Construction of a Predictive Model for Insulin-Related Latent Adipose Hyperplasia Based on Clinical Data and Injection Behavior Characteristics

Abstract
Objective: To develop a predictive model for latent adipose hyperplasia in insulin-injected patients, enabling early identification of high-risk individuals and supporting targeted education and early warning by healthcare providers.
Methods: A cross-sectional study enrolled 150 diabetic patients receiving subcutaneous insulin injections at a tertiary hospital in Beijing (January 2025–January 2026). Latent adipose hyperplasia was defined as cases with ultrasound-confirmed abnormalities but normal visual/palpation findings. Candidate variables were screened via univariate analysis, Boruta algorithm, and LASSO regression. Seven models (logistic regression, XGBoost, LightGBM, random forest, AdaBoost, decision tree, SVM) were developed and compared; the best-performing model was internally validated using bootstrap.
Results: Among 150 subjects, 50 had latent adipose hyperplasia and 100 had no lipohypertrophy. Univariate analysis identified 23 associated variables (all P<0.05). Nine predictive factors were retained: C-reactive protein, needle replacement frequency, NLR, monocyte count, insulin injection area, urinary albumin, smoking status, educational level, and blood glucose fluctuation. The logistic regression model showed superior discrimination, stability, calibration, and interpretability, with an apparent AUC of 0.968, five‑fold cross‑validation average AUC of 0.911, and bootstrap internal validation AUC of 0.944.
Conclusion: The logistic regression model based on nine readily available clinical factors demonstrates excellent predictive value for latent adipose hyperplasia in insulin-treated patients. It can serve as an early screening tool in nursing clinics and diabetes education, guiding ultrasound referral and individualized management.
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