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Prediction model of metabolic syndrome for railway workers

based on machine learning algorithm
WU Qiong” , WEI Yu —tian, SUN Wei — heng, XTAO Li — shun, CONG Xiao - na, HU Bin
" School of Public Health, Xuzhou Medical University, Xuzhou, Jiangsu 221004, China

Abstract; Objective  To construct a prediction model for metabolic syndrome ( Metabolic Syndrome, MetS) in railway
employees based on machine learning algorithms ( Machine Learning, ML) and evaluate the prediction performance. Methods

The time to the onset of metabolic syndrome was used as the outcome variable, with demographic characteristics and
biochemical indicators as predictive variables. Univariate analysis was conducted to select predictive indicators. The study
subjects were randomly divided into a training set and a test set in a 7:3 ratio. Cox proportional hazards regression, Random
Forest (Random Survival Forest, RSF), and Gradient Boosting Machine ( Gradient Boosting Machine, GBM) were used to
build metabolic syndrome prediction models. Model performance was assessed using the area under the receiver operating
characteristic curve ( Area under curve, AUC), concordance index (C —index), sensitivity, specificity, accuracy, and F1
score. A risk calculator was created using the shiny package. Results  This study included 17 087 subjects and collected 28
indicators. Univariate analysis identified 22 statistically significant indicators. In the training set, the areas under the curve
(area under the curve, AUC) of the prediction models constructed by Cox, RSF, and GBM were 0. 870,0. 938, and 0. 891,
respectively; C — index values were 0. 853,0.935, and 0. 843; sensitivity was 0.612,0.968, and 0. 628; specificity was
0.933,0.742, and 0. 994 ; accuracy was 0. 678,0. 788, and 0. 703 ; F1 scores were 0. 751,0. 839, and 0. 749. Conclusion
The RSF model outperformed the Cox model and the GBM model in predicting metabolic syndrome among railway employees,
providing a scientific basis for early identification of metabolic syndrome and aiding in the implementation of primary prevention
measures.
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Table 1 ~ Comparison of the general data between the metabolic syndrome group and the non — metabolic syndrome groups[ n(% )/x +s]
LS, f MetS 41(n =13 561) MetS 41 (n =3 525) VZIN B Pl
PER, n(% ) <0.01

5 9 424(69.49) 3 427(97.30)

5’y 4 137(30.51) 98(2.70)
AR () 34.75 £9.70 42.95 +10.97 30.43 0.01
1 (kg) 67.87 +11.43 79.72 +10.97 56.26 <0.01
B (em) 1.71(1.65,1.75) 1.70(1.65,1.75) 19.94 <0.01
SBP( mmHg) 120.64 +14.16 131.70 £14.78 40.92 0.78
DBP( mmHg) 75.82 +10.37 83.63 +10.38 39.81 <0.01
FPG( mmHg) 5.11 +£0.78 5.51+1.18 23.76 <0.01
TG ( mmol/L) 1.37 £1.06 2.20 £1.57 36. 83 <0.01
TC(mmol/L) 4.61 £0.88 4.91+0.94 17.63 <0.01
HDL - C( mmol/L) 1.41 £0.33 1.25+£0.28 -26.34 <0.01
LDL - C( mmol/L) 2.58 £0.74 2.85 £0.81 18.83 <0.01
HGB(g/L) 146.89 +18.10 154.75 +16. 62 23.36 <0.01
RBC( x10'2/L) 4.87 £0.48 5.08 £0.39 24.81 <0.01
WBC( x10°/L) 6.26 +1.57 6.89 £1.67 21.01 <0.01
ALT(U/L) 22.72+17.18 31.15 £20.83 24.78 <0.01
GGT(U/L) 26.53 +20.54 42.86 +28.71 38.43 <0.01
STB( pmol/L) 13.96 +6.03 13.97 +5.88 0.11 0.45
TP(g/L) 73.69 +4.47 73.34 £4.37 -4.14 0.83
ALB(g/L) 46.10 £3.13 45.87 +3.15 -3.76 0.56
UA (umol/L) 322.37 +88. 81 368.58 +90. 10 27.44 0.25
CR(pmol/L) 72.11 £33.26 78.41 £40.57 9.54 0.02
T (4F) 20.34 +11.19 26.55 +10.31 29.87 <0.01
W, n(% ) <0.01
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B 7 816(57.63) 2 028(57.53)

& 5 745(42.37) 1497 (42.47)
TERURARAL, n(% ) 88.92 <0.01
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EN VS 8 172(60.26) 1410(40.11)
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Table 2 Three models prediction and evaluation indicators

HimsE IR AUC C —index REE RS Miai)is F1 7%
ERS Cox 0.870 0.853 0.612 0.933 0.678 0.751
RSF 0.938 0.935 0.968 0.742 0.788 0.839
GBM 0.891 0.843 0.628 0.994 0.703 0.749
IIE4E Cox 0. 866 0.849 0.612 0.928 0.679 0.751
RSF 0.937 0.967 0.965 0.726 0.776 0.828
GBM 0.890 0.849 0.611 0.923 0.676 0.749
YIZREEFIROC i 26 RAUFEFIROC I £
1.00 PR 1.00 — ==
0.75 1
+H +H
model model
0.25 — Cox (AUC = 0.87) — Cox (AUC = 0.866)
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- - RSF (AUC = 0.938) - - RSF (AUC = 0.937)
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Fig.1 ROC curves for the training and validation sets
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Fig.2 Variance analysis of random survival forest
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