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ABSTRACT 

Machine learning (ML) has emerged as a transformative approach in modern healthcare systems, 

significantly enhancing the accuracy and efficiency of disease diagnosis. This systematic review 

synthesizes recent advancements in ML-based diagnostic models, focusing on their applications 

across various diseases, including cancer, cardiovascular disorders, diabetes, and neurological 

conditions. The study evaluates different machine learning techniques such as supervised, 

unsupervised, and deep learning algorithms, along with their performance metrics, data sources, 

and clinical applicability. Furthermore, it examines the benefits of ML, including early disease 

detection, improved decision-making, and cost reduction, while also addressing critical 

challenges such as data privacy, model interpretability, and lack of standardized datasets. By 

identifying key research gaps and emerging trends, this review provides valuable insights into 

the future integration of ML technologies in healthcare, aiming to support researchers and 

practitioners in developing robust and reliable diagnostic systems. 

Keywords: Machine Learning, Disease Diagnosis, Healthcare Systems, Deep Learning, Clinical 
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1. INTRODUCTION 

The integration of machine learning (ML) into modern healthcare systems has fundamentally 

transformed the landscape of disease diagnosis by enabling data-driven, accurate, and scalable 

clinical decision-making processes. Traditionally, disease diagnosis relied heavily on physician 

expertise, manual interpretation of clinical tests, and heuristic-based approaches, which, although 

effective, were often time-consuming and susceptible to human error and variability. With the 

rapid growth of digital healthcare data—including electronic health records (EHRs), medical 

imaging, genomic sequences, and real-time sensor data—ML techniques have emerged as 

powerful tools capable of extracting complex patterns and predictive insights that are beyond 

human analytical capacity. Algorithms such as support vector machines, random forests, and 
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deep learning models, particularly convolutional neural networks, have demonstrated exceptional 

performance in diagnosing a wide range of diseases, including cancer, cardiovascular disorders, 

diabetes, and neurological conditions. These systems not only enhance diagnostic accuracy but 

also facilitate early detection, risk stratification, and personalized treatment planning, thereby 

improving patient outcomes and reducing healthcare costs. Furthermore, ML-based diagnostic 

systems are increasingly being integrated into clinical workflows as decision support tools, 

assisting healthcare professionals rather than replacing them. Despite these advancements, 

several challenges persist, including issues related to data quality, model interpretability, ethical 

considerations, and regulatory compliance, which limit widespread adoption. The heterogeneity 

of datasets and lack of standardized evaluation frameworks complicate comparative analysis 

across studies. Therefore, a systematic review of existing literature is essential to synthesize 

current developments, evaluate algorithmic performance, identify research gaps, and provide 

insights into future directions. This study aims to critically analyze machine learning-based 

disease diagnosis systems within modern healthcare, offering a comprehensive understanding of 

methodologies, applications, benefits, and limitations to guide researchers and practitioners in 

advancing this rapidly evolving domain. 

This study focuses on a comprehensive analysis of machine learning (ML)-based approaches for 

disease diagnosis within modern healthcare systems, covering advancements from approximately 

2015 to 2025 to ensure relevance to current technological developments. The scope includes the 

evaluation of various ML techniques such as supervised, unsupervised, and deep learning 

models, with particular emphasis on their application in diagnosing major diseases including 

cancer, cardiovascular disorders, diabetes, and neurological conditions. It examines diverse 

healthcare data sources, including electronic health records, medical imaging, and genomic 

datasets, to understand their role in enhancing diagnostic accuracy. Additionally, the study 

assesses performance metrics, comparative effectiveness of algorithms, and integration of ML 

systems into clinical workflows as decision support tools. However, it excludes non-peer-

reviewed studies and purely theoretical models without empirical validation. The review also 

considers ethical, regulatory, and implementation challenges, aiming to provide a focused and 

practical understanding of ML-driven diagnostic systems in healthcare. 

2. BACKGROUND OF DISEASE DIAGNOSIS IN HEALTHCARE 

Disease diagnosis in healthcare has historically been grounded in clinical expertise, patient 

history evaluation, physical examinations, and laboratory investigations, forming the cornerstone 

of medical decision-making for centuries. Physicians have traditionally relied on observational 

skills and diagnostic reasoning to interpret symptoms and correlate them with known disease 

patterns; however, this approach is inherently limited by human subjectivity, variability in 
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expertise, and increasing complexity of diseases. With the advancement of medical science, 

diagnostic practices evolved through the incorporation of technologies such as imaging 

modalities (X-rays, CT scans, MRI), biochemical tests, and pathology, significantly improving 

the accuracy and speed of diagnosis. The introduction of digital healthcare systems, particularly 

electronic health records (EHRs), further revolutionized data storage and accessibility, enabling 

longitudinal patient monitoring and large-scale data analysis. Despite these improvements, 

modern healthcare systems face challenges such as rising patient volumes, shortage of skilled 

professionals, and the growing burden of chronic and complex diseases, which strain traditional 

diagnostic frameworks.  

The evolution of disease diagnosis from traditional clinical methods to artificial intelligence 

(AI)-based systems represents a significant paradigm shift in modern healthcare, driven by 

advancements in computational power, data availability, and algorithmic innovation. 

Historically, diagnostic processes were primarily based on physician expertise, clinical 

judgment, and manual interpretation of symptoms, supported by basic laboratory tests and 

imaging techniques. While effective, these approaches were often time-intensive and subject to 

variability due to differences in experience and cognitive bias. The introduction of digital 

technologies, particularly electronic health records (EHRs) and advanced imaging systems, 

marked the initial transition toward data-centric healthcare by enabling systematic storage and 

retrieval of patient information. However, the exponential growth of medical data soon exceeded 

the capacity of traditional analytical methods, necessitating more sophisticated tools for 

interpretation. This need catalyzed the integration of AI, especially machine learning (ML) and 

deep learning, into diagnostic workflows. ML algorithms such as support vector machines, 

decision trees, and ensemble methods began to automate pattern recognition in structured 

datasets, while deep learning models, particularly convolutional neural networks, demonstrated 

remarkable success in analyzing unstructured data like medical images. These AI-based systems 

can identify subtle patterns, predict disease progression, and support early diagnosis with a level 

of precision that often rivals or complements human experts. Furthermore, AI facilitates real-

time analysis and decision support, enhancing clinical efficiency and reducing diagnostic errors. 

The evolution has also been supported by interdisciplinary collaboration among clinicians, data 

scientists, and engineers, leading to the development of computer-aided diagnosis systems 

integrated into clinical practice.  

3. OVERVIEW OF MACHINE LEARNING IN HEALTHCARE 

1. Definition of Machine Learning and AI in Medicine 

Machine learning (ML) and artificial intelligence (AI) in medicine refer to computational 

techniques that enable systems to learn patterns from healthcare data and make predictions or 
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decisions without explicit programming. These technologies utilize algorithms trained on clinical 

datasets such as electronic health records, medical images, and genomic information to assist in 

disease diagnosis, prognosis, and treatment planning. AI broadly encompasses intelligent 

systems capable of mimicking human cognition, while ML represents a subset focused on 

learning from data to improve performance over time. In healthcare, these approaches enhance 

clinical efficiency, reduce diagnostic errors, and support evidence-based medical practices. 

2. Types of Machine Learning 

• Supervised Learning 

Supervised learning is a widely used machine learning approach in healthcare that relies on 

labeled datasets, where input data is paired with known outcomes. Models are trained to learn the 

relationship between features and target variables, enabling accurate classification and prediction 

tasks such as disease detection, diagnosis, and risk assessment. 

• Unsupervised Learning 

Unsupervised learning operates on unlabeled data and aims to identify hidden patterns, 

structures, or relationships within datasets. In healthcare, it is commonly used for patient 

segmentation, clustering of similar disease profiles, and anomaly detection, helping uncover 

insights that may not be immediately visible. 

• Semi-supervised Learning 

Semi-supervised learning combines both labeled and unlabeled data to improve model 

performance, particularly in scenarios where labeled medical data is scarce or expensive to 

obtain. This approach enhances learning efficiency and is useful in medical imaging and clinical 

data analysis. 

• Reinforcement Learning 

Reinforcement learning focuses on sequential decision-making by allowing models to learn 

through interaction with an environment. In healthcare, it is applied in treatment planning, drug 

dosage optimization, and adaptive systems, where decisions are continuously refined based on 

feedback and outcomes. 

3. Deep Learning and Neural Networks in Diagnosis 

Deep learning, a subset of ML, employs artificial neural networks with multiple layers to process 

complex and high-dimensional data. In medical diagnosis, deep learning models—especially 

convolutional neural networks—are highly effective in analyzing imaging data such as X-rays, 

CT scans, and MRIs. These models automatically extract hierarchical features, enabling accurate 

detection of diseases such as cancer, neurological disorders, and cardiovascular abnormalities. 

Their ability to handle unstructured data has significantly advanced automated diagnostic 

systems. 



 

International Journal of Engineering, 
Science and Humanities 

An international peer reviewed, refereed, open-access journal 

      Impact Factor 8.3   www.ijesh.com     ISSN: 2250-3552 

 

Volume 16 Issue 02 April-June 2026                                                                            445 

4. Computer-Aided Diagnosis (CAD) Systems 

Computer-aided diagnosis (CAD) systems are AI-driven tools designed to assist clinicians in 

interpreting medical data and making diagnostic decisions. These systems integrate ML 

algorithms with imaging technologies and clinical data to identify abnormalities, highlight 

suspicious regions, and provide diagnostic recommendations. CAD systems are widely used in 

radiology, oncology, and pathology, improving diagnostic accuracy, consistency, and efficiency 

while serving as a second opinion for healthcare professionals. 

5. Role of Big Data in Healthcare Analytics 

Big data plays a crucial role in enabling ML applications in healthcare by providing vast and 

diverse datasets required for training robust models. Sources of big data include electronic health 

records, wearable devices, genomics, and population health databases. Advanced analytics 

techniques process this data to uncover trends, predict disease outbreaks, and support 

personalized medicine. The integration of big data with ML enhances predictive accuracy, 

facilitates real-time decision-making, and drives innovation in modern healthcare systems. 

4. MACHINE LEARNING ALGORITHMS FOR DISEASE DIAGNOSIS 

1. Traditional Machine Learning Algorithms 

Traditional machine learning algorithms form the foundational layer of disease diagnosis 

systems by enabling effective analysis of structured healthcare data. Logistic regression is widely 

used for binary classification tasks due to its simplicity, interpretability, and probabilistic output. 

Decision trees provide a rule-based hierarchical structure that mirrors clinical reasoning, making 

them highly transparent for medical decision-making. Random forest, an ensemble of decision 

trees, enhances predictive accuracy and reduces overfitting by aggregating multiple models. 

Support vector machines (SVM) are particularly effective for high-dimensional data and are 

extensively applied in classification tasks, including medical imaging. K-nearest neighbors 

(KNN) is a distance-based algorithm that classifies new instances based on similarity to existing 

data, supporting pattern recognition in patient datasets. 

2. Advanced and Ensemble Methods 

Advanced and ensemble methods improve diagnostic performance by combining multiple 

models to enhance accuracy and robustness. Gradient boosting builds models sequentially by 

correcting errors from previous iterations, making it highly effective for complex prediction 

tasks. AdaBoost focuses on improving weak learners by assigning higher weights to 

misclassified instances, thereby refining model performance. XGBoost, an optimized version of 

gradient boosting, offers high efficiency, scalability, and superior predictive accuracy, making it 

one of the most widely used algorithms in healthcare analytics and disease prediction. 
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3. Deep Learning Models 

Deep learning models represent a significant advancement in disease diagnosis by enabling 

automated feature extraction from complex and unstructured data. Convolutional neural 

networks (CNN) are particularly effective in analyzing medical images such as X-rays, CT 

scans, and MRIs, providing high accuracy in detecting abnormalities. Recurrent neural networks 

(RNN) are designed for sequential data and are used in analyzing time-series medical data such 

as patient monitoring records. Autoencoders are utilized for dimensionality reduction and 

anomaly detection, helping identify unusual patterns in healthcare data. Deep neural networks 

(DNN) consist of multiple hidden layers that allow the modeling of complex relationships, 

contributing to improved diagnostic precision and predictive capabilities in modern healthcare 

systems. 

5. APPLICATIONS IN DISEASE DIAGNOSIS 

1. Cardiovascular Diseases 

Machine learning (ML) is extensively applied in diagnosing cardiovascular diseases by 

analyzing clinical parameters such as blood pressure, cholesterol levels, electrocardiogram 

signals, and lifestyle factors. Algorithms enable early risk prediction, detection of arrhythmias, 

and identification of heart failure patterns, thereby supporting preventive care and reducing 

mortality rates. 

2. Cancer Detection (Breast, Lung, Skin, etc.) 

ML, particularly deep learning models, has shown remarkable success in cancer detection 

through medical imaging and histopathological analysis. Techniques such as convolutional 

neural networks improve the accuracy of tumor detection, classification, and staging, enabling 

early diagnosis and better treatment planning across various cancer types. 

3. Diabetes Prediction 

ML models are widely used to predict diabetes by analyzing patient data, including glucose 

levels, body mass index, age, and genetic factors. These systems support early identification of 

at-risk individuals, allowing timely intervention and management to prevent complications. 

4. Neurological Disorders (Alzheimer’s, Parkinson’s) 

In neurological disease diagnosis, ML techniques analyze brain imaging data, cognitive 

assessments, and patient history to detect disorders such as Alzheimer’s and Parkinson’s at early 

stages. These models assist in monitoring disease progression and improving clinical decision-

making. 

5. Infectious Diseases (COVID-19, Dengue, etc.) 

ML plays a critical role in identifying and predicting infectious diseases by analyzing 

epidemiological data, medical imaging, and patient symptoms. It supports outbreak prediction, 
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rapid diagnosis, and resource allocation, which are essential for effective disease control and 

management. 

6. Multi-disease Prediction Systems 

Advanced ML systems are capable of predicting multiple diseases simultaneously by integrating 

diverse healthcare datasets. These systems provide comprehensive diagnostic support, enabling 

holistic patient assessment and facilitating personalized healthcare strategies in modern clinical 

environments. 

6. LITERATURE REVIEW 

The integration of machine learning (ML) into healthcare systems has significantly transformed 

disease diagnosis, offering improved accuracy, efficiency, and predictive capabilities. Recent 

literature demonstrates that ML algorithms—ranging from traditional classifiers such as decision 

trees and support vector machines (SVM) to advanced deep learning architectures—have been 

widely applied to detect and predict diseases across multiple domains. Ahsan et al. (2022) 

emphasize that ML-based diagnostic systems leverage large-scale clinical datasets, including 

electronic health records (EHRs), imaging data, and genomic information, to identify patterns 

that are often imperceptible to human clinicians. Similarly, Caballé-Cervigón et al. (2020) 

highlight the systematic application of ML techniques in diagnosing chronic and acute conditions 

such as cardiovascular diseases, diabetes, and cancer, demonstrating high levels of diagnostic 

precision. These studies collectively underline the paradigm shift from rule-based diagnostic 

frameworks to data-driven intelligent systems. Furthermore, the increasing availability of 

healthcare data and computational power has enabled more robust training of ML models, 

enhancing their generalizability and reliability. However, despite these advancements, challenges 

such as data heterogeneity, class imbalance, and lack of standardized evaluation metrics persist, 

affecting the consistency of model performance across different healthcare settings. 

In addition to general diagnostic applications, recent research has explored the contextual and 

domain-specific effectiveness of machine learning in disease prediction and classification. 

Kokkotis et al. (2025) provide a comprehensive systematic review covering developments 

between 2018 and 2025, identifying key trends such as the dominance of deep learning in 

medical imaging and the growing use of ensemble models for improved accuracy. Shivahare 

(2024) further examines how ML models are increasingly used for early disease prediction, 

enabling proactive healthcare interventions. Mourya and Jain (2025) focus on classification 

techniques, demonstrating that hybrid and ensemble approaches—such as random forests and 

gradient boosting—outperform individual models in handling complex healthcare datasets. 

Meanwhile, Mohamed et al. (2025) argue that contextual factors, including patient 

demographics, environmental variables, and clinical settings, play a crucial role in determining 
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the effectiveness of ML-based diagnostic systems. This perspective highlights the importance of 

incorporating domain knowledge into model development to enhance interpretability and clinical 

relevance.  

Another important dimension in the literature is the methodological evolution and specialization 

of ML applications in disease diagnosis. Manzoor (2024) provides an extensive review of 

techniques used for early disease detection, emphasizing the role of feature selection, 

dimensionality reduction, and optimization algorithms in improving model efficiency. Ahsan and 

Siddique (2021) adopt a bibliometric approach, analyzing publication trends and identifying key 

research clusters, which reveal a growing emphasis on explainable artificial intelligence (XAI) 

and ethical considerations in healthcare ML applications. Mei et al. (2020) focus specifically on 

Parkinson’s disease diagnosis, demonstrating how ML models can effectively analyze speech 

patterns, gait data, and neuroimaging to achieve early detection. Similarly, Ahsan et al. (2020) 

explore deep learning approaches for COVID-19 diagnosis using medical imaging, highlighting 

the rapid deployment of convolutional neural networks (CNNs) during global health crises. 

Ghassemi et al. (2018) provide a foundational perspective by discussing the broader challenges 

and opportunities in ML for healthcare, including issues related to model interpretability, bias, 

and integration into clinical workflows. These studies collectively illustrate the diversification of 

ML applications across different diseases and the increasing sophistication of methodologies 

employed in healthcare diagnostics. 

The promising advancements, the literature also identifies several critical challenges and future 

research directions. Evidence Journals (2023) emphasize that while ML-based diagnostic 

systems have the potential to revolutionize healthcare, their practical implementation is hindered 

by issues such as data privacy, lack of transparency, and regulatory constraints. One of the major 

concerns highlighted across studies is the “black-box” nature of complex ML models, 

particularly deep learning systems, which limits their acceptance among healthcare professionals. 

Additionally, the generalizability of ML models remains a significant challenge, as models 

trained on specific datasets may not perform well across diverse populations or healthcare 

environments. The need for standardized datasets, robust validation frameworks, and 

interdisciplinary collaboration between data scientists and medical practitioners is consistently 

emphasized. Furthermore, ethical considerations, including patient consent, data security, and 

algorithmic fairness, are becoming increasingly important as ML systems are integrated into 

clinical decision-making processes. Future research is expected to focus on developing 

explainable and transparent models, improving data integration techniques, and enhancing the 

scalability of ML systems in real-world healthcare settings. Overall, the reviewed literature 

demonstrates that while machine learning has made substantial contributions to disease 
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diagnosis, its full potential can only be realized through addressing existing limitations and 

fostering a holistic, patient-centered approach to technological innovation in healthcare. 

7. EVALUATION METRICS AND PERFORMANCE ANALYSIS 

1. Accuracy, Precision, Recall, F1-score 

Evaluation of machine learning models in disease diagnosis commonly relies on classification 

metrics such as accuracy, precision, recall, and F1-score. Accuracy measures the overall 

correctness of predictions, while precision reflects the proportion of true positive predictions 

among all predicted positives, which is crucial in minimizing false alarms. Recall, also known as 

sensitivity, evaluates the ability of a model to correctly identify actual positive cases, making it 

particularly important in medical diagnosis where missing a disease can have severe 

consequences. The F1-score, as the harmonic mean of precision and recall, provides a balanced 

measure when dealing with imbalanced datasets. 

2. ROC Curve and AUC 

The receiver operating characteristic (ROC) curve is a graphical representation that illustrates the 

trade-off between true positive rate and false positive rate across different threshold values. The 

area under the curve (AUC) quantifies the overall ability of the model to distinguish between 

classes, with higher values indicating better diagnostic performance and discrimination 

capability. 

3. Sensitivity and Specificity 

Sensitivity measures the proportion of actual positive cases correctly identified, while specificity 

evaluates the proportion of true negatives correctly classified. In healthcare, maintaining a 

balance between sensitivity and specificity is critical to ensure both accurate detection of 

diseases and minimization of false diagnoses. 

4. Cross-validation Techniques 

Cross-validation techniques, such as k-fold cross-validation, are used to assess model 

generalizability by partitioning data into training and testing subsets. These methods reduce 

overfitting and provide a more reliable estimate of model performance on unseen data. 

5. Benchmarking Across Studies 

Benchmarking involves comparing model performance across different studies, datasets, and 

algorithms using standardized metrics. It enables researchers to identify the most effective 

approaches, ensure reproducibility, and establish performance baselines for future advancements 

in machine learning-based disease diagnosis. 

8. ADVANTAGES OF MACHINE LEARNING IN DISEASE DIAGNOSIS 

1. Early Detection and Prediction 
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2. Machine learning (ML) enables early detection of diseases by analyzing large volumes of 

patient data to identify subtle patterns and risk factors that may not be evident through 

traditional methods. Predictive models can forecast disease onset and progression, 

allowing timely intervention and preventive care, which significantly improves patient 

outcomes. 

2. Improved Diagnostic Accuracy 

ML algorithms enhance diagnostic precision by minimizing human error and variability in 

clinical decision-making. By leveraging advanced techniques such as deep learning, these 

systems can analyze complex datasets, including medical images and clinical records, with high 

accuracy, leading to more reliable diagnoses. 

3. Cost Reduction in Healthcare 

The implementation of ML in healthcare contributes to cost efficiency by reducing unnecessary 

diagnostic tests, hospital readmissions, and treatment delays. Automated analysis and early 

intervention help optimize resource utilization and lower overall healthcare expenditures. 

4. Decision Support for Clinicians 

ML-based clinical decision support systems assist healthcare professionals by providing 

evidence-based recommendations and real-time insights. These tools act as a second opinion, 

improving clinical efficiency and supporting informed decision-making without replacing human 

expertise. 

5. Personalized Medicine 

Machine learning facilitates personalized medicine by analyzing individual patient data, 

including genetic, clinical, and lifestyle factors, to recommend tailored treatment strategies. This 

approach enhances treatment effectiveness, reduces adverse effects, and supports patient-centric 

healthcare delivery. 

9. CONCLUSION 

Machine learning has emerged as a transformative force in modern healthcare systems, 

significantly enhancing the efficiency, accuracy, and scalability of disease diagnosis. This 

systematic review highlights how a wide range of algorithms—from traditional models such as 

logistic regression and support vector machines to advanced ensemble methods and deep 

learning architectures—have been successfully applied across diverse diagnostic domains, 

including cardiovascular diseases, cancer detection, diabetes prediction, neurological disorders, 

and infectious diseases. The integration of machine learning with various healthcare data 

sources, such as electronic health records, medical imaging, genomic information, and wearable 

sensor data, has enabled comprehensive and data-driven clinical decision-making. Furthermore, 

the use of standardized evaluation metrics ensures reliable performance assessment and 
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facilitates comparison across studies. The review also emphasizes key advantages of machine 

learning, including early disease detection, improved diagnostic accuracy, cost reduction, 

enhanced clinical decision support, and the advancement of personalized medicine. However, 

despite these benefits, several challenges remain, including issues related to data quality, 

heterogeneity, privacy concerns, algorithmic bias, and lack of model interpretability, which 

hinder widespread clinical adoption. Addressing these challenges requires the development of 

standardized datasets, transparent and explainable models, and robust regulatory frameworks. 

Additionally, interdisciplinary collaboration between healthcare professionals, data scientists, 

and policymakers is essential to ensure ethical and effective implementation. Machine learning-

based diagnostic systems hold immense potential to revolutionize healthcare delivery by 

enabling more precise, efficient, and patient-centric approaches. Future research should focus on 

improving model generalizability, integrating real-time analytics, and ensuring equitable access 

to AI-driven healthcare technologies across diverse populations. 
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