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Abstract- Recent advancements in technology, along with the availability of large volumes of healthcare data, offer
an opportunity to adopt innovative technologies such as artificial intelligence (Al), machine learning, and big data
in healthcare for better health service delivery. The use of innovative technologies such as artificial intelligence,
machine learning, and big data enables efficient decision-making, disease detection, and personalized treatment.
This paper reviews machine learning and big data in personalized medicine, presenting details about various tools
that can be utilized within the context of healthcare, such as predictive modeling, data mining, and healthcare
analytics. Furthermore, emerging technologies in personalized medicine have been discussed, including federated
learning, blockchain technology, and real-world data. In addition, the paper also discusses existing developments
in intelligent healthcare systems, such as patient monitoring, adaptive learning models, and using healthcare
analytics for decision-making processes. Additionally, the paper highlights existing key challenges related to
applying machine learning and big data for personalized healthcare, including data heterogeneity, lack of high-
quality training data, algorithmic biases, difficulty in model interpretation, issues with security and data privacy,
and technical barriers. Finally, the paper highlights the research gaps, examines the existing ways of addressing the
problem, and provides recommendations regarding the future of personalized medicine using Al technology.
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I. INTRODUCTION

The rapid evolution of cutting-edge medical
technologies and the improvement in access to
healthcare have changed the functioning of
healthcare delivery systems. Information gathered in
this area, referred to as "big data," allows the
application of artificial intelligence to enhance
healthcare practices and make better decisions
based on the data [1]. Hence, this trend makes
healthcare more data-driven and intelligent.
However, challenges such as data heterogeneity
limit their effective use. Machine learning and
artificial intelligence technologies are applied in
personalized medicine.

The wuse of different techniques allows the
identification of correlations in datasets and the
extraction of useful insights that will lead to better
healthcare delivery [2]. The healthcare system
becomes more precise, although the biases present
in machine learning algorithms could have a
detrimental effect on decision-making in the field.

Furthermore, machine learning is used to predict
outcomes, diagnose illnesses, and support evidence-
based clinical decision-making, thereby enabling
personalized medicine [3]. Moreover, the analysis
and efficient management of large volumes of
healthcare-related data through big data analytics
are supported [4]. Data mining techniques allow the
discovery of hidden patterns and trends useful for
diagnostics [5].

Additionally, different analytical techniques help
develop effective treatment strategies for certain
groups of patients [6]. Along with numerous benefits
of advanced technologies for personalized medicine,
they also offer data-driven treatment methods. The
analysis of genomic data is essential to enhance
treatment techniques [7]. Furthermore, data
management needs to be improved to maximize the
benefits of data processing [8]. Recent
advancements show that healthcare analytics plays
an important role in solving complex medical
problems. Thus, data mining techniques are used to
discover useful relationships within the healthcare
datasets and improve service delivery [9]. Moreover,
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the integration of machine learning with big data
analytics improves treatment practices [10].

It is important to note some of the problems, such
as heterogeneity of the data, non-integration of
data, and low quality of data, among others. Such
solutions could improve health care delivery through
data. Further studies should be done to create
customized health care models. Accordingly, this
review paper presents machine learning and big data
applications for developing personalized healthcare
systems along with their advantages, disadvantages,
and potential developments.

Il. LITERATURE REVIEW
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Fig. 1. Process Diagram of CARE [11]

The evolution of the concept of personalized
healthcare has gone through significant changes in
the past ten years. Initially, healthcare was based on
generalized practices that did not consider individual
aspects such as genetic structure, behavior, and
personal medical histories. As a result, the efficiency
of treatment was lower, which stimulated
researchers' efforts to come up with more advanced
ways of dealing with this problem. In particular, the
first attempts included the introduction of different

kinds of patient information in the healthcare
framework. Chawla and Davis [11] suggested an
approach that incorporates both the Electronic
Health Record system and patients' data flows. They
suggested a theoretic platform called CARE that
gives a patient centric personalized healthcare
framework as explained in Fig. 1. Nevertheless, the
lack of consistency in data formats was apparent.

Due to the increasing size and complexity of
healthcare data, the focus on gathering data has now
moved onto analyzing them in an intelligent manner.
Supriya and Deepa [12] have used machine learning
algorithms that include classification, clustering, and
regression methods to identify patterns within a
massive amount of data. The use of these techniques
has resulted in various uses such as predicting
diseases and segmenting patients with improved
accuracy, but in reality, data can be missing and
imbalanced, which affects the general performance
of models.

With more developments, the healthcare system
started including features such as adaptive and
continuous learning. Wagle et al. [13] proposed
learning health systems which have the ability to
constantly upgrade the knowledgebase of the
system with the help of feedback from real-time
patient data. This helps the system become
responsive with changing conditions and thus
enables the adaptation of treatment strategies
accordingly. On the other hand, Rehman et al. [14]
concentrated on making use of massive data analysis
in order to optimize performance and efficiency of
the system. Although the two techniques vary widely
in terms of adaptability, performance optimization is
common to both of them.

In order to deal with scaling of data size, there were
efforts made in distributed computing techniques.
Ahmed et al. [15] elaborate on the utilization of
Hadoop and Spark systems that facilitate processing
in parallel for better scalability when dealing with
complex datasets. Such models are useful in that
they can provide fast computation and storage.
However, Hussain et al. [16] have studied such
models and explored their application in
implementing them within clinical decision support
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systems. They pointed out the advantage of taking
into account historical data along with live patients'
information for an accurate diagnosis and treatment
procedure.

As technologies develop, artificial intelligence
becomes an important component in developing
healthcare solutions. As noted by Badawy [17], Al can
help build smart healthcare systems able to
continuously monitor risks and predict potential
problems based on real-time analysis of a large
amount of data. While Al technology may be
advantageous because of its high sensibility and
response speed, the low understandability of Al
systems poses a problem for healthcare providers
who need to justify their decisions. Data analytics has
been employed not only in clinical purposes but also
in optimizing hospital management through
predictive analytics. Badr et al. [18] showed that
data-driven models are able to predict the demand
for medical supplies, resulting in less waste and more
efficient use of available resources. The benefit is
conditional on accurate predictions; otherwise, the
use of data analysis becomes ineffective.

Harvey [19] explained that personalized treatment
plans can be designed by using data-driven
technologies. That is, with the help of genetic
information of a patient, medical records, and
lifestyle, this technology suggests a certain
treatment plan to each patient, which enables the
personalization of healthcare to develop. The
privacy, security and responsible use of data are
ethical issues concerning the use of highly sensitive
information. Current advances in research are
associated with predicting health problems based on
big data. Saurabh et al. [20] suggest Al models that
allow predicting patients' disease development and
treatment response based on historical data sets.
Such technologies help diagnose diseases in
advance and introduce preventive measures. The
effectiveness of such models relies on their ability to
learn from big and diverse data, because otherwise,
they are not efficient when applied to various groups
of patients.

Summarizing all the presented above researches, it
should be noted that personalized healthcare

technologies evolved from basic data integration to
complex models of predictive analytics.

Early approaches focused on collecting all available
information about a patient in one place, whereas
further researches involved application of machine
learning algorithms and scalable technologies.
Currently, modern approaches focus on analytics
and predicting a future outcome of treatment, as
well as on individual approach to solving patients’
health problems. Overall, significant progress was
made in such areas as prediction, scalability, and
making decisions based on big data. Yet, the
problem is that no unified solution was found to
combine all three features at once, along with
overcoming the challenge of data inconsistency and
insufficient data explainability.

Analysis of Emerging Machine Learning and Big
Data Models for Personalized Healthcare:

While Section 2.1 discusses the technological
progress in personalized healthcare, this part offers
an analysis of the current machine learning and big
data approaches that contribute to this
development. The latest developments in
personalized healthcare show that the creation of
intelligent systems becomes relevant because their
algorithms become both accurate and scalable for
application in practice. That is, the recent
technological advances enable the creation of
intelligent models which can be scaled, adapted and
used with various types of health-related data in real
time. Thus, machine learning models have the
capacity to learn of health problems using data
obtained via electronic health records, wearable
gadgets, clinical databases, etc.

Ethical issues have gained significance together with
technological developments. Canali et al. [21]
emphasize that the performance of models trained
on biased data may lead to unequal results in various
groups of patients, especially when some of them
are poorly represented. It could affect how fair and
reliable the treatment decisions are made. That is
why besides improving accuracy, it is essential to
ensure fairness and transparency in these models as
well. They used two different scenarios to conduct
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their case study, where predefined models were
prepared and implemented, as illustrated in Fig. 2.
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Fig. 2. Summarized representation of types of data
processing and models employed for case study
[21].

Another trend worth mentioning is the application of
real-life data extracted from electronic health
records and wearable devices. According to
Alhumaidi et al. [22], such data shows information
about patients' activities and helps enhance
contextuality and prediction relevance. But the
information is noisy, has gaps and errors in the
majority of instances. Cleaning, normalization, and
feature selection are the preprocessing methods that
can be used to address the issue, but there are other
variations that can vary depending on the process
and affect the reliability of the predictions.

In the context of machine learning activities, there
are some contemporary tendencies, such as the
better management of healthcare organizations. For
example, Arora et al. [23] discuss predictive models
that estimate the number of patients’ admissions
based on temporal patterns. As a result, hospitals
can manage the distribution of available resources
such as hospital beds and personnel effectively.
Nevertheless, the precision of the calculations
depends on the quality of initial information.

The other advancement refers to integrated
solutions for disease detection and treatment. Dixit
et al. [24] have developed a healthcare system that
includes the prediction of the disease and treatment
suggestions  provided by classification and

recommendation algorithms. The system offers
enhanced support for healthcare professionals in
their work. Nonetheless, the low explainability of
such models limits their application, which highlights
one of the existing issues.

In  turn, recent research explores advanced
technologies in the domain, which allows solving
certain problems associated with privacy, security,
and scalability of applications. For instance, Mondal
et al. [25] describe how federated learning,
blockchain, and quantum computation contribute to
overcoming obstacles. With federated learning,
hospitals will be able to build an effective model
without exchanging the data, thus preserving its
privacy. Blockchain technology guarantees security
of communication and quantum computation
increases the speed of computations significantly.
However, these technologies involve high costs of
implementation.

Thus, emerging trends in machine learning and big
data for predictive healthcare show an increased
focus on creating integrated and intelligent systems
that would be scalable and fair. Overall, numerous
innovations have been introduced in the field, yet
they are still separate and limited due to several
reasons. First, there is no unification of models that
would provide a combination of accuracy and
explainability. Additionally, inconsistency of data
remains an issue in all studies. Thus, the future
direction should be associated with addressing
mentioned limitations through developing efficient
frameworks.
Challenges in Advanced
Implementations:

In many ways, the use of machine learning and big
data in the practice of modern healthcare marks one
of the most revolutionary trends in recent years. Yet,
the application of these technologies beyond
laboratory settings and into the world of a busy
hospital ward brings with it a range of problems that
extends beyond purely technical aspects. One of the
major concerns comes from the “trust gap"
associated with the explainability of the model.
Numerous advanced algorithms function as "black
boxes," and their operations cannot be easily

Technological
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explained. In medical contexts, doctors can rarely
base their judgments simply on the result produced
by a model, as it could mean the death of their
patients. To ensure that machine learning becomes
an essential element in precision medicine, these
tools need to be designed in a way to facilitate their
ease-of-use and explainability to make sure they
match clinician decision-making [26].

This trend leads to yet another important issue, that
is, the problem of algorithmic biases and the search
for greater fairness. If the personalized healthcare
system is based on the Al trained on data that
doesn't represent an ethnically diverse group of
people, it will fail to provide good results to those
outside of it. In this manner, it creates serious
problems within the sphere of precision medicine,
namely, patients from the underrepresented
community will receive insufficient genomic
information and ineffective treatment plan [27].

There is also the issue of sustaining the infrastructure
required for these systems to operate successfully.
The processing and analysis of large amounts of
patient data will require a lot of computing power,
high speed storage capacity, and other expensive
features [28]. Thus, organizations implementing such
a project will inevitably spend a considerable sum of
money, creating an even stronger "digital divide"
that exists between modern medical institutions and
organizations in underdeveloped areas or countries.
Lastly, the use of electronic health records opens up
the question of security and privacy. Personalized
healthcare relies heavily on sensitive information,
such as a person's medical history and his/her
genetic data.

As these records become part of public health
systems and cloud technology platforms, the risk of
a cyberattack increases dramatically. Striking the
right balance between data-driven personalized
medicine and patient privacy laws is one of the
constant problems in the field [29]. In addition, the
use of healthcare data presents the problem of poor
preprocessing due to the diversity of medical
information, including various types of documents
with handwritten notes, high-resolution images, and
other data types provided by psychiatrists and

neurologists [30]. It complicates the process and may
negatively impact the quality of model predictions.

Moreover, the introduction of proactive care creates
another challenge associated with scalability. To
detect emergencies at an early stage and perform
necessary predictions in time, the system will have to
process and analyze vast amounts of data on a
timely basis. This requirement makes the problem of
real-time scalability even more relevant [31]. The
expansion of the loT technology into healthcare
adds to the complexity of this issue. While the
introduction of medical loT devices allows for
continuous monitoring of a patient's vital signs, it
simultaneously creates an additional amount of
sensitive data that requires protection [32]. Finally,
the issue of proper clinical validation needs to be
addressed. Good results obtained in the laboratory
setting do not automatically make the model
applicable in clinical practice; safety and efficacy
should always be proven through clinical trials [33].
Ultimately, it can be said that merely accumulating
and storing data is not enough. What needs to be
done is to extract valuable insights from that data
[34].

I1l. CONCLUSION

The given paper serves as an example of how
artificial intelligence and big data are making the
healthcare sector more personalized and focused on
patients. Instead of applying a traditional approach
to treatment, specialists rely on a person's medical
records, genetic background, lifestyle factors, and
health information that allows developing a
customized treatment plan for each client. Besides,
the discussed study proves that innovations like
predictive analytics, data mining, federated learning,
blockchain technologies, and real-world clinical data
can lead to earlier disease detection, effective
decision-making, optimized resource allocation
within hospitals, and increased treatment efficiency.

Despite great potential observed, there are several
critical barriers to the implementation of these
systems in practice. First, there is an issue of
inaccurate or insufficiently accurate clinical data and
its availability in different formats. Also, there are so-
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called "black box" models of artificial intelligence
that prevent clinicians from comprehending how
decisions are made. It can become a barrier due to
the increased risk of bias, lack of transparency,
inequality, and loss of confidence.

The novelty of this review lies in integrating recent
advances in machine learning, big data analytics,
federated learning, blockchain technology, ethical
challenges, and future research directions into a
single comprehensive review of personalized
healthcare systems. Further research, enhanced
privacy, establishment of data-sharing standards,
and evaluation of innovations' impact on treatment
quality will address these barriers. In the future,
special attention should be paid to the development
of new healthcare systems that would guarantee the
safety, equity, privacy, and usability of these
technologies for clinicians. Utilization of high-quality
data and advanced artificial intelligence will help
create personalized medicine and increase treatment
efficiency worldwide.
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