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Table S1. Baseline characteristics of training and validation sets

	Variable
	Training set(n=630)
	Validation set(n=272)
	p Value

	Age, years
	41.00 (35.00-46.00)
	41.00 (36.00-46.00)
	0.664

	Total physical activity, days/week
	6.50 (2.50-8.00)
	6.50 (3.00-7.50)
	0.810

	Work seniority, years
	14.00 (6.00-23.00)
	14.00 (6.00-23.00)
	0.864

	BMI, kg/m²
	23.97 (21.70-26.24)
	23.55 (21.51-26.10)
	0.299

	Waist circumference, cm
	80.00 (74.00-87.00)
	79.50 (74.00-87.00)
	0.451

	SBP, mmHg
	123.00 (112.00-133.00)
	120.00 (110.00-132.00)
	0.121

	DBP, mmHg
	79.00 (71.00-86.00)
	78.00 (69.00-86.00)
	0.273

	FBG, mmol/L
	5.01 (4.70-5.35)
	5.04 (4.74-5.37)
	0.207

	TG, mmol/L
	1.29 (0.84-1.94)
	1.15 (0.84-1.84)
	0.219

	TC, mmol/L
	5.04 (4.48-5.68)
	5.04 (4.36-5.57)
	0.145

	HDL, mmol/L
	1.38 (1.23-1.57)
	1.38 (1.21-1.57)
	0.760

	LDL, mmol/L
	2.78 (2.29-3.33)
	2.73 (2.23-3.27)
	0.248

	Gender
	
	
	0.284

	 Female
	319 (50.6%)
	149 (54.8%)
	

	Male
	311 (49.4%)
	123 (45.2%)
	

	Smoking
	
	
	0.724

	No
	492 (78.1%)
	216 (79.4%)
	

	Yes
	138 (21.9%)
	56 (20.6%)
	

	Drinking
	
	
	0.068

	No
	493 (78.3%)
	228 (83.8%)
	

	Yes
	137 (21.7%)
	44 (16.2%)
	

	Job category 
	
	
	0.133

	Fuel attendant
	390 (61.9%)
	182 (66.9%)
	

	Station manager
	122 (19.4%)
	53 (19.5%)
	

	Administrative
	46 (7.3%)
	8 (2.9%)
	

	Technical
	44 (7.0%)
	19 (7.0%)
	

	Other
	28 (4.4%)
	10 (3.7%)
	

	Hypertension
	
	
	0.394

	No
	536 (85.1%)
	238 (87.5%)
	

	Yes
	94 (14.9%)
	34 (12.5%)
	

	Diabetes mellitus
	
	
	0.150

	No
	606 (96.2%)
	255 (93.8%)
	

	Yes
	24 (3.8%)
	17 (6.2%)
	

	Hyperlipidemia
	
	
	0.833

	No
	581 (92.2%)
	249 (91.5%)
	

	Yes
	49 (7.8%)
	23 (8.5%)
	



Note: Continuous variables are presented as median (interquartile range), categorical variables as n (%). P values were calculated using Wilcoxon rank-sum test for continuous variables and Chi-square test or Fisher's exact test for categorical variables. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table S2. Variable selection under different LASSO penalty parameters

	Criterion
	Lambda
	Selected dummy terms

	lambda.min
	0.011
	age, genderMale, smoking(YES), drinking(YES), Administrative, BMI, 
Waist circumference, FBG, TG, HDL, LDL, Hypertension, Diabetes mellitus, Hyperlipidemia

	lambda.1se
	0.047
	genderMale, Waist circumferencet, TG, HDL


Note: lambda.min is the penalty parameter that minimizes cross-validation error; lambda.1se is the largest lambda within one standard error of the minimum, yielding a more parsimonious model. BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; htn, hypertension; dm, diabetes mellitus; hlp, hyperlipidemia.

Table S3. Multicollinearity diagnosis of the final model


	Variable
	VIF

	Gender
	1.163

	Waist circumference
	1.255

	TG
	1.107

	HDL
	1.136


Note: VIF, variance inflation factor. VIF < 5 indicates no substantial multicollinearity.
Table S4. Model performance after excluding individuals with BMI ≥ 40 kg/m²

	Model
	Predictors
	Train(N)
	Validation(N)
	Train AUC
	Train AUC (95% CI)
	Validation AUC
	Validation AUC (95% CI)
	Train Brier
	Validation Brier
	Validation Calibration slope

	Final model after excluding BMI >= 40 kg/m2
	gender + Waist circumference
+ TG + HDL
	630
	272
	0.773
	0.773 (0.733-0.814)
	0.816
	0.816 (0.758-0.874)
	0.155
	0.143
	1.259


Note: AUC, area under the receiver operating characteristic curve; CI, confidence interval; BMI, body mass index; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.

Table S5. Sex-stratified discrimination of the final model

	Dataset
	Sex
	n
	HUA cases
	AUC
	AUC (95% CI)
	Brier score

	All cohort
	Female
	468
	67
	0.734
	0.734 (0.668-0.801)
	0.111

	
	Male
	434
	165
	0.742
	0.742 (0.695-0.789)
	0.195

	Validation set
	Female
	149
	20
	0.740
	0.740 (0.609-0.872)
	0.104

	
	Male
	123
	50
	0.773
	0.773 (0.691-0.855)
	0.190



Note: AUC, area under the receiver operating characteristic curve; CI, confidence interval; HUA, hyperuricemia.


Table S6. Performance comparison of alternative candidate models


	Model
	Predictors
	train
	validation
	Train AUC
	Train AUC (95% CI)
	Validation AUC
	Validation AUC (95% CI)
	Train Brier
	Validation Brier
	Validation Calibration slope
	DeLong P value*

	Final model
	gender + Waist circumference+ TG + HDL
	630
	272
	0.773
	0.773 (0.733-0.814)
	0.816
	0.816 (0.758-0.874)
	0.155
	0.143
	1.259
	—

	Minimal metabolic model
	Waist circumference+ TG + HDL
	630
	272
	0.770
	0.770 (0.729-0.811)
	0.811
	0.811 (0.752-0.869)
	0.156
	0.144
	1.281
	0.480

	Inflammation-extended model
	gender +Waist circumference+ TG + HDL + SIRI + NLR + MLR + SII
	630
	272
	0.779
	0.779 (0.739-0.818)
	0.799
	0.799 (0.738-0.859)
	0.155
	0.147
	1.141
	0.031

	VAI-based model
	gender + VAI
	630
	272
	0.742
	0.742 (0.700-0.784)
	0.734
	0.734 (0.666-0.801)
	0.171
	0.169
	1.004
	<0.001


Note: *DeLong P value compares each alternative model with the final model in the validation set. AUC, area under the receiver operating characteristic curve; CI, confidence interval; VAI, visceral adiposity index; SIRI, systemic inflammatory response index; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII, systemic immune-inflammation index.


[image: Figure_S1_Alternative_Model_ROC_Validation]



Figure S1. ROC curves of alternative candidate models in the validation set
Figure S1. Receiver operating characteristic (ROC) curves of alternative candidate models in the validation set. The final model (sex + waist circumference + triglycerides + HDL-C) achieved the highest AUC (0.816), followed by the minimal metabolic model (waist circumference + triglycerides + HDL-C, AUC=0.811), the inflammation-extended model (final model + SIRI + NLR + MLR + SII, AUC=0.799), and the VAI-based model (sex + VAI, AUC=0.734). AUC values are presented with 95% confidence intervals. VAI, visceral adiposity index; SIRI, systemic inflammatory response index; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII, systemic immune-inflammation index; CI, confidence interval.










Table S7. Distribution of validation AUC from 100 repeated random splits



	Metric
	Mean
	SD
	Min
	Max

	Validation AUC
	0.785
	0.028
	0.715
	0.862

	Validation Brier score
	0.153
	0.008
	0.133
	0.174


Note: Based on 100 repeated 7:3 random splits of the data. In each iteration, the final model (sex + waist_cm + TG + HDL-C) was refit in the training set and evaluated in the validation set. SD, standard deviation; AUC, area under the receiver operating characteristic curve.



Table S8. Hosmer-Lemeshow goodness-of-fit test in the validation set


	Test
	Chi square
	df
	P value

	Hosmer-Lemeshow
	8.767
	8
	0.362


Note: The Hosmer-Lemeshow test evaluates the calibration of the final model in the validation set. A P value > 0.05 indicates no significant difference between predicted probabilities and observed outcomes, suggesting good calibration. df, degrees of freedom.

Table S9. Bootstrap optimism-corrected training AUC


	Metric
	Observed AUC
	Optimism
	Corrected AUC
	Bootstrap replications

	Training AUC (optimism-corrected)
	0.773
	0.004
	0.77
	200


Note: Bootstrap resampling (200 iterations) was used to estimate the optimism of the training AUC. The corrected AUC (0.770) is close to the observed AUC (0.773), indicating minimal overfitting. AUC, area under the receiver operating characteristic curve.
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