Table S1. Baseline characteristics comparison between included and excluded participants
	Variable
	Included (n=5871)
	Excluded (n=11836)
	P-value

	Age, mean (SD), years
	58.26 ± 8.72
	59.45 ± 10.77
	<0.001

	Sex, n (%)
	
	
	<0.001

	Male
	2658 (45.3%)
	5818 (49.2%)
	

	Female
	3213 (54.7%)
	6016 (50.8%)
	

	Marital status, n (%)
	
	
	<0.001

	Married or partnered
	5264 (89.7%)
	9783 (85.6%)
	

	Other marital status
	607 (10.3%)
	1651 (14.4%)
	

	Residence, n (%)
	
	
	<0.001

	Urban
	2079 (35.4%)
	4938 (43.1%)
	

	Rural
	3792 (64.6%)
	6521 (56.9%)
	

	Education level, n (%)
	
	
	<0.001

	Elementary education
	5246 (89.4%)
	9856 (86.1%)
	

	Secondary education
	440 (7.5%)
	931 (8.1%)
	

	Higher education
	185 (3.2%)
	663 (5.8%)
	

	Smoking status, n (%)
	
	
	<0.001

	Never smokers
	3671 (62.5%)
	6957 (59.5%)
	

	Smokers
	2200 (37.5%)
	4731 (40.5%)
	

	Drinking status, n (%)
	
	
	0.986

	Never drinkers
	3943 (67.2%)
	7842 (67.1%)
	

	Drinkers
	1928 (32.8%)
	3839 (32.9%)
	

	History of comorbidities, n (%)
	
	
	

	Hypertension
	1386 (23.6%)
	2855 (25.4%)
	0.010

	Diabetes
	309 (5.3%)
	679 (6.0%)
	0.040

	Dyslipidemia
	550 (9.4%)
	1028 (9.3%)
	0.867

	Heart diseases
	616 (10.5%)
	1687 (15.0%)
	<0.001

	BMI, mean (SD), kg/m2
	23.63 ± 3.91
	23.55 ± 3.39
	<0.001

	Waist circumference, mean (SD), cm
	84.31 ± 12.53
	84.58 ± 19.51
	0.331

	Triglycerides, median (IQR), mmol/L
	1.17 (0.84-1.70)
	1.23 (0.88-1.83)
	<0.001

	High-density lipoprotein, median (IQR), mg/dL
	49.48 (40.59-59.92)
	48.33 (39.43-59.15)
	<0.001

	FPG, median (IQR), mmol/L
	5.67 (5.25-6.22)
	5.70 (5.22-6.42)
	0.007

	HbA1c, mean (SD), (%)
	5.27 ± 0.77
	5.27 ± 0.89
	0.951


Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; SD, standard deviation. Continuous variables are presented as mean ± standard deviation or median (IQR) and compared using Welch's t-test or the Mann-Whitney U test where appropriate. Categorical variables are presented as frequencies (percentages) and compared using the chi-squared test. This is an unweighted descriptive comparison. For the excluded group, descriptive statistics and P values were calculated from the data available for participants who completed the respective baseline assessments, comprising the health status questionnaire (demographics and comorbidities), the physical examination (BMI and waist circumference), and blood sample collection (blood biomarkers); the denominators for categorical variables therefore do not equal the total size of the group.

Table S2. Post hoc Benjamini-Hochberg FDR correction for P for trend in fully adjusted Model 3
	Insulin Resistance Index
	Model 3 P for trend
	BH-FDR-adjusted P value

	eGDR
	0.046
	0.138

	CVAI
	0.044
	0.138

	TyG
	0.739
	0.798

	TyG-BMI
	0.627
	0.798

	METS-IR
	0.758
	0.798

	AIP
	0.798
	0.798


eGDR, estimated glucose disposal rate; CVAI, Chinese visceral adiposity index; TyG, triglyceride-glucose index; TyG-BMI, triglyceride-glucose body mass index; METS-IR, metabolic score for insulin resistance; AIP, atherogenic index of plasma; FDR, false discovery rate. The Benjamini-Hochberg procedure was applied to the six trend tests obtained in the fully adjusted Model 3 reported in Table 2. These six tests were treated as a single family because they address the same dose-response question for the same outcome under the same adjustment set. Quartile-specific comparisons within an index were not included in the correction, as they represent mutually correlated descriptive contrasts rather than independent primary hypotheses. This correction was not pre-specified in the original analysis plan and is reported as a sensitivity analysis rather than as confirmatory evidence. After correction, none of the six trend tests remained statistically significant. P values from quartile comparisons, restricted cubic spline models, and subgroup analyses are nominal and should be interpreted as exploratory.



Table S3. Sensitivity analysis: associations between insulin resistance surrogate markers and incident KOA using a modified fully adjusted model excluding the BMI covariate
	Variables
	Modified Model 3
HR (95% CI)
	P value

	CVAI
	
	

	Continuous, per unit
	1.00 (1.00–1.00)
	0.015

	Q1
	1.00 (ref)
	

	Q2
	1.14 (1.01–1.29)
	0.030

	Q3
	1.19 (1.05–1.34)
	0.007

	Q4
	1.18 (1.03–1.35)
	0.016

	P for trend
	
	0.013

	TyG-BMI
	
	

	Continuous, per unit
	1.00 (1.00–1.00)
	0.106

	Q1
	1.00 (ref)
	

	Q2
	1.04 (0.92–1.18)
	0.520

	Q3
	1.08 (0.95–1.22)
	0.219

	Q4
	1.10 (0.96–1.25)
	0.163

	P for trend
	
	0.135

	METS-IR
	
	

	Continuous, per unit
	1.00 (1.00–1.01)
	0.417

	Q1
	1.00 (ref)
	

	Q2
	1.09 (0.96–1.23)
	0.179

	Q3
	1.12 (0.99–1.27)
	0.076

	Q4
	1.05 (0.93–1.20)
	0.422

	P for trend
	
	0.360


HR, hazard ratio; CI, confidence interval; CVAI, Chinese visceral adiposity index; TyG-BMI, triglyceride-glucose body mass index; METS-IR, metabolic score for insulin resistance. Estimates were derived from a modified Cox proportional hazards model identical to Model 3 in Table 2 except that the BMI covariate was omitted, that is, adjusted for age, sex, marital status, residence, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and heart disease. This model was fitted only for indices that incorporate adiposity parameters as constituent components, so that estimates could be examined without adjustment for a variable already embedded in the exposure. The comparison indicates that estimates for such indices are sensitive to whether BMI is retained in the covariate set, and is consistent with structural overlap between BMI and these indices. It does not establish the mechanism underlying the attenuation observed in the main models. This analysis was not pre-specified and is reported as an exploratory sensitivity analysis; residual confounding and multiple comparisons remain relevant to its interpretation.



Table S4. Sensitivity analysis: Associations between insulin resistance surrogate markers and incident KOA after excluding cases within the first 2 years of follow-up (n = 5,459).
	Exposure Metric
	Adjustment
	Comparison
	HR (95% CI)
	P value

	eGDR
	Model 0
	Q4 vs Q1
	0.80 (0.70–0.92)
	0.001

	
	Model 1
	Q4 vs Q1
	0.83 (0.72–0.95)
	0.006

	
	Model 2
	Q4 vs Q1
	1.05 (0.79–1.40)
	0.745

	CVAI
	Model 0
	Q4 vs Q1
	1.09 (0.95–1.25)
	0.219

	
	Model 1
	Q4 vs Q1
	1.20 (1.04–1.39)
	0.011

	
	Model 2
	Q4 vs Q1
	1.09 (0.90–1.33)
	0.381

	TyG
	Model 0
	Q4 vs Q1
	1.09 (0.95–1.25)
	0.219

	
	Model 1
	Q4 vs Q1
	1.04 (0.91–1.19)
	0.574

	
	Model 2
	Q4 vs Q1
	1.01 (0.87–1.16)
	0.944

	TyG-BMI
	Model 0
	Q4 vs Q1
	1.18 (1.03–1.35)
	0.015

	
	Model 1
	Q4 vs Q1
	1.13 (0.98–1.29)
	0.086

	
	Model 2
	Q4 vs Q1
	1.07 (0.86–1.33)
	0.544

	METS-IR
	Model 0
	Q4 vs Q1
	1.12 (0.98–1.28)
	0.098

	
	Model 1
	Q4 vs Q1
	1.10 (0.96–1.26)
	0.166

	
	Model 2
	Q4 vs Q1
	0.94 (0.76–1.15)
	0.551

	AIP
	Model 0
	Q4 vs Q1
	1.09 (0.95–1.25)
	0.224

	
	Model 1
	Q4 vs Q1
	1.07 (0.93–1.23)
	0.332

	
	Model 2
	Q4 vs Q1
	1.03 (0.89–1.20)
	0.648


[bookmark: _GoBack]HR, hazard ratio; CI, confidence interval; Q, quartile. Model 0 corresponds to the Crude model in the main analysis (unadjusted); Model 1 corresponds to Model 1 in the main analysis (adjusted for age and sex); Model 2 corresponds to Model 3 in the main analysis (adjusted for demographic and clinical covariates including BMI category). For indices that incorporate adiposity parameters as constituent components, the pattern of attenuation observed in Model 2 should be interpreted alongside Supplementary Table S3, in which the same indices were examined without adjustment for BMI; structural overlap between BMI and these indices may influence the estimates.

