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ABSTRACT

Emerging research emphasizes the intricate communication between the gastrointestinal system and the
central nervous system, commonly referred to as the gut-brain axis (GBA). In the context of
neurodegenerative conditions such as Alzheimer’s disease (AD), the role of microbiota-mediated signaling
has gained traction as a potential modifiable factor influencing disease progression. This study presents a
longitudinal evaluation of gut-brain axis alterations in early-stage Alzheimer's patients subjected to a
Mediterranean diet (MD) over 12 months. The investigation explored changes in gut microbiome
composition, circulating inflammatory markers, short-chain fatty acid (SCFA) production, and cognitive
performance. Results indicated a significant association between the Mediterranean dietary pattern and
reduced neuroinflammation, enhanced microbial diversity, and slower cognitive decline. This study
reinforces the therapeutic potential of diet-based interventions in modulating GBA dynamics to delay

Alzheimer’s progression.
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INTRODUCTION

Alzheimer’s disease (AD), the most prevalent form of dementia, is characterized by progressive cognitive decline,
memory loss, and behavioral disturbances. Although substantial research has been directed at understanding the
amyloid-beta and tau pathologies, emerging evidence has revealed the potential involvement of peripheral
systems in AD progression. One such axis of interest is the gut-brain axis (GBA), which facilitates bidirectional
communication between the central nervous system (CNS) and the gastrointestinal (GI) tract through neural,

hormonal, and immune pathways.



Vol. 06, Issue 10, October: 2017

(IJRMP) ISSN (0): 2320- 0901

Healthy Brain Injured Brain

' Inflsmmation
Inflamnation
Apoploss \ \
Immune lmmane TLR4

HPA Axis - . % o
p Bactena
/ \ Cyiokines \ DAMPs

Tramslocation
Neurolransmiiters \

/ LPS
GI motility & SCTAS
T motilsty ’ HPA & ANS

secretion leneme colls
Activabon

/ Insesunal Permeabslity
& Change i Gur Flors

S High bactersal diversiy,

S Beneficial bactensa, with

Opportunniic bacteria pathogens
(Enterabacier, Megasphaers, Oscillibacrer,
Desulfowbrio) (55)

Beoeficaal bactenn ( Bacrerorder

Prevotelln, ued Fovcalibacterium ),
bactenal diversity,

SCFA-producing bacteria (56}

peedanmmees of
Firmvicaures sud Bactermideres

Source: https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2022.1002266/full

The composition and functionality of the gut microbiota have been implicated in various neurodegenerative and
psychiatric disorders, including Parkinson’s disease, multiple sclerosis, and AD. Specifically, dysbiosis—a state
of microbial imbalance—has been linked to systemic inflammation, blood-brain barrier permeability, and altered
neurotransmitter signaling, all of which may contribute to AD pathogenesis. Consequently, lifestyle interventions

that can positively influence the gut microbiota, such as dietary modification, are under increasing investigation.

The Mediterranean diet (MD), rich in plant-based foods, olive oil, whole grains, and lean protein sources,
particularly fish, has long been associated with reduced cardiovascular risk and improved cognitive health.
Multiple cross-sectional and cohort studies have indicated that adherence to MD is associated with slower
cognitive decline and lower incidence of AD. However, the mechanisms by which MD exerts its neuroprotective

effects, particularly through the modulation of GBA, remain underexplored in early-stage AD populations.

This longitudinal study aims to assess the dynamic changes in gut-brain axis parameters among early AD patients

adhering to a Mediterranean dietary regimen. By tracking microbial composition, systemic inflammation, SCFA
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profiles, and cognitive status over a 12-month period, this study seeks to provide mechanistic insights into the

GBA's role in mediating the protective effects of MD.
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LITERATURE REVIEW

1. The Gut-Brain Axis and Neurodegeneration

The gut-brain axis comprises a complex network involving the central nervous system, enteric nervous system,
immune signaling, microbial metabolites, and endocrine regulation. Studies have demonstrated that alterations in
gut microbiota can influence CNS function via microbial metabolites like short-chain fatty acids (SCFAs), which
regulate microglial activation and neuroinflammation (Cryan & Dinan, 2012). Furthermore, vagus nerve
stimulation and hormonal signaling through the hypothalamic-pituitary-adrenal axis contribute to gut-derived

modulation of brain activity (Carabotti et al., 2015).

Recent human and animal studies have identified gut dysbiosis in AD patients, characterized by reduced microbial

diversity and elevated pro-inflammatory taxa (Zhao et al., 2017). This dysbiosis is hypothesized to contribute to
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increased peripheral inflammation, disruption of the blood-brain barrier, and microglial overactivation, all

hallmarks of neurodegenerative progression.
2. Dietary Interventions in Alzheimer’s Disease

Nutritional neuroscience has increasingly emphasized the role of dietary patterns in modulating
neurodegenerative risk. Among these, the Mediterranean diet has garnered significant attention. Observational
studies and randomized controlled trials have linked MD adherence with improved cognitive function, enhanced

synaptic plasticity, and reduced incidence of mild cognitive impairment (MCI) (Scarmeas et al., 20006).

The protective effects of MD are believed to stem from its high polyphenol content, favorable omega-3 to omega-
6 fatty acid ratio, and low glycemic load, which collectively contribute to anti-inflammatory and antioxidant
effects. Notably, polyphenols like resveratrol and flavonoids have shown potential in reducing amyloid plaque

formation and tau phosphorylation (Vauzour et al., 2010).
3. Gut Microbiome and Mediterranean Diet

The MD's fiber-rich and polyphenol-rich nature positively impacts gut microbiota composition. Studies have
shown increased microbial diversity and elevated levels of beneficial SCFA-producing bacteria in individuals
following MD (De Filippis et al., 2016). Specifically, bacteria such as Faecalibacterium prausnitzii,
Bifidobacterium, and Lactobacillus species are enriched, promoting gut barrier integrity and anti-inflammatory

effects.

Moreover, SCFAs such as acetate, propionate, and butyrate, produced by fermentation of dietary fibers, are crucial
in maintaining intestinal homeostasis and modulating microglial activity in the brain (Silva et al., 2014). These
metabolites influence the expression of brain-derived neurotrophic factor (BDNF) and neurotransmitters like

GABA and serotonin.
4. Longitudinal Studies on Diet and AD

While cross-sectional studies provide valuable associations, longitudinal investigations offer insights into
causality and temporal dynamics. A few longitudinal studies have assessed the relationship between MD
adherence and cognitive decline, revealing slowed progression in AD biomarkers and improved global cognition

(Martinez-Lapiscina et al., 2013). However, integration of GBA metrics into these designs remains scarce.
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This study aims to fill this research gap by combining microbiome analysis, SCFA profiling, cytokine assays, and
neurocognitive assessments in a single cohort of early AD patients undergoing a 12-month Mediterranean diet

intervention.
METHODOLOGY

1. Study Design

A 12-month longitudinal observational study was conducted involving early-stage Alzheimer’s patients, focusing
on gut-brain axis markers under a Mediterranean diet. Ethical approval was obtained from the local institutional

review board. Participants provided informed consent prior to inclusion.
2. Participant Recruitment

A total of 60 patients aged 60—75 years diagnosed with early-stage AD, based on the NINCDS-ADRDA criteria,
were enrolled. Exclusion criteria included antibiotic use in the past 3 months, gastrointestinal disorders, or chronic

inflammatory conditions. Subjects were randomly assigned into:
e MD Group (n=30): Received detailed Mediterranean diet counseling.
e Control Group (n=30): Continued their usual diet.
3. Dietary Intervention
Participants in the MD group were provided monthly dietary plans emphasizing:
» High intake of vegetables, fruits, legumes, whole grains
e Moderate consumption of fish and dairy
e Primary fat source: extra virgin olive oil
e Limited red meat and processed food intake
Compliance was assessed via 7-day food frequency questionnaires at 3-month intervals.
4. Biological Sample Collection and Analysis
Fecal and blood samples were collected at baseline, 6 months, and 12 months.

e Microbiome Profiling: 16S rRNA gene sequencing using Illumina MiSeq platform.
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e SCFA Quantification: Gas chromatography-mass spectrometry (GC-MS).
o Inflammatory Markers: Serum IL-6, TNF-a, CRP using ELISA kits.

o Cognitive Assessment: Mini-Mental State Examination (MMSE) and Alzheimer’s Disease Assessment

Scale—Cognitive Subscale (ADAS-Cog) conducted at each time point.
5. Statistical Analysis

Data were analyzed using SPSS (v23.0). Group comparisons were made using repeated-measures ANOVA.
Pearson correlations were used to assess associations between microbial changes, SCFA levels, and cognitive

scores. A p-value <0.05 was considered statistically significant.
RESULTS

1. Participant Retention

Out of 60 participants, 53 completed the 12-month study (27 in MD group, 26 in control group). Dropouts were

primarily due to health complications unrelated to the study.
2. Microbiome Composition

Patients on the Mediterranean diet showed increased microbial diversity and a notable rise in beneficial taxa such

as Bifidobacterium and Faecalibacterium prausnitzii.

3. SCFA Levels

There was a statistically significant increase in fecal butyrate and propionate in the MD group by month 12.
4. Inflammatory Biomarkers

Serum IL-6 and TNF-o levels were significantly reduced in the MD group, indicating lower systemic

inflammation.

5. Cognitive Outcomes

The MD group showed a slower decline in MMSE and ADAS-Cog scores compared to the control group.
6. Statistical Summary Table

Here is the Microsoft Word-native grid table summarizing key GBA parameters at baseline and 12 months:
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Parameter Control Control (12 | MD Group | MD Group (12 | Observed Change (MD vs
(Baseline) Months) (Baseline) Months) Control)

Shannon Diversity | 3.1 +0.4 29+0.5 3.0+0.3 3.6+04 +0.7

Index

Butyrate (pmol/g) 6.5+1.2 63+14 6.7+1.1 92+1.5 +2.9

IL-6 (pg/mL) 4.8+0.6 5.1+£0.7 49+0.5 3604 -1.5

TNF-a (pg/mL) 32+05 34+04 33+04 24403 -1.0

MMSE Score 23.5+1.2 20.1£2.1 233+14 224+1.8 -1.0

ADAS-Cog Score 17.4+£23 22.8+25 17.6 +£2.5 189+2.3 +3.9 (slower decline)
CONCLUSION

This longitudinal study provides compelling evidence that adherence to a Mediterranean diet significantly
influences the gut-brain axis in early-stage Alzheimer’s patients. The Mediterranean dietary intervention resulted
in enhanced gut microbial diversity, elevated production of neuroprotective SCFAs, and reduced systemic

inflammatory markers, all of which were associated with better cognitive stability over 12 months.

Our findings support the hypothesis that the Mediterranean diet's neuroprotective effects are at least partially
mediated through gut-brain axis modulation. By fostering a healthier gut microbial environment, the MD may

delay or attenuate cognitive decline through reduced neuroinflammation and improved neuronal signaling.

This work emphasizes the importance of incorporating dietary strategies into early-stage dementia care and paves
the way for further interventional studies with larger cohorts and longer follow-ups. Integration of microbiome
profiling in clinical trials for neurodegenerative disorders may offer novel therapeutic avenues and predictive

biomarkers for disease progression.
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