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1.Introduction 
In our rapidly advancing world, where the boundaries 

of technology continue to expand, the role of 

machine learning in healthcare is becoming 

increasingly prominent [1-4]. One of the most 

significant areas where machine learning has shown 

immense promise is disease detection and prediction 

[1-4]. Chronic diseases, including heart diseases, 

kidney diseases, and neurocircuitry disorders, are a 

growing global concern. Early diagnosis is often the 

key to effective treatment and improved patient 

outcomes. As traditional diagnostic methods may 

have limitations in detecting diseases at their nascent 

stages, the integration of machine learning techniques 

into healthcare has become a promising solution. 

This specialized review aims to explore into the vast 

landscape of literature surrounding the application of 

machine learning in disease detection. 

 

Disease detection has always been a pivotal 

component of the healthcare system [5, 6]. 

Traditionally, healthcare providers have relied on 

clinical assessments, medical tests, and patient 

history to diagnose various ailments.  
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While these methods have proven effective, their 

limitations become evident when dealing with 

diseases that exhibit subtle or no symptoms in their 

early stages [7, 8]. In many cases, patients remain 

unaware of their conditions until they reach advanced 

and often irreparable stages of the disease. This 

situation indicating the pressing need for early 

detection methods that can significantly enhance the 

chances of successful treatment and recovery [9, 10]. 

 

This literature encompasses a diverse range of 

diseases, including but not limited to cardiovascular 

diseases, chronic kidney disease, Alzheimer's disease, 

and various neurocircuitry disorders. Machine 

learning models like logistic regression, random 

forest, support vector machine, and decision trees 

have proven instrumental in this context, 

demonstrating exceptional performance in classifying 

diseases and predicting their progression [1115]. In 

the realm of heart disease, machine learning has been 

employed to predict coronary diseases, making early 

intervention and treatment a reality [16, 17]. These 

predictive models offer clinicians a powerful tool to 

assess the risk of heart disease and prescribe 

preventative measures or treatments in a timely 

fashion. Additionally, the application of machine 

learning in chronic kidney disease detection has 

gained momentum [18, 19]. Researchers have 

harnessed algorithms like k-nearest neighbor, support 

vector machine, and decision trees to create 
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predictive models that can identify kidney disease in 

its early stages. These models not only improve 

patient outcomes but also significantly reduce the 

burden on healthcare systems. Neurocircuitry 

disorders, such as Alzheimer's and Parkinson's 

disease, have posed significant challenges in terms of 

early detection [20, 21]. Machine learning techniques 

have shown promise in analyzing neuroimaging data 

and clinical data to develop models that can detect 

and predict these diseases in their incipient stages. 

The potential to revolutionize early diagnosis and 

intervention in these disorders has made this area of 

research particularly appealing. 

 

The motivation behind exploring the role of machine 

learning in disease detection is fueled by the urgency 

to address global health challenges. Machine learning 

presents a transformative approach to mitigate this 

issue by offering early and accurate disease detection. 

Through the integration of machine learning models, 

healthcare providers can make timely interventions, 

tailor treatment plans, and ultimately save lives. The 

motivation stems from the realization that this 

innovative approach has the potential to reshape 

healthcare and significantly enhance patient care. 

 

The primary objective of this specialized review is to 

synthesize the existing literature on machine learning 

in disease detection and prediction. By critically 

evaluating the methodologies, findings, and 

limitations of various studies, we aim to provide a 

holistic overview of the state-of-the-art in this field. 

Figure 1 shows the applications of machine learning 

in disease detection. 

 

This paper is structured as follows: Section 2 presents 

the literature review. Section 3 explores the 

discussion and analysis. Finally, Section 4 provides 

the concluding remarks. 

 

 
Figure 1 Applications of machine learning in disease detection 

 

2.Literature review 
In 2021, a study was conducted by Swamy and Divya 

[22] to address the challenge of diagnosing skin 

diseases due to complexities in skin texture, hair 

presence, and color variations. Machine learning 

techniques were applied for more accurate diagnosis. 

The process involved three stages: feature extraction, 

training, and testing, using color and texture features 

to classify skin diseases. Entropy, variance, and HSV 

features were employed in Decision Tree and Support 

Vector Machine algorithms to enhance accuracy. The 

algorithm's performance was evaluated using 

accuracy metrics. 

 

In 2021, Ramanathan et al. [23] addressed global 

visual impairment causes, developing a system using 

Logistic Regression, Random Forest, Gradient 

Boosting, and Support Vector Machine algorithms 

for early detection of cataract, glaucoma, and retinal 

diseases. Their work aimed to reduce blindness rates, 

with Gradient Boosting achieving 90% accuracy for 
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cataract, and logistic regression and random forest at 

89% and 86%, respectively. 

 

In 2021, Likitha et al. [24] addressed the increasing 

prevalence of heart disease by developing a machine 

learning-based system to enable early detection. The 

study utilized patient characteristics such as age, 

chest pain, blood pressure, gender, cholesterol, and 

heart rate to distinguish high-risk individuals. 

Various algorithms, including Logistic Regression, 

K-Nearest Neighbor, Decision Tree, Naive Bayes, 

Random Forest, and Support Vector Machine, were 

employed to enhance heart disease diagnosis 

effectively. 

 

In 2022, Sahoo et al. [25] developed a personalized 

at-home system for early heart disease risk 

assessment. Machine learning models, including 

Logistic Regression, K-Nearest Neighbor, Support 

Vector Machine, Naive Bayes, Decision Tree, 

Random Forest, and XG Boost, were applied. The 

study emphasized the importance of timely detection 

and evaluated the model's performance using the 

Cleveland Heart Disease dataset, where Random 

Forest achieved the highest accuracy at 90.16%. This 

approach can reduce hospital burdens and prioritize 

critical patients for more efficient healthcare delivery. 

 

In 2022, Dixit et al. [26] explored the use of deep 

learning and machine learning in the study of large-

scale multimodal neuroimaging data to detect and 

prevent neurocircuitry disorders. Their work focused 

on early detection and classification of Alzheimer's 

disease, Parkinson's detection, generalized anxiety 

disorder, and stress prediction, aiming to facilitate 

early treatment. The study also reviewed relevant 

literature on neurological diseases, emphasizing the 

potential of deep learning for early disease diagnosis. 

 

In 2022, Prabhakar and Bhargavi [27] addressed the 

challenges of diagnosing Alzheimer's disease in its 

early stages. They highlighted the gradual onset of 

Alzheimer's disease, making early intervention 

critical. The study focused on non-amyloid blood 

plasma proteins as potential biomarkers for early 

Alzheimer's disease detection. A machine learning 

model was developed to identify these proteins, 

aiding in timely diagnosis and intervention. 

 

In 2022, Gulati et al. [28] focused on addressing the 

global issue of heart diseases, which account for 32% 

of all deaths. Coronary heart diseases are a major 

contributor. The study emphasized the importance of 

early recognition and timely treatment to reduce 

fatality rates. Supervised Machine Learning was 

employed for detection and classification, achieving 

high accuracy. Six algorithms were tested on the 

Cleveland Heart Disease dataset using the Weka tool, 

with Naive Bayes demonstrating superior accuracy in 

predicting coronary diseases. 

 

In 2022, Rasheed and Glob [29] recognized the 

importance of leveraging machine learning 

algorithms, especially in the medical field, for disease 

detection and prediction. They conducted a review of 

recent studies using machine learning techniques for 

early disease detection. Naive Bayes outperformed 

other algorithms with an 84% accuracy rate in 

detecting various diseases, highlighting the 

significance of these techniques in healthcare. 

 

In 2023, Kaur and Kaur [30] addressed the public 

health concern of chronic kidney disease (CKD). 

They explored the use of machine learning 

algorithms for CKD prediction, employing Naive 

Bayes, Support Vector Machine, k-Nearest Neighbor, 

and linear regression models. After preprocessing a 

CKD dataset from Kaggle, the SVM model stood out 

with a remarkable 99.04% accuracy. This study 

highlights the potential of ML in enhancing CKD 

prediction, offering opportunities for improved early 

diagnosis and treatment, ultimately benefitting 

patients and alleviating the healthcare system's 

burden. 

 

In 2023, Umbare et al. [31] recognized the 

importance of early liver disease detection due to the 

limited symptoms in its early stages. They employed 

machine learning techniques to facilitate early 

diagnosis, identify factors leading to severe liver 

impairment, and categorize the disease's stage and 

type. By addressing the challenge of diagnosing liver 

disease in its early, asymptomatic stages, this 

initiative aims to improve patient outcomes. 

 

In 2023, Shukla et al. [32] addressed the critical issue 

of chronic kidney disease (CKD) and the challenges 

of early detection. CKD poses a significant health 

risk, as it often remains asymptomatic until the late 

stages, making early detection crucial for saving 

lives. Machine learning algorithms, including KNN, 

Decision Tree, and ANN, were employed to predict 

CKD. Decision Tree exhibited the highest accuracy 

at 98.60%. The study emphasized the importance of 

specific attributes in early CKD detection and 

reviewed the previous research in this domain. 
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The reviewed papers collectively demonstrate the 

transformative impact of machine learning in disease 

detection across various medical domains. 

Researchers have harnessed machine learning 

techniques to address the critical challenge of early 

disease detection, saving lives and reducing 

healthcare burdens. Notable applications include 

predicting and preventing cardiovascular diseases, 

detecting cancer in its early stages, and aiding in the 

diagnosis of neurodegenerative disorders. The use of 

machine learning also extends to addressing kidney 

and liver diseases, improving diabetes management, 

and predicting the spread of infectious diseases. 

These studies highlight the potential of machine 

learning to reshape modern healthcare by offering 

early, accurate diagnoses and personalized treatment 

plans. 

 

3.Discussion and analysis 
The papers reviewed here collectively indicate the 

transformative power of machine learning in disease 

detection and early intervention, which has 

significant implications for improving patient 

outcomes and alleviating the burden on healthcare 

systems. The major advantages are as under: 

Early Detection: One of the primary advantages 

across these studies is the ability of machine learning 

to detect diseases in their early stages, often before 

clinical symptoms become apparent. This early 

detection is critical for timely intervention and 

treatment, which can significantly improve patient 

prognosis. 

Accuracy: Machine learning algorithms can analyze 

vast amounts of patient data and medical images with 

high accuracy, often outperforming traditional 

diagnostic methods. This enhanced accuracy not only 

aids in disease detection but also reduces the 

likelihood of misdiagnosis. 

Personalized Medicine: Machine learning models 

can tailor treatment plans to individual patients based 

on their unique characteristics. This personalized 

approach is especially relevant in heart disease and 

cancer management, where treatment efficacy varies 

from person to person. 

Reduction in Healthcare Costs: Early disease 

detection and accurate diagnosis can lead to cost 

savings in the long run. Patients with early-stage 

diseases often require less invasive and less 

expensive treatments compared to those with 

advanced-stage conditions. 

Public Health Impact: The ability of machine 

learning to predict the spread of infectious diseases, , 

contributes to public health efforts by enabling better 

containment strategies and resource allocation. 

The major challenges are as under: 

Data Quality: The success of machine learning 

models relies on the quality and quantity of data. In 

some cases, it may be challenging to obtain large and 

diverse datasets for training, especially for rare 

diseases or when dealing with sensitive medical 

information. 

Interpretability: Machine learning models are often 

seen as "black boxes," making it difficult for 

healthcare professionals to understand how the model 

arrived at a specific diagnosis. This can hinder trust 

and acceptance of these models in clinical practice. 

Data Privacy and Security: Healthcare data is 

sensitive and subject to strict privacy regulations.  

Integration with Clinical Practice: To be effective, 

machine learning models need to be seamlessly 

integrated into clinical workflows. Healthcare 

professionals must trust and understand how to use 

these tools effectively. 

Overfitting: Machine learning models can be prone 

to overfitting, where they perform exceptionally well 

on training data but poorly on unseen data. This can 

result in false positives or negatives in clinical 

settings. 

 

The application of machine learning in disease 

detection is rapidly changing the landscape of 

healthcare. These studies have demonstrated the 

potential to detect diseases early, improve accuracy, 

and personalize treatment plans, ultimately leading to 

better patient outcomes. Despite the many 

advantages, challenges remain, including data 

quality, interpretability, data privacy, and the need 

for seamless integration into clinical practice. As 

machine learning techniques continue to evolve and 

address these challenges, their role in disease 

detection is expected to become even more integral to 

modern healthcare practices. The potential for early 

disease detection, personalized treatment, and 

improved patient outcomes is promising, making 

these advancements a significant stride towards better 

healthcare delivery. 

 

4.Conclusion and future work 
The reviewed literature collectively demonstrates the 

transformative power of machine learning in disease 

detection and early intervention. This approach offers 

numerous advantages, including early disease 

detection, improved accuracy, personalized medicine, 

and a reduction in healthcare costs. It also contributes 

to public health efforts by predicting the spread of 

infectious diseases. Nevertheless, challenges like data 

quality, interpretability, data privacy, and integration 

with clinical practice persist. As machine learning 
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continues to evolve and overcome these challenges, 

its role in disease detection is expected to play a more 

crucial role in modern healthcare, with the potential 

for earlier diagnosis, personalized treatment, and 

better patient outcomes. 
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