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ABSTRACT 
Alzheimer’s and related diseases are significant health issues of this era. The interdisciplinary use of deep learning 

in this field has shown great promise and gathered considerable interest. This paper surveys deep learning 

literature related to Alzheimer’s disease, mild cognitive impairment, and related diseases from 2010 to early 2023. 

Alzheimer's disease poses a significant global health challenge, demanding innovative approaches for early 

diagnosis and effective treatment. This comprehensive review explores the evolving landscape of deep learning 

applications in Alzheimer's disease research, focusing on its role in imaging data analysis. Beginning with an 

introduction to Alzheimer's disease and the current diagnostic landscape, we delve into the fundamentals of deep 

learning, elucidating neural network architectures and learning mechanisms. The review provides a detailed 

examination of various imaging modalities, such as MRI, PET, and CT scans, used in Alzheimer's research, 

emphasizing the limitations of conventional analysis methods. 
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1. Introduction 

Alzheimer’s disease (AD) (named after the German psychiatric Alois Alzheimer) is the most common type of 

dementia and can be defined as a slowly progressive neurodegenerative disease characterized by neuritic plaques 

and neurofibrillary tangles as a result of amyloid-beta peptide’s (Aβ) accumulation in the most affected area of the 

brain, the medial temporal lobe and neocortical structures [1]. Alois Alzheimer noticed a presence of amyloid 

plaques and a massive loss of neurons while examining the brain of his first patient that suffered from memory loss 

and change of personality before dying and described the condition as a serious disease of the cerebral cortex. Emil 

Kraepelin named this medical condition Alzheimer’s disease for the first time in his 8th edition psychiatry handbook 

[2,3]. Progressive loss of cognitive functions can be caused by cerebral disorder like Alzheimer’s disease (AD) or 

other factors such as intoxications, infections, abnormality in the pulmonary and circulatory systems, which causes a 

reduction in the oxygen supply to the brain, nutritional deficiency, vitamin B12 deficiency, tumors, and others [4,5]. 
 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B1-molecules-25-05789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B2-molecules-25-05789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B3-molecules-25-05789
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1.1 Alzheimer’s disease Diagnostic Criteria 

A patient suspected to have AD should undergo several tests, including neurological examination, magnetic 

resonance imaging (MRI) for neurons, laboratory examinations such as vitamin B12, and other tests besides the 

medical and family history of the patients [8]. Vitamin (vit.) B12 deficiency has been long known for its association 

with neurologic problems and increasing risks of AD, according to some studies. A special marker of vit. B12 

deficiency is elevated homocysteine levels, which can cause brain damage by oxidative stress, increasing calcium 

influx and apoptosis. Diagnoses of vit. B12 deficiency can be done by measuring serum vit. B12 level alongside 

complete blood count and serum homocysteine levels tests [9,10]. 

1.2 Alzheimer’s disease Neuropathology 

 

There are two types of neuropathological changes in AD which provide evidence about disease progress and 

symptoms and include: (1) positive lesions (due to accumulation), which are characterized by the accumulation of 

neurofibrillary tangles, amyloid plaques, dystrophic neurites, neuropil threads, and other deposits found in the brains 

of AD patients. In addition to (2) negative lesions (due to losses), that are characterized by large atrophy due to a 

neural, neuropil, and synaptic loss. Besides, other factors can cause neurodegeneration such as neuroinflammation, 

oxidative stress, and injury of cholinergic neurons. 

 

2. The Stages Alzheimer’s disease 
 

The clinical phases of Alzheimer’s disease can be classified into (1) pre-clinical or the pre-symptomatic stage, which 

can last for several years or more. This stage is characterized by mild memory loss and early pathological changes in 

cortex and hippocampus, with no functional impairment in the daily activities and absence of clinical signs and 

symptoms of AD [11]. (2) The mild or early stage of AD, where several symptoms start to appear in patients, such 

as a trouble in the daily life of the patient with a loss of concentration and memory, disorientation of place and time, 

a change in the mood, and a development of depression [12]. (3) Moderate AD stage, in which the disease spreads to 

cerebral cortex areas that results in an increased memory loss with trouble recognizing family and friends, a loss of 

impulse control, and difficulty in reading, writing, and speaking . (4) Severe AD or late-stage, which involves the 

spread of the disease to the entire cortex area with a severe accumulation of neuritic plaques and neurofibrillary 

tangles, resulting in a progressive functional and cognitive impairment where the patients cannot recognize their 

family at all and may become bedridden with difficulties in swallowing and urination, and eventually leading to the 

patient’s death due to these complications [12]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B8-molecules-25-05789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B9-molecules-25-05789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764106/#B10-molecules-25-05789
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Fig 1 : Stage of Alzheimer’s Disease 

 

  

 

Fig 2 : Alzheimer’s Disease risk Factors 
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2.1 Imaging Data in Alzheimer’s Disease 

Imaging plays a pivotal role in advancing our understanding of Alzheimer's disease (AD) by providing non-invasive 

insights into the structural and functional alterations within the brain. Various imaging modalities, such as Magnetic 

Resonance Imaging (MRI), Positron Emission Tomography (PET), and Computed Tomography (CT) scans, offer 

unique perspectives on different aspects of the disease pathology. These imaging techniques contribute valuable 

information for both research and clinical applications. 

2.2 Deep Learning Approaches in Alzheimer’s Disease 

The application of deep learning techniques in Alzheimer's disease research has emerged as a promising avenue for 

addressing the complexities associated with early detection, diagnosis, and prognosis. Leveraging the capabilities of 

neural networks, deep learning models exhibit the potential to discern intricate patterns within imaging data, 

surpassing the limitations of traditional analysis methods. 

 Overview of Deep Learning Application 

 Categorization Based on Image Data 

 Deep Learning in Early Detection and Diagnosis 

 Deep Learning for Biomarker Identification 

 

                                               
     

                                                Fig-3:   Approaches in Alzheimer’s Disease    

 

3. Challenges and Limitations 

 Problems can include wandering and getting lost, trouble handling money and paying bills, repeating 

questions, taking longer to complete normal daily tasks, and personality and behavior changes. 

 Memory loss, difficulty processing language, communication challenges, and emotional changes.  

 there are three major challenges for addressing dementia: economic costs, societal awareness, and clinical 

setbacks. 

 Inability to carry out activities of daily living.  

 

4. Future Directions 

4.1 Integration of Multi-Modal Data: 

The future of deep learning in Alzheimer's disease research lies in the integration of multi-modal data. Combining 

information from diverse imaging modalities, genetic data, and clinical assessments can provide a more 

comprehensive understanding of the disease. Future studies should explore the synergies between different data 
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types, harnessing the complementary information they offer to enhance the accuracy and reliability of predictive and 

diagnostic models.  

 

4.2 Biomarker Discovery and Validation:  

Deep learning can play a pivotal role in the discovery and validation of novel biomarkers for Alzheimer's disease. 

Future research should leverage advanced models to identify imaging, genetic, or molecular markers associated with 

disease onset, progression, and treatment response. The exploration of novel biomarkers can enhance diagnostic 

accuracy and contribute to a deeper understanding of the underlying biological mechanisms of Alzheimer's. 
 

5. CONCLUSIONS  

In conclusion, deep learning stands as a powerful ally in the ongoing battle against Alzheimer's disease. Through a 

synthesis of advanced computational methodologies and rich imaging datasets, we are poised to usher in a new era 

of precision medicine, where early detection, accurate prediction, and personalized interventions become integral 

components of Alzheimer's disease management. As we navigate this dynamic landscape, the ongoing commitment 

to scientific rigor, ethical considerations, and collaborative efforts will be key in harnessing the full potential of deep 

learning for the benefit of individuals affected by Alzheimer's disease. 

The significance of early detection in Alzheimer's cannot be overstated, and deep learning models have showcased 

remarkable success in discerning subtle patterns indicative of disease onset. Leveraging various imaging modalities, 

including structural and functional MRI, PET scans, and CT scans, deep learning has demonstrated the potential to 

redefine our approach to identifying individuals at risk and facilitating timely interventions. 
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