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Abstract. The rapid advancements in healthcare technologies and the increasing complexity of
medical data have made it imperative to explore and optimize predictive models for disease
management. This study aims to conduct a systematic literature review to identify advancements,
challenges, and opportunities in disease prediction using machine learning (ML) within the
healthcare domain. The literature sources include Scopus, DOAJ, and Google Scholar, covering
the period from 2013 to 2024. The findings reveal that both machine learning (ML) and deep
learning (DL) algorithms have significant potential for disease prediction and treatment
outcomes in various clinical contexts. Algorithms such as Random Forest, Logistic Regression,
and ensemble techniques like Boosting have demonstrated strong performance in numerous
studies. However, the effectiveness of these algorithms is highly context-dependent, including
the type of disease, patient characteristics, and available data. Deep learning, particularly
Convolutional Neural Networks (CNNs) and hybrid Long Short-Term Memory (LSTM) models,
excels in handling complex, high-dimensional data, providing higher prediction accuracy
compared to traditional ML models. This research shows that deep learning models, especially
CNN and hybrid LSTM, achieve higher accuracy in disease prediction compared to traditional
ML models. However, challenges related to data quality, privacy, and the underlying
mathematical modeling of these algorithms remain to be overcome for wider applications.
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1. Introduction

Disease prediction plays a crucial role in healthcare due to its potential to significantly improve
clinical outcomes and patient quality of life [1]. Chronic diseases such as diabetes, hypertension, and
heart disease, along with acute illnesses like infections and cancer, have a profound impact on society
[2]. These conditions not only cause physical and emotional suffering for affected individuals but also
impose a substantial economic burden on healthcare systems and society at large. Accurate disease
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prediction enables early intervention, facilitating more effective and efficient treatment and preventing
more serious complications [3]. Ultimately, this can reduce morbidity and mortality rates and help
control long-term healthcare costs. Therefore, developing reliable and timely disease prediction methods
is a primary priority in efforts to enhance public health overall.

The advancement of technology in the healthcare sector has significantly transformed the way
health data is collected, analyzed, and utilized for patient care. Technologies such as Electronic Health
Records (EHR) and wearable devices have enabled the real-time and continuous collection of valuable
health data [4]. EHRs facilitate the storage, management, and integrated access to patient data, including
medical histories, laboratory results, prescriptions, and other clinical information [5]. Meanwhile,
wearable devices, such as smartwatches and fitness trackers, allow for the monitoring of various health
indicators like heart rate, activity levels, and sleep patterns [6]. The data generated by these technologies
not only provide deep insights into individual health conditions but also hold great potential for use in
medical research and the development of disease prediction models. With these technologies, healthcare
professionals can make more informed decisions, enhance the personalization of patient care, and enable
early detection of various diseases, ultimately contributing to an overall improvement in the quality of
healthcare services.

Machine learning algorithms have the capability to analyze complex data and identify hidden
patterns that are not discernible through traditional methods [7][8]. This capability is particularly
valuable in disease prediction, where accurate and rapid data analysis is crucial. For instance, in
oncology, machine learning algorithms have successfully been employed to analyze radiological images
for early-stage cancer detection [9], often undetectable by conventional methods. Moreover, in cases of
cardiovascular disease, machine learning algorithms can process data from various sources such as
electronic health records, laboratory test results, and wearable devices to predict the risk of heart attacks
with high accuracy. Other applications include early detection of diabetes through genetic data analysis
and lifestyle patterns, as well as predicting flare-ups in patients with chronic diseases such as asthma
and Crohn's disease [10]. These successes demonstrate the substantial potential of machine learning in
enhancing disease prediction capabilities, which in turn can aid in better clinical decision-making and
more effective patient care.

Machine learning (ML) approaches in disease prediction offer significant advantages over
traditional methods, including higher accuracy, the capacity to handle vast datasets, and the ability to
continuously enhance predictions. Studies have shown that ML models outperform traditional risk
scores in cardiovascular disease (CVD) risk prognostication, demonstrating a higher C-statistic of 0.773
compared to 0.759 for traditional methods [11]. Additionally, ML techniques, such as hybrid algorithms
combining support vector machines (SVMs) and Long Short-Term Memory (LSTM) neural networks,
have been developed to diagnose CVDs with improved accuracy, surpassing standard methods and
statistical approaches [12]. Furthermore, the utilization of deep neural networks and ML algorithms in
disease prediction systems has shown promising results, with deep neural networks achieving an
accuracy of 70.08% in smallpox syndrome prediction [13]. These findings highlight the potential of ML
in revolutionizing disease prediction by providing more precise, data-driven, and continuously evolving
prognostic capabilities.

Challenges in applying machine learning to disease prediction include data quality issues, model
accuracy concerns, ethical considerations, and limited data availability [14]. In resource-limited settings
like Ethiopia, the lack of access to diagnosis and treatment due to insufficient healthcare professionals
exacerbates the challenge of accurate disease prediction [15]. Furthermore, the rapid growth of machine
learning tools in obstetrics and maternity care presents challenges in assessing fetal well-being,
predicting obstetric diseases, and enhancing patient safety standards [16]. Addressing missing data in
clinical studies is another obstacle, with the need to account for label uncertainty to improve predictive
performance in machine learning algorithms [17]. Additionally, concerns about data privacy,
confidentiality, and sensitivity hinder the widespread use of machine learning in healthcare,
emphasizing the importance of technologies like federated learning to maintain privacy while improving
model performance [18].
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Recent studies in machine learning research for disease prediction have demonstrated significant
advancements through the utilization of deep learning, ensemble methods, and transfer learning
techniques. These investigations underscore the critical importance of precise disease prediction for
conditions such as kidney disease, heart disease, diabetes, malaria, and diabetic retinopathy. Researchers
have harnessed deep learning algorithms to predict disease risk with remarkable accuracy, achieving
area under the curve (AUC) values as high as 0.94 [19][20]. Moreover, the incorporation of ensemble
models with support vector machines (SVM) has proven highly effective in detecting chronic kidney
disease (CKD), outperforming other models [21]. Transfer learning, particularly using pre-trained
models like ResNet 50, has facilitated the development of transparent and accurate diagnostic models
for diabetic retinopathy, ensuring both clinical relevance and regulatory approval [22]. Collectively,
these approaches illustrate the substantial progress made in disease prediction through the application
of innovative machine learning techniques.

Recent studies indicate that machine learning (ML) approaches in disease prediction offer significant
advantages over traditional methods, such as higher accuracy and the ability to handle large datasets.
However, the application of ML faces challenges including data quality, model accuracy, ethical
considerations, and data limitations. In resource-limited settings, the lack of access to diagnosis and
treatment exacerbates the difficulty of accurate disease prediction. The rapid growth of ML tools in
obstetrics and maternity care also presents challenges in assessing fetal well-being and predicting
obstetric diseases. Additionally, addressing missing data in clinical studies and concerns about data
privacy are significant obstacles. This study aims to conduct a systematic literature review to identify
the advancements, challenges, and opportunities in disease prediction using ML. By adopting a
systematic literature review approach, this research seeks to provide insights into best practices,
effective methodologies, and areas requiring further investigation. The goal is to align these insights
with clinical needs and varying resource conditions to enhance the quality of disease prediction and
healthcare delivery. The implications of this research include improving the accuracy of diagnosis and
treatment of diseases in various clinical settings, as well as developing strategies to overcome challenges
related to data quality and privacy, which can ultimately improve the quality of healthcare and patient
outcomes.

2. Methods

This study employs a qualitative approach using the Systematic Literature Review (SLR) method
to identify advancements, challenges, and opportunities in disease prediction utilizing machine learning.
The objective is to provide insights into best practices, effective methodologies, and areas that require
further investigation to enhance the quality of disease prediction and healthcare services in accordance
with varying clinical needs and resource conditions. Relevant literature was sourced from three primary
databases: Scopus, DOAJ, and Google Scholar, covering the period from 2013 to 2024. The keywords
used in the literature search included terms such as "Machine Learning," "Disease Prediction," and
"Healthcare Domain." This systematic search process ensures comprehensive and inclusive coverage of
the topic under investigation.

The inclusion criteria for the articles considered in this study are as follows, research articles
published in scientific journals that focus on the application of machine learning for disease prediction
within the healthcare domain. The exclusion criteria for the articles are, articles that do not primarily
focus on machine learning or disease prediction, including editorials, opinion pieces, letters to the editor,
and other non-research articles. The article selection process comprises several stages. Initially,
duplicate removal is conducted to eliminate articles that appear more than once in the search results.
This is followed by title and abstract screening, where the relevance of articles is assessed based on their
titles and abstracts to determine their suitability against the inclusion criteria. Articles that pass this
initial screening undergo full-text reading to ensure alignment with the research topic. In addition, the
data utilized in this study has been carefully processed, including eliminating duplicates and selection
based on inclusion criteria, to ensure the integrity and relevance of the data in the analysis. Finally, data
extraction is performed, where relevant information from the selected articles, including details about
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the authors, year of publication, research methodology, key findings, and conclusions, is systematically
gathered.

The extracted data from the selected articles are analyzed to identify current advancements,
encountered challenges, and existing opportunities in the field of disease prediction using machine
learning. This analysis aims to create a comprehensive overview of best practices and effective
methodologies while pinpointing areas that warrant further research. This research also evaluates the
performance of the models using metrics such as accuracy, sensitivity, specificity, and area under the
curve, to provide a more comprehensive understanding of the effectiveness of each method in disease
prediction. The outcomes of this analysis are expected to significantly contribute to enhancing the
quality of disease prediction and healthcare services. Moreover, the findings will aid researchers and
practitioners in developing more effective interventions and strategies in this field.

3. Results and Discussion

Machine learning (ML) has emerged as a pivotal technology in the healthcare domain, significantly
enhancing the accuracy and efficiency of disease prediction. This review, titled "Machine Learning for
Disease Prediction: A Review in the Healthcare Domain," aims to systematically examine the current
landscape of ML applications in predicting various diseases. The table presented below encapsulates
critical insights from recent studies, highlighting the effectiveness of different ML algorithms, the
challenges faced in their implementation, and a comparative analysis between traditional ML models
and deep learning techniques. This comprehensive overview serves as a foundation for understanding
the potential and limitations of ML in healthcare, guiding future research and practical applications in
clinical settings.

Table 1. Research Findings and Insights Based on Specific Eligibility Criteria

No Focus Authors Insight / Research Variables

1  Effectiveness of Nguyen et al. (2023), Algorithms such as Random Forest,
machine learning Mushtagq et al. (2022), Logistic Regression, SVM, Naive
algorithms in disease ~ Parvathi (2023), Bayes, and KNN demonstrate high
prediction Mavrogiorgou et al. (2022),  accuracy in predicting diseases like

Romero et al. (2019), diabetes, cardiovascular disease, and
Jankowsky et al. (2024), others. The most suitable algorithm is
Ezzati & Lipton (2020), selected based on healthcare scenarios
Ounajim et al. (2021) and dataset characteristics.

2 Challenges in Moshawrab et al. (2023), Challenges include data privacy,
applying machine Zhang (2023), Camm complexity of electronic health
learning models for (2023), Silveira et al. records (EHRs), and the need for
disease prediction in (2022), Orchard et al. accurate prediction. Mitigation
healthcare and (2018), Tayyab et al. (2023), strategies include federated learning,
mitigation strategies Abebe et al. (2019) deep neural networks, and boosting

algorithms to improve prediction
accuracy.

3  Comparison between  Morid et al. (2023), Deep learning techniques like CNNs
traditional machine Venkatachala Appa Swamy  outperform traditional machine
learning models and et al. (2023), Akil et al. learning algorithms in terms of
deep learning (2023), Sahoo et al. (2020),  accuracy for disease prediction. Deep
techniques for disease  Tripathy et al. (2024), learning is effective in handling
prediction in Lingwal et al. (2021) diverse medical data and has
healthcare domains applications in image interpretation,

data extraction, quality improvement,
and disease risk prediction.
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Table 1 above illustrates three main focuses of recent research in machine learning for disease
prediction. First, it examines the effectiveness of various ML algorithms, such as Random Forest,
Logistic Regression, SVM, Naive Bayes, and KNN, in predicting diseases such as diabetes and
cardiovascular conditions, demonstrating high accuracy and sensitivity. Secondly, the table discusses
the challenges faced in implementing ML models, including data privacy issues and the complexity of
electronic health records (EHRs), while proposing strategies such as federated learning and artificial
neural networks to mitigate these issues. Finally, the table compares traditional ML models with deep
learning techniques, demonstrating the superior performance of deep learning, specifically
convolutional neural networks (CNNs), in handling high-dimensional and temporal medical data. This
structured summary provides a clear and concise understanding of the current state and future direction
of ML applications in health disease prediction.

3.1. The effectiveness of different machine learning algorithms in predicting various types of
diseases in clinical settings.

Machine learning algorithms play a crucial role in predicting various diseases in clinical settings
[23]. Research has shown that different algorithms excel in disease prediction based on specific
scenarios and datasets. Studies have highlighted the effectiveness of algorithms such as random forest
classifier [24], random forest, and ensembling voting classifier (Boosting) in logistic regression, SVM,
Naive Bayes, and KNN algorithms, and random forest [25]. These algorithms have demonstrated high
accuracy rates, sensitivity, and specificity in predicting diseases like diabetes, cardiovascular disease,
and multiple diseases simultaneously. By leveraging machine learning, healthcare professionals can
enhance diagnostic accuracy, improve patient outcomes, and streamline decision-making processes in
clinical settings [26][27]. The selection of the most suitable algorithm depends on the specific healthcare
scenario, dataset characteristics, and desired performance metrics, emphasizing the importance of
tailoring algorithm choice to the unique requirements of disease prediction in clinical practice.

These studies demonstrate the effectiveness of machine learning (ML) algorithms in predicting
disease progression and treatment outcomes across various clinical settings. Romero et al. [28] found
that Random Forest and Simple Logistic Regression methods were most effective in predicting diabetic
nephropathy in type 2 diabetes patients. Jankowsky et al. [29] showed that ML algorithms outperformed
linear regressions in predicting psychotherapy treatment response in inpatient settings. Ezzati & Lipton
[30] developed ML models to predict cognitive decline in Alzheimer's disease patients, potentially
improving clinical trial efficacy. Ounajim et al. [31] demonstrated that ML algorithms, particularly
regularized logistic regression, were superior to lead screening trials in predicting spinal cord stimulation
efficacy for persistent pain after spinal surgery. Collectively, these studies highlight the potential of ML
techniques to enhance disease prediction, treatment response assessment, and clinical trial design across
various medical domains, offering promising avenues for improving patient care and research outcomes.

These studies suggest that ML algorithms can be effectively utilized to predict disease progression
and treatment outcomes across various clinical settings. Algorithms such as Random Forest, Logistic
Regression, and ensemble techniques like Boosting exhibit strong performance in multiple studies. This
indicates that no single algorithm is universally superior; instead, its effectiveness depends on the
specific context, such as the type of disease, patient characteristics, and available data. The effectiveness
of ML algorithms in disecase prediction depends on several factors, including the quality and
characteristics of the dataset, algorithm parameters, and the clinical context. Random Forest and Logistic
Regression frequently emerge as highly effective algorithms in numerous studies, indicating their
flexibility and reliability. However, it is crucial to note that different algorithms may be required for
different scenarios to achieve optimal predictive results. For instance, regularized logistic regression
demonstrates superiority in predicting spinal cord stimulation efficacy, while Random Forest is more
effective in predicting diabetic nephropathy.

3.2. Challenges encountered in the application of machine learning models for disease prediction in
healthcare, along with strategies to mitigate them.
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Applying machine learning models for disease prediction in healthcare faces challenges such as
data privacy concerns [18], complex properties of electronic health records (EHRs) like missing values
and data scarcity [32], and the need for accurate prediction to prevent diseases like cardiovascular
disease (CVD) and diabetic kidney disease (DKD) [33][34]. To mitigate these challenges, strategies
include the use of federated learning (FL) to enhance privacy by sharing parameters instead of raw data
during model training [18], developing deep neural networks to handle the complexities of EHR data
effectively, and employing boosting algorithms to improve prediction accuracy in disease forecasting
models [34]. By addressing these challenges through innovative techniques and strategies, the
application of machine learning in healthcare for disease prediction can be enhanced, leading to more
accurate predictions and improved patient outcomes.

Machine learning (ML) models show promise in improving healthcare outcomes and clinical trial
efficacy. In Alzheimer's disease, ML classifiers can predict cognitive decline, potentially reducing
sample sizes in clinical trials [30]. For COPD, ML techniques applied to tele-monitoring data outperform
traditional algorithms in predicting hospital admissions and corticosteroid needs [35]. In multiple
sclerosis, probabilistic random forests that account for label uncertainty in training data demonstrate
superior predictive performance compared to conventional models [17]. However, challenges remain in
implementing ML models in clinical practice. A proposed study aims to investigate how a clinical
decision support tool based on ML affects healthcare professionals' decision-making processes when
discharging heart failure patients, addressing usability and implementation concerns [36]. These studies
highlight the potential of ML in healthcare while acknowledging the need for further research on
practical application.

These studies indicate that while ML models offer substantial potential for improving disease
prediction and patient outcomes in healthcare, several significant challenges hinder their
implementation. Data privacy is a major concern, as the sensitive nature of health data necessitates
robust privacy-preserving methods. The complexities of EHRs, including issues like missing values and
data scarcity, further complicate the application of ML models. Moreover, achieving high prediction
accuracy is crucial for effectively preventing diseases such as CVD and DKD. Strategies like federated
learning, advanced deep neural networks, and boosting algorithms show promise in overcoming these
challenges by enhancing privacy, managing data complexities, and improving predictive accuracy. The
effectiveness of ML models in healthcare is promising, but their implementation is fraught with
challenges that must be addressed to realize their full potential. Federated learning offers a viable
solution to data privacy concerns by allowing model training without sharing raw data. Deep neural
networks are capable of handling the intricacies of EHR data, including missing values and data scarcity,
by leveraging their advanced processing capabilities. Boosting algorithms can enhance prediction
accuracy, which is vital for disease prevention and management. However, practical implementation
issues, such as the usability of ML-based decision support tools for healthcare professionals, require
further investigation to ensure these models can be effectively integrated into clinical practice.

3.3. Comparison between traditional machine learning models and deep learning techniques for
disease prediction in healthcare domains.

Traditional machine learning models face challenges in healthcare predictive analytics due to the
labor-intensive feature selection process and the difficulty in capturing temporal patterns in patient data
[371[38]. In contrast, deep learning techniques excel in handling high-dimensional and temporal
challenges in medical data, showing promising performance in healthcare prediction tasks by learning
useful representations of medical concepts and patient data from raw or minimally processed data [37].
Deep learning algorithms, such as ensemble deep learning models, have been specifically designed to
analyze medical Big Data and diagnose diseases by identifying abnormalities in early stages through
medical images, offering precise predictions and classifications of diseases to facilitate personalized
treatment [19]. Additionally, machine learning and deep learning algorithms are increasingly utilized to
predict multiple diseases efficiently, such as kidney, heart, diabetes, and malaria, enhancing disease
prediction accuracy in healthcare domains.
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This review compares traditional machine learning (ML) and deep learning (DL) techniques for
disease prediction in healthcare. Studies show that DL methods, particularly convolutional neural
networks (CNNs), often outperform traditional ML algorithms in terms of accuracy for disease
prediction [39]. Various ML techniques, including support vector machines, logistic regression, decision
trees, and Naive Bayes classifiers, have been applied to detect and predict chronic diseases such as
cancer, psychological disorders, and cardiac conditions. For diabetes prediction, a hybrid Long Short-
Term Memory (LSTM) model demonstrated superior performance compared to conventional ML
methods [40]. DL approaches offer advantages in handling heterogeneous data types and have potential
applications in image interpretation, data extraction, quality improvement, and disease risk prediction
[41]. However, challenges remain in implementing these techniques effectively in healthcare settings.

The studies indicate that DL techniques have a clear advantage over traditional ML models in the
context of disease prediction in healthcare. DL methods, particularly CNNs, are capable of learning
complex representations from raw data, making them more effective in handling high-dimensional and
temporal data compared to traditional ML models. This capability allows DL models to outperform
traditional ML algorithms in terms of prediction accuracy for various diseases. For example, hybrid
LSTM models have shown superior performance in predicting diabetes, highlighting the potential of DL
in improving predictive analytics in healthcare. The performance comparison between traditional ML
models and DL techniques reveals that DL methods generally offer superior accuracy and efficiency in
disease prediction tasks. Traditional ML models, while useful, require extensive feature selection and
struggle with high-dimensional and temporal data, limiting their effectiveness in certain healthcare
applications. On the other hand, DL techniques, with their ability to automatically learn relevant features
and handle complex data types, provide more accurate and robust predictions. However, the
implementation of DL models in healthcare settings is not without challenges, including the need for
substantial computational resources, the complexity of model training, and the integration of these
models into clinical workflows.

Telemonitoring Data for

COPD
;‘/ Hospital Admission
ML Algorithms in )‘ Prediction
Healthcare I

|/ Traditional Algorithms vs
ML

\
Chronic Disease Prediction \

2016-2018

\

\ ML Classifiers for Cognitive

Traditional ML Techniques
\\ Decline

/
Feature Selection Challenges /

\ Alzheimer's Disease
\ Prediction
Ensembling Voting Classifier

ML Algorithms for Disease
Prediction

Random Forest & Logistic
Regression

Disease Prediction

Alzheimer's Disease . . .
Using Machine Learning

Diabetic Nephropathy

Cognitive Decline Prediction Prediction
COPD and Telemonitoring Psychotherapy Treatment
Response

Multiple Sclerosis Prediction

: Regularized Logistic
Temporal Patterns in = L

Patient Data Regression
) A Spinal Cord Stimulation
Ensemble Deep Learning 2022-2024 s
Models 20192021 ‘

Medical Big Data Analysis Federated Learning (FL)

Deep Neural Networks

Traditional ML vs Deep (EHR Data)

Learning

: = 3 Boosting Algorithms
Convolutional Neural g4

Networks (CNNs) Clinical Decision Support

Hybrid Long Short-Term Soots

Memory (LSTM) Heart Failure Patient

" ey Discharge
Diabetes Prediction 2

Figure 2. Conceptual Framework of Variables in This Study
02404010-07



Figure 2 describes that the tecent research on disease prediction using machine learning (ML) and
deep learning (DL) algorithms highlights significant advancements in enhancing diagnostic accuracy
and patient outcomes across various clinical domains. Algorithms such as Random Forest, Logistic
Regression, Support Vector Machines (SVM), Naive Bayes, K-Nearest Neighbors (KNN), and
Ensembling Voting Classifier have proven effective in predicting diseases like diabetes, cardiovascular
disease, and mental disorders. Random Forest and its variations are frequently employed due to their
ability to handle complex data and deliver accurate results. Deep learning approaches, including
Convolutional Neural Networks (CNNs) and Long Short-Term Memory (LSTM) models, demonstrate
superiority in analyzing high-dimensional medical data and capturing temporal patterns in patient data.
For instance, CNNs are particularly effective in medical image interpretation and disease risk prediction,
whereas LSTM models excel in long-term predictions such as diabetes forecasting. Advancements in
ensembling and boosting algorithms have also enhanced predictive capabilities, with techniques such as
ensembling voting classifiers and boosting algorithms combining the strengths of multiple models to
improve disease prediction accuracy. Research indicates that employing deep neural networks can
effectively address the complexities of electronic health records (EHRs), which often contain missing
values and data scarcity.

Several studies underscore the potential of federated learning (FL) to mitigate data privacy concerns
by sharing model parameters instead of raw data during model training, which is crucial in the context
of sensitive medical data. The implementation of ML-based clinical decision support tools has begun to
be tested to improve the decision-making processes of healthcare professionals, such as in managing
heart failure patients. The primary challenges in applying ML models in clinical practice include data
privacy issues, the complexity of medical data, and the need for accurate predictions to prevent diseases
like cardiovascular disease and diabetic kidney disease. Research also indicates that ML and DL can
enhance clinical trial efficiency, as exemplified in Alzheimer's disease, where ML models can predict
cognitive decline, thus potentially reducing the required sample sizes in clinical trials. In other fields,
such as COPD and multiple sclerosis, ML techniques are applied to telemonitoring data and clinical data
to predict hospitalization needs and treatment responses. Overall, these developments underscore the
vast potential of ML and DL algorithms in improving disease prediction, assessing treatment responses,
and designing clinical trials across various medical domains. They also address practical implementation
challenges and uphold patient data privacy.

4. Conclusion

The evaluation results indicate that machine learning (ML) and deep learning (DL) algorithms hold
significant potential for disease prediction and treatment outcomes across various clinical contexts.
Algorithms such as Random Forest, Logistic Regression, and ensemble techniques like Boosting have
demonstrated strong performance in numerous studies. However, the effectiveness of these algorithms
is highly dependent on specific contexts, including the type of disease, patient characteristics, and
available data. Deep learning, particularly Convolutional Neural Networks (CNNs) and hybrid Long
Short-Term Memory (LSTM) models, excels in handling complex, high-dimensional data, offering
higher prediction accuracy compared to traditional ML models. Nevertheless, implementing ML and
DL algorithms in clinical practice still faces significant challenges. Data privacy concerns and the
complexities of electronic health records (EHRs), such as missing values and data scarcity, are major
obstacles. While federated learning and deep neural networks offer potential solutions to privacy and
data complexity issues, practical implementation of ML-based decision support tools requires further
research to ensure their effective integration into clinical workflows. The primary gap identified is the
lack of in-depth research on the best methods for integrating ML and DL models into everyday clinical
workflows and improving the usability of these tools for healthcare professionals. Additionally, further
research is needed to develop better methods for handling the complexity of health data and ensuring
the security and privacy of patient data. We suggest that future research focus on developing more
effective methodologies for integrating ML and DL algorithms into daily clinical workflows and
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improving the user interface of ML-based decision support tools to better meet the needs of healthcare
practitioners. In addition, further research should aim to design better solutions to manage the
complexity of health data and ensure the security and privacy of patient data.
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