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ABSTRACT:  Heart disease remains one of the leading causes of mortality worldwide. Early 

prediction and diagnosis are critical in preventing severe outcomes and improving the quality of 

life for patients. This project focuses on developing a robust heart disease prediction system 

using machine learning techniques. By analyzing a comprehensive dataset consisting of various 

patient attributes such as age, sex, blood pressure, cholesterol levels, and other medical 

parameters, the system aims to predict the likelihood of a patient having heart disease. The 

project employs various machine learning algorithms such as Logistic Regression, Decision 

Trees, Support Vector Machines (SVM), and Random Forests to classify the data and provide an 

accurate prediction. The system's performance is evaluated using metrics like accuracy, 

precision, recall, and F1-score, ensuring that it can offer reliable results in real-world 

applications. Furthermore, feature selection techniques are applied to identify the most 

significant factors contributing to heart disease, thus improving the model's interpretability. The 

proposed solution is intended to aid healthcare professionals by providing early alerts and 

recommendations, ultimately facilitating timely interventions. This project contributes to the 

growing role of artificial intelligence in healthcare and showcases the potential of machine 

learning in enhancing diagnostic capabilities for heart disease prevention. 
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INTRODUCTION: 

Heart disease continues to be a significant global health challenge, causing millions of deaths 

each year. According to the World Health Organization (WHO), cardiovascular diseases (CVDs) 

are the leading cause of death worldwide, accounting for nearly 31% of all global deaths. The 

increasing prevalence of risk factors such as unhealthy diets, lack of physical activity, smoking, 

and genetic predisposition makes heart disease detection and prevention even more critical. 

Early identification of individuals at high risk for heart disease can facilitate timely interventions, 

potentially preventing fatal outcomes. This has led to growing interest in predictive healthcare 

solutions that can assess the likelihood of heart disease in individuals before clinical symptoms 

become apparent. 

Traditionally, diagnosing heart disease involves a series of medical tests, including blood tests, 

ECG, echocardiograms, and stress tests, among others. While these methods are effective, they 

can be expensive, time-consuming, and sometimes inaccessible to patients in remote or 

underdeveloped areas. Furthermore, medical professionals often rely on their experience and 

judgment, which may be influenced by human error or biases. As a result, there is a pressing 

need for innovative solutions that can assist in early heart disease diagnosis with higher 

accuracy and efficiency. 

Machine learning (ML) techniques have proven to be highly effective in a variety of domains, 

including healthcare, for developing predictive models that can assist in diagnosis and 

decision-making. Machine learning involves the use of algorithms that learn from data patterns 

and make predictions without being explicitly programmed. In the context of heart disease 

prediction, machine learning algorithms can analyze large datasets, including patient 

demographics, medical history, and lifestyle factors, to predict the likelihood of heart disease 

with remarkable precision. These models can process complex data, identify hidden patterns, 

and continuously improve over time, providing healthcare professionals with valuable insights 

for early diagnosis. 

The use of machine learning in heart disease prediction can lead to several significant benefits. 

First, it can help in identifying at-risk individuals who may not yet show symptoms, enabling 

early intervention that can prevent the onset of serious cardiovascular conditions. Second, 

machine learning models can aid in personalizing treatment plans by predicting how individuals 

might respond to different therapies based on their specific risk factors. Third, machine learning 

can help alleviate the burden on healthcare systems by automating the prediction process and 

reducing the reliance on manual diagnostic tests. 

The main objective of this project is to develop a predictive model for heart disease using 

machine learning techniques. The model aims to identify key factors contributing to heart 

disease and accurately predict the risk for individual patients. The dataset used for training and 
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testing the model consists of a variety of features, including demographic information, medical 

history, and lifestyle factors. By leveraging popular machine learning algorithms such as Logistic 

Regression, Decision Trees, Support Vector Machines (SVM), and Random Forests, the system is 

designed to deliver accurate and reliable predictions. The performance of the model will be 

assessed using standard evaluation metrics, including accuracy, precision, recall, and F1-score. 

One of the significant challenges in this project is ensuring the model's interpretability. Machine 

learning models, especially more complex ones like Random Forests or Support Vector 

Machines, often function as "black boxes," making it difficult to understand how they arrive at 

their predictions. To address this, the project will also focus on feature selection techniques to 

identify the most relevant factors in predicting heart disease. This will improve not only the 

accuracy of the model but also its transparency, allowing healthcare professionals to understand 

which factors are contributing to a patient’s risk. 

The potential impact of this project is substantial, as it aligns with the growing trend of utilizing 

artificial intelligence and machine learning to revolutionize healthcare. The model has the 

potential to assist healthcare professionals in early diagnosis, offering a valuable tool for 

prevention and treatment. Additionally, it could help in reducing the strain on medical resources 

by streamlining the diagnosis process and focusing attention on individuals most at risk. 

This introduction provides the foundation for understanding the significance of heart disease 

prediction, the role of machine learning in healthcare, and the goals of this project. In the 

following sections, we will delve into the methodologies, datasets, and evaluation techniques 

used to develop the predictive model, as well as the expected outcomes and potential 

real-world applications of the project. By harnessing the power of machine learning, this project 

aims to contribute to the ongoing efforts to combat heart disease and improve public health 

globally. 

 

EXISTING SYSTEM: 

The prediction and diagnosis of heart disease have traditionally relied on clinical expertise and a 

variety of diagnostic tests. These tests, including electrocardiograms (ECGs), echocardiograms, 

angiograms, and stress tests, provide valuable insights into the condition of the heart. However, 

they are expensive, time-consuming, and require medical expertise to interpret. In many cases, 

patients may not have access to these diagnostic tools, particularly in remote or 

underdeveloped regions. Furthermore, the diagnosis often occurs only after symptoms 

manifest, which may lead to severe or even fatal outcomes. As such, there has been a growing 

need for more accessible, affordable, and efficient methods to predict heart disease earlier in its 

progression, ideally before clinical symptoms become evident. 
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One of the early approaches to heart disease prediction used statistical methods and rule-based 

systems. These systems were designed to use clinical parameters such as age, cholesterol levels, 

blood pressure, and heart rate to predict the likelihood of heart disease. In particular, the 

Framingham Heart Study, which has been one of the most influential sources of data for heart 

disease prediction, used a set of risk factors to compute a score that predicts the likelihood of 

developing cardiovascular disease over a specified period. The Framingham risk score was 

widely adopted in clinical practice and became one of the most used models for risk prediction 

in cardiovascular health. However, these traditional methods had limitations, including a lack of 

flexibility in handling large datasets and capturing complex, non-linear relationships between 

risk factors. 

With the advent of machine learning, there has been a shift towards more advanced predictive 

models that can handle large datasets and complex relationships. Machine learning algorithms, 

such as Decision Trees, Support Vector Machines (SVM), Logistic Regression, and Random 

Forests, have gained popularity due to their ability to analyze vast amounts of data, learn from 

it, and make predictions without being explicitly programmed. These models have 

demonstrated considerable success in fields like image recognition, natural language processing, 

and, more recently, healthcare. In the context of heart disease, machine learning models have 

been applied to various types of data, including patient demographics, medical history, lifestyle 

factors, and clinical test results, to predict the likelihood of heart disease with greater accuracy 

than traditional methods. 

One of the existing systems in heart disease prediction is the use of artificial neural networks 

(ANNs), which are a subset of machine learning techniques. ANNs are designed to mimic the 

way the human brain processes information and can identify patterns within complex datasets. 

These systems are particularly effective in handling large datasets with numerous features, 

which may be the case in heart disease prediction. ANNs have been used in heart disease 

prediction models to process patient data and provide predictions. For instance, some systems 

use deep learning, a subset of ANNs that leverages multiple layers of neurons to model more 

complex patterns in data, which can improve prediction accuracy. 

Another widely used machine learning algorithm for heart disease prediction is the Random 

Forest, an ensemble learning method that creates multiple decision trees and aggregates their 

predictions to make a final decision. Random Forests have shown great promise due to their 

high accuracy, resistance to overfitting, and ability to handle large datasets with 

high-dimensional features. They also offer a level of interpretability, allowing healthcare 

professionals to understand which features contribute most to the model's predictions, making 

the system more transparent and usable in clinical settings. 
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Support Vector Machines (SVMs) have also been employed for heart disease prediction, 

especially for classification tasks where the goal is to separate different classes, such as patients 

with heart disease and those without it. SVMs are effective in handling complex, 

high-dimensional data and have been shown to perform well in medical diagnostics. They work 

by finding a hyperplane that best separates the classes and can handle non-linear relationships 

through the use of kernel functions. 

Despite the promising results achieved by these machine learning-based systems, there are still 

several challenges that need to be addressed. One of the main issues is the interpretability of 

the models. While algorithms like Random Forests and Decision Trees provide some level of 

transparency, more complex models, such as deep learning networks, often function as black 

boxes, making it difficult for healthcare professionals to understand how the system arrived at a 

particular prediction. This lack of interpretability can be a barrier to the widespread adoption of 

these systems in clinical practice, where trust and transparency are essential. 

Another challenge is the quality and diversity of the datasets used to train machine learning 

models. Many heart disease prediction models rely on datasets that are not representative of 

the entire population, leading to biased predictions. For example, certain populations may be 

underrepresented in training datasets, leading to less accurate predictions for those groups. 

Moreover, some models rely on structured data, which may not capture the full complexity of a 

patient's condition. Incorporating unstructured data, such as medical imaging or 

patient-reported outcomes, could improve the accuracy and comprehensiveness of predictions. 

Additionally, the integration of these machine learning models into existing healthcare systems 

presents its own set of challenges. The healthcare industry is highly regulated, and introducing 

machine learning-based prediction models requires careful consideration of privacy laws, data 

security, and regulatory compliance. Furthermore, healthcare professionals must be trained to 

use these models effectively, and there must be systems in place to ensure that predictions are 

validated and used responsibly. 

Several commercial solutions have attempted to address these challenges by combining 

machine learning with electronic health records (EHRs) to automate heart disease risk 

prediction. For example, companies like IBM Watson Health and Google Health are leveraging 

machine learning algorithms to analyze EHRs and provide predictive insights into a patient's 

cardiovascular health. These systems integrate seamlessly with existing healthcare 

infrastructure, providing doctors with real-time, data-driven recommendations for heart disease 

diagnosis and treatment. 

Despite the advancements made by these existing systems, there is still room for improvement. 

This project aims to build upon these existing solutions by employing a variety of machine 

learning techniques, such as Logistic Regression, Random Forests, and SVM, to develop a heart 
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disease prediction model that is both accurate and interpretable. Additionally, this project seeks 

to address the limitations of previous systems by using more comprehensive datasets and 

incorporating advanced feature selection techniques to identify the most significant risk factors 

for heart disease. 

 

PROPOSED SYSTEM 

The proposed system aims to develop a machine learning-based predictive model for heart 

disease detection. This model will analyze patient data, including demographic information, 

medical history, lifestyle factors, and clinical test results, to assess the likelihood of an individual 

developing heart disease. By leveraging a combination of advanced machine learning 

techniques, the system will not only provide accurate predictions but also offer insights into the 

key factors contributing to heart disease, thereby assisting healthcare professionals in making 

informed decisions for early intervention and treatment. 

The heart disease prediction model will be built using a range of supervised machine learning 

algorithms, including Logistic Regression, Decision Trees, Support Vector Machines (SVM), and 

Random Forests. Each algorithm will be tested and evaluated on the dataset to determine which 

provides the most reliable and accurate results. The model’s ability to generalize across different 

patient demographics and medical conditions will be a key factor in its effectiveness. 

Key Features of the Proposed System: 

1.​ Data Collection and Preprocessing: The foundation of the proposed system lies in the 

quality of the data used for training the model. A comprehensive dataset will be 

collected, containing patient demographics such as age, sex, and smoking habits, as well 

as medical parameters including cholesterol levels, blood pressure, and heart rate. This 

dataset will be preprocessed to handle missing values, outliers, and normalization of 

continuous variables. Feature engineering will also be performed to identify the most 

relevant attributes that contribute to heart disease risk. By preparing the data properly, 

the model will be able to learn from it more effectively. 

2.​ Model Training: A variety of machine learning algorithms will be implemented for heart 

disease prediction. Logistic Regression will be used for binary classification to predict the 

probability of heart disease. Decision Trees will provide a clear structure for 

decision-making and can handle both categorical and continuous variables. Random 

Forests, an ensemble learning technique, will be employed to create multiple decision 

trees and aggregate their results, improving the model's robustness and accuracy. 

Support Vector Machines (SVM) will also be tested, especially for their ability to handle 

non-linear relationships and large feature sets. The models will be trained using the 

dataset and validated using cross-validation techniques to ensure their generalizability. 
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3.​ Feature Selection: One of the key aspects of this project is identifying the most 

important features that contribute to the prediction of heart disease. Feature selection 

techniques, such as Recursive Feature Elimination (RFE) or mutual information, will be 

used to select the most relevant variables and discard unnecessary or redundant ones. 

By focusing on the most impactful features, the model’s interpretability will be 

improved, making it easier for healthcare professionals to understand the reasoning 

behind the predictions. This process will also help reduce overfitting, ensuring that the 

model generalizes well to new, unseen data. 

4.​ Model Evaluation: Once the models are trained, they will be evaluated using standard 

classification metrics such as accuracy, precision, recall, F1-score, and Area Under the 

Receiver Operating Characteristic Curve (AUC-ROC). These metrics will allow the team to 

assess the model’s performance and identify any potential weaknesses. A model with 

high accuracy but low precision or recall may indicate that it is not adequately capturing 

all instances of heart disease, while a model with high recall but low precision might be 

overpredicting heart disease cases. Thus, a balanced evaluation approach will be 

adopted to ensure the system's predictive capability is both reliable and effective. 

5.​ Explainability and Interpretability: One of the main challenges with machine learning 

models, particularly with more complex algorithms such as Random Forests and SVMs, is 

their interpretability. Healthcare professionals need to understand how the model 

arrives at its predictions, especially in critical decision-making contexts. The proposed 

system will include mechanisms to explain the model’s predictions. For instance, the 

system will provide feature importance scores that show which variables most influence 

the risk prediction. Additionally, decision trees will be visualized to display the reasoning 

process in a straightforward manner. This transparency will help ensure that the system 

can be adopted and trusted in clinical settings. 

6.​ Deployment and Integration: The heart disease prediction model will be deployed as a 

web-based application, accessible through a user-friendly interface. Healthcare 

professionals will be able to input patient data into the system and receive a risk 

assessment, which can guide their clinical decisions. The system will be designed to 

integrate seamlessly with existing electronic health record (EHR) systems, allowing for 

easy retrieval of patient data and automatic predictions. This integration will help reduce 

the time spent on manual data entry and improve workflow efficiency in healthcare 

settings. 

7.​ User Interface: The user interface (UI) of the proposed system will be simple and 

intuitive, ensuring that it is accessible even to those with limited technical expertise. 

Healthcare professionals will be able to enter patient information into clearly defined 
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input fields, such as age, cholesterol levels, blood pressure, and smoking habits. The 

system will then display a clear risk assessment, along with suggested next steps for 

further diagnostic tests or treatments. The UI will also provide visualizations of the 

model’s predictions, including feature importance charts and decision tree diagrams, 

allowing users to better understand how the system arrived at its conclusions. 

8.​ Security and Privacy: Since healthcare data is sensitive, ensuring the security and 

privacy of patient information is paramount. The system will comply with data 

protection regulations, such as the Health Insurance Portability and Accountability Act 

(HIPAA) in the United States or the General Data Protection Regulation (GDPR) in 

Europe, to ensure that patient data is kept confidential and secure. All patient data will 

be encrypted during storage and transmission, and access to the system will be 

restricted based on user roles to prevent unauthorized access. 

9.​ Real-World Application and Impact: The primary objective of the proposed system is to 

provide healthcare professionals with a reliable tool for early heart disease prediction. 

By offering timely, data-driven insights, the system will aid in identifying at-risk 

individuals before symptoms appear, enabling preventive measures and early 

intervention. The potential impact of this system is vast, as it could help reduce the 

incidence of heart disease-related fatalities and improve patient outcomes. Additionally, 

it could alleviate the burden on healthcare facilities by streamlining the diagnostic 

process and reducing the reliance on expensive diagnostic tests. 

The proposed system represents a step forward in the use of machine learning in healthcare. By 

combining advanced algorithms with data-driven insights, the system aims to provide accurate, 

early predictions of heart disease, helping to improve the quality of care and reduce the 

mortality rate associated with cardiovascular diseases. Through its user-friendly interface, 

interpretability, and integration with existing healthcare infrastructure, the system is poised to 

make a significant impact in the field of medical diagnostics. 

 

RESULTS & DISCUSSION 

In this section, we present the results of the heart disease prediction model developed using 

various machine learning techniques, followed by a discussion of the model's performance, 

strengths, limitations, and implications for clinical practice. 

Model Performance: 

The heart disease prediction model was developed using multiple machine learning algorithms, 

including Logistic Regression, Decision Trees, Random Forests, and Support Vector Machines 

(SVM). Each model was trained on a dataset containing demographic information, clinical test 

results, and lifestyle factors of patients. The performance of each model was evaluated based 
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on several metrics, including accuracy, precision, recall, F1-score, and Area Under the Receiver 

Operating Characteristic Curve (AUC-ROC). These metrics are essential in determining the 

model's effectiveness in correctly predicting heart disease cases and minimizing false positives 

and false negatives. 

1. Logistic Regression: Logistic Regression was used as the baseline model for binary 

classification. It produced an accuracy of 78%, with a precision of 0.75, recall of 0.80, and 

F1-score of 0.77. While the model performed reasonably well, it struggled to capture the more 

complex non-linear relationships between the features, resulting in slightly lower performance 

compared to more advanced models. 

2. Decision Trees: The Decision Tree model provided an accuracy of 81%, with a precision of 

0.79, recall of 0.83, and an F1-score of 0.81. Decision Trees are simple yet effective classifiers, 

offering clear interpretability. They performed better than Logistic Regression, thanks to their 

ability to model non-linear relationships. However, the model was prone to overfitting, 

especially when trained with deeper trees. 

3. Random Forests: Random Forests, as an ensemble of Decision Trees, provided the most 

robust results, with an accuracy of 85%, precision of 0.83, recall of 0.88, and an F1-score of 0.85. 

This model consistently outperformed the others, demonstrating higher generalization power 

due to its ability to aggregate multiple decision trees' predictions. Random Forests are 

particularly well-suited for handling complex and high-dimensional data, as they reduce the risk 

of overfitting and improve prediction accuracy. 

4. Support Vector Machines (SVM): The SVM model, with a radial basis function (RBF) kernel, 

produced an accuracy of 83%, precision of 0.81, recall of 0.85, and F1-score of 0.83. SVMs 

performed very well, especially in separating classes with non-linear boundaries, but their 

performance was slightly lower than Random Forests. The SVM model was sensitive to the 

selection of hyperparameters, which could affect its performance. Nonetheless, it was effective 

in classifying patients with heart disease when trained with appropriate kernel functions. 

Evaluation Metrics: 

●​ Accuracy: The Random Forest model showed the highest accuracy, which reflects the 

model’s ability to correctly classify both positive and negative cases of heart disease. 

●​ Precision: Precision was high across all models, with Random Forest achieving the 

highest precision, indicating that most of the predicted positive cases were true 

positives. 

●​ Recall: The Random Forest model also demonstrated the highest recall, which signifies 

that it was most effective at identifying true positive cases (patients who actually have 

heart disease). 
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●​ F1-Score: The F1-score, which balances precision and recall, was also highest for the 

Random Forest model, suggesting it struck a good balance between false positives and 

false negatives. 

Feature Importance: 

A key advantage of using Random Forests in this project is their ability to provide insight into 

the importance of various features in making predictions. By calculating feature importance 

scores, we can identify the factors that most influence the likelihood of heart disease. The top 

features identified were: 

1.​ Age: Older age was consistently found to be one of the strongest predictors of heart 

disease. 

2.​ Cholesterol Levels: High cholesterol levels were also found to be a significant predictor, 

corroborating clinical knowledge of cardiovascular risk factors. 

3.​ Blood Pressure: Elevated blood pressure was another important feature, contributing to 

the prediction of heart disease. 

4.​ Smoking Habits: Smokers were shown to be at higher risk for developing heart disease, 

highlighting the role of lifestyle choices. 

5.​ Exercise and Physical Activity: Lack of exercise was identified as a major risk factor, 

indicating that physical activity plays a key role in cardiovascular health. 

6.​ Family History: A family history of heart disease contributed to higher risk, aligning with 

established medical understanding. 

The model’s ability to weigh these features in predicting heart disease provides valuable insight 

into the underlying factors that contribute to cardiovascular risk, which can be used to guide 

preventative measures in clinical settings. 

Discussion: 

The results of the heart disease prediction model demonstrate the effectiveness of machine 

learning techniques in providing accurate, reliable, and interpretable predictions for 

cardiovascular risk. The Random Forest model, in particular, outperformed the other models, 

offering the best combination of accuracy, precision, recall, and F1-score. This model's ability to 

handle large datasets with many variables, as well as its robustness in mitigating overfitting, 

makes it a strong candidate for real-world applications in heart disease prediction. 

One of the significant advantages of the proposed system is its interpretability. Healthcare 

professionals can use the model to not only predict heart disease but also gain insights into the 

factors that contribute to a patient’s risk. For instance, the system can highlight whether a 

patient's high cholesterol or smoking habits are the main contributors to their cardiovascular 

risk, allowing clinicians to make more informed decisions about treatment and prevention 

Volume No.6, Issue No.1 (2025)       ​ ​
​ 10 

 



 

Dr.R.Senthilkumar et.al                                       Journal of Science Technology and Research (JSTAR) 
​  

strategies. Furthermore, the feature importance scores can guide clinicians in identifying 

patients who may benefit from lifestyle changes, such as dietary modifications or increased 

physical activity. 

Despite its strong performance, the system is not without limitations. The quality and 

representativeness of the data play a crucial role in the model's success. If the dataset used to 

train the model is biased or does not accurately reflect the broader population, the predictions 

may not generalize well to all patient groups. For example, if certain demographics, such as 

specific age groups or ethnicities, are underrepresented in the dataset, the model may perform 

poorly for those groups. Therefore, ensuring the diversity and quality of the training data is 

essential for building a robust and inclusive predictive system. 

Additionally, the interpretability of more complex models, such as SVMs, remains a challenge. 

While Random Forests provide clear feature importance insights, more sophisticated models 

like deep learning neural networks, though potentially more accurate, can act as “black boxes” 

that lack transparency in their decision-making processes. This trade-off between accuracy and 

interpretability needs to be carefully considered in the design of machine learning systems for 

healthcare. 

Another area for improvement is the integration of unstructured data, such as medical imaging 

or patient-reported outcomes. Incorporating these additional data sources could improve the 

model's performance and provide a more comprehensive view of the patient's health. 

Furthermore, real-time integration with Electronic Health Record (EHR) systems could automate 

the data entry process, making it easier for healthcare professionals to access and use the 

predictive system during consultations. 

In conclusion, the heart disease prediction system developed in this project represents a 

significant advancement in the use of machine learning for medical diagnostics. By providing 

accurate, interpretable predictions, it offers valuable support for clinicians in identifying 

high-risk patients and implementing preventive strategies. With continued improvements in 

data quality, model interpretability, and integration with clinical systems, this approach has the 

potential to transform the way heart disease is detected and managed in healthcare settings. 

 

CONCLUSION 

In this project, a machine learning-based heart disease prediction system was developed to 

assist healthcare professionals in diagnosing cardiovascular conditions with greater accuracy 

and efficiency. By employing several machine learning algorithms such as Logistic Regression, 

Decision Trees, Random Forests, and Support Vector Machines (SVM), the system was able to 

effectively predict the likelihood of heart disease based on a variety of patient factors, including 

age, cholesterol levels, blood pressure, and lifestyle habits. Among these, the Random Forest 
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model demonstrated the highest performance in terms of accuracy, precision, recall, and 

F1-score, making it the most reliable algorithm for heart disease prediction. 

The model’s feature importance analysis revealed valuable insights into the key risk factors for 

heart disease, such as age, cholesterol levels, and smoking habits. These findings align with 

existing medical knowledge, further validating the system’s accuracy. Moreover, the system 

provides transparency through feature importance scores, allowing healthcare professionals to 

understand the reasoning behind the predictions, thereby improving trust and aiding in 

decision-making. 

Although the system showed promising results, there are limitations, such as the potential for 

bias in the training dataset and challenges related to the interpretability of more complex 

models like SVMs. Future work could address these limitations by improving the dataset's 

diversity and exploring advanced explainability techniques for black-box models. Additionally, 

incorporating unstructured data sources, such as medical imaging, could enhance the model’s 

predictive capabilities. 

Overall, the heart disease prediction system has the potential to significantly improve the 

diagnosis and management of heart disease. By providing accurate and interpretable 

predictions, it can aid healthcare professionals in identifying high-risk patients early, enabling 

timely interventions and potentially saving lives. With continued development, this system 

could become an invaluable tool in clinical practice, helping to reduce the global burden of 

heart disease. 
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