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	[bookmark: _Toc5512][bookmark: _Toc9465]Table S1. Subgroup analysis of cumulative TyG-CVAI and new-onset CVD risk.

	Subgroup
	HR (95% CI)
	P value
	P for interaction

	Age
	
	
	<0.001

	  <60
	1.31 (1.19~1.43)
	<0.001
	

	  ≥60
	1.05 (1.00~1.11)
	0.071
	

	sex
	
	
	<0.001

	  Female
	1.06 (1.00~1.12)
	0.035
	

	  Male
	1.35 (1.21~1.51)
	<0.001
	

	Smoke
	
	
	0.462

	  Never
	1.09 (1.04~1.14)
	<0.001
	

	  Ever
	1.12 (1.05~1.20)
	<0.001
	

	Drink
	
	
	<0.001

	  Never
	1.06 (1.01~1.12)
	0.020
	

	  Ever
	1.37 (1.22~1.53)
	<0.001
	

	Diabetes
	
	
	0.050

	  No
	1.09 (1.05~1.13)
	<0.001
	

	  Yes
	1.66 (1.21~2.27)
	0.002
	

	Dyslipidemia
	
	
	0.780

	  No
	1.08 (1.04~1.13)
	<0.001
	

	  Yes
	1.13 (0.91~1.39)
	0.274
	

	Hypertension
	
	
	0.055

	  No
	1.06 (1.00~1.12)
	0.034
	

	  Yes
	1.23 (1.08~1.39)
	0.001
	

	Cumulative TyG-CVAI was analyzed per 1-SD increase. Adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease and kidney disease, except for the corresponding stratification variable. Hypertension, diabetes, and dyslipidemia were stratification variables only. TyG, triglyceride-glucose index; CVAI, Chinese visceral adiposity index; CVD, cardiovascular disease.




	[bookmark: _Toc11732][bookmark: _Toc21603]Table S2. Association between TyG-CVAI change patterns, cumulative TyG-CVAI, and new-onset CVD risk: cox regression analysis after multiple imputation

	Variable
	Model 1
	Model 2
	Model 3

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

	TyG-CVAI change patterns
	
	
	
	
	
	

	Low-Low
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Low-High
	1.52 (1.22~1.89)
	<0.001
	1.48 (1.19~1.85)
	<0.001
	1.49 (1.20~1.86)
	<0.001

	High-Low
	1.64 (1.20~2.25)
	0.002
	1.59 (1.16~2.19)
	0.004
	1.62 (1.18~2.22)
	0.003

	High-High
	1.87 (1.59~2.21)
	<0.001
	1.75 (1.49~2.07)
	<0.001
	1.77 (1.50~2.09)
	<0.001

	Cumulative TyG-CVAI (per 1-SD increase)
	1.11 (1.07~1.15)
	<0.001
	1.10 (1.06~1.14)
	<0.001
	1.09 (1.06~1.14)
	<0.001

	Quartiles of Cumulative TyG-CVAI
	
	
	
	
	
	

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Q2
	1.29 (1.04~1.59)
	0.021
	1.25 (1.01~1.55)
	0.039
	1.26 (1.02~1.56)
	0.034

	Q3
	1.47 (1.20~1.81)
	<0.001
	1.41 (1.14~1.73)
	0.001
	1.42 (1.15~1.75)
	0.001

	Q4
	2.05 (1.68~2.49)
	<0.001
	1.90 (1.55~2.31)
	<0.001
	1.91 (1.56~2.33)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001

	With missing data: The numbers of missing values for the covariates were 3 (0.07%) for rural residence, 4 (0.09%) for drinking status, 13 (0.30%) for kidney disease, 16 (0.37%) for cancer, 16 (0.37%) for liver disease. Multiple imputation by chained equations was applied to handle missing values in the covariates. Follow-up time, outcome status, TyG-CVAI change patterns, and cumulative TyG-CVAI were not imputed. Cumulative TyG-CVAI was standardized before Cox regression; HRs are interpreted per 1-SD increase.




	[bookmark: _Toc4482][bookmark: _Toc1328]Table S3. Association between TyG-CVAI change patterns, cumulative TyG-CVAI, and new-onset CVD risk: Fine–Gray competing-risk regression analysis

	Variable
	sHR (95% CI)
	P  value

	TyG-CVAI change patterns
	
	

	Low-Low
	1.00 (Reference)
	

	Low-High
	1.47 (1.19~1.82)
	<0.001

	High-Low
	1.60 (1.19~2.15)
	0.002

	High-High
	1.71 (1.46~2.02)
	<0.001

	Cumulative TyG-CVAI (per 1-SD increase)
	1.09 (1.04~1.15)
	<0.001

	Quartiles of Cumulative TyG-CVAI
	
	

	Q1
	1.00 (Reference)
	

	Q2
	1.25 (1.02~1.53)
	0.035

	Q3
	1.38 (1.13~1.68)
	0.002

	Q4
	1.84 (1.52~2.22)
	<0.001

	P for trend
	
	<0.001

	sHR, subdistribution hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride-glucose index combined with Chinese visceral adiposity index. Non-CVD death was treated as the competing event in Fine–Gray competing-risk regression models. The model was adjusted for age, sex, marital status, educational level, smoking status, drinking status, cancer, liver disease and kidney disease. Cumulative TyG-CVAI was standardized before regression.





	[bookmark: _Toc11765][bookmark: _Toc27352]Table S4. Sensitivity analysis additionally adjusted for baseline hypertension and diabetes for the associations of TyG-CVAI change patterns and cumulative TyG-CVAI with new-onset CVD risk.

	Variable
	Total number
	Events, n(%)
	Model 1
	Model 2
	Model 3

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

	TyG-CVAI change patterns
	
	
	
	
	
	
	
	

	Low-Low
	1482
	201 (13.6%)
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Low-High
	651
	128 (19.7%)
	1.51 (1.21~1.88)
	<0.001
	1.48 (1.18~1.84)
	<0.001
	1.44 (1.15~1.80)
	0.001

	High-Low
	225
	48 (21.3%)
	1.66 (1.21~2.27)
	0.002
	1.62 (1.18~2.22)
	0.003
	1.51 (1.10~2.07)
	0.011

	High-High
	1905
	453 (23.8%)
	1.87 (1.58~2.20)
	<0.001
	1.75 (1.48~2.07)
	<0.001
	1.56 (1.31~1.86)
	<0.001

	Cumulative TyG-CVAI (per 1-SD increase)
	—
	—
	1.11 (1.07~1.15)
	<0.001
	1.10 (1.06~1.14)
	<0.001
	1.08 (1.04~1.13)
	<0.001

	Quartiles of Cumulative TyG-CVAI
	
	
	
	
	
	
	
	

	Q1
	1066
	151 (14.2%)
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Q2
	1071
	187 (17.5%)
	1.26 (1.01~1.56)
	0.037
	1.23 (0.99~1.52)
	0.064
	1.19 (0.96~1.48)
	0.113

	Q3
	1062
	209 (19.7%)
	1.44 (1.17~1.78)
	<0.001
	1.38 (1.12~1.70)
	0.003
	1.31 (1.06~1.61)
	0.014

	Q4
	1064
	283 (26.6%)
	2.03 (1.67~2.47)
	<0.001
	1.88 (1.54~2.30)
	<0.001
	1.61 (1.30~1.98)
	<0.001

	P for trend
	
	
	
	<0.001
	
	<0.001
	
	<0.001

	Model 1: no covariates were adjusted.
Model 2: adjusted for age and sex.
Model 3: adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease, kidney disease, hypertension, and diabetes.
Analyses were conducted after excluding participants with missing covariate data required for this sensitivity analysis. The continuous cumulative TyG-CVAI analysis included 4,263 participants and 830 CVD events. Cumulative TyG-CVAI was standardized before Cox regression; HRs are interpreted per 1-SD increase. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.



	[bookmark: _Toc23194][bookmark: _Toc29225]Table S5. Sensitivity analysis for the association between tertiles of cumulative TyG-CVAI and new-onset CVD risk

	Variable
	Model 1
	Model 2
	Model 3

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

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Q2
	1.44 (1.20~1.72)
	<0.001
	1.40 (1.17~1.67)
	<0.001
	1.41 (1.18~1.69)
	<0.001

	Q3
	1.88 (1.58~2.23)
	<0.001
	1.76 (1.48~2.09)
	<0.001
	1.77 (1.48~2.11)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001


Model 1: no covariates were adjusted
Model 2: Adjusted for age and sex
Model 3: Adjusted for age, sex, marital status, educational level, smoking status, drinking status, cancer, liver disease and kidney disease



	[bookmark: _Toc1375][bookmark: _Toc4622]Table S6. Association between standardized ΔTyG-CVAI from 2011 to 2015 and new-onset CVD risk

	Variable
	Model 1
	Model 2
	Model 3

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

	Without adjustment for baseline TyG-CVAI
	
	
	
	
	
	

	ΔTyG-CVAI (per 1-SD increase)
	0.99 (0.92–1.06)
	0.666
	0.99 (0.93–1.06)
	0.747
	0.99 (0.93–1.06)
	0.748

	Further adjusted for baseline TyG-CVAI
	
	
	
	
	
	

	ΔTyG-CVAI (per 1-SD increase)
	1.06 (1.02–1.09)
	<0.001
	1.05 (1.01–1.09)
	0.009
	1.05 (1.01–1.09)
	0.01

	ΔTyG-CVAI was calculated as TyG-CVAI2015 − TyG-CVAI2011 and standardized before Cox regression; HRs are interpreted per 1-SD increase. Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease and kidney disease. Baseline-adjusted models were additionally adjusted for baseline TyG-CVAI in 2011. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.










	[bookmark: _Toc3807][bookmark: _Toc13508]Table S7. Sex-specific tertile cut-off values for baseline TyG-CVAI in 2011

	Sex
	T1/T2 cut-off
	T2/T3 cut-off

	Male
	566.8
	929.364

	Female
	670.335
	964.838

	Sex-specific tertile cut-off values were derived from the 2011 baseline TyG-CVAI distribution and applied to both 2011 and 2015 TyG-CVAI values to construct tertile-based transition patterns. TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.




	[bookmark: _Toc16680][bookmark: _Toc6558]Table S8. Sensitivity analysis using simplified five-category tertile-based TyG-CVAI transition patterns and new-onset CVD risk

	Variable
	Total number
	Events, n(%)
	Model 1
	Model 2
	Model 3

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

	Stable low
	862
	111(12.9%)
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Increasing
	1034
	198(19.1%)
	1.54 (1.22–1.94)
	<0.001
	1.49 (1.18–1.88)
	<0.001
	1.50 (1.18–1.89)
	<0.001

	Decreasing
	436
	72(16.5%)
	1.31 (0.98–1.77)
	0.073
	1.27 (0.94–1.71)
	0.119
	1.27 (0.95–1.72)
	0.111

	Stable middle
	729
	141(19.3%)
	1.56 (1.22–2.00)
	<0.001
	1.49 (1.16–1.91)
	0.002
	1.50 (1.17–1.92)
	0.002

	Stable high
	1231
	310 (25.2%)
	2.10 (1.69–2.61)
	<0.001
	1.94 (1.56–2.41)
	<0.001
	1.95 (1.56–2.43)
	<0.001

	Sex-specific tertile cut-off values were derived from the 2011 baseline TyG-CVAI distribution and applied to both 2011 and 2015 TyG-CVAI values. Stable low was used as the reference group. Analyses were conducted among participants with complete data on all covariates included in Model 3. Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease and kidney disease. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.



	[bookmark: _Toc14691][bookmark: _Toc18322]Table S9. Sensitivity analysis using full nine-category tertile-based TyG-CVAI transition patterns and new-onset CVD risk

	Variable
	Total number
	Events, n(%)
	Model 1
	Model 2
	Model 3

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

	Low–Low
	862
	111 (12.9%)
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	Low–Middle
	461
	78 (16.9%)
	1.33 (1.00–1.78)
	0.052
	1.32 (0.99–1.76)
	0.062
	1.32 (0.99–1.77)
	0.061

	Low–High
	108
	14 (13.0%)
	1.00 (0.57–1.74)
	0.987
	1.00 (0.57–1.74)
	0.985
	1.00 (0.57–1.74)
	0.996

	Middle–Low
	236
	34 (14.4%)
	1.14 (0.78–1.67)
	0.504
	1.11 (0.76–1.63)
	0.592
	1.12 (0.76–1.65)
	0.565

	Middle–Middle
	729
	141 (19.3%)
	1.56 (1.22–2.00)
	<0.001
	1.49 (1.16–1.91)
	0.002
	1.50 (1.17–1.93)
	0.001

	Middle–High
	465
	106 (22.8%)
	1.89 (1.45–2.46)
	<0.001
	1.78 (1.36–2.32)
	<0.001
	1.79 (1.37–2.34)
	<0.001

	High–Low
	39
	10 (25.6%)
	2.05 (1.08–3.92)
	0.029
	2.04 (1.07–3.89)
	0.031
	2.03 (1.06–3.88)
	0.033

	High–Middle
	161
	28 (17.4%)
	1.39 (0.92–2.10)
	0.122
	1.32 (0.87–2.00)
	0.19
	1.33 (0.88–2.01)
	0.181

	High–High
	1231
	310 (25.2%)
	2.10 (1.69–2.61)
	<0.001
	1.94 (1.56–2.42)
	<0.001
	1.96 (1.57–2.44)
	<0.001

	Sex-specific tertile cut-off values were derived from the 2011 baseline TyG-CVAI distribution and applied to both 2011 and 2015 TyG-CVAI values. Low–low was used as the reference group. Analyses were conducted among participants with complete data on all covariates included in Model 3. Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease and kidney disease. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.





	[bookmark: _Toc28956][bookmark: _Toc7649]Table S10. Exploratory K-means clustering of TyG-CVAI burden and new-onset CVD risk

	K-means cluster
	Total number
	Events, n (%)
	Mean TyG-CVAI in 2011
	Mean TyG-CVAI in 2015
	Mean change
	Model 1 HR (95% CI)
	P value
	Model 2 HR (95% CI)
	P value
	Model 3 HR (95% CI)
	P value

	Low burden
	2491
	411 (16.5%)
	551.09
	611.74
	60.65
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	High burden
	1801
	421 (23.4%)
	1171.61
	1267.29
	95.67
	1.47 (1.29–1.69)
	<0.001
	1.40 (1.22–1.61)
	<0.001
	1.41 (1.22–1.61)
	<0.001

	K-means clustering was performed using winsorized and sex-standardized TyG-CVAI values measured in 2011 and 2015. The low-burden cluster was used as the reference group. Analyses were conducted among participants with complete data on all covariates included in Model 3. Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, liver disease and kidney disease. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.



	[bookmark: _Toc16294][bookmark: _Toc22881]Table S11. Proportional hazards assumption tests for Cox models.

	Model
	Chi-square
	df
	P value
	Global P value

	TyG-CVAI change-pattern model
	1.24
	3
	0.743
	0.91

	Continuous cumulative TyG-CVAI model (per 1-SD increase)
	0.003
	1
	0.958
	0.889

	Cumulative TyG-CVAI quartile model
	2.7
	3
	0.44
	0.855

	Expanded adjustment change-pattern model
	1.584
	3
	0.663
	0.822

	Expanded adjustment continuous cumulative TyG-CVAI model (per 1-SD increase)
	0.038
	1
	0.846
	0.843

	Expanded adjustment cumulative TyG-CVAI quartile model
	2.961
	3
	0.398
	0.714

	The proportional hazards assumption was assessed using Schoenfeld residuals. The table presents tests for the main exposure term and the corresponding global test for each Cox model. Main models were adjusted according to Model 3. 
Expanded adjustment models were additionally adjusted for baseline hypertension and diabetes. PH, proportional hazards; df, degrees of freedom; TyG-CVAI, triglyceride glucose–Chinese visceral adiposity index.
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[bookmark: _Toc11800][bookmark: _Toc3781]Figure S1. Flow of sex-specific TyG-CVAI quartiles from 2011 to 2015 in CHARLS
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[bookmark: _Toc25343][bookmark: _Toc3424]Figure S2. Distribution of sex-standardized TyG-CVAI in 2011 and 2015 according to predefined change patterns
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[bookmark: _Toc22594][bookmark: _Toc29162]Figure S3. Kaplan-Meier curves for cumulative incidence of CVD according to quartiles of cumulative TyG-CVAI in CHARLS
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[bookmark: _Toc16001][bookmark: _Toc11566]Figure S4. Subgroup analyses for the association between continuous cumulative TyG-CVAI and incident CVD in CHARLS
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[bookmark: _Toc29659][bookmark: _Toc25322]Figure S5. Exploratory K-means clustering of TyG-CVAI values measured in 2011 and 2015
(A) Elbow method plot showing the within-cluster sum of squares across different numbers of clusters.
(B) Average silhouette width across different numbers of clusters.
(C) Mean TyG-CVAI trajectories of the two K-means-derived clusters from Wave 1 (2011) to Wave 3 (2015). K-means clustering was performed using winsorized and sex-standardized TyG-CVAI values.
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