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[Abstract] Objective To construct machine learning prediction model for sepsis-associated encephalopathy
(SAE), and analyze the application value of the model on early identification of SAE risk in elderly septic
patients. Methods Patients aged over 60 years with a primary diagnosis of sepsis admitted to intensive care unit
(ICU) from 2008 to 2023 were selected from Medical Information Mart for Intensive Care- IV 2.2 (MIMIC-1V 2.2).
Demographic variables, disease severity scores, comorbidities, interventions, laboratory indicators, and hospitalization
details were collected. Key factors associated with SAE were identified using univariate Logistic regression analysis. The
data were randomly divided into training and validation sets in a 7 : 3 ratio. Multivariable Logistic regression analysis
was conducted in the training set and visualized using a nomogram model for prediction of SAE. The discrimination

of the model was evaluated in the validation set using the receiver operator characteristic curve (ROC curve), and
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its calibration was assessed using calibration curve. Furthermore, multiple machine learning algorithms, including
multi-layer perceptron (MLP), support vector machine (SVM), naive bayes (NB), gradient boosting machine (GBM),
random forest (RF), and exireme gradient boosting (XGB), were constructed in the training set. Their predictive
performance was subsequently evaluated on the validation set. Taking the XGB model as an example, the interpretability
of the model through the SHapley Additive exPlanations (SHAP) algorithm was enhanced to identify the key predictive
factors and their contributions. Results A total of 2 204 septic patients were finally enrolled, of whom 840 developed
SAE (38.1%). A total of 21 variables associated with SAE were screened through univariate Logistic regression analysis.
Multivariable Logistic regression analysis showed that endotracheal intubation [odds ratio (OR) = 0.40, 95% confidence
interval (95%CI) was 0.19-0.88, P < 0.001], oxygen therapy (OR = 0.76, 95%CI was 0.53-0.95, P = 0.023), tracheotomy
(OR = 0.20, 95%CI was 0.07-0.53, P < 0.001), continuous renal replacement therapy (CRRT; OR = 0.32, 95%CI was
0.15-0.70, P < 0.001), cerebrovascular disease (OR = 0.31, 95%CI was 0.16-0.60, P < 0.001), rheumatic disease
(OR = 0.44, 95%CI was 0.19-0.99, P < 0.001), male (OR = 0.68, 95%CI was 0.54-0.86, P = 0.001), and maximum
anion gap (AG; OR = 0.95, 95%CI was 0.93-0.97, P < 0.001) were associated with an decreased probability of SAE, and
age (OR = 1.05, 95%CI was 1.03-1.06, P < 0.001), acute physiology score Il (APSII; OR = 1.02, 95%CI was 1.01-1.02,
P < 0.001), Oxford acute severity of illness score (OASIS; OR = 1.04, 95%CI was 1.03-1.06, P < 0.001), and length
of hospital stay (OR = 1.01, 95%CI was 1.01-1.02, P < 0.001) were associated with an increased probability of SAE.
A nomogram model was constructed based on these variables. In the validation set, ROC curve analysis showed that
the model achieved an area under the ROC curve (AUC) of 0.723, and the calibration curve showed good consistency
between the predicted probability of the model and the observed probability. Among the machine learning algorithms,
including MLP, SVM, NB, GBM, RF, and XGB, the SVM model and RF model demonstrated relatively good predictive
performance, with AUC of 0.748 and 0.739, respectively, and the sensitivity was both exceeding 85%. The predictive
performance of the XGB model was explained through SHAP analysis, and the results indicated that APSTI score
(SHAP value was 0.871), age (SHAP value was 0.521), and OASIS score (SHAP value was 0.443) were important factors
affecting the predictive performance of the model.  Conclusion = The machine learning-based SAE prediction model
exhibits good predictive capability and holds significant application value for the early identification of SAE risk in
elderly septic patients.
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