1.518 
(1.191-1.935)
	0.001
	0.002

	Quartile 4
	2.069 
(1.682-2.546)
	<0.001
	1.974 
(1.531-2.547)
	<0.001
	1.883 
(1.446-2.454)
	<0.001
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.002

	METS-VF Change Patterns
	
	
	
	
	
	
	

	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	Class 2
	0.750 
(0.552-0.916)
	0.037
	0.763 
(0.552-0.947)
	0.039
	0.792 
(0.572-0.966)
	0.042
	0.042

	Class 3
	1.315 
(1.116-1.551)
	0.001
	1.263 
(1.022-1.564)
	0.032
	1.323 
(1.061-1.654)
	0.014
	0.019


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CKM, Cardiovascular-Kidney-Metabolic; HR, Hazard Ratio; CI, Confidence Interval; FDR, False Discovery Rate; SD, Standard Deviation.
Note: Sensitivity analysis retaining participants with missing covariates. The direction and effect sizes of associations between METS-VF profiles and incident CVD were consistent with the primary analysis, confirming the robustness of core results to missing values. See Appendix Methods 1.1 for model definitions and Appendix Methods 3 for grouping criteria.


Table S14. Inverse Probability Weighting-Adjusted Analysis of the Relationship Between Different METS-VF Profiles and Cardiovascular Disease Risk
	
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	P valueFDR

	Baseline METS-VF (binary)
	
	
	
	
	
	
	

	Low Risk
	Reference
	
	Reference
	
	Reference
	
	

	High Risk
	1.511 (1.292-1.768)
	<0.001
	1.362 (1.087-1.701)
	0.007
	1.303 (1.049-1.617)
	0.016
	0.016

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.002

	Cumulative METS-VF (binary)
	
	
	
	
	
	
	

	Low Risk
	Reference
	
	Reference
	
	Reference
	
	

	High Risk
	1.614 (1.381-1.886)
	<0.001
	1.586 (1.266-1.986)
	<0.001
	1.534 (1.236-1.903)
	<0.001
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.002

	METS-VF Change Patterns (binary)
	
	
	
	
	
	
	

	Low Risk
	Reference
	
	Reference
	
	Reference
	
	

	High Risk
	1.403 (1.210-1.627)
	<0.001
	1.361 (1.139-1.624)
	0.001
	1.403 (1.124-1.751)
	0.003
	0.004


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; CKM, Cardiovascular-Kidney-Metabolic; HR, Hazard Ratio; CI, Confidence Interval; FDR, False Discovery Rate.
Note: Participants in high-risk METS-VF groups (Q4/Class 3) had significantly higher CVD incidence than low-risk groups, with results consistent with the primary analysis, confirming the robustness of the association between METS-VF profiles and CVD risk.








Table S15. Standardized Mean Differences of Covariates Before and After Inverse Probability Weighting Adjustment Across METS-VF Profiles
	METS-VF Profiles
	Covariates
	Unweighted SMD
	IPW-Weighted SMD
	Balance Status

	Baseline METS-VF
	Gender
	-0.506
	-0.102
	Unbalanced

	
	Age
	0.234
	0.057
	Balanced

	
	Residence Type
	-0.040
	0.027
	Balanced

	
	Marital Status
	-0.063
	0.003
	Balanced

	
	Smoking Status
	-0.272
	-0.089
	Balanced

	
	Drinking Status
	-0.248
	-0.064
	Balanced

	
	Elementary School or Below
	0.143
	0.014
	Balanced

	
	Middle School
	-0.122
	-0.018
	Balanced

	
	University or Above
	-0.021
	0.004
	Balanced

	
	CRP
	0.138
	0.037
	Balanced

	
	Hb
	-0.315
	-0.048
	Balanced

	
	UA
	-0.081
	-0.013
	Balanced

	
	Cr
	-0.319
	-0.061
	Balanced

	
	BUN
	-0.095
	-0.068
	Balanced

	
	WBC
	0.063
	-0.005
	Balanced

	
	PLT
	0.184
	0.019
	Balanced

	
	Propensity Score
	1.434
	0.256
	

	Cumulative METS-VF
	Gender
	-0.503
	-0.110
	Unbalanced

	
	Age
	0.270
	0.051
	Balanced

	
	Residence Type
	-0.028
	0.028
	Balanced

	
	Marital Status
	-0.065
	0.001
	Balanced

	
	Smoking Status
	-0.268
	-0.106
	Unbalanced

	
	Drinking Status
	-0.245
	-0.073
	Balanced

	
	Elementary School or Below
	0.140
	0.019
	Balanced

	
	Middle School
	-0.120
	-0.021
	Balanced

	
	University or Above
	-0.021
	0.002
	Balanced

	
	CRP
	0.151
	0.060
	Balanced

	
	Hb
	-0.290
	-0.075
	Balanced

	
	UA
	-0.061
	0.004
	Balanced

	
	Cr
	-0.318
	-0.059
	Balanced

	
	BUN
	-0.107
	-0.065
	Balanced

	
	WBC
	0.097
	-0.006
	Balanced

	
	PLT
	0.181
	0.004
	Balanced

	
	Propensity Score
	1.453
	0.269
	

	METS-VF Change Patterns
	Gender
	-0.461
	-0.021
	Balanced

	
	Age
	0.110
	0.029
	Balanced

	
	Residence Type
	0.017
	-0.006
	Balanced

	
	Marital Status
	-0.046
	-0.004
	Balanced

	
	Smoking Status
	-0.301
	-0.016
	Balanced

	
	Drinking Status
	-0.212
	-0.013
	Balanced

	
	Elementary School or Below
	0.088
	0.015
	Balanced

	
	Middle School
	-0.085
	-0.013
	Balanced

	
	University or Above
	-0.003
	-0.002
	Balanced

	
	CRP
	0.110
	-0.002
	Balanced

	
	Hb
	-0.214
	0.000
	Balanced

	
	UA
	-0.054
	0.023
	Balanced

	
	Cr
	-0.256
	-0.007
	Balanced

	
	BUN
	-0.133
	-0.008
	Balanced

	
	WBC
	0.045
	0.007
	Balanced

	
	PLT
	0.176
	0.014
	Balanced

	
	Propensity Score
	1.234
	0.063
	


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; SMD, Standardized Mean Differences; CRP, C-Reactive Protein; Hb, Hemoglobin; UA, Uric Acid; Cr, Creatinine; BUN, Blood Urea Nitrogen; WBC, White Blood Cell; PLT, Platelet.
Most covariates achieved adequate balance after IPW adjustment (absolute SMD < 0.1; see Balance Status column), supporting the reliability of subsequent association and mediation analyses.



Table S16. Association Between METS-VF Profiles and Incident Cardiovascular Disease Accounting for Competing Risk by All-Cause Mortality
	Variable
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value
	sHR 
(95% CI)
	P value
	P valueFDR

	Baseline METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.280 (1.180-1.390)
	<0.001
	1.242 
(1.129-1.370)
	<0.001
	1.209 
(1.095-1.330)
	<0.001
	0.002

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.290 (1.030-1.620)
	0.026
	1.298 (1.031-1.630)
	0.003
	1.280 
(1.015-1.610)
	0.004
	0.005

	Quartile 3
	1.440 
(1.150-1.790)
	0.001
	1.418 
(1.122-1.790)
	<0.001
	1.365 
(1.072-1.740)
	0.001
	0.002

	Quartile 4
	1.860 
(1.510-2.300)
	<0.001
	1.707 
(1.332-2.190)
	<0.001
	1.599 
(1.235-2.071)
	<0.001
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	0.001
	0.002

	Cumulative METS-VF
	
	
	
	
	
	
	

	Per SD
change
	1.312 (1.214-1.427)
	<0.001
	1.281 (1.165-1.409)
	<0.001
	1.248 
(1.131-1.377)
	<0.001
	0.002

	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	Quartile 2
	1.294 (1.029-1.628)
	0.030
	1.307 (1.033-1.647)
	0.026
	1.295 
(1.021-1.635)
	0.033
	0.036

	Quartile 3
	1.488 
(1.209-1.869)
	<0.001
	1.491 
(1.177-1.887)
	<0.001
	1.449 
(1.137-1.853)
	0.003
	0.005

	Quartile 4
	2.009 
(1.634-2.487)
	<0.001
	1.916 
(1.485-2.471)
	<0.001
	1.801 
(1.382-2.347)
	<0.001
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	0.002

	METS-VF Change Patterns
	
	
	
	
	
	
	

	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	Class 2
	0.751 (0.567-0.996)
	0.047
	0.719 (0.527-0.979)
	0.039
	0.734 
(0.534-0.991)
	0.046
	0.041

	Class 3
	1.313 
(1.126-1.532)
	0.001
	1.418 
(1.168-2.082)
	0.029
	1.368 
(1.131-2.014)
	0.017
	0.002


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; sHR, Subdistribution Hazard Ratio; CI, confidence interval; FDR, False Discovery Rate; SD, Standard Deviation.
Note: Competing risk analysis using the Fine-Gray model to adjust for all-cause mortality (84 cases during follow-up; see Appendix Methods 1.2 for detailed methods). Significant positive associations between METS-VF profiles and incident CVD remained, with effect sizes comparable to the primary analysis, indicating that the core association was not materially altered by competing events.


Table S17. Effect Sizes of Covariates on CVD Risk Based on Model 3
	
	Continuous independent variable
	
	Categorical independent variable
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Baseline METS-VF
	
	
	
	

	Gender
	0.858 (0.692-1.064)
	0.162
	0.872 (0.703-1.081)
	0.211

	Age
	1.023 (1.015-1.033)
	<0.001
	1.024 (1.015-1.033)
	<0.001

	Residence type
	0.859 (0.689-1.072)
	0.178
	0.858 (0.688-1.070)
	0.173

	Marital status
	1.063 (0.884-1.280)
	0.515
	1.061 (0.882-1.277)
	0.529

	Smoking status
	0.947 (0.781-1.148)
	0.577
	0.948 (0.782-1.149)
	0.585

	Drinking status
	0.947 (0.781-1.148)
	0.671
	1.002 (0.852-1.179)
	0.615

	Educational level
	1.244 (0.787-1.967)
	0.341
	0.917 (0.766-1.097)
	0.343

	CRP
	1.244 (0.787-1.967)
	0.629
	1.003 (0.991-1.015)
	0.639

	Hb
	1.012 (0.970-1.054)
	0.589
	1.011 (0.970-1.054)
	0.610

	UA
	1.011 (0.955-1.069)
	0.711
	1.008 (0.953-1.067)
	0.775

	Cr
	1.029 (0.801-1.322)
	0.821
	1.021 (0.794-1.313)
	0.869

	BUN
	1.005 (0.989-1.021)
	0.550
	1.005 (0.989-1.021)
	0.565

	WBC
	1.058 (1.016-1.103)
	0.006
	1.059 (1.016-1.103)
	0.006

	PLT
	1.000 (0.999-1.001)
	0.555
	1.000 (0.999-1.001)
	0.506

	Cumulative METS-VF
	
	
	
	

	Gender
	0.842 (0.680-1.044)
	0.116
	0.870 (0.702-1.080)
	0.206

	Age
	1.023 (1.014-1.032)
	<0.001
	1.024 (1.015-1.032)
	<0.001

	Residence type
	0.853 (0.684-1.064)
	0.159
	0.860 (0.690-1.073)
	0.182

	Marital status
	1.066 (0.886-1.282)
	0.501
	1.062 (0.882-1.278)
	0.525

	Smoking status
	0.941 (0.776-1.142)
	0.539
	0.952 (0.785-1.154)
	0.616

	Drinking status
	1.003 (0.852-1.180)
	0.774
	1.004 (0.853-1.181)
	0.841

	Educational level
	0.916 (0.765-1.096)
	0.336
	0.917 (0.766-1.097)
	0.342

	CRP
	1.003 (0.991-1.015)
	0.622
	1.003 (0.991-1.015)
	0.624

	Hb
	1.012 (0.971-1.055)
	0.581
	1.011 (0.970-1.054)
	0.608

	UA
	1.012 (0.957-1.070)
	0.679
	1.009 (0.954-1.067)
	0.758

	Cr
	1.051 (0.822-1.343)
	0.692
	1.026 (0.797-1.323)
	0.839

	BUN
	1.004 (0.989-1.020)
	0.594
	1.005 (0.989-1.021)
	0.550

	WBC
	1.059 (1.016-1.103)
	0.006
	1.059 (1.016-1.103)
	0.006

	PLT
	1.000 (0.999-1.001)
	0.529
	1.000 (0.999-1.001)
	0.495

	METS-VF Change Patterns
	
	
	
	

	Gender
	
	
	0.821 (0.664-1.015)
	0.068

	Age
	
	
	1.023 (1.014-1.032)
	<0.001

	Residence type
	
	
	0.847 (0.679-1.057)
	0.142

	Marital status
	
	
	1.063 (0.883-1.279)
	0.520

	Smoking status
	
	
	0.933 (0.770-1.131)
	0.480

	Drinking status
	
	
	1.000 (0.850-1.177)
	0.668

	Educational level
	
	
	0.917 (0.766-1.097)
	0.342

	CRP
	
	
	1.003 (0.991-1.015)
	0.622

	Hb
	
	
	1.013 (0.972-1.056)
	0.526

	UA
	
	
	1.017 (0.961-1.076)
	0.556

	Cr
	
	
	1.037 (0.801-1.343)
	0.781

	BUN
	
	
	1.004 (0.988-1.020)
	0.602

	WBC
	
	
	1.063 (1.020-1.107)
	0.003

	PLT
	
	
	1.000 (0.999-1.001)
	0.527


Abbreviation: CVD, Cardiovascular Disease; METS-VF, Metabolic Score for Visceral Fat; HR, Hazard Ratio; CI, Confidence Interval; CRP, C-Reactive Protein; Hb: Hemoglobin; UA, Uric Acid; Cr, Creatinine; BUN: Blood Urea Nitrogen; WBC, White Blood Cells; PLT, Platelets.
Note: In the fully adjusted Model 3, only age (HR ≈ 1.023-1.024) and WBC (HR ≈ 1.058-1.063) showed statistically significant effects on CVD risk. Other covariates showed no meaningful confounding effects, and the primary association between METS-VF and CVD remained unchanged.



Table S18. Association Between METS-VF Profiles and Cardiovascular Disease (Stratified by Sex)
	Variable
	Gender
	Index
	Model 1
	
	Model 2
	
	Model 3
	
	

	
	
	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	P valueFDR

	Baseline METS-VF
	Males
	Per SD change
	1.310 (1.138-1.507)
	<0.001
	1.314 (1.138-1.516)
	<0.001
	1.289 (1.111-1.496)
	0.001
	0.005

	
	
	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Quartile 2
	1.323 (1.000-1.751)
	0.051
	1.329 (1.003-1.761)
	0.048
	1.318 (1.002-1.747)
	0.041
	0.074

	
	
	Quartile 3
	1.539 (1.131-2.094)
	0.006
	1.545 (1.131-2.112)
	0.006
	1.532 (1.118-2.099)
	0.008
	0.024

	
	
	Quartile 4
	1.802 (1.061-3.059)
	0.029
	1.770 (1.036-3.025)
	0.037
	1.776 (1.038-3.039)
	0.030
	0.058

	
	
	P for trend
	
	0.001
	
	0.002
	
	0.001
	0.005

	
	Females
	Per SD change
	1.288 (1.139-1.458)
	<0.001
	1.218 (1.076-1.379)
	0.002
	1.180 (1.038-1.341)
	0.011
	0.030

	
	
	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Quartile 2
	1.288 (1.139-1.458)
	0.344
	1.218 (1.076-1.379)
	0.262
	1.279 (0.834-1.962)
	0.260
	0.329

	
	
	Quartile 3
	1.329 (0.893-1.978)
	0.161
	1.337 (0.898-1.989)
	0.152
	1.295 (0.869-1.932)
	0.204
	0.275

	
	
	Quartile 4
	1.785 (1.225-2.600)
	0.003
	1.665 (1.140-2.432)
	0.008
	1.566 (1.064-2.304)
	0.023
	0.048

	
	
	P for trend
	
	<0.001
	
	0.002
	
	0.014
	0.031

	
	
	P for interaction
	
	0.922
	
	0.737
	
	0.648
	0.729

	Cumulative METS-VF
	Males
	Per SD change
	1.313 (1.141-1.511)
	<0.001
	1.315 (1.139-1.518)
	<0.001
	1.289 (1.110-1.497)
	0.001
	0.005

	
	
	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Quartile 2
	1.360 (1.024-1.806)
	0.034
	1.344 (1.010-1.789)
	0.042
	1.317 (1.010-1.759)
	0.045
	0.076

	
	
	Quartile 3
	1.530 (1.127-2.076)
	0.006
	1.557 (1.139-2.128)
	0.005
	1.503 (1.089-2.073)
	0.013
	0.031

	
	
	Quartile 4
	2.346 (1.450-3.796)
	0.001
	2.277 (1.396-3.713)
	0.001
	2.177 (1.319-3.591)
	0.002
	0.007

	
	
	P for trend
	
	<0.001
	
	<0.001
	
	0.001
	0.005

	
	Females
	Per SD change
	1.371 (1.211-1.551)
	<0.001
	1.287 (1.134-1.460)
	<0.001
	1.251 (1.097-1.426)
	0.001
	0.005

	
	
	Quartile 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Quartile 2
	1.209 (0.768-1.904)
	0.412
	1.271 (0.806-2.003)
	0.303
	1.294 (0.820-2.041)
	0.268
	0.329

	
	
	Quartile 3
	1.471 (0.961-2.252)
	0.076
	1.469 (0.959-2.250)
	0.077
	1.460 (0.952-2.239)
	0.083
	0.132

	
	
	Quartile 4
	1.987 (1.323-2.984)
	0.001
	1.842 (1.223-2.774)
	0.003
	1.756 (1.159-2.663)
	0.008
	0.024

	
	
	P for trend
	
	<0.001
	
	<0.001
	
	0.002
	0.007

	
	
	P for interaction
	
	0.975
	
	0.816
	
	0.733
	0.761

	METS-VF Change Patterns
	Males
	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Class 2
	0.779 (0.536-1.106)
	0.174
	0.748 (0.513-1.066)
	0.118
	0.771 (0.528-1.101)
	0.164
	0.233

	
	
	Class 3
	1.452 (0.914-2.700)
	0.465
	1.446 (0.974-2.299)
	0.691
	1.546 (0.968-2.552)
	0.731
	0.761

	
	Females
	Class 1
	Reference
	
	Reference
	
	Reference
	
	

	
	
	Class 2
	0.753 (0.361-1.577)
	0.448
	0.761 (0.365-1.596)
	0.466
	0.762 (0.364-1.602)
	0.469
	0.551

	
	
	Class 3
	1.618 (0.969-2.881)
	0.081
	1.625 (0.971-2.899)
	0.080
	1.547 (0.920-2.772)
	0.118
	0.177

	
	
	P for interaction
	
	0.741
	
	0.814
	
	0.865
	0.865


Abbreviation: METS-VF, Metabolic Score for Visceral Fat; HR, Hazard Ratio; CI, Confidence Interval; FDR, False Discovery Rate; SD, Standard Deviation.
Note: Sex-stratified analysis (see Appendix Methods 1.1 for model definitions and Appendix Methods 3 for grouping criteria). Males showed consistent and robust positive associations between higher baseline/cumulative METS-VF and increased CVD risk, which were highly aligned with the overall findings (Table 2). Females showed positive associations only in the highest quartiles (Q4) of baseline and cumulative METS-VF, with weaker consistency compared to males. For METS-VF change patterns, neither males nor females exhibited statistically significant associations with CVD risk (all P > 0.05 after FDR correction). There was no significant gender heterogeneity (P for interaction > 0.05). These results support the generalizability of METS-VF for CVD risk stratification in the CKM syndrome population.




Table S19. Mediation Effect Analysis of eGDR in the Association Between METS-VFBMI and Cardiovascular Disease
	Independent variable
	Indirect effect coefficient 
(95% CI)
	Proportion mediated 
(%)
	P value
	E-value 
(Indirect effect)
	E-value 
(95% CI Lower Limit) 

	Baseline METS-VF
	1.44×10⁻⁴ (1.69×10⁻⁵-1.21×10⁻³)
	42.13
	<0.001
	2.06
	1.58

	Cumulative METS-VF
	1.71×10⁻⁵ (2.27×10⁻⁶-1.59×10⁻⁴)
	39.41
	<0.001
	1.89
	1.47


Abbreviation: eGDR: Estimated Glucose Disposal Rate; METS-VF, Metabolic Score for Visceral Fat; CI, Confidence Interval.
Note: Sensitivity analysis of the mediating effect of eGDR on the association between METS-VFBMI and incident CVD (see Appendix Methods 1.2 for detailed methods). eGDR mediated 42.13% and 39.41% of the associations for baseline and cumulative METS-VFBMI, respectively. E-values (lower bounds > 1.00) help improve the credibility of the mediating effect and alleviate concerns about unmeasured confounding, providing preliminary support for the "obesity–metabolism–vascular" axis as the core mechanism.


Table S20. Distributions of METS-IR and METS-VF Before and After Outlier Exclusion
	Variable
	Statistic
	Before outlier exclusion
	After outlier exclusion

	METS-IR2011
	Min
	7.592 
	7.592 

	
	Q1
	29.722 
	29.722 

	
	Median
	34.122 
	34.122 

	
	Mean
	35.858 
	35.858 

	
	Q3
	39.935 
	39.935 

	
	Max
	751.618 
	751.618 

	METS-VF2011
	Min
	-20.610 
	5.335 

	
	Q1
	6.547 
	6.622 

	
	Median
	7.027 
	7.060 

	
	Mean
	6.658 
	7.008 

	
	Q3
	7.428 
	7.446 

	
	Max
	13.249 
	8.425 

	METS-IR2015
	Min
	18.410 
	18.410 

	
	Q1
	30.190 
	30.190 

	
	Median
	34.650 
	34.650 

	
	Mean
	36.190 
	36.190 

	
	Q3
	39.860 
	39.860 

	
	Max
	1139.390 
	1139.390 

	METS-VF2015
	Min
	-21.273 
	5.503 

	
	Q1
	6.645 
	6.727 

	
	Median
	7.139 
	7.171 

	
	Mean
	6.630 
	7.096 

	
	Q3
	7.495 
	7.506 

	
	Max
	11.682 
	8.697 


Abbreviation: METS-IR, Metabolic Score for Insulin Resistance; METS-VF, Metabolic Score for Visceral Fat; Min, Minimum; Q, Quartile; Max, Maximum.
Note: Outliers were handled by removing participants with values outside the range of Q1 - 1.5×IQR to Q3 + 1.5×IQR. Since METS-VF is the final variable used for subsequent analyses and METS-IR is an intermediate variable in the calculation of METS-VF, only METS-VF was subjected to outlier processing. A total of 290 participants with outliers were excluded across the two METS-VF measurement time points (METS-VF2011, METS-VF2015).

