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ABSTRACT 
 
Alzheimer's disease (AD) is often detected too late or inaccurately in clinical practice. Therefore, improvement in the 
current methods of AD detection will provide opportunities for early intervention, symptomatic treatment, and, over-
all, better quality of patients’ and their caregivers’ lives. The paper is an in-depth study of how functional brain imag-
ing and support vector machine (SVM) could be utilized to detect the risk for AD which works by assessing and 
plotting data into multi-dimensional graphs for various results. It aims to identify patients in presymptomatic stages 
for early treatment to delay or prevent progressive cognitive decline and disease. With knowledge of machine learning, 
our medical tool is a breakthrough in the methodology of AD detection. The future of our tool requires a substantive 
amount of brain scan data for the machine learning algorithm to produce reliable results, so further research in this 
field of study is crucial and strongly encouraged.  
 

Introduction 
 
Dementia, with over 55 million people in the world affected, is currently the seventh leading cause of death among 
all diseases and one of the major causes of disability and dependency among elderlies globally (WHO, 2021). Being 
the most common cause of dementia, AD disrupts patients’ behavioral abilities and interferes with one's daily life and 
activities. There are a total of 7 stages of AD - divided into the early and late stages. In the early stages, toxic chemical 
changes take place in the brain. Beta amyloid plaques (also known as neuritic plaques, Aβ plaques, or senile plaques) 
are formed and tau tangles, due to abnormal accumulation of proteins, are manufactured. This causes healthy neurons 
to experience functional and communication decline and die. Initial damage occurs in the hippocampus and the ento-
rhinal cortex, both of which are essential parts of the brain in forming memories, thus symptoms of early-stage AD 
patients being the deterioration in the patients to perform cognitive functions that require thought or the ability to 
retain memory. As more neurons die, other parts of the brain are affected and begin to shrink. By the final stage of 
AD, damage is widespread, and the mass of brain tissue decreases significantly until the patient is no longer able to 
perform basic cognitive or physical functions and gradually passes away (NIA, 2021). In both of these stages, harm 
is already done to the patients’ cognitive functions, thus diagnosis should be established during the preclinical stage 
before it accumulates to the point where it could be exhibited in the form of symptoms and the effects would be 
irreversible. 

Nowadays, the diagnosis of Alzheimer's is done using combined data from the CSF by performing a lumbar 
puncture combined with brain scans (CT, MRI, PET). Such methods are proven to be insufficient, with morphological 
changes only becoming visible for diagnosis when the damage has already been done. Therefore, by the time said 
drugs can be widely used in clinical practice, it will be too late and the drugs that are used to treat severe AD cannot 
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do much to delay the inevitable. However, if accurate diagnosis can be issued earlier, people would be able to receive 
proper treatment quicker, increasing the chances of recovery. In effect, an optimal solution would be to use artificial 
intelligence (AI) as a tool to detect morphological changes in scans of the early stages of AD that the human eye may 
not be able to recognize. 

Machine learning (ML), a branch of AI, is a method for extracting patterns through the use of raw data 
through algorithms (IBM Cloud Education, 2020). AI application in the medical field has been increasingly experi-
mented with in the past decade, producing invaluable results for the healthcare field and patients of tomorrow. A 
successful case of using ML algorithm as a detection tool to analyze patterns of pulmonary diseases, of which has 
been proven to double the accuracy of diagnoses in comparison to those done by human medical professionals (To-
palovic M., 2019). The concept can be applied to detect early signs of AD from several scans of the brain and as well. 
By inputting several parameters that are early indicators of the disease, the algorithm will be able to detect small 
unseen differences through training with a large amount of corresponding data.   

Our research aims to solve the problem of insufficient diagnosis strategies for AD through the use of ML. If 
our hypothesis is proven to be successful, countless lives will be saved annually - with our methodology aiming to get 
patients the treatment that they need before it develops to the point where it may cause them life-long harm, likely 
even resulting in death. Similar prototypes can also be adopted and used to diagnose other neurodegenerative diseases 
or any disease in general to similarly prevent the problem before it is able to manifest, given sufficient data and the 
right parameters to train the algorithm. 
 

Literature Review 
 
Biomarkers of beta-amyloid (Aβ) are used as one of the criteria for the early stages of Alzheimer disease (AD) and 
are increasingly used in clinical trials. This stresses the need for reliable and available biomarkers of brain Aβ pathol-
ogy. Four modalities have been established: CSF Aβ42/40, Florbetapir-F18 PET, amyloid PET, and tau PET. In which, 
CSF Aβ42/40 and Florbetapir-F18 PET correlate highly with findings that will be discussed further. In our project, 
we intend to examine these biomarkers using machine learning to detect the possibility of developing AD in early 
stages. 

Machine learning (ML) is a type of artificial intelligence (AI) that enables softwares to accurately predict 
outcomes without being explicitly programmed to do so. It is incredibly complex and its operation varies depending 
on the task and the algorithm used to accomplish it. However, at its core, an ML model looks at data, identifies patterns, 
and uses those insights to complete assigned tasks. Any task that relies upon a set of data points or rules can be 
automated using ML. 

ML is more accurate than human detection because it detects details which humans cannot see. It works by 
inputting a database of images and finding similarities between them to detect even the smallest changes, pixel by 
pixel. This helps decrease the amount of time doctors spend diagnosing images and provide a more detailed report to 
patients. In 2021, ML has been used to diagnose lung cancer and the results demonstrate the potential to help prevent 
lung cancer deaths through early detection: a ML model was more accurate for early diagnosis than standard eligibility 
criteria for screening (Am J Respir Crit Care Med, 2021). We aim to use ML, specifically supervised learning, to 
achieve similar results as the case above with the diagnosis of AD. 

Supervised learning, a category of ML, involves training the predictive model through classification algo-
rithms, by inputting a labeled set of data and telling the computer which category the piece of data belongs to. Then, 
the model can be used to classify the input data. To complete such algorithms, the model requires support vector 
machines, neural networks, linear and logistic regression, random forest, and classification trees. 
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Biomarkers of AD Used in This Study 
  
Tau PET 
 
Chemical changes, namely hyperphosphorylation, occur in tau protein in AD. Under normal circumstances, tau is 
contained intracellularly and regulates microtubule polymerization. However, when hyperphosphorylated, tau threads 
pair up into paired helical filaments (PHFs) and form extremely insoluble self-aggregates (NFTs), which disrupt syn-
aptic function and precipitate cell death. These filaments tangle together, causing disintegration of microtubules and 
collapse of the neuron's transport system. Neurofibrillary tangles (NFTs) made of tau are the pathologic hallmark of 
a group of neurodegenerative disorders known as tauopathies (Rowley et al., 2020). 

The ideal PET tau tracer would have a stronger selective binding potential to PHFs and phosphorylated tau 
over β-amyloid (β-amyloid has higher concentration in diseased brains), high permeability of blood–brain barrier, low 
metabolism, and low non-tau (non-target) binding to other CNS receptors and tissues (e.g. white matter). Worse 
memory performance was associated with greater PET tau binding in the entorhinal cortex. 

PET tau imaging enables the longitudinal assessment of the spatial pattern of tau deposition and its relation 
to amyloid-β pathology and neurodegeneration. Recently, several tau PET tracers including T807, THK-5117, and 
PBB3 have been developed and succeeded in imaging neurofibrillary pathology. For use of tau PET as a biomarker 
of tau pathology in AD, PET tracers should have high affinity to PHF-tau and high selectivity for tau over amyloid-β 
and other protein deposits (Okamura et al., 2014). 

The accumulation of pathologic tau is more closely related to functional and structural deterioration in the 
AD spectrum than β-amyloid (Neurol, 2015). 

 

Figure 1. (A) PET Scan  
 

Normal 18F-AV-1451 PET study illustrating a tau-PET scan from an elderly cognitively normal subject 
(MMSE score of 30). No abnormal uptake is demonstrated above diffuse background activity. (B) Abnormal 18F-
AV-1451 PET study illustrating a tau-PET scan of images of a subject with mild Alzheimer’s disease (MMSE score 
of 22). Unlike an individual with normal cognition, there is abnormally increased radiotracer uptake distributed in the 
temporal lobes bilaterally. 
 
Amyloid PET  
 
Beta-amyloid is produced when a much larger protein referred to as the amyloid precursor protein (APP) is broken 
down. APP is composed of 771 amino acids and is split by two enzymes to produce beta-amyloid. Amyloid beta 
peptide (Aβ) is produced through the proteolytic processing of a transmembrane protein, APP, by β- and γ-secretases 
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(Sally Robertson, B.Sc, n.d.). 
Beta-amyloid 42 is especially toxic, as abnormal levels of this naturally occurring protein clump together to 

form plaques that collect between neurons and disrupt cell function. Amyloid PET results do not establish a diagnosis 
of AD. It is an adjunct to other diagnostic evaluations. PET scan is for additional information to help clarify an other-
wise unclear diagnosis.  

Initially, 2-Deoxy-2-[18F]fluorodeoxyglucose ([18F]FDG), a glucose analog, was utilized for PET brain im-
aging for the management of AD. Healthy brain cells avidly take up the substance, as they highly metabolize glucose, 
but the substance is relatively reduced in uptake in the temporo-parietal cortical regions that are affected by AD. 

Amyloid precursors for PET imaging such as the short radioactive half-life (20 minutes) Pittsburgh com-
pound B ([11C]PiB), by crossing the blood brain barrier (BBB) and selectively binding to beta amyloid plaques (Aβ), 
are able to provide a virtual ante mortem histopathological portrait of the brain. 

More specifically, [18F] FDG PET is used to differentiate AD from other clinical diagnoses by normalizing 
the uptake intensity to the mean metabolic rate for glucose utilization in the whole brain (CMRglc) or the cerebellar 
glucose consumption, as these areas allow for accurate distinction of AD by being maximally stable in subjects but 
minimally affected by external stimuli (Lois et al., 2019). 
 
Florbetapir-F 18 PET 
 
Florbetapir(18F)((E)-4-(2-(6-(2-(2-(2[18F]fluoroethoxy)ethoxy)ethoxy)pyridine-3-yl)vinyl)-N-methylbenzamine)), 
also known as 18F-AV-45, is a molecular imaging agent that binds to Aβ aggregates which is intended to be used with 
PET scan of the brain via intravenous injection (“Amyvid”, n.d.).  

Figure 2. (E)-4-(2-(6-(2-(2-(2[18F] fluoroethoxy)ethoxy) ethoxy) pyridine-3-yl)vinyl)-N-methylbenzamine) 
 

This is to estimate the Aβ neuritic plaque density in patients being evaluated for AD (“Florbetapir (18F)”, 
n.d.). The use of this radiopharmaceutical compound has been backed up by numerous studies to be safe and display 
strong correlation between 18F-florbetapir PET images and postmortem assessment of Aβ deposition (Okamura 
&Yanai, 2010) (Cortes-Blanco, 2014). 

18F-florbetapir PET scans are binarily classified as either negative (Aβ-) or positive (Aβ+) for each region of 
the brain and shown in terms of regional-to-whole cerebellar standard uptake value color scale (SUVR).  
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Figure 3. Example of 18F-florbetapir PET scan on a regional-to-whole SUVR color scale 
 

A negative 18F-florbetapir scan indicates very little to no neuritic plaques, which is inconsistent with AD 
diagnosis and partially rules out that a patient’s cognitive impairment is due to AD. Although a positive 18F-florbetapir 
scan can translate to moderate to abundant amounts of amyloid neuritic plaques, it does not confirm the diagnosis of 
AD or any other cognitive disorder (Yang et al, 1970).  

Figure 4. shows Aβ- and Aβ+ 18F scans of AD patients 
 

These 18F-florbetapir PET scans are usually visually assessed by trained sets of human eyes. This can be both 
time consuming and incredibly difficult, especially for images with low levels of Aβ deposition. Over the past decade, 
studies have applied machine learning and deep learning to improve the accuracy of classifying these images and their 
results have been promising (de Vries et al., 2020).  
 
CSF Aβ42/40 ratio 
 
Aβ40 is a 40 amino acid proteolytic product from the amyloid precursor protein (APP). In addition, it is a biomarker 
correlating with Alzheimer’s disease. In healthy states, Aβ40 is the most abundant form of the amyloid peptides in 
both cerebrospinal fluid (CSF) and plasma (10 to 20 times higher than Aβ42). The only difference between Aβ40 and 
Aβ42 is that two additional free carboxyl groups reside on Aβ42. 

Aβ42 is a γ-secretase modulator, which can be used for Alzheimer’s detection (“Aβ42-IN-2”, 2022). It is 
significantly more neurotoxic than Aβ40 and forms amyloid fibrils much more rapidly than Aβ40 (J. Am. Chem. Soc. 
2009). Recent studies suggest that a decrease in the ratio of Aβ42/Aβ40 may indicate AD progression (Aβ40 Assays, 
2022). 
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Figure 5. Diagrams of mixed oligomers 
 

Aβ40 and Aβ42 interact strongly, existing as mixed species labeled Aβ40/Aβ42 monomer mixtures according 
to Figure 4 diagram of mixed oligomers. The concentration ratio of Aβ42 to Aβ40 (Aβ42/40 ratio) has been suggested 
to be superior to the concentration of either Aβ42 or Aβ40 alone (Risto Cukalevski et al., 2015) (Oskar Hansson et 
al., 2019).  

Figure 6. Cross-linked PICUP Scanner 
 

1= non crossed Aβ40; 2=crossed Aβ40; 3= non crossed Aβ42; 4= crossed Aβ42 
Arrows next to the intensity profile of cross-linked Aβ42 indicate intensity maxima corresponding to the PICUP scan-
ner. This scanner works by the PICUP stabilizing oligomer populations by covalent cross-linking and when combined 
with fractionation methods, such as sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) or size-
exclusion chromatography (SEC). PICUP provides snapshots of the oligomer size distributions that existed before 
cross-linking. Hence, PICUP enables visualization and quantitative analysis of metastable protein populations and can 
be used to monitor assembly and decipher relationships between sequence modifications and oligomerization.  

Findings from a recent CSF research indicates plasma Aβ42 and Aβ42/40 were lower in individuals who 
were Aβ positive compared with those who were Aβ negative whereas there were no differences in the levels of Aβ40 
(Janelidze, 2021). 
 
Correlation between CSF Aβ42/40 and 18F-florbetapir PET 
 
Alone, 18F-florbetapir PET scan has not yet displayed accurate usefulness in studies, but combining CSF Aβ42/40 
ratio has shown an established correlation that is proven valuable to the accuracy of AD diagnosis. Reduced CSF 
Aβ42/40 and increased 18F-florbetapir (PET) uptake reflects brain Aβ accumulation which indicate AD progression 
(Mattsson et al., 2014).   
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Figure 7 and 8. Relationship between CSF biomarkers and Cortical Florbetapir 
 
Based on the analysis of the relationships between CSF biomarkers and cortical 18F-florbetapir SUVRs shown 

above, the concordance for Aβ42 and 18F-florbetapir PET was 81% and increased to 88% for the CSF Aβ42/40 ratio. 
 
Application of biomarkers in the diagnosis of Alzheimer’s Disease (AD) 
 
After obtaining all the values, we can train the ML model to detect abnormalities in the biomarkers and determine the 
risk of a person having AD based on the information provided. 
 
PET scans 
 
The regional-to whole cerebellar standard uptake value color scale (SUVR) is used to classify the density of different 
biomarkers from PET scans to determine the prospect of a patient’s symptoms deriving from AD in accordance to its 
consistency in AD diagnosis. Regions on a PET scan that appear red indicate a concentrated density of biomarkers 
and inversely appear black otherwise (in the case where there is a low density of biomarkers). A higher concentration 
of beta amyloid neuritic plaques in 18F-florbetapir PET scans and more tau protein binding are trends usually observed 
in AD patients that can be visually assessed through PET scans using the aforementioned SUVR scale. Identification 
in the lack or surplus in accumulation of said biomarkers could thus help eliminate AD from the potential diseases 
that may be the cause of the patient’s cognitive abnormality, or in effect also help identify AD as its cause (Yang et 
al, 1970).  
 
Aβ42 and Aβ42/40 ratio 
 
In regards to determining abnormality, we will use a cutoff ratio of Aβ42 and Aβ42/40 plasma and put the value into 
the machine to determine its degree of abnormality or lack thereof. A lower ratio than the cutoff will indicate Aβ 
accumulation in the brain which suggests AD progression.  
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 Figure 9. Comparison of ratio biomarkers in control groups and those in patients with AD 
 

If we succeed, we would be able to train a machine learning algorithm to assess a patient’s likelihood of 
contracting AD by visually processing scans of biological markers to match the results in accordance to its consistency 
in AD diagnosis; especially in scans where there are lower levels of deposition of biomarkers. By its nature, PET scans 
are incredibly time consuming and challenging to evaluate even to trained eyes. In addition to the fact that the trends 
of each biomarker could only suggest chances of a patient contracting AD, diagnosis by utilizing the trends and cor-
relations of a combination of biomarkers and a tool that would be able to appraise data sets efficiently would substan-
tially facilitate if not improve the current methods of AD diagnosis in the medical field. With the biomarkers men-
tioned above combined with machine learning, we will be able to detect early stages of AD and raise the quality of 
life of patients with sooner treatment. 
 

Methods 
 
Though there is presently no available medication for the treatment of Alzheimer’s Disease (AD), we utilize compu-
ting technology and various resources: machine learning (ML) model by Python and supervised learning algorithm 
by Support Vector Machine (SVM) to bring forth accurate and comprehensive diagnosis to improve the quality and 
productivity of healthcare. Proposed below are the materials and methods of a promising solution for the management 
of AD.  
 
PET scans 
 
A positron emission tomography (PET) scan is an imaging test which can be used as a tool to diagnose chances of a 
patient being affected by neurological diseases, using radioactive drugs such as Flortaucipir (18F), Fludeoxyglucose 
(18F) and 18F-florbetapir. The drug is injected into your body, where it attaches to the plaques. PET will then make β-
amyloid neuritic plaques light up on a tomography scan in colors corresponding to their density on the standardized 
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uptake value ratio (SUVR) scale in the cortex and fatty membrane surrounding nerve cells of the brain with the Flor-
betapir. The same applies to Tau tangle forms when the ligand is Flortaucipir, and Aβ42 accumulation in amyloid 
scans when the radiotracer is Fludeoxyglucose (red in areas with high density and black otherwise). PET scans can be 
used to diagnose patients in the early stages of AD. 

Figure 10. Example of positive and negative amyloid, tau and PET scans  
 
Cerebrospinal Fluid Aβ40/42 
 
In AD, there are two types of proteins that can be crucial in Alzheimer's diagnosis, Aβ40 and Aβ42. Under normal 
circumstances, there are about 10-20x more Aβ40 compared to Aβ42. Aβ42 in humans are known to be toxic, they 
form amyloid fibrils at a rapid pace, causing disruption in the brain’s function. In patients with AD, the ratio of 
Aβ42/40 is lower than those who do not have the disease and this ratio between the two proteins has been proven to 
be more effective than the levels of each individual protein and these values can contribute to the diagnosis of Alz-
heimer’s disease. 
 
Known Correlations  
 
Tau PET scans and beta amyloid protein correlations 
 
The APOEε4 allele- an established genetic risk factor for AD and amyloid-β is found to be related to increased tau 
load. One APOEε4 allele and amyloid-β is found in areas with higher vulnerability to AD and more a higher density 
of tau, while the interaction between amyloid-β and two APOEε4 alleles is shown to lead to a more widespread pattern 
of tau aggregation. A higher amyloid-β load detectable by both CSF and PET is required before substantial tau depo-
sition can be observed. Compared to participants with abnormal Aβ levels on both PET and CSF, the CSF+/PET− 
group has a distinctly better prognosis (Reimand et al., 2020). 
 
Proof that Florbetapir actually predicts the accumulation of beta amyloid in the brain 
 
Christopher M. Clark’s research shows that 18F-florbetapir PET image visualizations and the mean estimate of cortical 
uptake correlates with the abundance and amount of beta amyloid in the brain. This research is done by performing 
PET scans on 35 individuals who are expected to pass away soon and use it to compare to the amount of beta amyloid 
shown in their autopsy. This further confirms the legitimacy of 18F-florbetapir in finding telltale signs of AD (Jama, 
2011). 
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18F-florbetapir and CSF Aβ42/40 ratio correlation 
 
As stated before in the literature review, 18F-florbetapir alone cannot be used as an indicator of AD. However, studies 
have shown that by combining both increased 18F-florbetapir color uptake results with reduced CSF Aβ42/40 ratio can 
indicate brain Aβ formation and progression of AD. 
 
Criterias and Requirements for Subject Population  
 
In AD research, patients are usually recruited from clinical practice, memory clinics or nursing homes. For the purpose 
of this interdisciplinary research, the diagnostic criteria of our research are as follows. Firstly, we expect there to be a 
wide variety of ethnicities in our subject population to allow for an unbiased and holistic correlation study. This can 
include Caucasians, Asians, Hispanics, African Americans, Latinos, Indigenous groups and many others. Secondly, 
AD family history of subjects will be taken into account, ensuring that at least one preceding family member was 
diagnosed with AD. The subject population's age range must also fall within the range of 65 to 85 years old. This is 
because 65 years of age is often considered as the universal threshold to differentiate between younger-onset and 
older-onset AD (“What is Alzheimer's?”, n.d.,). Gender balance within the subject population must be equally distrib-
uted between males and females to ensure fairness when observing correlations and formulating conclusions.  

Furthermore, subject groups will be required at least ten years of schooling, as studies indicate how people 
with low education levels seem to lead unhealthier lifestyles contributing to dementia or AD (American Academy of 
Neurology, 2007). Participants must fall within the moderate rating from the health status captured by a poly-environ-
mental risk score called the LIBRA index. Measures of self-reported household wealth of the sample must be from 
middle to high tertiles, calculated by summing wealth from the total value of a respondent’s home, physical wealth, 
business assets, and financial assets. Research results reveal that increased dementia risk is associated with an increase 
in LIBRA scores, and lower wealth was associated with an increased risk of dementia (Deckers, 2019).  

In addition to the selection criteria aforementioned, the presence of Apolipoprotein E4 (APOƐ4 gene) must 
also be noted in the population of samples. Numerous studies have shown that the allele is associated with greater 
risks of AD, along with significantly earlier onset of both AD and Parkinson’s Disease (PD) (Presence of an APOE4 
allele…, n.d.). The subject must also have no traumatic brain injury (TBI) history to minimize the external factors 
influencing the results of this study. Varying CERAD scores, Braak scores, and NIA-Reagan criterias are to be ex-
pected within the sample population. CERAD is a 4-point scale designed to quantify the primary cognitive deficits in 
AD using neuritic plaques, and is often widely used to evaluate cognitive decline and progression of dementia (Fil-
lenbaum et al., 2008). Agreement between the NIA-Reagan and CERAD criteria is moderate as research shows that 
the lower percentage of the NIA-Reagan criteria measured brings forth greater likelihood of AD. Whereas, lower 
Braak scores show lower risks (low likelihood scores ranged from I – IV; intermediate likelihood II to V). CERAD 
criteria revealed 41% as no AD, 13% as possible, 36% as probable and 11% as definite AD (Mufson et al., 2016). 
Collectively, varying values for these tests in the subject population will allow for definitive correlation to be deduced. 
 
Classifying Data 
 
The team’s software will require four scans as input - Amyloid PET, 18F-florbetapir PET, PET tau, and CSF Aβ42/40. 
The prior three are graphical data, while the latter is numerical. Each set of scans is to come with additional information 
on their sex, age, race and the physicians’ diagnosis — whether they have AD, if so, the current stage between early 
and late. The graphics and numerical data from each patient will then be used to construct and train a machine learning 
model. 
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Required Python Libraries 
 
The machine learning model requires the following Python libraries:

● os 
● matplotlib 
● matplotlib.pyplot 

● IPython.display 
● pandas 
● NumPy 

● PIL 
● scikit-learn 
● Skimage

 
Data Preprocessing 
 
Before constructing and training the model using the graphical data, amyloid PET, tau PET and 18F-florbetapir PET 
scans, all images must be resized so that they all have the same dimensions. Furthermore, all resized scans are to be 
converted into hexadecimal and stored in 3-dimensional NumPy arrays containing RGB values of each pixel so that 
the computer can process them as numerical data. 

Figure 11. Partial conversion of a PET scan into hexadecimals 
 
Model Construction and Training 
 
The computer will plot each three-dimensional array into a 3-dimensional graph, where the x-axis, y-axis, and z-axis 
of the graph are the red, green, and blue values of the pixel respectively, and CSF-Aβ 42/40 numerical data into a 1-
dimensional graph. Then, the program uses a kernel function to transform all the graphs into 4 multi-dimensional 
graphs. 
 The algorithm’s goal is to construct two support vector classifiers from support vectors. These support vector 
classifiers are the maximum margin hyperplanes that best separate the data into three groups: no AD, early AD, and 
late AD. A support vector classifier is always one dimension lower than the dimension of the graph. Meanwhile, the 
support vectors are data points that are closer to the hyperplanes and influence the position and orientation of the 
hyperplanes, as shown in examples in Figure 3 and 4. 
 

 
Figure 12. 2-dimensional SVM   
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Figure 13. 3-dimensional SVM 

 
The classified training data is used to train the model. The larger the size of the dataset, the more accurate 

the support vector classifier is built (Shanmukh, 2021; Joshstarmer, 2019; Morris, 2018). 
 
Model Testing 
 
After obtaining a trained model using SVM, example data values will be inputted to test if it gets classified correctly. 
The test on a 2D plane can be done by having a set of data and plotting a new one in while using the margins to see if 
it is on the right side of the threshold. On 3D planes, a support vector classifier, which is a plane, is used to classify 
which side is the point on, as shown in example in Figure 5. 
 
Expected Output 
 
When using the model, the input data will be plotted into the graphs and the program will calculate what class each of 
the 4 parameters belongs to. Each parameter will be classified into following classes: no AD, early stage AD, or late 
stage AD. Thus, there will be a total of 4 results.  
 
Summary 
 
In conclusion, our software will mark a major breakthrough in the future of AD diagnosis, potentially advancing its 
treatment. With relevant data and technology, patients will be able to assess their likelihood of developing AD with 
data from machine learning. However, further research in this field of study is crucial and strongly encouraged as AD 
is mostly detected at a point far from return since it is still extremely challenging for current technology to detect 
abnormalities until the brain scan samples are clear enough. Although there may not be any existing cures for Alz-
heimer’s, sooner detection will prompt patients to undertake treatment at earlier stages. This could largely benefit the 
quality of life of both the patient and the caregivers, as they would be aware of what the disease entails and prepare 
themselves physically, emotionally, and financially. The future of our tool requires a greater amount of data. 
 

Discussion 
 
The purpose of this study was to evaluate the practicality of a machine learning model in the early detection of Alz-
heimer’s disease (AD). In which, we analyzed how PET and CSF scans, together, could potentially provide patients 
greater accuracy in the prognosis and diagnosis of the disease. It was hypothesized that through implementing data of 
biomarkers and Support Vector Machines (SVM), contriving the machine would effectively enhance the efficiency of 
modern diagnostic methods for AD.  

Our study consists of detecting abnormalities in the brain and comparing it to a database and giving feedback 
according to what was matched. We decided to conduct this study after realizing that there is a pattern in an Alzeimer’s 
disease patient’s brain scan image which could allow for earlier detection and prevention. Our approach is similar to 
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Europe’s hospital AI analysis which matches their scans to a database. The results obtained imply that, in theory, the 
study could also be used to match brain scans for Alzeimer’s disease. The limitation of this method is the database 
since the program compares images with preexisting data. Therefore, without sufficient images in the database for 
comparison, there is a high chance that the AI will match the wrong disease for patients. Our research could potentially 
be followed up by changing the detecting parameters into somewhere else in the body that is not the brain to detect 
other types of abnormalities. 

A multidimensional panel of preclinical AD biomarkers presents the best chance for a diagnosis and predic-
tion of progression to AD. As proposed earlier, a combination of multiple sets of information is more reliable to predict 
AD onset; by abnormalities in AD biomarkers (e.g., CSF, Aβ42/40 ratios, PET scans, etc.). Preclinical AD diagnostic 
algorithms have been proposed based on this combinatorial approach of neuroimaging, genetic testing, and CSF bi-
omarker tests. Incorporation of biomarkers and genetic information into the preclinical AD diagnostic scheme more-
over permits prediction of the in vivo physiological changes occurring in the brain before a clinical AD diagnosis. 
Together with advanced technology of machine learning from the suggested algorithm mentioned above, advance-
ments and more precise predictions can be retrieved from the greater collection of biomarkers datas, leading to more 
reliability in measuring and tracking different disease mechanisms, cellular alterations, and disturbances in pathways 
“in vivo”, and will pave the way for the discovery of novel drug targets. 
 

Conclusion 
 
Alzheimer’s Disease (AD) is the most common neurological disease, with over 55 million people currently suffering 
from its effects. These neurodegenerative diseases affect the quality of life severely, on both the patient themselves 
and the people around them. Currently, there is no complete cure for these diseases, especially when by the time a 
proper diagnosis can be established, it would be well past the point of no return due to the vague signs and symptoms 
presented in early-stage patients, often going unnoticed by the human eye. 

To address this issue, the team proposes to develop a machine learning model to diagnose Alzheimer’s dis-
ease using scans of Amyloid PET, Florbetapir-18 PET, PET tau and Amyloid-beta 42/4 CSF results to train up. The 
model uses Support Vector Machine to classify each value of scans between the negative, early, or late stages of AD. 

In the application of our proposal, the team aims to gather data from different parts of the world. This will 
increase the overall accuracy and decrease the duration of diagnosis. The model, with all four biomarkers included, 
will efficiently reduce doctors’ workload, and increase the accuracy of diagnosis. Patients will be aware of the possi-
bilities ahead of time and take precautions in case of future deterioration, allowing them a higher chance of recovery. 

However, lack of PET scanners as well as CSF in Thailand results in scarcity of data for constructing and 
training and testing the model. Furthermore, existing samples cannot be altered to create more samples as it will affect 
the accuracy of the prediction. Therefore, if we are to develop the model using the current amount of data, the software 
might not be accurate enough to be used. 
 Thus, we expect to develop this model in the future when CSF and PET scanners are more common and data 
becomes abundant in Thailand or if we are able to collect sufficient data from abroad. 
 

Limitations  
 
The limitations that may come with the application of our method of diagnosis mainly lies with the availability of 
data. Due to the method relying on multiple sets of data, majority of which are types of PET scans, and said types of 
scans usually being not readily available in addition to being an extremely expensive form of imaging at that can pose 
to be a challenge, potentially resulting in the accessibility of our proposed method to be be limited- at least until PET 
scans would become more on hand to the general population. Furthermore, while the use of a ML algorithm trained 
up using Supervised Learning as a tool for detection could certainly be an advantage, this only came to be with the 
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copious amounts of data which hones this accuracy, thus also being a potential avenue for a shortcoming in the case 
where there is lack of said data, affecting the accuracy of the established prediction. Finally, while with our study we 
hope to be able to increase the precision and hasten the establishment of AD diagnosis, the knowledge of neuropatho-
logical processes in AD and normal aging are not entirely understood especially in elderly populations where similar 
clinical pictures might have different neurobiological backgrounds. Thus, we would at best, be able to come to a 
conclusion at the theoretical possibility of a patient contracting AD, and not a concrete ultimatum as one would desire. 
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