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The disease is predominantly associated with pathological features, including the deposition of 
extracellular amyloid-β plaques, the formation of intracellular neurofibrillary tangles composed of 
hyperphosphorylated tau protein, synaptic dysfunction, and progressive neuronal loss. In addition 
to these classical hallmarks, the progression of the disease is significantly influenced by processes 
such as neuroinflammation, oxidative stress, metabolic imbalance, and lipid dysregulation. The 
necessity for more sensitive molecular approaches for early diagnosis is underscored by the fact 
that traditional diagnostic methods, such as clinical assessment, neuroimaging, and cerebrospinal 
fluid biomarkers, frequently detect the disease at relatively advanced stages. In the past few years, 
omics technologies, such as proteomics, lipidomic, glycemic, and integrated multi-omics 
approaches, have become potent instruments for comprehending the intricate molecular 
mechanisms that underlie Alzheimer's disease. These technologies facilitate the identification of 
disease-specific molecular signatures and potential biomarkers by enabling the large-scale 
analysis of proteins, lipids, and glycans. These integrative strategies have the potential to identify 
therapeutic targets for drug development and discover novel biomarkers for early diagnosis. 
Additionally, the implementation of precision medicine methodologies that are predicated on 
multi-omics data may facilitate the development of personalized treatment strategies for patients. 
This review provides a concise summary of the current state of knowledge regarding the 
pathophysiology of Alzheimer's disease and emphasizes the importance of proteomics, lipidomic, 
glycemic, and integrated multi-omics approaches in the exploration of biomarkers, the 
enhancement of early diagnosis, and the support of the development of targeted therapeutic 
strategies for Alzheimer's disease.	
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1. Introduction	

Alzheimer's disease is the most prevalent cause 
of dementia worldwide and is a progressive 
neurodegenerative disorder. It is distinguished by a 
progressive deterioration in cognitive function, 
which encompasses memory loss, impaired 
reasoning, language difficulties, and behavioral 
changes that ultimately disrupt daily living 
activities. In 1906, the German neurologist Alois 
Alzheimer first described the disease while 
investigating the brain of a patient who exhibited 
severe memory impairment and unusual behavioral 
symptoms. Alzheimer's disease has emerged as one 
of the most significant health challenges associated 
with elderly populations worldwide since that time. 
Alzheimer's disease is responsible for 
approximately 60–70% of the approximately 55 
million individuals who are presently living with 
dementia, according to recent global estimates. By 
2050, the number of individuals affected by 
dementia is anticipated to reach nearly 139 million, 
a significant public health concern on a global 
scale, as a result of the accelerated increase in life 
expectancy and aging populations (Tenchov et al., 
2024; Safiri et al., 2024; Ayyadurai et al., 2026; 
Anbazhagan et al.,2026; Ayyadurai et al.,2026).  
Alzheimer's disease is predominantly a condition 
that affects older adults and is distinguished by the 
progressive deterioration of brain structure and 
function. Mild cognitive impairment, notably in the 
context of short-term memory and learning ability, 
is frequently observed during the initial stages of 
the disease. Confusion, disorientation, impaired 
judgment, personality changes, and difficulty 
conducting routine tasks are among the more severe 
symptoms that patients experience as the disease 
advances. Individuals become entirely reliant on 
caregivers for the most fundamental activities of 
daily life and lose the capacity to communicate 
effectively in the advanced stages. Alzheimer's 
disease is neuropathologically associated with 
extensive neuronal loss, synaptic dysfunction, and 
brain atrophy, particularly in the hippocampus and 
cerebral cortex, which are regions responsible for 
cognitive processing and memory formation 
(Gholami, 2023). The accumulation of extracellular 
amyloid-beta (Aβ) plaques and intracellular 
neurofibrillary tangles, which are composed of 
hyperphosphorylated tau protein, are among the 

pathological hallmarks of Alzheimer's disease. The 
abnormal digestion of amyloid precursor protein 
(APP) leads to the formation of amyloid plaques, 
which are composed of beta-amyloid peptides that 
accumulate and deposit between neurons. Neuronal 
injury is exacerbated by the activation of 
inflammatory responses and the disruption of 
neuronal communication by these plaques. In 
contrast, neurofibrillary tangles are the result of the 
aberrant phosphorylation of tau protein, which is 
typically responsible for stabilizing microtubules in 
neuronal cells. Tau detaches from microtubules and 
forms contorted filamentous structures within 
neurons when it becomes hyperphosphorylated, 
resulting in impaired intracellular transport and 
eventual neuronal degeneration (Kamila et al., 
2025). The cognitive decline observed in 
Alzheimer's disease patients is strongly correlated 
with the accumulation of these pathological 
structures, which ultimately leads to synaptic loss 
and pervasive brain atrophy. The precise 
mechanisms that underlie Alzheimer's disease are 
still not fully understood, despite the significant 
progress that has been made in neuroscience 
research. The amyloid cascade hypothesis, tau 
hypothesis, oxidative stress hypothesis, and 
neuroinflammation hypothesis are among the 
numerous hypotheses that have been proposed to 
elucidate the disease's pathogenesis. The amyloid 
cascade hypothesis has garnered significant 
attention due to its hypothesis that the aberrant 
accumulation of amyloid-beta peptides triggers a 
sequence of downstream pathological events, such 
as tau hyperphosphorylation, synaptic dysfunction, 
and neuronal death (Wang et al., 2025; Sakthivel et 
al.,2026; Jancyhelan et al.,2026). Nevertheless, 
recent research indicates that Alzheimer's disease is 
a multifactorial disorder that is influenced by a 
multifaceted interplay of genetic, environmental, 
metabolic, and lifestyle factors. Alzheimer's disease 
has been linked to an elevated susceptibility to risk 
factors such as advanced age, genetic 
predisposition, cardiovascular diseases, diabetes, 
obesity, and limited physical activity (Liu et al., 
2025). The early and precise diagnosis of 
Alzheimer's disease continues to be a significant 
obstacle in clinical practice. Clinical evaluation, 
cognitive assessment, and neuroimaging 
techniques, including positron emission 
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tomography (PET) and magnetic resonance imaging 
(MRI), are the primary components of conventional 
diagnostic methods. Furthermore, cerebrospinal 
fluid (CSF) biomarkers, such as amyloid-beta, total 
tau, and phosphorylated tau, have been extensively 
employed to facilitate diagnosis. Nevertheless, 
these diagnostic techniques are subject to a number 
of constraints. Early detection is typically 
challenging due to the fact that clinical symptoms 
typically manifest only after substantial neuronal 
injury has already occurred. Furthermore, 
sophisticated neuroimaging techniques and CSF 
biomarker analyses can be expensive, invasive, and 
not easily accessible in numerous healthcare 
environments (Xiong et al., 2023). Consequently, it 
is imperative to create biomarkers that are more 
sensitive, reliable, and non-invasive in order to 
detect Alzheimer's disease at an earlier stage and 
enhance disease management.  Biomedical research 
has been transformed by recent developments in 
high-throughput molecular technologies, which 
have opened up new avenues for the comprehension 
of intricate diseases like Alzheimer's disease. 
Genomics, transcriptomics, proteomics, 
metabolomics, and epigenomics are among the 
various omics technologies that facilitate the 
comprehensive analysis of biological molecules at 
various levels within a biological system. These 
technologies enable researchers to investigate the 
extensive modifications in genes, RNA transcripts, 
proteins, and metabolites that transpire during the 
development and progression of diseases (Sehar et 
al., 2022). Numerous genes have been identified as 
being associated with the risk of Alzheimer's 
disease through genomic studies, such as APP, 
PSEN1, PSEN2, and the apolipoprotein E (APOE) 
ε4 allele, which is regarded as the most prominent 
genetic risk factor for late-onset Alzheimer's 
disease. In the same vein, transcriptomic and 
proteomic investigations have disclosed 
modifications in protein signaling pathways and 
gene expression that are associated with neuronal 
survival, synaptic dysfunction, and inflammation. 
Additionally, metabolomics has become a critical 
method for detecting metabolic mutations that are 
linked to neurodegeneration, such as disruptions in 
oxidative stress pathways, energy metabolism, and 
lipid metabolism. Furthermore, the integration of 
multiple omics datasets through multi-omics 

approaches has enabled a more comprehensive 
comprehension of disease mechanisms by 
connecting genetic variations with downstream 
molecular and 	

biochemical changes. These integrative 
strategies have the potential to identify novel 
biomarkers for early diagnosis and to identify 
therapeutic targets that may result in more effective 
treatment strategies (Santos et al., 2023).The 
application of omics technologies has become 
increasingly significant in neurodegenerative 
disease research due to the complexity and 
multifactorial character of Alzheimer's disease. 
These methods provide valuable insights into the 
molecular pathways that are involved in the 
progression of diseases and may aid in the 
development of personalized medicine strategies for 
early diagnosis, prevention, and treatment. 
Consequently, the objective of this review is to 
provide a comprehensive overview of the current 
state of knowledge concerning the molecular 
mechanisms of Alzheimer's disease and to 
underscore the significance of omics technologies 
in the advancement of research on 
neurodegenerative disorders. This review offers a 
comprehensive perspective on the newly emerging 
role of multi-omics approaches in the 
comprehension of Alzheimer's disease and the 
enhancement of diagnostic and therapeutic 
strategies by incorporating findings from genomic, 
transcriptomic, proteomic, and metabolomic 
studies. 	

2.1 Alzheimer's Disease Pathophysiology 	

Behavioral alterations, memory impairment, 
and cognitive decline are the hallmarks of 
Alzheimer's disease (AD), a progressive 
neurodegenerative disorder. Extracellular amyloid-
β (Aβ) plaques and intracellular neurofibrillary 
tangles (NFTs) comprising hyperphosphorylated 
tau protein are the primary pathological hallmarks. 
Amyloid-β is produced as a result of the anomalous 
cleavage of amyloid precursor protein (APP) by β- 
and γ-secretases, which results in the formation of 
plaques that disrupt synaptic signaling and initiate 
neuroinflammatory responses Fig.1 & Table 1. By 
destabilizing microtubules, neurofibrillary tangles 
impede axonal transport, resulting in synaptic 
dysfunction and neuronal mortality. Oxidative 
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stress and mitochondrial dysfunction further 
exacerbate these protein abnormalities, resulting in 
progressive neuronal injury and loss (Hampel et al., 
2021; Dagla et al., 2026; Brezic et al., 2025; 
Kamatham, et al., 2024).  In addition to protein 
aggregation, other mechanisms are essential to the 
pathophysiology of Alzheimer's disease. Pro-
inflammatory cytokines are released by activated 
microglia and astrocytes around amyloid plaques, 
which contribute to chronic neuroinflammation and 
exacerbate neuronal injury. An energy deficit that 
accelerates neuronal dysfunction is the result of 
metabolic dysregulation, which includes impaired 

glucose utilization and insulin signaling in the 
brain. Amyloid deposition, tau pathology, oxidative 
stress, inflammation, and metabolic disturbances 
collectively result in widespread neuronal loss, 
particularly in the hippocampus and cerebral cortex, 
which is consistent with the characteristic cognitive 
deficits observed in Alzheimer's disease patients 
(Zheng et al., 2025). Cholinergic Neuron 
Degeneration. The basal forebrain loses cholinergic 
neurons, which lowers the amount of acetylcholine.
 Results in memory loss and a deterioration 
in cognitive function (Richter et al., 2022).	

Table 1. Key pathophysiological mechanisms involved in Alzheimer’s disease, including amyloid-β 
plaque formation, tau hyperphosphorylation, neuroinflammation, oxidative stress, synaptic dysfunction, and 
cholinergic neuronal loss.	
Pathophysiological 
Feature	

Mechanism / 
Description	

 Impact on Brain     
Function	

References	

Amyloid-β (Aβ) Plaque 
Formation	

When β-secretase and γ-
secretase cut amyloid 
precursor protein (APP) 
in an unusual way, they 
make Aβ peptides that 
come together outside of 
cells to make plaques.	

Disrupts synaptic 
signaling, causes 
neuronal damage, and 
encourages 
neuroinflammation.	

Jia & Fu,2025; 
Mohapatra et al., 2025	

Tau Protein 
Hyperphosphorylation	

When tau protein has 
too many phosphates, it 
can't keep microtubules 
stable anymore and 
forms neurofibrillary 
tangles (NFTs).	

Causes the cytoskeletal 
collapse of neurons, 
problems with axonal 
transport, and death of 
neurons.	

Kaur et al., 2025	

Synaptic Dysfunction	 Aβ oligomers disrupt 
synaptic transmission 
and plasticity, especially 
in hippocampal neurons.	

Causes early cognitive 
impairments and 
memory loss.	

Li et al., 2018	

Neuroinflammation	 Microglia and astrocytes 
become active when Aβ 
builds up and neurons 
are damaged.	

Chronic inflammation 
speeds up the death of 
neurons.	
	

Kwon et al., 2021	

Oxidative Stress	 Too many reactive 
oxygen species (ROS) 
are generated because 
the mitochondria aren't 
working right and Aβ is 
harmful.	

Damages lipids, 
proteins, and DNA, 
which leads to the death 
of neurons.	
	

Houldsworth et al., 2024	

Cholinergic Neuron 
Degeneration	

The basal forebrain 
loses cholinergic 
neurons, which lowers 
the amount of 
acetylcholine.	

Results in memory loss 
and a deterioration in 
cognitive function.	

Richter et al., 2022	
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Fig.1. Schematic representation of the key mechanisms underlying Alzheimer's disease, including 
amyloid cascade, tau pathology, neuroinflammation, oxidative stress, and metabolic dysregulation leading to 

neuronal loss and memory impairment (created with biorender.com).	

2.2 The Amyloid Cascade Hypothesis 	

The Amyloid Cascade Hypothesis posits that 
the aberrant accumulation of amyloid-β (Aβ) 
peptides in the brain is the primary factor driving 
the onset of Alzheimer's disease (AD). These 
peptides are produced by the sequential cleavage of 
the amyloid precursor protein (APP) by β- and γ-
secretases. In AD, the aggregation of Aβ into 
extracellular amyloid plaques is a result of 
excessive production or impaired clearance. These 
plaques disrupt synaptic function and disrupt 
neuronal communication. Neurofibrillary tangles, 
synaptic loss, and neuronal mortality are believed to 
be initiated by this early pathological event, which 
in turn initiates a series of downstream 

neurodegenerative processes (Zhang et al., 2024). 
In addition, the deposition of amyloid-β plaques 
activates microglia and astrocytes, resulting in the 
release of pro-inflammatory cytokines and the 
induction of chronic neuroinflammation. This 
inflammatory response, in conjunction with 
oxidative stress and mitochondrial dysfunction, 
exacerbates neuronal injury and contributes to the 
progressive decline of cognitive function. In 
accordance with the hypothesis, amyloid 
accumulation is the precipitating factor that initiates 
the sequence of events that results in the 
recognizable cognitive deficits and memory loss 
that are observed in Alzheimer's disease patients 
(Chen et al., 2020). 	
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Fig.3. Comparative illustration of healthy and Alzheimer's disease brain showing amyloid-β plaque 
deposition, tau protein tangles, and microtubule disintegration leading to neuronal dysfunction (created with 

biorender.com).	
2.3 Tau Pathology 	

In Alzheimer's disease (AD), tau pathology is a 
significant factor in cognitive decline and neuronal 
dysfunction. Tau is a microtubule-associated 
protein that is responsible for the stabilization of 
neuronal microtubules, which is essential for the 
appropriate axonal transport of neurotransmitters, 
proteins, and organelles. In Alzheimer's disease, tau 
undergoes hyperphosphorylation, which results in 
the destabilization of microtubules and a decrease 
in its binding to them. Neurofibrillary tangles 
(NFTs) are formed within neurons when the free 
hyperphosphorylated tau proteins aggregate, 
thereby disrupting intracellular transport and 
impairing synaptic communication. This results in 
neuronal dysfunction, synaptic loss, and ultimately 
cell death, particularly in brain regions that are 
responsible for memory, such as the hippocampus 
and entorhinal cortex (Long et al., 2022). The 
deterioration of cognitive symptoms is 
accompanied by the spread of tau pathology from 
the hippocampus and entorhinal cortex to the 
neocortex as the disease advances. The 
accumulation of NFTs also interacts with other 
pathological processes, such as oxidative stress, 
neuroinflammation, and mitochondrial dysfunction, 
which further accelerates neuronal injury Fig.3. It is 
important to note that the severity of tau pathology 
is more closely correlated with cognitive decline 
than amyloid-β plaque deposition, underscoring its 

critical role in the clinical manifestations of 
Alzheimer's disease (Gao et al., 2023). 	

2.4 Oxidative Stress and Neuroinflammation 	

In Alzheimer's disease (AD), 
neuroinflammation is a significant factor in the 
development of cognitive decline and neuronal 
injury. In response to amyloid-β deposits and 
damaged neurons, microglia, the resident immune 
cells of the central nervous system, become 
overactivated. Pro-inflammatory cytokines, 
including IL-1β, TNF-α, and IL-6, are released by 
activated microglia, which disrupt normal synaptic 
function and exacerbate neuronal stress. A 
detrimental immune response is perpetuated by 
chronic neuroinflammation, which also recruits 
astrocytes, resulting in a cycle of ongoing neuronal 
injury that accelerates disease progression (Lv et 
al., 2025). 	

Oxidative stress is a critical factor in the 
pathology of Alzheimer's disease, in addition to 
inflammation. The production of reactive oxygen 
species (ROS) is increased by overactivated 
microglia and dysfunctional mitochondria, which in 
turn degrade lipids, proteins, and DNA within 
neurons. This oxidative damage exacerbates the 
susceptibility of neurons to degeneration, disrupts 
synaptic signaling, and compromises cellular 
metabolism. Chronic neuroinflammation and 
oxidative stress are central mechanisms in the 
progression of Alzheimer's disease, as they not only 
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amplify amyloid-β and tau pathology but also 
directly contribute to neuronal mortality and 
cognitive decline (Lado et al., 2025). 	

2.5 Metabolic and Lipid Dysregulation 	

The pathogenesis and progression of 
Alzheimer's disease (AD) are significantly 
influenced by metabolic and lipid dysregulation. 
The brain's high energy requirements are met 
through the efficient metabolism of glucose, while 
the proper synaptic function and integrity of the 
neuronal membrane are maintained by a balanced 
lipid composition. Neuronal survival and synaptic 
activity are compromised in AD due to impaired 
glucose utilization and mitochondrial dysfunction, 
which reduce cellular energy production. These 
energy deficits increase the susceptibility of 
neurons to injury and expedite cognitive decline 
(He et al., 2025).  Furthermore, abnormal levels of 
cholesterol and phospholipids, as well as 
disturbances in lipid metabolism, modify the 
fluidity and structure of neuronal membranes. 
These modifications exacerbate tau 
hyperphosphorylation, contribute to the formation 
and aggregation of amyloid-β plaques, and impair 
synaptic signaling. Energy deficits and membrane 
instability are directly linked to the hallmark 
maladies of Alzheimer's disease by the combined 
effects of metabolic insufficiency and lipid 
dysregulation, which create a permissive 
environment for neuronal degeneration (Zhang et 
al., 2026). 	

3. Proteomics in the Study of Alzheimer's 
Disease 	

The comprehensive analysis of protein 
expression, modifications, and interactions that 
drive disease progression is made possible by 
proteomics, which has become a critical tool in 
Alzheimer's disease (AD) research. This method 
has detected anomalous proteins in both brain tissue 
and biological fluids that are associated with critical 
AD hallmarks, such as the accumulation of 
amyloid-β plaques and the hyperphosphorylation of 
tau Fig.2. Proteomic studies have facilitated the 
identification of potential biomarkers for early 
diagnosis by analyzing cerebrospinal fluid (CSF) 
and blood. This is particularly critical due to the 
fact that clinical symptoms frequently manifest 
after significant neuronal loss (Yarbro et al., 2025; 
Ryu et al., 2025).  In addition to biomarker 
discovery, proteomics offers a comprehensive 
understanding of the disrupted cellular pathways in 
AD, including impaired synaptic signaling, chronic 
neuroinflammation, and mitochondrial dysfunction. 
These factors all contribute to cognitive decline and 
neuronal degeneration. The molecular mechanisms 
that 	

underlie Alzheimer's disease are not only 
clarified by this knowledge, but it also facilitates 
the identification of therapeutic targets, thereby 
directing the development of strategies that are 
designed to delay or prevent the progression of the 
disease. Therefore, proteomics provides a 
comprehensive framework for the advancement of 
personalized diagnostic and treatment strategies and 
the comprehension of AD pathology (Percy et al., 
2025; Zhang et al., 2023). 	
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Fig.2. Overview of proteomics approaches in Alzheimer's disease research, highlighting biomarker 
discovery (APP, tau), analytical techniques (mass spectrometry, LC-MS/MS), and their role in understanding 

disease mechanisms and pathway disruptions (created with biorender.com).	

3.1 Analytical Techniques and Principles	

Advanced analytical techniques are employed 
in proteomic analysis of Alzheimer's disease (AD) 
to investigate the intricate protein networks that 
contribute to neurodegeneration Table 2. The most 
frequently employed methods are mass 
spectrometry (MS) and liquid chromatography–
tandem mass spectrometry (LC–MS/MS), which 
enable researchers to identify and quantify 
thousands of proteins from biological samples, 
including cerebrospinal fluid, brain tissue, and 
blood. The detection of differential protein 
expression, post-translational modifications, and 
protein–protein interactions that are critical in AD 

pathology is made possible by these techniques, 
which provide high sensitivity and accuracy 
(Bulska et al., 2022). These analytical methods 
assist in the mapping of molecular pathways 
disrupted in Alzheimer's disease, such as synaptic 
signaling, inflammation, and mitochondrial 
dysfunction, and the identification of novel protein 
biomarkers associated with disease progression 
through protein profiling. The capacity to 
investigate protein networks at a systems level 
offers valuable insights into the fundamental 
mechanisms of neurodegeneration and facilitates 
the identification of therapeutic targets for early 
intervention and disease-modifying strategies 
(Sathe et al., 2021). 	

Table 2 Analytical techniques commonly used in proteomic studies for Alzheimer’s disease to identify, 
quantify, and validate proteins associated with neurodegeneration and disease progression.	

Analytical Technique	 Principle	 Application in 
Alzheimer’s Disease 
Research	

Key References	

Mass Spectrometry 
(MS)	

Procedures mass-to-
charge ratio of ionized 
peptides to identify and 
quantify proteins.	

Identification of AD-
related proteins, 
amyloid-β peptides, and 
biomarkers in brain 
tissue and biofluids.	

Korecka & Shaw, 2021	

Liquid 
Chromatography–
Tandem Mass 
Spectrometry (LC–
MS/MS)	

Combines runny 
chromatography 
separation with tandem 
mass spectrometry for 
comprehensive peptide 
analysis.	

Large-scale proteomic 
profiling and detection 
of discrepancy protein 
expression in AD 
samples.	

Prabhakar, 2020	

Two-Dimensional Gel 
Electrophoresis (2D-
GE)	

Separates proteins based 
on isoelectric point and 
molecular weight.	

Comparative analysis of 
protein expression 
between AD and control 
samples.	

Marshall et al., 2025	

Western Blotting	 Uses antibodies to detect 
specific proteins after 
electrophoretic 
separation.	

Validation of AD-
related proteins such as 
tau and amyloid 
precursor protein (APP).	

Kulichikhin et al., 2021	

Enzyme-Linked 
Immunosorbent Assay 
(ELISA)	

Antibody-based 
quantitative detection of 
proteins in biological 
samples.	

Measurement of AD 
biomarkers such as 
Aβ42, total tau, and 
phosphorylated tau in 
CSF and blood.	

Kareem et al., 2025	

Bioinformatics & 
Proteomic Databases	

Computational analysis 
of large proteomic 
datasets.	

Identification of 
molecular pathways, 
protein networks, and 
biomarkers associated 
with AD progression.	

Singh et al., 2022	
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3.2 Proteomic Biomarkers in Alzheimer's 
Disease 	

It is imperative to comprehend the molecular 
mechanisms of Alzheimer's disease (AD) and to 
enhance early diagnosis and disease monitoring 
through proteomic biomarkers. Amyloid precursor 
protein (APP) is a critical protein biomarker, as its 
aberrant processing produces amyloid-β peptides 
that aggregate into extracellular plaques, a 
characteristic of Alzheimer's disease pathology. Tau 
proteins are an additional significant biomarker; 
hyperphosphorylated tau generates intracellular 
neurofibrillary tangles, which disrupt microtubule 
stability, impede axonal transport, and contribute to 
neuronal mortality. In addition to APP and tau, 
synaptic proteins are significant biomarkers that 
demonstrate synaptic dysfunction and loss, which 
are closely correlated with cognitive decline. The 
identification of these protein alterations has been 
facilitated by proteomic analyses of brain tissue, 
cerebrospinal fluid (CSF), and blood. These 
analyses have provided valuable instruments for 
early detection, monitoring disease progression, and 
evaluating therapeutic responses. Disrupted 
molecular pathways, such as synaptic signaling, 
inflammation, and mitochondrial function, are also 
revealed by such studies, which provide insights 
into potential therapeutic targets (Do et al., 2026; 
Bai et al., 2021). 	

3.3 The Role of Proteomics in the 
Understanding of Disease Mechanisms. 	

Proteomics is a potent method for elucidating 
the molecular mechanisms that underlie 
Alzheimer's disease (AD). Proteomic studies 
identify critical proteins and signaling pathways 
involved in critical pathological processes such as 
neuroinflammation, synaptic dysfunction, and 
neuronal loss by analyzing large-scale protein 
expression patterns in brain tissue, cerebrospinal 
fluid, and blood. For instance, adjustments to the 
inflammatory proteins secreted by astrocytes and 
microglia offer a glimpse into the manner in which 
chronic immune activation contributes to the 
progression of the disease. Proteomic analyses also 
emphasize alterations in synaptic proteins that are 
crucial for neurotransmission, which may 
contribute to the synaptic failure observed in 

Alzheimer's disease patients. Furthermore, the 
identification of proteins that dictate neuronal 
survival, apoptosis, and mitochondrial function 
provides insight into the mechanisms of cognitive 
decline and neuronal degeneration. In general, 
proteomics offers a comprehensive comprehension 
of the intricate protein networks that are disrupted 
in Alzheimer's disease, as well as potential 
biomarkers for diagnosis and therapeutic targets 
(Moya-Alvarado et al., 2026; Zia et al., 2026). 3.4 
Therapeutic Targets Driven by Proteomics         
Proteomics has emerged as an essential method for 
identifying potential therapeutic targets in 
Alzheimer's disease (AD) by exposing changes in 
protein expression and disrupted signaling 
pathways that contribute to neurodegeneration. 
Alterations in proteins involved in amyloid-β 
processing, tau phosphorylation, 
neuroinflammation, and synaptic dysfunction, 
which are critical contributors to disease 
progression, can be identified through large-scale 
proteomic analyses. The mapping of these altered 
protein networks facilitates the identification of 
molecular targets that could be exploited for 
therapeutic intervention and drug development 
(Camporesi et al., 2020; Lan et al., 2025).For 
example, proteins that regulate inflammatory 
pathways, oxidative stress responses, and synaptic 
function are currently being actively investigated as 
potential targets to mitigate or prevent neuronal 
injury in Alzheimer's disease. Proteomics not only 
helps to identify new therapeutic targets but also 
promotes the development of precision medicine 
strategies that are designed to enhance clinical 
outcomes and slow the progression of Alzheimer's 
disease by offering a comprehensive 
comprehension of disease-specific protein 
interactions and pathway disruptions. This approach 
emphasizes the indispensable function of 
proteomics in the advancement of treatment 
strategies for AD and the development of targeted 
therapies (Ali et al., 2025; 	

Tijms et al., 2024). 	

4. Alzheimer's Disease Lipidomics 	
The exhaustive study of lipids within 

biological systems and their impact on brain 
function, known as lipidomics, provides critical 
insights into Alzheimer's disease (AD) Table 3. 
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Lipids are crucial for the maintenance of neuronal 
membrane structure, the facilitation of synaptic 
signaling, and the support of energy metabolism. In 
Alzheimer's disease, disruptions in lipid metabolism 
can disrupt these processes, impair synaptic 
function, and promote neuronal degeneration 
(Imam et al., 2025). Abnormal levels of 
phospholipids, sphingolipids, and cholesterol 
derivatives have been detected in Alzheimer's 
patients through lipidomic investigations. These 

lipid modifications exacerbate neuronal injury and 
cognitive decline by contributing to critical 
pathological processes, such as amyloid-β 
accumulation, neuroinflammation, and oxidative 
stress. Not only does comprehension of these lipid 
changes elucidate the mechanisms of AD 
progression, but it also offers prospective 
biomarkers and therapeutic targets for early 
detection and intervention (Magnelli et al., 2025; 
Plascencia-Villa et al., 2023). 	

Table 3 Major lipid classes and their functional roles in the brain, along with alterations observed in 
Alzheimer’s disease and their contribution to disease pathology.	

Lipid Class / 
Component	

Role in Brain 
Function	

Alteration in 
Alzheimer’s Disease	

Impact on AD 
Pathology	

Key References	

Phospholipids	 Maintain 
neuronal 
membrane 
integrity and 
support synaptic 
signaling.	

Reduced levels of 
phosphatidylcholine and 
phosphatidylethanolamine 
reported in AD brains.	

Membrane 
instability and 
impaired synaptic 
transmission.	

Zhang et al., 
2025; Olešová et 
al., 2024	

Sphingolipids	 Important for cell 
signaling and 
neuronal survival.	

Increased ceramide levels 
and altered 
sphingomyelin 
metabolism.	

Promotes 
apoptosis and 
neurodegeneration.	

Ge et al., 2025	

Cholesterol	 Regulates 
membrane 
fluidity and 
synaptic 
plasticity.	

Dysregulated cholesterol 
metabolism associated 
with amyloid precursor 
protein processing.	

Enhances amyloid-
β production and 
plaque formation.	

Zhang et al.,  
2026	

Fatty Acids 
(PUFAs)	

Support neuronal 
development and 
anti-
inflammatory 
processes.	

Decreased omega-3 fatty 
acids such as DHA in AD 
patients.	

Increased 
inflammation and 
neuronal damage.	

Giacobbe et al., 
2025	

Lipid 
Peroxidation 
Products	

Indicators of 
oxidative damage 
to lipids.	

Elevated levels of 
malondialdehyde and 4-
hydroxynonenal.	

Contributes to 
oxidative stress 
and neuronal 
injury.	

Dham et al., 
2021	

4.1 The Significance of Lipids in Brain 
Function 	

Lipids are indispensable for the preservation of 
the brain's structure and functionality, and they are 
particularly important in the development and 
progression of Alzheimer's disease (AD). They are 
essential components of neuronal membranes, 
where they contribute to the preservation of 
membrane integrity, fluidity, and stability, all of 
which are essential for the proper functioning of 
cells. By enabling receptor activity, 
neurotransmitter release, and signal propagation 
across neural networks, proper lipid composition 

supports synaptic transmission and neuronal 
signaling (Dash et al., 2025). Membrane function, 
synaptic efficiency, and neuronal communication 
can be compromised by disruptions in lipid 
metabolism. These lipid abnormalities may 
exacerbate amyloid-β accumulation, tau pathology, 
and oxidative stress, thereby contributing to the 
cognitive decline and neuronal injury observed in 
Alzheimer's disease. The molecular mechanisms 
that underlie neurodegeneration are illuminated by 
an understanding of the role of lipids in brain 
function, which also identifies potential targets for 
therapeutic intervention (Xiong et al., 2024; Yoon 
et al., 2022). 	
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4.2 Methods of Lipidomic Profiling 	

Lipidomic profiling is a potent method for the 
analysis of lipid composition and the alterations that 
are associated with Alzheimer's disease (AD). 
Researchers can identify and quantify a variety of 
lipid species in intricate biological samples, such as 
cerebrospinal fluid, blood, and brain tissue, using 
advanced analytical methods like liquid 
chromatography–mass spectrometry (LC–MS) and 
gas chromatography–mass spectrometry (GC–MS). 
These methods are capable of separating lipid 
mixtures with high resolution and detecting them 
with high sensitivity and accuracy, thereby enabling 
the investigation of subtle changes in lipid 

metabolism that are associated with the progression 
of a disease Table 4. 	

Lipid extraction methods, such as the Folch 
method or Bligh and Dyer extraction, are frequently 
employed to efficiently isolate lipids from 
biological samples prior to analysis. Researchers 
can identify potential lipid biomarkers and 
comprehend their role in neurodegeneration and 
cognitive decline in AD by combining these 
extraction and analytical techniques, which allows 
them to map alterations in phospholipids, 
sphingolipids, cholesterol derivatives, and other 
lipid classes (Han, 2010; Quehenberger et al., 
2011). 	

Table 4 Major precision medicine approaches in Alzheimer’s disease integrating multi-omics 
technologies for biomarker discovery, risk prediction, and development of personalized therapeutic 
strategies.	

Precision 
Medicine 
Component	

Approach / 
Principle	

Application in 
Alzheimer’s 
Disease	

Clinical 
Significance	

Key References	

Genomics	 Analysis of genetic 
variations and risk 
genes associated 
with AD.	

Identification of 
susceptibility 
genes such as 
APOE, APP, 
PSEN1, and 
PSEN2.	

Enables early risk 
prediction and 
personalized 
therapeutic 
strategies.	

Kanda et al., 2025	

Proteomics	 Large-scale 
analysis of protein 
expression and 
modifications.	

Detection of 
biomarkers such as 
amyloid-β, tau, 
and 
phosphorylated tau 
in CSF and blood.	

Helps in diagnosis, 
disease 
monitoring, and 
therapeutic 
targeting.	

Tao et al., 2024	

Lipidomics	 Study of lipid 
metabolism and 
lipid biomarkers in 
biological systems.	

Identification of 
altered 
phospholipids, 
sphingolipids, and 
cholesterol 
metabolism in AD.	

Provides insights 
into 
neurodegeneration 
and potential 
metabolic targets.	

Cao et al., 2024	

Glycomics	 Analysis of glycan 
structures and 
glycosylation 
patterns of 
proteins.	

Investigation of 
altered 
glycosylation in 
amyloid precursor 
protein and other 
neural proteins.	

Contributes to 
biomarker 
discovery and 
understanding 
disease 
mechanisms.	

Guerreiro, 2025	

Multi-Omics 
Integration	

Integration of 
genomics, 
proteomics, 
lipidomics, and 
glycomics data.	

Identification of 
molecular 
networks and 
patient-specific 
disease pathways.	

Supports 
personalized 
treatment and 
precision 
therapeutic 
development.	

Ali, 2023	

Biomarker-Guided 
Therapy	

Use of molecular 
biomarkers to 

Monitoring 
therapeutic 

Improves 
treatment efficacy 

Fatima et al., 2025	
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guide treatment 
decisions.	

response and 
disease 
progression in AD 
patients.	

and enables 
personalized 
clinical 
management.	

4.3 Lipid Biomarkers in Alzheimer's Disease 	

Lipid biomarkers are essential for 
comprehending the metabolic changes that 
contribute to the pathogenesis of Alzheimer's 
disease (AD). Modifications in phospholipids, 
which are essential components of neuronal 
membranes, can compromise the integrity, fluidity, 
and synaptic signaling of the membrane, thereby 
impairing neuronal communication. Sphingolipids, 
such as ceramides and sphingomyelins, are crucial 
for cell signaling, apoptosis, and stress responses. 
These lipids have been linked to cognitive decline 
and neuronal degeneration at aberrant levels.The 
pathology of Alzheimer's disease is also influenced 
by changes in cholesterol derivatives, which 
promote the formation of amyloid-β plaques in the 
brain and influence the processing of amyloid 
precursor protein (APP). These lipid alterations 
have been identified as potential biomarkers for 
early diagnosis and indicators of disease 
progression through lipidomic analyses of brain 
tissue, cerebrospinal fluid, and blood. These 
insights are invaluable for the development of 
diagnostic and therapeutic strategies in Alzheimer's 
disease and for the comprehension of disease 
mechanisms (Sarkar et al., 2024; Breil et al., 2017). 	

4.4 Dysregulation of Lipids in 
Neurodegeneration 	

Lipid dysregulation is a critical factor 
contributing to neurodegeneration in Alzheimer's 
disease (AD). Neuronal membrane integrity can be 
compromised and synaptic signaling can be 
disrupted by abnormal lipid metabolism, which 
results in impaired communication between 
neurons. This includes phospholipids, 
sphingolipids, and cholesterol. The genesis and 
aggregation of amyloid-β peptides, a hallmark of 
AD pathology, are also influenced by these lipid 
alterations, which affect amyloid precursor protein 
(APP) processing (Farooqui et al., 2024). 
Additionally, neuroinflammation, oxidative stress, 
and apoptosis can be induced by elevated levels of 
specific lipids, such as ceramides, which further 
exacerbate neuronal injury. As a result, disruptions 

in lipid homeostasis produce an environment that is 
conducive to neuronal dysfunction and 
degeneration, which accelerates the progression of 
Alzheimer's disease and cognitive decline. The 
comprehension of lipid dysregulation offers a 
window into the molecular mechanisms of 
neurodegeneration and may identify potential 
therapeutic targets to slow the progression of the 
disease (Cao et al., 2024). 	

5. Alzheimer's Disease and Glycomics 	
Glycomics is the exhaustive examination of 

glycans, which are carbohydrate molecules that are 
attached to proteins and lipids, and their functions 
in biological systems. Alterations in glycosylation 
patterns—the addition or modification of glycans—
can disrupt protein folding, stability, and function, 
impair cell signaling, and modulate immune 
responses in the brain in Alzheimer's disease (AD). 
These glycan modifications have been 
demonstrated to affect critical pathological 
processes in AD, such as amyloid-β aggregation, 
tau hyperphosphorylation, and neuroinflammation, 
thereby contributing to the progression of the 
disease and neuronal dysfunction.The molecular 
mechanisms that underlie Alzheimer's pathology 
are illuminated by glycomics, which analyzes 
alterations in glycosylation in brain tissue, 
cerebrospinal fluid, and blood. These studies have 
the potential to uncover novel therapeutic targets to 
regulate protein aggregation, inflammation, and 
other pathological pathways in AD, as well as 
identify glycan-based biomarkers for early 
diagnosis (Ahmed et al., 2024). 	

5.1 Glycosylation in Brain Biology 	

Glycosylation is a critical biological process 
that involves the covalent attachment of glycans 
(carbohydrate chains) to proteins and lipids, thereby 
influencing their structure, stability, and function. 
Cell signaling, protein folding, and protein stability 
are all dependent on glycans in the brain, which are 
essential for effective neuronal communication and 
synaptic function. The complex network necessary 
for cognitive processes is supported by the correct 
glycosylation of proteins, which ensures that they 
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adopt their proper three-dimensional conformation 
and facilitates interactions between neurons and 
glial cells. These processes can be impaired by 
glycosylation disruptions, which can result in 
compromised cell signaling, altered receptor 
function, and defective protein folding. These 
abnormalities are associated with 
neurodegenerative diseases, such as Alzheimer's 
disease, where altered glycosylation can affect 
amyloid-β aggregation, tau pathology, and 
neuroinflammation, thereby contributing to 
neuronal dysfunction and cognitive decline (Ou et 
al., 2025). 	

5.2 Glycomic Analytical Methods 	

Glycomic analytical methodologies are 
indispensable for investigating the structure, 
composition, and functionality of glycans in 
biological systems. Glycan profiling allows 
researchers to identify and characterize the diverse 
glycan structures that are attached to proteins and 
lipids, thereby providing insight into their 
biological functions. The study of subtle changes in 
glycosylation associated with diseases like 
Alzheimer's is now possible due to the highly 
sensitive and precise detection of glycan 
composition, branching patterns, and post-
translational modifications through advanced 
techniques such as mass spectrometry (MS). In 
addition to MS, lectin arrays are frequently 
implemented to identify particular glycan patterns. 
Lectins are proteins that bind carbohydrates and 
selectively identify specific glycan motifs. This 
allows for the high-throughput analysis of 
glycosylation variations across multiple samples. 
Glycomics offers comprehensive information on the 
structure and function of glycans, thereby 
facilitating the elucidation of neurodegenerative 
mechanisms and the identification of glycan-based 
biomarkers for early diagnosis and therapeutic 
targeting in Alzheimer's disease (embrek et al., 
2015). 	

5.3 Glycan Biomarkers in Alzheimer's 
Disease 	

Glycan biomarkers are crucial indicators of 
molecular changes that are linked to Alzheimer's 
disease (AD). Protein folding, stability, and cellular 
signaling in the brain are influenced by N-glycans, 

which are covalently affixed to proteins. These 
processes can be disrupted by altered N-
glycosylation, which can lead to synaptic 
dysfunction and impaired neuronal communication. 
Glycosaminoglycans (GAGs), which are involved 
in cell–cell and cell–matrix interactions, have also 
been linked to Alzheimer's disease (AD). 
Modifications to their composition may facilitate 
the formation of plaques and the aggregation of 
amyloid-β. Additionally, the structure of the 
membrane and the transmission of signals are 
regulated by glycosphingolipids, which are 
essential components of neuronal membranes. The 
progression of Alzheimer's disease is linked to 
glycan alterations, which are associated with 
neuronal dysfunction and degeneration. Abnormal 
levels of these lipids are also implicated. 
Researchers can identify glycan-based biomarkers 
for early diagnosis and disease monitoring, as well 
as potential therapeutic targets to mitigate 
neurodegeneration, by profiling these glycans in 
brain tissue, cerebrospinal fluid, and blood 
(Onigbinde et al., 2025; Costa et al., 2023).	

5.4 Glycomic Alterations in Alzheimer's 
Disease Pathology 	

The development and progression of 
Alzheimer's disease (AD) are increasingly 
recognized as being significantly influenced by 
glycomic alterations. Changes in glycosylation 
patterns, which involve the attachment or 
modification of glycans on proteins and lipids, can 
disrupt cellular signaling, protein folding, and 
stability in the brain. Critical AD-related processes, 
such as amyloid-β aggregation, tau protein 
hyperphosphorylation, and neuroinflammatory 
responses, may be influenced by these 
modifications, which collectively exacerbate 
neuronal dysfunction.  Neuronal communication 
and synaptic function can be impaired by abnormal 
glycan structures, which can directly contribute to 
neurodegeneration and synaptic failure. Researchers 
can acquire a more profound understanding of the 
molecular mechanisms that underlie AD and 
identify glycan-based biomarkers for early 
diagnosis, disease monitoring, and potential 
therapeutic intervention by profiling glycomic 
changes in brain tissue, cerebrospinal fluid, and 
blood (Li et al., 2023; Conroy et al., 2021).	
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6. Integrated Multi-Omics Methods	
Integrated multi-omics approaches integrate 

data from genomics, proteomics, lipidomics, and 
glycomics to offer a comprehensive understanding 
of biological systems and their regulation. These 
methods facilitate the identification of intricate 
molecular interactions and disrupted pathways that 
contribute to neurodegeneration in Alzheimer's 
disease (AD) research. Researchers can identify 
connections between genetic variants, protein 
expression, lipid metabolism, and glycosylation 
changes, all of which contribute to the progression 
of a disease, by examining multiple layers of 
molecular data simultaneously. These integrative 
analyses enable the identification of therapeutic 
targets that may not be evident when examining a 
single omics layer in isolation and facilitate the 
discovery of novel biomarkers for early diagnosis. 
Multi-omics approaches facilitate the development 
of precision medicine strategies that are designed to 
delay or prevent neurodegeneration by offering a 
systems-level comprehension of AD pathology 
(Lundstrøm et al., 2023). 	

6.1 Multi-Omics Integration Concept 	

Multi-omics integration is the process of 
integrating data from various biological layers, 
including the proteome, lipidome, and glycome, to 
develop a comprehensive understanding of cellular 
processes and disease mechanisms.. Researchers 
can disclose the impact of changes at one molecular 
level on others by identifying interactions and 
cross-talk between proteins, lipids, and glycans 
through the analysis of these datasets in 
combination. The biological networks and 
pathways that are perturbed in disease can be more 
accurately mapped through this systems-level 
perspective. Multi-omics integration is particularly 
advantageous in the investigation of the intricate 
molecular pathways that underlie 
neurodegeneration, such as amyloid-β 
accumulation, tau pathology, synaptic dysfunction, 
and metabolic dysregulation, in Alzheimer's disease 
(AD) research. This method facilitates the 
identification of reliable biomarkers for early 
diagnosis and the identification of therapeutic 
targets by emphasizing critical nodes in disease-
associated molecular networks (Huang et al., 2025). 	

6.2 Tools for Bioinformatics and Systems 
Biology	

The analysis of the large-scale omics datasets 
produced in Alzheimer's disease (AD) research is 
contingent upon the use of bioinformatics and 
systems biology tools. These computational 
methods enable researchers to incorporate and 
interpret intricate data from genomics, proteomics, 
lipidomics, and glycomics, thereby offering a 
deeper understanding of disease mechanisms. 
Network analysis is frequently employed to identify 
interactions among genes, proteins, lipids, and 
glycans, thereby revealing critical nodes and 
pathways that contribute to neurodegeneration. 
Furthermore, pathway mapping serves to clarify the 
molecular pathways linked to AD, such as amyloid-
β processing, tau pathology, synaptic dysfunction, 
and neuroinflammation. Researchers can enhance 
our comprehension of Alzheimer's disease and 
facilitate the development of precision medicine 
strategies by integrating multi-omics data with 
these bioinformatics approaches to identify critical 
biomarkers for early diagnosis and potential 
therapeutic targets (Schedin‐Weiss et al., 2025; 
Powell et al., 2025). 	

6.3 Discovery of Multi-Omics Biomarkers 	

The process of multi-omics biomarker 
discovery entails the incorporation of data from 
various omics platforms to identify molecular 
signatures that are unique to Alzheimer's disease 
(AD)... Researchers can identify distinctive 
molecular patterns that manifest during the onset 
and progression of a disease by integrating data 
from proteomics, lipidomics, and glycomics. The 
molecular landscape is comprehensively viewed 
through this integrated approach, which captures 
interactions and pathway disruptions that may not 
be apparent when analyzing a single omics layer. 
These molecular signatures are indispensable for 
the identification of dependable biomarkers that can 
be employed for the early diagnosis, disease 
prognosis, and monitoring of therapeutic responses. 
Multi-omics biomarker discovery improves 
comprehension of disease mechanisms and directs 
the development of targeted therapeutic strategies 
by disclosing the alteration of proteins, lipids, and 
glycans in AD (Ren et al., 2025; O'Connor et al., 
2023; Tiwari et al., 2023).	
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7. Clinical Applications	
The identification of reliable molecular 

biomarkers for early diagnosis is facilitated by 
multi-omics approaches, which have significant 
clinical applications in Alzheimer's disease (AD). 
Researchers can detect molecular changes prior to 
the onset of overt cognitive symptoms by 
integrating data from proteomics, lipidomics, 
glycomics, and other omics layers. This enables 
opportune intervention. Furthermore, the 
formulation of personalized treatment strategies that 

are customized to the individual's distinctive 
molecular profile is facilitated by multi-omics 
analyses Fig.4. These methods also enable the 
monitoring of disease progression and therapeutic 
responses, providing dynamic insights into how 
patients respond to treatments and facilitating 
adjustments in therapy. In general, the 
incorporation of multi-omics improves precision 
medicine approaches in AD by enhancing 
diagnosis, prognosis, and patient-specific 
management strategies (Gutierrez Reyes et al., 
2024). 	

	

Fig.4. Clinical applications of multi-omics in Alzheimer's disease, highlighting early diagnosis, 
therapeutic target identification (tau and amyloid-β), and precision medicine approaches for personalized 
treatment (created with biorender.com).	
7.1 Biomarker Development and Early 
Diagnosis 	

The identification of reliable molecular 
biomarkers in biological fluids, such as blood and 
cerebrospinal fluid (CSF), is essential for the early 
diagnosis of Alzheimer's disease (AD). The brain's 
amyloid plaque formation, tau pathology, and 
neuronal injury are all reflected in key biomarkers, 
including amyloid-β peptides, total tau (t-tau), and 
phosphorylated tau (p-tau). By monitoring these 
biomarkers, clinicians can identify AD at 
preclinical or mild cognitive impairment stages, 
which enables earlier intervention and enhanced 
patient management. 	

In recent years, the sensitivity and accuracy of 
biomarker detection have been improved by recent 
advancements in omics technologies, such as 
proteomics and multi-omics approaches. This has 

enabled the identification of additional candidate 
markers and molecular signatures that are 
associated with disease progression. Additionally, 
blood-based biomarkers are being investigated as 
less invasive alternatives to CSF sampling, which 
will make the routine screening and longitudinal 
surveillance of Alzheimer's disease more 
manageable in clinical practice (Cardillo et al., 
2025). 	

7.2 Identification of Therapeutic Targets 	

Omics technologies are essential for the 
identification of molecular targets for drug 
discovery in Alzheimer's disease (AD) by analyzing 
changes in proteins, lipids, glycans, and other 
biomolecules. These investigations assist in the 
identification of critical pathways that are involved 
in the hallmark AD processes, such as 
neuroinflammation, amyloid-β accumulation, tau 
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hyperphosphorylation, and synaptic dysfunction. 
Researchers can identify critical nodes and 
pathways that may be therapeutic targets for 
intervention by mapping these disrupted molecular 
networks. The identification of such targets 
facilitates the development of innovative treatment 
strategies that are designed to impede, delay, or 
prevent the progression of the disease. The 
integration of findings from multi-omics analyses 
enables a more precise comprehension of disease 
mechanisms, thereby facilitating the development 
of targeted therapies that target specific molecular 
dysfunctions in Alzheimer's disease (McGrowder et 
al., 2021). 	

7.3 The Role of Precision Medicine in 
Alzheimer's Disease 	

Alzheimer's disease (AD) precision medicine is 
dedicated to the creation of customized treatment 
strategies that are determined by an individual's 
genetic, molecular, and clinical profile. Researchers 
can identify patient-specific biomarkers and 
molecular mechanisms that drive disease 
progression by integrating data from genomics, 
proteomics, lipidomics, and glycomics. This 
method enables the development of therapies that 
specifically target the biological pathways that are 
uniquely affected in each patient, thereby enhancing 
the efficacy of treatment and reducing the 
likelihood of adverse effects. Additionally, 
precision medicine enables a more proactive and 
tailored management of AD by facilitating risk 
stratification, early intervention, and therapeutic 
response monitoring. Clinicians and researchers can 
develop personalized strategies that are designed to 
delay the progression of disease and enhance 
patient outcomes by utilizing multi-omics data, 
which transcends one-size-fits-all approaches (Yu 
et al.,, 2025). 	

8. Obstacles and Restrictions 	
Omics technologies offer profound insights 

into the molecular mechanisms of Alzheimer's 
disease (AD); however, they encounter numerous 
technical and practical obstacles. The accuracy, 
reproducibility, and accessibility of omics analyses 
can be restricted by high costs, complex 
instrumentation, and variability in sample 
preparation. Standardizing protocols across 

laboratories and studies is a difficult task due to 
these factors. Significant bioinformatics and 
computational challenges are also presented by the 
integration of data from multiple omics platforms. 
The identification of reliable biomarkers and 
therapeutic targets can be complicated by the 
challenges 	

associated with data integration, interpretation, 
and reproducibility that can result from large, 
heterogeneous datasets. In addition, there are 
translational gaps between research and clinical 
practice, as numerous biomarkers and targets 
identified in laboratory studies necessitate extensive 
validation and regulatory approval prior to their 
implementation in routine diagnosis or treatment. 
These limitations underscore the necessity of 
rigorous clinical validation, robust computational 
tools, and standardized methodologies to fully 
realize the potential of omics technologies in AD 
research (Mohr et al., 2024; . Sandhiya et al.,2026; 
Martins et al., 2017; Gopalakrishnan et al., 2025; 
Jiang et al., 2025; Karthikeyan et al., 2025; 
Sudhakara et al.,2025; Mukherjee et al., 2025).	

9. Prospects for the Future 	
It is anticipated that future research in 

Alzheimer's disease will be significantly impacted 
by advancements in artificial intelligence (AI) and 
machine learning. These technologies are capable 
of analyzing intricate omics datasets to more 
effectively identify patterns, biomarkers, and 
disease-related pathways. The simultaneous 
analysis of proteomic, lipidomic, and glycomic 
biomarkers may be facilitated by the development 
of integrated multi-omics diagnostic platforms, 
thereby enhancing early detection and disease 
monitoring. Additionally, the knowledge acquired 
from these technologies may facilitate the 
identification of new therapeutic targets and 
interventions, thereby facilitating the advancement 
of more effective Alzheimer's disease treatments 	

10. Conclusion	
Alzheimer's disease continues to be a 

significant global health concern as a result of its 
restricted therapeutic options, complex molecular 
mechanisms, and progressive neurodegeneration. 
The molecular pathways involved in the 
development and progression of disease have been 
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considerably enhanced by advancements in omics 
technologies, including proteomics, lipidomics, and 
glycomics. These methods facilitate the 
identification of new biomarkers that are linked to 
amyloid-β accumulation, tau pathology, lipid 
dysregulation, and altered glycosylation patterns in 
the brain.  he integration of these datasets through 
multi-omics strategies offers a comprehensive 
understanding of the interactions between proteins, 
lipids, and glycans that contribute to 
neurodegeneration. The identification of disease-
specific molecular signatures that may enhance the 
early diagnosis and monitoring of Alzheimer's 
disease is facilitated by these integrative analyses. 
Furthermore, multi-omics research has the potential 
to identify novel therapeutic targets that are 
implicated in inflammation, synaptic dysfunction, 
metabolic imbalance, and neuronal survival. 
Despite the challenges that persist, such as the 
necessity for clinical validation, data integration 
issues, and technical limitations, it is anticipated 
that the advancement of omics technologies and 
bioinformatics tools will expedite the research on 
Alzheimer's disease. In the future, the 
implementation of integrated multi-omics 
approaches may contribute to the development of 
more precise diagnostic methods and personalized 
treatment strategies, thereby enhancing patient 
outcomes and disease management.	
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