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Abstract
Objectives

This study reviews the relationship between gut microbiota and Alzheimer’s dis-
ease (AD), exploring how gut microbial communities influence the progression of neu-
rodegenerative diseases, particularly the pathological mechanisms of AD. Additionally,
this review examines gut microbiota-based intervention strategies, including probiotics,
prebiotics, fecal microbiota transplantation (FMT), and dietary modulation, to evaluate
their potential benefits for AD prevention and treatment.

Methods
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A literature review was conducted to compile research on gut microbiota and neu-
rodegenerative diseases, particularly AD. Data sources included the academic databases
such as PubMed, Scopus, and Web of Science. The search strategy focused on literature
related to key terms such as microbiota, gut-brain axis, neurodegenerative diseases, Alz-
heimer’s disease, short-chain fatty acids (SCFAs), and microglia. The main areas of
investigation included changes in gut microbiota composition and metabolism in rela-
tion to AD pathology and disease progression, the impact of lipid metabolism, and po-
tential therapeutic interventions.

Results

The findings indicate a significant relationship between gut microbiota and the de-
velopment of AD and other neurodegenerative diseases. The underlying mechanisms
involve neuroinflammation, microbial metabolite regulation, microglial activation, and
potential microbiota-based therapeutic strategies. Dysbiosis of the gut microbiota com-
promises the integrity of the intestinal barrier, allowing endotoxins such as lipopolysac-
charides (LPS) to enter systemic circulation, thereby inducing neuroinflammation and
abnormal microglial activation. This chronic inflammatory state contributes to synaptic
dysfunction, impairs neuroplasticity, and accelerates AD pathology.

Gut microbiota-derived metabolites, including SCFAs, bile acids (BAs), and tri-
methylamine N-oxide (TMAO), influence brain function via the blood-brain barrier
(BBB). SCFAs regulate immune responses and promote neuroprotection, but imbal-
ances in their levels may exacerbate neuroinflammation. TMAO is linked to neuroin-
flammation and neurodegeneration, potentially promoting B-amyloid (AP) deposition
and Tau protein hyperphosphorylation, which affect neuronal survival.

Microglia, the primary immune cells of the central nervous system, play a crucial
role in AD pathology. Alterations in gut microbiota influence microglial activation
states, and excessive activation leads to increased neuroinflammation, causing neuronal
damage and functional decline. Gut microbiota-targeted interventions, such as probiot-
ics, prebiotics, FMT, and specific dietary approaches (such as the Mediterranean diet),
have demonstrated benefits in regulating gut microbial ecology, reducing neuroinflam-
mation, and improving neurological functions. Clinical trials have also shown that sup-
plementation with microbiota-derived metabolites such as plasmalogens has therapeutic
potential. These interventions regulate lipid metabolism and immune responses through
the gut-brain axis, lowering the risk of neurodegenerative diseases and presenting inno-
vative strategies for AD prevention and adjunctive therapy.

Conclusion

There is a strong interplay between gut microbiota and neurodegenerative diseases,
with gut microbiome alterations affecting AD pathology through mechanisms involving
the gut-brain axis, microglial regulation, neuroinflammation, and lipid metabolism im-
balance. Microbiota-based interventions, including probiotic supplementation, dietary
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modulation, and FMT, have shown promising effects in both animal and clinical studies
for AD prevention and adjunctive treatment. Future research should focus on further
clinical validation of these strategies, incorporating personalized and precision medi-
cine approaches that consider individual characteristics and environmental exposures.

Keywords:

Microbiota, Lipid metabolism, Neurodegenerative disease, Gut-brain axis, Alzheimer’s
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