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abstract This thesis presents a comprehensive framework for studying Alzheimer's
Disease (AD) progression by focusing on the classification of AD, Mild Cognitive
Impairment (MCI), and Cognitively Normal (CN) individuals using advanced machine
learning models that analyze changes in brain volumetrics over time through MRI scans.
In the first phase of the research, MR images from the Alzheimer’s Disease
Neuroimaging Initiative database were utilized, which included sequences of 3-4 scans
taken annually from 22 CN, 18 AD, and 20 MCI subjects. Key volumetric parameters
such as cortical thickness and intracranial volumes were extracted using the CAT12
toolbox in SPM software. A novel classification method based on the rate of volumetric
changes over time was employed, effectively capturing the progressive nature of
neurological changes. This approach achieved accuracies of 82.5% in distinguishing AD
from CN, 71% in differentiating MCI from AD, and 69% in separating MCI from CN,
alongside a 55% accuracy in a three-way classification using random forest and support
vector machines.

Building on these initial insights, the second phase of the study significantly advanced
the methodology by integrating a pre-trained 3D ResNet 101 CNN algorithm for initial
spatial categorization of MRI scans, followed by the use of Long Short-Term Memory
(LSTM) networks. These LSTMs processed the same sequences of 3-4 annual scans for
each patient, enhancing the model's ability to analyze and interpret the temporal
progression of volumetric changes. This sophisticated approach led to marked
improvements in classification accuracy: 96.7% in differentiating AD from CN, 87.5%
in distinguishing AD from MCI, and 86.4% in separating MCI from CN. The study
effectively demonstrates a significant enhancement in capturing the temporal dynamics
of AD progression.
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0zet Bu tez, Alzheimer Hastalig1 (AD) ilerlemesini incelemek icin gelismis makine
o6grenimi modelleri kullanarak AD, Hafif Biligsel Bozukluk (MCI) ve Biligsel Olarak
Normal (CN) bireyleri zaman i¢inde beyin hacimsel verilerinin degisimini analiz ederek
smiflandirmaya odaklanmaktadir. Arastirmanin ilk asamasinda, Alzheimer Hastalig
Norogoriintilleme Girisimi veritabanindan almman MR goriintiileri kullanilmistir; bu
goriintiiler 22 CN, 18 AD ve 20 MCI bireyden olusan yillik 3-4 tarama dizisini
icermektedir. CAT12 ara¢ kutusu kullanilarak SPM yaziliminda kortikal kalinlik ve
intrakraniyal hacimler gibi temel hacimsel parametreler ¢ikarilmisti. Zaman iginde
hacimsel degisikliklerin oranina dayanan yeni bir siniflandirma yontemi uygulanmis, bu
yontem AD'yi CN bireylerden ayirt etmede %82,5, MCI'yi AD'den ayirt etmede %71 ve
MCI'yi CN bireylerden ayut etmede %69 dogruluk saglamistir; i yonli
smiflandirmada ise %55 dogruluk elde edilmistir.

Aragtirmanin  ikinci asamasinda, metodoloji Onemli &lgiide gelistirilerek, MRI
taramalarinin ilk kategorizasyonu icin Onceden egitilmis 3D ResNet 101 CNN
algoritmasi entegre edilmistir ve ardindan her hastanin yillik 3-4 tarama dizisini islemek
iizere Uzun Kisa Siireli Hafiza (LSTM) aglar1 kullamilmistir. Bu gelismis yaklasim,
hacimsel degisikliklerin zaman icindeki ilerlemesinin analizini ve yorumlanmasini
onemli dl¢iide gelistirerek siniflandirma dogrulugunda belirgin iyilesmeler saglamistir:
AD ile CN bireyler arasinda %96,7, AD ile MCI arasinda %87,5 ve MCI ile CN bireyler
arasinda %86,4 dogruluk elde edilmistir. Arastirma, AD ilerlemesinin zaman
dinamiklerini yakalama konusunda 6nemli bir gelisme gostermistir.
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