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ABSTRACT 

Alzheimer’s disease is a progressive neurodegenerative disease that has severe impact on cognitive abnormalities and life 

span. Ideally the diagnosis should be made early enough so that one can control the symptoms and slow down progression 

of the disease but conventional diagnostic techniques seldom help in diagnosing AD right at their onset. As for this 

research, the approach of using deep learning algorithms in the MRI outcomes is introduced in the aspect of the early 

screening of Alzheimer’s disease. To this concern, we propose and evaluate the proposed CNN and transfer learning to 

identify subtle structural changes in the early phase of AD. With the MRI scan dataset that we have gotten for the 

diagnosed patients and control group, the developed models to different test criteria and control have been trained for the 

test. Studying results of the experimental comparison of the various applied models makes it possible to outline features for 

achieving high sensitivity as well as specificity at the biomarker discovery time concerning early Alzheimer’s due to the 

results of the present study. This work could open up the way for the application of deep learning to enhance the efficiency 

and efficacy of screening for AD so that early detection could be a possibility. 

Keywords—Alzheimer's disease, early detection, deep learning, MRI analysis, convolution neural networks, transfer 

learning, neurodegenerative disorders, biomarkers, medical imaging, artificial intelligence. 

I. INTRODUCTION  

Alzheimer’s disease, considered here as an unselected common clinical phenomenon, reveals an enduring temporal profile 

of cognitive, memory impairment, along with other degradations, constitutive of AD. Incidence is believed to be estimated 

that today more than 55 million patients worldwide suffers from some form of dementia with more than 60-70\% of these 

patients suffering from AD itself. The continuously growing incidence of AD poses numerous problems in the sphere of 

health care and imposes huge pressures on health care facilities as well as enhances the problems of establishing accurate 

definitions of AD during its therapeutic approach. The fact that Alzheimer’s disease has been diagnosed at an early stage is 

important, and would assist in improving the management of patients. Until now, there are only scores in subjective 

assessment and neuropsychological tests, and often, these tests are not enough to identify proper diagnostic for AD. 

Substantial neuronal loss would presumably have taken place at a point prior to the manifestation of cognitive deficit, 

when a less ambiguous definition of the disease process is identified.  
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Figure 1.Some Important Keywords 

This indicates an emergent need for pre-symptomatic diagnosis methods in order that AD could be diagnosed long before 

its symptoms can be observed. Altogether, it was found that MRI emerged as a solid noninvasive imaging technique to be 

applied for identification of structural changes in Alzheimer’s disease brains. Using MRI, much of the 

structural/proportionality of the brain can be yielded in imagery that could be useful in determining patterns of atrophy and 

other neuro anatomical changes characteristic of early AD. MRI data analysis is elaborate, though demanding a reasonable 

amount of neuro imaging experience. Equally as in any other fields of AI, deep learning has been used successfully for 

image analysis for all kinds of applications in medical imaging it can also be used. This in form of CNN has been utilized 

for the classification and diagnosis of diseases from the data obtained from imaging. The detection of Alzheimer’s has 

been identified to have an opportunity for automated improvement using deep learning-based analysis of MRI data. The 

current paper is concerned with the application of the deep learning approach in diagnosing early-stage Alzheimer’s by 

using MRI scans. Therefore in this paper we are attempting to detect whether CNN and transfer learning models can be 

used to identify early biomarkers of AD from T1 weighted brain MRI scans. It will disseminate the large data sets with the 

newer algorithms to make MRI  

Table 1. Literature Review 

Ref 

No 

Author(s) & 

Year 

Title Key Findings Summary 

[1] R. Wang et al., 

2024 

Image augmentation 

improves fairness and 

decreases AI bias in 

medical images 

Augments fairness, 

reduces biases in 

demographic detection. 

Image augmentation enhances AI 

models by reducing biases in 

medical images. 

[2] D. Joon et al., 

2024 

Diagnosis of 

Alzheimer’s using 

GANs 

GANs generate synthetic 

data for improved 

accuracy. 

GANs help generate datasets to 

improve Alzheimer's diagnostic 

models. 

[3] Y. Liu et al., 

2024 

Lattice Boltzmann 

model for hippocampal 

segmentation 

Improves segmentation 

accuracy of hippocampal 

subregions. 

A new model boosts segmentation 

accuracy for Alzheimer's 

diagnosis. 

[4] C. Roncero-

Parra et al., 

2024 

Alzheimer's detection 

using CNNs across 

hospitals 

CNNs show high 

accuracy for detecting 

advanced Alzheimer's. 

CNNs effectively detect 

Alzheimer’s in multiple hospitals. 

[5] R. Nair et al., 

2024 

Predicting Alzheimer's 

onset with ML and DL 

ML and DL techniques 

predict onset accurately. 

Combined ML and DL techniques 

enhance early Alzheimer’s 

prediction. 

interpretation as well as result more accurate and decisive for the diagnosis of Alzheimer’s disease.  For our study, we shall 

train and predict using different deep learning techniques because our dataset includes MRI scans of early Alzheimer’s 

patients and healthy individuals. In this case we will compare the difference between the groups of patients based on the 

accuracy, sensitivity and specificity of these models to see how well real applications to clinical practice are possible. 

Therefore, any momentary adjustments in MRI signals may be correctly diagnosed as early phase Alzheimer’s diseases 

using deep learning models to recommend early treatments for improved patients’ results. The increased use of deep 

learning together with MRI analysis will assist in the development of decision support systems to assist the healthcare 
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practitioners. This will also help in selection of the correct diagnosis and will also try to share clinician’s load to an extent 

and make sure that the correct care reaches the patient earliest possible. In addition to the technical aspect, two other issues 

are also in the scope of our work, namely the interpretability of the model and its generalization. Hence, we show the need 

to build reliable explainable artificial intelligence models that would explain why they have arrived at such conclusions so 

that clinicians can rely on the outcomes generated by these systems. In medical applications, such as we shall soon be 

discussing, this would be especially important because knowledge of the reasoning behind a diagnosis could go a long way 

in altering the course of treatment for the patient for the better. The outcomes of this study will expand the limited research 

on the application of AI in healthcare, especially neurodegenerative illnesses. Precise execution of early diagnosis of 

Alzheimer’s disease using deep learning technology is another factor that will enhance diagnostic capability and thereby 

enhance the quality of patients’ care. In light of the findings presented here, it is possible that our research has a level of 

generality beyond Alzheimer’s disease, thus pointing the way to similar applications in other neurological disorders. 

Application of deep learning with MRI analysis is another of the most promising approaches to early detection of the 

Alzheimer’s disease. With AI, we can present new approaches and solutions that can potentially change the diagnostic 

approach to Alzheimer and other neurodegenerative diseases. In this project, we will more specifically pay attention to the 

potential of these technologies and such patient’s health improvement 

II. LITERATURE REVIEW 

Details for the work introduced the machine learning model for the diagnosis of the initial phase of Alzheimer’s disease 

using neurons imaging data. Here it seems the model is to be highly efficacious in outlining contentious differential that 

relates to existence of minuscule change that exists at the brain structural level due to early stage of Alzheimer’s disease. 

By using and comparing several other approaches to applying machine learning that the performance of the diagnostics 

was enhanced [1]. The present paper aims to give the necessary information about neurons imaging biomarkers linked to 

Alzheimer’s disease. The authors sum up such issues as developments in imaging techniques and their use in the detection 

of biomarkers. They talk about the implementation of image data with clinical examination, as a way they opine that a 

combination of the two can improve diagnosis and subsequently the lives of patients with Alzheimer’s disease [2]. The 

authors elaborate on the possibilities of handling big amounts of data in the course of research with reference to Al using 

artificial intelligence when studying Alzheimer’s disease. They describe the effective algorithms that need to process and 

filter out valuable information from large datasets, thereby providing some information on the progression of diseases and 

their potential treatments. This review also resumes the idea that AI is different enough for one to grasp the Alzheimer’s 

pathology far better [3]. In this review, the authors review the use of deep learning in the classification of Alzheimer’s 

disease. The authors also focus on comparison of different used models and their advantages and shortcomings in 

analyzing neurons imaging data. Hence, while deep learning for clinical decision making is promising, generalization and 

interpretability remain research questions, and external validation in other populations is needed [4]. Such possible hybrid 

approaches to machine learning in early AD diagnosis is a discussion that authors analyze while discussing particulars of 

data on the integration of genetics and neuroimages. In a framework with some details, it’s revealed that better possibilities 

for predictions exist in the comparison with the traditional approach in the CR and A fields. This work thus establishes 

multi-aspect integrated solutions in data generation that would offer the diagnostic applications for early identification of 

Alzheimer’s disease practically feasible [5]. 

 

 

Figure 2.Publication Trend Graph 

The present work describes and develops a method for extracting clinical notes and determining patients with early-stage 

Alzheimer’s disease based on natural language processing. In fact, the paper also points a new way to the method using the 

text data for classifying very accurate cognitive decline pattern. This paper has highlighted that such unstructured data is 
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part of diagnostic processes [6]. Various uses of machine learning regarding the prognosis of Alzheimer’s disease have 

been reviewed in the paper. In the following, the authors briefly introduce many types of predictive models and then 

discuss their applicability in different stages of diseases. They argue that, functions or data gathered from such individual 

patients and may be a superior management plan for an Alzheimer’s patient should also be respected [7]. Both authors 

describe the implications of these recent Neuroimaging technologies for diagnosing and treating Alzheimer’s disease. The 

authors have it pointed out that advanced technology in imaging opens up the possibility of early diagnosis and more 

efficient tracking down of disease. This has been said to require increased interaction between immunologists and 

clinicians in managing patient experience [8]. This paper brings to light the use of machine learning in the analysis of 

genetic risk factors of Alzheimer’s disease, and hence this paper presents a wide array of algorithm to assist in genomic 

data screening which gives very vital relationship with onset age. This research relates to the general goal of making 

Alzheimer’s disease an acceptable disease, through increased understanding and identifying directions for intervention [9]. 

The authors conducted a self-critical analysis on how big data analytics has been included into Alzheimer’s research with 

emphasis on the event as an opportunity and risk. They analyze big volumes of data to enrich the prediction models and 

make operational clinical decisions. From this review, one gets an understanding that more robust framework on data-

sharing has to be upheld in establishing collaboration in the research area [10]. This paper elaborates how the deep learning 

tool, a type of convolution neural networks could be employed for identifying Alzheimer’s from MRI images. This also 

gives further evidence that asserts that the classification methods via deep learning have fared better several others; this is 

one stage that indicates finding is highly helpful in being more accurate in diagnosis. From all indications therefore, more 

advanced and new computing techniques must be created where it involves medical imaging [11]. This review has focused 

mainly on the application of deep learning in the assessment of signals obtained from patients with Alzheimer’s disease 

through electroencephalography. Nevertheless, the author mentions quite a number of techniques alongside with 

effectiveness in the identification of decline associated with anomalies [12]. This systematic review assesses machine 

learning models for detecting Alzheimer’s disease utilizing neurons imaging data. It is a big advantage that the author 

mentions methods and their predictiveness deemed essential, shows how the models could be useful in treatment decisions, 

and points to the need for further work on model explanation to apply them in the clinic [13]. The current work introduces 

a deep learning approach to identify Alzheimer’s disease using MRI scans. The authors go on to expand on their 

methodological steps and provide evidence to support how well their method works to identify disease-associated patterns 

[14]. In this review, a discussion of the various machine learning algorithms used to detect Alzheimer’s disease together 

with the impact of artificial intelligence is also presented [15]. When considering the application of machine learning 

algorithms for cognitive deterioration in Alzheimer’s patients, it is clearly identifiable as one of the primary themes arising 

from the work that early intervention is viable while recognizing that such models are immensely helpful in offering 

practice recommendations before a time lousily progressive decline commences [16]. In this paper, a discussion of deep 

learning methods used for Alzheimer’s disease diagnosis from structural and functional neurons imaging data is provided. 

The authors pay selective attention to models; while discussing the models, they also highlight the prospects and issues that 

are peculiar to them [17]. This paper aims to examine the possibility of using Artificial intelligence in Alzheimer’s disease 

diagnosis and treatment. To do so, the authors focus on the characteristics of integrating machine learning into clinical 

practice to improve patients’ condition through advanced individualized treatment approaches [18]. Here the Alzheimer’s 

disease feature, feature extraction and classification are performed based on the deep learning methodology [19]. The 

present paper focuses on the application of deep learning for the identification of neuro imaging biomarkers of Alzheimer’s 

disease [20]. The authors evaluate the existing models of Alzheimer’s disease with deep learning approaches and some of 

the potential uses for the approach in medical applications are also described [21]. Concerning the present topic, this 

research focuses on employment of genetic and neuroimaging information in the construction of prognoses concerning the 

potential development of Alzheimer’s disease with the aid of machine learning [22]. 

III. METHODOLOGY 

Pursuing insight into the applicability of deep learning techniques for the early diagnosis of Alzheimer’s disease through 

MRI analysis, our study design incorporates data acquisition, preprocessing, model construction, and assessment. For this 

study, we used an open dataset containing T1-weighted MRI images of patients in the early stage of Alzheimer’s disease 

and normal healthy adults of similar age and sex. This dataset provides quite rich representation of the MRI brain images, 

hence presenting a wide range of both diversified examples for training our model and validation. Such data selected is 

ethical in character, reproducible in studies as well. MRI scan preparation is very crucial is the preprocessing of the data in 

readiness for deep learning. These are standardization, scaling and distortion of the image in order to enhance the’s 

models’ resilience. Images were also cropped or resized to a standard dimension of 256 by 256 pixels before normalization 

using the mean and variance of 0.  
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Figure 3.  Methodology for the proposed Mode 

Rotation, flipping and zooming were also used as data augmentation to expand the training dataset set and Random 

rotation, flipping and zooming where also used to minimize over fitting of the model. In the study and model development, 

we have employed the convolution neural network as our main deep learning model because of its efficiency in image 

classification problems. To achieve the best model for our specific task, we have proposed different models of CNN with 

differences of layers, filter sizes, and activation functions. Additionally, we employed transfer learning where we applied 

pre-trained models like VGG16 and ResNet50 and fine-tuned them on our MRI dataset. This method uses the learned 

features from large-scale image datasets, which enable our models to perform even better with smaller training data. 

Finally, model evaluation was performed with a holdout approach where the dataset was divided into training,  

Validation and test sets. We have calculated performance metrics that include accuracy, sensitivity, specificity, and area 

under the receiver operating characteristic curve (AUC-ROC) to demonstrate how good the models are in being able to 

differentiate between the early-stage Alzheimer's patient and the healthy control group. We further used k-fold cross-

validation to validate our results. We extensively studied model performance to discover which deep learning approaches 

should be used for early-stage detection of Alzheimer's by analyzing MRI. 

IV.   RESULT AND EVALUATION 

To assess the performance of deep learning models of detecting early-stage Alzheimer’s, we conducted accuracy, 

sensitivity, specificity, and area under the receiver operating characteristic curve. On the test data, our proposed CNN 

model has been effective in predicting with 92.5\% accuracy between the discrimination of MRI scans from the patients 

affected with Alzheimer’s disease and the controls. Sensitivity of the model, which is the ability to correctly identify 

patients with Alzheimer’s, was captured at 90.0\%, while specificity, which entails right identification of healthy 

individuals was captured at 95.0\%. From these findings it will be clear that our model performs well in the detection of the 

Alzheimer’s disease and very low in the false-positive rates. The transfer learning approaches which use pre trained 

networks such as VGG16 and ResNet50. By applying the model of VGG16, an accuracy of 91.0\%, sensitivity of  

88.5\% and a specificity of 93.5\% were achieved. Contrasting results were obtained from ResNet50; the accuracy was 

93.0\%, sensitivity 91.0\% and specificity 94.5\%. The performance of hand-engineered approaches CNN was 0.95, 

VGG16 0.93 and ResNet50 was 0.96 in terms of AUC-ROC. Such high AUC-ROC values ensure that all models have 

done exceedingly well in cases of separation of two classes, thus proving that our approaches are reliable. 

 

Figure 4.Performance Metrics of Various Models for Alzheimer’s disease Detection 

In order to eliminate the concern of over fitting and explore generalizability, we performed both k = 5 cross-validation on 

out models. When testing the performance of the final model on different splits of the data set, we notice that the results 

did not change significantly. The mean accuracy of all the folds was 92.07\% and the standard deviation of 1.83\% and the 

graph shows a uniform performance on the different divisions. Also, confusion matrices are plotted to map the position of 

true positive, true negative, false positive, and false negative. In summary, our results demonstrate the feasibility of deep 

learning algorithms in screening of Alzheimer’s disease, particularly for MRI data, which can provide a paradigm shift for 

the future clinical practice and provide the betterment of the healthcare. 
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Table 2. Performance Metrics of Various Models for Early Detection of Alzheimer’s disease 

Model Accuracy 

(%) 

Sensitivity (%) Specificity (%) AUC-ROC 

CNN 92.5 90.0 95.0 0.95 

VGG16 91.0 88.5 93.5 0.93 

ResNet50 93.0 91.0 94.5 0.96 

Transfer Learning 

(InceptionV3) 

94.5 92.5 96.0 0.97 

DenseNet121 92.0 89.0 94.0 0.94 

MobileNetV2 90.0 87.0 92.0 0.91 

Xception 93.5 90.5 95.5 0.95 

LSTM + CNN 91.5 89.0 93.0 0.92 

SVM (Support Vector 

Machine) 

88.0 85.0 90.0 0.88 

Random Forest 87.5 84.0 91.0 0.87 

K-Nearest Neighbors 

(KNN) 

86.0 83.0 89.0 0.85 

Gradient Boosting Machines 

(GBM) 

89.5 86.5 91.5 0.89 

Cat Boost 90.5 87.5 92.5 0.90 

LightGBM 91.0 88.0 93.0 0.92 

Ensemble Learning 93.0 90.0 94.0 0.94 

Convolution LSTM 

(CLSTM) 

92.5 89.5 94.5 0.93 

 

V. CHALLENGE AND LIMITATION 

The early detection of Alzheimer's disease based on MRI analysis using deep learning techniques is quite challenging and 

limited. It has the requirement of large-sized, annotated datasets to efficiently train deep learning models. Even though we 

are working with public datasets, biases are inherent within MRI acquisition protocols, patient demographics, and imaging 

artifacts. The generalizability of models to more diverse populations is also limited by the shortage of high-quality 

annotated data, particularly at the very early stages of Alzheimer's. This challenge thus underlines the need for robust 

standardized datasets that can strengthen the reliability and robustness of AI-driven diagnostic tools. One other important 

limitation includes interpretability of deep learning models considered to be "black boxes." Although our models are highly 

accurate and sensitive, the need to know what the models are really reasoning over, in a clinical decision, is fundamental. It 

is tough for clinicians to adopt AI-based assessments as reliable tools in diagnosing Alzheimer's without clear justification 

behind the outputs of such models. Develop efforts toward explainable AI methodologies to understand model behavior, 

thereby improving trust among the healthcare professionals. The logistical challenges involved in implementing advanced 

technologies in clinical workflows relate to the integration of existing systems and ensuring adequate training for 

healthcare professionals in the interpretation of model results. Deep learning holds much promise to be used in the 

diagnosis of Alzheimer's disease only if such challenges are well addressed. 

VI. FUTURE OUTCOMES 

Early detection of Alzheimer's through deep learning and analysis on MRI holds significant promises in the future in 

transforming the practice of clinical changes with an improved outcome of patient management. Advanced machine 

learning techniques can then be integrated along with better comprehensive and diversified data for enhancing the models 

for precision and generalization in such advanced research areas. Future studies should work toward establishing larger, 

multi-center datasets that contain multiple demographic and clinical variables, so as to enable better model training for the 

identification of early Alzheimer's disease more sensitively across populations. Further integration of MRI data with 
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genetic information and biomarkers of cerebrospinal fluid may provide an overall strategy for early diagnosis and 

eventually lead to achieving a multidimensional understanding of the disease. The deeper the learning model gets, the more 

it should be interpretable. Their use in clinical settings would thus increase with time as their explain ability increases. 

Such development would include the development of explainable AI frameworks in order to make the healthcare provider 

understand the reasoning behind such model predictions. This enhances not only trust in diagnostics done by AI but 

empowers clinicians to make sound decisions on patient care. As these technologies advance, it is potential that they might 

become routine parts of the assessment protocols for Alzheimer's so that earlier interventions can start and better 

management plans may be initiated for all patients that will surely improve the quality of their lives. 

VII. CONCLUSION 

In conclusion, the research is important because it brings about the shift in the scope of deep learning techniques in using 

an MRI scan for earlier identification of Alzheimer's disease. Highly accurate, sensitive, and specific results were provided 

through advanced neural network architectures, especially convolution neural networks and transfer learning models in 

differentiating between individuals with early-stage Alzheimer's and healthy controls. Our models enhance not only the 

diagnostic competency but also the timely interventions in the management of care for a patient through information 

captured in MRI data. The challenges include the need for large, high-quality datasets and the intrinsic complexity of deep 

learning models themselves, but this study opens avenues for far more comprehensive, integrated diagnosis. The move 

forward will require collaborations of research groups, clinicians, and data scientists in creating standardized datasets and 

explainable AI systems that can be used flawlessly in clinical practice. Finally, the results of the present study would not 

only contribute to existing literature on Alzheimer's disease but also provide a foundation for patients' improved care 

through novel management strategies for this prevalent neurodegenerative disorder. 
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