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Abstract — In recent years, the interplay between the human 

gut and brain has emerged as a powerful paradigm in 

understanding health and disease. The gut-brain axis (GBA), 

is a communication network linking the central nervous 
system with the gastrointestinal system, which is no longer 

viewed solely through the lens of digestion or 

neurotransmission; it is now considered fundamental to 

emotional regulation, immune balance, and even cognitive 

performance. One of the most exciting frontiers within this 

field lies in the influence of the gut microbiota, the trillions 

of microorganisms residing in our digestive tract that interact 

closely with our nervous and immune systems.[1], [2]. As 

modern science delves into the roles of these microbes, a 

consistent theme has emerged that diet is one of the most 

significant and immediate modulators of gut microbial health. 
The food we consume can rapidly alter the structure and 

function of our microbiota, leading to cascading effects on 

brain health. For instance, fiber-rich diets promote the 

production of short-chain fatty acids (SCFAs), which have 

anti-inflammatory and neuroprotective properties. 

Meanwhile, processed and high-fat diets can disrupt 

microbial balance, leading to inflammation, impaired gut 

barrier function, and altered neurotransmitter signaling [3]. 

Neurological disorders such as depression, anxiety, 

Attention-Deficit/Hyperactivity Disorder (ADHD), autism 

spectrum disorder, and even neurodegenerative diseases like 

Alzheimer’s and Parkinson’s have all shown links to gut 
dysbiosis. While traditional treatments focus on 

pharmacological approaches, the potential to influence brain 

function through dietary change offers a promising, non-

invasive avenue for both prevention and adjunctive care. 

Moreover, microbiota directed therapies such as probiotics, 

prebiotics, and ketogenic diets are gaining attention for their 

ability to support neurological outcomes through gut 

modulation [4]. This review aims to explore how various 

dietary patterns, nutrients, and microbiota-based 

interventions influence the gut-brain axis and impact   the 

onset or progression of neurological disorders. By compiling 
current findings, the paper seeks to identify both well-

supported mechanisms and key areas that demand further 

investigation, ultimately contributing to a more integrated 

understanding of brain health through the lens of nutrition and 

gut microbiology [5]. 

Keywords: Gut-Brain Axis (GBA), Microbiota-Gut-Brain 

Communication, Gut Microbiota, Diet and Brain Health, 

Short-Chain Fatty Acids (SCFAs), Neuroinflammation, 

Neurotransmitter Signaling, Gut Dysbiosis 

I. INTRODUCTION 

The gut-brain axis (GBA) is a complex, bidirectional 

communication system that connects the central nervous 

system (CNS) and the enteric nervous system (ENS), 

allowing the brain and the gastrointestinal tract to influence 

each other’s function. This axis operates through neural, 

endocrine, immune, and metabolic signaling pathways, and is 

increasingly recognized as a critical regulator of 

neurodevelopment, behavior, and emotional well-being [6]. 
Central to the GBA is the gut microbiota, a dynamic 

community of microorganisms residing in the gastrointestinal 

tract. These microbes perform essential roles in digestion, 

immune modulation, and the synthesis of neuroactive 

compounds such as serotonin, gamma-aminobutyric acid 

(GABA), and short-chain fatty acids (SCFAs), all of which 

can influence brain function. Emerging evidence shows that 

alterations in gut microbiota composition—often referred to 

as dysbiosis—can disrupt this axis, contributing to the 

development and progression of various neurological and 

psychiatric disorders, including depression, anxiety, ADHD, 
autism spectrum disorder (ASD), and neurodegenerative 

diseases like Alzheimer’s and Parkinson’s [6]. 

Among the most powerful and modifiable factors 

influencing the gut microbiome is diet. Nutritional intake 

directly shapes the composition and function of gut 

microbiota, with immediate and long-term consequences for 

host health. While Western diets, high in saturated fats, 

processed foods, and added sugars, are associated with 

reduced microbial diversity and inflammation, other dietary 

patterns such as the Mediterranean and ketogenic diets 

promote microbial environments more conducive to brain 

health [7]. 
The purpose of this review is to critically examine 

how dietary patterns, specific nutrients, and microbiota-

targeted interventions such as probiotics, prebiotics, 

fermented foods, and polyphenols influence the GBA and 

contribute to the management or prevention of neurological 

disorders. By exploring the mechanisms linking nutrition, the 

microbiota, and brain function, this review aims to highlight 

the potential of diet-based strategies in promoting 

neurological resilience and guiding future therapeutic 

approaches. [5]. 

II. MECHANISM OF GUT - BRAIN AXIS  

"The gut-brain axis is an intricate network of signaling 

pathways that facilitate constant communication between the 

gastrointestinal tract and the central nervous system. This axis 

integrates neural, immune, endocrine, and metabolic 

signaling pathways, enabling the brain to influence 

gastrointestinal function while also allowing the gut to impact 

mood, cognition, and behavior. Far from being an isolated 

digestive organ, the gut is now recognized as a key 
contributor in neurophysiological health. This recognition 

has prompted in-depth exploration of the multiple 

communication mechanisms that constitute the gut-brain axis 

[4]. 

One of the most direct and well-studied pathways in 

this communication system is the vagus nerve. As the longest 
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cranial nerve in the body, it serves as a primary neural channel 
for facilitating bidirectional communication between the gut 

and the brain.Sensory neurons in the gut wall detect 

mechanical stretching, microbial metabolites, and chemical 

stimuli. These signals are then transmitted to brain regions 

such as the brainstem and limbic system.The vagus nerve also 

carries efferent signals that regulate processes like gut 

motility, secretion, and inflammatory responses, forming a 

feedback loop between the two systems [8]. 

In parallel with this neural communication, the 

immune system plays a vital role in relaying information from 

the gut to the brain. The intestinal lining contains a diverse 

array of immune cells that constantly monitor the gut 
environment for pathogens and microbial disturbances. When 

imbalances or infections occur, these cells release cytokines, 

small signaling proteins that influence inflammation and can 

travel through the bloodstream to reach the brain. Elevated 

levels of pro-inflammatory cytokines have been associated 

with changes in mood, cognition, and neurodegeneration. 

Chronic low-grade inflammation originating in the gut has 

been proposed as a contributing factor in psychiatric 

disorders such as depression, anxiety, and even 

neurodegenerative diseases.Thus, immune activity in the gut 

not only defends against pathogens but also plays a pivotal 
role in modulating brain function and emotional states [9]. 

A third essential pathway is hormonal signaling, 

particularly through the hypothalamic-pituitary-adrenal 

(HPA) axis, the body’s central stress response system. 

Psychological or physical stressors activate the HPA axis, 

leading to the release of cortisol, a glucocorticoid hormone. 

Cortisol influences gut barrier integrity, alters the 

composition of the gut microbiota, and modulates immune 

responses. Over time, stress-induced changes in the gut 

environment can feedback into the brain, potentially 

impairing emotional regulation and stress resilience [10]. 

Crucially, these systems are influenced and 
modulated by the gut microbiota—a diverse and densely 

populated microbial community residing in the colon. These 

microbes have a profound influence on neurodevelopment, 

synaptic plasticity, and behavioral responses. During early 

life, the composition and diversity of the microbiota 

contribute to critical windows of brain development, 

affecting processes such as myelination, neurotransmitter 

receptor expression, and neural circuit formation. Disruption 

of this early microbial colonization has been associated with 

long-term consequences for mental health and stress 

regulation [11]. 
A key way in which microbes exert their influence 

on the brain is through the production of bioactive 

metabolites. Among the most important are short-chain fatty 

acids (SCFAs) primarily acetate, propionate, and butyrate 

produced by bacterial fermentation of dietary fiber. These 

SCFAs can cross the blood-brain barrier and are known to 

regulate gene expression, reduce neuroinflammation, support 

the structural integrity, and can also influence brain-derived 

neurotrophic factor (BDNF) levels, thereby supporting 

synaptic plasticity and neuroprotection [12]. Butyrate, in 

particular, has been studied for its neuroprotective and anti-
inflammatory properties. Also certain bacteria within the gut 

are capable of synthesizing or modulating neurotransmitters 

that are also active in the human brain. For example, a large 

portion of serotonin is produced in the gut, where it regulates 
intestinal motility, but its precursors can influence central 

serotonin levels. Other microbial species produce or affect 

levels of gamma-aminobutyric acid (GABA) , the brain’s 

main inhibitory neurotransmitter, as well as dopamine and 

acetylcholine, which are involved in motivation, learning, 

and memory [13]. 

Collectively, these interconnected pathways 

highlight the profound bidirectional influence between gut 

and brain. Disruptions whether from poor diet, stress, 

infection, or microbial imbalance can cascade through these 

systems, affecting mental health. Conversely, interventions 

targeting gut health offer promising avenues for enhancing 
neurological and psychological well-being. 

 
Fig. 1: Diagram showing bidirectional communication 

between gut and brain through vagus nerve, immune, 

endocrine, and metabolic pathways 

III. ROLE OF NUTRITION IN SHAPING GUT MICROBIOME  

The gut microbiome comprises trillions of microorganisms, 

including bacteria, archaea, viruses, and fungi, residing in the 

human gastrointestinal tract. This dynamic and symbiotic 

ecosystem plays a crucial role in digestion, vitamin synthesis, 

immune function, and neurophysiological regulation. A 

diverse and balanced microbiota is associated with optimal 

health, whereas disruptions in this balance are increasingly 

linked to a wide range of chronic diseases including obesity, 

irritable bowel syndrome (IBS), metabolic syndrome, and 

neuropsychiatric disorders such as anxiety and depression 

[14]. 
Among the many external factors influencing gut 

health, diet stands out as one of the most powerful modulators 

of the microbiome. Dietary components can rapidly and 

profoundly alter microbial composition and function often 

within days underscoring the microbiome’s responsiveness to 

nutritional inputs [15]. The concept of eubiosis refers to a 

state of balanced, diverse, and health-promoting gut 

microbiota, while dysbiosis describes a state marked by 

reduced diversity, dominance of pathogenic species, and 

impaired metabolic function. Diet-induced dysbiosis is now 

recognized as a key contributor to chronic inflammation, 
metabolic disruption, and altered gut-brain communication.  
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A. Dietary Patterns, Microbiome Composition: Western 

Diet vs. Mediterranean Diet 

The Western dietary pattern, characterized by high intake of 

refined carbohydrates, saturated fats, red and processed 

meats, added sugars, and low dietary fiber, is associated with 

a reduction in microbial diversity and an increase in 

opportunistic and pro-inflammatory species such as 
Bacteroides and Firmicutes. This dietary pattern fosters 

dysbiosis and contributes to low-grade systemic 

inflammation, metabolic endotoxemia, and 

neuroinflammation all of which may underlie various 

metabolic and neurobehavioral disorder [16]. 

In contrast, the Mediterranean diet, which is rich in 

fruits, vegetables, legumes, whole grains, nuts, olive oil, 

polyphenols, and fermented foods, supports microbial 

diversity and promotes  the abundance of beneficial taxa, 

including Bifidobacteria, Lactobacillus, and 

Faecalibacterium prausnitzii [7].These microbes are 
associated with increased production of short-chain fatty 

acids (SCFAs) like butyrate, which exert anti-inflammatory, 

gut-barrier-strengthening, and neuroprotective effects. 

Notably, interventional studies have demonstrated that 

shifting from a Western to a Mediterranean diet can induce 

measurable microbiota changes in as little as 3–days, with 

increased SCFA production and improved metabolic 

parameters [17]. 

B. Dietary Patterns, Microbiome Composition: Ketogenic 

Diet 

The ketogenic diet (KD), a high-fat, low-carbohydrate, and 

moderate-protein dietary regimen, has gained prominence not 

only as a metabolic intervention for obesity and type diabetes, 

but also for its potential in neurological and inflammatory 

disorders. Central to its mechanism of action is a shift in 

energy metabolism toward ketone body production (notably 

β-hydroxybutyrate), which has been shown to exert anti-

inflammatory, neuroprotective, and mitochondrial-enhancing 
effects. More recently, studies have highlighted the gut 

microbiome as a key mediator of the KD's therapeutic effects. 

Research has shown that the ketogenic diet (KD) 

causes clear changes in the gut microbiome. Studies 

conducted on mouse show KD to increase the levels of 

beneficial bacteria like Akkermansia muciniphila and 

Parabacteroides, while reducing carbohydrate-fermenting 

species such as Bifidobacterium and Lactobacillus. These 

microbial changes were found to be essential for the diet’s 

anti-seizure effects, as mice given antibiotics or raised in 

germ-free environments did not experience seizure protection 
despite having elevated ketone levels [18]. Likewise, a KD 

enriched with medium-chain triglycerides (MCTs) was 

shown to improve gut barrier function and reduce 

inflammation. This was associated with an increase in 

Akkermansia species, which help maintain the intestinal 

mucus layer and strengthen tight junctions between gut cells 

both of which are important for preventing “leaky gut” and 

limiting the movement of inflammatory toxins like 

lipopolysaccharides [19]. 

However, strict ketogenic diets often lead to a 

decrease in microbial diversity (alpha diversity), likely due to 
low fiber intake. The effects of this reduced diversity are 

complex and may vary based on the types of fats consumed, 

the inclusion of non-digestible fibers, and the individual’s 
baseline microbiota composition.  

Ketogenic diets promote the production of ketone 

bodies such as β-hydroxybutyrate (BHB), which have been 

shown to inhibit histone deacetylases, reduce oxidative stress, 

and modulate inflammatory pathways. BHB also influences 

the gut microbiome by altering the intestinal luminal 

environment, favoring microbial taxa adapted to a high-fat, 

low-carbohydrate milieu [19]. 

Effect 
Associated 

microbial changes 
Implication 

↓Carbohydrate 

intake 

↓ Bifidobacterium, 

Lactobacillus 

Reduced 

fermentation; 

lower SCFA 

↑ Fat intake 
(esp. MCTs) 

↑ Akkermansia 

muciniphila, 
Parabacteroides 

Improved 

barrier, anti-
inflammatory 

↓ Fiber intake ↓ SCFA (butyrate) 

Weaker 

epithelial support 

(may be 

mitigated) 

↓ α-diversity Varies 
May affect long-

term resilience 

↑ Ketones 
Indirect microbial 

modulation 

Improved 

neurochemical 

signaling 

Table 1: Microbiome Changes and Effect 

C. Specific Dietary Components and Their Impact on the 

Microbiome 

1) Dietary Fiber 

Fiber is abundant in plant-based foods and serves as the 

primary fuel for gut bacteria that produce SCFAs such as 

acetate, propionate, and butyrate. These metabolites help 

maintain gut integrity, reduce inflammation, and interact with 

the central nervous system. A fiber-rich diet enhances the 

abundance of beneficial taxa like Bifidobacteria and 

Faecalibacterium prausnitzii, which are commonly depleted 
in individuals with depression and neurodegenerative 

diseases. As a prebiotic, fiber selectively stimulates the 

growth of beneficial gut bacteria like Bifidobacterium and 

Lactobacillus. The fermentation of fiber in the colon yields 

SCFAs, which play a central role in gut integrity, anti-

inflammatory signaling, and metabolic health [20]. 

2) Polyphenols 

Polyphenols are bioactive compounds found in plant-based 

foods like berries, tea, cocoa, and red wine, which also 

possess prebiotic properties. They modulate the gut 

microbiota by inhibiting pathogenic bacteria and promoting 
beneficial species such as Akkermansia muciniphila. 

Polyphenols are metabolized by gut bacteria into bioactive 

compounds that influence oxidative stress, neuronal 

signaling, and inflammation. Regular intake of polyphenol-

rich foods can selectively support the growth of bacteria that 

modulate the immune system and produce neuroprotective 

agents [21]. 

3) Fermented Foods 

Fermented foods such as yogurt, kefir, kimchi, tempeh and 

miso introduce live microbial cultures (probiotics) into the 

gut. Regular consumption of fermented foods has been shown 
to increase microbial diversity, lower gut pH, and enhance the 
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gut-brain axis, potentially reducing symptoms of anxiety and 
depression [22]. 

4) Sugar and Artificial Sweeteners 

High intake of sugar diets can encourage the growth of 

pathogenic bacteria and fungi, increase gut permeability 

(leaky gut), and trigger systemic inflammation.These dietary 

components may reduce populations of beneficial species and 

disrupt microbial signaling pathways involved in brain health 

and immune modulation, promoting the growth of 

inflammatory and pathogenic microbes. Additionally, non-

nutritive sweeteners such as sucralose and aspartame may 

disrupt the microbiome and impair glucose metabolism [23]. 

Fats   
5) Dietary fats differentially affect the microbiome: 

Saturated and trans fats: Linked to increased levels of 

endotoxin-producing bacteria and reduced microbial 

diversity. Excessive fat intake, particularly from animal 

sources, has also been linked to a reduction in Bacteroidetes 

and an increase in Firmicutes, a microbial shift commonly 

associated with obesity and metabolic dysfunction. 

Unsaturated fats, especially omega-3 fatty acids, 

eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA), found in fatty fishlike salmon and mackerel, exert 

anti-inflammatory and neuroprotective effects. These fats can 
modulate gut microbial composition, promoting the growth 

of SCFA-producing bacteria and improving the integrity of 

the intestinal barrier. Additionally, omega-3s have been 

shown to improve symptoms of depression, anxiety, and 

cognitive decline through their action on neuronal 

membranes and inflammatory pathways [24]. 

D. How Diet Promotes Eubiosis or Dysbiosis 

1) Eubiosis 

− SCFA Production: SCFAs, especially butyrate, maintain 

epithelial integrity and suppress pro-inflammatory 

cytokines. 

− Barrier Function: Nutrient-driven upregulation of tight 

junction proteins strengthens the gut barrier. 

− Immune Modulation: Balanced microbiota promote 

tolerogenic immune responses. 

− Neurochemical Signaling: Diet influences microbial 

production of neurotransmitters (e.g., serotonin, 
dopamine, GABA). 

2) Dysbiosis mechanism  

− Loss of Microbial Diversity: Reduced ability to resist 

pathogens or metabolize nutrients effectively. 

− Leaky Gut: Increased gut permeability allows endotoxins 

to enter systemic circulation. 

− Systemic Inflammation: Chronic activation of 

inflammatory pathways. 

− Gut-Brain Axis Disruption: Altered microbiota impair 

neurotransmitter synthesis and stress response systems. 

IV. GUT - BRAIN AXIS AND SPECIFIC NEUROLOGICAL 

DISORDERS  

A growing body of evidence supports the hypothesis that 

disturbances in the gut microbiota can influence the onset and 

progression of several neurological disorders via the gut-

brain axis. Alterations in microbial diversity, metabolite 

production, and gut permeability have all been linked to 

neuroinflammatory and neurobehavioral changes observed in 
various mental and neurodevelopmental conditions. By 

modulating immune responses, neurotransmitter synthesis, 

and stress pathways, the gut microbiota emerges as a potential 

biomarker and therapeutic target for a range of disorders 

affecting emotional regulation, attention, and cognition [25]. 

A. Stress, Depression and Anxiety  

1) Evidence Linking Dysbiosis with Mood Disorders 

Individuals with major depressive disorder (MDD) or 

generalized anxiety disorder (GAD) exhibit distinct microbial 

profiles compared to healthy individuals. These changes 

often involve reduced microbial diversity, along with lower 

levels of beneficial genera and an increase in pro-

inflammatory taxa, including certain Proteobacteria [26]. 

One of the key mechanisms linking gut dysbiosis to 

mood disorders is increased intestinal permeability. This 

condition allows endotoxins such as lipopolysaccharide 

(LPS) to translocate from the gut lumen into systemic 
circulation, triggering low-grade systemic inflammation and 

neuroinflammatory responses. Elevated levels of circulating 

pro-inflammatory cytokines—including interleukin-6 (IL-6), 

tumor necrosis factor alpha (TNF-α), and C-Reactive Protein 

(CRP) have been consistently associated with depression and 

anxiety in both clinical and animal studies [27]. 

Experimental research using germ-free (GF) animal 

models, which lack an indigenous gut microbiota, has shown 

the role of the microbiota in modulating stress physiology. 

These animals display exaggerated hypothalamic-pituitary-

adrenal (HPA) axis activation, elevated corticosterone levels, 

and heightened anxiety-like behaviors. Colonization with 
specific bacterial strains can reverse these abnormalities, 

suggesting a causal link between gut microbiota and 

emotional regulation [28]. 

B. Attention-Deficit/Hyperactivity Disorder 

1) Gut Microbiota Alterations in ADHD 

Attention-Deficit/Hyperactivity Disorder is a 
neurodevelopmental condition characterized by symptoms of 

inattention, impulsivity, and hyperactivity. Although its 

etiology is multifactorial—encompassing genetic, 

environmental, and neurobiological factors—emerging 

research points to a potential role for the gut-brain axis in 

modulating neurodevelopmental outcomes, including those 

seen in ADHD [29]. 

Dietary factors are believed to have a significant 

impact on ADHD symptoms, both through direct nutritional 

effects on brain function and through modulation of the gut 

microbiota. Diets high in refined sugars, artificial additives, 
and low in fiber have been associated with a higher 

prevalence of ADHD. Conversely, diets rich in omega-3 fatty 

acids, polyphenols, and plant fibers may help support 

microbial diversity and reduce behavioral symptoms [29].  

Probiotic and prebiotic supplementation has been 

explored in the context of ADHD, with some promising but 

limited evidence. One randomized controlled trial found that 

early-life administration of Lactobacillus rhamnosus reduced 

the risk of developing ADHD and Asperger’s by age 13. 

Other studies suggest that multispecies probiotics may help 

improve attention and reduce impulsivity [30]. 
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C. Alzheimer’s Disease and Cognitive Decline 

1) Role of Inflammation and Oxidative Stress 

The gut microbiota has a crucial role in the development and 

progression of Alzheimer’s disease (AD), particularly 

through its influence on inflammation and oxidative stress—

two key pathological mechanisms underlying 

neurodegeneration. The term gut dysbiosis which has been 
increasingly associated with systemic and cerebral 

pathological changes seen in AD [31]. 

One primary mechanism by which dysbiosis 

contributes to AD is the promotion of systemic inflammation. 

Certain gut microbial profiles, characterized by decreased 

levels of beneficial anti-inflammatory bacteria (e.g., 

Bifidobacterium and Faecalibacterium) and increased levels 

of pro-inflammatory taxa (e.g., Escherichia/Shigella), have 

been found in AD patients [32]. These pro-inflammatory 

bacteria can stimulate the release of cytokines such as IL-1β, 

IL-6, and TNF-α, which not only contribute to systemic 
inflammation but may also penetrate or compromise the 

blood-brain barrier (BBB). A disrupted BBB allows these 

peripheral immune molecules and microbial products, such 

as lipopolysaccharides (LPS) and amyloid-like bacterial 

proteins, to access the brain parenchyma, where they promote 

microglial activation, neuroinflammation, and β-amyloid 

deposition [33]. 

Another key process influenced by gut dysbiosis is 

oxidative stress, a condition defined by an imbalance between 

the production of reactive oxygen species (ROS) and the 

body’s antioxidant defenses. In the context of AD, oxidative 

stress contributes to lipid peroxidation, protein misfolding, 
and DNA damage, all of which are implicated in the 

deterioration of neuronal integrity and function. Altered gut 

microbiota may elevate oxidative stress by reducing levels of 

antioxidant-producing bacteria or through the increased 

production of ROS-inducing metabolites (Bonfili et al., 

2020). Moreover, the oxidative damage resulting from 

microbial dysregulation may further exacerbate the 

pathological accumulation of tau protein tangles and β-

amyloid plaques, two defining histopathological hallmarks of 

Alzheimer’s disease [34]. 

Recent preclinical models suggest that modulating 
the gut microbiota—via antibiotics, probiotics, or fecal 

microbiota transplantation—can attenuate both inflammation 

and oxidative damage in the brain and improve cognitive 

outcomes, reinforcing the causal relationship between the gut 

and neurodegenerative processes. These findings support the 

hypothesis that gut dysbiosis serves as a chronic trigger of 

both peripheral and central immune responses and oxidative 

injury, thereby accelerating neurodegeneration and cognitive 

decline in Alzheimer’s disease [35]. 

D. Autism Spectrum Disorder (ASD) 

1) Gut Dysbiosis in Children with ASD 

Children diagnosed with autism spectrum disorder (ASD) 

frequently exhibit gastrointestinal (GI) abnormalities, 

including constipation, diarrhea, abdominal pain, and 

bloating. These symptoms are not only common but are often 

correlated with the severity of core behavioral symptoms 

such as irritability, repetitive behaviors, and social 
withdrawal. Emerging evidence suggests that these GI 

symptoms may be rooted in alterations of the gut microbiota, 
also referred to as gut dysbiosis [36]. 

Studies utilizing 16S rRNA sequencing and 

metagenomics have consistently reported increased 

abundance of potentially pathogenic bacterial species, 

particularly Clostridium spp., in children with ASD, 

alongside decreased levels of beneficial microbes, such as 

Bifidobacterium, Lactobacillus, and Prevotella. These 

alterations disrupt intestinal barrier integrity and facilitate the 

translocation of bacterial endotoxins into systemic 

circulation, triggering immune activation and low-grade 

systemic inflammation, which may extend to the brain and 

influence neurodevelopmental processes [37]. 
Increased intestinal permeability has been proposed 

as a central mechanism linking microbial imbalance to 

neurological dysfunction in ASD. Dysbiotic gut communities 

may alter the production of short-chain fatty acids (SCFAs), 

such as butyrate and propionate, which have been known for 

its neuromodulatory effects. Elevated levels of propionic 

acid, in particular, have been associated with abnormal 

behavior and mitochondrial dysfunction in rodent models that 

mimic features of autism [38].  

E. Parkinson’s Disease 

1) Constipation and Microbiota as Early Indicators 

Parkinson’s disease (PD) is a progressive neurodegenerative 

disorder primarily characterized by motor symptoms such as 

tremors, bradykinesia, and rigidity. However, non-motor 

symptoms, particularly gastrointestinal disturbances like 

constipation, often precede motor manifestations by several 

years. This has led to growing interest in the gut-brain axis 
and the role of gut microbiota in the early pathogenesis of PD 

[39]. 

Chronic constipation, sometimes appearing decades 

before PD diagnosis, is now recognized as a potential 

prodromal marker of the disease. Studies have revealed 

significant alterations in the gut microbial communities of 

individuals with PD. These alterations include reduced 

abundance of SCFA-producing bacteria such as 

Faecalibacterium prausnitzii and Roseburia, along with an 

increase in pro-inflammatory microbes, including certain 

Enterobacteriaceae. The reduction in butyrate, a short-chain 
fatty acid (SCFA) with anti-inflammatory and 

neuroprotective properties, is thought to impair the intestinal 

barrier and promote systemic and neuroinflammation [40]. 

Studies have shown that restoring SCFA levels 

through dietary fiber, prebiotics, or direct supplementation 

with butyrate can better motor symptoms and reduce 

neuroinflammatory markers in animal models of PD. These 

findings suggest a potential therapeutic role for targeting gut 

microbiota to modulate disease progression [41]. 

V. CONCLUSION  

The collective evidence reviewed in this article underscores 

the pivotal role of the gut microbiota in shaping neurological 

health through the gut-brain axis. Far from being isolated 

systems, the gut and brain communicate continuously via a 

range of biological signals—many of which are influenced by 

dietary choices and microbial metabolites. As such, the gut 

microbiota represents both a reflection of long-term dietary 
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patterns and a mechanistic conduit through which nutrition 
can influence cognitive and emotional outcomes. 

Eubiosis, characterized by microbial diversity and 

functional richness, supports a well-regulated immune 

system, robust intestinal barrier, and balanced neurochemical 

signaling. In contrast, dysbiosis, often triggered by poor 

dietary habits, can lead to systemic inflammation, altered 

neurotransmitter levels, and increased vulnerability to 

neurological and psychiatric conditions. Nutritional strategies 

that restore microbial balance—such as increasing fiber and 

polyphenol intake, incorporating fermented foods and 

probiotics, and limiting processed sugars and unhealthy 

fats—show promise in reducing symptoms of anxiety, 
depression, ADHD, and possibly slowing the progression of 

neurodegenerative diseases. 

Despite these advances, several research gaps 

remain. More longitudinal, human-based studies are needed 

to establish causal relationships between specific diets, 

microbial changes, and mental health outcomes. There is also 

a need to personalize dietary recommendations based on 

individual microbiome profiles, genetic backgrounds, and 

lifestyle factors. Additionally, the therapeutic potential of 

next-generation probiotics, postbiotics, and microbiome-

targeted interventions (such as fecal microbiota 
transplantation) warrants deeper exploration. 

In addition, future research should explore the role 

of early-life nutrition in shaping long-term brain health, 

especially during critical developmental windows. Digital 

health tools like wearable biosensors and AI-powered diet 

tracking apps may revolutionize personalized gut-brain axis 

monitoring and interventions. Furthermore, understanding 

the complex interactions between microbiota, the immune 

system, and neuroendocrine signaling can unlock novel 

therapeutic targets. Investigating the effects of commonly 

prescribed medications on microbiota composition may also 

reveal strategies to enhance the efficacy of dietary and 
psychobiotic therapies. 

In conclusion, the gut-brain axis offers a powerful 

framework for rethinking the role of nutrition in mental and 

neurological health. By modulating the gut microbiota 

through strategic dietary interventions, it may be possible to 

improve brain function, enhance emotional well-being, and 

prevent or alleviate symptoms of neurological disorders. 

Future research and clinical practice would benefit from 

embracing this integrative, microbiome-informed approach 

to nutrition and neuroscience. 
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