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Available Online: 20 significantly impacts the quality of life, particularly in the elderly. Given the increasing prev-
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crucial. This study aims to identify key factors influencing Alzheimer’s disease prediction
using novel feature selection techniques and machine learning models. The primary objective
of this study is to contribute to the development of more accurate diagnostic tools, thereby
improving the management and treatment of this disease.

Methods: In this study, we employed ten wrapper-based feature selection methods to iden-
tify the most accurate and relevant features of Alzheimer’s disease. The performance of these
models was evaluated using popular machine learning algorithms and standard evaluation
metrics such as accuracy, precision, recall, F1-score, and ROC curve analysis. All evaluations
were conducted on the ADNI standard Alzheimer’s disease dataset.

Results: The influential features included cognitive test results (e.g., Mini-Mental State Ex-
amination), functional assessments, patient-reported memory and behavioral problems, and
activities of daily living scores, which were identified as key indicators for Alzheimer’s dis-
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Dimensionality Reducﬁon’ Discussion: The results demonstrate that employing novel feature selection techniques and
Fm@e Sekfcn"n’ machine learning algorithms can lead to the development of more accurate models for pre-
Alzheimer’s Disease, | dicting Alzheimer’s disease. These findings can contribute to improving early diagnosis and
Machine Leamning. management of this diseas.
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Extended Abstract
Introduction:

Izheimer’s disease (AD) is a progres-

sive neurological disorder marked by

harmful protein Alzheimer’s Disease
(AD) is a neurodegenerative disorder characterized
by the progressive accumulation of amyloid plaques
and neurofibrillary tangles, leading to the gradual
degeneration of brain cells. As the leading cause of
dementia in older adults, AD significantly impairs
cognitive and functional abilities, resulting in a sub-
stantial decline in quality of life for both patients
and their caregivers.

qualitative While aging is the primary risk factor,
a multitude of factors contribute to the development
and progression of AD. These include genetic
predispositions, such as the APOE gene, as well as
lifestyle factors such as physical inactivity, poor
diet, smoking, alcohol consumption, and depression.
Furthermore, the presence of comorbidities such as
diabetes, hypertension, and cardiovascular diseases
can significantly increase the risk of developing AD.

The global burden of AD is expected to increase
dramatically in the coming decades. With the rapidly
aging global population, the prevalence of AD is pro-
jected to rise significantly. According to the World
Health Organization (WHO), the number of people
aged 60 and above is projected to double from 1 bil-
lion in 2020 to 2.1 billion by 2050, while the number
of individuals aged 80 and older is expected to triple
to 426 million. Concurrently, the global prevalence
of dementia is projected to increase from 55 million
in 2019 to 139 million by 2050.

The lack of a definitive cure for AD underscores
the critical need for early diagnosis and effective dis-
ease management strategies. Machine learning (ML)
offers a powerful approach to analyzing complex
medical datasets, enabling the identification of subtle
patterns and relationships that may not be readily ap-
parent through traditional analytical methods. This
study focuses on the application of advanced feature
selection methods, particularly Wrapper-based ap-
proaches, in conjunction with ML algorithms. The
primary objective is to identify key risk factors, im-
prove diagnostic accuracy, and gain deeper insights
into the underlying mechanisms of AD, ultimately
paving the way for the development of more effec-

tive diagnostic tools and therapeutic interventions.
Methods:

This study employed a systematic four-stage ap-
proach to analyze data from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) dataset. The ADNI
dataset, a widely recognized resource in Alzheimer’s
disease research, encompasses comprehensive clini-
cal, imaging, and laboratory data from individuals
with Alzheimer’s disease, mild cognitive impairment
(MCI), and healthy controls.

The initial stage involved rigorous data prepro-
cessing. Missing data points were addressed through
appropriate imputation techniques, such as mean im-
putation or K-Nearest Neighbors (KNN) imputation.
Furthermore, numerical data underwent normaliza-
tion using the Z-score method to ensure comparabil-
ity and enhance the accuracy of subsequent analyses.

The second stage focused on feature selection us-
ing ten prominent Wrapper-based methods, includ-
ing Sequential Forward Selection (SFS), Recursive
Feature Elimination (RFE), Evolutionary Recursive
Forward Selection (ERSFS), Sequential Forward
Selection (SFE), Sequential Floating Forward Selec-
tion (SFES), Particle Swarm Optimization (PSO),
Genetic Algorithm (GA), Whale Optimization Algo-
rithm (WOA), Bat Algorithm (BAA), and Firefly Al-
gorithm (FA). These methods systematically evalu-
ated different combinations of features, optimizing
for model performance and reducing dimensionality.
In the third stage, five machine learning algorithms
— K-Nearest Neighbors (KNN), Support Vector Ma-
chine (SVM), J48 (a decision tree algorithm), Ran-
dom Forest (RF), and Multilayer Perceptron (MLP)
—were employed to classify subjects based on the se-
lected features. The performance of each model was
rigorously evaluated using five-fold cross-validation
and a comprehensive set of performance metrics, in-
cluding accuracy, sensitivity, specificity, precision,
Fl-score, and the Area Under the Receiver Operat-
ing Characteristic Curve (AUC-ROC).

This multi-stage approach, integrating advanced
feature selection techniques and robust machine
learning algorithms, provides a comprehensive
framework for analyzing the ADNI dataset and gain-
ing deeper insights into the complex interplay of fac-
tors contributing to Alzheimer’s disease. The find-
ings of this study have the potential to significantly
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advance our understanding of Alzheimer’s disease,
improve diagnostic accuracy, and ultimately inform
the development of more effective prevention and
treatment strategies.

Q

Results:

Model performance was optimized by evaluating
the results of ten independent runs and selecting the
combination of features and machine learning al-
gorithms that yielded the highest average F1-score.
This approach not only enhanced diagnostic accu-
racy but also facilitated a comparative analysis of the
effectiveness of different feature selection and ma-
chine learning methods.

The analysis revealed several key features consis-
tently identified as significant predictors of Alzheim-
er’s disease, including the Mini-Mental State Exami-
nation (MMSE) score, functional assessment scores,
memory complaints, and behavioral problems. Ad-
ditionally, features such as Activities of Daily Liv-
ing (ADL) score, triglyceride cholesterol levels,
confusion, and smoking status were also frequently
identified as important predictors. Furthermore, the
study highlighted the potential importance of age,
sleep quality, and family history of Alzheimer’s dis-
ease, which should be further investigated in future
research.

The Evolutionary Recursive Forward Selection
(ERSFS) method demonstrated high efficacy in iden-
tifying key features, including MMSE score, func-
tional assessment score, memory complaints, behav-
ioral problems, and ADL score. Recursive Feature
Elimination (RFE) and Particle Swarm Optimization
(PSO) also exhibited strong performance in feature
selection, with some overlap in identified features
and the addition of smoking status and confusion as
significant predictors.

In terms of model performance, Random Forest
and Decision Tree algorithms demonstrated superior
predictive accuracy.

Conclusion:

This This research investigated the impact of
Wrapper-based feature selection methods on the
performance of machine learning algorithms in di-
agnosing Alzheimer’s Disease (AD). The findings
demonstrate the superior performance of the Evo-
lutionary Recursive Forward Selection (ERSFS)

method in identifying key features and improving
diagnostic accuracy. These results corroborate previ-
ous research that highlights the synergistic effects of
feature interactions on the performance of machine
learning models. Key features identified as signif-
icant predictors of AD included the Mini-Mental
State Examination (MMSE) score, functional assess-
ment scores, memory complaints, behavioral issues,
and Activities of Daily Living (ADL) score. These
findings align with existing literature emphasizing
the clinical significance of MMSE and ADL in as-
sessing cognitive decline and functional impairment
in AD. Furthermore, the study highlights the poten-
tial importance of other factors, including triglycer-
ide cholesterol levels, disorientation, smoking status,
age, sleep quality, and family history of Alzheimer’s
disease, particularly in the later stages of the disease.

Limitations and Future Research Directions:

This study has certain limitations, including the
use of a specific dataset (ADNI) with inherent lim-
itations in terms of diversity. The inclusion of more
diverse datasets, incorporating genetic data, and the
exploration of advanced deep learning models are
crucial for enhancing the generalizability and robust-
ness of the findings.

Future research should focus on:

. Incorporating genetic data: Integrating ge-
netic data into the analysis can provide a more com-
prehensive understanding of the genetic and environ-
mental factors contributing to AD.

. Exploring advanced deep learning models:
Utilizing deep learning architectures, such as con-
volutional neural networks (CNNs) and recurrent
neural networks (RNNs), may further improve diag-
nostic accuracy and provide deeper insights into the
underlying disease mechanisms.

. Addressing the limitations of current data-
sets: Utilizing more diverse and representative data-
sets to enhance the generalizability of findings and
improve the clinical applicability of the developed
models.

By addressing these limitations and expanding the
scope of future research, we can further refine our
understanding of Alzheimer’s disease and develop
more effective diagnostic and therapeutic strategies.

Autumn 2024. Vol 10. Issue 3
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