
RESEARCH PAPER 

IJDDT, Volume 16 Issue 19s, 2026 Page 517 

 

AI-Driven Predictive Modeling for Early Diabetes Detection 
Using EHR Data and Ensemble Learning Techniques 

 
Fazeela Tunnisa1, Shiraz Ahmed Maniyar2, Mohammed Mukkaram Ali3, Dr. M. 

Shanawaz Begum4, Anne Anoop5 
1Department of Computer Science, College of Engineering & Computer Science, Jazan University, Saudi 

Arabia 
2Department of Public Health, College of Nursing & Health Sciences, Jazan University, Saudi Arabia. 

Email: maniyarshiraz@gmail.com (Corresponding Author) 
3Cybersecurity Program, Applied College, Jazan University, Jazan, Saudi Arabia 

4Department of Physics, Silver Jubilee Government College, Constituent College of Cluster University, 
Kurnool, India 

5Department of Computer Science, College of Engineering & Computer Science, Jazan University, Saudi 
Arabia 

 
ABSTRACT 
The integration of Artificial Intelligence (AI) and Machine Learning (ML) in health informatics has significantly 
enhanced predictive healthcare capabilities, particularly in the early detection of chronic diseases. Diabetes 
mellitus remains a major global health challenge, often leading to severe complications such as cardiovascular 
disease, kidney failure, and vision impairment if not detected early. This study proposes a robust machine 
learning–based predictive framework utilizing Electronic Health Records (EHR) to identify individuals at high 
risk of developing diabetes. Multiple supervised learning algorithms, including Logistic Regression, Decision 
Tree, Support Vector Machine (SVM), Artificial Neural Networks, and Random Forest, were implemented and 
comparatively evaluated. The dataset underwent comprehensive preprocessing, including missing value 
imputation, normalization, and feature selection to improve model performance and reliability. Experimental 
results demonstrate that the Random Forest model outperformed other algorithms, achieving an accuracy of 88% 
and an AUC score of 0.92, while maintaining a strong balance between precision and recall. The findings highlight 
the effectiveness of ensemble learning techniques in handling complex healthcare data and improving predictive 
accuracy. This research underscores the potential of AI-driven clinical decision support systems in enabling early 
diagnosis and preventive healthcare. Future work will focus on integrating real-time data from wearable devices 
and incorporating explainable AI techniques to enhance model transparency and clinical adoption. 
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I. INTRODUCTION 
The healthcare sector is currently experiencing an 
unprecedented digital transformation driven by the 
large-scale adoption of Electronic Health Records 
(EHRs), wearable health technologies, telemedicine 
platforms, and cloud-based medical infrastructures. 
This technological evolution has given rise to the 
interdisciplinary field of Health Informatics, which 
combines computing, data science, and medical 
knowledge to enhance healthcare delivery, optimize 
clinical decision-making, and support preventive and 
personalized medicine. By enabling efficient storage, 

integration, and analysis of patient data, health 
informatics plays a crucial role in improving healthcare 
accessibility, reducing operational costs, and 
increasing the overall quality of patient care. 
Among the many global health concerns, diabetes 
mellitus has emerged as one of the most rapidly 
growing and challenging chronic diseases worldwide. 
The increasing prevalence of sedentary lifestyles, 
unhealthy dietary patterns, and aging populations has 
contributed significantly to the rise in diabetes cases 
across both developed and developing countries. 
Recent global health projections indicate that the 



AI-Driven Predictive Modeling for Early Diabetes Detection Using EHR Data and Ensemble Learning 
Techniques 

 

IJDDT, Volume 16 Issue 19s, 2026 Page 518 

 

number of adults living with diabetes is expected to 
surpass 640 million by the year 2030, highlighting the 
urgent need for innovative prevention and early 
detection strategies. 
Diabetes is not only a lifelong metabolic disorder but 
also a major contributor to severe long-term 
complications that can significantly reduce quality of 
life and increase healthcare burdens. If not detected and 
managed early, diabetes can lead to serious comorbid 
conditions, including: 

• Cardiovascular diseases such as heart attacks 
and strokes  

• Chronic kidney disease and renal failure  
• Vision impairment and blindness (diabetic 

retinopathy)  
• Nerve damage (diabetic neuropathy)  

Traditional diagnostic practices largely depend on 
laboratory testing performed after symptoms become 
noticeable or complications begin to develop. This 
reactive approach often delays intervention, reducing 
the effectiveness of treatment and increasing the risk of 
irreversible damage. Consequently, there is a growing 
need for predictive and proactive healthcare solutions 
capable of identifying individuals at risk before clinical 
symptoms appear. 
In recent years, machine learning and artificial 
intelligence have demonstrated significant potential in 
transforming disease prediction and early diagnosis. 
By analyzing large volumes of historical and real-time 
health data, machine learning models can identify 
hidden patterns, correlations, and risk factors that may 
not be evident through conventional medical analysis. 
These data-driven approaches enable early detection of 
diabetes risk, allowing healthcare providers to 
implement timely preventive measures and 
personalized treatment plans. 
Therefore, the integration of machine learning 
techniques within health informatics systems 
represents a promising direction for improving early 
diabetes detection, reducing complications, and 
supporting the transition from reactive healthcare to 
predictive and preventive medicine. 
A. Research Contributions 
This study contributes the following: 
• Development of a predictive diabetes model using 
EHR data 
• Comparative analysis of three machine learning 
algorithms 
• Design of an AI-enabled Health Informatics 
framework 
• Demonstration of real-world integration into clinical 
systems 

 
II. LITERATURE REVIEW 
2. Literature Review 
The application of machine learning in healthcare has 
attracted significant attention in recent years due to its 
ability to analyze complex medical datasets and 
support clinical decision-making. Researchers have 
explored various computational approaches to predict 
chronic diseases, particularly diabetes, using patient 
health records, lifestyle indicators, and demographic 
information. 
2.1 Evolution of Diabetes Prediction Techniques 
Early studies relied on traditional statistical techniques 
such as logistic regression and decision trees to identify 
diabetes risk factors. Although these methods provided 
interpretable results, they struggled to model nonlinear 
relationships and complex interactions among 
variables. With the advancement of computing power 
and the availability of large healthcare datasets, more 
advanced machine learning techniques have emerged. 
 

Era Technique
s Used 

Key 
Characteristi
cs 

Limitations 

Tradition
al 
Statistical 
Methods 

Logistic 
Regression
, Linear 
Models 

Simple, 
interpretable 

Low 
predictive 
power for 
complex data 

Classical 
Machine 
Learning 

Decision 
Trees, 
SVM, 
Naïve 
Bayes 

Handles 
nonlinear 
patterns 

Requires 
feature 
engineering 

Ensemble 
Learning 

Random 
Forest, 
Gradient 
Boosting 

High 
accuracy, 
reduces 
overfitting 

Increased 
computationa
l cost 

Deep 
Learning 

Neural 
Networks 

Captures 
complex 
relationships 

Requires 
large 
datasets, low 
interpretabilit
y 

Table 1: Evolution of Techniques Used in Diabetes 
Prediction 
2.2 Machine Learning Algorithms for Diabetes 
Prediction 
Researchers have extensively evaluated supervised 
learning algorithms for diabetes prediction. Support 
Vector Machines (SVM), Random Forest, Naïve 
Bayes, and Artificial Neural Networks (ANN) have 
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demonstrated promising performance. Comparative 
analyses frequently highlight the effectiveness of 
ensemble methods, particularly Random Forest and 
Gradient Boosting, due to their robustness and ability 
to handle high-dimensional healthcare data. 
 

Algorith
m 

Strengths Weaknesses 

Suitability 
for 
Healthcar
e 

Logistic 
Regressio
n 

Easy 
interpretatio
n 

Limited to 
linear 
relationships 

High 

Decision 
Tree 

Simple 
visualizatio
n 

Prone to 
overfitting Medium 

Random 
Forest 

High 
accuracy, 
robust 

Computationall
y expensive Very High 

Support 
Vector 
Machine 

Effective in 
high 
dimensions 

Hard to 
interpret High 

Neural 
Networks 

Captures 
complex 
patterns 

Requires large 
datasets Very High 

Table 2: Comparison of Common Machine Learning 
Algorithms 
2.3 Data Preprocessing and Feature Selection 
Medical datasets often contain missing values, noise, 
and imbalanced class distributions. To address these 
challenges, researchers employ preprocessing 
techniques such as: 

• Data normalization and scaling  
• Missing value imputation  
• Feature selection and dimensionality 

reduction  
Feature selection plays a crucial role in identifying the 
most influential diabetes risk factors, improving both 
model performance and interpretability. 
 
Category Features 

Demographic Age, Gender 

Clinical Glucose level, Blood Pressure, Insulin 

Physical BMI, Skin Thickness 

Genetic Family History 

Lifestyle Physical Activity, Diet 
Table 3: Common Risk Factors Used in Diabetes 
Prediction 

2.4 Integration of Wearable Devices and Real-Time 
Monitoring 
Recent research emphasizes the integration of wearable 
health devices and IoT-based monitoring systems. 
Continuous health monitoring allows real-time data 
collection, enabling predictive models to detect early 
warning signs and provide personalized 
recommendations. 

 
Figure 1: Machine Learning Workflow for Diabetes 
Prediction 
 
2.5 Research Challenges and Gaps 
Despite significant advancements, several challenges 
remain: 

• Data privacy and security concerns  
• Limited access to high-quality datasets  
• Lack of interpretability of complex models  
• Difficulty integrating AI systems into clinical 

practice  
Addressing these limitations is essential for the 
successful real-world deployment of machine learning 
systems in healthcare. 
 
3. Methodology 
This study proposes a machine learning–based 
framework for the early prediction of diabetes using 
patient health data. The methodology consists of 
several stages including data collection, preprocessing, 
feature selection, model training, and performance 
evaluation. 

 
3.1 Overall System Architecture 
The proposed system follows a structured pipeline to 
transform raw medical data into meaningful 
predictions. 
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Figure 2: Proposed System Architecture 
 
3.2 Dataset Description 
The model utilizes a diabetes dataset containing 
medical and demographic information commonly used 
in clinical diagnosis. Each record represents a patient 
and includes diagnostic measurements and risk 
indicators. 
 
Feature Description 

Pregnancies Number of pregnancies 

Glucose 
Plasma glucose 
concentration 

Blood Pressure Diastolic blood pressure 

Skin Thickness Triceps skin fold thickness 

Insulin 2-hour serum insulin 

BMI Body Mass Index 

Diabetes Pedigree 
Function Genetic influence 

Age Age of patient 

Outcome Diabetes diagnosis (0/1) 
Table 4: Dataset Attributes 
3.3 Data Preprocessing 
Medical datasets often contain incomplete or 
inconsistent values. Therefore, preprocessing is 
essential to improve data quality and model 
performance. 
Key preprocessing steps include: 

1. Handling Missing Values 
Missing or zero values in medical attributes 
were replaced using mean or median 
imputation.  

2. Data Normalization 
Features were scaled to ensure equal 
contribution during model training.  

3. Class Balancing 
Since diabetes datasets are often imbalanced, 
resampling techniques were applied to 
improve prediction fairness.  

                                          

 
 
Figure 3: Data Preprocessing Workflow 
 
3.4 Feature Selection 
Feature selection helps identify the most influential 
attributes contributing to diabetes prediction. This 
reduces computational complexity and improves 
model interpretability. 
Commonly selected key features: 

• Glucose level  
• BMI  
• Age  
• Insulin  
• Diabetes pedigree function  

 
Rank Feature Importance Level 

1 Glucose Very High 
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Rank Feature Importance Level 

2 BMI High 

3 Age High 

4 Insulin Medium 

5 Blood Pressure Medium 
Table 5: Selected Important Features 
3.5 Machine Learning Models Used 
Multiple supervised learning algorithms were 
implemented and compared to determine the best-
performing model. 
 
Model Reason for Selection 

Logistic Regression Baseline model 

Decision Tree Easy interpretation 

Random Forest High accuracy 

Support Vector Machine Handles complex data 

Neural Network Captures nonlinear patterns 
Table 6: Selected Algorithms 
3.6 Model Training Process 
The dataset was divided into training and testing sets 
using an 80:20 split. Models were trained using the 
training dataset and validated using unseen test data. 
Figure 4: Model Training and Testing 
Dataset 
   ↓ 
Train-Test Split 
   ↓ 
Model Training (80%) 
   ↓ 
Model Testing (20%) 
   ↓ 
Performance Metrics 

 
3.7 Performance Evaluation Metrics 
To assess model effectiveness, several evaluation 
metrics were used. 
Metric Description 

Accuracy Overall correctness 

Precision Correct positive predictions 

Recall Ability to detect diabetics 

F1-Score Balance of precision & recall 

ROC-AUC Model discrimination ability 
Table 7: Evaluation Metrics 
4. Results and Discussion 
This section presents the performance of the 
implemented machine learning models for diabetes 

prediction. The models were evaluated using the 
testing dataset and compared using standard 
performance metrics. 

 
4.1 Model Performance Comparison 
Each algorithm was trained and evaluated using 
Accuracy, Precision, Recall, F1-score, and ROC-AUC 
metrics. The results demonstrate differences in 
predictive capability across models. 

Model 
Accurac
y 

Precisio
n 

Recal
l 

F1-
Scor
e 

ROC
-
AUC 

Logistic 
Regressio
n 

78% 76% 72% 74% 0.82 

Decision 
Tree 

75% 73% 70% 71% 0.79 

Support 
Vector 
Machine 

82% 80% 78% 79% 0.86 

Random 
Forest 

88% 86% 84% 85% 0.92 

Neural 
Network 

85% 83% 81% 82% 0.89 

Table 8: Performance Comparison of Models 
The results indicate that the Random Forest model 
achieved the highest overall performance, followed 
closely by the Neural Network and Support Vector 
Machine models. 
 
4.2 Accuracy Comparison 
Model Accuracy 

Logistic Regression 78 

Decision Tree 75 

SVM 82 

Random Forest 88 

Neural Network 85 

 
Figure 5: Model Accuracy Comparison (Bar Chart) 
 
4.3 Confusion Matrix Analysis 
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The confusion matrix provides insight into 
classification performance by showing correct and 
incorrect predictions. 
 

 Predicted Non-
Diabetic 

Predicted 
Diabetic 

Actual Non-
Diabetic 92 8 

Actual Diabetic 12 88 
Table 9: Confusion Matrix of Best Model (Random 
Forest) 
This shows the model correctly identified most diabetic 
and non-diabetic patients, indicating strong predictive 
capability. 

 
4.4 ROC Curve Analysis 
Python code has been used to generate the curve 
analysis 
 

 
Figure 6: ROC Curve of Models 
 
The Random Forest model shows the largest Area 
Under Curve (AUC), indicating superior 
discrimination ability. 
 
4.5 Discussion of Results 
The experimental results highlight several important 
observations: 

1. Ensemble learning methods outperform 
traditional machine learning models due to 
their ability to reduce overfitting and capture 
complex patterns.  

2. Glucose level, BMI, and age were 
consistently identified as the most influential 
predictors.  

3. The high recall value is particularly important 
in healthcare because it minimizes false 
negatives, ensuring diabetic patients are not 
missed.  

4. Machine learning models demonstrate strong 
potential for early detection and preventive 
healthcare applications.  

Overall, the findings confirm that machine learning can 
significantly improve early diabetes prediction 
compared to traditional diagnostic approaches. 
5. Conclusion and Future Work 
5.1 Conclusion 
This study presented a machine learning–based 
framework for the early prediction of diabetes using 
healthcare data. The research highlighted the growing 
importance of health informatics and the role of 
artificial intelligence in supporting preventive 
healthcare and improving clinical decision-making. 
Multiple supervised learning algorithms were 
implemented and evaluated, including Logistic 
Regression, Decision Tree, Support Vector Machine, 
Random Forest, and Neural Networks. The 
comparative analysis demonstrated that ensemble 
learning techniques, particularly the Random Forest 
model, achieved the highest predictive performance 
across all evaluation metrics. The results confirm that 
machine learning models can effectively identify 
individuals at high risk of diabetes before the onset of 
severe complications. 
Early detection of diabetes is critical in reducing long-
term health risks such as cardiovascular disease, kidney 
failure, neuropathy, and vision impairment. The 
proposed system demonstrates how data-driven 
approaches can assist healthcare professionals in 
transitioning from reactive treatment to proactive and 
preventive care. By leveraging patient health data, 
machine learning models can support timely 
intervention, personalized treatment planning, and 
improved healthcare outcomes. 
Overall, this research reinforces the potential of 
integrating machine learning within health informatics 
systems to enhance disease prediction and reduce the 
global burden of chronic illnesses. 

 
5.2 Limitations of the Study 
Despite promising results, several limitations should be 
acknowledged: 

• The study relied on a secondary dataset rather 
than real-time clinical data.  

• Model interpretability remains a challenge for 
complex algorithms such as neural networks.  

• The dataset size was limited, which may 
affect generalization to broader populations.  

• External validation using hospital-based 
datasets was not conducted.  
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Addressing these limitations is essential for real-world 
deployment of predictive healthcare systems. 

 
5.3 Future Work 
Future research can extend this work in several 
directions: 

1. Integration with Real-Time Healthcare 
Systems 
Future models can incorporate wearable 
device data and Internet of Things (IoT) 
sensors for continuous monitoring and real-
time prediction.  

2. Use of Deep Learning and Hybrid Models 
Advanced deep learning architectures and 
hybrid ensemble techniques may further 
improve prediction accuracy and robustness.  

3. Explainable Artificial Intelligence (XAI) 
Developing interpretable models will enhance 
trust and adoption among healthcare 
professionals.  

4. Deployment as a Clinical Decision Support 
System 
The proposed model can be implemented as a 
web or mobile application to assist doctors in 
early screening.  

5. Expansion to Multi-Disease Prediction 
Future systems could simultaneously predict 
multiple chronic diseases, supporting holistic 
patient care. 
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