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Abstract

Introduction: Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most common neurodegenerative
disorders, causing progressive cognitive and motor decline. High rates of new diagnoses, coupled with increasing evidence
linking gastrointestinal (GI) dysfunction to neurodegeneration, highlight the significance of understanding the gut-brain axis
(GBA). Changes in gut microbiota composition are associated with amyloid-beta accumulation in AD and a-synuclein
aggregation in PD, suggesting that gut dysbiosis and inflammation may worsen disease pathology.

Methods: A systematic literature review was conducted using peer-reviewed primary research articles published between
2014 and 2025. Articles were selected based on their relevance to GI inflammation, gut microbiota dysbiosis, and
neurodegenerative diseases. Studies involving human participants and relevant animal models were prioritized. Databases
searched included PubMed, Google Scholar, ScienceDirect, JSTOR, and SpringerLink.

Results: Gut dysbiosis was consistently associated with increased intestinal permeability, systemic inflammation, and
neuroinflammatory responses in AD and PD. Specific microbial imbalances correlated with accelerated disease progression
and cognitive decline. Animal studies demonstrated that fecal microbiota transplantation from diseased individuals worsened
motor and mental symptoms, while interventions targeting gut health, such as probiotics and dietary modifications, reduced
neuroinflammation and improved outcomes.

Discussion: Findings support the GBA’s critical role in mediating neurodegeneration through immune activation and
inflammatory pathways. Dysbiosis-induced changes in microbial metabolite production, including short-chain fatty acids
(SCFAs) and tryptophan derivatives, further contribute to neuroinflammatory processes. Despite promising preclinical
results, challenges remain in translating gut-targeted therapies to clinical use due to variability in individual microbiomes and
limited longitudinal human data.

Conclusion: This review emphasizes the gut microbiota as a modifiable factor in the pathogenesis of AD and PD. Targeting
GI inflammation and restoring microbial balance may offer novel therapeutic strategies for slowing disease progression.
Future research should focus on validating gut-derived biomarkers, personalizing microbiome-based treatments, and
conducting longitudinal clinical trials to optimize gut-brain interventions in neurodegenerative diseases.

Keywords: Alzheimer’s disease; Parkinson’s disease; gut-brain axis; gut dysbiosis; neurodegenerative diseases;
neuroinflammation; Parkinson’s pathology; Alzheimer’s pathology; gut-brain signaling; gut microbiome

Introduction

Alzheimer’s disease (AD) and Parkinson’s disease
(PD) are the two most common neurodegenerative
disorders [1]. Between 2022 and 2023, approximately
98,695 Canadians aged 65 and older were newly diagnosed
with dementia, including AD, with a higher incidence
among females. During the same period, approximately
13,875 Canadians aged 40 and older were newly diagnosed
with Parkinsonism, including PD, with a higher incidence
among males [1].
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AD, the leading cause of dementia, is characterized by
progressive memory loss, cognitive decline, and behavioural
changes, driven by B-amyloid plaques and neurofibrillary
tangles [1, 2]. PD is characterized by a gradual loss of
dopaminergic neurons in the substantia nigra pars compacta
and abnormal a-synuclein aggregation, forming Lewy
bodies and neurites [3, 4]. This results in motor symptoms
such as bradykinesia, tremors, muscle stiffness, and
impaired body movement, as well as non-motor symptoms,
including gastrointestinal (GI) dysfunction [5]. In 2019,
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approximately 60 million people worldwide lived with AD
or PD, highlighting their significant impact on healthcare
systems and quality of life [6].

GI dysfunction is increasingly recognized as a
contributor to neurodegenerative diseases. Constipation, a
common non-motor symptom in PD, leads to reduced
quality of life, disability, and treatment challenges [7].
Similarly, chronic constipation in people with AD is linked
to gut dysbiosis, an unhealthy shift in gut microbes
characterized by reduced diversity, loss of beneficial
species, or overgrowth of harmful bacteria that can trigger
inflammation and intestinal barrier dysfunction [8].
Addressing GI problems is therefore critical for improving
health outcomes in both diseases.

Recent research has established a strong connection
between GI dysfunction and neurodegenerative diseases
[1]. The gut-brain axis (GBA) enables communication
between gut microbiota and the central nervous system
(CNS), influencing neuroinflammation and cognitive health
[1]. The GBA also connects gut function with emotional
and cognitive processes such as memory and learning, and
research shows that alterations in gut microbiota can
negatively affect these functions, while probiotics may help
enhance them [9]. This system also involves the immune
response, where gut dysbiosis can trigger systemic
inflammation and contribute to the development of
neurodegenerative diseases [9].

Inflammation,  particularly =~ chronic ~ low-grade
inflammation associated with aging (inflammaging),
primarily results from immune system dysregulation [10].

Table 1. Inclusion Criteria for Article Selection

Elevated proinflammatory cytokines like IL-1, IL-6, and
TNF-0 contribute to tissue damage and age-related
functional decline [10]. Gut dysbiosis has also been linked
to inflammaging, AD, PD, anxiety, depression, cognitive
dysfunction, and altered social and behavioural regulation
[11]. Building on what is currently known, this narrative
review investigates how GI inflammation and gut dysbiosis
contribute to the onset and progression of neurodegenerative
diseases like AD and PD.

Methods

Peer-reviewed primary research articles published
between 2014-2025 that examined GI inflammation, gut
dysbiosis, intestinal permeability, and neurodegenerative
diseases such as AD or PD were systematically reviewed.
Eligibility and exclusion criteria were summarized in
Table 1. A total of 18 studies met these criteria (8 human,
10 animal). Methodological rigor was evaluated based on
sample size, controls, validated measures, and statistical
analysis, focusing on randomization/blinding in animal
studies and standardized scales or biomarkers in human
studies.

The keywords used for the literature search include
"Alzheimer’s disease," "Parkinson’s disease," "gut-brain
axis," "gut dysbiosis," '"neurodegenerative diseases,"
"neuroinflammation,” "Parkinson’s pathology," "Alzheimer’s
pathology," "gut-brain signaling," and "gut microbiome."
Boolean operators were also used. The databases used were
PubMed, PubMed Central, Google Scholar, ScienceDirect,
JSTOR, and SpringerLink.

Criteria Inclusion

Exclusion

Publication Date

Articles published between 2014 and 2025

Articles published before 2014 or after

2025
Article Type Peer-reviewed primary research articles with original Reviews, meta-analyses, editorials,
experimental or clinical data conference abstracts
Study Focus Research on GI inflammation, gut dysbiosis, intestinal Articles unrelated to GI health or

permeability, or neurodegenerative diseases

neurodegenerative diseases

Study Participants

Human participants or relevant mammalian models

In vitro studies, non-mammalian species

Methodological Studies with clear methodology, data analysis, and Studies with unclear or incomplete
Rigour statistical validation methods
Language Articles only in English Articles in languages other than English

Total Studies
Included

18 studies (8 human, 10 animal model)

Quality Appraisal

Studies assessed for sample size, control/comparison | —
groups, validated measures, and statistical analysis
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Results
Role of Gut Dysbiosis in Alzheimer’s Disease Pathology

A key study demonstrated a mechanistic link between
gut microbiota and AD pathology [12]. Using APP/PS1
transgenic mice, the researchers transplanted fecal
microbiota from people with AD and assessed cognition
through the Morris water maze, and found impaired
memory performance. Molecular analyses (IHC, Western
blot, ELISA) further revealed activation of the NLRP3
inflammasome and microglial inflammation in the
hippocampus. These effects were reversed by healthy donor
FMT or minocycline treatment; direct experimental
evidence that gut dysbiosis contributes to AD pathology by
promoting neuroinflammation through inflammasome
activation [12]. In people with AD, increased intestinal
inflammation was consistently associated with AD
progression. For example, increased fecal calprotectin
levels, a marker of intestinal inflammation, were positively
associated with amyloid burden [13]. Also, imbalances in
gut microbiota may accelerate amyloid-beta accumulation
and disease progression, supported by experimental
findings in transgenic mice [1].

Other studies have reported alterations in gut
microflora  composition that impact inflammatory
pathways, along with the release of pro-inflammatory
metabolites in both the gut and brain [14]. Gut
inflammation was further associated with aging and
correlates with neuropathological changes observed in
individuals with AD [13]. Experimental findings suggest
that microbial dysbiosis triggers the release of pro-
inflammatory cytokines, which aggravate
neurodegeneration and intensify GBA dysfunction [12].
Moreover, evidence showed that dysbiosis frequently
precedes clinical symptoms, linking microbial imbalance
with  psychiatric disorders and early stages of
neurodegeneration in both AD and PD [15].

Bidirectional Gut-Brain Axis Dysfunction in Parkinson’s
Disease

PD also exhibits a well-established bi-directional
relationship between intestinal and neuro-inflammation,
with pathological changes in one system influencing the
other [5]. Key features of PD pathology include increased
gut permeability, allowing lipopolysaccharides (LPS) from
Gram-negative bacteria to enter systemic circulation and
stimulate inflammatory cytokine production (eg., TNF-a,
IL-1B, IL-6) [5, 16]. A study utilized a germ-free mouse
model that overexpresses human a-synuclein, a hallmark
protein associated with PD. These mice were raised in
sterile conditions to eliminate gut microbiota, and were
compared with conventionally colonized counterparts [17].
The germ-free o-synuclein mice showed significantly
reduced motor impairments and lower levels of
neuroinflammation. Motor deficits were measured using the
beam traversal test, which assesses balance and
coordination, the pole descent test, which tests
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bradykinesia, the adhesive removal test, which tests
sensorimotor function, and hindlimb clasping, which
assesses neurological integrity [17]. Reintroducing gut
microbiota from either people with PD or specific short-
chain fatty acids (SCFAs) into the germ-free mice resulted
in the reappearance of motor symptoms and increased
microglial activation in the brain [17]. These findings
highlight that the gut microbiota directly regulate motor
deficits and neuroinflammation associated with PD. Human
studies also show elevated LPS levels and imbalances in
microbiota, such as increased Akkermansia and decreased
Prevotella in people with PD, further supporting this
connection [5]. Additionally, people with inflammatory
bowel disease (IBD) have an increased risk of developing
PD, suggesting that chronic gut inflammation has a role in
causing it [8]. Vagotomy, or the surgical cutting of the
vagus nerve, is also associated with a reduced risk of PD,
reinforcing the role of gut-brain transmission of a-synuclein
pathology [7]. Neuroinflammation exacerbates GI
dysfunction, as microglial activation and persistent cytokine
release in people with PD interfere with autonomic control
of gut motility and permeability, resulting in a cycle of gut
dysbiosis [18]. Animal studies show that chronic gut
inflammation reduces activity in the hippocampus and
impairs memory in mice [19]. In these studies, manganese-
enhanced MRI revealed suppressed activity in the
hippocampus, and behavioural tests demonstrated poor
memory performance. Elevated IL-1B and an increased
blood-brain barrier permeability further confirmed a strong
neuroinflammatory response [19, 20].

Recent findings indicate that inflammatory molecules
are linked to disturbances in gut health and brain pathology.
Gut inflammation can increase intestinal permeability,
allowing endotoxins like LPS to translocate into systemic
circulation [16]. LPS, produced by gram-negative bacteria
such as Enterobacteriaceae and Proteobacteria, promotes
neuroinflammation and a-synuclein aggregation in people
with PD [5]. Additionally, individuals with IBD are at a
higher risk of developing PD, reinforcing the critical role of
gut health in neurodegeneration [8]. In PD, however,
evidence suggests that misfolded alpha-synuclein proteins
may originate in the gut and spread to the brain through the
vagus nerve, initiating neurodegeneration [7]. A lower risk
of PD has been observed in individuals who have
undergone vagotomy [7]. Microbial imbalances, such as
reduced Prevotella and increased Akkermansia species, are
common in people with PD.

Neuroinflammation further intensifies GI dysfunction
in PD. The CNS regulates gut motility, permeability, and
immune function via the autonomic nervous system.
Neuroinflammatory processes in PD, characterized by
microglial activation and sustained cytokine release, disrupt
these regulatory pathways, leading to impaired intestinal
barrier function and persistent gut dysbiosis [18]. Studies
have shown that people with PD exhibit a significant
decrease in beneficial gut microbiota and an increase in
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pro-inflammatory bacteria,
inflammation [18].

In PD models, removing pro-inflammatory gut bacteria
alleviated motor symptoms, while in AD models, an
unhealthy microbiome triggered inflammation and
cognitive decline. The vagus nerve serves as an important
channel for this bidirectional communication, supported by
findings of a reduced risk for PD in individuals who have
undergone a vagotomy [7]. Additionally, the activation of
the NLRP3 inflammasome, a key component of the
immune response, has been linked to both intestinal and
CNS inflammation, further highlighting the interconnected
nature of these inflammatory processes [12].

In a mouse model of chronic colitis, chronic
intestinal inflammation was shown to suppress
hippocampal activity and impair memory, providing
direct evidence of a gut-brain link [19].
Neuroinflammation triggered by signals from the gut has
been recognized as a vital mediator in this process [19].
The high-mobility group box 1 release, which is a
damage-associated molecular pattern, from the inflamed
gut activates inflammatory pathways in the brain,
including the caspase-1 and caspase-11 pathways,
associated with neurodegeneration and
neuroinflammation [19]. In a mouse model of chronic
colitis, MEMRI revealed reduced hippocampal activity
compared to controls, and behavioural testing showed
significantly =~ poorer ~memory performance [19].
Moreover, mice with chronic colitis exhibited elevated
levels of interleukin-1 beta (IL-1P) and increased blood-
brain barrier permeability, indicating a strong
neuroinflammatory response [20]. Morin’s
neuroprotective effects were demonstrated in a rotenone-
induced PD model, emphasizing the impact of
environmental gut-derived signals on worsening

reinforcing the cycle of

neurodegenerative processes [20]. Elevated inflammatory
markers, including caspase-11 and glial fibrillary acidic
protein in colitis-afflicted mice brains, indicate that
chronic gut inflammation significantly contributes to
neuroinflammatory brain changes [19].

Gut-Derived Metabolites as Modulators of
Neuroinflammation

According to recent research, gut microbiota has an
important role in the production of anti-inflammatory
metabolites that regulate neuroinflammation in both AD
and PD. SCFAs, such as butyrate, propionate, and acetate,
are fermentation byproducts of gut bacteria, including
Faecalibacterium  prausnitzii and Roseburia, which
regulate immune responses, maintain gut barrier integrity,
and suppress microglial activation [21]. Butyrate, known
for its anti-inflammatory and neuroprotective properties,
has been shown to reduce the production of pro-
inflammatory cytokines and provide neuroprotection [21].

However, studies show that both people with AD and
PD exhibit a significant depletion of SCFA-producing
bacteria, correlating with increased intestinal permeability
and systemic inflammation [21]. Furthermore, alterations in
microbial tryptophan metabolism disturb the balance
between neuroprotective (kynurenic acid) and neurotoxic
(quinolinic acid) metabolites, contributing to disease
progression [22]. The ability of gut bacteria to metabolize
dietary polyphenols into anti-inflammatory compounds is
also impaired in dysbiosis. For example, impaired
polyphenol metabolism in individuals with AD and PD
resulted in reduced neuroprotective  metabolites,
emphasizing the need to restore microbial diversity to
enhance neuroprotection [23]. These findings emphasize
the critical role of gut-derived metabolites in modulating
neuroinflammation across AD and PD.

Table 2. Comparison of Studies Investigating the Role of Gut Microbiota and Inflammation in Alzheimer's Disease

Study Focus Methodology

Key Findings Implications for AD

[14] Gut microbiota composition | Human cohort

Identified microbiota Suggests microbiota-

and inflammatory factors study alterations linked to targeted therapies for
inflammation AD
[12] Microbiota-driven Animal Model Found that gut bacteria activate | Highlights gut
inflammasome activation NLRP3 inflammasome, dysbiosis in AD
worsening neuroinflammation | pathology

Human cohort
study

[13] Gut inflammation and AD

pathology

Recognized correlation
between gut inflammation and
AD progression

Supports brain axis
theory in AD

[17] Gut microbiota’s impact on
motor deficits and

neuroinflammation in PD

Animal model (gut
microbiota transfer)

Microbiota transferred
worsened symptoms and
increased microglial activation

Supports gut
microbiota’s role in
PD progression
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Study Focus Methodology Key Findings Implications for AD
[16] LPS and cytokine Human biomarker | LPS levels elevated; linked to | Links gut
production in PD study TNF-a, IL-1pB, IL-6 expression | inflammation to
dopaminergic neuron
loss in PD
[7] a-synuclein origin in gut; Observational Early misfolded alpha- Supports gut-brain
vagotomy link to PD study in humans synuclein proteins found in transmission of PD
gut; vagotomy reduces PD risk | pathology
[19] Chronic colitis, MEMRI and Chronic colitis led to memory | Links GI
hippocampal dysfunction, behavioural tests in | deficits and hippocampal inflammation to
and memory loss in mice mice dysfunction functional brain
deficits
[20] Morin neuroprotective PD mouse model Morin reduced Suggests antioxidant
effects in rotenone-induced | with morin neuroinflammation and interventions for gut-
PD model intervention dopaminergic neuron loss induced PD
[21] SCFA depletion in AD and | Gut microbiota SCFA-producing bacteria Reinforces
PD analysis depleted in neurodegenerative | inflammation’s role
diseases in AD/PD progression
[22] Tryptophan metabolism and | Biochemical Kynurenine pathway altered; Reveals metabolic
neuroinflammatory pathway analysis neurotoXxic vs. neuroprotective | target for regulating
imbalance metabolite imbalance inflammation
[23] Impaired polyphenol Gut microbiota and | Dysbiosis impaired polyphenol | Suggests restoring
metabolism in gut dysbiosis | metabolic pathway | metabolism; reduced microbial metabolism
analysis neuroprotection for neuroprotection
Discussion gut microbiota can drive neuroinflammation and motor

Gaps in Current Research

Increasing evidence links gut inflammation and dysbiosis
to neurodegenerative conditions such as AD and PD. Still,
significant research gaps remain, particularly the lack of
longitudinal human studies that can clarify causal relationships
between gut-derived inflammation. For example, while
constipation and other GI symptoms are more prevalent in
individuals with dementia and mild cognitive impairment [14],
cross-sectional designs cannot determine whether gut
dysfunction occurs before, after, or contributes causally to
neurodegeneration. This uncertainty highlights the need for
longitudinal research. In PD, microbiota profiles appear
relatively stable over time, but it remains uncertain how these
patterns relate to disease onset or progression [18].

Therapeutic Gaps and Need for Gut-Targeted Approaches

Another gap is regarding the clarity of how
mechanisms of gut-derived inflammation and microbial
metabolites affect the CNS. Current treatments primarily
focus on symptom management, rather than targeting the
underlying causes of gut dysbiosis and neuroinflammation
[24]. Preclinical studies demonstrated that PD-associated
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impairments [17], but translating these findings into human
therapies remains a significant challenge. These findings
highlight the need for translational research to determine
whether microbiota-targeted interventions, such as
probiotics, dietary modifications, or anti-inflammatory
agents, can prevent or slow neurodegeneration [8]. Despite
such recommendations, few clinical trials have directly
tested how improvement in gut health affects outcomes in
PD or AD.

Gut-Derived Metabolites as Biomarkers

Current research suggests that pro-inflammatory
metabolites produced by gut bacteria, like LPS, play a role
in systemic inflammation and neurodegeneration in AD and
PD [25]. These molecules show promise as early
biomarkers, but their clinical reliability must be validated.
In PD, elevated LPS levels highlight the role of gut-derived
inflammatory molecules in promoting intestinal barrier
dysfunction and a-synuclein aggregation, while in AD,
increased fecal calprotectin levels suggest a measurable
biomarker of amyloid burden [21]. Standardizing detection
methods remains challenging due to individual variability
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in the gut microbiome, as diet can rapidly reshape microbial
composition, while antibiotics may cause long-term
disruptions that differ between individuals [26]. However,
further research on gut-derived metabolites could lead to

reliable, non-invasive biomarkers for neurodegenerative
diseases. Thus, metabolite-based biomarkers represent a
promising but still developing tool for early detection and
monitoring.

Table 3. Feasibility of Interventions for AD and PD in Preclinical Models

Study | Disease Intervention/Focus Key Results Conclusion on Feasibility
(Year) Focus
[22] AD Tetramethylpyrazine TMP treatment in AD transgenic A multi-target approach shows
(TMP, herbal alkaloid) | mice improved memory, reduced | promise in alleviating Alzheimer’s
B-amyloid and tau symptoms and neurodegeneration,
phosphorylation, and altered suggesting that natural therapies
mitochondrial and synaptic may offer neuroprotective benefits
proteins, leading to less for Parkinson's disease as well.
Alzheimer's pathology.
[20] PD “Double Stem Cell” DSC supplementation improved DSC supplementation shows
(DSC) plant extract motor and cognitive functions in promise as a treatment for
(apple & grape stem MPTP-induced PD mice and fruit | Parkinson’s disease by improving
cells) flies, enhancing performance in motor and cognitive functions,
tests and increasing lifespan. It reducing oxidative stress and
reduced oxidative stress and neuroinflammation, and protecting
neuroinflammation, leading to less | neurons in both mice and fruit flies.
dopaminergic neuron loss. Its consistent benefits suggest it
warrants further research in clinical
studies.
[12] AD Gut microbiota transfer | This study explored the gut-brain | Gut dysbiosis may worsen
(FMT from people with | axis by transplanting fecal Alzheimer's disease and
AD) microbiota from people with AD inflammation, indicating that the gut
into mice, causing inflammation microbiome could be a target for
and cognitive decline, while intervention to alleviate symptoms
healthy microbiota reduced this and slow neurodegeneration.
inflammation.
[17] PD Gut microbiota A PD mice study found gut Modifying the gut microbiome may
modulation (antibiotics, | microbes crucial for symptoms; alleviate Parkinson's symptoms;
SCFAs, human FMT) germ-free or antibiotic-treated reducing harmful bacteria improved
mice showed fewer motor deficits, | motor deficits and
while transplants from people with | neuroinflammation in mice,
PD worsened symptoms. suggesting potential benefits for
patients.

Multi-Target Interventions and Symptom Mitigation

As shown in Table 3, these studies provide promising
evidence that multi-target interventions can mitigate the
symptoms of neurodegeneration in AD and PD models. A
common theme is reducing inflammation and pathogenic
protein burden through unconventional avenues beyond
classic neurotransmitter therapies. For example, modulating
the gut microbiome has shown profound effects in AD and
PD: altering gut flora composition can worsen or ameliorate
brain pathology.
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The relationship between gut and brain inflammation
appears to create a continuous feedback loop that may
accelerate PD progression. Gut-derived inflammatory
mediators amplify  neurodegeneration, while CNS
inflammation further disrupts gut function, compounding GI
symptoms and systemic immune activation. These findings
suggest that GBA interventions (such as probiotics, dietary
changes, or fecal transplants) are a feasible approach to
reduce neuroinflammation and slow symptom progression in
neurodegenerative diseases. In PD, gut-brain dysfunction
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may initiate pathology, while in AD it more often accelerates
progression, stressing the need for disorder-specific
strategies. Interventions such as probiotics, dietary
modifications, and microbiome-based treatments may also
support healthy aging by mitigating inflammaging [1, 8].
However, further research is needed to clarify mechanisms
and develop targeted therapies that address both intestinal
and neuroinflammation in AD and PD.

Beyond Gut Therapies: Immunological and Antioxidant
Interventions

Similarly, targeting neuroinflammation and neuronal
survival pathways has proven beneficial. Approaches like
antioxidant-rich nutraceuticals (e.g., plant stem cell
extracts) and traditional herbal compounds like
tetramethylpyrazine enhance cognitive and motor function
by blunting oxidative stress and protecting neurons. On the
immunological front, suppressing peripheral immune cell
attacks on the brain (as with CD4" T-cell inhibition)
protected dopamine neurons in PD, pointing to the
feasibility of immunotherapy to reduce neurodegenerative
damage. These cytokines, including TNF-a, IL-1f, and IL-
6, are thought to promote neuroinflammation by activating
microglia in the CNS, contributing to dopaminergic
neuronal degeneration [5, 16]. Across all reviewed studies,
the evidence strongly supports the feasibility of attenuating
AD and PD symptoms through strategies that reduce
inflammation (gut-driven or immune cell-driven) and
bolster neuroprotective mechanisms. While most findings
are preclinical, they open promising avenues for developing
multi-faceted treatments that modify disease processes,
rather than merely managing symptoms. Continued
research and clinical trials will be crucial to translating
these insights into effective patient therapies.

Personalized Microbiome Medicine and Future Challenges
The growing understanding of the GBA and its
relationship with neurological disorders highlights the potential
for personalized medicine approaches, which involve tailoring
interventions to individual microbiome profiles. Variations in
gut microbiota composition influence neuroinflammation,
intestinal permeability, and the production of metabolites that
either exacerbate or mitigate neurodegenerative processes [27].
For example, reduced levels of beneficial bacteria in people
with PD and increased gut inflammation in people with AD
suggest that microbiome-targeted therapies, including
probiotics, prebiotics, and dietary interventions, could be
optimally utilized for each individual. Personalized gut
microbiome analyses could enable early disease risk
assessment, customized therapeutic strategies, and enhanced
patient outcomes [28]. These findings highlight the importance
of implementing strategies to restore beneficial microbial
metabolites  and  mitigate  neuroinflammation  in
neurodegenerative diseases. However, challenges such as
microbiome variability across populations, environmental
influences, and the need for standardized diagnostic tools must
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be addressed before implementing these strategies [29]. Future
research should focus on refining microbiome-based
interventions and integrating them with conventional
treatments to enhance their effectiveness in the management of
AD and PD.

Future Research Directions

Future research should prioritize longitudinal and
multi-omic studies to clarify the causality between gut
microbiota  changes and neurodegeneration  [13].
Furthermore, the identification of pathways that connect gut
inflammation to brain pathology is significant [14].
Validating microbial biomarkers across diverse populations
could support ecarlier AD detection and more targeted
prevention strategies [12]. Finally, the development and
testing of gut-targeted therapies in human trials can
effectively bring these treatments into clinical use.

Conclusions

Growing recognition of the GBA emphasizes its crucial
role in the development and progression of
neurodegenerative diseases such as AD and PD. This review
highlights how gut dysbiosis, GI inflammation, and the
production of altered microbial metabolites significantly
contribute to systemic and neuroinflammatory processes that
drive disease pathology. Gut microbiota dysbiosis can cause
increased intestinal permeability, allowing endotoxins like
LPS to enter circulation and promote neurodegeneration due
to prolonged immune activation.

Increasing evidence supports the potential of gut-targeted
treatments, such as probiotics, dietary modification, anti-
inflammatory medications, and microbiome reconstitution
therapies, as strategies for mitigating neurodegenerative
disease  progression. Preclinical studies consistently
demonstrate that modifying the gut microbiota can reduce
motor and cognitive dysfunction, reinforcing the gut as a
promising therapeutic target. Furthermore, gut-derived
metabolites have emerged as promising biomarker targets for
early diagnosis and disease monitoring.

Despite such progress, various gaps in the research
remain. Causal connections between gut dysbiosis and
neurodegeneration must be defined through longitudinal
studies. Additionally, the considerable variability of individual
microbiomes complicates the development of standardized
therapies, suggesting a future need for personalized
microbiome-based approaches in medicine. Future studies
should focus on validating gut-based biomarkers, improving
microbiome-targeted treatments, and integrating these
strategies into mainstream clinical practice.Overall, the GBA
presents a promising and multifaceted approach for preventing
or delaying the onset of neurodegenerative diseases. Continued
research into gut-mediated neuroinflammatory processes and
the translation of this knowledge into clinical applications will
advance the development of new treatments that address the
root causes, rather than just the symptoms, of
neurodegenerative diseases such as AD and PD.
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AD: Alzheimer’s disease

CNS: central nervous system

GBA: gut-brain axis

GI: gastrointestinal

IBD: inflammatory bowel disease(s)
IL-1p: interleukin-1 beta

LPS: lipopolysaccharides

MEMRI: manganese-enhanced magnetic resonance imaging
PD: Parkinson’s disease

SCFAs: short-chain fatty acids
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