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Method
Data collection
Detailed definitions of covariates are provided in the Supplementary Methods. Education level was categorized as no formal education, primary school, middle school, and high school or above. Residence was classified as rural or urban based on the household registration system. Marital status was grouped as married or others (including separated, divorced, widowed, or never married). Smoking status was defined based on lifetime cigarette consumption. Individuals who had smoked more than 100 cigarettes were considered ever smokers and were further classified as never, former, or current smokers. Alcohol consumption was categorized as never drinkers (never or rarely, defined as less than once per month), former drinkers (previously drank more than once per month but quit in the past year), and current drinkers (drinking more than once per month). Sleep duration was calculated as the sum of nighttime sleep and daytime napping (converted to hours). Nighttime sleep was assessed by self-reported average hours of actual sleep per night over the past month, and nap duration was reported in minutes and converted to hours. Total sleep duration was categorized as short (<6 hours), normal (6–8 hours), or long (>8 hours).Physical activity was assessed based on self-reported activities over the past week and classified into vigorous, moderate, and light intensity. These corresponded to metabolic equivalent task (MET) values of 8.0, 4.0, and 3.3, respectively. Weekly physical activity was calculated as MET × duration × frequency, and categorized into low (<600 MET-min/week), moderate (600–3000 MET-min/week), and high (>3000 MET-min/week). Diabetes was defined as fasting plasma glucose ≥126 mg/dL, and/or HbA1c ≥6.5%, current use of glucose-lowering medications, or self-reported diagnosis. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, current use of antihypertensive medications, or self-reported diagnosis.
Definition of cardiovascular-kidney-metabolic syndrome stages
Based on previously published definitions and the availability of relevant variables in the CHARLS dataset, this study classified CKM syndrome into five stages:
Stage 0: Individuals without any risk factors for CKM syndrome. This includes those with a normal waist circumference (WC < 102 cm for men, < 88 cm for women), normal body mass index (BMI < 25 kg/m²), normal blood pressure (SBP < 130 mmHg and DBP < 80 mmHg), normal fasting glucose (< 100 mg/dL) and HbA1c (< 5.7%), normal total cholesterol (TC < 135 mg/dL), and without chronic kidney disease (CKD) or clinical/subclinical cardiovascular disease (CVD).
Stage 1: Individuals with overweight/obesity or abnormal fat distribution without other metabolic abnormalities or CKD. Criteria include BMI ≥ 25 kg/m², WC ≥ 88 cm for women or ≥ 102 cm for men, or prediabetes (HbA1c 5.7%–6.4% or fasting blood glucose [FBG] 100–125 mg/dL).
Stage 2: Individuals with hypertriglyceridemia (TG ≥ 135 mg/dL), hypertension, diabetes, or moderate-to-high risk CKD (eGFR 30–60 mL/min/1.73 m²). This also includes those meeting criteria for metabolic syndrome, defined as having at least three of the following five components: elevated waist circumference, low HDL-C (men < 40 mg/dL, women < 50 mg/dL), elevated fasting TG (>150 mg/dL), elevated blood pressure (SBP ≥ 130 mmHg or DBP ≥ 80 mmHg), or prediabetes (HbA1c 5.7%–6.4% or FBG 100–125 mg/dL).
Stage 3: Individuals at high cardiovascular risk (10-year CVD risk ≥ 20%, calculated using China-modified MDRD (C-MDRD) equation), or with very high-risk CKD, which was characterized by either Stage G4 or G5 CKD (GFR < 30 mL/min/1.73 m²) .
Stage 4: Individuals with self-reported history of coronary heart disease, angina pectoris, congestive heart failure, myocardial infarction, or stroke.
For the purposes of this study, Stages 3 and 4 were collectively defined as advanced CKM syndrome.



Table S1 Collinearity statistics between continuous cumMETS-VF and the risk of advanced CKM syndrome
	Variables
	VIF

	Continuous cumMETS-VF 
	1.022303

	Sex
	2.442542

	Age
	1.228727

	Marital status
	1.058939

	Education status
	1.326883

	Residence
	1.067774

	Length of sleep
	1.058774

	Physical_activity
	1.072672

	Smoking
	1.824753

	Alcohol
	1.434312

	SUA
	1.205439

	BUN
	1.076590

	WBC
	1.144996

	CRP
	1.052162

	PLT
	1.096729



Table S2 Collinearity statistics between cumMETS-VF quartiles and the risk of advanced CKM syndrome
	Variables
	VIF

	cumMETS-VF quartiles
	1.628110

	Sex
	2.451793

	Age
	1.231500

	Marital status
	1.059921

	Education status
	1.337444

	Residence
	1.069982

	Length of sleep
	1.057798

	Physical_activity
	1.077049

	Smoking
	1.869155

	Alcohol
	1.438291

	SUA
	1.222817

	BUN
	1.075333

	WBC
	1.150908

	CRP
	1.052997

	PLT
	1.098260



Table S3 Collinearity statistics between continuous baseline METS-VF and the risk of advanced CKM syndrome
	Variables
	VIF

	Continuous METS-VF 
	1.018139

	Sex
	2.424283

	Age
	1.233906

	Marital status
	1.058382

	Education status
	1.324822

	Residence
	1.069609

	Length of sleep
	1.055939

	Physical_activity
	1.074282

	Smoking
	1.830911

	Alcohol
	1.427634

	SUA
	1.205263

	BUN
	1.076534

	WBC
	1.146057

	CRP
	1.051882

	PLT
	1.095533



Table S4 Collinearity statistics between basiline METS-VF quartiles and the risk of advanced CKM syndrome
	Variables
	VIF

	METS-VF quartiles
	1.642292

	Sex
	2.442380

	Age
	1.234457

	Marital status
	1.060857

	Education status
	1.335479

	Residence
	1.072077

	Length of sleep
	1.061246

	Physical_activity
	1.075290

	Smoking
	1.870179

	Alcohol
	1.434957

	SUA
	1.225295

	BUN
	1.074807

	WBC
	1.154315

	CRP
	1.052017

	PLT
	1.099405



Table S5 Baseline characteristics of participants included in the analysis and those excluded due to loss to follow-up or missing outcome data
	
	
	Complete follow-up data
	

	Character
	Overall(n=5539)
	No(n=2217)
	Yes(n=3322)
	P-value

	Age(years), mean (SD)
	56.68±(8.21)
	57.34±(9.10)
	56.25±(7.58)
	0.07

	Sex, n (%)
	
	
	
	0.58

	Female
	3541(64%)
	1427(64%)
	2114(64%)
	

	Male
	1998(36%)
	790(36%)
	1208(36%)
	

	Hypertension, n (%)
	
	
	
	<0.001

	Yes
	3006(54%)
	1102(50%)
	1418(57%)
	

	No
	2533(46%)
	1115(50%)
	1904(43%)
	

	Diabetes, n (%)
	
	
	
	0.06

	Yes
	358(6.5%)
	160(7.2%)
	198(6.0%)
	

	No
	5181(94%)
	2057(93%)
	3124(94%)
	

	METS-VF2012, mean (SD)
	6.27±(2.59)
	6.27±(2.80)
	6.28±(2.44)
	0.55






Table S6 Bootstrap Validation of Threshold Estimates for METS-VF and cumMETS-VF

	Character
	Mean Threshold
	2.5%
	97.5%
	SD

	cumMETS-VF
	20.35
	19.22
	21.32
	0.67

	METS-VF
	6.78
	6.37
	7.13
	0.23






Table S7 Sensitivity analysis of excluding participants with antidiabetic agents
	Variable
	OR (95%CI)
	P Value

	cumMETS-VF
	1.06(1.04,1.09)
	<0.001

	cumMETS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.14(0.86,1.52)
	0.356

	Quartile 3
	1.67(1.27,2.20)
	<0.001

	Quartile 4
	2.67(2.04,3.50)
	<0.001

	P for trend
	
	<0.001

	METS-VF
	1.13(1.06,1.22)
	<0.001

	METS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.14(0.86,1.50)
	0.368

	Quartile 3
	1.49(1.13,1.97)
	0.004

	Quartile 4
	2.39(1.83,3.14)
	<0.001

	P for trend
	
	<0.001


Adjusted for sex, age, marital status, education status, residence, smoking, alcohol, length of sleep, physical_activity, SUA, BUN, WBC, CRP and PLT

Table S8 Sensitivity analysis of excluding participants with antihypertension agents
	Variable
	OR (95%CI)
	P Value

	cumMETS-VF
	1.05(1.03,1.08)
	<0.001

	cumMETS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.13(0.85,1.51)
	0.402

	Quartile 3
	1.58(1.20,2.10)
	0.001

	Quartile 4
	2.28(1.73,3.00)
	<0.001

	P for trend
	
	<0.001

	METS-VF
	1.11(1.05,1.19)
	0.002

	METS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.13(0.85,1.49)
	0.403

	Quartile 3
	1.41(1.07,1.87)
	0.015

	Quartile 4
	2.04(1.55,2.70)
	<0.001

	P for trend
	
	<0.001


Adjusted for sex, age, marital status, education status, residence, smoking, alcohol, length of sleep, physical_activity, SUA, BUN, WBC, CRP and PLT

Table S9 Sensitivity analysis of excluding participants with antihyperlipidemic agents
	Variable
	OR (95%CI)
	P Value

	cumMETS-VF
	1.06(1.04,1.09)
	<0.001

	cumMETS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.14(0.86,1.52)
	0.366

	Quartile 3
	1.64(1.24,2.12)
	<0.001

	Quartile 4
	2.55(1.95,3.35)
	<0.001

	P for trend
	
	<0.001

	METS-VF
	1.12(1.05,1.21)
	0.001

	METS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.14(0.86,1.51)
	0.358

	Quartile 3
	1.45(1.11,1.94)
	0.007

	Quartile 4
	2.30(1.75,3.02)
	<0.001

	P for trend
	
	<0.001


Adjusted for sex, age, marital status, education status, residence, smoking, alcohol, length of sleep, physical_activity, SUA, BUN, WBC, CRP and PLT

Table S10 Sensitivity analysis of excluding participants with antidiabetic agents, antihypertension agents and antihyperlipidemic agents
	Variable
	OR (95%CI)
	P Value

	cumMETS-VF
	1.05(1.03,1.08)
	<0.001

	cumMETS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.13(0.85,1.51)
	0.401

	Quartile 3
	1.57(1.19,2.08)
	0.002

	Quartile 4
	2.23(1.69,2.94)
	<0.001

	P for trend
	
	<0.001

	METS-VF
	1.10(1.04,1.19)
	0.003

	METS-VF(Quartile)
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.12(0.85,1.49)
	0.424

	Quartile 3
	1.40(1.05,1.85)
	0.020

	Quartile 4
	1.98(1.50,2.62)
	<0.001

	P for trend
	
	<0.001


Adjusted for sex, age, marital status, education status, residence, smoking, alcohol, length of sleep, physical_activity, SUA, BUN, WBC, CRP and PLT

Table S11 Sensitivity analysis using Cox proportional hazards models for the association of baseline METS-VF control levels, cumMETS-VF and the risk of advanced CKM syndrome
	
	Model 1 
	Model 2 
	Model 3 

	
	HR(95%CI)
	P Value
	HR(95%CI)
	P Value
	HR(95%CI)
	P Value

	cumMETS-VF
	1.06(1.03,1.08)
	<0.001
	1.06(1.03,1.09)
	<0.001
	1.06(1.04,1.09)
	<0.001

	cumMETS-VF(Quartile)
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	1.06(0.83,1.36)
	0.628
	1.09(0.86,1.40)
	0.474
	1.10(0.86,1.41)
	0.428

	Quartile 3
	1.38(1.09,1.74)
	0.007
	1.49(1.18,1.88)
	<0.001
	1.57(1.24,1.97)
	<0.001

	Quartile 4
	2.15(1.74,2.67)
	<0.001
	2.12(1.71,2.64)
	<0.001
	2.31(1.84,2.88)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001

	METS-VF
	1.11(1.06,1.16)
	<0.001
	1.12(1.05,1.18)
	<0.001
	1.12(1.06,1.19)
	<0.001

	METS-VF(Quartile)
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	1.16(0.91,1.47)
	0.228
	1.12(0.88,1.42)
	0.352
	1.14(0.86,1.51)
	0.351

	Quartile 3
	1.33(1.05,1.68)
	0.017
	1.32(1.05,1.67)
	0.019
	1.50(1.14,1.98)
	0.004

	Quartile 4
	2.04(1.65,2.54)
	<0.001
	1.98(1.59,2.46)
	<0.001
	2.39(1.84,3.14)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001



Model 1: unadjusted
Model 2: adjusted for sex, age, marital status, education status and residence
Model 3: adjusted for sex, age, marital status, education status, residence, smoking, alcohol, length of sleep, physical_activity, SUA, BUN, WBC, CRP and PLT

