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Abstract 

Hospital readmissions within 30 days represent a significant challenge in modern 

healthcare systems, as they increase operational costs and often indicate gaps in the 

quality of patient care. This project presents a predictive analytics framework aimed 

at identifying patients who are at high risk of readmission by utilizing both clinical 

and demographic data. The dataset includes important features such as patient age, 

medical history, diagnosis information, length of hospital stay, prior admissions, and 

treatment details, enabling a comprehensive assessment of patient health status. 

To build an effective prediction system, multiple machine learning algorithms—

including Logistic Regression, Random Forest, and Gradient Boosting—are 

implemented and compared. Data preprocessing techniques such as handling missing 

values, feature encoding, and normalization are applied to enhance data quality and 

model performance. The models are evaluated using performance metrics such as 

accuracy, precision, recall, and F1-score to ensure reliable and robust predictions. 

A key contribution of this project is the integration of explainable artificial 

intelligence using SHAP (SHapley Additive exPlanations). This approach provides 

clear insights into how different features influence the prediction of readmission risk, 

allowing healthcare professionals to understand and trust the model’s decisions. By 

highlighting the most impactful factors, SHAP enhances transparency and supports 

informed clinical judgment. 

I. Introduction 

Hospital readmission within 30 days of discharge is widely recognized as a key 

indicator of healthcare quality and effectiveness of patient management. Frequent 

readmissions not only increase healthcare costs but also place additional pressure on 

hospital resources and staff. In many cases, readmissions may indicate incomplete 

treatment, inadequate discharge planning, or lack of proper follow-up care. Therefore, 

identifying patients who are at risk of readmission has become an essential task for 

healthcare providers to ensure better patient outcomes and efficient resource 

utilization. 

With the rapid growth of healthcare data, predictive analytics and machine learning 

techniques have emerged as powerful tools for analyzing patient information and 
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uncovering patterns associated with readmission risk. This project focuses on 

leveraging clinical features such as diagnosis details, length of hospital stay, prior 

admissions, and treatment history, along with demographic factors like age and 

gender, to develop a reliable prediction model. By analyzing these variables, the 

system can accurately estimate the likelihood of a patient being readmitted within 30 

days. 

The implementation of such predictive models enables hospitals to proactively 

identify high-risk patients before discharge and take preventive measures. These 

measures may include scheduling follow-up visits, ensuring proper medication 

adherence, and designing personalized care plans. Additionally, the integration of 

explainable artificial intelligence techniques such as SHAP (SHapley Additive 

exPlanations) enhances the transparency of the model by clearly indicating which 

factors contribute most to the prediction. This not only builds trust among healthcare 

professionals but also supports informed clinical decision-making. 

II. Literature Survey 

Hospital readmission prediction has been widely studied using data analytics and 

machine learning techniques due to its importance in improving healthcare quality 

and reducing costs. Several research studies have demonstrated that machine learning 

algorithms such as decision trees, logistic regression, support vector machines, and 

neural networks are commonly used for predicting readmission risk. These models 

have shown promising performance, with many achieving an Area Under Curve 

(AUC) greater than 0.70, indicating their effectiveness in handling healthcare 

prediction tasks. Such findings highlight the growing role of data-driven approaches 

in enhancing patient care and hospital management. 

Further studies emphasize the limitations of traditional statistical methods, which 

often fail to capture complex, non-linear relationships present in patient data. In 

contrast, machine learning models can automatically learn patterns from large and 

diverse datasets, leading to improved prediction accuracy. Advanced techniques such 

as Gradient Boosting and ensemble methods have been reported to achieve higher 

performance, with AUC values reaching up to 0.83. This demonstrates the advantage 

of modern algorithms in providing more reliable and accurate predictions compared to 

conventional approaches. 

Recent research has also explored the application of deep learning and ensemble 

models for hospital readmission prediction. While these methods improve predictive 

accuracy, they often lack interpretability, making it difficult for healthcare 

professionals to trust and adopt them in real-world scenarios. To overcome this 

limitation, the focus has shifted toward explainable artificial intelligence (XAI) 

techniques. Methods such as SHAP (SHapley Additive exPlanations) are increasingly 

used to provide clear insights into how individual features influence model 

predictions, thereby enhancing transparency and trust. 

Additionally, contemporary studies highlight the importance of integrating both 

clinical data and broader contextual factors, such as social determinants of health, to 
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improve prediction performance. By combining multiple data sources, models can 

provide a more comprehensive understanding of patient risk. Overall, the literature 

indicates that while machine learning significantly improves readmission prediction, 

challenges related to data quality, interpretability, and practical implementation 

remain. This project builds upon existing research by integrating accurate machine 

learning models with SHAP-based explainability to develop a reliable, transparent, 

and practical system for predicting hospital readmission risk. 

III. System Analysis 

 
The Hospital 30-Day Patient Readmission Risk Prediction system is designed to 

analyze patient data and predict the likelihood of readmission using machine learning 

techniques. The system focuses on improving healthcare quality by identifying high-

risk patients before discharge. It processes clinical and demographic data such as age, 

diagnosis, medical history, treatment details, and length of hospital stay. The system 

identifies patterns and relationships within the data to detect potential readmission 

risks. It addresses challenges such as data imbalance and missing values in healthcare 

datasets. Advanced preprocessing techniques are used to clean and prepare the data. 

Multiple machine learning models are applied to improve prediction accuracy. The 

system incorporates SHAP explainability to provide transparent insights into 

predictions. It evaluates model performance using metrics like accuracy, precision, 

recall, and F1-score. The system supports better decision-making for healthcare 

providers. It is scalable and adaptable to different hospital datasets. Overall, it 

enhances patient care and reduces readmission rates. 

Existing System 

The existing system for predicting patient readmissions primarily relies on traditional 

statistical methods and manual assessment by healthcare professionals. These 

approaches use limited patient information and predefined rules. Data analysis is often 

performed manually or using basic tools, making the process time-consuming. 

Existing systems lack advanced predictive capabilities and fail to capture complex 

relationships in patient data. They do not effectively handle large-scale healthcare 

datasets. There is limited integration of clinical and demographic data. The systems 

lack real-time prediction capabilities. Visualization and reporting features are minimal. 

Existing methods do not provide clear explanations for predictions. Healthcare 

professionals must rely on experience rather than data-driven insights. These systems 

are less efficient in identifying high-risk patients. Overall, existing systems are less 

accurate and lack scalability. 

Disadvantages of Existing System (Points) 

 Relies on manual analysis and traditional methods  

 Limited use of patient data features  

 Cannot handle large and complex datasets efficiently  

 Lack of real-time prediction capabilities  

 Low prediction accuracy and reliability  

 No explainability for predictions  
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 Time-consuming and resource-intensive 

Proposed System 

The proposed system introduces a machine learning-based approach for predicting 

hospital readmission risk. It integrates both clinical and demographic data for 

comprehensive analysis. The system applies preprocessing techniques to handle 

missing values and inconsistencies. Multiple algorithms such as Logistic Regression, 

Random Forest, and Gradient Boosting are used for prediction. It incorporates SHAP 

explainability to interpret model predictions. The system identifies key factors 

influencing readmission risk. It provides real-time prediction results for healthcare 

professionals. Interactive dashboards display patient risk scores and insights. The 

system improves early detection of high-risk patients. It supports targeted 

interventions and personalized care plans. The platform is scalable and efficient for 

large datasets. Overall, it enhances healthcare decision-making and reduces 

readmission rates. 

Advantages of Proposed System (Points) 

 High prediction accuracy using advanced machine learning models  

 Integration of clinical and demographic data  

 SHAP-based explainability for transparent predictions  

 Early identification of high-risk patients  

 Real-time prediction and analysis  

 Reduces hospital readmission rates  

 Supports data-driven decision-making  

 Scalable for large healthcare datasets 

IV. Methodology 

The system follows a structured methodology for predicting readmission risk. Initially, 

patient data is collected from hospital records. Data preprocessing is performed to 

handle missing values and inconsistencies. Feature selection is applied to identify 

relevant clinical and demographic attributes. The dataset is analyzed for class 

imbalance and appropriate techniques are used. The data is split into training and 

testing sets. Machine learning models such as Logistic Regression, Random Forest, 

and Gradient Boosting are trained. Model performance is evaluated using accuracy, 

precision, recall, and F1-score. SHAP is applied to interpret model predictions and 

identify important features. The best-performing model is selected for deployment. 

Predictions are generated for new patient data. Results are visualized through 

dashboards for easy interpretation. 

System Architecture 

The system architecture consists of several interconnected components. The Data 

Collection Module gathers clinical and demographic patient data. The Data 

Preprocessing Module cleans and prepares the data. The Feature Engineering Module 

extracts relevant features. The Imbalance Handling Module addresses skewed data 
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distribution. The Model Training Module applies machine learning algorithms. The 

Evaluation Module assesses model performance. The Explainability Module uses 

SHAP to interpret predictions. The Prediction Module generates readmission risk 

scores. The Visualization Module presents insights through dashboards. The Storage 

Layer manages datasets and model outputs. The Backend is implemented using 

Python and machine learning libraries. All components work together to provide 

accurate and efficient readmission prediction. 

 
 
 

V. Result and Output 



IJDIM, 2026, 5 (2(2)), 823-831 | 828 Received: 20-04-2026 | Accepted: 28-05-2026 | Published: 05-06-2026  

       International Journal of 

                   DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
                      Peer Reviewed, Referred & Indexed Journal 

                                    ISSN: 3068-272X                                          www.ijdim.com                             Original Research Paper 

 

 

 
 
 

VI. Conclusion 

In conclusion, this project successfully demonstrates the application of data analytics 

and machine learning techniques to predict hospital readmission within 30 days. By 
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analyzing both clinical and demographic patient data, the system effectively identifies 

high-risk patients prior to discharge, enabling healthcare professionals to take timely 

preventive measures. The use of advanced machine learning models such as Random 

Forest and Gradient Boosting significantly improves prediction accuracy compared to 

traditional approaches, ensuring more reliable outcomes. 

Furthermore, the integration of SHAP (SHapley Additive exPlanations) enhances the 

transparency and interpretability of the model by clearly highlighting the key factors 

influencing each prediction. This makes the system more trustworthy and practical for 

real-world medical decision-making. The inclusion of an interactive web-based 

dashboard further improves usability by presenting insights in a clear and 

understandable format for healthcare providers. 

Overall, this project contributes to better patient care by supporting early intervention 

strategies, reducing unnecessary hospital readmissions, and optimizing the use of 

healthcare resources. It emphasizes the importance of data-driven decision-making in 

modern healthcare systems and provides a strong foundation for future improvements, 

such as real-time data integration, advanced predictive models, and large-scale 

implementation across healthcare institutions. 
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