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Abstract: 

The rapid expansion of healthcare data 

generated from electronic health systems, 

diagnostic devices, and genomic research 

has created new opportunities for early 

disease prediction. Traditional healthcare 

models primarily focus on treatment after 

diagnosis, which often delays intervention. 

This research presents a comprehensive 

framework that integrates predictive 

analytics with Big Data technologies to 

enable early identification of diseases. 

Machine learning techniques, including 

Random Forest, Support Vector Machine 

(SVM), and deep learning models, are 

utilized to analyze complex and high-

dimensional datasets. The proposed 

approach emphasizes real-time risk 

prediction for chronic conditions such as 

cardiovascular diseases and Type 2 diabetes. 

Experimental results demonstrate that 

optimized Big Data processing combined 

with advanced algorithms significantly 

enhances prediction accuracy and reduces 

false-negative rates. This approach 

contributes to cost-effective and proactive 

healthcare management. 
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1. Introduction 

Healthcare systems worldwide are undergoing a transformation due to the increasing availability 

of large-scale medical data. These datasets include electronic health records (EHR), clinical 

reports, sensor data, and genomic sequences. The complexity of such data requires advanced 

analytical approaches to extract meaningful insights. 

Early diagnosis plays a vital role in improving patient outcomes and reducing healthcare costs. 

However, conventional diagnostic techniques often fail to detect diseases at an early stage due to 

limited data utilization and linear analytical methods. Predictive analytics provides a solution by 

using historical and real-time data to forecast potential health risks. 

This research focuses on the application of Big Data technologies and machine learning models to 

identify hidden patterns in medical datasets. The study aims to develop a scalable and accurate 

framework capable of supporting early disease detection and clinical decision-making. 

 

2. Literature Review 

Recent developments in healthcare analytics highlight the growing importance of data-driven 

decision-making. Earlier approaches relied heavily on statistical models such as regression 

analysis, which were limited in handling complex and non-linear medical data. 

With the advancement of distributed computing technologies, frameworks such as Hadoop and 

Spark have enabled efficient processing of large-scale healthcare datasets. These platforms support 

high-speed data analysis and real-time processing, which are essential for modern healthcare 

applications. 

Machine learning techniques have shown promising results in disease prediction. Deep learning 

models are particularly effective in analyzing medical images, while ensemble methods such as 

Random Forest and XGBoost perform well with structured clinical data. Despite these 

advancements, challenges such as data inconsistency, missing values, and noise remain significant 

barriers to achieving accurate predictions. 

 

3. Research Methodology 

This study adopts an experimental approach based on a structured Big Data analytics pipeline. 

3.1 Data Collection and Preprocessing 
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Data is obtained from publicly available healthcare datasets, including: 

• MIMIC-III clinical database 

• UCI Machine Learning Repository 

The preprocessing phase includes: 

• Data Cleaning: Missing values are handled using statistical imputation and K-Nearest 

Neighbor techniques to maintain data integrity. 

• Normalization: Feature scaling is applied to ensure consistency across variables. 

• Dimensionality Reduction: Principal Component Analysis (PCA) is used to reduce data 

complexity while preserving significant variance. 

 

3.2 Model Selection 

The following machine learning models are implemented and evaluated: 

• Logistic Regression (baseline model) 

• Random Forest (ensemble learning method) 

• Support Vector Machine (SVM) 

• Long Short-Term Memory (LSTM) networks for time-series data 

These models are selected based on their ability to handle different types of healthcare data. 

 

4. Comparative Analysis of Techniques 

Different algorithms and processing frameworks are evaluated based on performance metrics. 

Table 1: Performance Evaluation of Models 

Metric Logistic Regression Random Forest SVM Deep Learning 

Accuracy 76.4% 89.2% 84.5% 92.1% 

Precision 0.72 0.88 0.82 0.91 

Recall 0.68 0.85 0.79 0.89 

F1-Score 0.70 0.86 0.80 0.90 

Table 2: Big Data Processing Performance 

Framework Latency Throughput Application 

Hadoop High Moderate Batch processing 

Spark Low High Real-time analytics 
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Flink Very Low Very High Streaming data 

 

5. Results and Discussion 

The experimental results indicate that ensemble learning techniques provide higher accuracy for 

structured clinical datasets. Deep learning models perform better when dealing with unstructured 

data such as medical imaging and continuous monitoring signals. 

5.1 Key Findings 

The analysis identifies the following critical predictors: 

• Age 

• Body Mass Index (BMI) 

• Inflammatory markers such as CRP 

These factors play a significant role in predicting chronic diseases at an early stage. 

 

5.2 Challenges 

Despite promising results, several challenges persist: 

1. Data Privacy: Ensuring patient confidentiality while maintaining data usability 

2. Interoperability: Variations in healthcare data formats across institutions 

3. Data Quality: Presence of incomplete and inconsistent records 

 

6. Proposed Framework for Clinical Integration 

This study proposes a clinical decision support system based on a hybrid Big Data architecture. 

The system integrates: 

• Batch processing for historical data analysis 

• Real-time processing for continuous patient monitoring 

Risk Stratification Model 

Risk Level Probability Range Recommendation 

Low < 0.30 Routine check-ups 

Medium 0.30 – 0.70 Regular monitoring 

High > 0.70 Immediate intervention 
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7. Conclusion and Future Work 
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