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Resume. Early prediction of cardiovascular diseases (CVDs) in primary care is crucial for
effective prevention and timely intervention. Conventional risk assessment methods often have
limited accuracy due to their inability to analyze complex clinical data. This study examines the
use of machine learning (ML) models for early prediction of cardiovascular diseases in primary
care settings. Demographic data, clinical indicators, laboratory results, and electronic health
records were used to train and evaluate multiple ML algorithms, including logistic regression,
random forest, and gradient boosting models. Model performance was assessed using accuracy,
sensitivity, specificity, and the area under the receiver operating characteristic curve (AUC). The
results show that ML-based models outperform traditional risk assessment tools in identifying
high-risk patients. The integration of explainable Al methods improves model transparency and
supports clinical decision-making. Overall, machine learning approaches demonstrate strong
potential as decision support tools for enhancing cardiovascular disease prevention in primary
healthcare.
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Introduction. Cardiovascular diseases (CVDs) remain the leading cause of morbidity and
mortality worldwide, placing a substantial burden on healthcare systems, particularly at the
primary care level. Primary care settings play a critical role in the early identification and
management of cardiovascular risk factors; however, timely detection of individuals at high risk
remains challenging. Traditional risk assessment tools, such as score-based models derived from
population averages, often fail to account for the complex and nonlinear interactions among
demographic, clinical, behavioral, and laboratory variables. As a result, a significant proportion
of high-risk patients may remain undetected until the disease progresses to more severe stages.
The rapid growth of electronic health records (EHRs) and routinely collected clinical data has
created new opportunities for data-driven approaches in preventive cardiology. Machine learning
(ML), a key component of artificial intelligence, enables the analysis of large, heterogeneous
datasets and the identification of subtle patterns that are not easily captured by conventional
statistical methods. In recent years, ML models have demonstrated promising results in disease
prediction, risk stratification, and clinical decision support across various medical domains.
Despite these advances, the integration of machine learning into primary care practice faces
important challenges, including model interpretability, clinical trust, and practical
implementation. This study focuses on the application of machine learning models for the early
prediction of cardiovascular diseases in primary care settings, aiming to improve risk assessment
accuracy and support preventive, patient-centered healthcare strategies.

Literature review. Early prediction of cardiovascular diseases has long been a central
objective in preventive medicine, particularly within primary care. Conventional risk assessment
models, such as score-based systems derived from epidemiological studies, have been widely
used to estimate cardiovascular risk. While these models provide a standardized approach, their
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predictive performance is often limited by assumptions of linearity and restricted variable
selection. Consequently, they may inadequately represent individual patient risk, especially in
diverse populations with complex comorbidities. Recent advancements in machine learning have
introduced alternative approaches capable of handling high-dimensional and nonlinear clinical
data. Studies have demonstrated that algorithms such as random forests, support vector machines,
and gradient boosting methods can improve the accuracy of cardiovascular risk prediction by
integrating demographic factors, clinical measurements, laboratory findings, and lifestyle
indicators. Deep learning techniques have also been explored, particularly in the analysis of
electrocardiograms and imaging data, showing enhanced performance in detecting subclinical
cardiovascular abnormalities. The increasing availability of electronic health records has further
accelerated research in this field, enabling longitudinal risk modeling and real-world validation
of predictive algorithms. However, several studies highlight challenges related to data quality,
model generalizability, and potential bias. Additionally, the limited interpretability of complex
models has raised concerns among clinicians, emphasizing the need for explainable artificial
intelligence approaches. Overall, existing literature supports the potential of machine learning for
early cardiovascular disease prediction, while underscoring the importance of transparency,
clinical relevance, and integration into primary care workflows.

Research methodology. This study adopts a quantitative, observational research design to
evaluate the effectiveness of machine learning models in the early prediction of cardiovascular
diseases within primary care settings. Retrospective clinical data were obtained from electronic
health records routinely collected in primary healthcare facilities. The dataset included adult
patients with no prior diagnosis of cardiovascular disease at baseline. Relevant features were
selected based on clinical significance and data availability, including demographic
characteristics, vital signs, lifestyle-related factors, laboratory test results, and comorbid
conditions. Data preprocessing involved handling missing values, outlier detection,
normalization of continuous variables, and categorical data encoding. The dataset was then
divided into training and testing subsets to ensure unbiased model evaluation. Multiple machine
learning algorithms were developed and compared, including logistic regression, random forest,
and gradient boosting models. Hyperparameter tuning was performed using cross-validation to
optimize model performance. Predictive accuracy was assessed using standard evaluation
metrics such as accuracy, sensitivity, specificity, and the area under the receiver operating
characteristic curve (AUC). To enhance clinical applicability, explainable artificial intelligence
techniques were applied to identify key predictors and improve model transparency. Statistical
analysis and model development were conducted using validated analytical tools, ensuring
methodological rigor and reproducibility of the results.

Statistical analysis. Statistical analysis was conducted to describe the study population and
to evaluate the performance of the developed machine learning models. Continuous variables
were summarized using mean + standard deviation or median with interquartile range, depending
on data distribution, while categorical variables were presented as frequencies and percentages.
Normality of continuous variables was assessed using the Shapiro-Wilk test. Comparisons
between groups were performed using the independent t-test or Mann-Whitney U test for
continuous variables and the chi-square test for categorical variables, as appropriate. Correlation
analysis was applied to explore relationships between key clinical variables. A significance level
of p < 0,05 was considered statistically significant. For model evaluation, predictive performance
was assessed using accuracy, sensitivity, specificity, precision, Fl-score, and the area under the
receiver operating characteristic curve (AUC). Receiver operating characteristic (ROC) curves
were constructed to compare model discrimination ability. Confidence intervals for AUC values
were calculated using bootstrapping techniques. All statistical analyses and model evaluations
were performed using standard statistical and machine learning software packages, ensuring
robustness and reproducibility of the findings.
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Conclusion. This study demonstrates that machine learning models have significant
potential for the early prediction of cardiovascular diseases in primary care settings. By
leveraging routinely collected clinical and demographic data, these models are able to capture
complex patterns and interactions that are often overlooked by traditional risk assessment tools.
The results indicate that machine learning-based approaches provide improved predictive
accuracy and more effective identification of high-risk individuals at early stages of disease
development. The integration of explainable artificial intelligence techniques enhances model
transparency and supports clinician confidence in data-driven decision-making. Such models can
assist primary care physicians in implementing timely preventive interventions, optimizing
patient management, and reducing the overall burden of cardiovascular diseases. Despite these
promising findings, further prospective validation and real-world implementation studies are
required to assess long-term clinical impact and generalizability. Overall, machine learning—
driven predictive tools represent a valuable component of future preventive cardiology and
primary healthcare systems.

Recommendations. Based on the findings of this study, several recommendations can be
made to enhance the application of machine learning for early prediction of cardiovascular
diseases in primary care:

Integration into Clinical Workflows: Develop user-friendly interfaces for ML-based
predictive tools that can be seamlessly incorporated into electronic health record systems to
support routine primary care decision-making.

Focus on Explainable AI: Prioritize the use of interpretable and transparent machine
learning models to ensure clinicians understand the basis of predictions, fostering trust and
adoption.

Continuous Model Updating: Regularly update models with new patient data to maintain
predictive accuracy and account for changes in population health trends.

Prospective Validation: Conduct prospective studies and real-world trials to validate model
performance across diverse primary care populations and settings.

Patient-Centered Approaches: Incorporate patient lifestyle, behavioral, and social
determinants of health into predictive models to improve individualized risk assessment.

Training and Education: Provide training for primary care clinicians on the use and
interpretation of Al-driven tools, emphasizing ethical considerations, data privacy, and clinical
relevance.

Policy and Guidelines Development: Collaborate with healthcare policymakers to establish
guidelines for the safe and effective implementation of Al-based predictive models in primary
care.

These recommendations aim to maximize the clinical utility of machine learning models,
improve early detection of cardiovascular diseases, and support preventive healthcare strategies.
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