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 Abstract 

 This study focuses on the application of machine learning methods for predicting cardiac 

diseases, aiming to develop accurate and interpretable diagnostic models. The primary objective is to 

enhance prediction accuracy and identify key risk factors. Various classification algorithms, including 

Random Forest, Gradient Boosting, Support Vector Machines (SVM), and Neural Networks, are 

utilized. A dataset containing clinical attributes of patients is processed and analyzed to build 

predictive models. The model performance is evaluated using accuracy metrics, confusion matrices, 

and ROC-AUC scores. The results indicate that the Random Forest algorithm achieves the highest 

predictive accuracy. Furthermore, feature importance analysis highlights the most significant factors 

contributing to the development of cardiac diseases. This research provides valuable insights for 

medical professionals and researchers, offering effective tools for early disease detection. 

 Key words: Cardiac disease, Machine Learning, Diagnosis, Classification, Data Analysis, 

Random Forest, Gradient Boosting, SVM, Neural Networks. 

 Introduction 

 Cardiac disease is one of the leading causes of mortality worldwide, placing a significant 

burden on healthcare systems. Early diagnosis plays a crucial role in reducing mortality rates and 

improving treatment effectiveness. However, traditional diagnostic methods often rely on costly 

laboratory tests and instrumental examinations, making timely identification of high-risk patients 

challenging. 

In recent years, machine learning has been widely applied in the medical field, providing new 

opportunities for analyzing large volumes of clinical data and improving prediction accuracy. Various 

classification algorithms, such as Random Forest, Gradient Boosting, and Neural Networks, have 

demonstrated their effectiveness in disease diagnosis. 

The goal of this study is to develop and analyze machine learning models for predicting 

cardiac disease. The research involves data preprocessing, feature selection, model training, and 

evaluation using multiple classification algorithms. The models are assessed based on prediction 

accuracy, confusion matrices, and ROC-AUC scores. Additionally, feature importance analysis is 

conducted to identify the most critical clinical indicators influencing disease development. 

 Dataset description 

 The dataset used in this study originates from the UCI Heart Disease dataset, which contains 

clinical and diagnostic attributes of patients. It includes 303 observations with 14 features related to 

medical conditions and risk factors. The target variable indicates the presence (1) or absence (0) of 

cardiac disease. 

The key attributes include age, sex, chest pain type (cp), resting blood pressure (trestbps), 

serum cholesterol (chol), fasting blood sugar (fbs), resting electrocardiographic results (restecg), 

maximum heart rate achieved (thalach), exercise-induced angina (exang), ST depression induced by 

exercise (oldpeak), slope of ST segment (slope), number of major vessels colored by fluoroscopy 

(ca), and thalassemia type (thal). 

This dataset is widely used in machine learning research for cardiac disease prediction, as it 

provides a mix of categorical and continuous variables that influence heart health. The diversity of 

features enables the development of predictive models that assist in early disease detection and risk 

assessment 
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Pretrained model 

 Before applying machine learning algorithms, data preprocessing was conducted to improve 

model performance. The target variable was transformed into a binary format, where 0 indicates the 

absence of cardiac disease and 1 represents its presence. The dataset was checked for missing values, 

but no significant gaps were found. Features were standardized using StandardScaler to ensure 

uniform scaling, which enhances model convergence. Categorical variables were encoded to 

numerical values where necessary. The dataset was then split into training (80%) and testing (20%) 

sets using train_test_split() to ensure reliable model evaluation. These preprocessing steps help 

optimize the learning process, improve classification accuracy, and enhance the interpretability of the 

results. 

 Training process 

 Four machine learning models – Random Forest, Gradient Boosting, Support Vector Machine 

(SVM), and Neural Network (MLPClassifier) – were selected for training. To enhance performance, 

hyperparameter tuning was conducted using GridSearchCV for the Random Forest model, optimizing 

the number of estimators and tree depth. The batch training strategy and cross-validation were 

employed to improve model robustness and prevent overfitting. 

Each model was trained and evaluated based on accuracy, confusion matrices, classification 

reports, and ROC-AUC scores. The Random Forest model demonstrated superior performance, 

achieving the highest predictive accuracy. A feature importance analysis was conducted to identify 

key clinical attributes influencing cardiac disease development. 

Throughout training, model performance was continuously monitored, adjusting 

hyperparameters when necessary. The evaluation results confirmed that machine learning techniques 

provide an effective approach for early cardiac disease detection, with Random Forest proving to be 

the most reliable classifier. 

Interpretation of Results 

 

Figure 1. Confusion matrix. 

 
 The performance of each model was assessed using confusion matrices, which provide insight 

into prediction accuracy across different classes. The confusion matrix evaluates the number of true 

positives (TP), true negatives (TN), false positives (FP), and false negatives (FN), helping to 

understand misclassification patterns. 

The Random Forest model demonstrated strong classification capabilities, with a high number 

of correct classifications in both positive and negative cases. The Optimized Random Forest model 

further improved the results by reducing false positives and false negatives through hyperparameter 



 

tuning. Gradient Boosting and Support Vector Machine (SVM) also achieved competitive 

performance, though they exhibited slightly higher misclassification rates. 

The Neural Network (MLPClassifier) showed some variability, with more false negatives 

compared to tree-based models, indicating potential challenges in recognizing certain cases. The 

heatmaps of confusion matrices visually highlighted these differences, confirming that Random 

Forest-based approaches provided the most balanced and reliable classification for heart disease 

prediction. 

To enhance the interpretability of the model, feature importance analysis was conducted using 

the best-performing classifier, the Optimized Random Forest. Feature importance provides insights 

into which clinical attributes have the most significant impact on predicting cardiac disease. The 

Random Forest algorithm assigns an important score to each feature based on how much it contributes 

to reducing impurity in the decision trees. The analysis revealed that attributes such as thalassemia 

type (thal), number of major vessels (ca), maximum heart rate achieved (thalach), and ST depression 

induced by exercise (oldpeak) had the highest influence on the model’s predictions. A visualization 

of the feature importance scores is presented in Figure 2, which demonstrates the relative contribution 

of each clinical attribute. 

 

Figure 2. Feature importance in optimized Random Forest 

 

 
 The Receiver Operating Characteristic (ROC) curve was used to evaluate the models' ability 

to distinguish between positive and negative cases. The AUC (Area Under the Curve) metric provides 

a numerical measure of this capability, with higher values indicating better performance.  

 

Figure 3. ROC curves. 

 



 

 Among the evaluated models, the Support Vector Machine (SVM) demonstrated the highest 

AUC score of 93%, indicating its superior ability to differentiate between patients with and without 

heart disease. The Optimized Random Forest, Gradient Boosting, and Neural Network models also 

achieved competitive AUC scores, further validating their effectiveness. As shown in Figure 3, the 

ROC curves illustrate the models' classification performance across different thresholds. A steeper 

curve closer to the top-left corner represents a more effective model, reinforcing the SVM model's 

robustness in this context. 

 Figure 4 presents a comparison of the accuracy of various machine learning models. The best-

performing models were Support Vector Machine (SVM) and Optimized Random Forest, both 

achieving an accuracy of 87%. 

Random Forest and Neural Network showed similar results with accuracies of 84% and 85%, 

respectively. Meanwhile, Gradient Boosting had the lowest accuracy at 79%, which may be due to 

the characteristics of the dataset and the chosen hyperparameters. 

These results indicate the high efficiency of the SVM and optimized Random Forest methods 

for this classification task. 

  

Figure 4. Model performance comparison. 

 

 
 The selection of machine learning models was based on their proven effectiveness in medical 

diagnosis tasks. Support Vector Machine (SVM) is widely used in healthcare due to its ability to 

handle high-dimensional data and find optimal decision boundaries, making it particularly suitable 

for disease classification problems [6]. Random Forest is a robust ensemble method that reduces 

overfitting and can efficiently process both numerical and categorical features, which is beneficial for 

analyzing clinical datasets [7]. Optimized Random Forest, through hyperparameter tuning, further 

improves the classification performance by minimizing false positives and false negatives. Gradient 

Boosting, particularly in implementations like XGBoost, is known for its high predictive accuracy 

and has been successfully applied in disease risk assessment tasks [8]. However, its sensitivity to 

hyperparameter selection can sometimes lead to overfitting or suboptimal results. Neural Networks 

excel at capturing complex nonlinear patterns in medical data, making them effective in disease 

prediction models [7]. Although they require larger datasets and extensive tuning, they are valuable 

for identifying intricate relationships between clinical features. 

 Conclusion 

 The comparison of machine learning models for heart disease classification highlights the 

effectiveness of Support Vector Machine (SVM) and Optimized Random Forest, which demonstrated 

the highest accuracy (87%) and the best overall performance. These models exhibited strong 



 

predictive capabilities, making them optimal choices for this classification task. The performance of 

Random Forest and Neural Network also showed promising results, indicating their potential with 

further tuning. However, Gradient Boosting showed the lowest accuracy, suggesting that additional 

optimization or feature selection may be needed to enhance its performance. 

Machine learning models play a crucial role in predictive healthcare analytics, enabling the 

identification of patients at risk for heart disease. The findings suggest that SVM and Optimized 

Random Forest can be used as reliable tools for medical decision-making, potentially aiding clinicians 

in early diagnosis and risk assessment. Further research could explore additional feature selection 

methods and model ensembling techniques to further enhance classification performance. 

Overall, these findings emphasize the importance of model selection, hyperparameter tuning, 

and feature importance analysis in achieving optimal results for heart disease prediction. 
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