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Abstract: Heart disease remains one of the leading causes of global mortality, creating a growing need for accurate and
reliable early diagnostic systems. The purpose of this study is to compare selected machine learning algorithms for the
early prediction of heart disease and evaluate their suitability for clinical decision-making. The study specifically
examines the performance of Logistic Regression, Random Forest, Support Vector Machine (SVM), and K-Nearest
Neighbour (KNN) using a clinical dataset of 1000 patient records. The objectives include evaluating model performance
through accuracy, precision, recall, and F1-score metrics while identifying significant cardiovascular risk predictors.

The study adopts a quantitative and comparative research design supported by descriptive statistical analysis and machine
learning techniques. The findings reveal that Random Forest achieved the highest predictive performance, while Logistic
Regression provided better interpretability and transparency for clinical applications. Variables such as chest pain type,
exercise angina, ST segment slope, and thallium test results were identified as significant predictors of heart disease. The
study concludes that machine learning models can effectively support early heart disease prediction and improve clinical
decision-making, provided that predictive accuracy is balanced with interpretability and transparency.
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INTRODUCTION

Heart disease remains one of the leading causes of mortality worldwide, creating an urgent need for accurate and efficient
diagnostic systems to support early detection and treatment (Saeed, Alshammari, & H., 2025). Recent advancements in
machine learning have provided promising opportunities for improving cardiovascular disease prediction by identifying
complex clinical patterns and assisting healthcare professionals in risk assessment and preventive decision-making
(Paruchuri, 2025). Accurate predictive modelling can significantly reduce mortality rates by enabling timely medical
intervention and improving patient outcomes (Asgarabad, 2026). Moreover, integrating machine learning frameworks
into clinical practice can help identify high-risk patients while optimizing the use of limited healthcare resources (Hagq,
Husain, & Kaur, 2023).

This study focuses on the comparative analysis of supervised machine learning algorithms for the early prediction of
heart disease (Madhav, Manimaran, Vidhya, & Konguvel, 2024). The research evaluates Logistic Regression, Random
Forest, Support Vector Machine (SVM), K-Nearest Neighbour (KNN), and related classification techniques to determine
their effectiveness in detecting cardiovascular risk factors (Kadri, Bachir, Ibrahim, Harouna, & Mamadou, 2025). The
study further examines how variations in feature processing and classification mechanisms influence predictive
performance across different patient profiles (Rathi et al., 2023). Existing literature indicates that algorithms such as
Random Forest and Logistic Regression demonstrate varying levels of sensitivity and accuracy in clinical applications,
thereby highlighting the need for comparative evaluation (Akshith, 2023).

The primary objective of this research is to identify the machine learning model that provides the highest predictive
accuracy, recall, and overall diagnostic reliability for early heart disease detection. The study utilizes a 1000-sample
clinical dataset and evaluates model performance using key metrics including accuracy, precision, recall, and F1-score
(Samyal & Singh, 2025). Particular emphasis is placed on recall because minimizing false negative predictions is essential
in clinical settings where missed diagnoses can lead to severe health complications (Sitharamulu, Maturi, Murugesan,
Dudekula, & Battu, 2025). By improving classification accuracy, these predictive models can support evidence-based
clinical decision-making and reduce dependence on costly and invasive diagnostic procedures (Baghdadi et al., 2023).
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The study also highlights the importance of preprocessing techniques such as normalization and feature selection for
improving the reliability and efficiency of machine learning models, particularly in resource-constrained healthcare
environments (Akash et al., 2025). These preprocessing strategies contribute to the scalability and applicability of
lightweight classification models in localized screening systems (Talukder, Talaat, Kazi, & Khraisat, 2025).
Consequently, this research bridges the gap between theoretical algorithmic performance and practical diagnostic
implementation for cardiovascular disease prediction (Saputra, Lawrencya, Saini, & Suharjito, 2023).

The comparative analysis demonstrates that Random Forest frequently achieves superior predictive performance because
of its ensemble learning capability, while Logistic Regression and SVM provide advantages in terms of interpretability
and handling structured clinical data (Rahman et al., 2015). Ensemble methods effectively capture non-linear
relationships within medical datasets and often outperform traditional linear classifiers in predictive tasks (Husain et al.,
2023). At the same time, simpler models such as Logistic Regression remain important because they provide transparency
and interpretability, which are critical requirements in healthcare decision-making (Kalaivani & Ranichitra, 2025). In
this context, Random Forest and Logistic Regression emerge as robust approaches that maintain a balance between
predictive precision and recall (Petreska & Slavkovska, 2024).

Despite the promising performance of machine learning models, several challenges remain regarding generalizability,
interpretability, and real-world implementation. Ensemble approaches may suffer from overfitting when applied to
heterogeneous patient populations, making careful validation essential (Hamid, Hajjej, Alluhaidan, & Mannie, 2025).
Therefore, future studies should focus on validating these models across larger and more diverse datasets to ensure stable
performance beyond localized clinical samples (Temirbayeva, 2024). Furthermore, integrating multimodal healthcare
data such as wearable device information and genomic markers may significantly improve prediction accuracy and
diagnostic reliability in practical healthcare environments (Sukanya & Babu, 2025).

The findings of this study also emphasize the growing importance of explainable artificial intelligence in healthcare
applications. Although advanced machine learning models often achieve high predictive accuracy, their “black-box”
nature can reduce clinician trust and limit practical adoption (Pathan & Imran, 2024). Healthcare professionals generally
require transparent diagnostic logic before relying on automated systems in critical medical decisions. Consequently,
future research should prioritize the development of interpretable and explainable machine learning frameworks that
enhance both predictive capability and clinical transparency (Waleed, El-kenawy, Ibrahim, Moustafa, & Rabie, 2025).
In addition, integrating explainable Al techniques such as SHAP analysis and saliency masking can help clinicians
understand the contribution of individual clinical variables to prediction outcomes (Althaph & Challa, 2025). Such
approaches improve transparency by allowing healthcare professionals to interpret model decision pathways and align
algorithmic predictions with established medical knowledge (Kelly, Karthikesalingam, Suleyman, Corrado, & King,
2019). The implementation of human-in-the-loop frameworks can further transform machine learning systems into
collaborative clinical support tools by enabling continuous interaction between clinicians and predictive models (Kaur et
al., 2025).

Another important consideration is the issue of algorithmic bias arising from imbalanced datasets and heterogeneous
diagnostic standards, which may affect the fairness and reliability of predictive systems (Tat, Bhatt, & Rabbat, 2020).
Addressing these challenges through standardized validation procedures and interdisciplinary collaboration among
clinicians, researchers, and data scientists is essential for ensuring responsible deployment in healthcare environments
(Kueper, Terry, Zwarenstein, & Lizotte, 2020). Prospective clinical studies and real-world healthcare integration are also
necessary to determine whether the observed predictive performance translates into improved patient outcomes outside
controlled research environments (Krittanawong et al., 2020; Rustamov et al., 2023).

Overall, this study contributes to the growing body of research on machine learning applications in cardiovascular
healthcare by providing a comparative framework for evaluating predictive algorithms in early heart disease diagnosis.
The findings support the potential of machine learning models to enhance risk stratification, improve preventive care,
and facilitate timely clinical intervention (Joshi, Dembla, & Bhatia, 2024). At the same time, the research underscores
the importance of balancing predictive performance with interpretability and transparency to ensure successful adoption
in real-world clinical practice (Sharma, Sandhu, & Rakhra, 2024).

LITERATURE REVIEW
Recent studies have increasingly emphasized the use of machine learning techniques to improve the accuracy and

efficiency of heart disease prediction systems. Researchers have evaluated algorithms such as Random Forest and Support
Vector Machine (SVM) for their ability to process complex cardiovascular datasets and generate reliable predictive

© IJARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1995


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :< Vol. 15, Issue 5, May 2026
DOI: 10.17148/IJARCCE.2026.155276

outcomes (Nasution, Hasan, & Nasution, 2025). These models frequently achieve predictive accuracies ranging from
80% to 100%; however, their effectiveness largely depends on appropriate parameter tuning and feature selection
techniques (Alanazi & Khamis, 2024). In addition, the high-dimensional nature of cardiovascular datasets requires careful
preprocessing to avoid dimensionality challenges that may obscure clinically significant patterns (Maleki, 2024).

Several studies have highlighted the importance of balancing predictive performance with interpretability in healthcare
applications. Some researchers advocate the integration of expert clinical involvement through “human-in-the-loop”
approaches to improve transparency and diagnostic confidence, whereas others rely primarily on fully automated
classification systems that may limit interpretability in clinical practice (Samaras, Moustakidis, Apostolopoulos,
[omavdplavog, & Papageorgiou, 2023). Existing literature also reveals a lack of standardized benchmarking frameworks,
as many studies focus heavily on predictive accuracy while overlooking clinically significant factors such as sensitivity,
specificity, and misclassification costs (Kalmady et al., 2024). Consequently, researchers increasingly emphasize the
need to evaluate models using comprehensive performance metrics that reduce the risk of undetected cardiac
abnormalities (Yaqoob, Mourad, Qaraqge, & Serpedin, 2023).

Furthermore, comparisons between traditional machine learning algorithms and advanced deep learning frameworks
indicate a growing demand for transparent and explainable diagnostic systems (Garza-Salazar & Egenriether, 2025).
Although complex deep learning models often demonstrate high predictive capabilities, their “black-box” nature creates
challenges for clinical acceptance and evidence-based medical practice.

RESEARCH METHODOLOGY

The present study adopts a quantitative and comparative research design to evaluate the effectiveness of selected machine
learning algorithms for the early prediction of heart disease. The research is based on secondary data consisting of 1000
patient records containing demographic, clinical, and diagnostic variables associated with cardiovascular disease. The
dataset includes variables such as age, sex, chest pain type, fasting blood sugar, exercise angina, slope of ST segment,
number of major vessels identified through fluoroscopy, and thallium test results. Prior to model implementation, the
dataset underwent preprocessing procedures including data cleaning, handling missing values, encoding categorical
variables, normalization, and feature scaling to improve model accuracy and reliability. The processed data was divided
into training and testing datasets to facilitate predictive analysis and model evaluation.

The study comparatively evaluates four supervised machine learning algorithms, namely Logistic Regression, Random
Forest, Support Vector Machine (SVM), and K-Nearest Neighbour (KNN), to identify the most effective model for heart
disease prediction. The predictive performance of these models was assessed using evaluation metrics such as accuracy,
precision, recall, and F1-score, with particular emphasis placed on recall to minimize false negative predictions in clinical
diagnosis. In addition, descriptive statistical techniques including frequency distribution and cross-tabulation analysis
were applied to examine relationships among clinical variables such as sex, chest pain, fasting blood sugar, exercise
angina, slope of ST segment, number of vessels, and thallium test outcomes. These analyses provided important insights
into cardiovascular risk patterns and supported the comparative assessment of machine learning models for reliable and
interpretable clinical decision-making.

RESULTS AND DISCUSSION

The comparative analysis of machine learning algorithms demonstrated significant variation in predictive performance
for early heart disease detection. The study evaluated Logistic Regression, Random Forest, Support Vector Machine
(SVM), and K-Nearest Neighbour (KNN) models using performance metrics such as accuracy, precision, recall, and F1-
score. Among the selected models, Random Forest achieved the highest predictive performance due to its ensemble
learning capability and ability to capture complex non-linear relationships within the clinical dataset. Logistic Regression
also demonstrated strong performance and provided greater interpretability, making it highly suitable for transparent
clinical decision-making. SVM showed reliable classification capability in handling structured cardiovascular data,
whereas KNN produced comparatively moderate performance because of its sensitivity to data distribution and
neighbouring observations.

The findings further revealed that preprocessing techniques such as feature scaling, normalization, and categorical
encoding significantly improved overall model performance and prediction stability. The analysis emphasized the
importance of recall as a critical evaluation metric because minimizing false negative predictions is essential in heart
disease diagnosis, where missed cases may lead to severe medical consequences. Random Forest and Logistic Regression
achieved a balanced combination of precision and recall, thereby demonstrating strong potential for practical clinical
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deployment. The descriptive and cross-tabulation analyses also highlighted the clinical significance of variables such as
chest pain type, exercise angina, ST segment slope, fluoroscopy vessel count, and thallium test results in cardiovascular
risk assessment. These findings are consistent with previous studies indicating that both interpretable and ensemble-based
machine learning models can effectively support early disease detection and clinical decision-making.

The study additionally highlighted the growing importance of explainable artificial intelligence in healthcare applications.
Although advanced ensemble methods demonstrated superior predictive performance, their complex structure may
reduce interpretability in real-world clinical settings. In contrast, Logistic Regression offered greater transparency by
allowing clinicians to understand the influence of individual variables on prediction outcomes. This balance between
predictive accuracy and interpretability remains essential for the successful adoption of machine learning systems in
cardiovascular healthcare. Overall, the results confirm that machine learning algorithms can significantly enhance early
heart disease prediction, improve risk stratification, and support timely clinical intervention while emphasizing the need
for transparent and clinically reliable diagnostic frameworks.

Comparative Performance of Machine Learning Models
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CONCLUSION

The present study conducted a comparative analysis of selected machine learning algorithms for the early prediction of
heart disease using a structured clinical dataset. The findings demonstrate that machine learning techniques can
effectively assist in identifying cardiovascular risk factors and improving diagnostic accuracy. Among the evaluated
models, Random Forest achieved the highest predictive performance because of its ability to process complex and non-
linear clinical relationships, while Logistic Regression provided strong interpretability and reliable classification
performance suitable for clinical decision-making. Support Vector Machine (SVM) and K-Nearest Neighbour (KNN)
also contributed meaningful predictive outcomes, although their performance varied depending on data distribution and
feature characteristics.

The study further highlights the importance of preprocessing techniques such as normalization, feature scaling, and
categorical encoding in improving model reliability and predictive stability. The analysis emphasizes that clinical
variables including chest pain type, exercise angina, ST segment slope, fluoroscopy vessel count, fasting blood sugar,
and thallium test results play a significant role in cardiovascular risk assessment. Moreover, the research underscores the
importance of balancing predictive accuracy with interpretability, as transparent diagnostic systems are essential for
physician trust and successful clinical implementation. Overall, the findings confirm that machine learning-based
predictive systems can support early heart disease detection, improve preventive healthcare strategies, and assist
clinicians in making timely and evidence-based decisions.

FUTURE RESEARCH

Future research should focus on expanding the dataset size and incorporating more diverse patient populations to improve
the generalizability and robustness of predictive models. The inclusion of real-time clinical data, electronic health records,
wearable device information, and genomic data may further enhance prediction accuracy and personalized cardiovascular
risk assessment. In addition, future studies may explore advanced deep learning architectures and hybrid machine
learning frameworks to improve diagnostic performance in large-scale healthcare environments.

Further investigation is also required in the area of explainable artificial intelligence (XAI) to improve transparency and
clinician trust in predictive systems. Techniques such as SHAP and LIME can be integrated to provide detailed
explanations of model predictions and feature importance. Moreover, future studies should evaluate machine learning
models using real-world clinical validation and prospective healthcare trials to assess their practical applicability in
routine medical practice. Emphasis should also be placed on reducing algorithmic bias, improving ethical Al
implementation, and developing clinically interpretable models that balance predictive performance with transparency
and accountability in cardiovascular healthcare systems.
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