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Supplementary Table S1. Detailed description of the 31 items used to construct the frailty index in CHARLS and their corresponding cut-off values.
	No
	Description of the items
	Cut-off value

	
	CHARLS
	

	1
	Self-reported physician diagnosed heart problem
	Yes = 1, No = 0

	2
	Self-reported physician diagnosed stroke
	Yes = 1, No = 0

	3
	Self-reported physician diagnosed diabetes
	Yes = 1, No = 0

	4
	Self-reported physician diagnosed cancer
	Yes = 1, No = 0

	5
	Self-reported physician diagnosed arthritis
	Yes = 1, No = 0

	6
	Self-reported physician diagnosed chronic lung disease
	Yes = 1, No = 0

	7
	Self-reported physician diagnosed asthma
	Yes = 1, No = 0

	8
	Self-reported physician diagnosed any emotional, nervous, or psychiatric problems
	Yes = 1, No = 0

	9
	Self-reported physician diagnosed memory-related disease
	Yes = 1, No = 0

	10
	[bookmark: OLE_LINK1]Self-reported vision problems
	Yes = 1, No = 0 in the CHARLS 

	11
	Self-reported hearing problems 
	Yes = 1, No = 0 in the CHARLS

	12
	Self-reported general health status
	Poor or fair = 1, excellent, very good, or good = 0

	13
	Difficulty with dressing
	Yes = 1, No = 0

	14
	Difficulty with bathing or showering
	Yes = 1, No = 0

	15
	Difficulty with eating
	Yes = 1, No = 0

	16
	Difficulty with getting in and out of bed
	Yes = 1, No = 0

	17
	Difficulty with using the toilet
	Yes = 1, No = 0

	18
	Difficulty with managing money
	Yes = 1, No = 0

	19
	Difficulty with taking medications
	Yes = 1, No = 0

	20
	Difficulty with shopping for groceries
	Yes = 1, No = 0

	21
	Difficulty with preparing meals
	Yes = 1, No = 0

	22
	Difficulty with doing housework
	Yes = 1, No = 0

	23
	Mobility: difficulty with walking 100 yards
	Yes = 1, No = 0

	24
	Mobility: difficulty with getting up from a chair after sitting for long periods
	Yes = 1, No = 0

	25
	Mobility: difficulty with climbing several flights of stairs without resting
	Yes = 1, No = 0

	26
	Mobility: difficulty with lifting or carrying weights over 10 pounds/jins
	Yes = 1, No = 0

	27
	Mobility: difficulty with picking up a coin from the table
	Yes = 1, No = 0

	28
	Mobility: difficulty with stooping, kneeling, or crouching
	Yes = 1, No = 0

	29
	Mobility: difficulty with reaching arms above shoulder level
	Yes = 1, No = 0

	30
	Depression: CESD-10 questionnaire
	CESD-10 >10 =1, ≤10 =0 in the CHARLS

	31
	Cognition: (memory test score + orientation test score) / 14
	Continuous, ranging from 0 to 1



Memory-related disease indicates Alzheimer’s disease or dementia, organic brain senility, or other serious memory impairment.
[bookmark: OLE_LINK2]Depression is evaluated using Center for Epidemiologic Studies Depression Scale (CESD). In the CHARLS, CESD-10 is used, and the total score ranges from 0 to 30. The higher score indicates more severe depressive symptoms. 
The memory score is the average of words that are not recalled in the immediate and delayed word recall tasks. The memory score ranges from 0 to 10. The orientation test comprises four questions about the day of the week, the month, the date of the month, and the year. One point is given for each wrong answer, and the range is from 0 to 4.


Supplementary Table S2. Missingness of baseline variables. BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; FPG, fasting plasma glucose; CRP, C-reactive protein; CTI, C-reactive protein-triglyceride-glucose; CHG, cholesterol–high-density lipoprotein–glucose.
	Variable
	Missing (n)
	Missing (%)

	BMI, kg/m2
	432
	11.23

	DBP, mmHg
	406
	10.56

	SBP, mmHg
	406
	10.56

	Marital status
	0
	0.00

	Residence
	0
	0.00

	Age, years
	0
	0.00

	Sex
	0
	0.00

	Education
	0
	0.00

	Dyslipidemia
	55
	1.43

	Current drinking
	1
	0.03

	Current smoking
	48
	1.25

	Diabetes
	23
	0.60

	Heart disease
	17
	0.44

	Kidney disease
	17
	0.44

	Stroke
	11
	0.29

	White blood cell count
	75
	1.95

	Platelet count
	74
	1.92

	Mean corpuscular volume
	73
	1.90

	LDL-C, mg/dL
	3
	0.08

	Creatinine
	1
	0.03

	BUN
	0
	0.00

	CRP
	0
	0.00

	HDL-C, mg/dL
	0
	0.00

	TC, mg/dL
	0
	0.00




Supplementary Table S3. Baseline characteristics of study participants stratified by hypertension status.
	Characteristics
	Total (N=3,846)
	Non-HTN (n=2,864)
	HTN (n=982)
	P-value

	Age, years
	57.84 ± 8.12
	57.42 ± 8.03
	59.07 ± 8.27
	<0.001

	Sex, n (%)
	
	
	
	0.610

	Female
	2,086 (54.2%)
	1,546 (54.0%)
	540 (55.0%)
	

	Male
	1,760 (45.8%)
	1,318 (46.0%)
	442 (45.0%)
	

	Education, n (%)
	
	
	
	<0.001

	No formal education
	1,916 (49.8%)
	1,367 (47.7%)
	549 (55.9%)
	

	Primary school
	815 (21.2%)
	606 (21.2%)
	209 (21.3%)
	

	Middle school
	748 (19.4%)
	595 (20.8%)
	153 (15.6%)
	

	High school or above
	367 (9.5%)
	296 (10.3%)
	71 (7.2%)
	

	Marital status, n (%)
	
	
	
	0.287

	Other
	493 (12.8%)
	357 (12.5%)
	136 (13.8%)
	

	Married
	3,353 (87.2%)
	2,507 (87.5%)
	846 (86.2%)
	

	Residence, n (%)
	
	
	
	0.013

	Urban
	1,265 (32.9%)
	974 (34.0%)
	291 (29.6%)
	

	Rural
	2,581 (67.1%)
	1890 (66.0%)
	691 (70.4%)
	

	BMI, kg/m2
	22.62 (20.57-24.91)
	22.38 (20.37-24.63)
	23.19 (21.38-25.86)
	<0.001

	SBP, mmHg
	122.51 ± 16.58
	119.45 ± 14.88
	131.42 ± 18.04
	<0.001

	DBP, mmHg
	72.36 ± 10.43
	70.83 ± 9.77
	76.82 ± 10.98
	<0.001

	Current smoking, n (%)
	
	
	
	0.481

	No
	2,627 (68.3%)
	1,966 (68.6%)
	661 (67.3%)
	

	Yes
	1,171 (30.4%)
	863 (30.1%)
	308 (31.4%)
	

	Current drinking, n (%)
	
	
	
	0.227

	No
	2,528 (65.7%)
	1,899 (66.3%)
	629 (64.1%)
	

	Yes
	1,317 (34.2%)
	965 (33.7%)
	352 (35.8%)
	

	FPG, mg/dL
	101.16 (93.78-110.16)
	100.62 (93.42-109.44)
	102.51 (94.68-112.50)
	<0.001

	TG, mg/dL
	99.12 (71.68-145.14)
	96.46 (70.80-139.83)
	108.86 (77.00-159.30)
	<0.001

	TC, mg/dL
	191.43 ± 36.66
	190.19 ± 36.12
	195.02 ± 37.96
	<0.001

	HDL-C, mg/dL
	52.18 ± 15.33
	52.60 ± 15.18
	50.94 ± 15.70
	0.004

	LDL-C, mg/dL
	115.35 ± 33.31
	114.56 ± 32.76
	117.65 ± 34.78
	0.015

	Creatinine
	0.75 (0.64-0.86)
	0.75 (0.64-0.86)
	0.75 (0.64-0.86)
	0.962

	BUN
	15.04 (12.52-18.01)
	14.99 (12.57-17.95)
	15.21 (12.41-18.14)
	0.733

	CRP
	0.89 (0.50-1.80)
	0.85 (0.49-1.72)
	1.01 (0.53-2.05)
	<0.001

	Heart disease, n (%)
	
	
	
	0.102

	No
	3,548 (92.3%)
	2,651 (92.6%)
	897 (91.3%)
	

	Yes
	281 (7.3%)
	197 (6.9%)
	84 (8.6%)
	

	Diabetes, n (%)
	
	
	
	0.014

	No
	3,672 (95.5%)
	2,746 (95.9%)
	926 (94.3%)
	

	Yes
	151 (3.9%)
	99 (3.5%)
	52 (5.3%)
	

	Stroke, n (%)
	
	
	
	0.598

	No
	3,792 (98.6%)
	2,820 (98.5%)
	972 (99.0%)
	

	Yes
	43 (1.1%)
	34 (1.2%)
	9 (0.9%)
	

	Kidney disease, n (%)
	
	
	
	0.721

	No
	3,632 (94.4%)
	2,706 (94.5%)
	926 (94.3%)
	

	Yes
	197 (5.1%)
	144 (5.0%)
	53 (5.4%)
	

	TyGFI (Wave 1)
	0.63 (0.38-1.12)
	0.62 (0.37-1.09)
	0.67 (0.40-1.25)
	<0.001

	TyGFI (Wave 3)
	0.78 (0.43-1.36)
	0.73 (0.41-1.29)
	0.91 (0.51-1.60)
	<0.001

	Cumulative TyGFI
	2.20 (1.34-3.70)
	2.11 (1.30-3.51)
	2.53 (1.52-4.21)
	<0.001

	TyG (Wave 1)
	8.61 ± 0.63
	8.57 ± 0.62
	8.70 ± 0.66
	<0.001



Data are presented as mean ± standard deviation (SD), median (interquartile range [IQR]), or number (percentage), as appropriate. Differences between groups were compared using Student’s t-test or Mann–Whitney U test for continuous variables and chi-square tests for categorical variables. 
Abbreviations: HTN, hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; CRP, C-reactive protein; TyG, triglyceride-glucose index;  FI, frailty index; TyGFI, triglyceride-glucose frailty index.


Supplementary Table S4. VIF for variables included in the fully adjusted model.
	Variable
	VIF
	Tolerance

	Sex
	1.852
	0.540

	Current smoking
	1.553
	0.644

	Current drinking
	1.328
	0.753

	Cumulative TyGFI
	1.212
	0.825

	Heart disease
	1.092
	0.916

	Age, years
	1.062
	0.942

	Diabetes
	1.031
	0.970

	Dyslipidemia
	1.030
	0.971

	Kidney disease
	1.027
	0.974

	Stroke
	1.023
	0.977

	BMI, kg/m2
	1.002
	0.998


VIF, variance inflation factor; BMI, body mass index; TyGFI, triglyceride-glucose frailty index. The fully adjusted model included cumulative TyGFI, age, sex, BMI, smoking status, drinking status, diabetes, dyslipidemia, heart disease, stroke, and kidney disease. VIFs were calculated in the analytic dataset after imputation of missing model covariates (N = 3,846); VIF >5 was considered potentially concerning.


Supplementary Table S5. Comparison of predictive performance, calibration, and internal validation between cumulative TyGFI and its individual components.
	Exposure
	Model
	P value (Global Test)
	P value (Main Exposure Variable)

	Cumulative TyGFI
	Model 1
	0.822
	0.822

	
	Model 2
	0.867
	0.842

	
	Model 3
	0.875
	0.859

	Cumulative TyGFI quartiles
	Model 1
	0.113
	0.113

	
	Model 2
	0.391
	0.109

	
	Model 3
	0.537
	0.111


PH, proportional hazards; TyGFI, triglyceride-glucose frailty index. Model 1: unadjusted for any covariates. Model 2: adjusted for age, sex, BMI, smoking status, and drinking status. Model 3: adjusted for variables in Model 2 plus diabetes, dyslipidemia, heart disease, stroke, and kidney disease. PH assumption was assessed using Schoenfeld residual-based diagnostics. Event time was approximated as 7 years for hypertension first recorded at Wave 4 and 9 years for hypertension first recorded at Wave 5; participants without incident hypertension were censored at 9 years. P >= 0.05 indicates no evidence against the PH assumption.


Supplementary Table S6. Predictive performance, calibration, and internal validation of cumulative TyGFI and its components.
	Follow-up
	Model
	AUC
	Optimism-corrected AUC
	Brier score
	Optimism-corrected Brier
	Corrected calibration slope

	7-year follow-up
	Fully  model
	0.579
	0.554
	0.135
	0.136
	0.672

	
	Fully  model + TyG
	0.576
	0.561
	0.135
	0.136
	0.743

	
	Fully  model + FI
	0.575
	0.560
	0.135
	0.136
	0.696

	
	Fully  model + baseline TyGFI
	0.578
	0.563
	0.135
	0.137
	0.721

	
	Full model + cumulative TyG
	0.581
	0.567
	0.135
	0.136
	0.712

	
	Full model + cumulative FI
	0.586
	0.572
	0.135
	0.136
	0.693

	
	Fully  model + cumulative TyGFI
	0.594
	0.574
	0.135
	0.135
	0.792

	9-year follow-up
	Fully  model
	0.579
	0.572
	0.187
	0.188
	0.831

	
	Fully  model + TyG
	0.589
	0.581
	0.186
	0.187
	0.866

	
	Fully  model + FI
	0.588
	0.584
	0.187
	0.188
	0.829

	
	Fully  model + baseline TyGFI
	0.591
	0.587
	0.186
	0.188
	0.852

	
	Full model + cumulative TyG
	0.599
	0.590
	0.186
	0.187
	0.814

	
	Full model + cumulative FI
	0.594
	0.598
	0.186
	0.187
	0.796

	
	Fully  model + cumulative TyGFI
	0.601
	0.599
	0.186
	0.187
	0.866


AUC, area under the receiver operating characteristic curve; FI, frailty index; TyG, triglyceride-glucose index; TyGFI, triglyceride-glucose frailty index. The fully adjusted model included age, sex, BMI, smoking status, drinking status, diabetes, dyslipidemia, heart disease, stroke, and kidney disease. Missing covariates were multiply imputed before model fitting. Internal validation was performed using 1,000 bootstrap resamples. Model calibration was assessed using the Brier score and calibration slope, with calibration slopes closer to 1 and lower Brier scores indicating better calibration.


Supplementary Table S7. Sensitivity analyses evaluating the incremental value of cumulative TyGFI beyond cumulative TyG and cumulative FI.
	Follow-up
	Exposure term
	OR (95% CI)
	P value

	7-year follow-up
	Cumulative TyGFI
	1.18 (1.08-1.29)
	<0.001

	
	Cumulative TyG
	1.20 (1.10-1.31)
	<0.001

	
	Cumulative FI
	1.19 (1.09-1.30)
	<0.001

	9-year follow-up
	Cumulative TyGFI
	1.18 (1.08-1.29)
	<0.001

	
	Cumulative TyG
	1.25 (1.16-1.34)
	<0.001

	
	Cumulative FI
	1.19 (1.10-1.28)
	<0.001


Values are pooled odds ratios (95% CIs) from 20 imputed datasets and were combined according to Rubin's rules. Odds ratios are per 1-SD increment. The fully adjusted model included age, sex, BMI, current smoking, current drinking, diabetes, dyslipidemia, heart disease, stroke, and kidney disease. Exposure and outcome variables were not imputed. Cumulative TyG and cumulative FI were reconstructed using the same time-weighted approach as cumulative TyGFI from Wave 1 and Wave 3 measurements. In the component-plus-product model, the P value for cumulative TyGFI evaluates whether the product term adds information after cumulative TyG and cumulative FI are already included. TyG, triglyceride-glucose index; FI, frailty index; TyGFI, triglyceride-glucose frailty index.

Supplementary Table S8.  Sensitivity analyses of the association between cumulative TyGFI and incident hypertension under an expanded adjustment model.
	Cumulative TyGFI
	Events (n)
	Model 4
	Model 5

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

	Per 1-SD increase
	-
	1.15 (1.08-1.22)
	<0.001
	1.16 (1.10-1.23)
	<0.001

	Q1
	212
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Q2
	243
	1.23 (1.02-1.48)
	0.033
	1.25 (1.04-1.50)
	0.019

	Q3
	244
	1.21 (1.00-1.46)
	0.048
	1.25 (1.04-1.51)
	0.019

	Q4
	284
	1.46 (1.20-1.77)
	<0.001
	1.54 (1.28-1.86)
	<0.001

	P for trend
	-
	-
	<0.001
	-
	<0.001



Values are hazard ratios (HRs) with 95% confidence intervals (CIs), pooled from 20 multiply imputed datasets and combined according to Rubin's rules. Model 4 was additionally adjusted for baseline systolic blood pressure, baseline diastolic blood pressure, residence, education level, total cholesterol, HDL-C, LDL-C, log-transformed C-reactive protein (CRP), and serum creatinine, in addition to the covariates included in Model 3. Triglycerides and fasting plasma glucose were not additionally adjusted because they are components of the TyG index. Model 5 adjusted for age, sex, BMI, current smoking, current drinking, and dyslipidemia, while excluding diabetes, heart disease, stroke, and kidney disease. 
Abbreviations: TyGFI, triglyceride-glucose frailty index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein.


Supplementary Figure S1. Calibration plots comparing the fully adjusted model and the fully adjusted model plus cumulative TyGFI for predicting incident hypertension at the 7-year (A) and 9-year (B) follow-up. The dashed diagonal line represents perfect calibration.
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