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Supplementary methods
All TyG-related and adiposity-related indices were standardized before inclusion in marker-specific regression models. Because TyG-VLR, VLR, CVAI, TyG-CVAI, and other composite indices share mathematical components, they were evaluated in separate marker-specific models rather than mutually adjusted within the same model.
Repeated-measure TyG-VLR burden was calculated from Wave 1 and Wave 3 measurements before the landmark follow-up period. Two-time-point pattern groups were generated using standardized Wave 1 and Wave 3 TyG-VLR values. Because only two biomarker waves were available, these groups were interpreted as two-time-point patterns rather than full trajectories.

Additional sensitivity analyses were conducted to assess component overlap, potential overadjustment, missing data, and clustering robustness. Participants classified as CKM stage 2 solely by lipid-related criteria were excluded, and the main Cox analyses were repeated. Alternative fully adjusted models excluding dyslipidemia, diabetes mellitus, HbA1c, CRP, and WBC were examined. Hierarchical clustering and Gaussian mixture modelling were used to evaluate the robustness of the primary K-means two-time-point pattern classification, with agreement quantified using the adjusted Rand index. Discrimination was compared between TyG-VLR and comparator indices using the C-index, AUC, DeLong test, IDI, and NRI. Multiple imputation by chained equations with 20 imputations and restricted cubic spline analyses were also performed. Further analyses examined models without additional age adjustment because age is included in the CVAI formula; compared the multiplicative TyG-VLR with log-transformed TyG-VLR and a standardized additive score composed of Z(TyG), Z(LDL-C), and Z(CVAI); excluded events first reported at the first post-index follow-up wave; summarized stabilized IPW weight distributions and standardized mean differences before and after weighting, with covariate balance displayed graphically; and applied Fine-Gray subdistribution hazard models treating death as a competing event.
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Table S1 Calculation formulas for TyG-VLR and comparator indices.
	Index
	Formula or definition

	TyG index
	ln[fasting triglycerides (mg/dL) x fasting plasma glucose (mg/dL) / 2]

	CVAI
	Sex-specific Chinese visceral adiposity index calculated from age, BMI, waist circumference, triglycerides, and HDL-C

	VLR
	LDL-C (mg/dL) x CVAI

	TyG-VLR
	TyG index x VLR

	TyG-CVAI
	TyG index x CVAI

	TyG-BMI
	TyG index x BMI (kg/m2)

	TyG-WC
	TyG index x waist circumference (cm)

	TyG-WHtR
	TyG index x waist circumference (cm) / height (cm)

	TyG-WWI
	TyG index x waist circumference (cm) / sqrt[weight (kg)]

	TyG-BRI
	TyG index x body roundness index

	TyG-ABSI
	TyG index x a body shape index



Note: All indices were standardized as Z scores before marker-specific regression or prediction analyses. Abbreviations: ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; CVAI, Chinese visceral adiposity index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TyG, triglyceride-glucose; VLR, visceral lipid ratio; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.






Table S2 Operational definition of adapted CKM syndrome stages 0–3 in CHARLS.
	CKM stage
	Diagnostic criteria

	Stage 0
	No CKM syndrome risk factors.

	Stage 1
	Overweight/abdominal obesity or prediabetes:
• BMI ≥24 kg/m²;
• Waist circumference ≥80/90 cm in female/male;
• FPG 100–124 mg/dL or HbA1c 5.7%–6.4%.

	Stage 2
	Metabolic risk factors or chronic kidney disease:
• Diabetes[1] : FPG ≥126 mg/dL or HbA1c ≥6.5%, self-reported physician-diagnosed diabetes, or glucose-lowering medication use;
• Hypertension [2] : self-reported physician diagnosis, antihypertensive medication use, or mean SBP/DBP ≥140/90 mmHg;
• Metabolic syndrome[3] : meeting ≥3 criteria, including elevated waist circumference, dysglycemia or treated diabetes, elevated blood pressure or treated hypertension, TG ≥1.70 mmol/L [4], or HDL-C <1.0 mmol/L (40 mg/dL);
• Dyslipidemia: self-reported physician diagnosis, lipid-lowering medication use, TC ≥240 mg/dL, TG ≥150 mg/dL, HDL-C <40 mg/dL, or LDL-C ≥160 mg/dL;
• CKD[5] : self-reported chronic kidney disease or eGFR <60 mL/min/1.73 m².

	Stage 3
	Subclinical CVD or very-high-risk kidney dysfunction:
• eGFR <30 mL/min/1.73 m²; or
• Framingham Risk Score[6]  ≥20%.


Note: CKM stages were assigned hierarchically, with higher stages taking precedence over lower stages. Because imaging-based subclinical cardiovascular measures and albuminuria were unavailable in CHARLS, stage 3 was adapted using Framingham predicted risk and eGFR-based very-high-risk kidney dysfunction. A recent CHARLS-based study similarly used an adapted operational framework to examine progression to CKM stage 3, supporting transparent reporting of dataset-specific staging criteria [7]. Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
References for table criteria: [1] ElSayed NA, Aleppo G, Aroda VR, et al. Classification and diagnosis of diabetes: Standards of Care in Diabetes—2023. Diabetes Care. 2023;46(Suppl 1):S19–S40. [2] Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH guidelines for the management of arterial hypertension. Eur Heart J. 2018;39:3021–3104. [3] Chinese Diabetes Society. Guidelines for the prevention and treatment of type 2 diabetes in China (2020 edition). [4] Zhou Z, Ong KL, Whelton SP, et al. Impact of blood lipids on 10-year cardiovascular risk. Mayo Clin Proc. 2022;97:1883–1893. [5] Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney disease. Lancet. 2021;398:786–802. [6] D’Agostino RB Sr, Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for use in primary care. Circulation. 2008;117:743–753. [7] Huang Y, Qu X, Xu S, Zhen P, Yao M, Luo J, et al. Optimizing early triage for subclinical cardiovascular-kidney-metabolic syndrome: longitudinal associations, incremental value, and clinical utility of nine insulin resistance surrogates. Cardiovasc Diabetol. 2026. doi:10.1186/s12933-026-03266-1.

Table S3 Diabetes mellitus prevalence across exposure groups.
	Analysis
	Group
	No diabetes mellitus, n (%)
	Diabetes mellitus, n (%)

	Baseline TyG-VLR quartiles
	Q1
	1594 (89.8)
	182 (10.2)

	Baseline TyG-VLR quartiles
	Q2
	1556 (87.6)
	221 (12.4)

	Baseline TyG-VLR quartiles
	Q3
	1484 (83.6)
	292 (16.4)

	Baseline TyG-VLR quartiles
	Q4
	1372 (76.1)
	431 (23.9)

	Baseline TyG-VLR tertiles
	T1
	2118 (89.4)
	250 (10.6)

	Baseline TyG-VLR tertiles
	T2
	2037 (86.0)
	332 (14.0)

	Baseline TyG-VLR tertiles
	T3
	1851 (77.3)
	544 (22.7)

	Repeated-measure TyG-VLR burden tertiles
	T1
	1276 (88.9)
	160 (11.1)

	Repeated-measure TyG-VLR burden tertiles
	T2
	1248 (86.8)
	189 (13.2)

	Repeated-measure TyG-VLR burden tertiles
	T3
	1123 (77.4)
	328 (22.6)

	Repeated-measure TyG-VLR burden quartiles
	Q1
	963 (89.4)
	114 (10.6)

	Repeated-measure TyG-VLR burden quartiles
	Q2
	947 (87.8)
	131 (12.2)

	Repeated-measure TyG-VLR burden quartiles
	Q3
	902 (83.8)
	175 (16.2)

	Repeated-measure TyG-VLR burden quartiles
	Q4
	835 (76.5)
	257 (23.5)

	Two-time-point TyG-VLR patterns
	Cluster 1
	1563 (89.4)
	186 (10.6)

	Two-time-point TyG-VLR patterns
	Cluster 2
	1509 (83.7)
	294 (16.3)

	Two-time-point TyG-VLR patterns
	Cluster 3
	575 (74.5)
	197 (25.5)



Note: Diabetes mellitus was defined using fasting plasma glucose, HbA1c, self-reported physician diagnosis, or glucose-lowering medication use.




Table S4 Diabetes distribution across adapted CKM stages.
	CKM stage
	Diabetes mellitus, n
	No diabetes mellitus, n
	Diabetes prevalence, %

	Stage 0
	0
	598
	0.0

	Stage 1
	0
	1171
	0.0

	Stage 2
	416
	2686
	13.4

	Stage 3
	710
	1551
	31.4



Note: Stages were assigned hierarchically. Diabetes was observed only in stages 2 and 3 by definition.








Table S5 Fully adjusted Cox associations of baseline TyG-VLR with cardiovascular outcomes.
	Outcome
	Exposure
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	1.15 (1.10-1.21)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	1.11 (1.05-1.18)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	1.21 (1.12-1.31)
	<0.001



Note: Diabetes mellitus was defined as fasting plasma glucose ≥126 mg/dL or HbA1c ≥6.5%, self-reported physician-diagnosed diabetes, or use of glucose-lowering medication.



Table S6 Alternative CKM stage distribution.
	CKM stage
	Main definition, n
	Alternative CKM stage
	Alternative definition, n

	Stage 0
	598
	Stage 0
	648

	Stage 1
	1171
	Stage 1
	1262

	Stage 2
	3102
	Stage 2
	5218

	Stage 3
	2261
	Stage 3
	4



Note: Both the main and alternative CKM stage distributions were tabulated within the same final baseline CVD analytic cohort (n = 7,132). Reclassification using an eGFR-only stage 3 definition substantially reduced the number of participants assigned to stage 3, although it did not alter eligibility for the overall CKM stage 0–3 analytic population. Therefore, no duplicate overall Cox model is reported for this sensitivity analysis.
Table S7 Analytic eligibility under the primary and eGFR-only stage 3 definitions.
	Analysis cohort
	Primary definition eligible, n
	eGFR-only stage 3 definition eligible, n
	Difference, n

	Baseline CVD cohort
	7,132
	7,132
	0

	Repeated-measure/two-time-point cohort
	4,111
	4,111
	0


Note: The eGFR-only stage 3 definition reclassified participants across CKM stages but did not change eligibility for either analytic cohort because all retained participants remained within CKM stages 0–3. Therefore, no duplicate overall Cox model was fitted solely for this reclassification.


















Table S8 Standardized associations of TyG-VLR and related indices.
	Outcome
	Marker
	HR (95% CI)
	P value

	CVD
	TyG
	1.04 (0.99-1.10)
	0.115

	CVD
	LDL-C
	1.06 (1.01-1.11)
	0.020

	CVD
	CVAI
	1.16 (1.10-1.22)
	<0.001

	CVD
	VLR
	1.15 (1.10-1.21)
	<0.001

	CVD
	TyG-CVAI
	1.15 (1.09-1.21)
	<0.001

	CVD
	TyG-VLR
	1.15 (1.10-1.21)
	<0.001

	CVD
	TyG-BMI
	1.13 (1.07-1.19)
	<0.001

	CVD
	TyG-WC
	1.15 (1.09-1.21)
	<0.001

	CVD
	TyG-WHtR
	1.12 (1.07-1.19)
	<0.001

	CVD
	TyG-WWI
	1.07 (1.01-1.13)
	0.025

	CVD
	TyG-BRI
	1.12 (1.07-1.18)
	<0.001

	CVD
	TyG-ABSI
	1.05 (1.00-1.11)
	0.075

	Heart disease
	TyG
	0.99 (0.93-1.05)
	0.670

	Heart disease
	LDL-C
	1.04 (0.99-1.10)
	0.144

	Heart disease
	CVAI
	1.12 (1.05-1.19)
	<0.001

	Heart disease
	VLR
	1.12 (1.06-1.19)
	<0.001

	Heart disease
	TyG-CVAI
	1.10 (1.03-1.17)
	0.003

	Heart disease
	TyG-VLR
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	TyG-BMI
	1.10 (1.03-1.16)
	0.002

	Heart disease
	TyG-WC
	1.10 (1.03-1.17)
	0.002

	Heart disease
	TyG-WHtR
	1.07 (1.00-1.14)
	0.042

	Heart disease
	TyG-WWI
	1.00 (0.94-1.07)
	0.996

	Heart disease
	TyG-BRI
	1.08 (1.02-1.15)
	0.010

	Heart disease
	TyG-ABSI
	0.99 (0.93-1.05)
	0.803

	Stroke
	TyG
	1.17 (1.07-1.28)
	<0.001

	Stroke
	LDL-C
	1.09 (1.01-1.18)
	0.026

	Stroke
	CVAI
	1.24 (1.14-1.35)
	<0.001

	Stroke
	VLR
	1.21 (1.12-1.31)
	<0.001

	Stroke
	TyG-CVAI
	1.24 (1.14-1.35)
	<0.001

	Stroke
	TyG-VLR
	1.21 (1.12-1.31)
	<0.001

	Stroke
	TyG-BMI
	1.18 (1.09-1.28)
	<0.001

	Stroke
	TyG-WC
	1.24 (1.14-1.35)
	<0.001

	Stroke
	TyG-WHtR
	1.24 (1.14-1.36)
	<0.001

	Stroke
	TyG-WWI
	1.21 (1.11-1.33)
	<0.001

	Stroke
	TyG-BRI
	1.20 (1.10-1.31)
	<0.001

	Stroke
	TyG-ABSI
	1.17 (1.07-1.27)
	<0.001



Note: Each marker was standardized and evaluated in a separate marker-specific Cox model because of mathematical component overlap.








Table S9 Variance inflation factor diagnostics.
	Model
	Variable
	VIF

	Model 3 covariates
	Age
	1.206

	Model 3 covariates
	Male sex
	2.322

	Model 3 covariates
	Married marital status
	1.114

	Model 3 covariates
	Rural residence
	1.108

	Model 3 covariates
	High school education
	1.103

	Model 3 covariates
	College education or above
	1.046

	Model 3 covariates
	Current smoking
	2.054

	Model 3 covariates
	Current alcohol consumption
	1.422

	Model 3 covariates
	Hypertension
	2.013

	Model 3 covariates
	Diabetes mellitus
	1.28

	Model 3 covariates
	Dyslipidemia
	1.075

	Model 3 covariates
	Kidney disease
	1.005

	Model 3 covariates
	Cancer
	1.036

	Model 3 covariates
	Systolic blood pressure
	2.047

	Model 3 covariates
	HbA1c
	1.275

	Model 3 covariates
	White blood cell count
	1.077

	Model 3 covariates
	C-reactive protein
	1.06

	Model 3 plus baseline TyG-VLR
	Baseline TyG-VLR (per 1-SD increase)
	1.213

	Model 3 plus baseline TyG-VLR
	Age
	1.228

	Model 3 plus baseline TyG-VLR
	Male sex
	2.337

	Model 3 plus baseline TyG-VLR
	Married marital status
	1.115

	Model 3 plus baseline TyG-VLR
	Rural residence
	1.117

	Model 3 plus baseline TyG-VLR
	High school education
	1.103

	Model 3 plus baseline TyG-VLR
	College education or above
	1.046

	Model 3 plus baseline TyG-VLR
	Current smoking
	2.056

	Model 3 plus baseline TyG-VLR
	Current alcohol consumption
	1.422

	Model 3 plus baseline TyG-VLR
	Hypertension
	2.032

	Model 3 plus baseline TyG-VLR
	Diabetes mellitus
	1.283

	Model 3 plus baseline TyG-VLR
	Dyslipidemia
	1.094

	Model 3 plus baseline TyG-VLR
	Kidney disease
	1.005

	Model 3 plus baseline TyG-VLR
	Cancer
	1.036

	Model 3 plus baseline TyG-VLR
	Systolic blood pressure
	2.061

	Model 3 plus baseline TyG-VLR
	HbA1c
	1.298

	Model 3 plus baseline TyG-VLR
	White blood cell count
	1.089

	Model 3 plus baseline TyG-VLR
	C-reactive protein
	1.061



Note: VIF diagnostics were used to evaluate multicollinearity in the model covariate set and marker-specific models.









Table S10 Alternative adjustment models excluding diabetes and/or HbA1c.
	Outcome
	Exposure
	Adjustment
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.51 (1.22-1.85)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.15 (1.09-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.20 (1.12-1.29)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 2 vs reference
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 3 vs reference
	1.50 (1.22-1.85)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.16 (1.11-1.22)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.22 (1.13-1.31)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 2 vs reference
	1.26 (1.06-1.50)
	0.009

	CVD
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 3 vs reference
	1.55 (1.26-1.90)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.16 (1.11-1.22)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.22 (1.13-1.31)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 2 vs reference
	1.26 (1.06-1.50)
	0.008

	CVD
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 3 vs reference
	1.56 (1.27-1.91)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.17 (1.11-1.22)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.23 (1.15-1.32)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 2 vs reference
	1.27 (1.07-1.51)
	0.007

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 3 vs reference
	1.60 (1.30-1.96)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.35 (1.06-1.73)
	0.015

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 2 vs reference
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 3 vs reference
	1.35 (1.06-1.73)
	0.016

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.12 (1.06-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.19 (1.09-1.30)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 2 vs reference
	1.02 (0.83-1.25)
	0.871

	Heart disease
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 3 vs reference
	1.39 (1.09-1.78)
	0.007

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.12 (1.06-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.19 (1.09-1.30)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 2 vs reference
	1.02 (0.83-1.25)
	0.864

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 3 vs reference
	1.40 (1.10-1.78)
	0.006

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.12 (1.06-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.19 (1.09-1.30)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 2 vs reference
	1.02 (0.83-1.26)
	0.829

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 3 vs reference
	1.42 (1.12-1.81)
	0.004

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.97 (1.39-2.79)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes
	Per 1-SD increase
	1.27 (1.13-1.41)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 2 vs reference
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes
	Cluster 3 vs reference
	1.97 (1.39-2.78)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.23 (1.14-1.33)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without HbA1c
	Per 1-SD increase
	1.29 (1.15-1.43)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 2 vs reference
	1.99 (1.49-2.66)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without HbA1c
	Cluster 3 vs reference
	2.05 (1.46-2.89)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.24 (1.15-1.34)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes and HbA1c
	Per 1-SD increase
	1.29 (1.16-1.44)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 2 vs reference
	2.00 (1.50-2.67)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes and HbA1c
	Cluster 3 vs reference
	2.07 (1.47-2.91)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.25 (1.16-1.35)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Per 1-SD increase
	1.31 (1.17-1.45)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 2 vs reference
	2.01 (1.50-2.68)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, CRP, and WBC
	Cluster 3 vs reference
	2.13 (1.52-2.98)
	<0.001



Note: Sensitivity models assessed whether adjustment for glycemic variables influenced the associations.


Table S11 IPW sensitivity analysis for repeated-measure TyG-VLR burden.
	Outcome
	Exposure
	Method
	Contrast
	HR (95% CI)
	P value

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Complete-case Cox
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	IPW Cox
	Per 1-SD increase
	1.20 (1.12-1.29)
	<0.001

	CVD
	Two-time-point patterns
	Complete-case Cox
	Cluster 2 vs reference
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point patterns
	Complete-case Cox
	Cluster 3 vs reference
	1.51 (1.22-1.85)
	<0.001

	CVD
	Two-time-point patterns
	IPW Cox
	Cluster 2 vs reference
	1.23 (1.04-1.47)
	0.018

	CVD
	Two-time-point patterns
	IPW Cox
	Cluster 3 vs reference
	1.49 (1.22-1.84)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Complete-case Cox
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	IPW Cox
	Per 1-SD increase
	1.17 (1.07-1.28)
	0.001

	Heart disease
	Two-time-point patterns
	Complete-case Cox
	Cluster 2 vs reference
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point patterns
	Complete-case Cox
	Cluster 3 vs reference
	1.35 (1.06-1.73)
	0.015

	Heart disease
	Two-time-point patterns
	IPW Cox
	Cluster 2 vs reference
	1.00 (0.81-1.23)
	0.994

	Heart disease
	Two-time-point patterns
	IPW Cox
	Cluster 3 vs reference
	1.33 (1.04-1.70)
	0.027

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Complete-case Cox
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	IPW Cox
	Per 1-SD increase
	1.27 (1.14-1.41)
	<0.001

	Stroke
	Two-time-point patterns
	Complete-case Cox
	Cluster 2 vs reference
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point patterns
	Complete-case Cox
	Cluster 3 vs reference
	1.97 (1.39-2.79)
	<0.001

	Stroke
	Two-time-point patterns
	IPW Cox
	Cluster 2 vs reference
	1.94 (1.45-2.60)
	<0.001

	Stroke
	Two-time-point patterns
	IPW Cox
	Cluster 3 vs reference
	1.98 (1.40-2.79)
	<0.001



Note: Stabilized inverse probability weighting was used to assess potential selection bias in the repeated-measure cohort.






Table S12 Included versus excluded participants for repeated-measure analyses.
	Variable
	Included participants
	Excluded participants
	Level

	Age, years
	58.36 (8.61)
	60.07 (10.10)
	

	Body mass index, kg/m²
	23.39 (3.66)
	23.27 (3.78)
	

	Waist circumference, cm
	84.89 (9.72)
	84.83 (10.15)
	

	Systolic blood pressure, mmHg
	127.81 (20.55)
	130.75 (22.06)
	

	HbA1c, %
	5.25 (0.80)
	5.27 (0.80)
	

	Baseline TyG-VLR
	95842.25 (52884.98)
	99409.41 (56932.25)
	

	Sex
	52.6%
	52.3%
	Female

	Sex
	47.4%
	47.7%
	Male

	Residence
	11.1%
	16.0%
	Urban

	Residence
	88.9%
	84.0%
	Rural

	Smoking status
	61.2%
	59.3%
	No

	Smoking status
	38.8%
	40.7%
	Yes

	Alcohol consumption
	58.4%
	57.7%
	No

	Alcohol consumption
	41.6%
	42.3%
	Yes

	Hypertension
	48.4%
	43.2%
	No

	Hypertension
	51.6%
	56.8%
	Yes

	Diabetes mellitus
	84.3%
	83.6%
	No

	Diabetes mellitus
	15.7%
	16.4%
	Yes

	Dyslipidemia
	91.7%
	92.0%
	No

	Dyslipidemia
	8.3%
	8.0%
	Yes

	Kidney disease
	93.8%
	91.3%
	No

	Kidney disease
	6.2%
	8.7%
	Yes

	CKM stage
	8.7%
	7.7%
	Stage 0

	CKM stage
	17.8%
	14.1%
	Stage 1

	CKM stage
	43.3%
	43.0%
	Stage 2

	CKM stage
	30.1%
	35.2%
	Stage 3



Note: The comparison was conducted within the baseline analytic cohort.






Table S13 Sensitivity analysis excluding early events.
	Outcome
	Exposure
	Exclusion
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.15 (1.09-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.10 (1.04-1.17)
	0.002

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 1 year(s)
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.22 (1.12-1.32)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluded events within 2 year(s)
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001



Note: Early-event exclusion analyses were used to assess potential reverse causation.


Table S14 Schoenfeld residual tests for the main TyG-VLR exposure term in Cox models.
	Outcome
	Exposure
	Chi-square
	df
	P value

	CVD
	TyG-VLR 
	1.488
	1
	0.223

	Heart disease
	TyG-VLR 
	5.49e-04
	1
	0.981

	Stroke
	TyG-VLR 
	1.46
	1
	0.227



Note: No evidence of violation was observed for CVD, heart disease, or stroke.

Table S15 Sensitivity analysis using midpoint event-time assignment.
	Outcome
	Exposure
	Event-time assignment
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.16 (1.10-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.18 (1.10-1.27)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.12 (1.06-1.19)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.15 (1.05-1.26)
	0.002

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.22 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Midpoint
	Per 1-SD increase
	1.25 (1.12-1.40)
	<0.001



Note: Event times were assigned to the midpoint between the last event-free interview and the first interview at which the event was reported.



Table S16 Subgroup analyses with interaction P values.
	Outcome
	Exposure
	Subgroup
	Level
	N
	Events
	HR (95% CI)
	P value
	P for interaction
	FDR-adjusted P for interaction

	CVD
	Baseline TyG-VLR per 1 SD
	Age
	<60
	4059
	825
	1.18 (1.09-1.27)
	<0.001
	0.041
	0.205

	CVD
	Baseline TyG-VLR per 1 SD
	Age
	>=60
	3073
	863
	1.13 (1.06-1.21)
	<0.001
	0.041
	0.205

	CVD
	Baseline TyG-VLR per 1 SD
	Sex
	Female
	3755
	973
	1.11 (1.03-1.19)
	0.004
	0.017
	0.170

	CVD
	Baseline TyG-VLR per 1 SD
	Sex
	Male
	3377
	715
	1.23 (1.15-1.33)
	<0.001
	0.017
	0.170

	CVD
	Baseline TyG-VLR per 1 SD
	Residence
	Urban
	925
	245
	1.19 (1.04-1.35)
	0.011
	0.509
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Residence
	Rural
	6207
	1443
	1.15 (1.09-1.21)
	<0.001
	0.509
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Smoking
	No
	4330
	1058
	1.18 (1.10-1.26)
	<0.001
	0.583
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Smoking
	Yes
	2802
	630
	1.13 (1.04-1.22)
	0.002
	0.583
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Drinking
	No
	4145
	1026
	1.15 (1.08-1.23)
	<0.001
	0.515
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Drinking
	Yes
	2987
	662
	1.18 (1.09-1.27)
	<0.001
	0.515
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Hypertension
	No
	3308
	593
	1.18 (1.07-1.29)
	<0.001
	0.259
	0.648

	CVD
	Baseline TyG-VLR per 1 SD
	Hypertension
	Yes
	3824
	1095
	1.14 (1.07-1.21)
	<0.001
	0.259
	0.648

	CVD
	Baseline TyG-VLR per 1 SD
	Diabetes
	No
	6006
	1382
	1.16 (1.09-1.22)
	<0.001
	0.920
	0.920

	CVD
	Baseline TyG-VLR per 1 SD
	Diabetes
	Yes
	1126
	306
	1.13 (1.01-1.25)
	0.026
	0.920
	0.920

	CVD
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	No
	6555
	1460
	1.16 (1.10-1.23)
	<0.001
	0.570
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	Yes
	577
	228
	1.09 (0.96-1.23)
	0.184
	0.570
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Kidney disease
	No
	6628
	1544
	1.15 (1.09-1.21)
	<0.001
	0.596
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	Kidney disease
	Yes
	504
	144
	1.20 (1.01-1.42)
	0.043
	0.596
	0.662

	CVD
	Baseline TyG-VLR per 1 SD
	CKM stage group
	0-1
	1769
	286
	1.23 (1.03-1.46)
	0.019
	0.213
	0.648

	CVD
	Baseline TyG-VLR per 1 SD
	CKM stage group
	2-3
	5363
	1402
	1.14 (1.08-1.20)
	<0.001
	0.213
	0.648

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	<60
	2463
	385
	1.20 (1.08-1.33)
	<0.001
	0.530
	0.662

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	>=60
	1648
	392
	1.19 (1.08-1.32)
	<0.001
	0.530
	0.662

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Female
	2205
	453
	1.14 (1.03-1.26)
	0.011
	0.236
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Male
	1906
	324
	1.32 (1.19-1.46)
	<0.001
	0.236
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Urban
	449
	86
	1.39 (1.10-1.75)
	0.006
	0.166
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Rural
	3662
	691
	1.19 (1.10-1.29)
	<0.001
	0.166
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	No
	2543
	498
	1.25 (1.13-1.37)
	<0.001
	0.310
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	Yes
	1568
	279
	1.16 (1.03-1.30)
	0.011
	0.310
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	No
	2409
	466
	1.17 (1.06-1.29)
	0.002
	0.266
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	Yes
	1702
	311
	1.28 (1.15-1.42)
	<0.001
	0.266
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	No
	2012
	280
	1.33 (1.16-1.51)
	<0.001
	0.104
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	Yes
	2099
	497
	1.16 (1.06-1.26)
	<0.001
	0.104
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	No
	3472
	628
	1.21 (1.12-1.32)
	<0.001
	0.719
	0.799

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	Yes
	639
	149
	1.14 (0.97-1.34)
	0.105
	0.719
	0.799

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	No
	3776
	660
	1.24 (1.15-1.34)
	<0.001
	0.224
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	Yes
	335
	117
	1.01 (0.83-1.22)
	0.914
	0.224
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	No
	3860
	726
	1.21 (1.12-1.31)
	<0.001
	0.829
	0.829

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	Yes
	251
	51
	1.15 (0.86-1.54)
	0.344
	0.829
	0.829

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	0-1
	1105
	142
	1.35 (1.10-1.67)
	0.005
	0.256
	0.442

	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	2-3
	3006
	635
	1.19 (1.10-1.28)
	<0.001
	0.256
	0.442

	Heart disease
	Baseline TyG-VLR per 1 SD
	Age
	<60
	4054
	632
	1.16 (1.07-1.27)
	<0.001
	0.022
	0.217

	Heart disease
	Baseline TyG-VLR per 1 SD
	Age
	>=60
	3066
	647
	1.08 (1.00-1.18)
	0.047
	0.022
	0.217

	Heart disease
	Baseline TyG-VLR per 1 SD
	Sex
	Female
	3748
	781
	1.09 (1.01-1.18)
	0.029
	0.156
	0.521

	Heart disease
	Baseline TyG-VLR per 1 SD
	Sex
	Male
	3372
	498
	1.19 (1.09-1.30)
	<0.001
	0.156
	0.521

	Heart disease
	Baseline TyG-VLR per 1 SD
	Residence
	Urban
	924
	192
	1.11 (0.95-1.29)
	0.189
	0.888
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Residence
	Rural
	6196
	1087
	1.11 (1.05-1.19)
	<0.001
	0.888
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Smoking
	No
	4322
	843
	1.16 (1.08-1.25)
	<0.001
	0.125
	0.521

	Heart disease
	Baseline TyG-VLR per 1 SD
	Smoking
	Yes
	2798
	436
	1.07 (0.97-1.18)
	0.182
	0.125
	0.521

	Heart disease
	Baseline TyG-VLR per 1 SD
	Drinking
	No
	4137
	803
	1.13 (1.04-1.21)
	0.002
	0.854
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Drinking
	Yes
	2983
	476
	1.12 (1.02-1.23)
	0.014
	0.854
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Hypertension
	No
	3302
	459
	1.14 (1.02-1.28)
	0.018
	0.248
	0.619

	Heart disease
	Baseline TyG-VLR per 1 SD
	Hypertension
	Yes
	3818
	820
	1.10 (1.03-1.18)
	0.006
	0.248
	0.619

	Heart disease
	Baseline TyG-VLR per 1 SD
	Diabetes
	No
	5998
	1053
	1.11 (1.04-1.19)
	0.002
	0.789
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Diabetes
	Yes
	1122
	226
	1.11 (0.99-1.26)
	0.086
	0.789
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	No
	6545
	1102
	1.12 (1.05-1.19)
	<0.001
	0.770
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	Yes
	575
	177
	1.07 (0.93-1.24)
	0.340
	0.770
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	Kidney disease
	No
	6618
	1164
	1.10 (1.04-1.17)
	0.002
	0.323
	0.645

	Heart disease
	Baseline TyG-VLR per 1 SD
	Kidney disease
	Yes
	502
	115
	1.21 (0.99-1.47)
	0.060
	0.323
	0.645

	Heart disease
	Baseline TyG-VLR per 1 SD
	CKM stage group
	0-1
	1769
	220
	1.07 (0.87-1.31)
	0.541
	0.848
	0.888

	Heart disease
	Baseline TyG-VLR per 1 SD
	CKM stage group
	2-3
	5351
	1059
	1.11 (1.05-1.18)
	<0.001
	0.848
	0.888

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	<60
	2459
	264
	1.18 (1.04-1.35)
	0.011
	0.665
	0.739

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	>=60
	1643
	271
	1.16 (1.02-1.31)
	0.020
	0.665
	0.739

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Female
	2200
	331
	1.11 (0.99-1.26)
	0.086
	0.299
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Male
	1902
	204
	1.32 (1.16-1.51)
	<0.001
	0.299
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Urban
	449
	61
	1.36 (1.03-1.80)
	0.031
	0.356
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Rural
	3653
	474
	1.16 (1.06-1.28)
	0.002
	0.356
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	No
	2538
	365
	1.24 (1.11-1.39)
	<0.001
	0.216
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	Yes
	1564
	170
	1.10 (0.95-1.28)
	0.194
	0.216
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	No
	2403
	332
	1.15 (1.03-1.30)
	0.018
	0.508
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	Yes
	1699
	203
	1.23 (1.07-1.41)
	0.004
	0.508
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	No
	2007
	193
	1.27 (1.08-1.50)
	0.004
	0.162
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	Yes
	2095
	342
	1.14 (1.02-1.26)
	0.019
	0.162
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	No
	3465
	435
	1.17 (1.05-1.29)
	0.003
	0.597
	0.739

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	Yes
	637
	100
	1.14 (0.93-1.38)
	0.199
	0.597
	0.739

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	No
	3769
	453
	1.20 (1.09-1.32)
	<0.001
	0.380
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	Yes
	333
	82
	1.04 (0.82-1.31)
	0.742
	0.380
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	No
	3852
	498
	1.19 (1.09-1.31)
	<0.001
	0.493
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	Yes
	250
	37
	1.04 (0.72-1.50)
	0.847
	0.493
	0.726

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	0-1
	1105
	96
	1.17 (0.90-1.53)
	0.245
	0.823
	0.823

	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	2-3
	2997
	439
	1.17 (1.06-1.29)
	0.001
	0.823
	0.823

	Stroke
	Baseline TyG-VLR per 1 SD
	Age
	<60
	4054
	271
	1.22 (1.09-1.38)
	<0.001
	0.176
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Age
	>=60
	3072
	328
	1.19 (1.07-1.32)
	0.001
	0.176
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Sex
	Female
	3753
	298
	1.15 (1.02-1.29)
	0.021
	0.147
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Sex
	Male
	3373
	301
	1.27 (1.14-1.41)
	<0.001
	0.147
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Residence
	Urban
	924
	81
	1.35 (1.09-1.68)
	0.006
	0.296
	0.493

	Stroke
	Baseline TyG-VLR per 1 SD
	Residence
	Rural
	6202
	518
	1.20 (1.11-1.31)
	<0.001
	0.296
	0.493

	Stroke
	Baseline TyG-VLR per 1 SD
	Smoking
	No
	4327
	328
	1.21 (1.08-1.35)
	0.001
	0.637
	0.708

	Stroke
	Baseline TyG-VLR per 1 SD
	Smoking
	Yes
	2799
	271
	1.22 (1.09-1.37)
	<0.001
	0.637
	0.708

	Stroke
	Baseline TyG-VLR per 1 SD
	Drinking
	No
	4142
	328
	1.20 (1.08-1.34)
	0.001
	0.951
	0.951

	Stroke
	Baseline TyG-VLR per 1 SD
	Drinking
	Yes
	2984
	271
	1.25 (1.11-1.40)
	<0.001
	0.951
	0.951

	Stroke
	Baseline TyG-VLR per 1 SD
	Hypertension
	No
	3305
	181
	1.28 (1.09-1.50)
	0.003
	0.181
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Hypertension
	Yes
	3821
	418
	1.19 (1.09-1.30)
	<0.001
	0.181
	0.453

	Stroke
	Baseline TyG-VLR per 1 SD
	Diabetes
	No
	6001
	478
	1.26 (1.15-1.38)
	<0.001
	0.284
	0.493

	Stroke
	Baseline TyG-VLR per 1 SD
	Diabetes
	Yes
	1125
	121
	1.07 (0.91-1.26)
	0.406
	0.284
	0.493

	Stroke
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	No
	6549
	509
	1.24 (1.13-1.35)
	<0.001
	0.540
	0.675

	Stroke
	Baseline TyG-VLR per 1 SD
	Dyslipidemia
	Yes
	577
	90
	1.11 (0.91-1.34)
	0.299
	0.540
	0.675

	Stroke
	Baseline TyG-VLR per 1 SD
	Kidney disease
	No
	6623
	552
	1.22 (1.13-1.33)
	<0.001
	0.432
	0.617

	Stroke
	Baseline TyG-VLR per 1 SD
	Kidney disease
	Yes
	503
	47
	1.17 (0.86-1.60)
	0.306
	0.432
	0.617

	Stroke
	Baseline TyG-VLR per 1 SD
	CKM stage group
	0-1
	1767
	82
	1.77 (1.31-2.38)
	<0.001
	0.010
	0.100

	Stroke
	Baseline TyG-VLR per 1 SD
	CKM stage group
	2-3
	5359
	517
	1.18 (1.09-1.28)
	<0.001
	0.010
	0.100

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	<60
	2459
	145
	1.28 (1.09-1.50)
	0.003
	0.242
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Age
	>=60
	1647
	165
	1.23 (1.06-1.43)
	0.008
	0.242
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Female
	2204
	161
	1.23 (1.04-1.45)
	0.014
	0.898
	0.898

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Sex
	Male
	1902
	149
	1.28 (1.10-1.50)
	0.002
	0.898
	0.898

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Urban
	448
	33
	1.32 (0.91-1.92)
	0.147
	0.302
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Residence
	Rural
	3658
	277
	1.26 (1.12-1.42)
	<0.001
	0.302
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	No
	2541
	176
	1.30 (1.12-1.52)
	<0.001
	0.444
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Smoking
	Yes
	1565
	134
	1.22 (1.03-1.43)
	0.017
	0.444
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	No
	2407
	167
	1.20 (1.02-1.40)
	0.027
	0.402
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Drinking
	Yes
	1699
	143
	1.36 (1.16-1.59)
	<0.001
	0.402
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	No
	2009
	111
	1.44 (1.18-1.75)
	<0.001
	0.172
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Hypertension
	Yes
	2097
	199
	1.19 (1.04-1.36)
	0.010
	0.172
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	No
	3468
	247
	1.31 (1.16-1.49)
	<0.001
	0.509
	0.636

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Diabetes
	Yes
	638
	63
	1.13 (0.89-1.45)
	0.310
	0.509
	0.636

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	No
	3771
	257
	1.32 (1.17-1.49)
	<0.001
	0.384
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Dyslipidemia
	Yes
	335
	53
	1.00 (0.76-1.32)
	0.982
	0.384
	0.634

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	No
	3856
	291
	1.27 (1.14-1.43)
	<0.001
	0.670
	0.744

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Kidney disease
	Yes
	250
	19
	1.19 (0.75-1.89)
	0.467
	0.670
	0.744

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	0-1
	1103
	52
	1.84 (1.34-2.53)
	<0.001
	0.042
	0.423

	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	CKM stage group
	2-3
	3003
	258
	1.21 (1.07-1.36)
	0.002
	0.042
	0.423



Note: Models used the fully adjusted covariate set while omitting the stratifying variable where appropriate. N and event counts are shown for each stratum. Interaction analyses were exploratory.




Table S17 Alternative exposure categorization analyses.
	Outcome
	Exposure
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Baseline TyG-VLR tertiles
	T2 vs reference
	1.19 (1.04-1.36)
	0.010

	CVD
	Baseline TyG-VLR tertiles
	T3 vs reference
	1.37 (1.20-1.57)
	<0.001

	CVD
	Baseline TyG-VLR quartiles
	Q2 vs reference
	1.14 (0.98-1.33)
	0.091

	CVD
	Baseline TyG-VLR quartiles
	Q3 vs reference
	1.24 (1.06-1.44)
	0.006

	CVD
	Baseline TyG-VLR quartiles
	Q4 vs reference
	1.44 (1.23-1.67)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden tertiles
	T2 vs reference
	1.34 (1.10-1.64)
	0.004

	CVD
	Repeated-measure TyG-VLR burden tertiles
	T3 vs reference
	1.71 (1.41-2.09)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden quartiles
	Q2 vs reference
	1.32 (1.04-1.68)
	0.021

	CVD
	Repeated-measure TyG-VLR burden quartiles
	Q3 vs reference
	1.55 (1.23-1.95)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden quartiles
	Q4 vs reference
	1.79 (1.42-2.26)
	<0.001

	Heart disease
	Baseline TyG-VLR
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Baseline TyG-VLR tertiles
	T2 vs reference
	1.06 (0.91-1.23)
	0.465

	Heart disease
	Baseline TyG-VLR tertiles
	T3 vs reference
	1.21 (1.04-1.41)
	0.013

	Heart disease
	Baseline TyG-VLR quartiles
	Q2 vs reference
	1.07 (0.90-1.27)
	0.453

	Heart disease
	Baseline TyG-VLR quartiles
	Q3 vs reference
	1.07 (0.90-1.27)
	0.476

	Heart disease
	Baseline TyG-VLR quartiles
	Q4 vs reference
	1.27 (1.07-1.51)
	0.007

	Heart disease
	Repeated-measure TyG-VLR burden
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden tertiles
	T2 vs reference
	1.11 (0.88-1.41)
	0.381

	Heart disease
	Repeated-measure TyG-VLR burden tertiles
	T3 vs reference
	1.41 (1.11-1.78)
	0.004

	Heart disease
	Repeated-measure TyG-VLR burden quartiles
	Q2 vs reference
	1.07 (0.81-1.41)
	0.635

	Heart disease
	Repeated-measure TyG-VLR burden quartiles
	Q3 vs reference
	1.11 (0.85-1.46)
	0.454

	Heart disease
	Repeated-measure TyG-VLR burden quartiles
	Q4 vs reference
	1.42 (1.08-1.86)
	0.011

	Stroke
	Baseline TyG-VLR
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Baseline TyG-VLR tertiles
	T2 vs reference
	1.66 (1.31-2.11)
	<0.001

	Stroke
	Baseline TyG-VLR tertiles
	T3 vs reference
	1.92 (1.52-2.44)
	<0.001

	Stroke
	Baseline TyG-VLR quartiles
	Q2 vs reference
	1.45 (1.09-1.94)
	0.012

	Stroke
	Baseline TyG-VLR quartiles
	Q3 vs reference
	1.84 (1.40-2.43)
	<0.001

	Stroke
	Baseline TyG-VLR quartiles
	Q4 vs reference
	2.09 (1.59-2.75)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden tertiles
	T2 vs reference
	2.05 (1.45-2.89)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden tertiles
	T3 vs reference
	2.67 (1.90-3.75)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden quartiles
	Q2 vs reference
	2.03 (1.31-3.15)
	0.002

	Stroke
	Repeated-measure TyG-VLR burden quartiles
	Q3 vs reference
	3.26 (2.15-4.94)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden quartiles
	Q4 vs reference
	3.06 (2.00-4.69)
	<0.001



Note: Continuous per-SD results were prioritized; tertile and quartile analyses were used to assess categorical robustness.



Table S18 Cluster stability for two-time-point pattern analysis.
	K
	Metric
	Value

	2
	Minimum cluster size
	1568

	2
	Mean silhouette
	0.497

	3
	Minimum cluster size
	772

	3
	Mean silhouette
	0.427

	4
	Minimum cluster size
	400

	4
	Mean silhouette
	0.383

	5
	Minimum cluster size
	387

	5
	Mean silhouette
	0.366



Note: Silhouette coefficients and minimum cluster sizes were used to evaluate alternative cluster solutions.











Table S19 Cluster sensitivity analysis.
	K
	Type
	cluster
	baseline
	second
	repeated-measure
	Contrast
	HR (95% CI)
	P value

	2
	Cluster centers
	Cluster 1
	65,519.48
	66,467.09
	262,740.14
	
	
	

	2
	Cluster centers
	Cluster 2
	149,139.16
	141,543.91
	579,788.52
	
	
	

	2
	Cox association
	
	
	
	
	Cluster 2 vs reference
	1.43 (1.23-1.67)
	<0.001

	3
	Cluster centers
	Cluster 1
	51,116.74
	51,611.59
	204,467.12
	
	
	

	3
	Cluster centers
	Cluster 2
	104,438.93
	103,750.53
	414,760.36
	
	
	

	3
	Cluster centers
	Cluster 3
	177,092.38
	165,535.31
	683,671.40
	
	
	

	3
	Cox association
	
	
	
	
	Cluster 2 vs reference
	1.24 (1.05-1.48)
	0.013

	3
	Cox association
	
	
	
	
	Cluster 3 vs reference
	1.51 (1.22-1.85)
	<0.001

	4
	Cluster centers
	Cluster 1
	44,534.20
	44,120.51
	176,339.41
	
	
	

	4
	Cluster centers
	Cluster 2
	85,392.03
	88,087.96
	345,479.00
	
	
	

	4
	Cluster centers
	Cluster 3
	133,773.90
	129,012.08
	523,893.17
	
	
	

	4
	Cluster centers
	Cluster 4
	202,107.04
	182,389.02
	767,708.67
	
	
	

	4
	Cox association
	
	
	
	
	Cluster 2 vs reference
	1.36 (1.10-1.67)
	0.004

	4
	Cox association
	
	
	
	
	Cluster 3 vs reference
	1.66 (1.34-2.07)
	<0.001

	4
	Cox association
	
	
	
	
	Cluster 4 vs reference
	1.91 (1.47-2.49)
	<0.001

	5
	Cluster centers
	Cluster 1
	43,180.66
	42,141.70
	169,642.28
	
	
	

	5
	Cluster centers
	Cluster 2
	79,182.30
	86,243.70
	329,359.40
	
	
	

	5
	Cluster centers
	Cluster 3
	137,441.45
	100,593.98
	474,812.71
	
	
	

	5
	Cluster centers
	Cluster 4
	123,130.57
	148,513.53
	541,673.54
	
	
	

	5
	Cluster centers
	Cluster 5
	204,490.04
	181,216.55
	769,694.91
	
	
	

	5
	Cox association
	
	
	
	
	Cluster 2 vs reference
	1.35 (1.08-1.67)
	0.007

	5
	Cox association
	
	
	
	
	Cluster 3 vs reference
	1.67 (1.31-2.12)
	<0.001

	5
	Cox association
	
	
	
	
	Cluster 4 vs reference
	1.58 (1.23-2.03)
	<0.001

	5
	Cox association
	
	
	
	
	Cluster 5 vs reference
	2.03 (1.55-2.66)
	<0.001



Note: Cluster centers and Cox associations are shown for alternative K values. The three-cluster solution was retained for interpretability as low, intermediate, and high two-time-point patterns.





Table S20 Variable missingness.
	Variable
	Role
	Available, n
	Missing, n (%)

	Baseline TyG-VLR
	Exposure
	7514
	43 (0.6)

	Wave 3 TyG-VLR
	Repeated exposure
	4909
	2648 (35)

	Age
	Covariate
	7557
	0 (0.0)

	Sex
	Covariate
	7557
	0 (0.0)

	BMI
	Index/CKM
	7525
	32 (0.4)

	Waist circumference
	Index/CKM
	7557
	0 (0.0)

	FPG
	Diabetes mellitus/TyG
	7557
	0 (0.0)

	HbA1c
	Diabetes/covariate
	7548
	9 (0.1)

	LDL-C
	VLR
	7546
	11 (0.1)

	CVAI
	VLR
	7525
	32 (0.4)

	eGFR
	CKM
	7557
	0 (0.0)

	WBC
	Covariate
	7408
	149 (2)

	CRP
	Covariate
	7557
	0 (0.0)



Note: Missingness was summarized among biomarker-eligible participants.





Table S21 Exploratory incremental C-index analyses.
	Analysis
	Model
	C-index
	ΔC-index

	Baseline CVD + TyG-VLR
	Model A: demographic variables
	0.589
	

	Baseline CVD + TyG-VLR
	Model B: traditional risk factors
	0.634
	

	Baseline CVD + TyG-VLR
	Model C: traditional risk factors and CKM stage
	0.634
	

	Baseline CVD + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	0.636
	

	Baseline CVD + TyG-VLR
	Model D vs Model C
	0.636
	0.002

	Baseline stroke + TyG-VLR
	Model A: demographic variables
	0.616
	

	Baseline stroke + TyG-VLR
	Model B: traditional risk factors
	0.679
	

	Baseline stroke + TyG-VLR
	Model C: traditional risk factors and CKM stage
	0.680
	

	Baseline stroke + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	0.684
	

	Baseline stroke + TyG-VLR
	Model D vs Model C
	0.684
	0.004

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model A: demographic variables
	0.580
	

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model B: traditional risk factors
	0.630
	

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model C: traditional risk factors and CKM stage
	0.632
	

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D: Model C plus repeated-measure TyG-VLR burden
	0.640
	

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D vs Model C
	0.640
	0.008

	Repeated-measure CVD + two-time-point pattern
	Model A: demographic variables
	0.580
	

	Repeated-measure CVD + two-time-point pattern
	Model B: traditional risk factors
	0.630
	

	Repeated-measure CVD + two-time-point pattern
	Model C: traditional risk factors and CKM stage
	0.632
	

	Repeated-measure CVD + two-time-point pattern
	Model D: Model C plus two-time-point pattern group
	0.636
	

	Repeated-measure CVD + two-time-point pattern
	Model D vs Model C
	0.636
	0.004



Note: Model C included traditional factors and adapted CKM stage; Model D additionally included the exposure specified in the Analysis column. Incremental value was interpreted as modest.













Table S22 Five-year NRI and IDI analyses.
	Analysis
	Comparison
	Metric
	Estimate
	95% CI
	P value
	Events
	Non-events

	Baseline CVD + TyG-VLR
	Model D vs Model C
	Continuous NRI
	0.07
	-0.017 to 0.154
	0.128
	623
	5895

	Baseline CVD + TyG-VLR
	Model D vs Model C
	Event NRI
	-0.069
	-0.148 to 0.013
	0.084
	623
	5895

	Baseline CVD + TyG-VLR
	Model D vs Model C
	Non-event NRI
	0.139
	0.115 to 0.163
	<0.001
	623
	5895

	Baseline CVD + TyG-VLR
	Model D vs Model C
	IDI
	0.001
	-0.000 to 0.001
	0.240
	623
	5895

	Baseline stroke + TyG-VLR
	Model D vs Model C
	Continuous NRI
	0.243
	0.069 to 0.429
	0.004
	106
	6346

	Baseline stroke + TyG-VLR
	Model D vs Model C
	Event NRI
	0.075
	-0.093 to 0.257
	0.460
	106
	6346

	Baseline stroke + TyG-VLR
	Model D vs Model C
	Non-event NRI
	0.168
	0.144 to 0.191
	<0.001
	106
	6346

	Baseline stroke + TyG-VLR
	Model D vs Model C
	IDI
	0.001
	0.000 to 0.003
	0.024
	106
	6346

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D vs Model C
	Continuous NRI
	0.187
	0.107 to 0.276
	<0.001
	700
	2709

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D vs Model C
	Event NRI
	0.014
	-0.059 to 0.093
	0.660
	700
	2709

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D vs Model C
	Non-event NRI
	0.172
	0.136 to 0.211
	<0.001
	700
	2709

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D vs Model C
	IDI
	0.005
	0.002 to 0.007
	<0.001
	700
	2709

	Repeated-measure CVD + two-time-point pattern
	Model D vs Model C
	Continuous NRI
	0.135
	0.050 to 0.214
	<0.001
	700
	2709

	Repeated-measure CVD + two-time-point pattern
	Model D vs Model C
	Event NRI
	0.023
	-0.054 to 0.093
	0.572
	700
	2709

	Repeated-measure CVD + two-time-point pattern
	Model D vs Model C
	Non-event NRI
	0.112
	0.074 to 0.147
	<0.001
	700
	2709

	Repeated-measure CVD + two-time-point pattern
	Model D vs Model C
	IDI
	0.002
	0.001 to 0.004
	0.008
	700
	2709



Note: NRI and IDI were estimated for 5-year predicted risk and interpreted as exploratory, not as evidence that TyG-VLR is a standalone prediction tool. Participants without adequate follow-up to the 5-year prediction horizon and without an event before that horizon were excluded from the horizon-specific risk set. The 95% CIs and P values were obtained using bootstrap resampling.












Table S23 Time-dependent AUC and Brier score.
	Analysis
	Model
	Time, years
	AUC
	Brier

	Baseline CVD + TyG-VLR
	Model A: demographic variables
	3
	0.604
	0.04

	Baseline CVD + TyG-VLR
	Model A: demographic variables
	5
	0.615
	0.085

	Baseline CVD + TyG-VLR
	Model A: demographic variables
	7
	0.615
	0.147

	Baseline CVD + TyG-VLR
	Model B: traditional risk factors
	3
	0.636
	0.039

	Baseline CVD + TyG-VLR
	Model B: traditional risk factors
	5
	0.656
	0.084

	Baseline CVD + TyG-VLR
	Model B: traditional risk factors
	7
	0.662
	0.143

	Baseline CVD + TyG-VLR
	Model C: traditional risk factors and CKM stage
	3
	0.639
	0.039

	Baseline CVD + TyG-VLR
	Model C: traditional risk factors and CKM stage
	5
	0.657
	0.084

	Baseline CVD + TyG-VLR
	Model C: traditional risk factors and CKM stage
	7
	0.663
	0.143

	Baseline CVD + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	3
	0.64
	0.039

	Baseline CVD + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	5
	0.654
	0.084

	Baseline CVD + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	7
	0.662
	0.143

	Baseline stroke + TyG-VLR
	Model A: demographic variables
	3
	0.678
	0.007

	Baseline stroke + TyG-VLR
	Model A: demographic variables
	5
	0.662
	0.016

	Baseline stroke + TyG-VLR
	Model A: demographic variables
	7
	0.637
	0.057

	Baseline stroke + TyG-VLR
	Model B: traditional risk factors
	3
	0.694
	0.007

	Baseline stroke + TyG-VLR
	Model B: traditional risk factors
	5
	0.734
	0.016

	Baseline stroke + TyG-VLR
	Model B: traditional risk factors
	7
	0.726
	0.055

	Baseline stroke + TyG-VLR
	Model C: traditional risk factors and CKM stage
	3
	0.698
	0.007

	Baseline stroke + TyG-VLR
	Model C: traditional risk factors and CKM stage
	5
	0.737
	0.016

	Baseline stroke + TyG-VLR
	Model C: traditional risk factors and CKM stage
	7
	0.727
	0.055

	Baseline stroke + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	3
	0.691
	0.007

	Baseline stroke + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	5
	0.737
	0.016

	Baseline stroke + TyG-VLR
	Model D: Model C plus baseline TyG-VLR
	7
	0.727
	0.055

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model A: demographic variables
	5
	0.602
	0.162

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model B: traditional risk factors
	5
	0.656
	0.157

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model C: traditional risk factors and CKM stage
	5
	0.66
	0.157

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	Model D: Model C plus repeated-measure TyG-VLR burden
	5
	0.673
	0.156

	Repeated-measure CVD + two-time-point pattern
	Model A: demographic variables
	5
	0.602
	0.162

	Repeated-measure CVD + two-time-point pattern
	Model B: traditional risk factors
	5
	0.656
	0.157

	Repeated-measure CVD + two-time-point pattern
	Model C: traditional risk factors and CKM stage
	5
	0.66
	0.157

	Repeated-measure CVD + two-time-point pattern
	Model D: Model C plus two-time-point pattern group
	5
	0.665
	0.156



Note: Only valid 3-, 5-, and 7-year estimates are shown. Rows with invalid estimates were not retained.

Table S24 Calibration data.
	Analysis
	Decile
	Mean predicted risk
	Observed Kaplan-Meier risk

	Baseline CVD + TyG-VLR
	1
	0.041
	0.037

	Baseline CVD + TyG-VLR
	2
	0.052
	0.051

	Baseline CVD + TyG-VLR
	3
	0.060
	0.055

	Baseline CVD + TyG-VLR
	4
	0.068
	0.052

	Baseline CVD + TyG-VLR
	5
	0.077
	0.086

	Baseline CVD + TyG-VLR
	6
	0.086
	0.094

	Baseline CVD + TyG-VLR
	7
	0.097
	0.104

	Baseline CVD + TyG-VLR
	8
	0.111
	0.106

	Baseline CVD + TyG-VLR
	9
	0.132
	0.133

	Baseline CVD + TyG-VLR
	10
	0.186
	0.194

	Baseline stroke + TyG-VLR
	1
	0.004
	0.000

	Baseline stroke + TyG-VLR
	2
	0.006
	0.004

	Baseline stroke + TyG-VLR
	3
	0.008
	0.003

	Baseline stroke + TyG-VLR
	4
	0.010
	0.010

	Baseline stroke + TyG-VLR
	5
	0.012
	0.013

	Baseline stroke + TyG-VLR
	6
	0.014
	0.015

	Baseline stroke + TyG-VLR
	7
	0.016
	0.017

	Baseline stroke + TyG-VLR
	8
	0.020
	0.018

	Baseline stroke + TyG-VLR
	9
	0.025
	0.035

	Baseline stroke + TyG-VLR
	10
	0.042
	0.043

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	1
	0.082
	0.080

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	2
	0.107
	0.091

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	3
	0.123
	0.112

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	4
	0.138
	0.143

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	5
	0.154
	0.153

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	6
	0.172
	0.174

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	7
	0.193
	0.227

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	8
	0.219
	0.233

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	9
	0.260
	0.258

	Repeated-measure CVD + repeated-measure TyG-VLR burden
	10
	0.363
	0.346

	Repeated-measure CVD + two-time-point pattern
	1
	0.083
	0.072

	Repeated-measure CVD + two-time-point pattern
	2
	0.108
	0.105

	Repeated-measure CVD + two-time-point pattern
	3
	0.124
	0.114

	Repeated-measure CVD + two-time-point pattern
	4
	0.140
	0.138

	Repeated-measure CVD + two-time-point pattern
	5
	0.155
	0.170

	Repeated-measure CVD + two-time-point pattern
	6
	0.173
	0.189

	Repeated-measure CVD + two-time-point pattern
	7
	0.194
	0.193

	Repeated-measure CVD + two-time-point pattern
	8
	0.219
	0.237

	Repeated-measure CVD + two-time-point pattern
	9
	0.258
	0.269

	Repeated-measure CVD + two-time-point pattern
	10
	0.357
	0.331



Note: Observed risks were estimated using the Kaplan-Meier method within deciles of predicted risk.















Table S25 Sensitivity analysis excluding participants classified as CKM stage 2 solely by lipid-related criteria.
	Analysis
	Outcome
	Exposure
	Contrast
	N
	Events
	HR (95% CI)
	P value

	Lipid-overlap exclusion summary
	CVD
	Analytic cohort
	Primary baseline CVD risk set
	7132
	1688
	
	

	Lipid-overlap exclusion summary
	CVD
	Analytic cohort
	Excluded: lipid-only CKM stage 2
	733
	156
	
	

	Lipid-overlap exclusion summary
	CVD
	Analytic cohort
	Retained after exclusion
	6399
	1532
	
	

	Excluding lipid-only CKM stage 2 participants
	CVD
	Baseline TyG-VLR per 1 SD
	Per 1 SD
	6399
	1532
	1.14 (1.09-1.21)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	CVD
	Repeated-measure TyG-VLR burden per 1 SD
	Per 1 SD
	3658
	702
	1.20 (1.11-1.30)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	CVD
	Two-time-point pattern groups
	Cluster 2 vs reference
	3658
	702
	1.25 (1.04-1.51)
	0.017

	Excluding lipid-only CKM stage 2 participants
	CVD
	Two-time-point pattern groups
	Cluster 3 vs reference
	3658
	702
	1.52 (1.22-1.89)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	Heart disease
	Baseline TyG-VLR per 1 SD
	Per 1 SD
	6389
	1152
	1.10 (1.03-1.17)
	0.003

	Excluding lipid-only CKM stage 2 participants
	Heart disease
	Repeated-measure TyG-VLR burden per 1 SD
	Per 1 SD
	3651
	481
	1.17 (1.07-1.29)
	0.001

	Excluding lipid-only CKM stage 2 participants
	Heart disease
	Two-time-point pattern groups
	Cluster 2 vs reference
	3651
	481
	1.00 (0.80-1.24)
	0.980

	Excluding lipid-only CKM stage 2 participants
	Heart disease
	Two-time-point pattern groups
	Cluster 3 vs reference
	3651
	481
	1.36 (1.05-1.76)
	0.021

	Excluding lipid-only CKM stage 2 participants
	Stroke
	Baseline TyG-VLR per 1 SD
	Per 1 SD
	6394
	556
	1.22 (1.13-1.33)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	Stroke
	Repeated-measure TyG-VLR burden per 1 SD
	Per 1 SD
	3654
	280
	1.27 (1.13-1.43)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	Stroke
	Two-time-point pattern groups
	Cluster 2 vs reference
	3654
	280
	2.00 (1.47-2.73)
	<0.001

	Excluding lipid-only CKM stage 2 participants
	Stroke
	Two-time-point pattern groups
	Cluster 3 vs reference
	3654
	280
	2.06 (1.43-2.98)
	<0.001


Note: Participants classified as CKM stage 2 solely because of lipid-related criteria, including hypertriglyceridemia/dyslipidemia or metabolic syndrome without diabetes, hypertension, or kidney disease, were excluded and the main Cox models were repeated. This analysis changed the analytic sample and was used to evaluate whether the findings were driven by overlap between TyG-VLR and lipid-based CKM classification. Abbreviations: CKM, cardiovascular-kidney-metabolic; CVD, cardiovascular disease; HR, hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio.




















Table S26 Alternative adjustment models excluding dyslipidemia.
	[bookmark: _GoBack]Outcome
	Exposure
	Adjustment
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.51 (1.22-1.85)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.18 (1.12-1.24)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.24 (1.15-1.33)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 2 vs reference
	1.31 (1.10-1.55)
	0.002

	CVD
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 3 vs reference
	1.60 (1.30-1.97)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.19 (1.14-1.25)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.25 (1.17-1.34)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 2 vs reference
	1.33 (1.12-1.58)
	0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 3 vs reference
	1.67 (1.37-2.05)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.20 (1.14-1.26)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.27 (1.18-1.36)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 2 vs reference
	1.33 (1.12-1.58)
	<0.001

	CVD
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 3 vs reference
	1.71 (1.40-2.10)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.35 (1.06-1.73)
	0.015

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.14 (1.07-1.20)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.20 (1.10-1.31)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 2 vs reference
	1.05 (0.86-1.30)
	0.620

	Heart disease
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 3 vs reference
	1.43 (1.12-1.83)
	0.004

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.15 (1.09-1.21)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.22 (1.12-1.33)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 2 vs reference
	1.07 (0.87-1.31)
	0.522

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 3 vs reference
	1.49 (1.17-1.89)
	0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.15 (1.09-1.22)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.22 (1.12-1.33)
	<0.001

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 2 vs reference
	1.07 (0.88-1.32)
	0.491

	Heart disease
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 3 vs reference
	1.52 (1.19-1.92)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 original
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 original
	Cluster 2 vs reference
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 original
	Cluster 3 vs reference
	1.97 (1.39-2.79)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.25 (1.15-1.35)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without dyslipidemia
	Per 1-SD increase
	1.31 (1.17-1.46)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 2 vs reference
	2.09 (1.56-2.78)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without dyslipidemia
	Cluster 3 vs reference
	2.13 (1.51-3.00)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.28 (1.18-1.38)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Per 1-SD increase
	1.33 (1.20-1.48)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 2 vs reference
	2.13 (1.59-2.83)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, and dyslipidemia
	Cluster 3 vs reference
	2.26 (1.61-3.16)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.29 (1.20-1.39)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Per 1-SD increase
	1.35 (1.22-1.50)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 2 vs reference
	2.13 (1.60-2.84)
	<0.001

	Stroke
	Two-time-point patterns
	Model 3 without diabetes, HbA1c, dyslipidemia, CRP, and WBC
	Cluster 3 vs reference
	2.32 (1.66-3.25)
	<0.001


Note: Alternative adjustment models were used to assess potential overadjustment related to lipid and glycemic variables. The original Model 3 was compared with models excluding dyslipidemia alone and with additional exclusion of diabetes, HbA1c, CRP, and WBC. Abbreviations: CRP, C-reactive protein; CVD, cardiovascular disease; HbA1c, glycated hemoglobin; HR, hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio; WBC, white blood cell count.






Table S27 Alternative clustering validation for two-time-point TyG-VLR patterns.
	Method
	Section
	Cluster/contrast
	Wave 1 mean
	Wave 3 mean
	Mean change
	ARI vs K-means
	HR (95% CI)
	P value

	Hierarchical clustering (Ward.D2), k=3
	Cluster profile
	Cluster 1
	48534.29
	47830.65
	-703.65
	0.648
	—
	—

	Hierarchical clustering (Ward.D2), k=3
	Cluster profile
	Cluster 2
	97761.34
	94379.93
	-3381.41
	0.648
	—
	—

	Hierarchical clustering (Ward.D2), k=3
	Cluster profile
	Cluster 3
	159980.18
	157832.40
	-2147.77
	0.648
	—
	—

	Hierarchical clustering (Ward.D2), k=3
	CVD Cox association
	Cluster 2 vs reference
	—
	—
	—
	0.648
	1.31 (1.09-1.58)
	0.005

	Hierarchical clustering (Ward.D2), k=3
	CVD Cox association
	Cluster 3 vs reference
	—
	—
	—
	0.648
	1.60 (1.31-1.96)
	<0.001

	Gaussian mixture model, k=3
	Cluster profile
	Cluster 1
	36755.62
	35176.31
	-1579.31
	0.288
	—
	—

	Gaussian mixture model, k=3
	Cluster profile
	Cluster 2
	81492.07
	83051.71
	1559.65
	0.288
	—
	—

	Gaussian mixture model, k=3
	Cluster profile
	Cluster 3
	151825.18
	143529.76
	-8295.42
	0.288
	—
	—

	Gaussian mixture model, k=3
	CVD Cox association
	Cluster 2 vs reference
	—
	—
	—
	0.288
	1.27 (1.00-1.62)
	0.048

	Gaussian mixture model, k=3
	CVD Cox association
	Cluster 3 vs reference
	—
	—
	—
	0.288
	1.61 (1.26-2.07)
	<0.001


Note: Hierarchical clustering and Gaussian mixture modelling were used as alternative pattern-classification methods. The adjusted Rand index (ARI) summarizes agreement with the primary K-means classification. Cox associations used the same fully adjusted covariate set as the main analysis. Abbreviations: ARI, adjusted Rand index; CVD, cardiovascular disease; HR, hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio. An em dash indicates not applicable because profile rows and Cox association rows report different statistics.
















Table S28 Direct discrimination comparison between TyG-VLR and comparator indices.
	Outcome
	Marker
	C-index
	AUC
	Delta C-index
	Delta C-index 95% CI
	Delta AUC
	DeLong P value
	IDI
	NRI

	CVD
	TyG
	0.633
	0.627
	0.005
	0.002 to 0.009
	0.009
	<0.001
	0.005
	0.157

	CVD
	LDL-C
	0.633
	0.627
	0.005
	0.003 to 0.008
	0.009
	<0.001
	0.005
	0.147

	CVD
	CVAI
	0.639
	0.636
	-0.001
	-0.003 to 0.001
	-0.001
	0.670
	0.000
	-0.034

	CVD
	VLR
	0.638
	0.636
	0.000
	0.000 to 0.001
	0.000
	0.546
	0.000
	-0.049

	CVD
	TyG-CVAI
	0.638
	0.635
	0.000
	-0.002 to 0.003
	0.000
	0.798
	0.001
	-0.003

	CVD
	TyG-BMI
	0.637
	0.634
	0.001
	-0.002 to 0.003
	0.002
	0.275
	0.001
	0.041

	CVD
	TyG-WC
	0.638
	0.635
	0.000
	-0.003 to 0.002
	0.001
	0.640
	0.001
	-0.001

	CVD
	TyG-VLR
	0.638
	0.636
	Reference
	Reference
	Reference
	—
	Reference
	Reference


Note: Positive delta values indicate higher discrimination for TyG-VLR than the comparator marker. Discrimination analyses were exploratory and should not be interpreted as evidence that TyG-VLR is a standalone clinical prediction tool. Abbreviations: AUC, area under the curve; IDI, integrated discrimination improvement; NRI, net reclassification improvement; TyG-VLR, triglyceride-glucose-visceral lipid ratio. Values shown as 0.000 indicate estimates that were zero after rounding to three decimals; the TyG-VLR row is the reference comparison.



Table S29 Multiple imputation sensitivity analysis.
	Outcome
	Exposure
	Analysis
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Complete-case
	1.15 (1.10-1.21)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Multiple imputation (MICE, m=20)
	1.14 (1.09-1.20)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Complete-case
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Multiple imputation (MICE, m=20)
	1.11 (1.05-1.17)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Complete-case
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Multiple imputation (MICE, m=20)
	1.21 (1.11-1.30)
	<0.001


Note: Multiple imputation by chained equations was performed with 20 imputations among baseline-eligible participants. Estimates were combined using Rubin rules and compared with complete-case results. Abbreviations: CVD, cardiovascular disease; HR, hazard ratio; MICE, multiple imputation by chained equations; TyG-VLR, triglyceride-glucose-visceral lipid ratio.

Table S30 Restricted cubic spline nonlinearity tests.
	Outcome
	Exposure
	P overall
	P for nonlinearity

	CVD
	Baseline TyG-VLR
	<0.001
	0.867

	CVD
	Repeated-measure TyG-VLR burden
	<0.001
	0.417

	Heart disease
	Baseline TyG-VLR
	0.010
	0.893

	Heart disease
	Repeated-measure TyG-VLR burden
	0.009
	0.751

	Stroke
	Baseline TyG-VLR
	<0.001
	0.007

	Stroke
	Repeated-measure TyG-VLR burden
	<0.001
	<0.001


Note: Restricted cubic spline analyses used the fully adjusted model. P overall tests the overall exposure-outcome association, whereas P for nonlinearity tests the nonlinear spline terms. Abbreviations: CVD, cardiovascular disease; RCS, restricted cubic spline; TyG-VLR, triglyceride-glucose-visceral lipid ratio.

Table S31 Sensitivity analyses using models without additional adjustment for age.
	Outcome
	Exposure
	Adjustment
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.26 (1.20-1.32)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.33 (1.24-1.42)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 2 vs Cluster 1
	1.44 (1.22-1.71)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 3 vs Cluster 1
	1.99 (1.63-2.42)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.31 (1.25-1.37)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.37 (1.28-1.46)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 2 vs Cluster 1
	1.48 (1.25-1.75)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 3 vs Cluster 1
	2.17 (1.80-2.63)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 2 vs Cluster 1
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 3 vs Cluster 1
	1.51 (1.22-1.85)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.18 (1.12-1.24)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.23 (1.15-1.32)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 2 vs Cluster 1
	1.27 (1.06-1.50)
	0.008

	CVD
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 3 vs Cluster 1
	1.61 (1.31-1.97)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.20 (1.14-1.27)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.29 (1.18-1.40)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 2 vs Cluster 1
	1.16 (0.95-1.42)
	0.154

	Heart disease
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 3 vs Cluster 1
	1.75 (1.39-2.21)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.25 (1.18-1.31)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.33 (1.23-1.44)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 2 vs Cluster 1
	1.20 (0.98-1.47)
	0.079

	Heart disease
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 3 vs Cluster 1
	1.94 (1.55-2.43)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 2 vs Cluster 1
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 3 vs Cluster 1
	1.35 (1.06-1.73)
	0.015

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.14 (1.08-1.21)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.21 (1.10-1.32)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 2 vs Cluster 1
	1.03 (0.83-1.26)
	0.808

	Heart disease
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 3 vs Cluster 1
	1.46 (1.14-1.85)
	0.002

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.38 (1.29-1.49)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 2
	Per 1-SD increase
	1.40 (1.27-1.56)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 2 vs Cluster 1
	2.26 (1.70-3.01)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Original Model 2
	Cluster 3 vs Cluster 1
	2.60 (1.87-3.61)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.43 (1.34-1.54)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 2 excluding age
	Per 1-SD increase
	1.45 (1.31-1.60)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 2 vs Cluster 1
	2.33 (1.75-3.09)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Model 2 excluding age
	Cluster 3 vs Cluster 1
	2.85 (2.06-3.93)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Original Model 3
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 2 vs Cluster 1
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Original Model 3
	Cluster 3 vs Cluster 1
	1.97 (1.39-2.79)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.24 (1.15-1.34)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Model 3 excluding age
	Per 1-SD increase
	1.30 (1.16-1.44)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 2 vs Cluster 1
	2.00 (1.49-2.67)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Model 3 excluding age
	Cluster 3 vs Cluster 1
	2.10 (1.49-2.96)
	<0.001


Note: Because age is included in the CVAI formula, parallel models excluding additional adjustment for age were examined. Original Model 2 adjusted for age, sex, marital status, residence, education, smoking, and drinking; the corresponding age-excluded model omitted age. Original Model 3 additionally adjusted for hypertension, diabetes mellitus, dyslipidemia, kidney disease, cancer, systolic blood pressure, HbA1c, white blood cell count, and C-reactive protein; the corresponding age-excluded model omitted age. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; CVAI, Chinese visceral adiposity index; HR, hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio.






















Table S32 Comparison of multiplicative and alternative TyG-VLR formulations.
	Outcome
	Analysis
	Formulation
	Contrast
	HR (95% CI)
	P value
	C-index

	CVD
	Baseline formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001
	0.638

	CVD
	Baseline formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.16 (1.09-1.23)
	<0.001
	0.637

	CVD
	Baseline formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.14 (1.08-1.21)
	<0.001
	0.637

	CVD
	Repeated-measure burden formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001
	0.641

	CVD
	Repeated-measure burden formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.24 (1.14-1.35)
	<0.001
	0.641

	CVD
	Repeated-measure burden formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.22 (1.12-1.32)
	<0.001
	0.640

	Heart disease
	Baseline formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001
	0.632

	Heart disease
	Baseline formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.11 (1.04-1.18)
	0.002
	0.631

	Heart disease
	Baseline formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.08 (1.01-1.15)
	0.019
	0.630

	Heart disease
	Repeated-measure burden formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001
	0.640

	Heart disease
	Repeated-measure burden formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.17 (1.06-1.30)
	0.003
	0.638

	Heart disease
	Repeated-measure burden formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.14 (1.03-1.25)
	0.009
	0.636

	Stroke
	Baseline formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001
	0.687

	Stroke
	Baseline formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.29 (1.17-1.42)
	<0.001
	0.688

	Stroke
	Baseline formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.28 (1.17-1.40)
	<0.001
	0.689

	Stroke
	Repeated-measure burden formulation
	Multiplicative TyG-VLR
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001
	0.673

	Stroke
	Repeated-measure burden formulation
	Log-transformed TyG-VLR
	Per 1-SD increase
	1.41 (1.23-1.62)
	<0.001
	0.677

	Stroke
	Repeated-measure burden formulation
	Standardized additive score: Z(TyG)+Z(LDL-C)+Z(CVAI)
	Per 1-SD increase
	1.39 (1.23-1.58)
	<0.001
	0.681


Note: Multiplicative TyG-VLR was compared with log-transformed TyG-VLR and a standardized additive score defined as Z(TyG) + Z(LDL-C) + Z(CVAI). All formulations were standardized before inclusion in the fully adjusted Cox models. The C-index was calculated from the corresponding marker-specific model. Abbreviations: CI, confidence interval; CVAI, Chinese visceral adiposity index; CVD, cardiovascular disease; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; TyG, triglyceride-glucose; TyG-VLR, triglyceride-glucose-visceral lipid ratio.


























Table S33 Sensitivity analysis excluding events first reported at the first post-index follow-up wave.
	Outcome
	Exposure
	Analysis
	Contrast
	HR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.15 (1.10-1.21)
	<0.001

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Excluding events first reported at Wave 2
	Per 1-SD increase
	1.15 (1.09-1.21)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.21 (1.12-1.30)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 2 vs Cluster 1
	1.24 (1.05-1.48)
	0.013

	CVD
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 3 vs Cluster 1
	1.51 (1.22-1.85)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluding events first reported at Wave 4
	Per 1-SD increase
	1.31 (1.16-1.49)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 2 vs Cluster 1
	1.25 (0.92-1.70)
	0.149

	CVD
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 3 vs Cluster 1
	1.70 (1.18-2.45)
	0.004

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.11 (1.05-1.18)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Excluding events first reported at Wave 2
	Per 1-SD increase
	1.09 (1.02-1.16)
	0.009

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 2 vs Cluster 1
	1.00 (0.82-1.24)
	0.966

	Heart disease
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 3 vs Cluster 1
	1.35 (1.06-1.73)
	0.015

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluding events first reported at Wave 4
	Per 1-SD increase
	1.19 (1.02-1.38)
	0.024

	Heart disease
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 2 vs Cluster 1
	1.05 (0.74-1.48)
	0.800

	Heart disease
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 3 vs Cluster 1
	1.29 (0.85-1.95)
	0.235

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.21 (1.12-1.31)
	<0.001

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Excluding events first reported at Wave 2
	Per 1-SD increase
	1.23 (1.14-1.34)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Main analysis
	Per 1-SD increase
	1.27 (1.14-1.42)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 2 vs Cluster 1
	1.96 (1.47-2.62)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Main analysis
	Cluster 3 vs Cluster 1
	1.97 (1.39-2.79)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Excluding events first reported at Wave 4
	Per 1-SD increase
	1.47 (1.21-1.79)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 2 vs Cluster 1
	1.82 (1.08-3.06)
	0.025

	Stroke
	Two-time-point TyG-VLR patterns
	Excluding events first reported at Wave 4
	Cluster 3 vs Cluster 1
	2.56 (1.40-4.66)
	0.002


Note: For baseline analyses, events first reported at Wave 2 were excluded. For repeated-measure burden and two-time-point pattern analyses using Wave 3 as the landmark, events first reported at Wave 4 were excluded. All estimates were obtained from the fully adjusted Model 3. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio.
















Table S34 Stabilized IPW weight distribution and covariate balance diagnostics.
Panel A. Stabilized IPW weight distribution.
	Weight
	Mean
	Median
	Minimum
	Maximum
	Q1
	Q3

	Raw stabilized IPW
	0.999
	0.967
	0.809
	2.055
	0.914
	1.052

	1st/99th percentile truncated IPW
	0.998
	0.967
	0.839
	1.446
	0.914
	1.052


Panel B. Covariate balance before and after IPW.
	Variable
	Level
	SMD before IPW
	SMD after IPW

	Age, years
	
	-0.078
	-0.010

	Body mass index, kg/m²
	
	0.014
	0.008

	Waist circumference, cm
	
	0.003
	0.009

	Systolic blood pressure, mmHg
	
	-0.058
	-0.022

	HbA1c, %
	
	-0.010
	-0.005

	White blood cell count
	
	-0.027
	-0.027

	C-reactive protein
	
	-0.036
	-0.032

	Baseline TyG-VLR
	
	-0.027
	-0.006

	Sex
	Female
	0.003
	-0.004

	Sex
	Male
	-0.003
	0.004

	Marital status
	Married
	0.055
	0.003

	Marital status
	Unmarried
	-0.055
	-0.003

	Residence
	Rural
	0.062
	0.003

	Residence
	Urban
	-0.062
	-0.003

	Education
	College or above
	-0.025
	-0.002

	Education
	High school
	-0.024
	-0.002

	Education
	Middle school or below
	0.031
	0.003

	Smoking status
	No
	0.015
	-0.002

	Smoking status
	Yes
	-0.015
	0.002

	Alcohol consumption
	No
	0.006
	-0.004

	Alcohol consumption
	Yes
	-0.006
	0.004

	Hypertension
	No
	0.043
	0.002

	Hypertension
	Yes
	-0.043
	-0.002

	Diabetes mellitus
	No
	0.009
	0.000

	Diabetes mellitus
	Yes
	-0.009
	0.000

	Dyslipidemia
	No
	-0.004
	0.001

	Dyslipidemia
	Yes
	0.004
	-0.001

	Kidney disease
	No
	0.040
	0.002

	Kidney disease
	Yes
	-0.040
	-0.002

	Cancer
	No
	0.009
	0.000

	Cancer
	Yes
	-0.009
	0.000

	CKM stage
	Stage 0
	0.016
	0.001

	CKM stage
	Stage 1
	0.040
	0.002

	CKM stage
	Stage 2
	0.003
	0.001

	CKM stage
	Stage 3
	-0.045
	-0.002


Note: Stabilized inverse probability weights were estimated for inclusion in the repeated-measure cohort. The truncated weights were restricted at the 1st and 99th percentiles. All absolute standardized mean differences were below 0.10 after weighting, indicating adequate measured-covariate balance; the balance diagnostics are displayed in Figure S5. Abbreviations: CKM, cardiovascular-kidney-metabolic; IPW, inverse probability weighting; SMD, standardized mean difference; TyG-VLR, triglyceride-glucose-visceral lipid ratio.







Table S35 Fine-Gray competing-risk analyses treating death as a competing event.
	Outcome
	Exposure
	Contrast
	SHR (95% CI)
	P value

	CVD
	Baseline TyG-VLR (per 1-SD increase)
	Per 1-SD increase
	1.17 (1.11-1.22)
	<0.001

	CVD
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Per 1-SD increase
	1.19 (1.11-1.28)
	<0.001

	CVD
	Two-time-point TyG-VLR patterns
	Cluster 2 vs Cluster 1
	1.24 (1.05-1.47)
	0.013

	CVD
	Two-time-point TyG-VLR patterns
	Cluster 3 vs Cluster 1
	1.49 (1.21-1.82)
	<0.001

	Heart disease
	Baseline TyG-VLR (per 1-SD increase)
	Per 1-SD increase
	1.13 (1.07-1.20)
	<0.001

	Heart disease
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Per 1-SD increase
	1.17 (1.07-1.28)
	<0.001

	Heart disease
	Two-time-point TyG-VLR patterns
	Cluster 2 vs Cluster 1
	1.01 (0.82-1.24)
	0.925

	Heart disease
	Two-time-point TyG-VLR patterns
	Cluster 3 vs Cluster 1
	1.35 (1.05-1.72)
	0.018

	Stroke
	Baseline TyG-VLR (per 1-SD increase)
	Per 1-SD increase
	1.24 (1.15-1.33)
	<0.001

	Stroke
	Repeated-measure TyG-VLR burden (per 1-SD increase)
	Per 1-SD increase
	1.26 (1.14-1.39)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Cluster 2 vs Cluster 1
	1.95 (1.46-2.60)
	<0.001

	Stroke
	Two-time-point TyG-VLR patterns
	Cluster 3 vs Cluster 1
	1.96 (1.39-2.76)
	<0.001


Note: Fine-Gray subdistribution hazard models treated death before the cardiovascular outcome as a competing event and used the same covariate adjustment as Model 3. Cluster 1 was the reference group for two-time-point pattern analyses. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; SHR, subdistribution hazard ratio; TyG-VLR, triglyceride-glucose-visceral lipid ratio.






Fig.S1. Elbow plot and two-time-point pattern visualization.
[image: ]
Note: K-means clustering used Wave 1 and Wave 3 TyG-VLR values. Because only two biomarker waves were available, these groups were interpreted as two-time-point patterns rather than full trajectories.
Fig.S2. Calibration plots.
[image: ]
Note: Calibration plots were used only for exploratory incremental prediction assessment.




Fig.S3. Predefined two-time-point TyG-VLR pattern categories.
[image: ]
Note: The figure illustrates predefined low-low, low-high, high-low, and high-high two-time-point TyG-VLR categories used as an additional descriptive robustness check. TyG-VLR, triglyceride-glucose-visceral lipid ratio.



Fig.S4. Restricted cubic spline analyses for TyG-VLR and CVD subtypes.
[image: ]
Note: Panels A and C show baseline TyG-VLR analyses; panels B and D show repeated-measure TyG-VLR burden analyses. Panels A and B correspond to incident heart disease, and panels C and D correspond to incident stroke. Curves were fitted using fully adjusted Cox models. Shaded areas indicate 95% confidence intervals, and histograms show exposure distributions. Abbreviations: CI, confidence interval; RCS, restricted cubic spline; TyG-VLR, triglyceride-glucose-visceral lipid ratio.
Fig.S5. Covariate balance before and after inverse probability weighting.
[image: ]
Note: Absolute standardized mean differences are shown before and after stabilized inverse probability weighting for inclusion in the repeated-measure cohort. The dashed vertical line denotes the prespecified balance threshold of 0.10. For categorical covariates, the largest absolute standardized mean difference across levels is displayed. Abbreviations: CKM, cardiovascular-kidney-metabolic; IPW, inverse probability weighting; SMD, standardized mean difference; TyG-VLR, triglyceride-glucose-visceral lipid ratio.


Abbreviations
ARI, adjusted Rand index; AUC, area under the curve; CKM, cardiovascular-kidney-metabolic; CVAI, Chinese visceral adiposity index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; FDR, false discovery rate; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; IDI, integrated discrimination improvement; IPW, inverse probability weighting; LDL-C, low-density lipoprotein cholesterol; MICE, multiple imputation by chained equations; NRI, net reclassification improvement; PH, proportional hazards; RCS, restricted cubic spline; TyG, triglyceride-glucose; TyG-VLR, triglyceride-glucose-visceral lipid ratio; VIF, variance inflation factor; VLR, visceral lipid ratio; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index; SHR, subdistribution hazard ratio; SMD, standardized mean difference.
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