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Abstract - Alzheimer’s disease (AD), a progressive
neurodegenerative disorder, significantly impacts millions
worldwide. Early diagnosis is crucial for effective intervention
and management, yet current diagnostic approaches often
detect the disease at advanced stages, limiting treatment
efficacy. This paper explores advanced methodologies for the
early detection of Alzheimer’s disease, leveraging artificial
intelligence (Al), machine learning (ML), and biomarker
analysis. By integrating neuroimaging techniques, such as
magnetic resonance imaging (MRI) and positron emission
tomography (PET), with ML algorithms, early-stage
biomarkers of cognitive decline can be identified with greater
precision. Furthermore, genetic markers, cerebrospinal fluid
(CSF) analysis, and cognitive tests are combined to develop a
holistic diagnostic framework. Emerging technologies like
natural language processing (NLP) and also utilization and
analysis.(MRI) and positron emission tomography (PET), with
ML algorithms, early-stage biomarkers of cognitive decline can
be identified with greater precision. Furthermore, genetic
markers, cerebrospinal fluid (CSF) analysis, and cognitive tests
are combined to develop a holistic diagnostic framework.
Emerging technologies like natural language processing (NLP)
are also utilized to analyze speech and linguistic patterns as
potential indicators of cognitive impairment. The study
highlights the importance of multi-modal data.

Key Words: Alzheimer's Disease (AD), Early detection and
Neuro degenerative Disorders.Artificial intelligence,machine
learning.

1.INTRODUCTION

Alzheimer’s  Disease (AD) is a  progressive
neurodegenerative disorder that primarily affects the elderly,
leading to memory loss, confusion, and significant cognitive
decline. As the most common form of dementia, AD impacts
millions of individuals worldwide, presenting challenges not
only for patients but also for caregivers and healthcare systems.

2. LITERATURE REVIEW

According to recent literature emphasize the importance of
diagnosis and classification as key areas of computational
research in Alzheimer's disease. The several stages of the

process are illustrated in Figurel, which includes data
acquisition, preprocessing, data splitting, classification and
learning evaluation.

3. METHODOLOGY
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Figure 1. The processing stages of Alzheimer's disease diagnosis.

Data acquisition for Alzheimer's disease detection:

The first and foremost step in the diagnostic pipeline is data
acquisition, which involves collecting necessary datasets,
including imaging data or other biomarkers for diagnosis. The
quality and diversity of the data have a direct impact on the
model's overall performance. Errors created here can spread
across the system and disturb clinical operations.
Pre-processing for MRI in AD Identification:

Pre-processing is essential to prepare raw MRI data for
effective deep learning (DL) model development, addressing
noise and inconsistencies. The key pre-processing steps
include:

Datasets:

Data used in the preparation of this article were obtained from
the publicly available Alzheimer’s Disease Neuroimaging
Initiative (ADNI) database (adni.loni.usc.edu) and the Open
Access Series of Imaging Studies (OASIS) project database.
MRI analysis

Graph theory features:

GT features were derived from the morphometric data. ROI
volumes (209 features) were used to compute a binary graph.
The edges of the graph were calculated with the following ratio:

2

Ratio@-j =

Feature; Feature;

Feature;

Feature;

Four different thresholds were used for graph binarization (0.3,
0.5,0.7,0.9).

Machine learning classification:

The proposed method for multi-diagnostic classification of HC,
MCI, and AD is an ensemble of 3 binary classifiers. The
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approach for each binary classifier and their combination is
illustrated in Figs. 2 respectively.
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Binary Classifiers for GT Data:

The same method was used for GT data but extended across
graph binarization thresholds, yielding.Only top-performing
GT classifiers were included in the final voting, replacing
weaker morphometric-based classifiers.

Sensitivity: The classifier's ability to identify positive samples
is enhanced by false negatives (Fn), the proportion of total
positive samples the model interprets as true positives (Tp).

Tp

Sensitivity = @piFn)
Specificity: The classifier's ability to identify negative samples
is represented by the percentage of false positives (Fp) samples
that the model determines to be true negatives (Tn).

Tn

(Tn+Fp)

Precision: It is the percentage of all findings that are deemed to
be positive research.

Speci ficity =

Tp
(Tp+Fp)

Accuracy: This represents the proportion of correct predictions
to all other predictions.

Precision =

(Tp+Tn)
(Tp+Tn+Fp+Fn)

F1 score: This represents the harmonic mean of recall and
precision. Its range is between 0 and 1. The model's
performance improves with increasing the F1 score.

Accuracy =

B (2xTp)
F1= (2xTp+Fp+Fn)

FMI refers to the geometric mean of the recall and precision
rates. It functions as an external indicator for measuring the
performance of clustering. Higher values lead to better
clustering outcomes.

FMI =

Tp
J((Tp+Fp)<(TptFn))

ROC Curve: The Receiver Operating Characteristic (ROC)
curve shows how well a classifier can differentiate between
classes at different thresholds. It plots sensitivity (True Positive
Rate) against 1-specificity (False Positive Rate) for thresholds
between 0 and 1.

Confusion Matrix:

The confusion matrix summarizes a model’s performance by
showing True Positives (TP), True Negatives (TN), False
Positives (FP), and False Negatives (FN).

Challenges:

AD research faces limited access to labeled datasets, which are
critical for training DL models. The high cost and complexity
of acquiring labeled medical data add to the difficulty, making
it challenging to develop generalizable and robust models.

4. RESULTS

Finally, 1. Improved Accuracy: Hybrid models can
potentially improve the accuracy of early diagnosis of
Alzheimer's disease by leveraging the strengths of both
CNNs and RNNE.

2. Multimodal Learning: Hybrid models can learn from
multiple data sources, including MRI scans and clinical
data, to provide a more comprehensive understanding of
the disease.

3. Robustness to Noise: Hybrid models can be more
robust to noise and variability in the data, as the CNN and
RNN components can learn to compensate for each
other's limitations. Challenges and Future Directions

1. Data Quality and Awvailability: High-quality, large-
scale datasets are required to train and validate hybrid
models.

2.Interpretability and Explainability:  Developing
techniques to interpret and explain the decisions made by
hybrid models is crucial for clinical adoption.

3. Transfer Learning and Domain Adaptation:
Investigating transfer learning and domain adaptation
techniques to adapt hybrid models to new datasets and
populations.

5. CONCLUSIONS

Because AD is hard to diagnose in its early stages, researchers
are always searching for new approaches. This survey's
primary topics are the pre-treatment approach, the technique for
identifying traits associated with AD, and the application of
deep models to AD diagnosis.

Benefits:
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