‘\

CPIJR

CAREER POINT Career Point International Journal of Research (CPIJR)
INTERNATIONAL JOURNAL OF RESEARCH ©2022 CPIJR | Volume 4 | Issue 4 | ISSN : 2583-1895
October-December-2025 | DOI: https://doi.org/10.5281/zen0do0.18645353

A Review Paper on Biomedical Data Analysis using Machine Learning
Abhishek Sharma®, Garima Tyagi?

IStudent, School of Computer Application & Technology, Career Point University, Kota

(Raj.)
*Professor, School of Computer Application & Technology, Career Point University, Kota

(Raj.)

Abstract

Biomedical data analysis, driven by machine learning, plays a pivotal role in healthcare and
life sciences. Despite challenges like high dimensionality, noise, and class imbalance, data
preprocessing ensures quality through cleaning, feature extraction, and normalization.
Classification and regression models aid in tasks like disease diagnosis and drug
development, while feature selection enhances accuracy and reduces overfitting.
Dimensionality reduction techniques like PCA improve efficiency by grouping related data
points and revealing disease subtypes. Deep learning is proving to be an effective tool in the
biomedical industry since it can analyze text, pictures, and genetic data.

Strict validation guarantees the generalizability of the model and openness in the decision-
making procedures. Integrating domain knowledge is essential for tackling moral issues like
data integrity and patient privacy. Applications of precision medicine in clinical contexts
include therapy prescription, personalized medicine, and illness prediction.

Biobanking is transformed by machine learning, which makes managing and analyzing big
datasets easier. There are obstacles to real-world deployment, such as trust-building, data
access, and regulatory compliance. Precision medicine has emerged, transforming healthcare
procedures and propelling scientific study in the biomedical field.

Keywords: Biomedical Data Analysis, Machine Learning, Healthcare Analytics, Medical

Data Mining, Predictive Modeling, Clinical Decision Support

Introduction

Machine learning-driven biomedical data analysis is a novel area of study in the living
sciences and healthcare. Our understanding of diseases, patient care, drug discovery, and
biological systems is being revolutionized by the convergence of large biomedical datasets
and sophisticated computational approaches. With the proliferation of genomes, electronic
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health records, and other healthcare-related data, machine learning has become indispensable

for forecasting outcomes and extracting relevant insights.

The amount of data in the healthcare sector has increased dramatically in recent years.
Today's electronic health records hold a wealth of patient data, including diagnostic tests
results and medical histories, empowering medical practitioners to make better decisions. The
rapid expansion of genomic data brought about by genome sequencing technology has
illuminated the genetic underpinnings of many diseases and directed the creation of tailored

therapies.

A branch of artificial intelligence called machine learning has come to be recognised as the
key to deciphering the complexity of this data-rich environment. It comprises a range of
methods that can be used to address different biomedical problems, including as
regression, classification, clustering, and  deep learning. These problems include
comprehending complex biological connections, finding novel therapeutic candidates, and
forecasting patient outcomes and disease diagnoses.

Finding patterns and relationships in biological data that might not be obvious using
conventional methods is one of the most important aspects of employing machine learning
for data analysis. Large volumes of data can be processed by machine learning models, which
can then extract pertinent features and find minute correlations. The capacity to identify
subtle biomarkers can have a major impact on patient outcomes, making it especially helpful

in the early detection of disease.

Literature Review

In the first paper, ""Deep learning in Bioinformatics [1]"" acknowledges the exponential
expansion in biological data brought on by developments in genomics and proteomics and
place emphasis on the demand for cutting-edge computational techniques. They draw
attention to the crucial role that machine learning, in particular deep learning, plays in solving
the problems that are raised by this expanding body of biological data.

The paper examines numerous deep learning applications in bioinformatics, such as structural
biology, drug development, biomarker identification, and sequence analysis. Deep learning is
a crucial technique for analysing and deriving valuable insights from large biological datasets
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because of its data-driven methodology and pattern identification abilities.
Overall, the research emphasizes the importance of utilizing machine learning methods,
particularly deep learning, to fully utilize massive amounts of biological data.
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Fig. 1 Deep Learning in Bioinformatics

The study ""Machine Learning Applications in Cancer Prognosis and Prediction [2]"
investigates the crucial contribution of machine learning methods to improving cancer
diagnosis, prognosis, and treatment. The authors of this study emphasize the importance of
precise prognostic and predictive models to improve patient treatment as they acknowledge
the complicated and multidimensional character of cancer.

The study gives a thorough review of machine learning's uses in cancer research,
emphasizing its ability to analyze huge datasets, find important biomarkers, and enhance
patient outcomes. The authors talk about using several machine learning algorithms for tasks

like classifying tumors, predicting survival, and evaluating treatment outcomes.

The study ""Machine Learning in Support of Electronic Health Records: A Case Study
on Metabolic Syndrome[3]"" examines how machine learning techniques can be used to
improve the management of electronic health records (EHRs) in the context of metabolic
syndrome, a complex medical condition linked to a number of health risks.

The authors of this study acknowledge the expanding significance of EHRSs in contemporary
healthcare and the necessity for sophisticated analytics tools to draw insightful conclusions
from these data-rich sources. Due to its ubiquity and the possibility of early detection and

control, the metabolic syndrome makes for a powerful illustration.
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The study ""Predicting Cardiovascular Risk Factors from Retinal Fundus Photographs
via Deep Learning[4]" provides a novel method for predicting cardiovascular risk factors by
examining retinal fundus images. This cutting-edge use of artificial intelligence presents a
possible method for preventing and early disease diagnosis.

The article highlights the potential of retinal imaging as useful diagnostic tools, underscoring
the strong relationship between retinal health and cardiovascular risk factors. Modern deep
learning algorithms are used by the scientists to extract complex features and patterns from
these photos, allowing for the precise prediction of risk factors including hypertension,
diabetes, and smoking status.

The study ""Deep EHR: A Survey of Recent Advances in Deep Learning Techniques for
Electronic Health Record (EHR) Analysis[5]"" offers a thorough overview of the uses and
developments of deep learning for the evaluation of EHRs.

The authors of this extensive survey acknowledge the growing significance of EHRS in
contemporary healthcare and the possibility for deep learning to gain insightful knowledge
from these large clinical datasets. The study covers a broad spectrum of deep learning
methods, highlighting their use in tasks like disease prediction, patient risk assessment, and
therapy optimization.

The study examines topics such data privacy, interpretability, and scalability in addition to
the benefits and limitations of integrating deep learning into EHRs. It examines how deep
learning models can handle text and medical images as well as structured and unstructured
EHR data.

The study "Deep Learning for Healthcare Applications Based on Physiological
Signals[6]'* provides a thorough investigation of the revolutionary effects of deep learning in
healthcare, concentrating on its application for interpreting physiological data.

The authors of this study emphasize the growing significance of physiological data in
healthcare, including wearable technology and monitoring vital signs. They emphasize how
deep learning has the potential to revolutionize the interpretation of such data, opening the
door for more precise patient care, diagnosis, and treatment.

The study covers a wide range of applications, such as using deep learning to monitor chronic
disorders, anticipate diseases, and evaluate general health status using physiological
information. It emphasizes how complicated physiological data may be broken down into
minute patterns and characteristics by deep learning algorithms, improving the predictability

of outcomes.
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The study "*Machine Learning in Bioinformatics: A Brief Survey and Recommendations
for Practitioners[7]"" offers a succinct but thorough overview of the use of machine learning
techniques to the study of bioinformatics.

The authors of this survey emphasize how important machine learning is becoming in the
processing of biological data by highlighting its use in tasks including sequence analysis,
protein structure prediction, and drug development. The study examines some important
machine learning techniques frequently used in bioinformatics research and identifies their
advantages and disadvantages.

The paper makes insightful suggestions for practitioners, emphasizing best practices, data
preprocessing, model choice, and assessment measures designed specifically for the special
difficulties of bioinformatics. To effectively use machine learning in the field, it highlights
the value of interdisciplinary cooperation between biologists, computer scientists, and
statisticians.

The study ""Machine Learning Techniques for the Analysis of Big Data in Electron
Microscopy[8]"" presents a thorough investigation of the transformational function of
machine learning in processing and understanding large-scale data produced by electron
microscopy.

The authors of this study acknowledge the expanding volume and complexity of electron
microscopy data and emphasize the urgent need for cutting-edge computational techniques.
The paper analyzes a variety of machine learning methods used in electron microscopy,
highlighting their ability to automate and improve the study of complex microstructures.
These methods covered in the research include picture segmentation, object recognition, and
feature extraction.

The study emphasizes the promise of machine learning for accelerating discoveries and

£

local computing

— capabikey
s enl with f,ﬂ
tast locad starage /
&
" /v
€
—

high-performancs
computing capablity

faciity storage
PR

N

[B] .
prcomscincke
workstation

long-18em S100A00
or archive


https://doi.org/10.5281/zenodo.18645353

A‘

CPIJR

CAREER POINT Career Point International Journal of Research (CPIJR)
INTERNATIONAL JOURNAL OF RESEARCH ©2022 CPIJR | Volume 4 | Issue 4 | ISSN : 2583-1895
October-December-2025 | DOI: https://doi.org/10.5281/zen0do0.18645353

Fig .2 Machine Learning Techniques for the Analysis of Big Data in Electron

Microscopy

generating fresh insights by showcasing successful applications in a range of fields, from
materials science to biology. It also explores the difficulties associated with large data in
electron microscopy, including data storage, computational effectiveness, and model
interpretability, and provides ideas and solutions for practitioners.

The study ""Machine Learning Applications in Gastrointestinal Endoscopy: Recent
Advancements and Future Prospects[9]"" offers a thorough investigation of the
revolutionary effects of machine learning on the discipline of gastrointestinal (GI) endoscopy.
The authors of this study recognise that GI endoscopy is essential for the early detection and
diagnosis of gastrointestinal illnesses. They emphasize the use of machine learning
techniques to improve the precision and effectiveness of endoscopic treatments while
highlighting their rapid improvements.

Lesion detection, categorization, and real-time decision support systems are just a few of
the machine learning applications in GI endoscopy that are covered in this study. It highlights
current developments, highlighting their potential to enhance patient outcomes, including
computer-aided diagnostics, polyp detection, and ocular biopsy.

The study "A Review of Deep Learning in Medical Imaging: Image Characteristics,
Data Augmentation, and Performance Evaluation[10]" conducts a thorough analysis of
the crucial function of deep learning in the field of medical imaging.

The authors recognise the growing importance of deep learning approaches in medical image
analysis in this thorough review, highlighting their capacity to draw out subtle patterns and
features from a variety of medical picture modalities.

The high dimensionality, noise, and variability that are particular to medical images are
discussed in the paper along with the difficulties they provide and the opportunity for deep

learning to solve them.

The article examines the crucial role that data augmentation plays in medical imaging and
demonstrates how it improves the generalization and resilience of deep learning models. It
investigates several methods of medical image-specific data augmentation and their effects
on model performance.

A literature review for Deng et al.'s (2021) research on “the performance and efficiency of

machine learning algorithms for analyzing rectangular biomedical data[11[” “might
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look something like this: The field of machine learning applications in biomedical research
has expanded significantly, with a growing emphasis on algorithm optimisation for particular
data types. A seminal study on the effectiveness and efficiency of machine learning
algorithms usingrectangular biomedical data was carried out by Deng et al. in 2021. The
study expands on a corpus of work that examines the nexus between biomedical research and
machine learning.

The literature, in summary, highlights the increasing significance of algorithmic selection in
biomedical research. Deng et al.'s work stands out as a significant contribution to the area,
providing insight into the best methods for analyzing rectangular biological data.

Chakraborty et al. (2022) presented a “groundbreaking study utilising a Novel Enhanced-
Grey Wolf Optimisation (NE-GWO) hybrid machine learning technique in the field
of biomedical data computing[12]”. Their work builds upon a growing body of literature
that focuses on optimizing machine learning techniques for the complexities of biomedical
data. It was published in Computers and Electrical Engineering.

Most importantly, a research vacuum has been identified by the current evaluation of the
literature with regard to Grey Wolf Optimisation specifically integrated with improved
methods for biological data computing. In order to close this gap, Chakraborty et al.'s paper
presents the NE-GWO hybrid model, a novel way to improve the precision and
effectiveness of biological data computations.

In summary, the literature points to a changing field for the application of hybrid machine
learning methods in biomedical research, with the work of Chakraborty et al. being a notable
development. Their cutting-edge NE-GWO hybrid model demonstrates a viable path for
further study in the field of biological data computing optimization.

Somorjai et al. (2004) introduced a “novel method for biomedical data classification that
relies on a flexible and data-driven machine learning strategy. Their discovery, which
was published in Artificial Intelligence Methods and Tools for Systems Biology[13]”.
adds to the growing body of knowledge regarding machine learning applications in
biomedical science.

The present literature review highlights the increasing incorporation of machine learning into
the field of biomedical data classification, with a particular emphasis on the work of Somorjai
et al. Their technique addresses the need for nuanced and adaptive methodologies in the
classification of complicated biomedical data by proposing a flexible and data-driven

strategy.
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In conclusion, the body of study highlights how machine learning applications in biomedical
research are dynamic, and Somorjai et al.'s work is a noteworthy addition to this body of
work. Their adaptable, data-driven machine learning approach provides a unique viewpoint
and advances the continuous advancement of biological data classification methods.

Olson et al. (2016) presented a novel method for “process automation in biomedical data
science that relies on tree-based pipeline optimisation[14]”. Their research is highlighted
in "Applications of Evolutionary Computation,” and it makes a major contribution to
pipelines for biomedical data processing that are automated and optimized.

The literature review highlights the increasing adoption of automated approaches in
biological data science, with aspecial emphasis on the work of Olson et al. Their method
addresses the increasing need for novel approaches to improve the automation and
optimisation of biomedical data processing by presenting tree-based pipeline optimisation.

In summary, the literature that has already been written highlights how automation in
biomedical research is always changing, and Olson et al.'s study stands out as a noteworthy
development in this regard. Their unique viewpoint and contribution to the continuous
advancement of biomedical data science process automation approaches are provided by their
tree-based pipeline optimisation strategy.

L6tsch and Ultsch (2019) provided a critical review of biases caused by “existing projection
approaches in subgroup recognition for machine learning-based data analysis in the
field of biological data analysis.[15]” Their study, which was published in the "International
Journal of Molecular Sciences,” adds a crucial viewpoint to the conversation on machine
learning applications in biomedical research by shedding light on potential drawbacks and
biases in subgroup identification.

This overview of the literature emphasizes how machine learning applications in biomedical
research are always changing and how people are becoming more conscious of potential
biases in subgroup detection. The work of Lotsch and Ultsch is noteworthy because it
provides a critical study of the state-of-the-art projection techniques and their implications for
accurate subgroup identification in biomedical data processing.

To sum up, the extant literature highlights the necessity of conducting thorough assessments
of machine learning techniques in biomedical research, and Lotsch and Ultsch's research is a
significant addition to this body of work. Their study advances our knowledge of the
difficulties involved in machine learning-based data analysis of biomedical data by bringing

depth to the ongoing discussions concerning biases in subgroup recognition.


https://doi.org/10.5281/zenodo.18645353

N\

CPIJR

CAREER POINT Career Point International Journal of Research (CPIJR)
INTERNATIONAL JOURNAL OF RESEARCH ©2022 CPIJR | Volume 4 | Issue 4 | ISSN : 2583-1895
October-December-2025 | DOI: https://doi.org/10.5281/zen0do0.18645353

Seghier (2022) provided a set of guidelines for the transparent reporting of machine learning
techniques' application and evaluation in relation to biomedical data, which might be summed
up as ""Ten Simple Rules[16]"". When applying machine learning to biomedical data, the
research, which was published in the "International Journal of Imaging Systems and
Technology," addresses how crucial it is to have precise and uniform reporting requirements.
This review of the literature highlights the evolving nature of machine learning applications
in biomedical research and the growing significance of open reporting practices. Seghier's
work stands out in particular because it offers practical and understandable suggestions
for improving the quality and consistency of machine learning approaches used in biological
data analysis and evaluation.

To sum up, Seghier's "Ten Simple Rules™ provide a practical and helpful framework, and the
corpus of studies on machine learning using biomedical data highlights the importance of
open reporting. The guidelines offer a systematic approach to overcoming reporting
problems, raising the standard and reproducibility of biomedical machine learning research.
A paper published in the "Journal of Healthcare Engineering™ by Tchito Tchapga et al. (2021)
addressed the topic of “biomedical image categorization inside a big data
architecture[17]”. Their work focuses on the efficient classification of biomedical pictures
inside large-scale data infrastructure using machine learning methods.

The continuous development of machine learning applications in biomedical research,
especially in the field of image analysis, is highlighted in this overview of the literature. The
study by Tchito Tchapga et al. is noteworthy because it addresses the requirement for scalable
solutions in the area of biomedical image categorization by integrating machine learning
techniques in a big data architecture.

In conclusion, the body of research highlights the significance of sophisticated computational
frameworks for the interpretation of biomedical images, and Tchito Tchapga et al.'s work
provides an important new angle by addressing the incorporation of machine learning
algorithms into a big data architecture. Their work adds to the current investigation of novel
approaches for effective biomedical image categorization in the big data era.

Mohammed, Guzel, and Bostanci (2019) conducted a “Study on the use of supervised
machine learning models for the classification and success investigation of biomedical
datasets in the field of biomedical data analysis.[18]” The study, which is being presented
at the 2019 International Symposium on Multidisciplinary Studies and Innovative
Technologies (ISMSIT), aims to investigate success determinants in biological datasets by
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classifying them and using supervised machine learning algorithms.

This overview of the literature emphasizes how machine learning applications are still being
investigated in biomedical research, with an emphasis on supervised learning models. The
study by Mohammed et al. is notable because it places equal focus on success inquiry and
categorization, providing insights into how supervised machine learning models may be used
to extract useful information from biomedical datasets.

To summarize, extant literature highlights the significance of utilizing sophisticated
computational methods for the study of biomedical data, and Mohammed et al.'s research
contributes a valuable viewpoint by focusing on supervised machine learning models. Their
work advances the continual refinement of success inquiry and classification techniques in
the field of biomedical data analysis.

Yoo, Ramirez, and Liuzzi (2014) published a paper in the “International Neurourology
Journal" that addressed “big data analysis in the field of medicine by utilising
contemporary statistical and machine learning techniques[19]”. The 2014 publication of
their research highlights the significance of combining cutting-edge statistical and machine
learning methods to derive valuable insights from huge medical datasets.

This overview of the literature emphasizes how statistical and machine learning applications
are still developing in the medical area, especially when it comes to big data analysis. The
study by Yoo et al. is noteworthy because it focuses specifically on using contemporary
methods to manage large-scale medical datasets, which advances the investigation of novel
approaches in medical data analysis.

In conclusion, the body of research already in existence emphasises the significance of
sophisticated computational techniques for the analysis of medical data, and Yoo et al.'s work
offers a significant new perspective by focusing on large data analysis using contemporary
statistical and machine learning techniques. Their work advances the continuous process of
developing approaches for deriving valuable insights from large-scale medical databases.
Mou and Saha (2019) conducted a thorough investigation on “machine learning techniques
for leukaemia prediction in the field of biological data analysis[20]”. The study, which
will be presented at the 2019 International Conference on Innovation in Engineering and
Technology (ICIET), explores how various machine learning methods can be applied to
improve the precision and effectiveness of leukaemia prediction using biological data.

This overview of the literature emphasises how machine learning applications are still being

investigated in the field of healthcare, especially with regard to disease prediction. The study
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by Mou and Saha is noteworthy since it focuses specifically on leukaemia prediction and
provides a thorough grasp of the advantages and disadvantages of several machine learning
techniques when applied to biological data.

To sum up, a lot of research has been done on the use of sophisticated computer techniques
for disease prediction, and Mou and Saha's work offers a fresh viewpoint by thoroughly
examining machine learning algorithms for leukaemia prediction using biological data.
Their study aids in the continuous improvement of disease prediction accuracy

techniques in the medical domain.

Research Methodology

1. The article "Machine Learning in Bioinformatics: A Brief Survey and
Recommendations for Practitioners [1]": Research Methods: This study most likely
involves a review of the literature and an analysis of the state of machine learning and
bioinformatics research. A thorough evaluation of previously published articles and papers
would be one of the research strategies. Processes involved in gathering data include exploring
academic databases, choosing pertinent papers and articles, and reading and evaluating the
content of these sources to find trends, problems, and recommendations.

2. The second is "Machine Learning Applications in Cancer Prognosis and Prediction[2]":

Research Methods: A combination of literature review, data analysis, and modeling is
probably used in this paper. It might analyze current studies on cancer and use machine
learning to analyze datasets for prognosis and prediction.

Processes involved in data collection for cancer research may include gathering clinical and
genetic information from pertinent databases, patient files, or publically accessible datasets.
The authors are free to do experiments using the datasets they have chosen.

1. "Deep Learning for Healthcare Applications Based on Physiological Signals [6]":
Research Methods: A literature review, data analysis, and modeling are probably included in
this paper. It might examine previous analyses of physiological data and employ deep
learning methods to draw conclusions or make forecasts.

Processes for gathering data: Physiological data may be gathered from a variety of sources,
such as wearable technology, sensors, and electronic health records. Vital signs, ECG, EEG,

and other physiological indicators may be included in the data.

2. "Machine Learning Techniques for the Analysis of Big Data in Electron

11
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Microscopy[8]™:

Research Techniques: This study may involve a literature review, data pretreatment, machine
learning-based image analysis, and result evaluation.

Data collection procedures could include obtaining electron microscopy images from
databases or research institutions, improving the quality of the images through preprocessing,
and then using machine learning strategies for tasks like image segmentation, feature
extraction, or classification.

3. Research Methods: "Machine Learning Applications in Gastrointestinal Endoscopy[9]:
Recent Advancements and Future Prospects™ This essay may include a survey of related
literature, an examination of studies on endoscopy, and considerations of the uses and
potential future developments of machine learning in the subject.

Processes for gathering data: Endoscopic pictures and pertinent clinical data would normally
be collected for data collection, which could then be utilized to train machine learning

models for functions like lesion detection and disease classification.

4. "A Review of Deep Learning in Medical Imaging: Image Characteristics, Data
Augmentation, and Performance Evaluation [10]™:

Research Methods: In this study, a thorough literature analysis, discussions of image
attributes, data augmentation strategies, and performance assessment strategies in the context
of medical imaging are likely to be used.

Processes involved in data collecting may include choosing pertinent studies and datasets,
reviewing the methodology employed in those research, and obtaining medical imaging
databases or archives.

5. In the research paper on "Machine Learning in Support of Electronic Health Records
Using the Example of Metabolic Syndrome,[3]" the research methods and data collection
processes involve:

Accessing electronic health records (EHRSs) that contain patient information about the
metabolic syndrome is how data is collected.

Cleaning and organizing the data, resolving missing values, extracting pertinent information,
and protecting data privacy are all part of data preprocessing.

Feature engineering is the process of identifying pertinent characteristics and properly
encoding them in order to prepare the data for machine learning.

Modeling: Choosing and educating machine learning algorithms to examine EHR data and
make hypotheses about metabolic syndrome.

12
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Evaluation: Measuring the performance of the model using metrics like recall, accuracy, and
precision.

6. In the research paper on "Predicting Cardiovascular Risk Factors from Retinal Fundus
Photographs via Deep Learning,[4]" the research methods and data collection processes
include:

Data collection: obtaining retinal fundus pictures that show the retina, often from clinical
sources or medical databases.

Data preprocessing: Making the photos better and cleaner so they can be used for deep
learning research. This could entail operations like noise reduction, contrast modification, and
image resizing.

Feature extraction is the process of removing important details from retinal pictures, such as
patterns, lesions, or anomalies that might be signs of cardiovascular risk factors.
Convolutional neural networks (CNNs), for example, are among the deep learning models
that can be chosen and trained to analyze retinal images and identify cardiovascular risk
factors. Evaluation: Determining how well the model predicts risk factors from retinal
images by evaluating its performance using relevant metrics, such as accuracy, sensitivity,
specificity, or AUC-ROC.

7. In the research paper titled "Deep EHR: A Survey of Recent Advances in Deep
Learning Techniques for Electronic Health Record (EHR) Analysis,[5]" the research methods
and data collection processes involve:

Conducting a thorough analysis of the body of knowledge and current research on the use of
deep learning in electronic health records (EHRS).

Data Sources: Locating and gaining access to electronic health records that have patient
information about them. This information may include clinical notes, diagnostic codes,
patient demographics, and a medical history.

Data preprocessing: This process involves handling missing values and anonymizing private
patient data in order to prepare the EHR data for deep learning research.

Feature engineering is the process of developing pertinent features or EHR data visualizations

that are appropriate for deep learning algorithms.

Deep Learning Models: To analyze the structured and unstructured EHR data, choose and
train deep learning models like recurrent neural networks (RNNSs) or transformer-based

models.

Evaluation of Performance: Analyzing the effectiveness of deep learning models for a range

13
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of EHR analytic activities, including disease prediction, patient risk assessment, and therapy
suggestions.

8. In the research paper titled "Machine Learning in Bioinformatics: A Brief Survey and
Recommendations for Practitioners [7]" the research methods and data collection processes
involve:

Conducting a thorough analysis of the body of knowledge and current research in the field of
bioinformatics, with a focus on machine learning's practical applications.

Data Sources: Locating and compiling pertinent academic databases, journals, and studies,
papers, and reports on machine learning in bioinformatics.

Extracting important data, conclusions, and insights from the chosen literature in order to
comprehend the current status of research in the area is known as data extraction.

Data analysis is the process of looking at the information that has been gathered to find
patterns, problems, and suggestions related to the application of machine learning in

bioinformatics.

Discussion & Result

The comparative analysis shows that machine learning and deep learning are increasingly
used in biomedical data analysis for tasks like disease prediction, medical imaging, EHR
analysis, and physiological signal processing. Deep learning methods—especially CNNs and
hybrid models—perform well on complex image and sequential data. Traditional ML models
such as SVM, Random Forest, and optimization-based hybrids also show strong performance
in classification and prediction tasks, including cancer prognosis, obesity prediction,

cardiovascular risk detection, and leukemia diagnosis.

Most studies highlight common challenges such as noisy or imbalanced biomedical data,
limited dataset availability, and issues with model generalizability. Several papers also
emphasize biases introduced by projection methods and the need for transparency through
better reporting guidelines. Big data frameworks and automation (like tree-based pipeline
optimization) help improve processing efficiency. Overall, ML/DL approaches provide high
accuracy and strong potential, but standardization, bias control, and interpretability remain

areas requiring further research.

Across all reviewed papers, ML/DL models consistently showed high predictive accuracy,
improved classification performance, and effective handling of large biomedical datasets.

Deep learning achieved strong results in imaging and EHR-based studies, while supervised
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ML models delivered reliable outcomes for disease classification and risk prediction.
Automated ML pipelines proved efficient in optimizing workflows. However, studies also
revealed limitations such as bias, overfitting, and lack of diverse datasets. Overall, results
confirm that ML/DL techniques significantly enhance biomedical data analysis but require

further improvement for broader clinical use.

Conclusion

Machine learning-based biomedical data analysis represents not only a technology advance
but also a significant change in healthcare and life sciences. We have traveled through a
world where data and algorithms are combining to change how diseases are diagnosed,
treated, and how we comprehend the complex network of biological systems.

As we approach the end of our investigation, it is clear that machine learning's influence goes
well beyond the field of data analysis and has established itself as a fundamental component
of precision medicine. Individual patient treatment planning based on distinct genetic and
clinical profiles is now a reality rather than a distant dream. This personalisation improves
patient care in previously unthinkable ways by minimizing side effects while also enhancing
medication efficacy.

The ability to find hidden patterns within enormous biomedical datasets has enabled
physicians and researchers to better understand illness early detection, drug discovery, and
treatment optimization. We've leveraged the power of data to transform decision-
making in healthcare through categorization, regression, clustering, and deep learning.

But there have also been difficulties along the way. We must pay close attention to ethical
issues, such as data privacy and model interpretability. Rigorous validation, regulatory
compliance, and the development of stakeholder trust are necessary for the seamless
integration of machine learning into clinical practice.

Machine learning-based biomedical data analysis has a promising future. We predict
developments that will improve model interpretability, reduce bias, and embrace the
integration of multimodal data in the future. These advancements will strengthen machine
learning's position as a major force in both medical and scientific research.

A Dbeacon of hope for bettering patient outcomes, expediting drug discovery, and expanding
our understanding of complicated diseases is the synergy between machine learning and
biomedical data analysis, | will say in conclusion. The healthcare environment is still being

changed by this transformative trip; it is an ongoing investigation that will open up new
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avenues for research in the field of biomedical science.
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