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ABSTRACT

Cardiovascular Diseases (CVDs) remain the leading cause of morbidity and mortality worldwide,
accounting for a significant proportion of global deaths each year. Early detection and risk
stratification are crucial for preventing disease progression and reducing mortality rates.
Traditional diagnostic methods rely on clinical risk scores and laboratory investigations;
however, these approaches may fail to capture complex nonlinear relationships between
multiple biological variables. Machine Learning (ML), a subset of artificial intelligence, has
emerged as a powerful tool capable of analyzing large datasets and identifying hidden patterns
that contribute to disease prediction. Recent studies have demonstrated that ML algorithms
integrated with laboratory biomarkers can significantly improve the early detection and
prognosis of cardiovascular diseases. Biomarkers such as cardiac troponins, C-reactive Protein
(CRP), lipoproteins, cytokines, and other molecular indicators provide valuable information about
cardiovascular pathophysiology. When combined with ML algorithms including random forest,
support vector machines, neural networks, and gradient boosting, these biomarkers enable
predictive models with higher accuracy and sensitivity. This review explores the current progress
in integrating machine learning with laboratory biomarkers for early cardiovascular disease
detection. It discusses commonly used biomarkers, types of machine learning algorithms, model
development strategies, clinical applications, challenges, and future prospects. The integration
of ML-based predictive systems with routine laboratory testing has the potential to revolutionize
personalized cardiovascular medicine and improve clinical decision-making.
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INTRODUCTION

Cardiovascular Diseases (CVDs) include a broad range of
disorders affecting the heart and blood vessels, such as coronary
artery disease, myocardial infarction, heart failure, and stroke.
These conditions represent one of the most significant global
health challenges and are responsible for millions of deaths
annually (Taylan et al., 2023). The increasing prevalence of
cardiovascular diseases is associated with lifestyle factors such as
obesity, smoking, hypertension, and diabetes, along with genetic
predisposition and aging populations (Ogunpola et al., 2024).
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Early detection of cardiovascular diseases is essential because
many individuals remain asymptomatic until the disease reaches
an advanced stage. Traditional diagnostic approaches rely on
clinical evaluation, imaging techniques, and laboratory tests;
however, these methods often lack the ability to analyze complex
relationships among multiple risk factors simultaneously.
Machine learning techniques provide a powerful solution by
enabling automated analysis of large datasets and identifying
patterns that may not be evident through conventional statistical
approaches (Elvas & Ferreira, 2025).

Machine learning algorithms can process diverse healthcare data
sources, including electronic health records, laboratory biomarker
profiles, imaging data, and genetic information. By analyzing
these data collectively, ML models can predict disease risk, classify
disease stages, and support personalized treatment strategies.
Integration of machine learning with laboratory biomarkers has
therefore become an emerging research area aimed at improving
early detection and prevention of cardiovascular diseases (Ahmed
& Mahesh, 2021).
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CARDIOVASCULAR DISEASES AND THE NEED
FOR EARLY DETECTION

Cardiovascular diseases develop gradually through pathological
processes such as atherosclerosis, endothelial dysfunction,
inflammation, and metabolic imbalance. These conditions
often progress silently for many years before clinical symptoms
appear. Early diagnosis and preventive interventions are therefore
critical to reducing morbidity and mortality associated with
cardiovascular disorders (Netala et al., 2025).

Traditional cardiovascular risk assessment models such as the
Framingham Risk Score use demographic and clinical factors to
estimate disease risk. Although these models are useful, they often
fail to capture the complex interactions among genetic, metabolic,
and environmental factors that influence cardiovascular health.
Machine learning algorithms are capable of identifying nonlinear
relationships among variables and improving prediction accuracy
beyond traditional regression-based approaches (Ogunpola et al.,
2024).

Recent research demonstrates that integrating routine laboratory
biomarkers with machine learning models can significantly
improve the prediction of cardiovascular events. For instance,
ML-based predictive models using laboratory test results
such as cholesterol levels, blood pressure measurements, and
inflammatory markers have achieved high accuracy in predicting
coronary artery disease (Weng et al., 2017; Pal et al., 2022).
These findings suggest that combining biomarker analysis with
advanced computational techniques could enable earlier detection
of cardiovascular diseases and facilitate timely intervention.

Laboratory Biomarkers in Cardiovascular Disease
Detection

Laboratory biomarkers play a crucial role in the diagnosis,
prognosis, and monitoring of cardiovascular diseases. Biomarkers
are measurable biological indicators that reflect physiological
or pathological processes occurring in the body. They can be
detected in blood, urine, or other biological fluids and provide
valuable insights into disease mechanisms (Netala et al., 2025).

Cardiac Troponins

Cardiac troponins (cTnl and cTnT) are widely recognized
biomarkers for myocardial injury. Elevated levels of these proteins
indicate damage to cardiac muscle cells and are commonly used
for diagnosing myocardial infarction. High-sensitivity troponin
assays enable detection of even minor myocardial damage and
can support early diagnosis of acute coronary syndrome (Park et
al., 2017).

Natriuretic Peptides

B-type Natriuretic Peptide (BNP) and N-terminal pro-BNP
(NT-proBNP) are biomarkers associated with heart failure. These
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peptides are released in response to ventricular stretching and
pressure overload, making them useful indicators of cardiac
dysfunction (Goetze et al., 2020).

Inflammatory Biomarkers

Inflammation plays a major role in cardiovascular disease
progression.  Biomarkers such as C-reactive Protein
(CRP), interleukins, and tumor necrosis factor-alpha are
frequently elevated in patients with cardiovascular disorders

(Amezcua-Castillo et al., 2023).

Novel Biomarkers

Recent research has identified several emerging biomarkers
that provide additional diagnostic and prognostic information.
Examples include soluble ST2, galectin-3, and growth
differentiation factor-15. The soluble ST2 protein is associated
with cardiac remodeling and fibrosis and can predict outcomes in
heart failure patients (Weinberg et al., 2003).

Additionally, cytokines and lipoprotein-related markers such
as Prep HDL have been investigated as potential predictors of
coronary heart disease using machine learning models (Kim
et al., 2022). These biomarkers provide valuable insights into
disease mechanisms and can improve predictive modeling when
combined with advanced analytical techniques.

FUNDAMENTALS OF MACHINE LEARNING IN
HEALTHCARE

Machine learning is a branch of artificial intelligence that enables
computers to learn patterns from data and make predictions
without explicit programming (Johnson et al.,2018). In healthcare,
ML algorithms analyze large clinical datasets to identify patterns
associated with disease risk, diagnosis, and treatment outcomes
(Deo, 2015).

Machine learning methods are generally classified into three
main categories:

Supervised Learning

Supervised learning algorithms are trained using labeled
datasets where the outcome variable is known. These algorithms
learn relationships between input features and target outcomes
(Alpaydin, 2020). Common supervised learning methods used
in cardiovascular research include logistic regression, Support
Vector Machines (SVM), random forest, and gradient boosting
(Lee et al., 2017; Gaonkar & Davatzikos, 2013).

Unsupervised Learning

Unsupervised learning algorithms analyze unlabeled datasets to
identify hidden patterns or clusters. Techniques such as clustering
and principal component analysis are used to identify subgroups
of patients with similar characteristics (Alloghani et al., 2020).
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Deep Learning

Deep learning is an advanced form of machine learning that
uses artificial neural networks with multiple layers to process
complex datasets (Leijnen & Veen, 2020). Deep learning models
are particularly useful for analyzing high-dimensional data such
as genomic profiles, medical imaging, and multi-omics datasets
(Ravi et al., 2017).

Machine learning algorithms can analyze complex relationships
among multiple biomarkers and clinical variables, providing
improved prediction accuracy compared to conventional
statistical approaches (Ogunpola et al., 2024).

MACHINE LEARNING ALGORITHMS USED FOR
CARDIOVASCULAR DISEASE PREDICTION

Several machine learning algorithms have been applied to predict
cardiovascular diseases using laboratory biomarkers.

Logistic Regression

Logistic regression is one of the simplest machine learning
techniques used for binary classification problems. It has been
widely used in cardiovascular risk prediction models due to its
interpretability and simplicity (Bashir et al., 2019).

Support Vector Machines (SVM)

Support vector machines are powerful classification algorithms
that identify optimal boundaries between different classes in
high-dimensional datasets (Vapnik, 1998). SVM models have
demonstrated strong performance in cardiovascular disease
prediction studies (Tabesh et al., 2010).

Random Forest

Random forest is an ensemble learning method that constructs
multiple decision trees and combines their predictions to improve
accuracy. Random forest models are particularly effective in
handling large datasets with numerous features (Breiman, 2001)

Gradient Boosting and XGBoost

Gradient boosting algorithms iteratively improve prediction
accuracy by correcting errors from previous models (Chen
and Guestrin, 2016). XGBoost, a popular gradient boosting
implementation, has achieved high predictive accuracy in
cardiovascular disease detection studies (Ogunpola et al., 2024).

Artificial Neural Networks

Artificial neural networks mimic the structure of biological
neurons and are capable of learning complex nonlinear
relationships among variables. Neural networks have been widely
used in medical diagnostics and predictive modeling (Hasan et
al., 2020).
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In a study by Fahd Saleh Alotaibi (Alotaibi, 2019). The experiment
was applied using five algorithms, such as Decision Tree, Naive
Bayes, Random Forest, Logistic Regression, and Support Vector
Machine. By comparing with other previous work, the accuracy
of the model has improved the performance of the classifiers.

Integration of Machine Learning with Laboratory
Biomarkers

The integration of machine learning with laboratory biomarkers
enables the development of predictive models capable of
identifying individuals at risk for cardiovascular diseases before
clinical symptoms appear (Commandeur et al., 2019).

For example, a machine learning model incorporating plasma
cytokines and Pre HDL biomarkers demonstrated high accuracy
in distinguishing patients with coronary heart disease from
healthy individuals (Kim et al., 2022). Random forest algorithms
were used to analyze the biomarker dataset and achieved excellent
predictive performance.

Another study used machine learning models combined with
routine laboratory tests to predict early-stage coronary artery
disease. The integration of algorithms such as gradient boosting
and random forest significantly improved diagnostic accuracy
compared with traditional risk assessment models (Koloi et al.,
2024).

Machine learning algorithms can also integrate multi-omics
datasets, including genomic, proteomic, and metabolomic
data, to identify novel biomarker signatures associated with
cardiovascular diseases. These approaches enable comprehensive
analysis of complex biological systems and support the
development of precision medicine strategies (Deo, 2015).

CLINICAL APPLICATIONS OF ML-BASED
CARDIOVASCULAR PREDICTION MODELS

Machine learning-based predictive models have several clinical
applications in cardiovascular medicine.

Risk Prediction and Screening

ML models can identify individuals at high risk of cardiovascular
diseases using routine laboratory data. Early identification allows
clinicians to implement preventive strategies such as lifestyle
modifications and pharmacological interventions.

Diagnosis

Machine learning algorithms can assist physicians in diagnosing
cardiovascular diseases by analyzing laboratory biomarker
profiles and clinical data.

Prognosis

ML models can predict disease progression and patient outcomes,
enabling personalized treatment planning.
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Personalized Medicine

Integration of ML with multi-omics data enables personalized
risk prediction and targeted therapeutic strategies tailored to
individual patients.

CHALLENGES IN IMPLEMENTING MACHINE
LEARNING FOR CARDIOVASCULAR
DIAGNOSTICS

Despite the promising potential of machine learning in
cardiovascular disease detection, several challenges remain.

e Data Quality and Availability: High-quality datasets
are required to train reliable machine learning models.
Incomplete or biased data can reduce prediction
accuracy.

* Model Interpretability: Many ML models function
as “black boxes,” making it difficult for clinicians to
understand how predictions are generated.

¢ Clinical Validation: Predictive models must undergo
extensive clinical validation before being integrated into
healthcare systems.

e Ethical and Privacy Issues: The use of large healthcare
datasets raises concerns regarding patient privacy and
data security.

FUTURE PERSPECTIVES

The future of cardiovascular diagnostics will likely involve the
integration of machine learning, biomarker discovery, and
digital health technologies. Advances in multi-omics research
and high-throughput laboratory techniques will generate large
datasets that can be analyzed using advanced computational
tools.

Artificial intelligence systems capable of analyzing genomic data,
wearable device data, and laboratory biomarkers simultaneously
may provide comprehensive insights into cardiovascular health.
Such systems could enable continuous monitoring of patient
health and facilitate early detection of cardiovascular diseases.

Furthermore, explainable Al techniques are being developed to
improve transparency and trust in machine learning models.
These methods allow clinicians to understand how specific
biomarkers contribute to disease predictions, enhancing clinical
acceptance of Al-based diagnostic tools.

CONCLUSION

The integration of machine learning algorithms with laboratory
biomarkers represents a promising approach for the early
detection and prediction of cardiovascular diseases. Machine
learning techniques can analyze complex relationships among
multiple clinical variables and biomarker datasets, enabling
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accurate risk stratification and personalized treatment strategies.
Numerous studies have demonstrated that ML-based predictive
models using routine laboratory biomarkers can achieve high
diagnostic accuracy and improve clinical decision-making.
However, challenges related to data quality, model interpretability,
and clinical validation must be addressed before widespread
implementation in healthcare settings. Continued research
in machine learning, biomarker discovery, and digital health
technologies will play a critical role in transforming cardiovascular
medicine and improving patient outcomes in the future.

ABBREVIATIONS

CVDs: Cardiovascular Diseases; ML: Machine Learning; Al:
Artificial Intelligence; SVM: Support Vector Machine; BNP:
B-type Natriuretic Peptide; NT-proBNP: N-terminal pro-B-type
Natriuretic Peptide; ¢Tnl: Cardiac Troponin I; ¢TnT: Cardiac
Troponin T; CRP: C-reactive Protein; ST2: Suppression of
Tumorigenicity 2; HDL: High-Density Lipoprotein; Prep HDL:
Pre-beta High-Density Lipoprotein; XGBoost: Extreme Gradient
Boosting; PCA: Principal Component Analysis; EHRs: Electronic
Health Records; TNF-a: Tumor Necrosis Factor-alpha.
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