
Supplementary table 1 The results of feature screening using the Boruta algorithm 

and LASSO regression. 

Abbreviations: LASSO, least absolute shrinkage and selection operator; SBP, systolic blood pressure; 

DBP, diastolic blood pressure; FPG, fasting plasma glucose; AIP, atherogenic index of plasma; 

Non-HDL-C, non-high-density lipoprotein cholesterol; AC, atherogenic coefficient; CRI-I, castelli risk 

index I; CRI-II, castelli risk index II; LCI, lipid cumulative index; TG/HDLC, the ratio of triglycerides to 

high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; UA, uric acid; CALPCPRO, energy 

comes from protein; CALPCFAT, energy comes from fat; CALPCCAR, energy comes from 

carbohydrates. 

 

 

Boruta       LASSO  

Feature meanImp medianImp minImp maxImp normHits Decision Feature coefficient 

Age 20.55 20.502 17.761 22.728 1 Confirmed Age 0.0148 

Sex 4.671 4.616 2.719 8.025 0.98 Confirmed Sex 0.5967 

Education level 5.492 5.429 2.263 6.974 0.98 Confirmed Education level -0.0079 

Smoking status 2.769 2.783 0.302 5.395 0.606 Tentative Smoking status -0.078 

Alcohol 

consumption 

0.352 0.426 -1.517 1.319 0 Rejected Alcohol 

consumption 

0.1427 

Residence 1.869 1.848 -1.061 4.499 0.354 Tentative Residence -0.0393 

Physical 

activity 

4.117 4.191 1.014 6.644 0.899 Confirmed   

Hypertension 19.547 19.457 17.724 21.494 1 Confirmed Hypertension 0.3313 

Diabetes 7.523 7.439 5.258 9.078 1 Confirmed Diabetes 0.1166 

SBP 27.22 27.046 24.738 30.098 1 Confirmed   

DBP 23.768 23.77 21.708 26.386 1 Confirmed DBP 0.0259 

FPG 16.562 16.483 13.945 19.476 1 Confirmed   

AIP 26.908 26.918 24.616 29.156 1 Confirmed AIP 0.713 

Non-HDL-C 9.989 9.795 7.862 13.146 1 Confirmed Non-HDL-C -0.0571 

AC 22.843 22.896 20.817 24.906 1 Confirmed   

CRI-I 22.786 23.047 20.774 25.529 1 Confirmed   

CRI-II 19.093 19.055 17.399 21.015 1 Confirmed CRI-II 0.3522 

LCI 21.061 20.943 18.501 23.519 1 Confirmed LCI -0.0047 

TG/HDLC 27.711 27.777 25.098 29.912 1 Confirmed TG/HDLC -0.0184 

HbA1c 21.658 21.623 18.833 24.495 1 Confirmed HbA1c 0.262 

UA 13.914 13.857 10.704 16.857 1 Confirmed UA 0.0029 

CALPCPRO 2.158 2.184 -0.037 4.647 0.414 Tentative   

CALPCFAT 5.096 5.143 2.175 7.211 0.98 Confirmed CALPCFAT 0.0014 

CALPCCAR 5.512 5.465 3.755 8.112 0.98 Confirmed CALPCCAR -0.001 



Supplementary table 2 The results of the Log_Loss, Brier score, and 

Hosmer-Lemeshow test for the training and the testing set. 

Model 
Log_Loss 

(training) 

Log_Loss 

(testing) 

Brier 

(training) 

Brier 

(testing) 

Hosmer–Lemeshow 

(training) 

Hosmer–Lemeshow 

(testing) 

LR 0.5726 0.5787 0.1146 0.1954 0.105  0.396 

SVM 0.5352 0.5840 0.1772 0.1982 P < 0.01 0.116 

LightGBM 0.4018 0.5824 0.1227 0.1985 P < 0.01 0.088 

XGBoost 0.3202 0.5902 0.0895 0.2004 P < 0.01 P < 0.01 

RF 0.2608 0.5865 0.0614 0.2006 P < 0.01 0.132 

NB 1.1630 1.2413 0.2643 0.2653 P < 0.01 P < 0.01 

Abbreviations: LR: logistic regression; SVM: support vector machine; LightGBM, Light Gradient 

Boosting Machine; XGBoost: extreme gradient boosting; RF: random forest; NB: naive Bayes; 

Log_Loss, logarithmic loss.  

 

Supplementary table 3 Delong test results of AUC differences between various 

machine learning models in the test set.  

Model1 Model2 AUC1 AUC2 Z statistic P value Significant 

LR LightGBM 0.7683  0.7593  1.6356  0.1019  No 

LR XGBoost 0.7683  0.7581  1.8015  0.0716  No 

LR SVM 0.7683  0.7571  2.2379  0.0252  Yes  

LR RF 0.7683  0.7524  2.8177  0.0048  Yes  

LR NB 0.7683  0.7365  5.2840  0.0000  Yes  

LightGBM XGBoost 0.7593  0.7581  0.3172  0.7511  No 

LightGBM SVM 0.7593  0.7571  0.4182  0.6758  No 

LightGBM RF 0.7593  0.7524  1.4767  0.1398  No 

LightGBM NB 0.7593  0.7365  3.1428  0.0017  Yes  

XGBoost SVM 0.7581  0.7571  0.2014  0.8404  No 

XGBoost RF 0.7581  0.7524  1.2580  0.2084  No 

XGBoost NB 0.7581  0.7365  2.9161  0.0035  Yes  

SVM RF 0.7571  0.7524  0.8811  0.3783  No 

SVM NB 0.7571  0.7365  2.9315  0.0034  Yes  

RF NB 0.7524  0.7365  2.4721  0.0134  Yes  

Abbreviations: LR: logistic regression; SVM: support vector machine; LightGBM, Light Gradient 

Boosting Machine; XGBoost: extreme gradient boosting; RF: random forest; NB: naive Bayes. 

 

 



 

Figure S1. Correlation heatmap illustrating pairwise Pearson correlations among 

candidate continuous variables used in the feature selection process. Pairwise Pearson 

correlation coefficients among candidate continuous variables are displayed. Color 

intensity represents the magnitude and direction of correlations (red: positive 

correlation; blue: negative correlation). This analysis was conducted to systematically 

evaluate relationships among predictors and assess potential multicollinearity prior to 

feature selection. As expected, several lipid-derived indices sharing common lipid 

components showed strong correlations. 



 

Figure S2. Calibration curves assessing the agreement between predicted 

probabilities and observed outcomes for all machine learning models in the (a) 

training set and (b) test set. The dashed diagonal line represents perfect calibration.  

Abbreviations: LR, logistic regression; SVM, support vector machine; RF, random forest; LightGBM, 

Light Gradient Boosting Machine; NB, Naive Bayes; XGBoost, eXtreme Gradient Boosting. 

Figure S3. The SHAP analysis provides individual explanations of the model. (a) and 

(b) Force plots display the contribution of each feature's SHAP value to the prediction 

for two different individuals.  

Abbreviations: AIP, atherogenic index of plasma; CALPCCAR, energy comes from carbohydrates; 

CALPCFAT, energy comes from fat; CRI-II, castelli risk index II; DBP, diastolic blood pressure; 

HbA1c, glycated hemoglobin; LCI, lipid cumulative index; Non-HDL-C, non-high-density lipoprotein 

cholesterol; TG/HDLC, triglycerides to high-density lipoprotein cholesterol ratio; UA, uric acid. 

 



 

Figure S4. The model was globally explained using SHAP analysis stratified by sex. 

(a) and (b) The summary bar charts depict the overall importance of each feature, 

ranked by the mean absolute SHAP value, for the female and male subgroups, 

respectively. (c) and (d) The beeswarm plots illustrate the distribution and directional 

impact of individual feature values on the predicted probability in the female and 

male subgroups, respectively.  

Abbreviations: AIP, atherogenic index of plasma; CALPCCAR, energy comes from carbohydrates; 

CALPCFAT, energy comes from fat; CRI-II, castelli risk index II; DBP, diastolic blood pressure; 

HbA1c, glycated hemoglobin; LCI, lipid cumulative index; Non-HDL-C, non-high-density lipoprotein 

cholesterol; TG/HDLC, triglycerides to high-density lipoprotein cholesterol ratio; UA, uric acid. 
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