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Abstract: 
Heart disease remains one of the leading causes of mortality worldwide. Early and accurate 

prediction of heart disease can significantly improve patient outcomes. Artificial 

Intelligence has given a remarkable improvement in the medical field with its high accuracy 

to diagnose different diseases.  Cardiac arrest has become a vital disease post Covid and is 

focusing attention of researchers. It has become essential to predict chances of heart attack 

in all individuals of all ages, since heart attack cases are increasing rigorously. Both 

Machine learning and deep learning were provide remarkable results in medical imaging. 

The models have shown efficiency improvement over manual approaches in the prediction 

of chances of cardiac arrest. This research implements a machine learning-based approach 

to predict heart disease using a dataset of patient health parameters. The model evaluates 

efficiency and visualizes data correlations using a heatmap. The study demonstrates the 

potential of machine learning in healthcare and highlights future improvements for better 

accuracy and reliability. 

In this paper different machine learning techniques were applied  and their performance  for 

cardiac arrest prediction is tested on same dataset.  
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1. Introduction 

Heart disease is a major global health 

concern, necessitating the development of 

predictive models to assist in early 

diagnosis. According to the World Health 

Organization (WHO), cardiovascular 

diseases account for approximately 17.9 

million deaths annually, making them the 

leading cause of death worldwide. The 

ability to predict heart disease at an early 

stage can significantly reduce morbidity 

and mortality rates by enabling timely 

medical intervention. 

Traditional diagnostic methods rely on 

clinical expertise, which can be subjective, 

time-consuming, and dependent on a wide 

range of tests, such as electrocardiograms 

(ECGs), echocardiography, and lipid 

profiling. While these methods are 

effective, they often fail to provide real-

time and automated analysis, leading to 

delayed diagnosis and treatment. With 

advancements in artificial intelligence (AI) 

and machine learning (ML), there is an 

opportunity to develop data-driven 

approaches that enhance prediction 

accuracy and assist medical professionals 

in decision-making. 

Machine learning techniques can analyze 

vast amounts of patient data, identify 

patterns, and generate predictive insights 

that may not be immediately apparent to 

human experts. Various ML models, 

including Decision Trees (DT), Random 

Forest (RF), Support Vector Machines 

(SVM), and Deep Learning algorithms, 

have been explored for heart disease 

prediction, demonstrating promising 

results. The integration of such techniques 

into healthcare systems could provide 

early warnings and preventive measures to 

mitigate risks associated with heart 

disease. 

This paper presents a Python-based 

implementation for heart disease 

prediction using multiple machine learning 

models. The study evaluates the efficiency 

of these models and visualizes data 

correlations using a heatmap. The findings 

contribute to the growing body of research 
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aimed at leveraging AI for improved 

cardiovascular healthcare. The subsequent 

sections discuss previous research in the 

domain, the methodology adopted, 

experimental results, and the implications 

of machine learning in predictive 

cardiology. 

2. Literature Review 

Several studies have explored the 

application of machine learning techniques 

in predicting heart disease, demonstrating 

varying degrees of success. 

Kumar et al. (2024) conducted a 

comprehensive review highlighting the 

effectiveness of algorithms such as 

Decision Trees (DT), K-Nearest Neighbors 

(KNN), Random Forest (RF), and Support 

Vector Machines (SVM) in heart disease 

prediction. Their findings suggest that 

SVM often delivers superior results in 

terms of specificity, recall, accuracy, and 

precision (Kumar et al., 2024). 

In a related study, Rajani et al. (2023) 

implemented multiple machine learning 

algorithms, including Random Forest, 

XGBoost, KNN, Logistic Regression, and 

SVM, to predict heart disease. Their 

research indicated that XGBoost achieved 

the highest accuracy and recall values 

across various training and testing ratios, 

suggesting its suitability for heart disease 

prediction models (Rajani et al., 2023). 

Furthermore, a study published in The 

Guardian (2024) reported on the NHS's 

trial of an AI tool designed to predict fatal 

heart disease and early death risk by 

analyzing ECG test results. This tool 

demonstrated considerable accuracy in 

predicting 10-year mortality and various 

cardiovascular conditions, underscoring 

the potential of AI in enhancing preventive 

treatments and patient management (The 

Guardian, 2024). 

Additional research by Smith et al. (2022) 

explored deep learning approaches for 

heart disease prediction, demonstrating 

that Convolutional Neural Networks 

(CNNs) and Recurrent Neural Networks 

(RNNs) significantly outperformed 

traditional machine learning models in 

identifying complex patterns in medical 

data (Smith et al., 2022). 

A study by Li and Zhang (2021) analyzed 

the impact of feature selection techniques 

on heart disease prediction models. Their 

findings showed that principal component 

analysis (PCA) and recursive feature 

elimination (RFE) improved model 

accuracy by reducing redundant data and 

focusing on the most relevant attributes (Li 

& Zhang, 2021). 

Similarly, Brown et al. (2020) 

demonstrated that ensemble methods, such 

as bagging and boosting, enhance heart 

disease prediction accuracy by reducing 

variance and bias (Brown et al., 2020). 

Jones and Miller (2019) highlighted the 

importance of data preprocessing in 

machine learning models for heart disease 

prediction, showing that missing value 

imputation techniques improve 

classification outcomes (Jones & Miller, 

2019). 

Patel et al. (2023) examined hybrid 

machine learning approaches that combine 

multiple models to optimize performance, 

reporting a significant improvement in 

precision and recall metrics (Patel et al., 

2023). 

These studies collectively underscore the 

potential of machine learning and deep 

learning algorithms in enhancing the 

accuracy of heart disease predictions, 

thereby facilitating early intervention and 

improved patient outcomes. 

3. Methodology 

3.1Dataset 

The model uses a publicly available 

dataset containing patient attributes such 

as age, blood pressure, cholesterol levels, 

and other cardiovascular indicators. The 

dataset was preprocessed by removing 

irrelevant features (e.g., education) and 

renaming the target variable for clarity. 
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Data cleaning included handling missing 

values and outlier removal to improve 

model performance. 

3.2 Feature Engineering and 

Preprocessing 

Features such as smoking status and 

diastolic blood pressure were removed 

based on correlation analysis. Outliers in 

key parameters (e.g., systolic blood 

pressure, BMI, heart rate, glucose levels, 

and total cholesterol) were handled using 

quantile-based trimming. Data 

normalization was performed using 

Standard Scaler to ensure consistency 

across features. 

3.3 Machine Learning Models 

Several classification algorithms were 

implemented, including Logistic 

Regression, Decision Trees, Random 

Forest, Gradient Boosting, AdaBoost, k-

Nearest Neighbors, and Support Vector 

Classifier. The dataset was split into 

training (80%) and testing (20%) sets 

using stratified sampling. 

3.4 Evaluation Metrics 

The models were evaluated using accuracy 

scores to determine their predictive 

performance. Additionally, a heatmap was 

generated to visualize feature correlations 

and their impact on heart disease 

prediction. 

4. Results and Discussion 

The experimental results indicate that the 

machine learning models provide 

promising accuracy levels. The best-

performing model was Gradient Boosting, 

achieving the highest accuracy. 

Figure 4.1  illustrates the distribution of 

male and female patients concerning 

coronary heart disease (CHD) occurrence, 

highlighting gender-based risk disparities. 

 

Fig 4.1 :   Highlighting Gender based 

Risk Disparities 

 

      Fig 4.2 : Heatmap of Feature 

Correlations 

5. Conclusion and Future Directions 

This study illustrates the effectiveness of 

machine learning in predicting heart 

disease based on patient data. The results 

highlight the importance of feature 

selection and model optimization in 

improving predictive accuracy. 

Future Directions: 

● Implementing deep learning 

models such as CNNs and RNNs to 

capture complex patterns in 

cardiovascular data. 

● Integrating real-time patient 

monitoring systems with machine 

learning for continuous risk 

assessment. 

● Expanding the dataset to include 

diverse populations for improved 

generalization. 
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● Exploring explainable AI (XAI) 

techniques to enhance the 

interpretability of machine learning 

models. 

● Developing hybrid models that 

combine multiple algorithms for 

enhanced predictive performance. 
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