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[Abstract] Objective To explore the risk factors associated with osteopenia in young and middle-aged males based on the
health examination dataset, and to develop a predictive model and evaluate its performance. Methods A total of 989 healthy young
and middle-aged male participants who underwent health examination at the 961st Hospital of the Joint Logistics Support Force
between May 2022 and May 2024 were included in the retrospective study. The dataset was randomly divided into a training set

(n=692) and a validation set (n=297) at a 7:3 ratio. The occurrence of osteopenia in participants was defined as the primary study
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endpoint. Independent risk factors were selected via LASSO regression. Six machine learning models, including extreme gradient
boosting, support vector machine, multivariate logistic regression, K-nearest neighbors, light gradient boosting machine, and random
forest, were employed to predict osteopenia in the study subjects. The optimal model was identified based on metrics including the
area under the receiver operating characteristic curves (AUC), sensitivity, specificity, and the Brier score. The high-risk probability
threshold was determined using the principle of maximizing the Youden index. Calibration and clinical utility of the best-performing
model were assessed using calibration curves and decision curve analysis. Finally, the SHAP method was applied to interpret the
predictions of the optimal model. Results Eight independent factors for osteopenia in young and middle-aged male participants
were identified: smoking status, high-density lipoprotein cholesterol, triglyceride level, red blood cell count, regular exercise, serum
albumin level, hemoglobin level, and uric acid level. Six machine learning models were constructed using different algorithms. Among
them, the RF model demonstrated the best predictive performance, achieving the highest validation set AUC of 0.706 (95%CI 0.644-
0.769), specificity (0.884), positive predictive value (0.704), negative predictive value (0.708), and accuracy (0.704). It also yielded
the optimal Brier score of 0.0301 (0.0283-0.0322). The maximum Youden index was 0.384, corresponding to a sensitivity of 0.579 and
a specificity of 0.805. The calibration curve for the validation set showed minimal deviation within the probability range of 0.20-0.65.
The decision curve for the validation set indicated a positive net benefit within the risk threshold range of 0.12-0.65, supporting its
potential utility in decision-making. Conclusion Smoking status, high-density lipoprotein cholesterol, triglyceride level, red blood
cell count, regular exercise, serum albumin level, hemoglobin level, and uric acid level are independent influencing factors for

osteopenia in young and middle-aged males. The prediction model constructed based on these factors demonstrates satisfactory

predictive performance and can provide evidence-based decision support for clinical diagnosis and treatment.
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Tab.1 Comparison of baseline data between training set and validation set of healthy young and middle-aged male subjects
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IR, M(Q, Q)] 32.0(31.0, 35.0) 32.5(31.0,35.0) 32.0(30.0, 35.0) 0.582
B [em, M(Q,, Q)] 174.70(170.60, 179.00) 174.95(171.00, 179.00) 174.00(170.40, 178.60) 0.533
KT kg M(Q, Q)] 75.20(69.00, 82.00) 74.80(68.50, 82.03) 75.80(70.60, 82.00) 0.119
D[ /min, M(Q,, Q,)] 74.00(66.00, 80.00) 74.00(66.00, 82.00) 72.00(66.00, 80.00) 0.262
W45 i [mmHg, M(Q,, Q)] 122.00(115.00, 130.00) 122.00(114.00, 129.25) 123.00(117.00, 130.00) 0.244
& 3K [mmHg, M(Q,, Q,)] 79.00(73.00, 85.00) 78.00(72.00, 84.00) 80.00(73.00, 85.00) 0.075
JikA [ /min, M(Q,, Q)] 74.00(66.00, 80.00) 74.00(66.78, 82.00) 72.00(66.00, 80.00) 0.234
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HER e (M(Q, Q)] 0.87(0.84,0.90) 0.88(0.84,0.90) 0.87(0.84,0.90) 0.405
BMI[kg/m? M(Q,, Q,)] 24.72(22.89,26.37) 24.70(22.73,26.33) 25.10(23.33,26.44) 0.061
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Tab.2 Performance comparison of prediction models of healthy young and middle-aged male subjects

i U FESEEE PPV NPV KR Recall F1 HETfR Brier P43 43(95%CI) ]
LR 0.690 0.525 0.482 0.725 0.482 0.69 0.567 0.607 0.2075(0.1951~0.2195)
RF 0.431 0.884 0.704 0.708 0.704 0431 0.535 0.658 0.0301(0.0283~0.0322)
XGB 0.586 0.707 0.562 0.727 0.562 0.586 0.574 0.647 0‘1877(0.1764~0‘1998)
SVM 0.362 0.448 0.296 0.523 0.296 0.362 0.326 0.405 0.3258(0.3145~0.3379)
KNN 0.405 0.713 0475 0.652 0475 0.405 0.437 0.559 0.0429(0.0391~0.0464)
LightGBM 0.448 0.713 0.500 0.668 0.500 0.448 0.473 0.580 0.1971 (0. 1851 ~O.2098)
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Fig.3 Calibration curves and decision curve analysis of the random forest model training set and validation set of healthy young and

middle-aged male subjects
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