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Abstract - Predictive analytics leverages machine learning and
statistical modeling to analyze disparate healthcare datasets to
forecast patient outcomes and institutional needs. This paper
presents a comprehensive study on the application of predictive
frameworks in early disease detection, patient readmission
forecasting, and hospital resource optimization. By
synthesizing data from Electronic Health Records (EHR),
wearable IoT devices, and administrative systems, we evaluate
the performance of Logistic Regression, Random Forest, and
Neural Network models. Our findings indicate that predictive
modeling significantly enhances clinical intervention speed and
operational accuracy, while also highlighting critical challenges
regarding data privacy and model interpretability.
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I. INTRODUCTION

Global  healthcare  systems are currently under
unprecedented strain due to aging populations, escalating
operational costs, and resource scarcity. Traditional medical
models are largely reactive, focusing on

treating symptoms after they appear. Predictive analytics
shifts this paradigmtoward proactive healthcare. By
analyzing historical and real-time data, healthcare providers
can forecast high-risk clinical events, allowing for early
intervention that improves patient survival rates and reduces
the financial burden on the healthcare system.

II. LITERATURE REVIEW

Recent scholarship underscores a transformative shift in
clinical decision support systems. Studies utilizing Machine
Learning applied to EHR data have consistently achieved
accuracy rates exceeding 80 percent in identifying chronic
disease risks. Key research focuses on improving patient
experience, improving population health, and reducing
healthcare costs through data-driven insights.
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III. METHODOLOGY

The methodology for this study follows a structured
pipeline: Data  Acquisition, Preprocessing, Feature
Engineering, and Model Evaluation.

A. Data Collection
Data was aggregated from four primary channels:

Clinical: EHR records including diagnosis codes and lab
results.

Continuous: Wearable sensors providing real-time vitals.
Imaging: Medical scans for pattern recognition.
Administrative: Bed occupancy and staffing logs.

Table I: Healthcare Data Sources and Applications

Source Data Type | Clinical/Operation
al Purpose
EHR Clinical Chronic disease &
Records readmission
prediction
Wearables | Vital Signs | Real-time
(HR, emergency alerts
Sp0O2)
Administr | Admissions | Resource & staff
ative & Bed optimization
Count

IV. PREDICTIVE MODELS AND PERFORMANCE

Logistic Regression: Employed as a baseline for binary
classification tasks, such as patient readmission.

Random Forest: Utilized for its ability to handle non-linear
relationships and high-dimensional data.Neural Networks:
Applied to complex, unstructured data for high-stakes
detections like Sepsis.
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Table II: Model Performance Evaluation

Model Primary Accuracy
Application achieved

Logistic Readmission 85%

Regression Prediction

Random Forest | Disease 90%
Progression
Tracking

Neural Network | Acute Sepsis 88%
Detection

V. RESULTS AND DISCUSSION

The empirical results indicate that Random Forest provided
the highest overall accuracy for general disease progression
due to its robustness. Neural Networks proved superior in
identifying complex patterns but require more
computational power and lack transparency.

VI. FUTURE SCOPE

Real-time Integration, Explainable Al, and Edge
Deployment will drive future predictive healthcare systems.

VII. CONCLUSION

Predictive analytics is a clinical necessity. Integrating
machine learning into hospital workflows enables
preventive care and improved patient outcomes.
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