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ABSTRACT: Early and accurate disease prediction plays a vital role in improving healthcare outcomes and reducing
medical costs. With the rapid growth of healthcare data, traditional diagnostic methods face limitations in analyzing
large-scale and complex datasets. This research proposes an Al-based early disease prediction framework using
machine learning techniques to assist clinicians in timely diagnosis. The system employs supervised learning
algorithms such as Logistic Regression, Support Vector Machine (SVM), Random Forest, and XGBoost. Clinical data
is preprocessed using normalization, missing value handling, and feature selection to enhance model performance.
Experimental analysis demonstrates that ensemble-based models achieve superior accuracy, precision, recall, and F1-
score compared to conventional classifiers. The proposed system can serve as an effective clinical decision support tool
for early disease detection.
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L. INTRODUCTION

The rapid advancement of healthcare technologies has led to the generation of large volumes of clinical data through
electronic health records, diagnostic tests, medical imaging, and wearable devices. Despite the availability of such data,
early disease detection remains a major challenge in clinical practice due to delayed diagnosis, complex symptom
patterns, and limitations of traditional diagnostic methods. Early identification of diseases is critical, as timely
intervention can significantly improve patient outcomes, reduce mortality rates, and lower overall healthcare costs.
Despite significant progress in Al and machine learning—based disease detection, most existing systems are designed to
predict only a single disease [1].

Artificial Intelligence (AI) and Machine Learning (ML) have emerged as powerful tools for analyzing complex and
high-dimensional healthcare data. Early prediction of diseases in humans plays a crucial role in effective treatment and
clinical management [2]. Unlike conventional statistical approaches, machine learning models can automatically learn
hidden patterns and relationships from historical clinical data, enabling accurate prediction of disease occurrence at an
early stage. These techniques are particularly effective in handling large datasets with non-linear relationships among
medical attributes, which are difficult to capture using rule-based or manual diagnostic methods. Traditional medical
treatment primarily relies on symptom-based evaluation and systematic clinical assessment, which often fails to detect
early indicators of disease progression [3].

Rising patient expectations, growing demand for personalized care, and limited healthcare resources are placing
significant pressure on healthcare systems worldwide [4]. Preventive healthcare focuses on minimizing disease
incidence by detecting risk factors early and enabling timely intervention [5]. Most current Al-based diagnostic systems
are developed to identify a single disease, necessitating separate tools for different medical conditions [6].

In recent years, several machine learning algorithms such as Logistic Regression, Support Vector Machine (SVM),

Random Forest, and Extreme Gradient Boosting (XGBoost) have been widely applied in disease prediction tasks
including heart disease, diabetes, cancer, and other chronic conditions. While individual models have shown promising
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results, their predictive performance varies depending on data characteristics, feature selection, and model
configuration. Therefore, a comparative evaluation of multiple machine learning techniques is essential to identify the
most effective approach for early disease prediction. Al-based disease prediction refers to the use of computational
algorithms and techniques to anticipate the onset, progression, or advancement of various diseases in individuals [7].

This research focuses on the design and development of an Al-based early disease prediction system using supervised
machine learning techniques. The proposed framework aims to analyze clinical and demographic patient data,
preprocess it to improve quality, and apply multiple machine learning models to predict disease presence accurately. By
emphasizing performance evaluation using accuracy, precision, recall, and Fl-score, the study ensures reliable and
clinically meaningful predictions.

The proposed system is intended to support healthcare professionals by providing data-driven insights for early
diagnosis and preventive care. Such an Al-based decision support system can assist clinicians in identifying high-risk
patients, enabling timely medical intervention and improving the overall efficiency of healthcare delivery.

II. LITERATURE SURVEY

Several studies have explored machine learning techniques for healthcare prediction tasks such as heart disease,
diabetes, cancer, and chronic illness detection. Logistic Regression and SVM have been widely used due to their
simplicity and interpretability. However, these models often struggle with complex, non-linear relationships.

Recent research highlights the effectiveness of ensemble learning methods such as Random Forest and XGBoost,
which provide improved accuracy and robustness. Additionally, explainable Al techniques have gained attention to
ensure transparency and trust in medical decision-making systems. Despite these advancements, challenges related to
data imbalance, generalization, and interpretability still exist.

Although several studies have reported promising results using individual machine learning models for disease
prediction, challenges such as data imbalance, overfitting, and limited generalization remain. Furthermore, comparative
evaluation of multiple supervised learning algorithms is essential to identify the most effective model for early disease
detection. This research addresses these challenges by implementing and evaluating multiple machine learning
techniques within a unified prediction framework.

III. RESEARCH METHODOLOGY

A well-structured research methodology is essential to ensure the reliability, validity, and reproducibility of Al-based
healthcare systems. In this study, the methodology provides a systematic approach for collecting, preprocessing, and
analyzing clinical data using machine learning algorithms. It ensures that model training, evaluation, and comparison is
performed consistently, minimizing bias and improving generalizability. A rigorous methodology also enhances trust in
predictive outcomes, which is crucial for adoption in real-world medical environments.

A. Dataset Collection

Clinical data was collected from publicly available healthcare datasets and/or hospital records. The dataset consists of
patient demographic details, medical test results, physiological parameters, and disease labels. All data was
anonymized to ensure patient privacy and ethical compliance.

B. Data Preprocessing

Data preprocessing was performed to enhance data quality and model performance. Missing values were handled using
appropriate imputation techniques, numerical attributes were normalized, and categorical variables were encoded into
numerical form. Outliers and noisy data were identified and treated to reduce prediction bias.

C. Machine Learning Models

The following supervised machine learning algorithms were implemented:
e Logistic Regression

e Support Vector Machine (SVM)

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 1815



http://www.ijirset.com/

Impact
Factor

8.699

I

ﬂ“gﬁ International Journal of Innovative Research of
[FII:IsJ =) Science, Engineering and Technology (IJIRSET)

LA

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 2, February 2026
|DOI: 10.15680/1JIRSET.2026.1502102|

e Random Forest

o Extreme Gradient Boosting (XGBoost)

These models were selected to compare linear, non-linear, and ensemble learning approaches. Hyperparameter tuning
was performed using cross-validation techniques to optimize performance.

D. Evaluation Metrics

Model performance was evaluated using Accuracy, Precision, Recall, and F1-Score. These metrics provide a balanced
evaluation of predictive effectiveness, particularly in healthcare applications where false negatives can have serious
consequences. These metrics were chosen to ensure balanced evaluation in medical prediction tasks.

IV. OBJECTIVES OF THE STUDY

The primary objective of this research is to design and develop an Al-based early disease prediction system using
machine learning techniques to support timely and accurate medical diagnosis.

The specific objectives of the study are as follows:

To design an Al-based early disease prediction system using machine learning techniques.
To preprocess and analyze healthcare data to improve prediction reliability.

To implement and compare supervised machine learning models for disease prediction.
To evaluate model performance using accuracy, precision, recall, and F1-score.

To reduce false negative predictions by achieving high recall.

S

V.RESULTS AND DISCUSSION

The experimental results demonstrate that machine learning models are effective in predicting diseases at an early stage
using clinical data. Among the evaluated models, ensemble-based algorithms such as Random Forest and XGBoost
achieved higher accuracy, precision, recall, and F1-score compared to Logistic Regression and Support Vector Machine.
This improvement is attributed to the ability of ensemble models to capture complex and non-linear relationships
among clinical attributes.

Tablel. Performance Comparison of Machine Learning Models

Model Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Logistic Regression 88 87 &9 88
SVM 90 90 92 91
Random Forest 93 92 94 93
XGBoost 95 94 96 95
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Figl. Performance Evaluation of Proposed Model

High recall values obtained by the proposed system indicate its effectiveness in correctly identifying disease-positive
cases, which is particularly important in healthcare applications where false negatives can lead to delayed treatment.
Precision values further confirm that the number of incorrect disease predictions is limited, thereby reducing
unnecessary medical interventions. The balanced F1-score reflects the robustness of the proposed approach in handling
potentially imbalanced healthcare datasets.

Overall, the results validate the suitability of Al-based machine learning techniques for early disease prediction and
highlight their potential to support clinicians in preventive healthcare and early intervention strategies. XGBoost
achieved the best overall performance among all evaluated models.

VI. RESULTS AND DISCUSSION

This research presented an Al-based early disease prediction system using machine learning techniques to support
timely and accurate medical diagnosis. The proposed framework leverages clinical and demographic data to identify
disease patterns at an early stage, thereby assisting healthcare professionals in decision-making. Machine learning
models such as Logistic Regression, Support Vector Machine, Random Forest, and XGBoost were employed to analyze
complex relationships within patient data.

Experimental evaluation demonstrated that ensemble-based models outperform traditional classifiers in terms of
accuracy, precision, recall, and F1-score. High recall values indicate the system’s effectiveness in minimizing false
negatives, which is critical in medical diagnosis. The results confirm that Al-driven predictive systems can significantly
enhance early disease detection and improve patient outcomes.

The proposed system can be integrated into clinical decision support systems to assist healthcare practitioners. Future
work may focus on multi-disease prediction, incorporation of real-time patient data, explainable Al techniques for
model transparency, and privacy-preserving learning approaches to ensure ethical deployment in healthcare
environments.
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