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ABSTRACT

The general health and the immune system rely on the bacteria in the gut. There are numerous neuroscientific studies that have shown
the significance of bacteria in brain systems formation. It is well demonstrated that the microbial ecology of the gastrointestinal tract is
connected with the anxiety and depression disorders. Most of the anxiety disorders are incapacitating and current. An increasing amount
of evidence shows that changes in the composition and activity of the gut microbiota caused by diet affect anxiety symptoms and threat
through metabolic, neurological, and endocrine pathways. The review is a synthesis of clinical and molecular evidence that puts anxiety
disorders as associated with probiotic, prebiotic, and synbiotic treatments, microbial genera and metabolites (particularly, short-chain
adipose acids), and whole-diet research. The clinical and translational evidence has shown that plant-forward, high-fiber diets and
particular psychobiotics reduce the symptoms of anxiety, but those should be interpreted with caution because of the differences in the
strains, dosages, study group, and short-term follow-up. Future studies should include large, phenotyped RCT's incorporating microbiome,
metabolomic, and neuroimaging end points to come up with accurate dietary recommendations based on microbiomes to prevent anxiety

and adjunctive care.
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Introduction

The etiology of anxiety disorders is complex and consists of genetic,
developmental, behavioral, and biological factors; therefore, the
contribution to the global mental health burden is huge. Nearly three-
quarters of children and adolescents experience both anxiety and stress,
often in combination with depressive diseases. Even though the side effects,
persistent symptoms, and limited access to therapy are present in many
patients, the pharmacotherapies and psychosocial interventions remain first-
line treatment options. Research has demonstrated that there is a
relationship between anxiety, nutrition and food.

The Western eating patterns are coupled with anxiety and an increased
intake of refined grains, fried and refined food, processed red meat, and high
fat dairy products compared to fruits and vegetables. Accelerating evidence
indicates that the gut microbiota, which is an ecosystem mainly regulated
by nutrition, affects the neurophysiology of the anxiety condition via an
immunological, metabolic, endocrine, and neurological sequence [1]. The
microbiota of the human gut has more than 3.8 x 1013 microorganisms.
Microflora dysbiosis is associated with increased gastrointestinal tract
permeability and constant systemic inflammation. The neurons are the
second-highest concentrated in the human intestine after the brain.
Naseribafrouci et al. proved the associations between gut flora and this
mental illness.

The influences of this microbial population are very dynamic, and nutrition
appears to be the most significant and versatile environmental controller.
There is factual support for the idea that gut bacteria can influence mental
states through food consumption. Meanwhile, the influence of the gut
microbiota on the brain and behavior was then illuminated by other studies,
leading to the concept of the so-called gut-brain axis [2].

The gut-brain axis is a network that involves two-way exchange of
information between the gut and the brain that is controlled by
neuroendocrine and neuroimmune systems. Some of the chemicals involved
in the control of these processes include short-chain fatty acids, secondary
bile acids, tryptophan metabolites generated by the microbiota, and the
neurotransmitters of gamma-amino butyric acid (GABA).

High-fat diet causes chronic systemic inflammation. Stress activates the
hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous
system which may eventually lead to the increase of the production of pro-
inflammatory cytokines. It causes a vicious cycle where the ability of the
body to regulate the stress response is impaired by the inflammation which
is in turn caused by the stress. Chronic stress, inappropriate diet and illness
may cause the intestinal lining to become discontinuous and lead to the
onset of leaky gut, permitting bacteria and their fragments
(Lipopolysaccharide, or LPS) to get into the bloodstream.

This triggers inflammatory cytokines and systemic immune response.
Research has indicated that individuals that had been clinically diagnosed
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with anxiety possessed greater amounts of pro-inflammatory cytokines in
comparison with individuals who were healthy. We introduce a possible
treatment plan to address anxiety that implies nutritional adjustments, fish
and omega-3 fatty acids (FA) intake, probiotics, prebiotics, synbiotics,
postbiotics, fecal microbiota transplantation, and S5-hydroxytryptophan.
This paper asserts that the dietary habits are critical in regulating the gut
microbiota, which is the key and the most accessible tool to modulate the
pathophysiology of anxiety.

Diet-Modulated Microbiota and Anxiety Interaction Mechanisms
Microbial products and neuroimmune modulation

Non-digestible carbohydrates undergo bacterial fermentation to yield
SCFAs that action on the brain functions in a number of ways. They are the
modulation of the activity of microglia, the stabilization of the intestinal
barrier, the control of the systemic and central immune tone, and the role of
signaling molecules in receptors (FFAR2/3) associated with
neuroinflammation and neuroplasticity [3, 4]. Mechanistic association
between food, the availability of SCFA, and the emotional state is
corroborated by the observation that the abundance of SCFA-producing
taxa (including Faecalibacterium and Roseburia) declined during anxiety
and depressive disorders.

Immune system activation and intestinal permeability

Diet-induced dysbiosis could potentially increase intestinal permeability
leading to the entry of microbial products into the bloodstream induced by
dysbiosis (e.g., lipopolysaccharide (LPS)) and subsequent systemic
inflammation and cytokine cascades (e.g., IL-6, TNF-a). Such peripheral
immunological messages can gain access or affect the central nervous
system, altering the synapses in amygdala-prefrontal pathways, which are
correlated with anxiety [5, 6]. Hence, the scientifically plausible methods
of reducing the predisposition to anxiety are dietary patterns that reduce
inflammation and dysbiosis.

Tryptophan metabolism and neurotransmitters

One of the precursors of neurotransmitters present in the gut that is
metabolized by microorganisms is Tryptophan. When serotonergic
pathways are the desirable option in eubiotic contexts, dysbiosis may cause
shift in tryptophan metabolism to the kynurenine pathway, with resulting
production of neurotoxic or pro-inflammatory products. In studies that use
humans and animals, particular bacterial species change anxiety-related
behavior through the regulation of the GABA, and other.

Autonomic nerve system and HPA axis

Microbiota affect the responsiveness of hypothalamic-pituitary-adrenal
(HPA) axis to stress; the germ-free or dysbiotic animal models have
increased activation of the HPA axis, which is restored by some probiotics.
The alternative pathway involves vagal signaling; in mice, vagotomy
eliminates the anxiolytic effects of several probiotics, suggesting that the

29

https://biologicaltimes.com/



https://biologicaltimes.com/

b Biological Times

Volume No.4 | Issue No.10 | Pages 29-31

microbiota plays a role in the physiological stress response that causes
anxiety [3].

Diet as Potent Subject of the Gut-Microbiota-Brain Axis: Nowadays it
is a well-known fact that nutrition influences the flora of the gut fast. The
efficacy of specific components and patterns of diet in a clinical context is
the primary object of the existing research.

Possible harm of the Western Diet: Fats and sugars reduce the diversity
of microbes and enhance the numbers of proinflammatory microorganisms,
which recent longitudinal studies have found to be linked with higher levels
of self-reported anxiety in large groups [7].

The Efficacy of Plant-Based and Fermented Foods: The effectiveness of
plant-based and fermented foods was demonstrated by a comprehensive
analysis, which found that diets rich in fiber and fermented foods are
consistently linked to fewer symptoms of anxiety. This effect is mediated
by increased SCFA production and gut microbiota richness [8].

Newfound Mechanisms of the recent preclinical and clinical studies
State-of-the-art research has revealed more accurate mechanisms of diet-
regulated gut microbiota to anxiety:

Microbiota and the Kynurenine Pathway

Recent studies have pointed out that gut microbes have the ability to control
the kynurenine pathway, which uses tryptophan instead of forming
serotonin. In animal models, high-fat diets may induce this direction in
neurotoxic metabolites, which are the reason behind anxiety-like behavior
[14].

Bile Acid Metabolism

New studies suggest that gut bacteria can convert primary bile acids to
secondary bile acids, which can serve as signal molecules. This process can
be modified by diet which might influence neuroinflammation and behavior
[7].

Vagus Nerve-Dependent Effects

A 2022 study showed that the anxiolytic effect of a particular Lactobacillus
strain was blocked in mice whose vagus nerve was cut, which is direct
evidence of the vital function of the neural route in mediating the microbial
effects of anxiety [15].

Combination of New Human and Animal Study Evidence

In the case of more complex and therapeutically significant research, the

amount of information has significantly grown.

Human Interventional Studies

Human Interventional Studies: A RCT showed that when subjects were

placed on high-prebiotic diet, the levels of anxiety were reduced,

accompanied with an increase in the number of bacteria producing SCFA,

which is direct evidence of a causative pathway [16].

Psychobiotic Trials

The studies are shifting to the tailored use of microbial therapy in anxiety

through investigations that utilize some well-characterized probiotic strains

and show significant therapeutic impacts [17].

Animal Model Insights

Cause-effect role of microbiota has been identified by the literature that

could transfer the anxiet-related behaviours to the germ-free mice by fecal

microbiota transplanting (FMT) of stressful animals or stressed subjects

[18].

Practical Dietary Strategies Informed by Recent Evidence

Data-Based Dietary Strategies: There is now more data than ever before to

support the use of food to promote mental health.

e Make Diverse Plant Foods a Priority: To optimize microbial variety,
a factor recently connected to emotional resilience, try to eat 30
different plant-based foods each week [8].

e Incorporate Fermented Foods Every Day: Include at least one
serving of kefir, sauerkraut, kombucha, or live-culture yogurt each day
to introduce healthy microorganisms on a regular basis.

e Emphasis on Anti-Inflammatory Fats: It has been demonstrated that
omega-3 fatty acids, which are found in walnuts, flaxseeds, and fatty
fish, combine with a balanced gut microbiota to lessen
neuroinflammation [20].

e Limit Ultra-Processed Foods: Cut back on emulsifiers and artificial
sweeteners, which recent research has shown can damage the gut's
mucous layer and encourage bacterial migration, which activates the
immune system [7].

Table 1: Impact of Dietary Components on Gut Microbiota and Anxiety-Related Pathways

Dietary Component Effect on Gut Microbiota (Recent Evidence)

Potential Impact on Anxiety Pathways (Recent
Evidence)

Dietary Fiber & | Increases the number of microorganisms (Bifidobacterium, | SCFAs tighten the intestinal barrier, lower cortisol, and
Prebiotics (Inulin, GOS, | Lactobacillus) that produce SCFA. According to a 2023 RCT, | lessen HPA axis hyperactivity. According to the same
FOS, whole grains, | a high-prebiotic meal raised Ruminococcus and | study, lower waking cortisol and anxiety ratings were
vegetables) Faecalibacterium [9]. associated with higher fecal butyrate [9].

Fermented Foods (kefir,
kimchi, live-culture
yogurt) inflammatory proteins, according to a

(including IL-6, IL-10) [10].

Rapidly reduces inflammatory markers and boosts microbial
diversity. Consuming fermented foods decreased 19 circulating

Anxiety is caused by neuroinflammation, which is
decreased when systemic inflammation is reduced.
Stability of the microbiome increases resilience to stress
[10].

2023 study

Polyphenol-Rich Foods
(berries, green tea, dark
€0coa)

Encourage Bifidobacterium and A. muciniphila, which function
as prebiotic-like substrates to strengthen the mucosal barrier [4].

Polyphenols inhibit neuroinflammatory pathways linked
to anxiety by lowering oxidative stress and inflammation

[4].

Omega-3 PUFAs (fatty
fish, flaxseeds, walnuts)

Increase colonic SCFAs, decrease behavior changes associated
with dysbiosis, and increase Bifidobacterium and Lactobacillus

[11].

Anti-inflammatory resolvins are produced via the
incorporation of omega-3 into neuronal membranes and
SCFA crosstalk, which inhibits the anxiety circuitry [11].

(aspartame, sucralose)

Western Diet (High | Decreases variety and raises the ratio of Firmicutes to | Endotoxemia, or "leaky gut," is encouraged by LPS-

Fat/High Sugar) Bacterodites, which is a sign of metabolic mood comorbidity | induced cytokines that penetrate the blood-brain barrier
and dysbiosis [12]. and cause anxiety neuroinflammation [12].

Artificial ~ Sweeteners | Exacerbate dysbiosis and further diminish beneficial taxa when | Exacerbate anxiety-like symptoms by disrupting the

paired with a high-fat diet [13].

microbiota  and
imbalance [13].

causing inflammatory — metabolic

Table 2: Key Microbial Metabolites and Their Anxiolytic Mechanisms Identified in Recent Studies

Microbial Metabolite Primary Dietary Source Recent Findings on Mechanism

Short-Chain Fatty | Dietary Fiber/Resistant Starch | Butyrate activates BDNF in the hippocampus and enhances the blood-brain barrier, which

Acids (SCFAs) prevents stress-related anxiety [18].

GABA Fermented Foods; produced by | Some bacteria are known to make GABA in the gut, which causes decreased anxiety-like
certain bacteria behaviors in mice through the vagus nerve [15].

Secondary Bile Acids Microbial — metabolism  of | The conversion of primary bile acids by other microbes can stimulate bile acid receptors,

primary bile acids

which proximate systemic inflammation and glial cell activity in the brain [7].

Table 3: Summary of Key Interventional Study Evidence

Study Type Intervention Key Findings Related to Anxiety Proposed Microbiota Link
Human RCT Mediterranean diet + fish oil | Control Huge anxiety symptoms reduction in | Clinical improvement was associated with
vs. control the dietary intervention group. modifications of the microbial composition.
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Systematic Review Probiotic  supplementation

Probiotics were promising in the reduction of

Alteration of the inflammatory markers and

(various strains) anxiety symptoms especially in clinical | production of neuroactive metabolites
groups. (e.g., GABA).
Human RCT Prebiotic (Galacto- | Prebiotic supplementation lowered the waking | HPA axis modulation caused by increasing the
oligosaccharides) vs. | cortisol (stress hormone) and adjusted the | size of beneficial bacteria
placebo attention to negative emotional information. (e.g., Bifidobacteria).
Conclusion [71 Peirce, J. M. and K. Alvifia. 2023. The role of the kynurenine pathway in the effects of a high-

Recent research reveals that the gut microbiota functions as a dynamic,
endocrine-like organ that communicates closely with the brain, influencing
anxiety and mental health. Dietary patterns significantly shape the
composition and metabolism of gut microbes, affecting neurochemical
balance and inflammation. Mechanisms such as the production of
neuroactive metabolites (e.g., SCFAs and GABA), regulation of the HPA
axis, vagus nerve signaling, and enhanced gut barrier integrity collectively
mediate the anxiolytic effects of diet. Evidence from studies on high-fiber
diets, psychobiotic supplements, and fermented foods supports targeting the
gut-brain axis as an effective approach to anxiety management. This

understanding urges a shift in public health and clinical strategies toward a

biopsychosocial model that integrates the “microbiome-gut-brain” link.

Empowering individuals with knowledge about how diet shapes mental

health promotes proactive self-care. Future research should refine

personalized nutritional psychiatry, tailoring dietary and psychobiotic
interventions to individual microbial profiles.
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