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ABSTRACT

; Background: Emerging evidence suggests that gut microbiota may influence
Corresponding Author the pathogenesis of neurodegenerative diseases through the gut-brain axis. This
Dr. Arjun Mehta Deparment of study aims to analyze the relationship between gut microbiota composition and
neurodegenerative conditions, including Alzheimer's disease (AD), Parkinson's
disease (PD), and amyotrophic lateral sclerosis (ALS).

Methods: A systematic review and meta-analysis were conducted, including 30
studies published between 2015 and 2023, with a total of 4,500 participants.
Metrics such as gut microbiota diversity, abundance of specific bacterial
genera, and associations with disease progression were evaluated.
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Article History: Results: Neurodegenerative diseases were associated with reduced gut
Received : 09-07-2024 microbiota diversity (mean difference: -1.25, 95% CI: -1.60 to -0.90, p < 0.01)

and an increased prevalence of pathogenic bacteria like Escherichia coli.
Accepted :09-09-2024 Beneficial bacteria such as Bacteroides and Lactobacillus were significantly
Available Online: 17-09-2024 reduced in patients with AD and PD. A positive correlation was observed

between gut dysbiosis and biomarkers of neuroinflammation.

Conclusion: This meta-analysis supports the hypothesis that gut microbiota
alterations contribute to neurodegenerative disease pathogenesis. Modulating
gut microbiota through probiotics, prebiotics, or dietary interventions holds
promise as a therapeutic strategy.
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INTRODUCTION

Neurodegenerative diseases such as Alzheimer's disease (AD), Parkinson's disease (PD), and amyotrophic lateral
sclerosis (ALS) are characterized by progressive neuronal loss and chronic inflammation. The gut-brain axis, a
bidirectional communication network between the gut microbiota and the central nervous system, has garnered attention
for its potential role in neurodegeneration.

Alterations in gut microbiota composition, termed dysbiosis, may trigger neuroinflammatory pathways, oxidative stress,
and abnormal protein aggregation, contributing to neurodegenerative disease progression. This meta-analysis evaluates
the relationship between gut microbiota composition and neurodegenerative diseases to understand the potential
therapeutic implications of gut microbiota modulation.

MATERIALS AND METHODS
Study Design:
Asystematic review and meta-analysis following PRISMA guidelines.
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Data Sources:
PubMed, Scopus, and Web of Science databases were searched for articles published between January 2015 and June
2023.
Inclusion Criteria:

e Studies involving adults diagnosed with neurodegenerative diseases (AD, PD, or ALS).

e Research examining gut microbiota composition using 16S rRNA sequencing or metagenomics.

o  Studies reporting quantitative measures of gut microbiota diversity or abundance.
Exclusion Criteria:

e Animal studies.

e  Studies without control groups.

e  Studies lacking quantitative data.
Data Extraction and Quality Assessment:
Two independent reviewers extracted data on study design, participant demographics, microbiota metrics, and disease
outcomes. Study quality was assessed using the Newcastle-Ottawa Scale.
Statistical Analysis:
Effect sizes were calculated using random-effects models. Metrics included Shannon diversity index, relative abundance
of specific bacterial genera, and odds ratios for dysbiosis-related biomarkers. Heterogeneity was assessed using the 12
statistic.

RESULTS
Study Characteristics:
e 30 studies included (n = 4,500 participants; 2,500 cases and 2,000 controls).
e Mean participant age: 68 years.
e Neurodegenerative diseases: AD (n = 15 studies), PD (n = 12 studies), ALS (n = 3 studies).
Gut Microbiota Diversity:
e Reduced Shannon diversity index in neurodegenerative patients compared to controls (mean difference: -1.25,
95% CI: -1.60 to -0.90, p < 0.01).
e  Subgroup analysis showed the greatest reduction in AD patients.
Bacterial Genera Abundance:
o Increased in neurodegenerative diseases: Escherichia coli, Clostridium, and Proteobacteria.
o Decreased in neurodegenerative diseases: Bacteroides, Lactobacillus, and Firmicutes.
Neuroinflammatory Biomarkers:
o Positive correlation between dysbiosis and biomarkers such as TNF-o and IL-6 (r = 0.65, p < 0.01).

Heterogeneity:
Moderate heterogeneity observed (I2 = 42%), attributed to differences in study populations and sequencing methods.

Table 1: Comparison of Gut Microbiota Diversity Between Cases and Controls

Neurodegenerative Disease Shannon Diversity Index | Control Group | Mean Difference | p-
(Mean £ SD) (Mean £ SD) (95% CI) value
Alzheimer's Disease (AD) 2.8%0.6 40+0.7 -1.2 (-1.5t0 -0.9) <0.01
Parkinson's Disease (PD) 3.1+0.5 4.2+0.6 -1.1 (-1.3t0 -0.9) <0.01
Amyotrophic Lateral Sclerosis | 2.9 +0.7 3.8+0.8 -0.9 (-1.3t0 -0.5) 0.02
(ALS)
Overall 3.0+£0.6 40+£0.7 -1.25(-1.6 t0 -0.9) <0.01
Table 2: Alterations in Specific Bacterial Genera
Bacterial Genus | Direction of Change | Neurodegenerative Diseases | Effect Size (Cohen's d) | p-value
Escherichia coli | Increased AD, PD, ALS 0.85 <0.01
Clostridium Increased AD, PD 0.78 0.02
Proteobacteria Increased AD, PD 0.92 <0.01
Bacteroides Decreased AD, PD, ALS -0.88 <0.01
Lactobacillus Decreased AD, PD -0.95 <0.01
Firmicutes Decreased AD, ALS -0.70 0.03
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Table 3: Correlation Between Gut Dysbiosis and Neuroinflammatory Biomarkers

Biomarker Correlation Coefficient (r) | 95% CI p-value

Tumor Necrosis Factor-a (TNF-a) | 0.65 0.60t0 0.70 | <0.01

Interleukin-6 (IL-6) 0.63 0.571t00.68 | <0.01

Interleukin-1p (IL-1pB) 0.58 0.511t00.65 | <0.01
DISCUSSION

This meta-analysis underscores the pivotal role of gut microbiota in neurodegenerative diseases.

Reduced Gut Microbiota Diversity:

Patients with neurodegenerative diseases exhibited significantly lower microbial diversity, consistent with previous
findings. Reduced diversity may compromise gut barrier integrity, leading to systemic inflammation and
neuroinflammation via the gut-brain axis.

Altered Bacterial Composition:
e Escherichia coli and Proteobacteria, known for their pro-inflammatory properties, were enriched in
neurodegenerative patients.
e Beneficial bacteria such as Lactobacillus and Bacteroides, which produce neuroprotective metabolites like
short-chain fatty acids (SCFAs), were depleted.

Mechanistic Insights:
Gut dysbiosis may contribute to neurodegeneration through:
1. Neuroinflammation: Increased production of pro-inflammatory cytokines.
2. Oxidative Stress: Dysbiotic microbiota generate reactive oxygen species.
3. Protein Aggregation: Microbial metabolites influence a-synuclein aggregation in PD and amyloid-beta in AD.

Therapeutic Implications:
Interventions targeting gut microbiota, including probiotics, prebiotics, and dietary modifications, could mitigate
neurodegeneration. Future research should explore personalized microbiota-based therapies and their long-term efficacy.

Limitations:
e Limited studies on ALS restricted comprehensive analysis.
e \Variability in microbiota sequencing methods contributed to heterogeneity.
e  Causality cannot be established due to the observational nature of included studies.

Future Directions:
Longitudinal studies and clinical trials are needed to elucidate causal mechanisms and evaluate microbiota-modulating
therapies.

CONCLUSION

This meta-analysis highlights significant alterations in gut microbiota composition in neurodegenerative diseases,
supporting the gut-brain axis as a critical pathway in disease pathogenesis. Therapeutic strategies targeting gut microbiota
hold promise for improving neurodegenerative disease outcomes.
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