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Abstract

Alzheimer’s disease is a progressive
neurodegenerative disorder characterized by memory loss,
cognitive decline, and behavioral disturbances. Recent
scientific evidence highlights the significant role of the gut
microbiota in influencing brain health through the gut—brain
axis. Alterations in gut microbial composition, known as
dysbiosis, contribute to neuroinflaimmation, amyloid-$
accumulation, metabolic disturbances, and cognitive
impairment. Multi-omics research integrating microbiome
analysis, neuroimaging, and  cognitive  assessment
demonstrates that gut microbial imbalance indirectly mediates
brain structural changes and cognitive decline in Alzheimer’s
disease. Understanding this connection opens new avenues
for prevention and therapeutic strategies targeting gut health
to manage Alzheimer’s disease.

Introduction

Alzheimer’s disease is one of the most challenging
health problems affecting older adults worldwide. It gradually
destroys memory, thinking ability, and independence.
According to the World Health Organization, more than 55
million people worldwide are currently living with dementia,
and Alzheimer’s disease accounts for 60-70% of these cases.
Traditionally, scientists believe that Alzheimer’s disease begins
and ends in the brain. However, exciting new research
suggests that the story may begin in an unexpected place —
the gut.

Yes, the trillions of tiny microorganisms living inside
our digestive system, collectively known as the gut
microbiome, may play a powerful role in brain health.
Alzheimer's disease is the most common cause of dementia
among older adults. It is characterized by progressive memory
decline, impaired reasoning, behavioral changes, and inability
to perform daily activities. Pathologically, Alzheimet’s disease
is marked by the accumulation of amyloid- plaques and
neurofibrillary tangles in the brain, leading to neuronal loss
and cognitive deterioration.

While aging and genetics are well-established risk
factors, emerging research emphasizes the importance of gut
microbiota in Alzheimer’s disease progression. The gut
microbiome communicates with the brain through neural,
immune, and hormonal pathways, collectively known as the
gut—brain axis.

Understanding the Gut—Brain Axis

The gut microbiota consists of trillions of
microorganisms tresiding in the gastrointestinal tract. These

microbes regulate immune function, produce metabolites, and
influence neurotransmitter synthesis. When the microbial
balance is disturbed (dysbiosis), it can trigger systemic
inflaimmation and disrupt normal brain signaling. Studies
show that individuals with Alzheimer’s disease exhibit
significant alterations in gut microbial composition compared
to healthy controls.
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In Alzheimer's disease, gut dysbiosis increases
harmful bacteria, leading to “leaky gut” and allowing bacterial
toxins (LPS) to enter the bloodstream and trigger systemic
inflammation.

e Brain Inflammation

Toxins enter the brain causing
inflammation and harm.

L
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This inflammation weakens the blood—brain bartier,
enabling toxins and inflaimmatory signals to reach the brain
and activate microglia, causing chronic neuroinflammation.
Persistent brain inflammation promotes amyloid-§ plaque and
tau tangle formation, resulting in neuronal damage, memory
loss, and progression of Alzheimert’s disease. Alzheimer's
disease is characterized by memory loss, cognitive decline,
amyloid-f plaque accumulation, and neuroinflammation.
Recent research shows that disturbances in gut microbiota —
called gut dysbiosis — can worsen these pathological
processes. When the gut microbial balance is disturbed, it
negatively influences the brain through the gut—brain axis.

n Increases Neuroinflammation
In gut dysbiosis:
e  Harmful bacteria increase.
e Beneficial bacteria decrease.
e Intestinal permeability (“leaky gut”) increases.

This allows toxic substances like lipopolysaccharides
(LPS) to enter the bloodstream and cross the blood-brain
barrier.

Once in the brain:
e LPS activates microglia (brain immune cells).

e Chronic microglial activation
inflammation.

causes persistent

e Inflammation accelerates neuronal damage.

Neuroinflammation is a major pathological feature of
Alzheimer’s disease, and gut imbalance worsens it.

E3 Promotes Amyloid-B Accumulation

Some harmful gut bacteria produce amyloid-like
proteins. These bacterial amyloids may:

e Trigger misfolding of amyloid-§ in the brain.

e Stimulate immune responses that promote plaque
formation.

e Increase oxidative stress.

As a result, amyloid-f plaques accumulate faster,
worsening Alzheimer’s pathology.

E) Increases Harmful Metabolites

Research from your seminar (Zhao et al., 2025)
showed:

e Increased arachidonic acid

e Increased adrenic acid

e Disrupted gut-liver—brain communication

These metabolic changes indirectly damage brain
structure and reduce cognitive performance.

u Reduces Beneficial Bacteria
In Alzheimer’s patients:
e Beneficial bactetia like Anaerostipes are reduced.
e  Short-chain fatty acid (SCFA) production decreases.
SCFAs (especially butyrate) are important because

e Protect neurons

e  Reduce inflammation

e  Maintain blood—brain barrier integrity

e Support energy metabolism in brain cells

When SCFAs decline, brain cells become more
vulnerable to degeneration.

B Alters Neurotransmitter Production
The gut microbiota regulates production of:
e  Serotonin
e GABA
¢ Dopamine

Dysbiosis disrupts these neurotransmitters, leading
to:

¢  Memory impairment
e Mood disturbances
e Anxiety and behavioral symptoms

These changes
Alzheimer’s disease.

worsen cognitive decline in
[} Damages Brain Structure and Connectivity
Neuroimaging findings in your seminar showed:
e  Reduced hippocampal integrity

e Decreased functional connectivity in the default
mode network

e  Structural brain shrinkage

Gut microbial imbalance indirectly mediates these
brain changes through inflammatory and metabolic pathways.
Mechanisms Linking Gut Microbiota and Alzheimer’s
Disease

Based on the findings, gut dysbiosis contributes to
Alzheimer’s disease through multiple mechanisms:

*  Elevated lithocholic acid e Increased  intestinal  permeability  allowing
These metabolites are associated with: lipopolysaccharides (LPS) to enter circulation
e Inflammatory pathways e Activation of microglia leading to chronic
e Oxidative stress neuroinflammation
e Neuronal injury e Promotion of amyloid-§ aggregation
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e Altered neurotransmitter production
GABA, dopamine)

e Increased oxidative stress

(serotonin,

These mechanisms collectively accelerate neuronal
damage and cognitive decline.

Implications for Prevention and Management
The findings suggest that targeting gut microbiota

could serve as a novel therapeutic strategy for Alzheimer’s
disease.

Potential interventions include:
e Dietary modification to support beneficial bacteria
e Probiotic supplementation
e Prebiotic-rich foods
e Lifestyle interventions combining diet and physical
activity
Maintaining gut microbial balance may reduce
neuroinflaimmation and slow disease progression.
Conclusion

Emerging scientific evidence clearly indicates that
Alzheimer’s disease is not solely a brain disorder but is
significantly influenced by gut microbial health. Dysbiosis
leads to inflammatory metabolite production, structural brain
changes, and cognitive decline.

Understanding the gut—brain connection provides
promising opportunities for early intervention and preventive
strategies. Protecting gut health may become a key component
in managing and potentially reducing the burden of
Alzheimer’s disease.
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