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Abstract

Currently technology particularly Al is transforming personalized healthcare through sharpening of the
prediction of diseases and also creating improved care plans. As part of the work, four algorithms, namely
Random Forest, SVM, CNN, and KNN are examined to enhance the delivery of health services. Incorporating
the dataset from electronic health, genomic, and medical image, the study shows high improvements in
diagnostic accuracy and targeted therapy. The accuracy score of the model was 0.869 when the model was the
Random Forest. 5% and factors like age as well as the cholesterol levels are some of the features that play
central role. The developed SVM model with the use of radial basis kernel provided an accuracy of 88. 3%,
outperforming other kernels. CNNs applied in the medical image context made improvements to feature
extraction with an Fl-score of 0. 867. Thus, in relation to the classification aspect, KNN was found to classify
chest X-ray images with an accuracy of 84 percent. 7 percent, with the remaining vote set aside to decide the
patient category. The findings also demonstrate Al’s ability to provide targeted and specific healthcare services
based on the advanced analysis of large datasets and the improvement of decision-making frameworks. The
findings of this study highlight the importance of Al in the further progression of P4 medicine, and establishes
the frameworks for this realm’s forward progress.

Keywords: Artificial Intelligence, Personalized Healthcare, Predictive Diagnostics, Machine Learning
Algorithms, Medical Imaging

I. INTRODUCTION

The integration of artificial intelligence in the healthcare system has gone through different transformations that
have influenced medical practice greatly, thus creating a unique and massive chance for creating individualized
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healthcare. This work aims at identifying the importance of artificial intelligence in the provision of outcome-
oriented, patient-specific treatment prognosis and therapy planning. Precision medicine which can also be
referred to as personalized health care is an approach that aims at developing treatment protocols based on the
patient’s genetic makeup [1]. It lies in contrast with ordinary approach that encompasses the utilization of
standard remedies that rely on average patient parameters and do not take into account several factors like for
instance, inherited conditions, encironmental conditions, and or lifestyles of the patient. Data mining undertakes
to achieve new discoveries in machine learning, deep learning, and natural language processing applications
regarding medical data for entrepreneurial companies. It functionality is in the risky data analysis and can
provide highly accurate prognosis [2]. In predictive diagnostics, the data from the patient records, genetic tests,
and other relevant sources are used to predict chances of getting a disease or developing a disease in early stages.
This kind of approach enables intercessions, which could perhaps stop the development of diseases or reduce
the extent of their effects. Also, it is a great tool to create individualized treatment plans by unifying the records
of the patient with material from recent medical studies and treatment guidelines [3]. This helps those in the
healthcare industry determine the best treatments to apply on clients based on their medical history and the state
or condition they are in at the time needed for treatment. AI’s ability to support near-accuracy in diagnoses
besides helping to create the best treatment overlays could enhance the quality of care, lower costs, and lessen
the likelihood of adverse reactions to any treatment. So, in the course of further developments of Al
technologies, new opportunities for their use in solving multifaceted tasks are expected in the field of healthcare.
This work intends to examine today’s state and future prospects of Al in enhancing the delivery of personalized
healthcare and develop a more efficient, effective, and patient-centric health system.

II. RELATED WORKS

This section provides literature review to determine the current advancements in the research and innovations
that are shaping the personalized medicine. In the article Garbarino and Bragazzi (2024), the authors focus on
the changes that might occur with the help of a sleep medical approach that personalizes patient care through
the usage of artificial intelligence technologies. Scholars’ undertaking shows the possibility of using Al as a
means of delivering customized sleep interventions that can be informed by health information, resulting in
enhanced sleep quality and results [15]. In the context of phytopatologia which, despite being specifically
centered on plant health, the studies conducted by Gonzalez-Rodriguez et al. (2024) describe the potential of
Al techniques in the diversified setting that ranges across healthcare. The approaches applied in this research
can be applied to predictive diagnostics in human medicine with reference to patterns and outliers [16]. Heesen
et al. (2024) look into the use of data from real-world studies alongside data from real-controlled randomized
studies to improve personalized healthcare. What they demonstrate is the role of digital means in improving the
treatment of sarcoma and gives recommendations based on similar methods for managing other diseases [17].
In the paper by Hirani et al. (2024), the authors provide the chronological overview of the advancement of Al
in the sphere of healthcare with the indications of the historical desired developments. Their analysis gives the
basis in the current state and possible future developments within the personalized health care [18]. Khalighi et
al. (2024) provide an overview of developments and limitation of Al in neuro-oncology specifically in the
diagnosis and management of brain tumors. Their findings illustrate the potential of Al to enhance precision in
oncology and inform tailored treatment strategies [19]. Kim et al. (2024) investigate the application of
biomedical informatics in understanding bronchopulmonary dysplasia, demonstrating how Al can bridge gaps
in complex healthcare conditions and facilitate personalized care [20].To decide, there is a highly informed and
updated literature review by Kuwaiti et al. (2023) on Al in healthcare, which seems comprehensive about the
subject and its possibilities in modifying healthcare processes. Thus the current review provides a basic
reference point for comprehending the general use of Al in personalized health [21]. Some of the works cited
to looking at the future of Deep Learning in the radiotherapy field include Lastrucci et al., 2024 where the
authors expounded on both the future prospects and problems expected in the field. Their review shows how
exactly deep learning can enhance the processes of treatment planning and delivery which leads to
individualization of the treatment [22]. A study by Liu et al. (2023) also identifies how Al and internet
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technologies can be applied in the management of gynecological tumours; the authors demonstrate how Al can
improve the diagnostic and therapeutic approaches in oncology [23]. In what stems from the debate over the
device-based use of Al in treatment, Maccaro et al. (2024) pinpoint the ethical issues which therefore require
regulatory and ethical management to facilitate safe application of algorithmized devices in the medical field
[24]. Malek and Hamam (2024) are concerned with clinical decision support systems under the use of Artificial
Intelligence, dwells on current advancement and the search for potential gains in the clinical domain [25]. The
paper by Marques et al. (2024) focuses on novel in silico strategies for the design of new drugs, clinical
pharmacology; the authors explain how artificial intelligence powers precision medicine and individualized care
[26]. As shown in this review, Al is utilized broadly in PHC indicating constant investigation and its conceivable
application in different medical fields.

1. METHODS AND MATERIALS

Since this work concerns the application of artificial intelligence in the field of predictive diagnostics and
personalized treatment plans, it is critical to describe the data sources and the algorithms used to process them,
as well as the approaches used for this work [4]. In the case of describing the data we used, the choice and
integration of four particular Al algorithms, as well as the process of deployment backed up with equations and
tables in boxes, we included pseudocode.

Data Collection and Preprocessing

The type of data used in the study includes electronic health records, genomic data and medical images from
10000 patients. This feature entails amp; Demographic data, medical history, laboratory results, Medication
prescription and orders and imaging study like MRI and CT scan. In the genomic data, it includes whole
genomes, which give a complete picture of each patient regarding the numerous susceptibilities existing in them
[5]. During data preprocessing, data were cleaned to eliminate any inconsistencies and missing values were
dealt with, numbers were normalized and categories transformed. Preparing the imaging data included going
through the noise reduction and normalization processes to favor feature extraction.

Algorithms
1. Random Forest (RF)

Random Forest is one of the algorithms that falls under the category of ensemble learning techniques that is
used when the output is either classification or regression. In training, it builds various decision trees and upon
prediction, it serves the mode of the classes or mean of various trees’ predictions [6]. The model reduces the
overfitting problem since several decision trees are generated and their average prediction is used as the final
result.

~y =N13i=1Nfi (x)

“l. Initialize parameters: number of trees
(N), data (D)

2. For each treeiin 1 to N:
a. Select a bootstrap sample from D

b. Build a decision tree using the bootstrap
sample

¢. Use a random subset of features for each
node split

3. Aggregate the predictions from all trees
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4. Return the mode or mean of predictions as
the final output”

Feature Importance Score
Age 0.25
Blood Pressure 0.15
Cholesterol Levels 0.12
Genetic Marker A 0.18
Smoking Status 0.10
BMI 0.20

2. Support Vector Machine (SVM)

www.healthinformaticsjournal.com

Support Vector Machine is a type of supervised learning algorithm used in classification as well as regression.
It determines the hyperplane that effectively classifies the data to different classes with the greatest margin
between the parallel hyperplanes containing the closest data points [7]. The decision function is defined as:The

decision function is defined as:

f(x)=sign(>i=1NaiyiK(xi,x)+b)

“I. Select a kernel function and parameters
2. Initialize Lagrange multipliers (o) and bias
(b)
3. For each data point (x i,y i):

a. Solve the optimization problem to find o_i
4. Determine the support vectors
5. Construct the decision function

6. Classify new data points based on the decision
function”

3. Convolutional Neural Network (CNN)

Convolutional Neural Networks are deep learning models commonly applied for the processing of the visual
data information [8]. They include convolutional layers which acquire spatial hierarchies of features from inputs
images without involving the programmer, therefore they are appropriate to be used in medical imaging analysis.

Output i,3,k=f(Xm=1M>n=1NInputi+m,j+n-Kernelm,n,k+bk)

“l. Initialize the CNN architecture: number of
layers, filters, kernel size
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2. For each convolutional layer:

a. Apply convolution operation with learnable
filters

b. Apply activation function (ReLU)

c. Apply pooling layer (max or average
pooling)

3. Flatten the feature maps
4. Pass through fully connected layers

5. Apply softmax activation for classification
output

6. Compute loss and backpropagate to update
weights”

4. K-Nearest Neighbors (KNN)

K-Nearest Neighbors is an example of non-parametric algorithm which is used for classification and regression.
It assigns a new sample to the class that has the most neighbors in the feature space among K of them [9].

“I. Choose the number of neighbors (K)
2. For each data point in the training set:

a. Calculate the distance between the new data
point and the existing data points

b. Sort the calculated distances
c. Select the K nearest neighbors

3. Aggregate the class labels of the K nearest
neighbors

4. Assign the class with the majority vote to the
new data point”

The specified methodologies employ these algorithms to identify and evaluate patients’ data and forecast their
health outcomes for individualized health management. The Random Forest and the SVM are majorly applied
for the predictive diagnostics of a disease, and CNNs are mainly used for medical image analysis [10]. KNN
exists more as the second line of work in simplistic, easily-interpretable categorizations using patients’
resemblance. By applying these paradigms, the study seeks to establish the role of Al in providing accurate
solutions for patients’ needs in healthcare.

IV. EXPERIMENTS

These experiments that were performed for this research were aimed at comparing different Al algorithms in
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the framework of the personalized health care. The first significance was related to the predictions of the
development of the disease and the creation of individual therapy regimens [11]. Thus, the specified algorithms
include Random Forest (RF), Support Vector Machine (SVM), Convolutional Neural Network (CNN), and K-
Nearest Neighbors (KNN) that are applied to the preprocessed dataset based on electronic health records
(EHRs), genomic data, and medical imaging.

U.S. Artificial Intelligence In Precision EVE
Medicine Market GRAND VIEW RESEARCH
Size, by Technology, 2020 - 2030 (USD Million)

35.6%

U.S. Merket CAGR,
2023-2030

$289M I I
$1723M I

020 021 2022 2023 024 025 2026 2027 2028 2029 2030

0 Decp Leaming & Natural Language Processing
Querying Method & Context-Aware Processing

Figure 1: Artificial Intelligence In Precision Medicine Market Report, 2030
Experimental Setup

The dataset was further split specifically in 80:20 ratio to arbitrate the proficiency of the models with new data
that was not used during model training. In the case of each algorithm, feature selection was done by applying
grid search and cross-validation to obtain the highest performance [12]. The experiments were performed in the
high-performance computing cluster since it’s required significant amount of computation particularly for the
deep learning such as CNN.

Predictive Diagnostics
Random Forest (RF)

Random Forest is used because it is more resilient depending on the nature and variety of the data used; it can
work with nominal and quantitive data. The RF model chosen applied 100 trees with the maximum tree depth
of 15 splits [13]. The decision trees regard the age, genetic factors, and some other indicators as the most
important for the disease prediction. Table 1 shows the comparative analysis of the model’s performance
indicators.
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Figure 2: Revolutionizing healthcare: the role of artificial intelligence in clinical practice

Metric Training Set | Testing
(%) Set (%)

Accuracy 95.2 92.5

Precision 93.8 89.8

Recall 94.5 91.2

F1 Score 0.941 0.905

Support Vector Machine (SVM)

SVM was used because it is powerful in the high dimensions; this is why it is ideal for genomic data analysis.
For the kernel an RBF was chosen on the basis of cross validation [14]. SVM model performances were fairly
high and able to classify the health conditions that are somewhat similar to each other.

Metric Training Set | Testing Set
(%) (“o0)

Accuracy 91.6 88.3

Precision 89.1 85.7

Recall 90.5 87.9

F1 Score 0.898 0.867

Convolutional Neural Network (CNN)

Money was invested in the application of the CNN model to diagnose specific health conditions and to prescribe
specific health solutions by analyzing MRI as well as CT scans. The architecture descried four convolutional
layers followed by max-pooling layers and fully connected layers. In the evaluation of the model, its capability
of classifying the medical images and giving corresponding recommended treatments as presented in the Table
below was tested. [27] The KNN algorithm was used for comparison primarily due to its simplicity though it is
not recommended for use. Subsequently, it was employed equally in diagnosis and in recommending the most
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fitting treatment. Although it is straightforward, KNN gave reasonable predictions when similar past scenarios
were present in the data set. The evaluation of the model’s performance based on the metrics is provided in the
Table below.

o genosalut Personalised medicine

Single treatment (one-fits-all) DIAGNOSTIC Personalised treatment

T % ilid didd

H H € styie T
" o " 0 0000000
000000000
" "

Figure 3: Artificial Intelligence is Paving the Way for Personalized Medicine
K-Nearest Neighbors (KNN)

Metric Training Set | Testing Set
(o) (o)

Accuracy 86.7 82.1

Precision 83.5 80.3

Recall 85.0 81.7

F1 Score 0.842 0.810

Comparative Analysis and Discussion

The comparison of the algorithms was made with the help of such parameters as accuracy, precision, recall, and
F1 score [28]. All algorithms revealed the advantages and limitations in the context of the specific area of use
within personalized medicine.

Algo | Acc | Prec | Rec | F1 | Tra | Infe
rith | urac |isio | all | Sco | inin | ren
m y n (% |re |g ce
(%) | (%) |) Tim | Tim

e(s) | e
(ms

)
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KN |82.1 [80.3 |&81. |0.8 |20 10

N 7 10

www.healthinformaticsjournal.com

Comparison with Related Work

Analyzing the results of this study, it is necessary to note that in terms of effective diagnosis prediction and
individualized therapy, higher rates were received in comparison with the similar researches. For example, a
study done by Zhang et al, that employed logistic regression to predict equivalent tasks, showed an accuracy of
85%:; thus, revealing that even RF and CNN Al models outperform previous models [29]. Moreover, the use of
genomics data made it possible to enhance the diagnostic accuracy, which was considered beyond the current
techniques that relies on the demography and clinical records information.
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Figure 4: Revolutionizing healthcare: the role of artificial intelligence in clinical practice
Discussion

When evaluating the outcomes of the experimental part of the study, it is evident how Al can transform patient
treatment. The application of new methods such as CNN in medical imaging can enhance the detection of
diseases before they advance to their next level, and assets like RF and SVM can also give firsthand clues of
the development of a disease. Such a capability is crucial in the spheres of preventive healthcare and enabling
timely actions/interventions along with particularistic treatment regimens [30]. But the study also reveals some
weaknesses, for example, high requirements for computational power in the deep learning models, and the issues
of data quality and their completeness. Moreover, there is still a problem of the model interpretability, especially
in the case of deep learning algorithms, which creates a need for further development of the explainable Al
methods.
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V. CONCLUSION

Often times, this research puts light on the impact of artificial intelligence in improving the conditions of
personalized medicine such as diagnostics and treatment algorithm development. Through such Al algorithms
like Random Forest, Support Vector Machines, Convolutional Neural Networks, and K-Nearest Neighbors, this
study has showcased how these methodologies contribute to the improvement of healthcare intercessions. The
simultaneous use of these algorithms in a realm of personalized approach will improve diagnostic accuracy and
treatment planning thereby resulting in enhanced patient outcomes. The studies show that through the use of
Al, as a tool for processing vast and intricate data, a higher possibility of providing detailed and personalized
solutions to health care problems can be achieved. Random Forest have effective classification and predication
train while Support Vector have high dimension data density for precise diagnosis. Convolutional Neural
Networks are perfect to be used in the medical imaging analysis and K-Nearest Neighbors contribute to the
classification based on the similarity. Combined, these methods are a significant advance toward getting from
the general prescriptions for living healthfully towards truly distinctive and efficient medical solutions.
Moreover, the analysis of related research proves the application of Al to primarily change numerous aspects
of the healthcare sector with the spectrum ranging from sleep medicine to oncology by providing effective
solutions that respond to clinical and ethical issues. Thus, the introduction of Al in healthcare is not only about
enhancing the accuracy of diagnostics and efficiency of treatment but also about the prospects of further
researches and development of ethical standards. Thus, maturing AI preserves the possibility for the
advancement of the future of individualized healthcare, making it one of the most significant fields for further
examination.
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