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Abstract. Alzheimer’s Disease (AD) is a neurodegenerative disorder primarily affecting the elderly
and is a leading cause of dementia. Early diagnosis is crucial for delaying symptom progression and
improving patient outcomes. Functional Magnetic Resonance Imaging (fMRI) has emerged as a
promising tool for early diagnosis due to its non-invasive nature, high spatial resolution, and ability
to detect subtle changes in brain activity. This review explores the fundamental principles of fMRI,
its advantages over other imaging modalities like Positron Emission Tomography (PET), and its
specific application in the early diagnosis of Alzheimer’s Disease. The ability of fMRI to track dynamic
functional connectivity in brain regions associated with memory and cognition, such as the
hippocampus, highlights its potential as an early biomarker for AD. Despite these strengths, several
challenges hinder the full clinical integration of fMRI, including noise during scanning, motion artifacts,
and limitations in differentiating specific cognitive processes from generalized brain activity. This
review also discusses the future of fMRI, emphasizing its integration with other imaging technologies
like Diffusion Tensor Imaging (DTI) and Electroencephalography (EEG), as well as the potential of
machine learning and artificial intelligence (Al) in improving data analysis and diagnostic accuracy.
Addressing these challenges and leveraging technological advancements could pave the way for
fMRI to become a critical tool in the early diagnosis and personalized treatment of Alzheimer's
Disease.
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1. Introduction

Alzheimer’s Disease (AD) is a prevalent neurodegenerative disorder, primarily affecting the
elderly population. It is a leading cause of dementia, manifesting as memory loss, cognitive decline,
and impaired brain function. AD can be either genetically inherited or develop sporadically due to
various factors. Its clinical symptoms include memory impairment, confusion, disorientation, and
behavioral changes. Additionally, research suggests that AD disproportionately affects individuals
from low- and middle-income groups, potentially due to lifestyle factors and socioeconomic
conditions. According to a report by Alzheimer’s Disease International (ADI), the global prevalence
of dementia in adults aged 60 and above is estimated to be 5.2%, with an incidence rate of 17.3 per
1,000 person-years [1]. The burden of AD extends beyond individuals, placing significant strain on
families and healthcare systems due to the long-term care required by patients.

Early diagnosis of Alzheimer’s Disease is crucial for several reasons. It enables patients to gain a
clear understanding of their condition, allowing for better personal and familial planning.
Furthermore, early diagnosis alleviates some of the emotional and practical stress placed on
caregivers, giving them more time to adjust and prepare. Importantly, timely medical intervention
may slow the progression of symptoms, improving the patient’s quality of life in the long term [2].
Current clinical diagnostic criteria for AD are categorized into three stages: normal cognition, mild
cognitive impairment (MCI), and dementia [3]. Over the years, advancements in diagnostic methods
have placed increasing emphasis on the identification of biomarkers, such as beta-amyloid plaques
and tau protein tangles. Positron emission tomography (PET) has been instrumental in visualizing
these biomarkers [3]. However, PET has limitations, including lower specificity and accuracy
compared to other imaging techniques such as functional magnetic resonance imaging (fMRI).
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fMRI, or functional magnetic resonance imaging, is a non-invasive imaging technique that tracks
changes in brain oxygenation levels. Typically, fMRI relies on blood oxygenation level-dependent
(BOLD) signals, providing high temporal and spatial resolution of brain activity. This technique
measures blood flow changes linked to neural activity, offering insights into brain function [4]. fMRI
has several advantages in the early diagnosis of Alzheimer’s Disease. First, it provides precise
information on brain activity by delivering detailed brain maps, making it a valuable tool for both
diagnosis 33333sand treatment evaluation [5]. Its high spatial resolution allows for the detection of
activity in specific brain regions, facilitating a faster and more accurate diagnosis of AD. This helps
minimize delays in initiating treatment and reduces the likelihood of misdiagnosis.

The main purpose of this review is to explore the application of fMRI technology in the early
diagnosis of Alzheimer's disease, analyze its advantages and existing challenges. Through a
systematic review of existing research, this article aims to clarify how fMRI provides new insights
for early diagnosis and its potential for application in clinical practice. In addition, this article will
also discuss the comparison between fMRI and other imaging techniques (such as PET) in the field
of Alzheimer's disease and look forward to the breakthroughs that future technological advances may
bring.

2. fMRI basic theory and advantages

Functional Magnetic Resonance Imaging is an imaging technology that is blood oxygen level-
dependent (BOLD), by detecting oxygen levels in the brain which reflects the activities of the neurons.
The basic theory of fMRI function is that an increase in neuron activities in certain parts of the brain
would lead to an increase in blood flow in that area which changes the blood oxygen level. These
changes can be detected through BOLD signaling, and create a brain image with high accuracy, which
accomplishes the goal of creating non-invasive brain imaging [4].

In Alzheimer’s diagnosis, fMRI has a clear advantage. First, fMRI is a highly non-invasive brain
imaging technology. fMRI is different from polyethylene terephthalate (PET) which uses a
radioactive tracer. fMRI reduces the risks and discomfort for the patients. Also, fMRI has a relatively
high spatial resolution and temporal resolution, which can accurately catch the changes in different
parts of the brain. Compared to PET and Computed Tomography (CT), fMRI has a greater advantage
in early diagnosis, because it can detect the small changes in brain functioning of early-stage
Alzheimer’s Disease which can’t be recognized in other brain imaging [6].

Furthermore, fMRI can achieve real-time monitoring of the brain’s dynamic functional
connectivity. Alzheimer’s Disease usually causes changes in functional connectivity in different areas
of the brain, especially the areas relating to memory and cognition, like the hippocampus and temporal
cortex. By analyzing the functional connectivity of these different areas, fMRI can provide potential
biomarkers during early diagnosis of Alzheimer’s Disease [7]. Overall, fMRI is non-invasive, high
resolution, and sensitive toward brain activities, which makes fMRI a great advantage in Alzheimer’s
Disease diagnosis.

3. Application of fMRI in early diagnosis of Alzheimer’s Disease

For the recent few years, there’s been a wide range of research and exploration of fMRI’s
application in the early diagnosis of Alzheimer’s Disease. Multiple research claims that fMRI not
only can be used to detect the changes in brain activity of Alzheimer’s Disease patients but also can
be used to recognize dynamic functional connectivity related to disease. For example, research found
that in the brains of patients with Alzheimer’s Disease, the functional connectivity of areas for
memory and cognition (like hippocampus and default mode network) has declined [8]. These changes
in functional connectivity can occur before the appearance of symptoms, so can be seen as the
potential markers of Alzheimer’s Disease in early diagnosis.
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fMRI has another important application in combining machine learning and bioinformatics
analysis. Machine learning calculation can solve the massive and complex fMRI data and recognize
the specific mode relating to Alzheimer’s Disease. These modes can be used for developing new
diagnosis technology, helping clinical doctors to identify high-risk patients more quickly. For
example, machine learning models like Support Vector Machines (SVM) and Convolutional Neural
Networks (CNN) have already been used in fMRI data analysis and achieved a relatively high
accuracy diagnosis. In addition, bioinformatics can also help to extract and analyze fMRI data
features, to further support personalized diagnosis and treatment [9].

Currently, fMRI is still in the exploring stage of Alzheimer’s Disease early-stage diagnosis.
However, the present result shows that fMRI has great potential in changing the early diagnosis of
Alzheimer’s Disease. For example, research claims that by comparing brain functional connectivity
between Alzheimer’s Disease patients and controls, fMRI can precisely differentiate the two and
predict the risk of mild cognitive impairment (MCI) turning into Alzheimer’s Disease [9]. With the
improvement of data analysis, fMRI has a bright future in early diagnosis of Alzheimer’s Disease.

4. Challenges of fMRI in Early Diagnosis of Alzheimer’s Disease

Despite its advantages, fTMRI faces several technical and practical challenges in the early diagnosis
of Alzheimer’s Disease. One of the primary technical issues is the significant noise produced during
the scanning process. The loud sound emitted by the fMRI machine can cause discomfort and anxiety
in patients, particularly in older individuals who may already be experiencing cognitive or sensory
impairments. This discomfort can affect the quality of the images by causing the patient to move,
leading to motion artifacts that degrade the resolution and accuracy of the data.

Another challenge is the extended duration of the scan, which can be taxing for patients, especially
those with Alzheimer's-related symptoms such as restlessness or disorientation. Prolonged imaging
sessions increase the likelihood of involuntary movements, further contributing to motion artifacts
that complicate the interpretation of the results. These artifacts pose significant obstacles in the
analysis of fMRI data, as even small movements can distort the signal and hinder the detection of
subtle changes in brain activity.

fMRI’s high sensitivity to neural activity, while generally an advantage, can also present
challenges. The technology measures hemodynamic responses that reflect overall brain activity, but
it does not always provide a clear indication of whether this activity is linked to specific cognitive
processes or generalized neuromodulatory effects. This ambiguity can complicate the diagnostic
process, as fTMRI may detect brain activity without clearly distinguishing whether it is related to
Alzheimer’s pathology or other cognitive processes.

Furthermore, fMRI struggles to differentiate between bottom-up and top-down neural signals.
Bottom-up signals are sensory-driven, whereas top-down signals are cognition-driven and can
influence the perception of sensory information. The inability of fMRI to distinguish between these
types of signals introduces potential errors during diagnosis, as both types of activity may appear
indistinguishable in the resulting images.

Additionally, fMRI signals are affected by the size of the neural population being activated. This
creates complexity in the data interpretation, as overlapping signals from multiple neural populations
can obscure the specific areas of interest. Moreover, fMRI captures changes in blood flow, indicating
neural activity, but it does not provide direct information on whether this activity results from
increased excitation or decreased inhibition, further complicating the diagnostic process [10]. These
challenges underline the limitations of fMRI in its current form for early diagnosis of Alzheimer's
Disease, necessitating further improvements in both technology and data analysis.
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5. The Future of fMRI in the Diagnosis of Alzheimer’s Disease

Despite the aforementioned challenges, fMRI holds significant promise for the future of
Alzheimer’s Disease diagnosis. Its ability to provide real-time, non-invasive insights into brain
activity makes it a valuable tool in understanding memory formation and cognitive decline, which
are central features of Alzheimer’s pathology. Given its sensitivity to brain activity, fMRI can be
particularly useful in tracking the progression of memory-related changes during the early stages of
the disease, offering an opportunity for timely intervention [11].

Looking ahead, the integration of fMRI with other neuroimaging and neurotechnology tools could
help mitigate some of its current limitations. For example, combining fMRI with diffusion tensor
imaging (DTI) allows for more accurate detection of functional connectivity changes in white matter
tracts, which are often affected in Alzheimer’s Disease. Similarly, coupling fMRI with
electroencephalography (EEG) can leverage the strengths of both technologies: EEG provides high
temporal resolution, enabling the tracking of neural activity in real-time, while fMRI offers superior
spatial resolution. This multimodal approach can increase diagnostic accuracy by providing a more
comprehensive picture of brain function, thus addressing some of the current challenges such as
motion artifacts and signal ambiguity.

Moreover, advancements in machine learning and artificial intelligence (Al) offer exciting
possibilities for enhancing fMRI data analysis. By applying sophisticated algorithms, large datasets
from fMRI scans can be processed more efficiently, identifying patterns and biomarkers that may not
be immediately visible through traditional analysis. This approach can also help overcome the
challenge of distinguishing between bottom-up and top-down signals, as Al models can be trained to
recognize specific neural patterns associated with Alzheimer’s Disease. Such innovations suggest that
the future of fMRI in diagnosing Alzheimer’s Disease may involve not only technological
improvements but also new methods of data interpretation that can unlock its full potential.

6. Conclusion

In conclusion, while fMRI has emerged as a powerful tool in the early diagnosis of Alzheimer’s
Disease, its application is not without challenges. The technology’s high sensitivity and resolution
offer distinct advantages, particularly in detecting early functional changes in the brain. However,
issues such as motion artifacts, ambiguous signal interpretation, and discomfort during scanning
sessions pose barriers to its full clinical integration.

Despite these obstacles, the future of fMRI in Alzheimer's Disease diagnosis remains bright. By
addressing current technical limitations and integrating fMRI with complementary imaging
technologies like DTI and EEG, it is possible to enhance diagnostic accuracy and patient comfort.
Additionally, the incorporation of Al and machine learning could significantly improve the analysis
of fMRI data, helping to reduce errors and refine the diagnostic process. As research continues, fMRI
is likely to play an increasingly critical role in the early detection and personalized treatment of
Alzheimer’s Disease, offering new hope for patients and caregivers alike.
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