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Abstract: ML (machine learning) is revolutionizing healthcare by
allowing data-driven advancements in diagnosis, planning treatment,
predicting risk, and keeping an eye on patients. The review tries to look
at how ML has changed over time, what it is used for, how it works, how
to measure its performance, and where it might go in the future in
healthcare. The study uses a qualitative literature review method to look
at results from supervised learning, deep learning, and predictive
modelling techniques from a number of peer-reviewed sources.
Diagnostic decision support, predictive analytics, personalized medicine,
medical imaging, and remote patient tracking are some of the most
important uses that have been named. A review of these models shows
that they are very accurate, precise, and useful in clinical settings,
especially when using methods like LSTM and CNNs. To check for
robustness and generalizability, performance measures like F1-score,
AUC-ROC, and cross-validation were always used. But challenges with
data quality, interpretability, ethics, and legal gaps still make it hard for
many people to use. ML has a bright future in healthcare, especially when
IoT, digital twins, big data, and NLP are all used together to help with
personalized, preventative, and effective care. This review shows how
important it is for everyone to work together to fix the challenges that are
happening now and fully use ML's potential for transforming healthcare.
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1. Introduction

Machine learning (ML), a branch of artificial intelligence, is changing the way healthcare is provided
by using intelligent data analysis to improve diagnosis, treatment plans, and patient management [1].
The healthcare industry faces challenges like getting diagnoses quickly and making good use of
resources. Machine learning is helping to solve these challenges by allowing personalized, value-based
care and using data from EHRs, genomics, imaging, and wearables [2]. ML algorithm advancements
have made it possible for healthcare professionals to get insightful data from large datasets, which has
led to better results and decision-making [3].

Even though there have been challenges in earlier times using EHR data for predictive modelling, new
unsupervised deep learning techniques can now make accurate patient images and clinical predictions
[3]. ML is being used more and more in radiology, genomics, decision support, and other areas of
healthcare. It can be used for image analysis, drug discovery, and real-time tracking [4]. As the number
of people using healthcare systems around the world increases, ML offers solutions that can be scaled
up to improve service delivery, cut down on waste, and better handle resources.



92 Metall. Mater. Eng. Vol 31 (4) 2025 p. 91-96

2. Evolution and Trends in Healthcare Machine Learning

In healthcare, machine learning (ML) evolved from simple rule-based algorithms to more complicated
deep learning systems in the last ten years. This change, especially in radiology, has been caused by
more data being available and faster computers, which have made diagnostic tools more intelligent and
image analysis better [4, 5]. These enhancements have made it possible for ML models to solve more
complicated healthcare issues. This is part of a greater technology shift in the way medicine operates.
Through ML integration, the move to value-based, patient-centered care is a major shift. ML helps
make treatments more personalized and improves results and patient experiences to make healthcare
delivery better [6]. When you combine machine learning with new technologies like Al-cloud
integration and IoRT-based digital twins, you can watch patients from afar, make better use of resources,
and give healthcare providers less work to do by hand [1, 7]. These new ideas are changing how current
health systems provide care and run them.

Another transformative trend that makes large-scale, powerful machine learning-driven healthcare
research possible is big data analytics. Large and varied biological datasets have made precision
medicine possible by giving us new ways to use computers to understand omics and clinical data [8].
Advances in deep learning now allow for personalized diagnosis and treatment planning, which makes
all medical areas much more accurate and efficient [8]. Through smart, data-driven methods, these
ongoing changes are continuing to change the future of healthcare.

3. Key Applications of Machine Learning in Healthcare

Machine learning has the ability to completely change many healthcare applications. To improve
precision and real-time decision-making in diagnostics and clinical decision support, ML combines
clinical and genomic data [3, 4, 5, 9, 10]. Using past health data to predict risks and improve results is
what predictive analytics does. It works best when combined with big data frameworks. [11], [12], [13],
[14]. ML's ability to customize treatments using genetic, clinical, and lifestyle data is helpful for
personalized medicine because it greatly enhances therapeutic accuracy and lowers adverse effects. [1,
15, 16, and 17].

ML, especially deep learning, has changed the way tasks like tumour classification and image
segmentation are done in medical imaging, often making them more accurate than old-fashioned
diagnostic methods [10, 18]. Remote patient tracking and telehealth have also come a long way.
Wearable and sensor data are now analyzed by machine learning algorithms to find problems and predict
when a patient will get worse [7, 10, 17]. ML has a wide range of uses that go beyond standard
healthcare settings to improve patient engagement, advance preventive care, and support clinical
workflows.
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Fig 1: Key Applications of Machine Learning in Healthcare (2011-2023)
Table 1: Review Summary for Applications of Machine Learning in Healthcare

RefNo Application Area Major Insight Found Significance of
Application in Healthcare

[31, [4], [5], [9], [10] Diagnostic and Clinical | ML improves diagnostic | Enhances precision in
Decision Support accuracy, integrates | complex diagnoses,

genomic and clinical data, | supports personalized

and enables real-time | treatment, and improves
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decision support systems | outcomes through CDSS
for clinicians. integration.
[11],[12], [13], [14] Predictive Analytics and | Predictive models identify | Enables proactive
Risk Assessment at-risk patients, support | healthcare, reduces
early interventions, and | hospital readmissions, and
forecast disease | supports personalized
progression using | preventive care strategies.
historical and real-time
data.
[17, [15], [16], [17] Personalized Medicineand | ML enables  tailored | Improves therapeutic
Treatment Optimization treatment by analyzing | efficacy and minimizes
patient-specific data | side effects,
including genomics, | revolutionizing the
medical ~ history, and | concept of individualized
lifestyle. care.
[10], [18] Medical Imaging and | ML techniques (e.g., CNN, | Enhances diagnostic
Radiology SVM) outperform in | accuracy in imaging and
detecting brain tumors, | supports radiologists with
segmenting images, and | fast and reliable
automating radiology | assessments.
workflows.
[7],[10], [17] Remote Patient | ML-enabled loT devices | Extends access to care,
Monitoring and Telehealth | and digital twins allow | improves chronic disease
real-time monitoring, | monitoring, and reduces
anomaly detection, and | hospital visits through
remote prediction of health | predictive remote care.
deterioration.

The applications and development of machine learning in healthcare that were looked at make it clear
how it has changed diagnostic, predictive, and personalized care. ML methods have improved
healthcare by making it more accurate, efficient, and easy to access. They are used for everything from
helping physicians make decisions to watching patients from afar. The information in Table 1 and
Figure 1 shows that these technologies not only make treatment plans more effective, but they also allow
for proactive actions. This builds a strong base for data-driven, patient-centered healthcare systems.

4. Common Methods and Approaches in Healthcare Machine Learning

It has been shown that supervised learning algorithms, like SVMs, decision trees, and ensemble models,
are very good at diagnosing and predicting health problems. Hybrid methods and resampling techniques
often make them even better [14], [19], [20]. Deep learning methods, like CNNs, RNNs, and LSTMs,
have changed the field by making it possible to automatically identify features and use them in many
areas of healthcare, like genomics, imaging, and sequential data analysis [3, 4, 5, 21]. Even though they
work, problems like data quality and interpretability are still big problems for clinical usage [4].
Meanwhile, data-driven predictive models with large patient datasets and strong evaluation metrics have
made it possible to identify diseases very accurately and plan care ahead of time [2, 6, 13, 21]. These
changing methods show how machine learning is getting better at providing accuracy, scalability, and
better healthcare decision-making.
Table2 : Summary about major finding using common methods

Ref.No Common Methods Major Outcome Found

[14], [19], | Supervised Learning | SVMs, decision trees, and ensemble methods like random forests are effective
[20] Algorithms for disease classification and outcome prediction.

[31, [5], [21], | Deep Learning | Deep architectures such as CNNs, RNNs, and LSTMs analyze EHRs, imaging,
[4] Techniques and sequential data with minimal feature engineering.

[2], [6], [13], | Data-Driven Predictive | Predictive models forecast disease risks using patient data, validated with metrics
[21] Models like precision and F1-score.
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Fig. 2 : . Common Methods and Approaches in Healthcare Machine Learning

Table 2 and Figure 2 show important machine learning techniques that are changing the way healthcare
is done. Because they are accurate and easy to understand, supervised learning algorithms like SVMs
and ensemble methods are used a lot for evaluation and prognosis. Deep learning methods, like CNNs
and LSTMs, make it possible for healthcare data like EHRs and images to automatically pull-out
features. Big data sets are used by data-driven prediction models to guess how diseases will progress
and how treatments will work. This helps with personalized care and getting help early. All of these
methods work together to make Al-driven enhancements in present healthcare systems possible.

5. Performance Metrics and Evaluation Techniques

Standard measures like accuracy, precision, recall, F1 score, sensitivity, specificity, and AUC-ROC are
used for evaluating the performance of machine learning models in healthcare. These metrics give an
entire overview of the model's strengths and weaknesses [18]. As shown by the 90 classification
processes tested with and without resampling [20], strict cross-validation methods are used to make sure
that the model works well with a wide range of datasets and clinical conditions. When you use publicly
available benchmark datasets, especially when trying to find brain tumours, you can be sure that the
results will be the same every time [18].

Performance evaluation goes beyond standard metrics more and more, to include clinical relevance and
real-world applicability. For example, in terms of precision, ML models that used advanced feature
learning did much better than those that used raw EHR data [3]. Evaluations now focus on how well
models turn into useful clinical insights, which makes them more useful for diagnosis, planning
treatment, and keeping an eye on patients. This change will make sure that advances in machine learning
are in line with the main goals of healthcare service.

A study found that advanced models like LSTM did very well in health forecasts, with scores of 92%
accuracy, 89% precision, 93% recall, and 91% F1 score [15]. Also, feedback from users shows that a
lot of people are okay with it; 98.8% of patients agree that ML-generated health feedback is accurate,
and 95.4% like how easy it is to get health information [15]. These patient-centered reviews show that
ML tools can be used and have an effect in real healthcare settings.

6. Challenges and Limitations in Healthcare Machine Learning

Healthcare machine learning is making rapidly progress, but there are some challenges that make it hard
to use in real life. Some of the biggest problems are bad data quality and the huge amount of sensor
data that RPM systems produce [7]. Concerns about ethics and readability, along with limited access to
clinical and genomic information, make implementation even harder [5, 22, 23]. Because deep learning
models are "black boxes," it can be hard for healthcare workers to trust the results of these models [23].
Integrating machine learning into current clinical processes is still hard because many healthcare settings
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don't have the right infrastructure [9]. To make sure Al is used responsibly, ethical concepts like
fairness, accountability, and patient privacy must come first [21, 22]. Uncertainties about regulations
are another problem that needs to be solved by working together on strategies for both compliance and
innovation [22].

7. Future Directions and Opportunities

As technology improves and people from different fields work together, the future of machine learning
in healthcare is full of great possibilities. With the help of Al, progress in radiology and imaging will
improve the accuracy of diagnoses and the speed of clinical processes [4]. Personalized care, treatment
optimization, and public health strategies will be stronger when ML is combined with technologies like
natural language processing and prediction analytics [24]. Al is already cutting costs by 25% and
readmission rates by 15% to 20%, which shows that it has an effect on preventive care and the health of
the people [12]. Future growth will rest on strong partnerships between doctors, data scientists, and Al
developers, which will make sure that the technology can be used in the real world [24]. To protect
patient trust and make sure everyone has equal access to machine learning innovations in healthcare
[24], ethical frameworks, cybersecurity procedures, and regulatory standards must all change at the same
time.

8. Conclusion

Machine learning has become an effective catalyst for change in healthcare, making diagnostics,
personalized treatments, and clinical outcomes much better in a wide range of areas [17, 25]. Traditional
models aren't as accurate, efficient, or scalable as its uses, which range from decision support systems
to prediction analytics [3, 25]. A lot of people use techniques like supervised learning, deep learning,
and data-driven predictive models. Each of these makes healthcare service better in its own way [25].
Evaluations show good performance metrics, which supports the idea that machine learning could be
used to improve clinical predictions using EHR data [3]. But there are still problems with data privacy,
ethics, and the infrastructure, which means that healthcare workers, policymakers, and technologists
need to work together [25]. In the future, combining machine learning with new technologies and using
it in public health and preventive care will change the way healthcare is provided, making it more
proactive and focused on the patient.
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