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	Risk Factor / Variable
	Men
	Women

	Intercept
	−3.031168
	−3.307728

	Age (per 10 years above 55)
	0.7688528 × (age − 55) / 10
	0.7939329 × (age − 55) / 10

	Non-HDL cholesterol (mmol/L)
	0.0736174 × ((TC − HDL-C) × 0.02586 − 3.5)
	0.0305239 × ((TC − HDL-C) × 0.02586 − 3.5)

	HDL cholesterol (mmol/L)
	−0.0954431 × (HDL-C × 0.02586 − 1.3) / 0.3
	−0.1606857 × (HDL-C × 0.02586 − 1.3) / 0.3

	SBP < 110 mmHg (per 20 mmHg below 110)
	−0.4347345 × (min(SBP, 110) − 110) / 20
	−0.2394003 × (min(SBP, 110) − 110) / 20

	SBP ≥ 110 mmHg (per 20 mmHg above 130)
	0.3362658 × (max(SBP, 110) − 130) / 20
	0.360078 × (max(SBP, 110) − 130) / 20

	Diabetes (yes = 1, no = 0)
	0.7692857 × (if diabetes)
	0.8667604 × (if diabetes)

	Current smoker (yes = 1, no = 0)
	0.4386871 × (if current smoker)
	0.5360739 × (if current smoker)

	eGFR < 60 mL/min/1.73m² (per 15 mL/min below 60)
	0.5378979 × (min(eGFR, 60) − 60) / −15
	0.6045917 × (min(eGFR, 60) − 60) / −15

	eGFR ≥ 60 mL/min/1.73m² (per 15 mL/min below 90)
	0.0164827 × (max(eGFR, 60) − 90) / −15
	0.0433769 × (max(eGFR, 60) − 90) / −15

	Antihypertensive medication (yes = 1, no = 0)
	0.288879 × (if using antihypertensive medication)
	0.3151672 × (if using antihypertensive medication)

	Statin use (yes = 1, no = 0)
	−0.1337349 × (if using statin)
	−0.1477655 × (if using statin)

	Antihypertensive medication × SBP (≥110)
	−0.0475924 × (if using antihypertensive medication) × (max(SBP, 110) − 130) / 20
	−0.0663612 × (if using antihypertensive medication) × (max(SBP, 110) − 130) / 20

	Statin × non-HDL cholesterol
	0.150273 × (if using statin) × ((TC − HDL-C) × 0.02586 − 3.5)
	0.1197879 × (if using statin) × ((TC − HDL-C) × 0.02586 − 3.5)

	Age × non-HDL cholesterol
	−0.0517874 × (age − 55) / 10 × ((TC − HDL-C) × 0.02586 − 3.5)
	−0.0819715 × (age − 55) / 10 × ((TC − HDL-C) × 0.02586 − 3.5)

	Age × HDL cholesterol
	0.0191169 × (age − 55) / 10 × (HDL-C × 0.02586 − 1.3) / 0.3
	0.0306769 × (age − 55) / 10 × (HDL-C × 0.02586 − 1.3) / 0.3

	Age × SBP (≥110)
	−0.1049477 × (age − 55) / 10 × (max(SBP, 110) − 130) / 20
	−0.0946348 × (age − 55) / 10 × (max(SBP, 110) − 130) / 20

	Age × diabetes
	−0.2251948 × (age − 55) / 10 × (if diabetes)
	−0.27057 × (age − 55) / 10 × (if diabetes)

	Age × current smoker
	−0.0895067 × (age − 55) / 10 × (if current smoker)
	−0.078715 × (age − 55) / 10 × (if current smoker)

	Age × eGFR (<60)
	−0.1543702 × (age − 55) / 10 × (min(eGFR, 60) − 60) / −15
	−0.1637806 × (age − 55) / 10 × (min(eGFR, 60) − 60) / −15

	Log-Odds = sum of all terms above

	10-Year CVD Risk = 1 / (1 + exp(−Log-Odds))


This table is based on the 2023 American Heart Association (AHA) guideline for cardiovascular-kidney-metabolic (CKM) syndrome, used to calculate 10-year cardiovascular disease (CVD) risk
Abbreviations: PREVENT, Predicting Risk of Cardiovascular Disease Events; AHA, American Heart Association; CKM, cardiovascular-kidney-metabolic; SBP, systolic blood pressure; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.

[bookmark: heading_5]Table S2. AHA 2023 Staging Criteria for Cardiovascular-Kidney-Metabolic (CKM) Syndrome
	CKM Stage
	Definition
	Detailed Criteria (Operational)

	Stage 0
 (No CKM health risk factors)
	Individuals without overweight/obesity, metabolic risk factors, chronic kidney disease (CKD), or subclinical/clinical cardiovascular disease (CVD).
	All of the following must be satisfied:
1. BMI < 24 kg/m²; waist circumference < 90 cm (male) / < 80 cm (female)
2. Fasting glucose < 100 mg/dL, HbA1c < 5.7%; no diabetes or hypoglycemic agents
3. SBP < 130 mmHg, DBP < 80 mmHg; no hypertension or antihypertensive drugs
4. TG < 150 mg/dL; HDL-C ≥ 40 (male) / ≥ 50 (female) mg/dL; no dyslipidemia or statins
5. eGFR ≥ 60 mL/min/1.73 m²; no CKD
6. PREVENT 10-year risk < 20%; no clinical CVD

	
	
	

	Stage 1
(Early adiposity, glycemic, or lipid abnormality)
	Individuals with isolated excess/dysfunctional adiposity, prediabetes, or untreated isolated low HDL-C, without other metabolic risk factors, CKD, or subclinical/clinical CVD.
	Any ONE early abnormality + ALL other indicators within normal limits:

Early abnormalities (any one):
• Overweight/obesity (BMI ≥ 24 kg/m²) or abdominal obesity (WC ≥ 90 cm male / ≥ 80 cm female)
• Prediabetes (fasting glucose 100–125 mg/dL or HbA1c 5.7–6.4%), without diabetes or hypoglycemic treatment
• Untreated isolated low HDL-C (< 40 male / < 50 female mg/dL), without dyslipidemia or lipid-lowering treatment

Mandatory normal limits:
• SBP < 130 / DBP < 80 mmHg
• TG < 150 mg/dL
• HDL-C ≥ 40 (male) / ≥ 50 (female) mg/dL [unless low HDL-C is the qualifying abnormality]
• eGFR ≥ 60 mL/min/1.73 m²; no CKD
• PREVENT 10-year risk < 20%; no clinical CVD

	
	
	

	Stage 2
(Metabolic risk factors and CKD)
	Individuals with metabolic risk factors, metabolic syndrome, or moderate CKD, with or without excess/dysfunctional adiposity, and without subclinical CVD.
	Meet ANY one criterion below and NOT eligible for Stage 3:
1. Hypertriglyceridemia (TG ≥ 150 mg/dL) or dyslipidemia with lipid-lowering treatment
2. Hypertension (SBP ≥ 130 / DBP ≥ 80 mmHg) or treated hypertension
3. Diabetes (fasting glucose ≥ 126 mg/dL or HbA1c ≥ 6.5%) or treated diabetes
4. Metabolic syndrome: abdominal obesity plus ≥ 3 of: high TG (≥ 150), low HDL-C (< 40 male / < 50 female), elevated BP (SBP ≥ 130 / DBP ≥ 80), elevated fasting glucose (≥ 100 mg/dL)
5. Moderate CKD (30 ≤ eGFR < 60 mL/min/1.73 m² or self-reported CKD)

Exclusion: eGFR < 30 mL/min/1.73 m², PREVENT 10-year risk ≥ 20%, or clinical CVD

	
	
	

	Stage 3
(Subclinical CVD or Severe CKD in CKM)
	Individuals with CKM risk factors (not Stage 0) complicated by severe CKD or subclinical CVD (operationalized as PREVENT 10-year CVD risk ≥ 20% in CHARLS, given absence of echocardiographic data), without clinical CVD.
	TWO simultaneous requirements:

1. Not Stage 0 (at least one metabolic/adipose abnormality or moderate CKD)

2. Severe organ injury (EITHER):
   ① Severe CKD: eGFR < 30 mL/min/1.73 m²
   ② Subclinical CVD: 10-year PREVENT CVD risk ≥ 20%

Exclusion: clinical cardiovascular disease

	
	
	


[bookmark: heading_6]Operational Notes. (1) Participants meeting criteria for multiple stages are assigned to the highest stage. (2) Subclinical CVD is operationalized as 10-year PREVENT CVD risk ≥ 20%. (3) eGFR is derived from serum creatinine via the CKD-EPI equation. (4) CHARLS lacks echocardiographic data; PREVENT risk serves as the surrogate for subclinical CVD/HF. (5) To better match the body fat distribution and metabolic phenotype of Chinese adults, the cutoff for overweight/obesity is set at BMI ≥ 24 kg/m² for stage 1 adiposity classification. This threshold aligns with the Chinese adult diagnostic standard for overweight and is more sensitive for identifying metabolic risk in Chinese populations, who tend to develop insulin resistance and metabolic abnormalities at lower BMI levels than Western populations. (6) Isolated low HDL-C (HDL-C < 40 mg/dL in males, < 50 mg/dL in females), without concomitant hypertriglyceridemia, history of dyslipidemia, lipid-lowering medication use, or other metabolic risk factors (hypertension, diabetes), is classified as CKM stage 1. Participants with low HDL-C combined with other dyslipidemia components or metabolic risk factors are assigned to the corresponding higher stage.
Abbreviations. CKM, cardiovascular-kidney-metabolic; CKD, chronic kidney disease; CVD, cardiovascular disease; HF, heart failure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; BMI, body mass index; WC, waist circumference.

Table S3. Baseline Characteristics of the Study Population Stratified by CKM Stage
[bookmark: heading_7]
	Variables
	Overall
	Stage 0
	Stage 1
	Stage 2
	Stage 3
	p value

	n
	6782
	580
	1439
	4126
	637
	

	Age (years) (median [IQR])
	58.00 [52.00, 65.00]
	57.00 [50.00, 63.00]
	55.00 [49.00, 61.00]
	58.00 [52.00, 64.00]
	76.00 [72.00, 79.00]
	<0.001

	Sex (%)
	
	
	
	
	
	<0.001

	Male
	3213 (47.38)
	363 (62.59)
	577 (40.10)
	1861 (45.10)
	412 (64.68)
	

	Female
	3569 (52.62)
	217 (37.41)
	862 (59.90)
	2265 (54.90)
	225 (35.32)
	

	Education (%)
	
	
	
	
	
	<0.001

	Primary or below
	4777 (70.44)
	397 (68.45)
	987 (68.59)
	2847 (69.00)
	546 (85.71)
	

	Middle/High school
	1919 (28.30)
	174 (30.00)
	435 (30.23)
	1228 (29.76)
	82 (12.87)
	

	High school or above
	86 (1.27)
	9 (1.55)
	17 (1.18)
	51 (1.24)
	9 (1.41)
	

	Hukou (%)
	
	
	
	
	
	<0.001

	Agricultural
	5740 (84.64)
	518 (89.31)
	1257 (87.35)
	3450 (83.62)
	515 (80.85)
	

	Non-agricultural
	1042 (15.36)
	62 (10.69)
	182 (12.65)
	676 (16.38)
	122 (19.15)
	

	Marital (%)
	
	
	
	
	
	<0.001

	Married
	5999 (88.45)
	539 (92.93)
	1325 (92.08)
	3697 (89.60)
	438 (68.76)
	

	Other
	783 (11.55)
	41 (7.07)
	114 (7.92)
	429 (10.40)
	199 (31.24)
	

	Smoking (%)
	
	
	
	
	
	<0.001

	Never
	4104 (60.51)
	296 (51.03)
	951 (66.09)
	2596 (62.92)
	261 (40.97)
	

	Current
	2106 (31.05)
	233 (40.17)
	385 (26.75)
	1174 (28.45)
	314 (49.29)
	

	Former
	572 (8.43)
	51 (8.79)
	103 (7.16)
	356 (8.63)
	62 (9.73)
	

	Alcohol consumption status (%)
	
	
	
	
	
	<0.001

	No
	4467 (65.87)
	338 (58.28)
	988 (68.66)
	2719 (65.90)
	422 (66.25)
	

	Yes
	2315 (34.13)
	242 (41.72)
	451 (31.34)
	1407 (34.10)
	215 (33.75)
	

	BMI (kg/m2) (median [IQR])
	23.03 [20.75, 25.60]
	20.56 [19.18, 21.80]
	22.87 [20.71, 24.90]
	23.74 [21.36, 26.35]
	22.00 [19.76, 24.75]
	<0.001

	Waist (cm) (median [IQR])
	84.20 [77.93, 91.60]
	76.00 [72.40, 79.65]
	83.00 [77.80, 89.20]
	86.60 [79.30, 93.20]
	85.00 [78.00, 93.00]
	<0.001

	SBP (mmHg) (median [IQR])
	126.00 [113.50, 141.00]
	110.50 [104.00, 118.50]
	113.50 [107.00, 120.00]
	132.50 [121.00, 145.00]
	147.00 [131.00, 166.50]
	<0.001

	DBP (mmHg) (median [IQR])
	74.50 [66.50, 82.50]
	65.50 [60.00, 71.00]
	68.00 [63.00, 73.00]
	79.00 [71.00, 86.00]
	76.50 [67.00, 85.50]
	<0.001

	Glucose (mg/dL) (median [IQR])
	102.24 [94.32, 112.14]
	92.52 [87.66, 95.76]
	102.06 [95.04, 107.91]
	104.04 [95.94, 116.28]
	104.58 [95.40, 117.72]
	<0.001

	Triglycerides (mg/dL) (median [IQR])
	102.66 [73.46, 148.68]
	74.34 [58.41, 97.35]
	86.73 [66.82, 110.62]
	120.36 [81.42, 179.43]
	101.78 [72.57, 146.91]
	<0.001

	HDL-C (mg/dL) (median [IQR])
	49.87 [40.98, 60.60]
	57.60 [51.03, 67.75]
	51.80 [43.30, 62.63]
	47.94 [39.43, 58.38]
	49.10 [39.82, 59.92]
	<0.001

	Total Cholesterol (mg/dL) (median [IQR])
	191.37 [167.78, 216.11]
	181.12 [161.21, 203.74]
	184.79 [162.37, 207.60]
	195.62 [171.65, 222.20]
	186.34 [164.30, 210.31]
	<0.001

	HbA1c (%) (median [IQR])
	5.10 [4.90, 5.40]
	5.00 [4.80, 5.20]
	5.10 [4.90, 5.40]
	5.20 [4.90, 5.50]
	5.20 [4.90, 5.50]
	<0.001

	eGFR (mL/min/1.73 m²) (median [IQR])
	96.20 [83.43, 110.74]
	99.67 [88.93, 113.81]
	100.00 [87.52, 115.32]
	95.82 [83.74, 110.17]
	81.36 [68.59, 98.70]
	<0.001

	Uric Acid (mg/dL) (median [IQR])
	4.29 [3.56, 5.13]
	4.15 [3.50, 4.87]
	3.96 [3.38, 4.75]
	4.36 [3.60, 5.22]
	4.75 [3.95, 5.82]
	<0.001

	CRP (mg/L) (median [IQR])
	1.01 [0.54, 2.11]
	0.69 [0.40, 1.45]
	0.79 [0.48, 1.62]
	1.08 [0.57, 2.17]
	1.50 [0.76, 3.64]
	<0.001

	WBC (10³/μL) (median [IQR])
	6.00 [5.00, 7.30]
	5.80 [4.77, 7.00]
	5.80 [4.80, 7.00]
	6.05 [5.00, 7.32]
	6.10 [5.00, 7.50]
	<0.001

	Hypertension (%)
	
	
	
	
	
	<0.001

	No
	5338 (78.71)
	580 (100.00)
	1439 (100.00)
	2975 (72.10)
	344 (54.00)
	

	Yes
	1444 (21.29)
	0 (0.00)
	0 (0.00)
	1151 (27.90)
	293 (46.00)
	

	Antihypertensive medication
	
	
	
	
	
	

	No
	411 (28.46)
	0 (-)
	0 (-)
	359 (31.19)
	52 (17.75)
	

	Yes
	1033 (71.54)
	0 (-)
	0 (-)
	792 (68.81)
	241 (82.25)
	

	Diabetes (%)
	
	
	
	
	
	<0.001

	No
	6451 (95.12)
	580 (100.00)
	1439 (100.00)
	3875 (93.92)
	557 (87.44)
	

	Yes
	331 (4.88)
	0 (0.00)
	0 (0.00)
	251 (6.08)
	80 (12.56)
	

	Antidiabetic medication
	
	
	
	
	
	

	No
	127 (38.37)
	0 (-)
	0 (-)
	94 (37.45)
	33 (41.25)
	

	Yes
	204 (61.63)
	0 (-)
	0 (-)
	157 (62.55)
	47 (58.75)
	

	Dyslipidemia (%)
	
	
	
	
	
	<0.001

	No
	6292 (92.77)
	580 (100.00)
	1439 (100.00)
	3689 (89.41)
	584 (91.68)
	

	Yes
	490 (7.23)
	0 (0.00)
	0 (0.00)
	437 (10.59)
	53 (8.32)
	

	Antidyslipidemic medication
	
	
	
	
	
	

	No
	262 (53.47)
	0 (-)
	0 (-)
	235 (53.78)
	27 (50.94)
	

	Yes
	228 (46.53)
	0 (-)
	0 (-)
	202 (46.22)
	26 (49.06)
	

	TyG (median [IQR])
	8.57 [8.20, 9.00]
	8.13 [7.87, 8.40]
	8.38 [8.10, 8.63]
	8.77 [8.35, 9.20]
	8.61 [8.18, 9.02]
	<0.001

	TyG‑CVAI (median [IQR])
	788.59 [555.83, 1075.01]
	450.31 [323.07, 573.66]
	676.03 [513.85, 848.26]
	887.49 [644.45, 1162.92]
	963.95 [664.45, 1238.08]
	<0.001

	TyG‑BMI (median [IQR])
	197.71 [174.56, 226.04]
	165.85 [153.96, 177.97]
	190.47 [173.22, 209.12]
	208.76 [183.68, 237.89]
	187.18 [165.81, 219.58]
	<0.001

	TyG‑WC (median [IQR])
	723.20 [651.03, 811.27]
	617.95 [576.56, 651.97]
	694.01 [643.34, 750.48]
	758.55 [678.84, 841.98]
	729.95 [654.75, 822.52]
	<0.001

	TyG‑WHtR (median [IQR])
	4.60 [4.11, 5.15]
	3.88 [3.64, 4.12]
	4.42 [4.07, 4.78]
	4.80 [4.30, 5.35]
	4.73 [4.11, 5.29]
	<0.001

	TyG‑ABSI (median [IQR])
	0.71 [0.67, 0.76]
	0.65 [0.63, 0.69]
	0.69 [0.65, 0.72]
	0.73 [0.68, 0.78]
	0.74 [0.70, 0.80]
	<0.001

	CTI (median [IQR])
	4.68 [4.32, 5.09]
	4.27 [4.00, 4.62]
	4.45 [4.19, 4.77]
	4.80 [4.42, 5.20]
	4.88 [4.50, 5.28]
	<0.001



Continuous variables with skewed distributions are expressed as median (interquartile range, IQR); categorical variables are expressed as number (percentage). Between-group comparisons across the four CKM stages were performed using the Kruskal-Wallis test for non-normally distributed continuous variables and the chi-square test (or Fisher's exact test when expected cell frequencies < 5) for categorical variables. P values reflect the overall statistical significance of differences across stages 0 to 3. A two-sided P < 0.05 was defined as statistically significant.
Abbreviations: CKM, cardiovascular-kidney-metabolic; IQR, interquartile range; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; CRP, C-reactive protein.
Table S4. Baseline Characteristics of the Study Population Stratified by TyG-CVAI Quartiles
	
	Overall
	Q1 (Lowest)
	Q2
	Q3
	Q4 (Highest)
	P value

	n
	6782
	1696
	1695
	1695
	1696
	

	Age (years) (median [IQR])
	58.00 [52.00, 65.00]
	56.00 [49.00, 63.00]
	57.00 [52.00, 64.00]
	59.00 [52.00, 66.00]
	61.00 [54.00, 67.00]
	<0.001

	Sex (%)
	
	
	
	
	
	<0.001

	Male
	3213 (47.38)
	1010 (59.55)
	755 (44.54)
	668 (39.41)
	780 (45.99)
	

	Female
	3569 (52.62)
	686 (40.45)
	940 (55.46)
	1027 (60.59)
	916 (54.01)
	

	Hukou (%)
	
	
	
	
	
	<0.001

	Agricultural
	5740 (84.64)
	1542 (90.92)
	1479 (87.26)
	1388 (81.89)
	1331 (78.48)
	

	Non-agricultural
	1042 (15.36)
	154 (9.08)
	216 (12.74)
	307 (18.11)
	365 (21.52)
	

	Marital (%)
	
	
	
	
	
	0.031

	Married
	5999 (88.45)
	1524 (89.86)
	1514 (89.32)
	1483 (87.49)
	1478 (87.15)
	

	Other
	783 (11.55)
	172 (10.14)
	181 (10.68)
	212 (12.51)
	218 (12.85)
	

	Smoking (%)
	
	
	
	
	
	<0.001

	Never
	4104 (60.51)
	841 (49.59)
	1052 (62.06)
	1135 (66.96)
	1076 (63.44)
	

	Current
	2106 (31.05)
	738 (43.51)
	518 (30.56)
	422 (24.90)
	428 (25.24)
	

	Former
	572 (8.43)
	117 (6.90)
	125 (7.37)
	138 (8.14)
	192 (11.32)
	

	Alcohol consumption status (%)
	
	
	
	
	
	<0.001

	No
	4467 (65.87)
	975 (57.49)
	1141 (67.32)
	1199 (70.74)
	1152 (67.92)
	

	Yes
	2315 (34.13)
	721 (42.51)
	554 (32.68)
	496 (29.26)
	544 (32.08)
	

	BMI (kg/m2) (median [IQR])
	23.03 [20.75, 25.60]
	20.13 [18.78, 21.53]
	22.21 [20.70, 23.65]
	24.03 [22.36, 25.75]
	26.71 [24.80, 28.82]
	<0.001

	Waist (cm) (median [IQR])
	84.20 [77.93, 91.60]
	75.00 [71.20, 78.00]
	81.60 [78.20, 84.65]
	87.80 [84.00, 91.00]
	96.00 [92.00, 100.00]
	<0.001

	SBP (mmHg) (median [IQR])
	126.00 [113.50, 141.00]
	119.00 [108.00, 131.62]
	122.50 [111.50, 137.00]
	128.00 [115.00, 142.50]
	134.50 [122.50, 149.00]
	<0.001

	DBP (mmHg) (median [IQR])
	74.50 [66.50, 82.50]
	71.00 [63.50, 78.50]
	73.00 [65.50, 81.00]
	75.00 [67.50, 83.50]
	78.50 [71.00, 86.50]
	<0.001

	Glucose (mg/dL) (median [IQR])
	102.24 [94.32, 112.14]
	97.92 [91.08, 106.02]
	100.44 [93.06, 108.18]
	102.78 [95.58, 112.23]
	108.54 [99.54, 123.48]
	<0.001

	Triglycerides (mg/dL) (median [IQR])
	102.66 [73.46, 148.68]
	70.80 [55.76, 90.27]
	91.15 [70.80, 119.47]
	115.05 [86.73, 153.99]
	162.84 [118.59, 237.40]
	<0.001

	HDL-C (mg/dL) (median [IQR])
	49.87 [40.98, 60.60]
	59.92 [51.03, 71.13]
	53.35 [45.62, 62.82]
	47.55 [40.59, 55.67]
	40.59 [34.02, 47.55]
	<0.001

	Total Cholesterol (mg/dL) (median [IQR])
	191.37 [167.78, 216.11]
	183.25 [161.60, 206.54]
	189.43 [165.08, 212.24]
	193.30 [170.10, 219.59]
	199.87 [175.90, 225.39]
	<0.001

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

	Uric Acid (mg/dL) (median [IQR])
	4.29 [3.56, 5.13]
	4.14 [3.44, 4.91]
	4.08 [3.42, 4.88]
	4.25 [3.55, 5.04]
	4.71 [3.94, 5.62]
	<0.001

	CRP (mg/L) (median [IQR])
	1.01 [0.54, 2.11]
	0.70 [0.42, 1.48]
	0.77 [0.47, 1.73]
	1.10 [0.62, 2.16]
	1.51 [0.84, 2.93]
	<0.001

	Hypertension (%)
	
	
	
	
	
	<0.001

	No
	5338 (78.71)
	1552 (91.51)
	1433 (84.54)
	1329 (78.41)
	1024 (60.38)
	

	Yes
	1444 (21.29)
	144 (8.49)
	262 (15.46)
	366 (21.59)
	672 (39.62)
	

	Antihypertensive medication (%)
	
	
	
	
	
	<0.001

	No
	411 (28.46)
	59 (40.97)
	102 (38.93)
	103 (28.14)
	147 (21.88)
	

	Yes
	1033 (71.54)
	85 (59.03)
	160 (61.07)
	263 (71.86)
	525 (78.12)
	

	Diabetes (%)
	
	
	
	
	
	<0.001

	No
	6451 (95.12)
	1672 (98.58)
	1642 (96.87)
	1607 (94.81)
	1530 (90.21)
	

	Yes
	331 (4.88)
	24 (1.42)
	53 (3.13)
	88 (5.19)
	166 (9.79)
	

	Antidiabetic medication (%)
	
	
	
	
	
	0.003

	No
	127 (38.37)
	9 (37.50)
	26 (49.06)
	44 (50.00)
	48 (28.92)
	

	Yes
	204 (61.63)
	15 (62.50)
	27 (50.94)
	44 (50.00)
	118 (71.08)
	

	Dyslipidemia (%)
	
	
	
	
	
	<0.001

	No
	6292 (92.77)
	1653 (97.46)
	1621 (95.63)
	1563 (92.21)
	1455 (85.79)
	

	Yes
	490 (7.23)
	43 (2.54)
	74 (4.37)
	132 (7.79)
	241 (14.21)
	

	Antidyslipidemic medication (%)
	
	
	
	
	
	0.005

	No
	262 (53.47)
	30 (69.77)
	41 (55.41)
	80 (60.61)
	111 (46.06)
	

	Yes
	228 (46.53)
	13 (30.23)
	33 (44.59)
	52 (39.39)
	130 (53.94)
	

	CKM Stage (%)
	
	
	
	
	
	<0.001

	Stage 0
	580 (8.55)
	415 (24.47)
	138 (8.14)
	27 (1.59)
	0 (0.00)
	

	Stage 1
	1439 (21.22)
	454 (26.77)
	507 (29.91)
	355 (20.94)
	123 (7.25)
	

	Stage 2
	4126 (60.84)
	720 (42.45)
	929 (54.81)
	1156 (68.20)
	1321 (77.89)
	

	Stage 3
	637 (9.39)
	107 (6.31)
	121 (7.14)
	157 (9.26)
	252 (14.86)
	


[bookmark: heading_8]Continuous variables with skewed distributions are expressed as median (interquartile range, IQR); categorical variables are expressed as number (percentage). Between-group comparisons across the four quartiles of TyG-CVAI were performed using the Kruskal-Wallis test for non-normally distributed continuous variables and the chi-square test (or Fisher's exact test when expected cell frequencies < 5) for categorical variables. Q1 represents the lowest quartile and Q4 represents the highest quartile of TyG-CVAI. P values reflect the overall statistical significance of differences across the four quartile groups. A two-sided P < 0.05 was defined as statistically significant.
Abbreviations: TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; IQR, interquartile range; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; CRP, C-reactive protein; CKM, cardiovascular-kidney-metabolic.
Table S5. Cox Proportional Hazards Regression Analysis of 7 TyG-Derived Indices and Three Outcomes
	Index
	All-cause mortality
	P value
	Non-fatal myocardial infarction
	P value
	Non-fatal stroke
	P value

	TyG
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	0.96 (0.58, 1.59)
	0.885
	1.06 (0.89, 1.28)
	0.501
	1.50 (1.08, 2.08)
	0.015

	Q3
	0.91 (0.54, 1.53)
	0.715
	1.03 (0.85, 1.24)
	0.772
	1.63 (1.17, 2.26)
	0.004

	Q4
	1.23 (0.70, 2.17)
	0.470
	1.02 (0.82, 1.25)
	0.888
	1.44 (1.01, 2.06)
	0.045

	P for trend
	
	0.602
	
	0.987
	
	0.070

	TyG (per SD)
	1.11 (0.89, 1.39)
	0.342
	1.01 (0.93, 1.08)
	0.869
	1.17 (1.04, 1.30)
	0.006

	C-statistic
	0.822
	
	0.617
	
	0.692
	

	TyG-CVAI
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	0.83 (0.49, 1.41)
	0.494
	1.29 (1.05, 1.58)
	0.016
	1.51 (1.05, 2.18)
	0.026

	Q3
	0.66 (0.36, 1.18)
	0.161
	1.48 (1.20, 1.83)
	<0.001
	1.92 (1.33, 2.77)
	<0.001

	Q4
	0.89 (0.48, 1.64)
	0.711
	1.64 (1.30, 2.06)
	<0.001
	2.06 (1.40, 3.03)
	<0.001

	P for trend
	
	0.627
	
	<0.001
	
	<0.001

	TyG-CVAI (per SD)
	0.97 (0.77, 1.22)
	0.800
	1.21 (1.12, 1.31)
	<0.001
	1.30 (1.15, 1.46)
	<0.001

	C-statistic
	0.822
	
	0.626
	
	0.699
	

	TyG-BMI
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	0.46 (0.27, 0.77)
	0.003
	1.29 (1.06, 1.57)
	0.012
	1.66 (1.18, 2.32)
	0.003

	Q3
	0.59 (0.34, 1.02)
	0.057
	1.36 (1.11, 1.67)
	0.003
	1.77 (1.26, 2.50)
	0.001

	Q4
	0.94 (0.53, 1.68)
	0.831
	1.71 (1.38, 2.12)
	<0.001
	2.07 (1.44, 2.98)
	<0.001

	P for trend
	
	0.484
	
	<0.001
	
	<0.001

	TyG-BMI (per SD)
	0.84 (0.67, 1.06)
	0.149
	1.19 (1.11, 1.27)
	<0.001
	1.22 (1.10, 1.34)
	<0.001

	C-statistic
	0.821
	
	0.626
	
	0.696
	

	TyG-WC
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	0.70 (0.43, 1.14)
	0.156
	1.25 (1.02, 1.52)
	0.028
	1.43 (1.00, 2.04)
	0.049

	Q3
	0.64 (0.37, 1.12)
	0.117
	1.43 (1.17, 1.74)
	<0.001
	1.89 (1.33, 2.69)
	<0.001

	Q4
	0.92 (0.52, 1.62)
	0.775
	1.55 (1.26, 1.92)
	<0.001
	2.24 (1.56, 3.22)
	<0.001

	P for trend
	
	0.597
	
	<0.001
	
	<0.001

	TyG-WC (per SD)
	0.96 (0.77, 1.20)
	0.733
	1.18 (1.10, 1.27)
	<0.001
	1.32 (1.18, 1.48)
	<0.001

	C-statistic
	0.822
	
	0.624
	
	0.702
	

	TyG-WHtR
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	0.96 (0.59, 1.57)
	0.881
	1.17 (0.96, 1.43)
	0.118
	1.54 (1.08, 2.18)
	0.017

	Q3
	0.74 (0.43, 1.29)
	0.291
	1.28 (1.05, 1.57)
	0.015
	1.93 (1.36, 2.73)
	<0.001

	Q4
	0.95 (0.52, 1.74)
	0.877
	1.44 (1.16, 1.78)
	<0.001
	2.20 (1.52, 3.19)
	<0.001

	P for trend
	
	0.644
	
	<0.001
	
	<0.001

	TyG-WHtR (per SD)
	0.99 (0.79, 1.24)
	0.910
	1.14 (1.06, 1.22)
	<0.001
	1.30 (1.16, 1.46)
	<0.001

	C-statistic
	0.822
	
	0.621
	
	0.701
	

	TyG-ABSI
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.35 (0.75, 2.42)
	0.315
	1.06 (0.88, 1.27)
	0.572
	1.26 (0.90, 1.74)
	0.175

	Q3
	1.19 (0.65, 2.18)
	0.575
	1.13 (0.94, 1.36)
	0.210
	1.31 (0.95, 1.83)
	0.104

	Q4
	1.81 (0.99, 3.29)
	0.053
	1.02 (0.83, 1.25)
	0.865
	1.62 (1.16, 2.27)
	0.005

	P for trend
	
	0.074
	
	0.762
	
	0.005

	TyG-ABSI (per SD)
	1.22 (1.00, 1.48)
	0.046
	1.00 (0.93, 1.07)
	0.997
	1.20 (1.08, 1.34)
	<0.001

	C-statistic
	0.824
	
	0.617
	
	0.696
	

	CTI
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.44 (0.77, 2.67)
	0.251
	1.13 (0.94, 1.36)
	0.205
	1.33 (0.95, 1.86)
	0.096

	Q3
	1.41 (0.75, 2.66)
	0.288
	1.14 (0.94, 1.38)
	0.179
	1.59 (1.14, 2.20)
	0.006

	Q4
	2.67 (1.45, 4.91)
	0.002
	1.33 (1.08, 1.65)
	0.008
	1.76 (1.24, 2.50)
	0.002

	P for trend
	
	0.001
	
	0.012
	
	0.001

	CTI (per SD)
	1.55 (1.25, 1.91)
	<0.001
	1.08 (0.99, 1.17)
	0.081
	1.23 (1.08, 1.40)
	0.002

	C-statistic
	0.830
	
	0.618
	
	0.696
	


[bookmark: heading_9]All results are derived from the fully adjusted Cox proportional hazards model (Model 4, with the same covariate adjustment as Table 2). Values are presented as hazard ratios (HRs) with 95% confidence intervals (CIs). The lowest quartile (Q1) of each index serves as the reference group for quartile-stratified analyses. P for trend indicates the P value for linear trend across quartiles. C-statistic refers to Harrell’s C-statistic, reflecting the discriminative performance of each model for the corresponding outcome. A two-sided P < 0.05 was defined as statistically significant.
Abbreviations: TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Table S6. Pairwise Bootstrap Comparison Results of 5-year AUC for 7 TyG-derived indices.
	
	TyG
	TyG-CVAI
	TyG-BMI
	TyG-WC
	TyG-WHtR
	TyG-ABSI
	CTI

	TyG
	0.546
	—
	—
	—
	—
	—
	—

	TyG-CVAI
	<0.001
	0.589
	—
	—
	—
	—
	—

	TyG-BMI
	0.764
	<0.001
	0.543
	—
	—
	—
	—

	TyG-WC
	0.064
	<0.001
	<0.001
	0.563
	—
	—
	—

	TyG-WHtR
	0.025
	<0.001
	<0.001
	0.273
	0.568
	—
	—

	TyG-ABSI
	0.016
	0.017
	0.082
	0.679
	0.923
	0.567
	—

	CTI
	0.003
	0.212
	0.006
	0.237
	0.468
	0.422
	0.576


Values on the diagonal represent the 5-year time-dependent AUC values of each index, calculated via the inverse probability of censoring weighting (IPCW) method to account for right censoring. Pairwise comparisons of AUC values were performed using 1000 stratified bootstrap resamples (stratified by event status). Values in the lower triangle represent P values for between-index AUC differences. P < 0.05 indicates a statistically significant difference in AUC between the two indices.
Abbreviations: TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index
[bookmark: heading_10]Table S7. Comparison of Incremental Predictive Value of 7 TyG-Derived Indices
	Index
	IDI
	95% CI Lower
	95% CI Upper
	cNRI
	95% CI Lower
	95% CI Upper

	TyG
	0.00044
	-0.00005 
	0.00162 
	0.08324 
	-0.01286 
	0.15097 

	TyG-CVAI
	0.0025
	0.00058 
	0.00582 
	0.09224 
	0.00521 
	0.16493 

	TyG-BMI
	0.00169
	-0.00013 
	0.00501 
	0.07619 
	-0.00885 
	0.15556 

	TyG-WC
	0.00284
	0.00080 
	0.00594 
	0.15626 
	0.07308 
	0.22634 

	TyG-WHtR
	0.00175
	0.00016 
	0.00420 
	0.11778 
	0.02455 
	0.18122 

	TyG-ABSI
	0.00084
	-0.00002 
	0.00281 
	0.05154 
	-0.02529 
	0.13356 

	CTI
	0.00167
	0.00024 
	0.00402 
	0.13036 
	0.05827 
	0.20865 


[bookmark: heading_11]
Integrated Discrimination Improvement (IDI) and continuous Net Reclassification Improvement (cNRI) were calculated to evaluate the incremental predictive value of each TyG-derived index when added to the base multivariable model 4. 95% confidence intervals (CIs) were derived via 1000 stratified bootstrap resamplings. An IDI or cNRI estimate with a 95% CI that does not cross zero indicates a statistically significant improvement in discriminative ability or reclassification performance.
Abbreviations: IDI, Integrated Discrimination Improvement; cNRI, continuous Net Reclassification Improvement; CI, confidence interval; MACE, major adverse cardiovascular events; TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index.
Table S8. Optimal Cutoff Values and Predictive performance of 7 TyG-Derived Indices
	Index
	Optimal cutoff
	Sensitivity
	Specificity
	PPV
	NPV
	Youden’s index

	TyG
	8.57
	0.552
	0.51
	0.141
	0.886
	0.061

	TyG-CVAI
	789
	0.611
	0.518
	0.156
	0.901
	0.129

	TyG-BMI
	198
	0.567
	0.506
	0.143
	0.889
	0.073

	TyG-WC
	723.2
	0.587
	0.509
	0.149
	0.894
	0.096

	TyG-WHtR
	4.6
	0.599
	0.505
	0.15
	0.896
	0.105

	TyG-ABSI
	0.712
	0.574
	0.515
	0.147
	0.892
	0.089

	CTI
	4.68
	0.588
	0.52
	0.152
	0.896
	0.108


[bookmark: heading_12]Optimal cutoff values were determined by maximizing the Youden’s index (calculated as sensitivity + specificity − 1) based on receiver operating characteristic curve analysis for major adverse cardiovascular events (MACE) prediction. All indices reflect the diagnostic performance of each TyG-derived index at its corresponding optimal cutoff.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; MACE, major adverse cardiovascular events; TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index.
Table S9. Parameters of Exploratory Mediation Analysis
	Index
	Mediating Pathway
	Total effect (HR per SD)
	95% CI
	Average direct effect
	95% CI
	Average causal mediation effect
	95% CI
	Proportion mediated (%)
	95% CI

	TyG
	
	
	
	
	
	
	
	
	

	
	SBP
	1.164
	1.082–1.252
	1.125
	1.045–1.211
	1.034
	1.022–1.046
	23.4
	10.5–36.3

	
	log-CRP
	1.162
	1.081–1.250
	1.152
	1.071–1.239
	1.009
	1.003–1.014
	6.1
	1.5–10.7

	
	HbA1c
	1.157
	1.076–1.243
	1.121
	1.037–1.212
	1.032
	1.007–1.057
	22.7
	1.8–43.5

	
	Creatinine
	1.163
	1.082–1.251
	1.161
	1.079–1.248
	1.002
	0.999–1.006
	1.5
	−1.0–4.0

	TyG-CVAI
	
	
	
	
	
	
	
	
	

	
	SBP
	1.432
	1.316–1.559
	1.353
	1.240–1.476
	1.059
	1.035–1.082
	18.4
	10.6–26.1

	
	log-CRP
	1.426
	1.310–1.551
	1.393
	1.279–1.517
	1.023
	1.010–1.036
	7.7
	3.3–12.1

	
	HbA1c
	1.423
	1.308–1.548
	1.399
	1.283–1.525
	1.018
	1.001–1.035
	5.8
	0.2–11.4

	
	Creatinine
	1.428
	1.312–1.553
	1.425
	1.309–1.550
	1.002
	0.998–1.007
	0.7
	−0.8–2.3

	TyG-BMI
	
	
	
	
	
	
	
	
	

	
	SBP
	1.326
	1.238–1.421
	1.259
	1.174–1.351
	1.053
	1.033–1.073
	20.5
	12.3–28.8

	
	log-CRP
	1.310
	1.224–1.401
	1.283
	1.198–1.374
	1.021
	1.010–1.032
	8.7
	3.7–13.6

	
	HbA1c
	1.311
	1.225–1.403
	1.288
	1.201–1.380
	1.018
	1.002–1.034
	7.4
	0.7–14.1

	
	Creatinine
	1.310
	1.224–1.401
	1.307
	1.222–1.398
	1.002
	0.998–1.006
	0.8
	−0.9–2.5

	TyG-WC
	
	
	
	
	
	
	
	
	

	
	SBP
	1.417
	1.308–1.534
	1.345
	1.239–1.460
	1.054
	1.032–1.075
	17.3
	9.9–24.6

	
	log-CRP
	1.411
	1.304–1.528
	1.381
	1.274–1.496
	1.022
	1.010–1.035
	7.5
	3.1–11.9

	
	HbA1c
	1.410
	1.302–1.526
	1.389
	1.278–1.509
	1.015
	0.994–1.036
	5.1
	−2.0–12.3

	
	Creatinine
	1.414
	1.306–1.531
	1.411
	1.303–1.528
	1.002
	0.998–1.006
	0.7
	−0.6–2.0

	TyG-WHtR
	
	
	
	
	
	
	
	
	

	
	SBP
	1.371
	1.263–1.488
	1.296
	1.191–1.409
	1.058
	1.036–1.081
	20.2
	11.6–28.8

	
	log-CRP
	1.367
	1.259–1.483
	1.334
	1.228–1.448
	1.025
	1.011–1.038
	8.9
	3.8–14.1

	
	HbA1c
	1.364
	1.257–1.479
	1.338
	1.229–1.458
	1.019
	0.997–1.042
	7.0
	−1.2–15.3

	
	Creatinine
	1.368
	1.261–1.484
	1.365
	1.258–1.481
	1.002
	0.998–1.005
	0.7
	−0.6–2.0

	TyG-ABSI
	
	
	
	
	
	
	
	
	

	
	SBP
	1.167
	1.087–1.253
	1.134
	1.056–1.218
	1.029
	1.019–1.040
	19.9
	9.1–30.6

	
	log-CRP
	1.170
	1.090–1.256
	1.156
	1.077–1.241
	1.012
	1.005–1.018
	8.1
	2.7–13.5

	
	HbA1c
	1.164
	1.085–1.249
	1.135
	1.054–1.222
	1.026
	1.007–1.045
	17.9
	2.6–33.3

	
	Creatinine
	1.169
	1.089–1.255
	1.168
	1.088–1.254
	1.001
	0.999–1.003
	0.8
	−0.5–2.1

	CTI
	
	
	
	
	
	
	
	
	

	
	SBP
	1.263
	1.172–1.360
	1.225
	1.137–1.319
	1.031
	1.020–1.042
	14.5
	8.0–20.9

	
	log-CRP
	1.260
	1.170–1.357
	1.238
	1.148–1.335
	1.018
	1.008–1.028
	7.6
	2.8–12.4

	
	HbA1c
	1.258
	1.169–1.354
	1.232
	1.141–1.330
	1.021
	1.003–1.040
	10.1
	1.0–19.2

	
	Creatinine
	1.262
	1.172–1.358
	1.259
	1.169–1.355
	1.002
	0.998–1.006
	1.0
	−0.9–2.9


[bookmark: heading_13]
Exploratory mediation analysis was performed under the counterfactual framework to quantify the mediating effects of four pathophysiological pathways: systolic blood pressure (SBP, hemodynamic pathway), log-transformed C-reactive protein (log-CRP, inflammatory pathway), glycated hemoglobin (HbA1c, metabolic pathway), and serum creatinine (renal pathway). All models were adjusted for age, sex, high-density lipoprotein cholesterol, education level, marital status, hukou status, smoking status, and alcohol consumption status. The CTI-log CRP is shown for completeness but excluded from primary interpretation due to conceptual circularity.
Total effects, average direct effects, and average causal mediation effects are presented as hazard ratios (HRs) per 1 standard deviation (SD) increment in each TyG-derived index, with corresponding 95% confidence intervals (CIs). The proportion mediated reflects the percentage of the total effect that is explained by the specific mediating pathway. A 95% CI for the average causal mediation effect or proportion mediated that does not cross zero indicates a statistically significant mediating effect.
Abbreviations: TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index; SBP, systolic blood pressure; CRP, C-reactive protein; HbA1c, glycated hemoglobin; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Table S10. Sensitivity Analyses for Associations Between 7 TyG-Derived Indices and MACE
	Index
	Replacement of CKM stage with disease history
	P value
	Additional adjustment for medications
	P value
	Exclusion of baseline diabetes
	P value
	Exclusion of events within first 2 years
	P value

	TyG
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.17 (1.00, 1.36)
	0.057
	1.13 (0.96, 1.33)
	0.130
	1.15 (0.98, 1.35)
	0.090
	1.26 (1.05, 1.51)
	0.014

	Q3
	1.19 (1.01, 1.40)
	0.034
	1.14 (0.97, 1.34)
	0.121
	1.14 (0.96, 1.35)
	0.125
	1.19 (0.99, 1.44)
	0.069

	Q4
	1.15 (0.96, 1.37)
	0.119
	1.10 (0.91, 1.31)
	0.329
	1.11 (0.92, 1.34)
	0.271
	1.22 (0.99, 1.51)
	0.065

	P for trend
	
	0.141
	
	0.356
	
	0.324
	
	0.132

	TyG (per SD)
	1.05 (0.99, 1.12)
	0.094
	1.05 (0.98, 1.11)
	0.172
	1.03 (0.97, 1.10)
	0.341
	1.07 (1.00, 1.15)
	0.051

	C-statistic
	0.648
	
	0.651
	
	0.633
	
	0.623
	

	TyG-CVAI
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.25 (1.05, 1.48)
	0.011
	1.17 (0.98, 1.40)
	0.076
	1.19 (0.99, 1.42)
	0.062
	1.24 (1.02, 1.52)
	0.035

	Q3
	1.43 (1.20, 1.71)
	<0.001
	1.34 (1.11, 1.60)
	0.002
	1.46 (1.22, 1.76)
	<0.001
	1.44 (1.17, 1.78)
	<0.001

	Q4
	1.47 (1.21, 1.79)
	<0.001
	1.36 (1.12, 1.66)
	0.002
	1.54 (1.26, 1.88)
	<0.001
	1.57 (1.25, 1.97)
	<0.001

	P for trend
	
	<0.001
	
	0.002
	
	<0.001
	
	<0.001

	TyG-CVAI (per SD)
	1.16 (1.09, 1.24)
	<0.001
	1.14 (1.07, 1.22)
	<0.001
	1.20 (1.12, 1.28)
	<0.001
	1.20 (1.11, 1.29)
	<0.001

	C-statistic
	0.650
	
	0.653
	
	0.639
	
	0.629
	

	TyG-BMI
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.20 (1.02, 1.41)
	0.026
	1.15 (0.98, 1.36)
	0.096
	1.15 (0.97, 1.35)
	0.114
	1.35 (1.11, 1.64)
	0.002

	Q3
	1.28 (1.08, 1.51)
	0.004
	1.18 (1.00, 1.41)
	0.053
	1.26 (1.06, 1.50)
	0.008
	1.40 (1.14, 1.71)
	0.001

	Q4
	1.49 (1.24, 1.79)
	<0.001
	1.39 (1.16, 1.68)
	<0.001
	1.53 (1.27, 1.84)
	<0.001
	1.75 (1.42, 2.16)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	TyG-BMI (per SD)
	1.12 (1.06, 1.19)
	<0.001
	1.10 (1.04, 1.17)
	0.001
	1.14 (1.08, 1.21)
	<0.001
	1.17 (1.09, 1.25)
	<0.001

	C-statistic
	0.650
	
	0.653
	
	0.638
	
	0.629
	

	TyG-WC
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.19 (1.01, 1.40)
	0.037
	1.11 (0.94, 1.32)
	0.218
	1.10 (0.92, 1.31)
	0.283
	1.11 (0.91, 1.35)
	0.303

	Q3
	1.39 (1.18, 1.64)
	<0.001
	1.27 (1.07, 1.51)
	0.006
	1.31 (1.10, 1.56)
	0.002
	1.34 (1.10, 1.63)
	0.003

	Q4
	1.48 (1.24, 1.77)
	<0.001
	1.36 (1.13, 1.63)
	<0.001
	1.51 (1.26, 1.81)
	<0.001
	1.55 (1.26, 1.91)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	TyG-WC (per SD)
	1.16 (1.09, 1.23)
	<0.001
	1.14 (1.07, 1.21)
	<0.001
	1.17 (1.10, 1.25)
	<0.001
	1.19 (1.11, 1.28)
	<0.001

	C-statistic
	0.650
	
	0.653
	
	0.638
	
	0.629
	

	TyG-WHtR
	
	
	
	
	
	
	
	

	Q1
	
	
	
	
	
	
	
	

	Q2
	1.19 (1.01, 1.41)
	0.039
	1.13 (0.95, 1.33)
	0.168
	1.13 (0.96, 1.35)
	0.150
	1.19 (0.98, 1.44)
	0.081

	Q3
	1.32 (1.12, 1.57)
	<0.001
	1.22 (1.02, 1.45)
	0.026
	1.22 (1.02, 1.46)
	0.026
	1.27 (1.04, 1.55)
	0.019

	Q4
	1.40 (1.17, 1.68)
	<0.001
	1.30 (1.08, 1.57)
	0.006
	1.38 (1.15, 1.67)
	<0.001
	1.47 (1.19, 1.82)
	<0.001

	P for trend
	
	<0.001
	
	0.005
	
	<0.001
	
	<0.001

	TyG-WHtR (per SD)
	1.13 (1.06, 1.20)
	<0.001
	1.11 (1.04, 1.18)
	0.002
	1.14 (1.07, 1.21)
	<0.001
	1.16 (1.07, 1.24)
	<0.001

	C-statistic
	0.649
	
	0.652
	
	0.636
	
	0.627
	

	TyG-ABSI
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.15 (0.98, 1.35)
	0.091
	1.11 (0.94, 1.31)
	0.199
	1.13 (0.95, 1.34)
	0.156
	1.08 (0.90, 1.30)
	0.415

	Q3
	1.22 (1.04, 1.44)
	0.015
	1.17 (0.99, 1.38)
	0.062
	1.15 (0.97, 1.36)
	0.104
	1.13 (0.93, 1.36)
	0.212

	Q4
	1.25 (1.06, 1.49)
	0.009
	1.20 (1.00, 1.43)
	0.044
	1.18 (0.99, 1.41)
	0.070
	1.16 (0.95, 1.42)
	0.132

	P for trend
	
	0.009
	
	0.044
	
	0.089
	
	0.128

	TyG-ABSI (per SD)
	1.08 (1.02, 1.14)
	0.011
	1.07 (1.00, 1.13)
	0.037
	1.05 (0.99, 1.12)
	0.097
	1.06 (0.99, 1.13)
	0.108

	C-statistic
	0.647
	
	0.651
	
	0.633
	
	0.622
	

	CTI
	
	
	
	
	
	
	
	

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.19 (1.01, 1.40)
	0.037
	1.15 (0.97, 1.35)
	0.102
	1.13 (0.95, 1.34)
	0.158
	1.06 (0.88, 1.28)
	0.551

	Q3
	1.25 (1.06, 1.47)
	0.008
	1.21 (1.02, 1.43)
	0.028
	1.22 (1.03, 1.45)
	0.020
	1.14 (0.94, 1.37)
	0.183

	Q4
	1.40 (1.18, 1.68)
	<0.001
	1.37 (1.14, 1.64)
	<0.001
	1.45 (1.21, 1.74)
	<0.001
	1.33 (1.09, 1.64)
	0.006

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	0.005

	CTI (per SD)
	1.11 (1.04, 1.19)
	0.002
	1.11 (1.03, 1.19)
	0.005
	1.12 (1.05, 1.21)
	0.001
	1.11 (1.02, 1.20)
	0.013

	C-statistic
	0.649
	
	0.652
	
	0.635
	
	0.624
	


[bookmark: heading_14]All sensitivity analyses were performed based on the fully adjusted Cox proportional hazards model (Model 4) as the reference framework, with targeted modifications to covariate sets or study populations as follows: (1) Replacement of CKM stage with histories of hypertension, diabetes, and dyslipidemia; (2) Additional adjustment for antihypertensive, hypoglycemic, and lipid-lowering medication use; (3) Exclusion of participants with baseline diabetes; (4) Exclusion of MACE events occurring within the first 2 years of follow-up to mitigate potential reverse causation bias. Values are presented as hazard ratios (HRs) with 95% confidence intervals (CIs). The lowest quartile (Q1) of each index serves as the reference group for quartile-stratified analyses. P for trend indicates the P value for linear trend across quartiles. C-statistic refers to Harrell’s C-statistic for each model. A two-sided P < 0.05 was defined as statistically significant.
Abbreviations: TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index; CKM, cardiovascular-kidney-metabolic; MACE, major adverse cardiovascular events; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Supplementary Figures
[bookmark: heading_15]Figure S1. Generalized variance inflation factor (GVIF) of covariates across seven fully adjusted Cox proportional hazards models
[image: FigureS3_GVIF_Bar]
This bar chart presents the GVIF values for all covariates included in the fully adjusted model (Model 4), estimated separately for each of the seven triglyceride-glucose (TyG)-derived index models. Each covariate corresponds to seven colored bars representing the seven exposure indices (see legend). The red dashed line marks the predefined collinearity threshold (GVIF = 5). All GVIF values across all seven models are below 5, confirming no significant multicollinearity among covariates in any adjusted model.
Abbreviations: TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose body mass index; TyG-WC, triglyceride-glucose waist circumference; TyG-WHtR, triglyceride-glucose waist-to-height ratio; TyG-ABSI, triglyceride-glucose a body shape index; CTI, C-reactive protein-triglyceride-glucose index.

Figure S2. Time-Dependent ROC Curves for 7 TyG-Derived Indices Predicting All-Cause Mortality 
[image: ROC_7indices_death]
Time-dependent receiver operating characteristic (ROC) curves were used to evaluate the 5-year discriminative performance of 7 triglyceride-glucose (TyG)-derived indices for predicting all-cause mortality in individuals with cardiovascular-kidney-metabolic (CKM) syndrome stages 0–3. Colored lines represent the ROC curves of each index, with corresponding area under the curve (AUC) values indicated in the legend. The gray dashed line represents the reference line (AUC = 0.5), which indicates no discriminative ability.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index.

[bookmark: heading_16]Figure S3. Time-Dependent ROC Curves for 7 TyG-Derived Indices Predicting Non-Fatal Myocardial Infarction
[image: ROC_7indices_mi]
Time-dependent receiver operating characteristic (ROC) curves were used to evaluate the 5-year discriminative performance of 7 triglyceride-glucose (TyG)-derived indices for predicting non-fatal myocardial infarction in individuals with cardiovascular-kidney-metabolic (CKM) syndrome stages 0–3. Colored lines represent the ROC curves of each index, with corresponding area under the curve (AUC) values indicated in the legend. The gray dashed line represents the reference line (AUC = 0.5), which indicates no discriminative ability. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index.
[bookmark: heading_17]Figure S4. Time-Dependent ROC Curves for 7 TyG-Derived Indices Predicting Non-Fatal Stroke
[image: ROC_7indices_stroke]
Time-dependent receiver operating characteristic (ROC) curves were used to evaluate the 5-year discriminative performance of 7 triglyceride-glucose (TyG)-derived indices for predicting non-fatal stroke in individuals with cardiovascular-kidney-metabolic (CKM) syndrome stages 0–3. Colored lines represent the ROC curves of each index, with corresponding area under the curve (AUC) values indicated in the legend. The gray dashed line represents the reference line (AUC = 0.5), which indicates no discriminative ability.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; TyG, triglyceride-glucose index; TyG-CVAI, triglyceride-glucose-Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose-body mass index; TyG-WC, triglyceride-glucose-waist circumference; TyG-WHtR, triglyceride-glucose-waist-to-height ratio; TyG-ABSI, triglyceride-glucose-a body shape index; CTI, C-reactive protein-triglyceride-glucose index.
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5-Year Time-Dependent ROC Curves (Non-Fatal MI)
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5-Year Time-Dependent ROC Curves (Non-Fatal Stroke)
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GVIF of covariates in fully adjusted models
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5-Year Time-Dependent ROC Curves (All-Cause Death)
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