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Abstract- Recent developments in Artificial Intelligence (AI) and Machine Learning (ML) have 

significantly  improved the ability to detect health emergencies, analyze disease patterns, and 

understand patient  conditions and immune responses. Despite these advancements, there are still 

concerns about how reliably these models can be applied and interpreted in real-world healthcare 

environments. However, the  adoption of ML-based solutions is growing rapidly. This paper presents an 

overview of key machine  learning methods, including supervised, unsupervised, and reinforcement 

learning, along with their  practical examples. It also explores the use of these techniques in various 

healthcare domains such as  radiology, genomics, electronic health records, and neuro imaging. In 

addition, the study highlights major  challenges, including data privacy and ethical issues, and discusses 

potential directions for future research  and applications. 
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I.INTRODUCTION 
 

The origins of machine learning can be traced back to the 1950s, when Alan Turing introduced  the idea 

of machines capable of learning and exhibiting intelligent behavior. Over time, machine  learning has 

been applied across multiple domains, including security systems such as facial  recognition, 

transportation systems for improving safety and efficiency, and more recently,  healthcare and 

biotechnology.  

 

Artificial intelligence and machine learning have significantly influenced modern business  operations 

and everyday life, and similar transformations are expected in the healthcare sector.  Recent progress in 

these technologies has created new opportunities to reduce the workload of  medical professionals 

while enhancing diagnostic accuracy, predictive capabilities, and overall  quality of patient care. In most 

healthcare settings, machine learning currently acts as a  supportive tool that assists clinicians and 

analysts in identifying patterns, understanding trends,  and developing predictive models for diseases.  

 

In large healthcare institutions, ML-based systems are being used to improve the management of  

electronic health records, detect abnormalities in medical data such as blood samples, organs,  and 

bones through imaging technologies, and assist in advanced procedures like robotic  surgeries. 

Furthermore, during the COVID-19 pandemic, machine learning played a crucial role  in accelerating 

testing processes and improving hospital management systems. For example,  solutions like GE Clinical 

Command Center enabled hospitals to efficiently monitor and manage  resources such as patients, beds, 

ventilators, and staff. In addition, AI techniques have supported researchers in analyzing the genetic 

structure of SARS-CoV-2 and contributed to vaccine  development and monitoring.  

 

As healthcare continues to evolve with technological advancements, artificial intelligence and  machine 

learning have become essential for improving efficiency, speed, and accuracy in  medical services. This 

paper aims to examine both the benefits and limitations of machine  learning applications in healthcare. 

It also provides an overview of different machine learning  approaches and highlights the key areas 

where these technologies are most widely implemented. We discuss their widespread use and future 
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advancement opportunities in healthcare. We also  address the ethical and logistical risks and challenges 

that occur with their application.  

 

II. OVERVIEW OF ARTIFICIAL INTELLIGENCE 
 

Although the terms machine learning, deep learning, and artificial intelligence are often used as  if they 

mean the same thing, they actually describe different types of computational methods and  learning 

mechanisms. Artificial Intelligence (AI) is a broad concept that includes any system  capable of 

performing tasks that typically require human intelligence, such as learning,  reasoning, and decision-

making. It is commonly associated with technologies like robots and  autonomous vehicles, but it is also 

widely used in everyday applications such as search engines  and personalized recommendations.  

 

In recent years, AI has progressed rapidly due to its strong capabilities in data analysis, problem solving, 

and decision-making. A key aspect of developing AI systems involves dividing data into  two parts: a 

training dataset and a testing dataset. The training dataset is used to teach the  algorithm by providing 

input features along with expected outputs (especially in supervised  learning), while the testing dataset 

is used to evaluate how well the model performs on new,  unseen data. This separation helps ensure 

that the model produces unbiased and reliable results.  Once the model achieves satisfactory 

performance, it can be deployed in real-world applications,  including healthcare. Among the various 

branches of AI, machine learning and deep learning are  two of the most widely used approaches.  

 

Machine learning includes a range of statistical techniques and algorithms that allow systems to  learn 

from data without being explicitly programmed for every task. Many traditional machine  learning 

models are relatively simple in structure and often require significant preprocessing of  data, including 

feature extraction and cleaning, before training. Proper preprocessing is essential  to avoid issues such 

as overfitting or underfitting and to improve prediction accuracy.  

 

Deep learning, on the other hand, is a more advanced form of machine learning that relies on  multi-

layered neural networks. These networks consist of interconnected layers of artificial  neurons, where 

each layer processes information and passes it to the next. This layered structure  enables deep learning 

models to automatically extract features and identify complex patterns in  data. While deep learning 

models generally provide higher accuracy and better performance,  they are often more difficult to 

interpret compared to traditional machine learning approaches.  

 

Types of Learning Approaches 

Machine learning and AI systems are generally developed using different types of learning  strategies. 

One of the most commonly used approaches is supervised learning, where models  are trained using 

labeled data. In this method, the training dataset contains input features along  with their corresponding 

outputs, allowing the model to learn the relationship between them.  Once trained, the model can apply 

this learned knowledge to predict outcomes for new, unseen  data. Several algorithms are based on 

supervised learning, including Decision Trees, Random  Forests, Support Vector Machines (SVM), and 

Artificial Neural Networks (ANN). Decision  Trees operate as structured decision-making tools, starting 

from a root node and branching out  into possible outcomes until a final decision is reached. SVM is 

primarily used for classification  tasks, where it separates data into categories by identifying the optimal 

boundary between them.  Artificial Neural Networks consist of multiple layers—input, hidden, and 

output—where  interconnected neurons process and transmit information. In healthcare, supervised 

learning is  widely applied in areas such as disease prediction, clinical outcome analysis, and medical 

image  classification.  
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Another important category is unsupervised learning, which works with unlabeled data. Instead  of 

predicting outcomes, this approach focuses on identifying patterns, structures, or groupings  within the 

data. It is commonly used for clustering and data analysis tasks. In unsupervised  learning, algorithms 

group similar data points together by analyzing their inherent  characteristics.  

 

Popular techniques in this category include the k-means algorithm, Deep Belief Networks  (DBN), and 

Convolutional Neural Networks (CNN). The k-means algorithm groups data into  clusters based on 

similarity by calculating the average position of data points. DBNs are multi layered networks that are 

useful for discovering patterns and relationships in complex datasets.  CNNs, although often used in 

supervised tasks, can also identify features in data and are widely  applied in image recognition and 

anomaly detection. Despite their usefulness, unsupervised  methods are less frequently used in 

healthcare compared to supervised techniques.  

 

A third approach is reinforcement learning, which differs from both supervised and  unsupervised 

learning. In this method, a system learns by interacting with its environment and  receiving feedback in 

the form of rewards or penalties. Over time, it develops strategies to  maximize positive outcomes. 

Reinforcement learning is considered similar to human learning  behavior, as it improves through 

experience.  

 

One commonly associated model is the Recurrent Neural Network (RNN), which is designed to  handle 

sequential data. In RNNs, outputs from previous steps are fed back into the system as  inputs for future 

steps, making them suitable for applications such as time-series analysis, speech  recognition, and 

language processing. Although reinforcement learning has great potential in  healthcare, its practical 

use is still limited due to challenges such as complex data structures, high  computational requirements, 

and difficulty in defining reward mechanisms.  

 

Given the wide range of machine learning techniques available, selecting the most appropriate  

approach for a specific healthcare problem is crucial. Factors such as the size of the dataset,  number of 

features, and data distribution play an important role in determining model  performance and should 

be carefully considered during development. 

 

III. AI IN HEALTHCARE 
 

Machine learning techniques have been progressively integrated into healthcare over the years,  leading 

to significant improvements in various medical processes. Artificial intelligence is now  capable of 

supporting clinical tasks such as patient triage, disease diagnosis, medical image  analysis, and decision-

making. It is also widely used for predicting disease risks and assisting in  advanced fields like 

neuroimaging.  

 

This section provides an overview of recent developments in the application of AI within  different areas 

of healthcare. The selection of these applications is based on the availability of  large-scale digital data 

and the successful implementation of machine learning models in real world clinical settings and 

experimental studies. In this review, particular attention is given to  three major domains: electronic 

health records, medical imaging, and genetic engineering. These  fields generate vast amounts of 

structured and unstructured data, often referred to as “big data,”  and have demonstrated strong 

potential for improving healthcare outcomes.  
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To compile this study, relevant research articles were collected from various academic databases  and 

online libraries. The literature search focused on studies related to artificial intelligence and  machine 

learning in healthcare, covering both existing applications and emerging trends.  Keywords such as 

machine learning in healthcare, AI in medical imaging, big data in healthcare,  genomics, electronic 

health records, and challenges of AI were used to identify suitable sources.  Multiple variations of these 

terms were applied to ensure a comprehensive and inclusive search.  The collected studies form the 

basis for the analysis presented in this review. 

 

Healthcare 

Area EHRs  

Type of   

Machin
e  

Learnin
g  

Model 

Description  Applied 
or  
Experime
nt 

SVM, DT  Using EHRs for 
predicting  diagnoses 

Applied  

 

Applied is defined as an algorithm or application that is currently available on a public or private  

platform to healthcare professionals. It also refers to applications that are currently applied in  medical 

practices such as clinics, hospitals, etc. An experiment is defined as an algorithm or  application that has 

been used in a research study. EHR: Electronic Health Records, SVM:  Support Vector Machine, LSTM: 

Long Short-Term Memory Neural Network, CNN:  Convolutional Neural Network, MLP: Multi-Layer 

perceptron Neural Network, RNN: Recurrent  Neural network, DBN: Deep Belief Network, ANN: Artificial 

Neural Network, ML: Machine  Learning.  

 

 ELECTRONIC HEALTH RECORDS(EHRS)  

Electronic Health Records (EHRs), initially referred to as clinical information systems, were  introduced 

in the 1960s and have since evolved into standardized tools widely used in modern  healthcare. Over 

the years, these systems have undergone continuous improvements to enhance  their efficiency and 

usability. In 2009, the United States government made significant  investments to promote the adoption 

of EHR systems across healthcare institutions, aiming to  improve service quality and operational 

efficiency. As a result, by 2015, a large majority of  healthcare providers had integrated EHR systems 

into their practice.  

 

The large volumes of structured data generated through EHRs, often referred to as “big data,”  have 

become highly valuable for machine learning and deep learning applications. These  systems utilize 

patient information such as medical history, prescriptions, and diagnostic reports  to support tasks like 

disease prediction and treatment planning. This has greatly improved data organization, accessibility, 

and overall healthcare delivery, while also enabling easier access to  standardized data for research 

purposes.  

 

Given the importance of predictive analysis in medical treatment, researchers have developed  advanced 

deep learning models using EHR data to forecast clinical conditions. In one study, a  model combining 

Long Short-Term Memory (LSTM) networks and Convolutional Neural  Networks (CNNs) was used to 
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predict the onset of diseases such as heart failure, kidney failure,  and stroke. Unlike traditional models, 

this approach incorporated both structured data and  unstructured data, such as clinical notes, resulting 

in improved accuracy and performance.  

 

In another study, deep learning techniques were applied to predict the occurrence of pneumonia  

following a stroke within specific timeframes, achieving high predictive accuracy. Similarly,  machine 

learning models have been used to estimate mortality rates among ICU patients. For  instance, a 

predictive model developed for patients with paralytic ileus demonstrated strong  performance in 

estimating mortality risk.  

 

Overall, the use of EHR-based predictive models supports healthcare professionals in making  more 

informed clinical decisions, ultimately improving patient outcomes and the quality of care.  

 

MEDICAL IMAGING  

The digital nature of modern healthcare data, along with standardized formats such as DICOM  (Digital 

Imaging and Communications in Medicine), has enabled rapid progress in medical  imaging through 

machine learning techniques. These approaches are now widely applied across  various imaging 

modalities, including CT scans, MRI, X-rays, PET scans, and ultrasound.  Machine learning models have 

been successfully developed to detect abnormalities such as  tumors, lesions, fractures, and tissue 

damage with high accuracy.  

 

Recent advancements in deep learning have significantly improved early disease detection. For  

example, studies have demonstrated the effectiveness of deep learning models in analyzing  

mammograms for the early identification of breast cancer. Compared to traditional screening  methods, 

these models can detect tumors at earlier stages and with greater precision, in some  cases even 

outperforming experienced radiologists. Similar approaches have been explored by  multiple 

researchers, showing promising results in breast cancer diagnosis.  

 

In another area, convolutional neural networks (CNNs) have been used to classify a wide range  of skin 

diseases based on dermoscopic images. Research comparing CNN-based classification  with expert 

dermatologists has shown comparable performance, indicating the reliability of such  systems. When 

integrated with mobile platforms, these models can support early diagnosis and  increase accessibility 

for patients.  

 

Machine learning has also played an important role in monitoring and predicting the progression  of 

retinal diseases. Deep learning models have been used to detect micro-level abnormalities,  such as 

aneurysms associated with diabetic retinopathy, even when these features are difficult to  observe 

manually. Early detection using these techniques can help prevent severe vision loss and  improve 

treatment outcomes.  

 

Similarly, machine learning models have been applied to chest X-ray analysis to identify thoracic  

diseases. Advanced neural networks have demonstrated strong performance in detecting  

abnormalities, sometimes achieving accuracy levels comparable to or slightly better than trained  

radiologists. These systems can assist healthcare professionals by reducing workload and  improving 

diagnostic efficiency.  

 

Beyond imaging for physical conditions, machine learning techniques are also being used to  study 

neurological and mental health disorders. Applications include the prediction and diagnosis  of diseases 
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such as Alzheimer’s, Parkinson’s, depression, and other cognitive or developmental  disorders. For 

instance, deep learning models using MRI data have shown high accuracy in  predicting the progression 

of Alzheimer’s disease. Other models combining imaging data with  clinical and behavioral information 

have been used to predict both diagnosis and treatment  response in mental health conditions like 

depression.  

 

Overall, the integration of machine learning in medical imaging has significantly enhanced  diagnostic 

capabilities. Its ability to improve accuracy, sensitivity, and classification  performance makes it a 

valuable tool in modern healthcare, supporting clinicians in delivering  better and more timely patient 

care.  

 

GENETIC ENGINEERING & GENOMICS  

The development of the adaptive DNA mechanism known as CRISPR (Clustered Regularly  Interspaced 

Short Palindromic Repeats) has significantly advanced the field of genetic  engineering. This technology, 

often described as a system of “programmable endonucleases,”  has simplified gene editing processes, 

making genetic modification and diagnosis more efficient  and cost-effective. The introduction of 

CRISPR-associated proteins, such as Cas9 and Cas13a,  has further enhanced the precision and flexibility 

of gene editing, although challenges such as  unintended modifications still remain.  

 

To address these limitations, machine learning techniques have been increasingly applied to  predict 

and reduce off-target mutations in CRISPR-based editing. For instance, advanced  computational 

models using deep learning architectures have been developed to improve  prediction accuracy and 

reliability in gene editing outcomes. These approaches assist researchers  in designing more precise 

editing tools, including high-fidelity and optimized Cas variants, as  well as improved guide RNA 

selection methods.  

 

Beyond CRISPR, machine learning has also been applied to optimize nucleotide editing  processes. 

Researchers have developed predictive systems based on algorithms such as Random  Forests to 

analyze how variations in nucleotide composition affect homology-directed repair  (HDR) efficiency. 

One such system enables the identification of optimal target sites for  introducing specific genetic 

modifications. Additionally, deep learning models have been used to  assess protein toxicity directly 

from sequence data, providing valuable insights for safe genetic  engineering applications. 

 

Another important area influenced by machine learning is pharmacogenomics, where AI is used  to 

determine appropriate drug dosages based on individual genetic profiles. For example,  machine 

learning models have been applied to estimate stable dosages of immunosuppressive  drugs for 

patients undergoing organ transplants, helping to minimize the risk of complications.  These 

applications have expanded across multiple medical fields, including psychiatry,  oncology, neurology, 

and metabolic disorders.  

 

Machine learning has also contributed to global health challenges, such as the COVID-19  pandemic. 

AI-based systems have been used to analyze viral genetic data and identify key  antigenic features 

relevant for immune response. By predicting which viral components are most  likely to trigger immune 

recognition, these models have supported the design of effective  vaccine strategies. Such approaches 

have enabled researchers to map important regions of the  SARS-CoV-2 proteome, providing valuable 

guidance for the development of broadly applicable  vaccines.  
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Overall, the integration of machine learning into genetic engineering and genomics has  accelerated 

research, improved precision, and opened new possibilities for personalized medicine  and advanced 

therapeutic solutions.  

 

IV. RISK & CHALLENGES 

 
Although machine learning applications in healthcare offer significant benefits, they also  introduce 

various risks and challenges that must be carefully addressed. These include issues  related to prediction 

accuracy, data privacy and security, limited data availability, ethical  concerns, and difficulties in practical 

implementation. Such factors often lead to skepticism  regarding the reliability and real-world usability 

of AI-based systems in clinical settings.  

 

One of the major concerns is the inherent dependence of machine learning models on  probabilistic 

predictions. Since these systems rely on patterns learned from data, there is always  a possibility of 

errors in diagnosis or prediction. In healthcare, even a small error can have  serious consequences, 

including risks to patient safety. To reduce such risks, it is essential to  implement strict validation 

processes, regulatory approvals, and continuous monitoring before  deploying these systems in clinical 

environments. Additionally, human supervision by  experienced healthcare professionals is crucial, 

especially in critical applications, to minimize  incorrect predictions and ensure better decision-making.  

 

Another important challenge is the availability and quality of data. Machine learning models  require 

large volumes of accurate and diverse data to produce reliable results. However,  healthcare data is 

often incomplete, inconsistent, or limited in size. In many cases, datasets may  not represent the full 

diversity of the population, leading to biased outcomes. Furthermore,  healthcare data typically contains 

a large number of features compared to the number of samples,  which can affect model performance. 

Promoting open data initiatives and improving data-sharing  practices can help address these 

limitations and enhance model reliability.  

 

Data privacy and security also represent major concerns in healthcare applications. Since  machine 

learning systems often rely on cloud-based infrastructure and large-scale data storage,  protecting 

sensitive patient information becomes critical. Ensuring strong data protection  measures, secure 

storage systems, and clear accountability is essential before implementing such  technologies.  

 

Ethical considerations play a significant role in the adoption of AI in healthcare. Lessons can be  drawn 

from the field of genetic engineering, where ethical debates have been ongoing for years.  While 

advanced technologies have the potential to treat serious diseases, they may also lead to  inequality if 

access is limited to certain populations. Concerns related to fairness, accessibility,  and long-term 

societal impact must be addressed. Governments and organizations around the  world have started 

introducing guidelines and regulatory frameworks to ensure responsible AI  development and usage.  

Another key limitation is the lack of transparency and interpretability in many machine learning  models, 

particularly deep learning systems. These models often function as “black boxes,”  making it difficult to 

understand how specific predictions are generated. In healthcare, where  decision-making must be 

explainable and trustworthy, this lack of clarity poses a major  challenge. Therefore, efforts must be 

made to develop more interpretable models and clearly  identify the factors influencing predictions.  

 

Finally, there are concerns regarding the impact of AI on the doctor–patient relationship. While  some 

fear that increased automation may reduce personal interaction, AI also has the potential to  improve 

engagement by reducing the workload on healthcare professionals. By automating  routine tasks and 
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assisting in diagnosis, these technologies can allow doctors to spend more time  with patients, 

improving communication and overall care quality. Early detection and predictive  insights can further 

support preventive healthcare and encourage healthier lifestyles.  

 

In summary, while machine learning presents transformative opportunities in healthcare,  addressing its 

associated risks and challenges is essential to ensure safe, ethical, and effective  implementation.  

 

V. CONCLUSION 
 

The rapid development of machine learning has already brought significant improvements to the  

healthcare sector, and its future potential remains substantial. Current applications mainly focus  on 

assisting healthcare professionals in delivering more accurate, efficient, and timely treatment.   

 

By supporting clinical decision-making and reducing workload, machine learning systems are  

enhancing the overall quality of patient care.  

 

Many of the existing challenges associated with machine learning can be addressed through  better 

data management practices, including improved data collection, storage, and sharing.  Additionally, the 

development of advanced algorithms capable of processing unstructured data  will further strengthen 

the effectiveness of these systems. Future advancements are expected to  make medical technologies, 

such as imaging and diagnostic tools, more affordable and widely  accessible, thereby reducing 

inequalities in healthcare services across different regions and  populations. 

 

Moreover, machine learning is likely to play a crucial role in personalized medicine, including  predicting 

individual drug responses, optimizing treatment plans, and supporting genetic-based  therapies. These 

developments have the potential to transform how diseases are diagnosed and  treated.  

 

In conclusion, while certain risks and limitations must still be addressed, machine learning  provides a 

strong foundation for the continued evolution of healthcare systems. With responsible  implementation 

and ongoing improvements, it can significantly enhance medical practices and  contribute to better 

patient outcomes worldwide.  
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