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ABSTRACT— THIS PAPER PRESENTS A COMPREHENSIVE REVIEW oF  B. The Role and Potential of Machine Learning in

RECENT ADVANCEMENTS IN THE PREDICTION OF ALZHEIMER’S
DiSEASE (AD) USING MACHINE LEARNING TECHNIQUES. WE ANALYZE
TWO PIVOTAL STUDIES: ONE EMPLOYING DEEP LEARNING MODELS
FOR ALZHEIMER'S DETECTION FROM RETINAL PHOTOGRAPHS AND
ANOTHER USING MACHINE LEARNING TECHNIQUES ALONGSIDE
PRINCIPAL COMPONENT ANALYSIS (PCA) FOR AD PROGRESSION
CLASSIFICATION. THE FIRST STUDY DEMONSTRATES THE POTENTIAL
OF DEEP LEARNING ALGORITHMS IN ANALYZING RETINAL IMAGES,
ACHIEVING HIGH ACCURACY, SENSITIVITY, AND SPECIFICITY. THE
SECOND STUDY EXPLORES THE EFFICACY OF SVM, RELM, AnD IVM
CLASSIFIERS IN AD PREDICTION, SHOWCASING THEIR PERFORMANCE
IN BOTH BINARY AND MULTICLASS CLASSIFICATION CONTEXTS. THIS
REVIEW SYNTHESIZES THE METHODOLOGIES AND RESULTS OF THESE
STUDIES, HIGHLIGHTING THE INNOVATIVE USE OF MACHINE
LEARNING IN MEDICAL IMAGING AND DATA ANALYSIS FOR AD
PREDICTION. THE FINDINGS UNDERSCORE THE POTENTIAL OF
MACHINE LEARNING AS A DIAGNOSTIC TOOL, OFFERING INSIGHTS
INTO THE FUTURE OF AD DETECTION AND PROGRESSION
MONITORING.

Keywords— Alzheimer's Disease (AD), Machine Learning,
Deep Learning, Retinal Imaging, Principal Component Analysis
(PCA),SVM, RELM, IVM Classifiers, Medical Imaging, Data
Analysis

. INTRODUCTION

A. Background on Alzheimer's Disease and Its Impact

Alzheimer's  disease  (AD) is a  progressive
neurodegenerative disorder that significantly impacts
cognitive function, leading to severe impairment in daily
living activities and quality of life. It is the most common
cause of dementia among older adults, characterized by
memory loss, language deterioration, and erratic behavior.
The global prevalence of Alzheimer's disease is on a sharp
rise, making it a pressing public health concern. Studies,
such as those by Smith et al. (2021) and Gomez and Ruiz
(2020), highlight the growing incidence of AD and its
profound impact on patients, caregivers, and healthcare
systems.

Alzheimer's Prediction

Machine Learning (ML) has emerged as a pivotal
technology in predicting Alzheimer's disease, offering new
avenues for early and accurate diagnosis. The integration of
ML in healthcare, especially in neurodegenerative diseases
like AD, has shown promising results in identifying patterns
and anomalies that human clinicians might overlook.
Johnson and Lee (2022) and Patel et al. (2023) have
demonstrated how various ML techniques, including
Support Vector Machines and Random Forest algorithms,
can effectively predict the onset and progression of
Alzheimer's disease using diverse data sources like genetic
biomarkers and neuroimaging data. These advancements in
predictive modeling are critical, considering the importance
of early intervention in slowing down the progression of
AD.

. Obijectives and Scope of This Paper

This review paper aims to synthesize existing research on
the application of machine learning for the prediction of
Alzheimer's disease. We focus on examining various ML
methodologies, evaluating their effectiveness, and
discussing the challenges and ethical considerations
involved. By analyzing key studies in the field, including
those by Smith et al. (2021), Johnson and Lee (2022), Patel
et al. (2023), Gomez and Ruiz (2020), and others, this paper
seeks to provide a comprehensive overview of the current
state of ML in AD prediction. Furthermore, it aims to
identify gaps in the current research landscape and suggest
directions for future studies.
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I1l. METHODOLOGY

A. Detailed Methodology Analysis of "A Deep Learning
Model for Detection of Alzheimer’s Disease Based on
Retinal Photographs™

IN A GROUNDBREAKING RETROSPECTIVE MULTICENTRE
CASE-CONTROL STUDY, RESEARCHERS DEVELOPED,
VALIDATED, AND TESTED A DEEP LEARNING ALGORITHM
AIMED AT DETECTING ALZHEIMER’S DISEASE-DEMENTIA
USING RETINAL PHOTOGRAPHS. THIS STUDY STANDS OUT FOR
ITS INNOVATIVE USE OF OCULAR IMAGING, A LESS
CONVENTIONAL BUT PROMISING DIAGNOSTIC APPROACH, IN
THE EARLY DETECTION OF ALZHEIMER'S DISEASE.

1) Data Collection and Preprocessing : The research
capitalized on retrospectively collected data from 11 distinct
studies, encompassing 12,949 retinal photographs from 648
patients diagnosed with Alzheimer’s disease and 3,240
individuals without the disease. These studies were conducted
across different countries, providing a diverse and
comprehensive dataset. The preprocessing phase involved a
meticulous quality check of retinal photographs, conducted by
three trained human graders. This step was crucial to ensure the
reliability of the data, with photographs considered ungradable
if over 25% of the peripheral area or the center region of the
retina was obscured by artifacts or if they had significant issues
impacting analysis. The inter-grader reliability was robust, with
high Cohen’s k coefficients ranging from 0.868 to 0.925,
ensuring consistency in the quality assessment process.

2) Machine Learning Model Development: The study's
cornerstone was the development of a bilateral deep learning
model. This model was distinct in its utilization of the
EfficientNet-b2 network as the backbone for feature extraction,
a choice motivated by EfficientNet-b2's proven efficiency in
processing image data. The model uniquely integrated features
from four retinal photographs for each individual,
encompassing both optic nerve head-centered and macula-
centered fields from both eyes. This comprehensive approach

allowed the model to capture a holistic view of potential ocular
markers of Alzheimer's disease.

3) Adaptive Feature Fusion Technique: A key innovation
in the study was the application of an adaptive feature fusion
technique. This technique was designed to amalgamate the
extracted information from multiple retinal photographs,
facilitating a more accurate and representative analysis of the
disease markers.

4) Unsupervised Domain Adaptation: Another significant
aspect of the methodology was the incorporation of
unsupervised domain adaptation with domain-specific batch
normalization. This approach addressed the challenge of dataset
discrepancy and domain shift problems across the different
studies. Unsupervised domain adaptation is particularly
noteworthy as it enables the transfer of knowledge from a larger
annotated training dataset in the source domain to unlabelled
data in the target domain, enhancing the model's applicability
and generalizability.

5) Training and Validation: For development and internal
validation, retinal photographs from six studies were utilized.
The model was then tested using five other studies, three of
which used PET as a biomarker of significant amyloid 8
burden, providing a robust and comprehensive validation of the
model's efficacy. The use of PET data in testing sets added an
additional layer of validation, correlating the deep learning
model’s predictions with established biomarkers of Alzheimer's
disease.

6) Performance Metrics: In terms of performance, the deep
learning model demonstrated an accuracy of 83.6%, sensitivity
of 93.2%, specificity of 82.0%, and an AUROC of 0.93 in the
internal validation dataset. The model’s performance in the
testing datasets was equally impressive, with accuracies
ranging from 79.6% to 92.1% and AUROCs from 0.73 to 0.91.
Significantly, in datasets with amyloid-PET scan data, the
model effectively differentiated between amyloid B positive
and negative participants, underlining its potential as a
screening tool for Alzheimer's disease in a community setting.
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7) Interpretation and Implications: The study concludes
that a retinal photograph-based deep learning algorithm can
effectively detect Alzheimer’s disease, thereby underscoring its
potential as a non-invasive, easily accessible screening tool for
Alzheimer’s disease in community settings. This methodology,
with its emphasis on retinal imaging and deep learning,
represents a novel approach in the field of Alzheimer’s disease
diagnostics, potentially paving the way for earlier detection and
intervention strategies.

B. Dataset and Preprocessing

1) Data Source: The study utilized data from the
Alzheimer’s Neuroimaging Initiative (ADNI) Dataset, which
included a diverse range of participants aged 65 to 96 years.
This dataset is particularly notable for its comprehensive
collection of sequential MRI, PET, genetic polymorphisms, and
medical and neurophysical evaluations for mid-cognitive and
earlier Alzheimer's Disease (AD) progression.

2) Preprocessing Techniques: A fully automated
FreeSurfer 5.3.0 serial was used for preprocessing of all MRI
images. This involved a series of steps, including movement
modification, T1 picture average volume tracking in Talairach,
skull stripping using a convex prototype design, creation of
gray and perivascular surfaces in the field in Talairach, and
encoding the shape and strength shading of the white matter for
each hemisphere. Additionally, the folding indices over the
entire cerebral cortex were calculated using Schaer strategies.

3) Advanced Preprocessing: The detailed preprocessing
steps, especially the use of the FreeSurfer software and specific
techniques for enhancing the quality and utility of MRI data,
demonstrate a thorough approach to preparing the data for
analysis.

4) Diverse ML Techniques: The application of three
distinct machine learning techniques (SVM, RELM, and IVM)
offers a multifaceted perspective on AD classification.

5) SVM Expansion with Kernel Techniques: The innovative
use of kernel techniques to enhance the capabilities of SVM,
allowing for the handling of both linear and nonlinear data
structures, showcases a novel approach to tackling complex
classification challenges in AD research.

IV. RESULTS

A. "4 deep learning model for detection of Alzheimer’s
disease based on retinal photographs"

1) Findings:

a) Accuracy: In the internal validation dataset, the deep
learning model achieved an accuracy of 83.6% with a standard
deviation (SD) of 2.5%.

b) Sensitivity: The model had a sensitivity of 93.2% (SD
2.2%).

c) Specificity: It achieved a specificity of 82.0% (SD
3.1%).

d) Area Under the Receiver Operating Characteristic
Curve (AUROC): The AUROC was 0.93 (SD 0.01).

e) Testing Datasets: In the testing datasets, the
accuracies ranged from 79.6% to 92.1%, and AUROCSs from
0.73t00.91.

f) Amyloid p Differentiation. The model could
differentiate between amyloid B positive and negative
participants with accuracies ranging from 80.6% to 89.3% and
AUROC from 0.68 to 0.86.

g) Subgroup Analyses: The model showed improved
performance in patients with eye disease (accuracy 89.6%)
compared to those without eye disease (accuracy 71.7%), and
in patients with diabetes (accuracy 81.9%) versus those without
diabetes (accuracy 72.4%).

Per}‘&r[ﬂance of Deep Learning Model for Alzheimer's Disease Detection (Retinal Photographs)
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Fig. 1. Graph of this Results obtained from the Paper "A deep learning model

for detection of Alzheimer’s disease based on retinal photographs"
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B. "Alzheimer's Disease Prediction Using Machine Learning
Techniques and Principal Component Analysis (PCA)"

1) Binary Classification Results:

a) Accuracy: Ranged from 60.60% to 79.03% across
different classifiers and validation methods.

b) Specificity: Varied from 63.34% to 89.82%.
c) Sensitivity: Ranged from 63.14% to 76.80%.
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2) Multiclass Classification Results:
a) Accuracy: Varied from 53.74% to 81.03% across
different classifiers and validation methods.
b) Specificity: Ranged from 62.14% to 85.58%.
c) Sensitivity: Varied from 62.60% to 88.15%.

Performance of Binary Classification (Sudharsan2021)
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Fig. 2. Graph of this Results obtained from the Paper "Alzheimer’s Disease
Prediction Using Machine Learning Techniques and Principal Component
Analysis (PCA)"

These results illustrate the effectiveness of the employed
machine learning models in predicting Alzheimer's disease. The
first paper demonstrates high accuracy and sensitivity in
detecting Alzheimer’s disease using retinal photographs, while
the second paper shows the effectiveness of machine learning
techniques with PCA in classifying the stages of Alzheimer's
disease progression.

V. CONCLUSION

This review has provided an insightful examination into the
evolving landscape of Alzheimer's disease prediction using
machine learning. The methodologies and results from various
studies underscore the potential of machine learning techniques
in revolutionizing the early detection and progression tracking
of Alzheimer's disease.

3) Multiclass Classification with Feature Selection:
a) Accuracy: Ranged from 57.34% to 62.76%.
b) Specificity: Varied from 50.43% to 65.98%.
c) Sensitivity: Ranged from 42.34% to 65.83%.

The studies we reviewed showcased a range of innovative
approaches, from the use of retinal photographs as a non-
invasive diagnostic tool to the application of advanced machine
learning algorithms such as SVM, RELM, and IVM. The
incorporation of principal component analysis in the
assessment of MRI data further highlights the field's progress
towards more accurate and efficient diagnostic methods.

The results obtained from these methodologies demonstrate
substantial promise. For instance, the deep learning model for
detecting Alzheimer’s disease from retinal photographs
achieved high accuracy and sensitivity, indicating its potential
as a practical screening tool. Similarly, the classification
performance of various models in the multi-classification of
Alzheimer’s stages reveals the capability of machine learning
to handle complex medical data effectively.

However, the journey towards fully realizing the potential of
machine learning in this domain is not without challenges. The
variability in data types, the need for large and diverse datasets,
and the complexity of accurately modeling a disease as intricate
as Alzheimer's are significant hurdles. Additionally, the ethical
considerations surrounding data privacy and the interpretability
of machine learning models remain pertinent issues.

In conclusion, the integration of machine learning in
Alzheimer's disease prediction is a field ripe with opportunities
for significant breakthroughs. Future research should focus on
refining these models, enhancing their accuracy and usability in
clinical settings, and addressing the ethical implications of their
use. As machine learning continues to advance, its role in
transforming the landscape of Alzheimer's disease diagnosis
and progression monitoring becomes increasingly pivotal.
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