Machine Learning–Based Prediction of Perioperative Hypoglycemia in Elderly Patients with Type 2 Diabetes Undergoing Orthopedic Surgery

Background & Aim: Hypoglycemia is a common perioperative complication in elderly patients with type 2 diabetes undergoing orthopedic surgery, yet effective risk screening tools for this population are lacking. This study aimed to develop and validate a predictive model for perioperative hypoglycemia risk and to analyze the interpretability of the optimal model.

Methods:Candidate variables were initially identified through literature review and research group discussions. Predictor variables were selected using Lasso regression combined with stepwise regression based on the Bayesian Information Criterion (BIC). Five machine learning algorithms—Extreme Gradient Boosting (XGBoost), Random Forest (RF), Support Vector Machine (SVM), Logistic Regression (LR), and Artificial Neural Network (ANN)—were employed to develop prediction models for perioperative hypoglycemia. Internal validation was performed using bootstrap resampling (1,000 times). Model performance was evaluated using the area under the receiver operating characteristic curve (AUC), sensitivity, specificity, and calibration curves. The SHAP method was applied for visual interpretation of the optimal model. 

Results:Thirty candidate variables were included. The incidence of perioperative hypoglycemia was 17.6% (36/205). Among the five machine learning models, the XGBoost algorithm demonstrated the best performance, with an AUC of 0.929, sensitivity of 0.861, and specificity of 0.823 . After internal validation, the model achieved an AUC of 0.902, sensitivity of 0.800, and specificity of 0.843. SHAP analysis ranked predictor importance as follows: fasting blood glucose (0.648), postoperative hemoglobin (0.470), diabetes duration (0.406), history of hypoglycemia (within one year) (0.262), and hypertension (0.124).The calibration curve indicated good consistency between predicted and actual probabilities. 

Discussion / Conclusion:The XGBoost-based prediction model exhibited strong discrimination and calibration, establishing it as a reliable tool for identifying elderly patients with type 2 diabetes at high risk of perioperative hypoglycemia during orthopedic surgery.





