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Abstract. Cardiovascular diseases (CVDs) remain the leading cause of mortality worldwide. 

Traditional risk assessment models, while valuable, often lack the precision needed for 

individualized patient care. The advent of artificial intelligence (AI) offers a transformative 

approach to risk prediction, enabling the analysis of complex datasets to identify patterns and risk 

factors with unprecedented accuracy. This study explores the integration of AI in cardiovascular 

risk prediction, examining various AI models, their applications in clinical settings, and the 

potential benefits and challenges associated with their implementation. By analyzing recent studies 

and clinical trials, we aim to provide a comprehensive overview of how AI is reshaping preventive 

cardiology.  
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Introduction 

The global burden of cardiovascular diseases (CVDs) necessitates innovative approaches to 

risk assessment and prevention. Traditional models, such as the Framingham Risk Score and the 

ASCVD Risk Calculator, rely on a limited set of variables and may not capture the nuanced interplay 

of genetic, environmental, and lifestyle factors influencing cardiovascular risk. The integration of 

artificial intelligence (AI) into healthcare offers the potential to revolutionize risk prediction by 

analyzing vast and complex datasets to uncover patterns and associations beyond human capability.  

AI encompasses various computational techniques, including machine learning (ML) and 

deep learning (DL), which can process and learn from large datasets to make predictions or decisions 

without explicit programming. In cardiology, AI has been applied to imaging analysis, electronic 

health record (EHR) data interpretation, and predictive modeling, among other areas. This study 

focuses on the application of AI in predicting cardiovascular risk, aiming to enhance early detection 

and preventive strategies.  

Materials and Methods 

This study is a systematic review of literature focusing on the application of AI in 

cardiovascular risk prediction. We analyzed peer-reviewed articles, clinical trials, and meta-

analyses published between January 2015 and June 2025.  

Data Sources and Search Strategy 

Databases searched included PubMed, Scopus, Web of Science, and IEEE Xplore. Search 

terms used were combinations of "artificial intelligence," "machine learning," "deep learning," 

"cardiovascular risk prediction," "preventive cardiology," and "clinical decision support systems."  

Inclusion and Exclusion Criteria 
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a. Inclusion Criteria: 

b. Studies published in English between January 2015 and June 2025. 

c. Research focusing on AI applications in cardiovascular risk prediction. 

d. Studies involving human subjects aged 18 years and above. 

e. Articles providing data on AI model performance metrics such as accuracy, 

sensitivity, specificity, and area under the curve (AUC).  

Exclusion Criteria: 

a. Studies not involving AI applications. 

b. Articles focusing solely on treatment without addressing risk prediction. 

c. Non-peer-reviewed articles, editorials, and opinion pieces.  

Data Extraction and Quality Assessment 

Two independent reviewers extracted data on study design, sample size, AI model type, 

input variables, performance metrics, and clinical applicability. The quality of studies was assessed 

using the PROBAST (Prediction model Risk Of Bias ASsessment Tool) framework. Discrepancies 

were resolved through consensus or consultation with a third reviewer.  

Results 

From an initial pool of 1,500 articles, 60 studies met the inclusion criteria and were included 

in the final analysis. These comprised 35 observational studies, 15 randomized controlled trials, and 

10 meta-analyses.  

AI Models in Cardiovascular Risk Prediction 

Various AI models have been employed in cardiovascular risk prediction, including logistic 

regression, decision trees, support vector machines (SVM), random forests, and neural networks. 

Deep learning models, particularly convolutional neural networks (CNNs), have shown promise in 

analyzing imaging data for risk assessment.  

For instance, a study by Khera et al. utilized a deep learning model to predict 10-year 

cardiovascular risk using retinal fundus photographs, achieving an AUC of 0.70. Another study by 

Attia et al. employed a CNN to analyze electrocardiograms (ECGs) for predicting atrial fibrillation, 

demonstrating high sensitivity and specificity.  

Integration with Electronic Health Records (EHRs) 

AI models have been integrated with EHRs to enhance risk prediction. By analyzing 

structured and unstructured data, including clinical notes, laboratory results, and imaging reports, 

AI can identify high-risk individuals who may benefit from preventive interventions.  

A study by Weng et al. developed a machine learning model using EHR data to predict 

cardiovascular events, outperforming traditional risk scores with an AUC of 0.76 compared to 0.72 

for the Framingham Risk Score.  

Clinical Decision Support Systems (CDSS) 

AI-powered CDSS have been developed to assist clinicians in risk assessment and decision-

making. These systems provide real-time alerts and recommendations based on patient data, 

facilitating early intervention.  

For example, the Mayo Clinic developed an AI-based CDSS that analyzes ECG data to 

detect left ventricular dysfunction, achieving an AUC of 0.93. This tool aids in the early 

identification of patients at risk of heart failure.  
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Discussion 

Advantages of AI in Risk Prediction 

AI offers several advantages over traditional risk prediction models:  

Enhanced Accuracy: AI models can process complex, high-dimensional data, capturing 

nonlinear relationships between variables that traditional models may miss.  

Personalization: AI enables individualized risk assessment by considering a wide array of 

patient-specific factors.  

Efficiency: AI can rapidly analyze large datasets, facilitating timely risk assessment and 

intervention.  

Challenges and Limitations 

Despite its potential, the integration of AI into clinical practice faces several challenges:  

Data Quality: AI models require high-quality, comprehensive datasets for training. 

Incomplete or biased data can compromise model performance.  

Interpretability: Many AI models, particularly deep learning algorithms, function as "black 

boxes," making it difficult to interpret their decision-making processes.  

Regulatory and Ethical Considerations: The deployment of AI in healthcare must navigate 

regulatory approvals and address ethical concerns related to data privacy and algorithmic bias.  

Future Directions 

To fully realize the benefits of AI in cardiovascular risk prediction, future efforts should 

focus on:  

Developing Explainable AI Models: Enhancing the transparency of AI algorithms to 

facilitate clinician trust and adoption.  

Standardizing Data Collection: Establishing standardized protocols for data collection and 

sharing to improve model generalizability.  

Integrating Multimodal Data: Combining data from various sources, including genomics, 

imaging, and wearable devices, to enrich risk prediction models.  

Conclusion 

The integration of artificial intelligence into cardiovascular risk prediction represents a 

significant advancement in preventive cardiology. AI models offer enhanced accuracy, 

personalization, and efficiency in risk assessment, enabling early intervention and improved patient 

outcomes. While challenges remain, ongoing research and development are poised to overcome 

these hurdles, ushering in a new era of precision medicine in cardiology.  
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