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Abstract

Lower extremity amputation is one of the most serious complications of diabetes, imposing a
heavy economic, social, and psychological burden on patients and healthcare systems. The aim
of this study was to develop and evaluate improved machine learning algorithms for predicting
the risk of amputation in diabetic patients, with a focus on interpretability and clinical
applicability. To conduct this research, various machine learning algorithms, including
XGBoost, LightGBM, Random Forest, SVM, KNN, deep neural networks, and ensemble
models, were developed on data from more than 330,000 diabetic patients. To improve model
performance, feature engineering techniques, data balancing, Bayesian hyperparameter
optimization, and ensemble methods were applied. Model interpretability was assessed using
SHAP, LIME, and feature importance analysis. The results of the study indicate that the
XGBoost model demonstrated the best performance in predicting amputation, with an AUC of
0.93 (internal validation) and 0.84 (external validation). The LightGBM model achieved AUCs
0f 0.90, 0.85, and 0.76 for predicting no amputation, minor amputation, and major amputation,
respectively. SHAP analysis showed that white blood cell count (WBC), CCI score, red blood
cell count (RBC), red cell distribution width (RDW), gangrene, osteomyelitis, peripheral artery
disease, systemic infection, and weight loss were the most important predictors. The hybrid
model using Weighted Boxes Fusion achieved an mAP of 0.864 in ulcer detection, which was
12.4% better than the benchmark of previous studies. Finally, it can be concluded that improved
machine learning algorithms can predict the risk of amputation in diabetic patients with high
accuracy. The use of interpretability methods provides the necessary transparency for clinical
acceptance. The developed models can be used as primary screening tools for identifying high-
risk patients and guiding clinical decisions.
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| Data Collection |

1T 1T 1T
| | NIS | | China | |Singapore| | Turkey | |

| |326853 | | 1,332 | | 2,559 | | 407 | |
| I 1 |

| Data Preprocessing |
| * Missing Value Imputation (Median/Chained Equations) |
| ¢ Outlier Detection (IQR, 1-99% Range) |

* Normalization (Min-Max, One-hot Encoding) |

| * Feature Engineering (NLR, PLR, Interaction Terms) |
| « Feature Selection (LASSO, RF Importance, RFE) |
* Data Balancing (SMOTE, ADASYN, Weighted Loss) |

1
| Model Development |
1T 10
| | XGBoost | | LightGBM | | RF | |
11 I
10 1T
| | sv™M | | KNN | | Ensemble | |
11 I
1

| Model Evaluation |
| *Internal Validation (5-fold, 10-fold CV, Bootstrap) |

* External Validation (Multi-center, Temporal, Geographic) |
* Metrics: AUC, Accuracy, Precision, Recall, F1, DCA |

| Interpretability |
| * SHAP Analysis (TreeSHAP, KernelSHAP, DeepSHAP)
* LIME Analysis (Local Interpretable Explanations) |

| * Feature Importance (Permutation, Gini, Gain-based) |

| Clinical Application |
* Risk Prediction Tool |
« Clinical Decision Support System (CDSS) |

| * Mobile Application for Early Warning |
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