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Abstract Alzheimer’s Disease is a significant global 
healthcare challenge that requires early and accurate diag-
nosis for better patient care and a deeper understanding of 
its pathology. In this study, we introduce “AlzhiNet”, an 
advanced deep learning model designed to diagnose Alzhim-
er’s Disease by using 3D Volumetric MRI data for multi-
class diagnosis. AlzhiNet uses self-attention mechanisms 
to distinguish between Alzhimer’s Disease stages like Mild 
Cognitive Impairment, and Alzheimer’s Disease including 
subjects who are Cognitively Normal as a control group. It is 
a pioneering step towards explainability and helps bridge the 
gap between Artificial Intelligence and clinical expertise by 
unveiling the slices that are essential to diagnostic decisions. 
We describe AlzhiNet’s architecture, training methodology, 
and evaluation results, drawing insights from a dataset of 

2098 MRI volumes. AlzhiNet’s impact extends far beyond 
being just a diagnostic tool, as it signifies a significant stride 
towards improved patient care and deeper insights into the 
complex pathology of Alzheimer’s disease.
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1 Introduction

Alzheimer’s Disease (AD) is a progressive neurodegenera-
tive disorder that affects millions of individuals worldwide, 
making it one of the most pressing challenges in healthcare 
today (Zeliger 2023). Characterised by cognitive decline, 
memory loss, and impaired daily functioning, Alzheimer’s 
poses a substantial burden on patients, caregivers, and 
healthcare systems (Castro et al. 2010). Early and accurate 
diagnosis is essential for providing timely interventions, 
improving patient care, and advancing our understanding 
of this debilitating condition for which Magnetic resonance 
imaging plays a significant role.

The advent of medical imaging techniques, mainly 3D 
Volumetric Magnetic Resonance Imaging (MRI), has revolu-
tionised the field of Alzheimer’s diagnosis. These advanced 
imaging modalities can capture detailed structural informa-
tion about the brain, enabling clinicians and researchers to 
explore subtle anatomical changes associated with the dis-
ease. However, the sheer complexity and volume of data 
generated by 3D MRI scans necessitate the development 
of sophisticated machine learning models to assist in accu-
rate and efficient diagnosis (Singh et al. 2020). Besides, the 
subjective bias of the experts heavily influences diagnostic 
assessments, and MRI scans lack the sensitivity required to 

 * Ab Basit Ahanger 
 basit.ahanger@iust.ac.in

 * Muzafar Ahmad Macha 
 muzafar.macha@iust.ac.in

 * Muzafar Rasool Bhat 
 muzafar.rasool@islamicuniversity.edu.in

 Syed Wajid Aalam 
 wajid.aalam@iust.ac.in

 Assif Assad 
 assif.assad@islamicuniversity.edu.in
1 Department of Computer Science, Islamic University 

of Science and Technology, 1-University Avenue, 
Awantipora, Pulwama, Jammu and Kashmir 192122, India

2 Department of Computer Science and Engineering, Islamic 
University of Science and Technology, 1-University Avenue, 
Awantipora, Pulwama, Jammu and Kashmir 192122, India

3 Watson Crick Centre for Molecular Medicine, Islamic 
University of Science and Technology, 1-University Avenue, 
Awantipora, Pulwama, Jammu and Kashmir 192122, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13198-024-02377-w&domain=pdf
http://orcid.org/0000-0003-3014-8244

