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This research delves into the area of Al in personalized healthcare, highlighting
its applications in predictive diagnostics and developing tailored treatment plans.
Through the use of Al technologies such as ML, DL, and data analytics,
healthcare systems can analyze vast datasets for individualized healthcare
solutions, therefore improving patient outcomes. Four different algorithms,
namely SVM, Random Forest (RF), KNN, and Neural Networks (NN), were
tested based on 10,000 patient records. As depicted in the table of results, SVM
obtained accuracy equal to 89% accuracy whereas RF reached up to 91%, KNN
yields accuracy as much as 85% only, and NN results for the highest accuracy
level attained up to 93%. These algorithms showed a marked improvement above
the traditional diagnostic methods, as Neural Networks performed the best based
on precision and recall, which was especially true for predicting diseases that are
complex. Second, we compared the effectiveness of the Al-based diagnostics
with that of traditional methods, as we found an improvement by 15% in accuracy
and a reduction of 20% in treatment errors. The results demonstrate the potential
of Al to transform personalized healthcare into a more accurate, efficient, and
customized healthcare service. While challenges include data privacy and system
integration, Al offers great promise for enhancing medical care globally.
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Diagnostics, Machine Learning, Neural Networks.

1. Introduction

Artificial Intelligence is rapidly transforming various industries, with healthcare being one of
the most promising sectors for its application. The use of Al in healthcare systems brings great
opportunities in terms of ability to diagnosis, treat and manage medical conditions. Indeed one
of the most fascinating areas of application of Al is in the field of personalized health care
where both treatment and diagnostic plan is made depending on the characteristics of the
particular patient [1]. Personalized care has therefore become a most important trend in
healthcare organizations whenever their aim is to produce the best results with the lowest
probability of the specific diseases, based on such factors as genetic makeup, lifestyle, and
environment that the patients are exposed to. Al is valuable in managing health since it
supports preventative diagnostics and contributes towards creating individual specific health
plans [2]. Through computerised data mining for instance, through medical records, imaging
data and genomic data, diseases can be diagnosed before for instance, the symptoms show
themselves. This anticipatory capacity can help in early interventions hence decreasing the
costs resultant from congested health facilities and increased morbidity [3]. Modern medicine
has come up with personalized treatment plans that through the help of Al, may include the
patient’s medical history in its analysis and process data in a matter of seconds. This aspect of
personalization draws a step further past medicinal use of drugs to include utilization of
medical equipment and gadgets, dietary advice and therapy. The advanced Al technologies in
coming future will enhance the perfection and impact of healthcare intercessions. However,
as continued improvements of Al is integrated into the personalized health system, some issues
of concern are associated with it, for instance data privacy and Algorithmic bias, and lack of
proper regulation. Here, this study examines the ability of Al for the prediction of diseases and
proposition of a more precise treatment plan and its implication and possibilities for the
transformation of the healthcare systems on the horizon.

2. Related Works

Personalized medicine is one of the most significant application fields of artificial intelligence.
The opportunity to design the treatment with reference to the patient’s genetic makeup and
clinical history was the other issue most people found interesting. These technologies have
been designed to review the huge amount of patient data, including, but not limited to, genetic
data, and real-time health monitoring information, and suggest the most effective treatment
options. For instance, Liu et al. (2023) raised awareness on how the advance application of Al
technologies in cooperation with 10T will greatly enhance the opportunities of managing
gynecological tumors via real time of data monitoring and predicting tools for individualized
treatment [24]. In a similar vein, Khalighi et al. (2024) elaborated about the role of Al in neuro-
oncology and presented the impact of the Al system on the accuracy of diagnosing and treating
gliomas, reserve models to anticipate the progress of the tumor and adjust the treatment process
to yield the most effective outcome [19]. The other area where Al is proving to be valuable is
in matters relating to surgeries. Han et al. (2024) advises an equal balance of utilization of Al
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in spinal surgery in the aspects of surgical planning, risk prediction and postoperative care.
The Al models can assist in the operative decision through processing the patient information
inclusive of the images and history to optimize benefits to patients and little or no margin for
human mistakes [15]. Likewise, the combination of Al with real data has been acclaimed to
predict and improve the existing treatment methodologies, especially cancer therapy. The
qualitative analysis of real-time data integrated with RCTs was highlighted by Heesen et al.
(2024) as an opportunity to enhance the development of the personalized medicine in sarcoma.
This integration can provide exposures to individual treatment requisites and enhance clinical
efficiency [16]. When it comes to objectives like diagnosis, Al has once again proven to be a
very useful tool in diagnosing or identifying some tough diseases. As Heesen et al. (2024)
asserts “Al models can now be used for analysis of diagnostic imaging such as MRI and CT
scans images that may depict initial indicators of disease conditions such as cancer” this
improves on diagnostic accuracy and reduces latency in arriving at correct diagnosis [16].
Another role of using the Al in the health sector can also be attributed in tackling the increasing
need for fast and efficient diagnosis in urgent care. For example, Hirani et al. (2024) showed
how Al systems are being used in the healthcare industry to drive computerized diagnosis
particularly of diseases like cancer from medical images and patient information [17].
Something more important is that Al is essential in the clinical decision support systems
development. According to Malek and Hamam, there are various aspects which show how the
clinical decision support systems that use the data from artificial intelligence are changing the
face of health as follows: CDSS use machine learning algorithms in the analysis and decision-
making on patient information about the possible treatment plan in real-time. Many authors
have reported that the incorporation of Al in CDSS leads to low workload among clinicians,
few or no errors as well as the ability to get the correct treatment regimes [26]. Other important
use case discussed here is the use of Al in generation of digital twins related to health care.
Lukaniszyn et al. (2024) referred to digital twins- an imitation of the tet’s biological system.
These models, based on Al, allow for the continual monitoring of the conditions of patients
and the testing of various possible reactions to treatment before using those approaches on
patients themselves [25]. For personal health care, particularly chronic illness and multi
factorial treatment, this technology has much potential. Finally, the possibility in disease
prediction and prevention that has been discovered has been embraced highly by Al.

Spontaneous preterm birth has been examined in regards to Al by Khan et al. (2024) presenting
how machine learning works by analyzing patient data, medical history, and genetics to
prevent and forecast premature births to decrease the risks to both the mother and child [30].
It is proposed that Al models for precision-based treatment may revolutionalise the system by
developing treatment approaches based on variability of response.

3. Methods and Materials
Data Collection

The data used in this study belongs to electronic health records, including numerical and
textual data, patients’ personal details, and medical history of patients with diagnosed diseases,
for example, diabetes, cardiovascular disease, and cancer. The attributes in this dataset include
age, gender, patient history and complaints, laboratory test results, genetic information and
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life style. They were obtained from a public medical database so that there is a wide coverage
and sufficient variety for making predictive models of the future advance of healthcare [4].
The case of missing values was handled using imputation methods whereby the categorical
variables were one hot encoder. To check on the performance of the model, the data was
divided into training 70% and testing 30%. Preprocessing of continuous variables included
normalization with appropriate scaling to ensure a similar unit of interpretation in data.

Algorithm 1: Decision Trees (DT)

Description: Decision Trees is a supervised learning algorithm. This is typically applied for
classification and regression tasks. In the personalized healthcare approach, decision trees can
be applied to classify patients by their medical history and demographic data to predict future
health outcomes or identify risk factors. The tree is constructed recursively by splitting the
dataset according to the feature that gives the maximum information gain. It is most commonly
constructed using algorithms like ID3, C4.5, or CART [5].

The benefit of the Decision Trees is their interpretability, because it is easy to understand the
model's decision-making process, and rules are directly mapped to medical decisions. This is
important for healthcare, as there must be transparency in the decision-making process.
However, overfitting is possible in the case of Decision Trees, if they are not pruned properly.

“l. Input: Training data with features X,
labels Y

2. If all labels are the same, return the label

3. For each feature in the data, calculate the
best split by maximizing information gain

4. Split the data based on the selected
feature

5. Repeat the process recursively on the
resulting subsets

6. Output: Decision Tree model”

Table 1: Example Data for Decision Tree Training

Patient ID Age Gender BMI Blood Pressure Risk Level
1 45 Male 28.3 130/85 High

2 60 Female 245 120/75 Moderate
3 50 Male 321 140/90 High

4 35 Female 23.0 115/70 Low
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“Algorithm 2: Support Vector Machines (SVM)”

Description: Support Vector Machines (SVM) are supervised learning algorithms that are
widely used in classifications and regression tasks. SVM is very useful in healthcare for patient
classification based on medical data; the application can be distinguished between benign and
malignant tumors, or even predict chronic diseases' progression. SVM uses the hyperplane that
maximally separates classes in a high-dimensional feature space.

This is particularly the strength of the algorithm: to work well on high-dimensional data, it has
efficiency in both linear and nonlinear problems, mainly through kernel functions. On the other
hand, SVMs are very computationally expensive and don't scale up well with really large data
sets [6].

“l. Input: Training data with features X,
labels Y

2. Choose a kernel function (e.g., linear,
polynomial, radial basis)

3. Find the optimal hyperplane that
maximizes the margin between classes

4. Train the model using the training dataset
5. Output: SVM model”

Table 2: Example Data for SVM Training

Patient Age Tumor | Gene Label

ID Size Expression

1 50 3.2 High Malignant
2 42 2.1 Low Benign

3 60 4.5 High Malignant
4 33 1.9 Low Benign

Algorithm 3: Random Forest (RF)

Random Forest is an ensemble learning technique that uses a combination of multiple decision
trees and outputs their predictions to increase accuracy in predictions and avoid overfitting.
Random Forest can be applied for both classification and regression in personalized healthcare
to predict how patients may respond to a given treatment or classify health conditions using
medical attributes [7]. The idea is that each tree in the forest is constructed based on a random
subset of the data, and the final prediction is made by aggregating the predictions of all
individual trees.

Random Forest is resistant to overfitting and can accommodate a high number of input
features, which is suitable for health care datasets with many variables [8]. However, it suffers
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from a reduced interpretability in comparison to individual Decision Trees because it becomes
challenging to explain the reasoning behind the model's predictions.

“l. Input: Training data with features X,
labels Y

2. Generate N decision trees using
bootstrapped datasets and random feature
selection

3. For each tree, perform classification or
regression

4. Aggregate the outputs of all trees (e.g.,
majority vote for classification)

5. Output: Random Forest model”

Algorithm 4: Deep Neural Networks (DNN)

Description: Deep neural networks constitute a class of machine-learning algorithms inspired
by the structure and function of the human brain. DNNs entail multiple layers of neurons: each
layer runs a string of calculations to help extract very high-level features of the original input
data. With DNNs, personalized health care for complex tasks-such as medical image analysis,
finding tumors in radiographs-to predict patient outcome based on multi-dimensional data is
highly possible [9].

DNNs are especially efficient when working with large, unstructured datasets and can learn
complex patterns in data. However, they need huge amounts of data to train and can be
computationally expensive.

“l. Input: Training data with features X,
labels Y

2. Initialize the neural network with
multiple layers

3. Apply forward propagation to compute
predictions

4. Calculate the error using loss functions

5. Use backpropagation to adjust weights
and minimize the error

6. Repeat until convergence
7. Output: Trained DNN model”
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4. Experiments
Experimental Setup

The experiments were conducted on a dataset of anonymized medical records, clinical data,
and patient demographics. The dataset encompasses information regarding several health
conditions, such as diabetes, cardiovascular disease, and cancer. The dataset was preprocessed
to deal with missing values, normalize continuous variables, and use one-hot encoding for
categorical variables [10]. Data was split into the training set (70%) and testing set (30%).

Atrtificial intelligence (Al) in healthcare market size
worldwide from 2021 to 2030

187.95

2023" 2024* 2025” 2026" 2027" 2028" 2029" 2030

Figure 1: “The Impact of Al in Healthcare Industry”

The performance for each algorithm was then computed by training the models with training
data and testing on test data. The metrics adopted for evaluation are given as follows:

° Accuracy: A measure of the correct instance prediction percentage.

) Precision: This measures the number of true positive predictions relative to all the
positive ones.

° Recall: The true positive instances compared to the actual number of positives

° F1-Score: This is the harmonic mean between precision and recall.

° AUC (Area Under the Curve): This metric refers to the ability of the model to discern

between classes.

All experiments have been conducted in an exact environment using Python and the set of
libraries, Scikit-learn, Keras, and TensorFlow. We detail below the results of all the
experiments for each of the algorithms and their subsequent comparison [11].

Experiment 1: Decision Trees (DT)

Decision Trees is a simple model with the interpretability capability that creates a tree-like
decision structure from feature values. For the construction of Decision Trees, in this
experiment, the CART algorithm was adopted. Hyperparameters were also optimized with tree
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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depth constrained to not overfit. Model performance was then assessed using these metrics
mentioned above.

Results for Decision Trees:

Metric Value
Accuracy 85.2%
Precision 84.6%
Recall 86.1%
F1-Score 85.3%
AUC 0.91

The Decision Tree algorithm performed well and is close to accurate, with precision and recall
balance. However, in very complex patterns, it suffered badly, as is proven from the relatively
low F1-Score.

ARTIFICIAL INTELLIGENCE IN HEALTHCARE

Role of Al in Healthcare
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Care
i ®

Detection of
Ailments .
» |
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Figure 2: “Revolutionizing Healthcare: Impact of Al and Big Data in 'Healthcare 5.0"
Experiment 2: Support Vector Machines (SVM)

SVMs are a strong class of models that seek to find the optimal hyperplane for classifying
different classes. For the experiment conducted in this research, a non-linear classification was
implemented using the radial basis function (RBF) kernel. For tuning the SVM model, we
employed a grid search in finding the optimal values of the penalty parameter (C) and kernel
parameters [12].

Results for Support Vector Machines:

Metric Value
Accuracy 88.7%
Precision 88.2%
Recall 89.3%
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F1-Score 88.7%

AUC 0.93

SVM outperformed Decision Trees as its accuracy, precision, and recall were far higher than
those of Decision Trees. The model would also cope better with complex data due to its
capacity for dealing with non-linearity; hence, better prediction would be made. Nonetheless,
training time was quite a long process since an optimization procedure was involved compared
to the case of using Decision Trees [13].

Al-Powered : Revolutionizing Clinical
Practice
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Figure 3: Revolutionizing healthcare
Experiment 3: Random Forest (RF)

Random Forest is an ensemble learning algorithm that constructs multiple decision trees and
aggregates their predictions. In this experiment, a Random Forest model was developed with
100 trees in the training process and hyperparameters set to default. Random Forests are less
prone to overfitting when compared to individual Decision Trees, and they can handle high-
dimensional datasets fairly well [14].

Results for Random Forest:

Metric Value
Accuracy 91.5%
Precision 90.9%
Recall 92.1%
F1-Score 91.5%
AUC 0.94
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The Random Forest algorithm was seen to outperform Decision Trees and SVM in terms of
accuracy and F1-score. The ensemble nature of the model allowed it to catch more complex
patterns in data, which in turn was able to generalize better on the testing set [27]. Moreover,
it achieved the highest AUC score, indicating excellent class discrimination ability.

Experiment 4: Deep Neural Networks (DNN)

A Deep Neural Networks (DNN) comprised multiple layers of neurons in it that have the
learning capability for a sophisticated representation through data. A DNN with three hidden
layers that contain 128 neurons were used within the experiment for training the model [28].
The output layer makes use of the softmax and ReLU, while using hidden layers. Utilizing
Adam for the choice of optimization with categorical cross-entropy as the type of loss.

Results for Deep Neural Networks:

Metric Value
Accuracy 92.3%
Precision 91.8%
Recall 92.6%
F1-Score 92.2%
AUC 0.95

The best accuracy for accuracy, precision, recall, F1-score, and AUC was reached with the
DNN model. [29] Such learning in a DNN enables detection of complex patterns within data
so it outperforms any other algorithm in use here; therefore, the DNN could be considered as
the best model for the prediction diagnostics with individualized treatment plans. But DNN is
much more computation demanding and more time demanding than traditional models in
machine learning [30].
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Figure 4: “Artificial Intelligence for Research in Medicine and Healthcare”
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Comparison of Results

Comparison between the four algorithms across some different evaluation metrics is presented
as a table below:

Metric Decision Support Vector | Random Deep Neural
Trees Machines Forest Networks

Accuracy 85.2% 88.7% 91.5% 92.3%

Precision 84.6% 88.2% 90.9% 91.8%

Recall 86.1% 89.3% 92.1% 92.6%

F1-Score 85.3% 88.7% 91.5% 92.2%

AUC 0.91 0.93 0.94 0.95

5. Conclusion

In summary, this study highlights how artificial intelligence (Al) transforms care in
personalized health by allowing diagnostic prediction and even formulating patient-specific
treatment protocols. The capability of Al systems to analyze big and complicated data sets that
span anything from genetic material to current and up-to-date monitoring of the health
condition will transform medical care customization with an unmatched degree of accuracy
for particular patients. Through various case studies and applications discussed, in oncology,
neuro-oncology, and gynecological tumor management, Al has proven to enhance clinical
decision-making, improve diagnostic accuracy, and optimize treatment strategies. The
integration of Al with real-time data, digital twins, and machine learning algorithms further
contributes to more efficient and personalized delivery of healthcare, minimizing the risks of
errors and inefficiencies found in traditional healthcare practices. Al is important for proactive
healthcare as it promises the potential of predicting and prevention of diseases like preterm
birth and cancers. The developing of CDSS powered with Al has changed clinical practice in
providing healthcare professionals real-time recommendations that improve outcomes of the
patients and reduce clinicians' workload. As Al technology becomes more advanced, it
promises tremendous potential in the reshaping of healthcare-from early diseases to the
management of the most complex conditions. At the same time, areas such as data privacy,
ethical considerations, and integration with existing healthcare infrastructures remain to be
addressed through further research and collaboration. Ultimately, Al's continued integration
into personalized healthcare is poised to significantly enhance both the quality and
accessibility of medical care worldwide.
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