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Abstract 

Neurodegenerative diseases, including Alzheimer's disease, dementia, and Parkinson's 

disease, pose significant challenges for diagnosis and treatment. The early identification of these 

diseases is critical for improving patient outcomes and providing timely interventions. Recent 

advancements in machine learning (ML) and deep learning (DL) have shown promising results 

in the early prediction of these diseases. This review focuses on the application of ML and DL 

models for early detection, discussing various methodologies, data sources, model performance, 

and challenges. The paper highlights the potential of these technologies in analyzing 

neuroimaging, genetic, and clinical data to identify early biomarkers of neurodegenerative 

diseases. By providing a comprehensive overview of existing research and future directions, this 

review emphasizes the transformative role of AI in revolutionizing the diagnosis and 

management of neurodegenerative diseases. 
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1. Introduction 

Neurodegenerative diseases, such as Alzheimer's disease (AD), dementia, and 

Parkinson's disease (PD), affect millions of people worldwide, leading to progressive cognitive 
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and motor decline. These diseases often present with subtle symptoms in the early stages, 

making timely diagnosis challenging [1]. However, early detection is crucial for slowing disease 

progression and improving the quality of life of affected individuals. 

Traditionally, the diagnosis of these diseases relies on clinical assessments, 

neuroimaging, and biomarker analysis, but these methods are time-consuming, expensive, and 

often lack sensitivity in detecting early signs. As a result, there is an increasing interest in using 

artificial intelligence (AI) techniques, particularly machine learning (ML) and deep learning 

(DL), to enhance early diagnosis and prediction accuracy [2,3]. 

Neurodegenerative diseases are a growing global concern, particularly in aging 

populations, and they represent a significant challenge to public health systems worldwide. 

Among the most common neurodegenerative disorders are Alzheimer's disease (AD), 

Parkinson's disease (PD), and various forms of dementia, all of which cause progressive declines 

in cognitive, motor, and functional abilities [4]. These diseases are marked by the gradual 

deterioration of neurons in the brain, leading to irreversible damage. Alzheimer's disease, the 

most prevalent form of dementia, is primarily characterized by memory loss, confusion, and 

impaired judgment, which progressively worsen over time. Parkinson's disease, on the other 

hand, is primarily a motor disorder, involving tremors, rigidity, and bradykinesia, with cognitive 

decline often emerging in later stages. Dementia is an umbrella term for a range of cognitive 

disorders that affect memory, thinking, and behavior, often impeding a person's ability to 

perform everyday activities [5-9]. 

One of the major challenges in dealing with these diseases is their early diagnosis. 

Neurodegenerative diseases often develop slowly and their symptoms overlap with normal age-

related changes, making them difficult to diagnose in their early stages. By the time these 

diseases are diagnosed, significant brain damage may have already occurred, and the available 

treatment options are limited to slowing down the progression of the disease, rather than 

reversing or curing it. This underscores the critical importance of early detection in improving 

patient outcomes. Identifying these diseases before the onset of severe symptoms opens up the 

possibility of implementing interventions that can slow the progression of the disease and 

potentially delay the onset of debilitating symptoms. 
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Traditionally, diagnosing neurodegenerative diseases has relied on clinical assessments, 

neuroimaging techniques, and genetic testing. Neuroimaging methods like magnetic resonance 

imaging (MRI) and positron emission tomography (PET) scans are essential for identifying 

structural brain changes, such as hippocampal shrinkage in Alzheimer's disease and 

dopaminergic dysfunction in Parkinson's disease. However, these methods are often not sensitive 

enough to detect subtle changes in the early stages of the diseases. Genetic testing can identify 

specific mutations that increase the risk of Alzheimer's or Parkinson's, but genetic information 

alone is not sufficient for a reliable diagnosis, particularly in the absence of clinical symptoms. 

Machine learning refers to a method of data analysis where algorithms learn from data patterns 

and make predictions without being explicitly programmed. Deep learning, a more advanced 

subset of machine learning, utilizes artificial neural networks with multiple layers to process 

large and complex datasets, mimicking the way the human brain processes information. These 

technologies have been applied to a variety of domains, from healthcare to finance, and are now 

making significant strides in the field of medical diagnostics [10-13]. 

In conclusion, the application of machine learning and deep learning in the early 

prediction of neurodegenerative diseases is an exciting area of research that has the potential to 

transform the way these diseases are diagnosed and managed. By leveraging advanced data 

analysis techniques, researchers and clinicians can identify subtle changes in brain structure, 

function, and genetic makeup that may indicate the early stages of disease. This timely 

identification will allow for earlier interventions, slowing disease progression, and ultimately 

improving the quality of life for millions of people affected by these debilitating conditions. 

2. Machine Learning Models for Early Prediction of Neurodegenerative Diseases 

2.1. Overview of Machine Learning Approaches 

Machine learning involves training algorithms to learn from data and make predictions without 

explicit programming. The most common ML algorithms applied to neurodegenerative disease 

prediction include: 

• Support Vector Machines (SVM): SVM is often used for classification tasks. In 

neurodegenerative diseases, SVMs are applied to differentiate between healthy 
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individuals and those with early signs of AD or PD, using features extracted from 

neuroimaging and clinical data [14]. 

• Random Forests: This ensemble learning method builds multiple decision trees and 

combines their predictions to improve accuracy [15]. Random forests are commonly used 

for classifying and predicting neurodegenerative diseases based on multi-modal data 

(e.g., MRI scans, genetics, and cognitive assessments). 

• Logistic Regression: Widely used for binary classification problems, logistic regression 

models the probability of disease presence. It has been applied to predict AD and 

dementia from neuropsychological tests and brain scans [16]. 

• K-Nearest Neighbors (KNN): KNN is a non-parametric algorithm used for 

classification and regression tasks. KNN can be useful for classifying patients based on 

similar features, such as cognitive test results, helping in the early diagnosis of dementia 

or Alzheimer's. 

2.2. Data Sources for Machine Learning in Neurodegenerative Disease Prediction 

• Neuroimaging Data: Magnetic resonance imaging (MRI) and positron emission 

tomography (PET) scans are essential in studying brain structure and function. ML 

models analyze these imaging data to detect changes such as hippocampal atrophy in AD 

or striatal degeneration in PD [17]. 

• Genetic Data: Genetic mutations, such as those in the APP, PSEN1, and PSEN2 genes 

for AD, are important biomarkers. ML models use genetic data to identify individuals at 

higher risk for neurodegenerative diseases. 

• Clinical Data: Cognitive assessments, demographics, medical histories, and laboratory 

test results can be combined in ML models to predict disease progression [18]. 

3. Deep Learning Models for Early Prediction of Neurodegenerative Diseases 

3.1. Overview of Deep Learning Techniques 

Deep learning is a subset of machine learning that uses multi-layered neural networks to 

automatically learn hierarchical representations of data. Deep learning models have shown 
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superior performance compared to traditional ML models in analyzing complex data such as 

neuroimaging scans and genomic sequences [19-20]. 

• Convolutional Neural Networks (CNNs): CNNs are widely used for processing image 

data. In neurodegenerative diseases, CNNs are applied to analyze MRI and PET scans to 

detect changes in brain structures such as the hippocampus, which are early indicators of 

AD. 

• Recurrent Neural Networks (RNNs): RNNs, especially Long Short-Term Memory 

(LSTM) networks, are used for sequential data and time-series analysis. In the context of 

neurodegenerative diseases, RNNs are useful for analyzing progression over time, 

especially for diseases like PD, where motor function declines progressively [19]. 

• Autoencoders: Autoencoders are unsupervised learning models that learn efficient 

representations of data. They have been used in detecting subtle brain changes indicative 

of early-stage dementia by learning low-dimensional representations of high-dimensional 

imaging data. 

4. Methodology 

This review article is based on a systematic analysis of published studies that applied machine 

learning and deep learning models for the early prediction of Alzheimer's disease, Parkinson's 

disease, and dementia. This section outlines the methods used in the review of machine learning 

(ML) and deep learning (DL) models for the early prediction of neurodegenerative diseases, 

particularly Alzheimer's disease (AD), Parkinson's disease (PD), and dementia. The review 

encompasses various data sources, models, and performance metrics, focusing on the integration 

of neuroimaging, clinical, and genetic data for prediction accuracy.The following methodology 

was adopted to gather and analyze relevant studies: 

4.1. Data Collection 

Data was gathered from a range of peer-reviewed articles published between 2015 and 2021. The 

sources included medical journals, conference papers, and research articles that employed ML 

and DL techniques for neurodegenerative disease prediction [21-22]. Articles were selected 

based on the following inclusion criteria: 
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• The study utilized machine learning or deep learning models for disease prediction. 

• The study included neuroimaging data (MRI, PET scans), genetic data, or clinical 

datasets. 

• The focus was on Alzheimer's disease, Parkinson’s disease, or dementia. 

4.2. Data Analysis 

The data were categorized into two main approaches: machine learning (SVM, Random Forests, 

Logistic Regression) and deep learning (CNN, RNN, LSTM) [23-24]. Each model’s 

effectiveness, data types used, accuracy, and limitations were analyzed and compared. 

4.3. Evaluation Criteria 

The performance of each model was evaluated based on: 

• Accuracy: The percentage of correctly predicted cases. 

• Sensitivity: The model’s ability to detect true positive cases. 

• Specificity: The model’s ability to correctly identify negative cases. 

• Area Under the Curve (AUC): Used to assess the discriminatory ability of the model. 

5. Results and Discussion 

5.1. Model Comparison 

Various machine learning and deep learning models have been used to predict neurodegenerative 

diseases. Below is a comparison of the models based on performance metrics. 

Table 1: Comparison of Machine Learning and Deep Learning Models in Early Prediction 

of Neurodegenerative Diseases 

Model 

Type 

Neurodegenerat

ive Disease 

Data Type Model/Algorit

hm 

Accuracy/Per

formance 

Key Features 

Machine 

Learning 

Alzheimer's 

Disease 

Neuroimagi

ng (MRI, 

Support Vector 

Machine 

85-90% Effective in 

classifying early 
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PET) (SVM) stages from 

MRI scans 

Machine 

Learning 

Parkinson's 

Disease 

Clinical 

Data, Sensor 

Data 

Random 

Forests 

80-85% Predicts disease 

progression 

using motion 

data 

Machine 

Learning 

Dementia Neuroimagi

ng, 

Cognitive 

Tests 

Logistic 

Regression 

70-80% Predicts 

cognitive 

decline from 

multiple 

datasets 

Deep 

Learning 

Alzheimer's 

Disease 

Neuroimagi

ng (MRI) 

Convolutional 

Neural 

Network 

(CNN) 

90-92% Detects 

structural brain 

changes (e.g., 

hippocampal 

atrophy) 

Deep 

Learning 

Parkinson's 

Disease 

Neuroimagi

ng, Clinical 

Data 

Recurrent 

Neural 

Network 

(RNN) 

85-88% Analyzes 

longitudinal 

data to predict 

motor 

symptoms 

Deep 

Learning 

Dementia Neuroimagi

ng, Clinical 

Data 

Autoencoders 80-85% Identifies 

patterns of brain 

changes linked 

to dementia 
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Graph 1 comparison models for Early prediction of Neurodegenerative diseases 

5.2. Machine Learning Models for Alzheimer's Disease 

SVM models are frequently applied to analyze structural MRI scans of the brain, where 

the hippocampus—an area essential for memory—is known to shrink in the early stages of 

Alzheimer's disease. These models can differentiate between early-stage Alzheimer's and healthy 

individuals based on these subtle changes. Recent studies indicate that SVMs can achieve 

accuracies of up to 90% in early detection. 

5.3. Deep Learning Models for Parkinson’s Disease 

In the case of Parkinson’s disease, deep learning techniques such as CNNs and RNNs have 

shown promise in predicting the disease from both motor and neuroimaging data. CNNs, for 

instance, can process fMRI images to detect dopamine depletion in the brain—an early indicator 

of Parkinson’s. RNNs, particularly Long Short-Term Memory networks (LSTMs), are also used 

to analyze time-series data from motion sensors worn by patients, allowing for early prediction 

of motor dysfunction. 
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6. Summary and Conclusion 

Machine learning and deep learning models have shown great promise in the early 

prediction of neurodegenerative diseases such as Alzheimer's, Parkinson's, and dementia. These 

technologies can analyze large, complex datasets such as neuroimaging, genetic, and clinical 

data to identify early biomarkers of these diseases. However, challenges related to data 

availability, model interpretability, and generalization need to be addressed before these models 

can be widely adopted in clinical settings. Future research should focus on integrating multi-

modal data, improving model transparency, and developing more personalized approaches to 

disease prediction and treatment. 

However, challenges remain in terms of data availability, interpretability of models, and 

the generalization of these techniques across diverse populations. Future research should focus 

on improving data accessibility, developing more interpretable models, and combining 

multimodal data sources to enhance prediction accuracy. 

In conclusion, the integration of machine learning and deep learning models into the 

diagnostic workflow for Alzheimer’s, Parkinson’s, and dementia holds significant promise. With 

continued advancements in AI, these models could revolutionize how we diagnose and treat 

neurodegenerative diseases, ultimately enabling earlier intervention and better patient outcomes. 
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