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ABSTRACT

The present review examines the complex and dynamic communication among physical exercise, the
gut microbiome and brain activity, all contextualized within the microbiota-gut-brain axis network.
Recent research studies indicate that regular physical exercise can significantly alter the structure and
physiological activities of the gut microbiome, frequently enhance diversity and elevate the prevalence
of beneficial bacteria (such as Faecalibacterium prausnitzii and Akkermansia municiphila). These
microbial changes lead to variations in the levels of microbial metabolic products, like short-chain fatty
acids in the circulation. The short-chain fatty acids are the important inducer (triggering) molecules that
communicate with the brain (through vagus nerve), endocrine system (hypothalamic-pituitary-adrenal
axis), and immune system pathways. The review consolidates the findings how this change in the gut
microbiota caused by exercise, affects several aspects of brain function, encompassing cognitive
performance, mood control, and significantly lowering the risk of neurodegenerative and psychiatric
complications. Comprehending this complex relationship is essential for formulating non-drug
therapies, like physical activity and probiotic-prebiotic approaches, to enhance both physical and mental

health.
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INTRODUCTION

The human gut contains a wide range and
dynamic groups of microorganisms, which
constitute gut microbiota. The gut
microbiota is very essential for the
maintenance of overall health of humans
through  biochemical, = immune and
neuroendocrine associated activities [1].
Recently, the microbiota-gut-brain axis has
been identified as a key frame work that
depicts the two-way communication
between the central nervous system and
digestive system [2]. This intricate network
includes endocrinal, neural and immune
system related signal pathways through
which gut microbiota can induce brain
activities and behaviour and conversely [3].
Among various factors that affect the
microbiota-gut-brain axis, physical exercise
has earned increasing attention as non-drug
approach capable of beneficially impacting
gut microbiota populations and their
activities [4]. Consistent physical activity
(exercise) has been found to improve
microbial diversity, enhance the number of
beneficial bacteria [5, 6]. These variations
exhibit positive influence on the
management of overall body inflammation,
energy production and balance of
neurochemicals, eventually promoting
emotional health and cognitive behaviour
[7].

Exercise, gut microbiota, and brain activity

involve an intricate molecular interaction.

Exercise mediated changes in the gut
microbial metabolic products (like short-
chain fatty acids), can influence the
hypothalamic-pituitary-adrenal axis
response, neurotransmitter release and
inflammation of neurons [8]. In addition,
physical activity promotes vagal tone and
neurogenesis, and  decreases  stress-
associated actions [9].

Keeping in view the present lifestyle
associated issues like obesity, depression,
and neuronal decay illnesses, it has become
essential to analyse the interrelationship
between physical exercise and microbiota-
gut-brain axis. The present review
emphasizes the impact of physical exercise
on gut-microbiota population and their
functions, microbiota-gut-brain axis and the
communication pathways among them,
positive influence of exercise on psychiatric
disorders through gut-microbiota and future

prospects of the study and

recommendations.

MAJOR ACTIVITIES OF GUT-
MICROBIOTA IN CONNECTION
WITH THE HUMAN HEALTH

The gut microorganisms, just do not exist as
simple inhabitants, they associate with the
host (human) mutually, exhibiting various
vital functions like maintenance of overall
health of the host and protecting it from
infections, apart from basic digestion [10]. A

stable gut microbiome is an indication of
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host homeostasis. The gut microbiome plays
an important role in regulating gut
continuous

homeostasis, peristaltic

movements and enhancing the
gastrointestinal barrier [11]. One of the basic
and key functions of the gut-microbiome is
metabolism of nutrients and energy
generation. Complex carbohydrates and
dietary fibers are resistant to human
digestive enzymes. Such complex dietary
components like non-starchy carbohydrates
and cellulose are fermented by gut microbes
and vital metabolic products, more
particularly, short chain fatty acids are
released (Butyric, Propionic and acetic
acids). Butyric acid serves as the key energy
source for the intestinal epithelial cells, thus
conferring the strength to the integrity of
gut-barrier [12]. Similarly, pripionic acid,
another fermented product serves as a
starting compound for the preparation of
glucose in the liver and acetic acid moves
into blood circulation and involved in the
metabolism of cholesterol. Further, the

intestinal microbiota is essential for the

biosynthesis  of  essential  vitamins,
specifically Vitamin K and various vitamins
of B complex, which are required for blood
clotting and cell metabolism [13]. One of the
most important and widely studied aspects
of the immune system’s activity is obviously
the link between gut-microbiota and the
immune system. The microbiota is an
effective controller of mucosal and systemic
immunity, which continuously interacts with
gut-associated lymphoid tissue, which
includes largest number of immune cells.
Microbes synthesize various metabolites
and regulate the balance between pro-
inflammatory ~ and  anti-inflammatory

responses by mediating the proper
development and maturation of immune
cells. A healthy and diversified microbiota
regulates immune tolerance and prevents
improper reactions with self-antigens or
common natural factors [14]. The
microbiota imparts colonization resistance
which acts as barrier to control infections

[15] (Figure 1).
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Figure 1: Interrelationship between gut-microbiota and overall human health

INTERACTION BETWEEN GUT-
MICROBIOTA AND BRAIN AXIS
Currently, the communication between the
brain function and gut microbiome has
garnered significant attention due to their
presently established influence on human
health. The interplay between the gut and
brain which is considered as microbiota-gut-
brain axis, is bidirectional and intricate,
involving different organ structures and
microbiological products that play crucial
roles. The nervous, endocrine and immune
systems are associated with  this
network [16].

communication

Microorganisms ferment dietary fiber and

release metabolic products, particularly
short-chain fatty acids such as butyric acid,
propionic acid and acetic acid which can
pass through the intestinal wall and
modulate human host physiological
functions like maintenance of blood-brain
barrier and microglial activity [1, 17].
Further, the gut-microbiome can influence
neural signaling system. For example, some
bacteria release neurological transmitters
like gamma-aminobutyric acid and regulate
the production of serotonin by the host
which is found to be 90% in the gut region

[18]. The vagus nerve acts as a key neural

network means for quick and direct
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transmission of signals from intestine to
central nervous system. The research studies
on axenic mice have been revealed that early
invasion of microorganisms is required for
stress especially in

general response,

modulating the hypothalamic-pituitary-
adrenal axis [19, 20]. On the other hand,
brain can affect the gut microorganisms

through the autonomic nervous system and

influencing conditions such as gut
movement, carry period, and release, which
in turn affects the composition of microbial
communities [17]. Dysbiosis (imbalance of
microbiome in gut) is majorly responsible
for gastrointestinal disorders such as
irritable bowel syndrome and various major
neurological and psychiatric disorders [21,

22] (Table 1).

the hypothalamic-pituitary-adrenal

axis,

Table 1: Communication between gut-microbiota and brain axis

Constituent/Mode/Activity Function in Gut-Brain The influenced References
interaction systems/activities
Microbiota-gut-brain axis Two way and complex Endocrine, immune and [16]
interaction between the gut nervous systems
and brain, affecting human
health status
Short-chain fatty acids produced Regulate human [1,17]
by bacteria (through fermentation) | physiological activities such Endocrine system and
as controlling blood-brain metabolic activities.
barrier and microglial
function
Neurotransmitters released by Effect signalling pathways Nervous system [18]
bacteria
Release of Serotonin Controlled by gut Nervous and endocrine [18]
microorganisms. Around systems.
90% of host’s serotonin
occurs in the gut.
Vagus nerve Functions as a crucial Nervous system [17]
connecting link for the
enhanced and direct passing
of signals from gut to brain.
Dysbiosis (imbalance in microbial Mainly causes irritable Nervous and immune [21, 22]
communities) bowel syndrome and systems
responsible for numerous
psychiatric disorders and
neurological complications

INFLUENCE OF EXERCISE ON GUT-
MICROBIOTA COMPOSITION

The gut microbiome, which constitutes a
wide range of microbial communities
inhabiting the gastrointestinal tract, is
identified as the key modulator of human
host physiological activities, affecting
metabolic and immune system functions and

psychological well-being. Though the food

and genes are the well-known factors that

determine the microbial composition,

regular physical exercise has now
recognized as a crucial and non-therapeutic
influencing factor of the succession of
microbial communities of the gut
ecosystem.

Mika et. al., (2015) based on their studies

reported that the gut health is affected by the
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voluntary aerobic exercise. They conducted
a study on rats enclosed in cages connected
with running wheels. These rats were able to
engage in physical activity during the study.
The gut microbiome of rats engaged in
physical exercise exhibited enhanced
increase of useful bacterial genera such as
Lactobacillus and Bifidobacterium when
compared to sedentary group of rats [23].
The voluntary exercise has even been
proved to enhance the growth of other
beneficiary bacterial families like
Ruminococcaceae and Lachnospiraceae [24].

Majority of the research studies revealed
that there was an enhanced microbial
diversity in humans who were engaged in
regular physical exercise when compared to
sedentary (people who are not engaged in
physical activity). Increased microbial
diversity, or stable microbial species, is an
indication of healthy gut which confers
protection against infections and other
complications like inflammatory bowel
disease and even obesity. In a study
performed on athletes (rugby players),
revealed that there is an enhanced microbial
diversity in the gut of these active
individuals when compared to sedentary
These

(control results

group) [5].
demonstrate that physical activity, changed
intestinal transmit time, and overall

physiological alterations enhance the
formation of the internal conditions that

supports a wider range of microbial

communities  [25]. Furthermore, the
physical activity boosts the succession of
microbial communities, specifically
enhancing the multiplication of beneficial
bacteria linked to overall health. In
particular, regular physical activity results in
the increase of short-chain fatty acids
producing bacterial genera like
Butyricicoccus and Faecalibacterium [6].
The significant release of short-chain fatty
acids is regarded as one of the basic
processes through which regular physical
activity caters to the overall systemic health
advantages [26].

Mika et. al. (2015) from their studies
demonstrated an interesting aspect that
when physical exercise commenced during
young childhood period, it alters gut-
microflora with an enhanced number of
Bacteroidetes and reduction of Firmicutes.
Moreover, when compared to adult physical
exercise, the exercise during early childhood
enhanced the modified bacterial genera and
resulted in the enhanced lean body mass.
These findings indicate that engaging in
physical activity during early age will
enhance the rise of beneficial bacteria that
can adapt to the host metabolic conditions
[23]. Furthermore, engaging in physical
exercise since early age can support the ideal
development of brain activity, thereby
enhancing the population of beneficial
bacteria associated with health [27] (Table

2).
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Table 2: Influence of exercise on the composition of gut-microbiota and its diversity
Research Alteration in microbes | Research on — Subject Findings/Result References
outcomes/significant point (Human/Animal)
Voluntary physical activity Increase of Study on rats Increased beneficial [23]
influences intestinal health Lactobacillus and bacterial species in
Bifidobacterium comparison with
species normal rats
(sedentary)
Sportsmen (Athletes) Diversified groups of On humans Exercise promotes [5]
exhibit increased microorganisms. broad range of
microbial diversity when microbial
compared to sedentary communities.
groups.
Regular exercise enhances Increase of On humans Increased [6, 26]
the number of short chain Butyricicoccus and production of short
fatty acid releasing Faecalibacterium chain fatty acids
bacteria promotes systemic
health
Physical exercise in early Increases Animals (rats) Increased lean body [23]
life changes gut- Bacteriodetes and mass and adaptation
microbiota structure decreases Firmicutes of beneficial
microbes
Physical exercise during Enhanced beneficial Animals During [27]
early age promotes brain bacteria number has a developmental
functioning and increase of positive impact on stages, gut-brain
beneficial bacteria neuro development. health is enhanced

IMPACT OF PHYSICAL EXERCISE
ON THE MICROBIOTA-GUT-BRAIN
AXIS AND THEIR COMMUNICATION
PATHWAYS

Various clinical and pre-clinical studies
revealed that regular moderate physical
activity enhances microbial diversity and
alters microflora composition towards the
microbial species associated with improved
metabolic activities and anti-inflammatory
features. These alterations in microbiota
structure seem to be affected by not only
physical activity (i.e., type of exercise, its
intensity and duration) but also on the
dietary habits and host life style. [1, 28].
The metabolites released by
microorganisms, especially short-chain fatty

acids such as acetic acid, propionic acid and

butyric acid, are key inducing factors that

link changes in microbiota due to exercise
with the brain functioning. The short-chain
fatty acids strengthen the intestinal barrier,
influencing peripheral immune responses,
and traverse the blood-brain barrier in
limited quantities or communicate through
vagal and humoral pathways. They also
control the maturation and activities of
which

influences

The

microglia, in turn
neuroinflammation and behaviour.
effects of these microbial metabolites create
an arbitrary link from exercise to gut
microbiota and the central nervous system
[29].

The vagus nerve and enteric nervous system
serve as crucial neural communication
pathways for signaling between gut and

brain. Physical activity can alter gut sensory

signaling and the function of the enteric
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nervous system through luminal metabolic
products, hormones of endocrine system and
local inflammation, which subsequently
change the vagal afferent input to the areas
of brain involved in the control of mood and
stress  responses.  Pre-clinical  studies
revealed that the behavioural advantages of
certain microflora manipulations are relied
on vagus nerve, indicating that vagus nerve
is a vital channel for certain physical
exercise effects on the brain that are
facilitated by microbiota [30].

Physical exercise also integrates with
nervous, endocrine and immune systems
that form the communication between
microbiota and brain. Exercise regulates the
hypothalamic-pituitary-adrenal axis, body
cytokine concentrations, and movement of
peripheral immune cells. These modifications
affect the

permeability of intestine,

immunity of mucosa, and diversity of

microbial populations. Furthermore, the

modified microorganisms and their
metabolic products subsequently modulate
systemic inflammation and hypothalamic-
pituitary-adrenal axis response, establishing
a reciprocal interaction that links exercise,
stress and microbial signaling [1, 31].

Neurotrophic and neurotransmitter

pathways are considered as additional
terminal points. Physical exercise enhances
brain-derived neurotrophic factor and
improves synaptic plasticity. The gut

microbes  can  affect  brain-derived
neurotrophic release through immune and
metabolic  signaling. Hence, physical
activity can promote neuroplasticity and
cognitive ability both directly (muscle to
brain) and indirectly (from muscle to gut to
microbial products to brain) [1, 32] (Table

3).

Table 3: Interrelationship among exercise, gut-microbiota and brain function

Aspect/constituent Significant impact of Alterations Influence on brain References
physical activity pertaining to function
microflora
Diversity of gut- Consistent moderate Transition to Enhanced metabolic [11, 28]
microbiome physical activity microbial species balance and lowered
enhances microbial linked to enhanced systemic
diversity; the impact metabolism and inflammation
differs based on the type anti-inflammatory indirectly promote
of physical activity, properties brain health
dietary habits, duration
of exercise and overall,
of lifestyle.
Short-chain fatty acids Physical activity Elevated levels of Short-chain fatty [29]
increases the release of short-chain fatty acids traverse the
short-chain fatty acids acids; enhanced blood brain barrier in
by influencing gut intestinal barrier; less amount or
microbiota modulated communicate through
peripheral immunity vagal and humoral
pathways; they
modulate microglia
development and
decrease
4684
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inflammation of
nerves.
Signaling of vagus and Physical exercise Modified vagus Effects areas of the [30]
enteric nerve systems influences gut sensory nerve afferent brain that are linked
signaling and the induction indicates to brain and stress;
functionality of the microbiological certain microbial
enteric nerve through composition of the driven behavioral
metabolites, hormonal gut outcomes rely on
changes, and the status vagus nerve.
of inflammation.
Nervous, endocrine and | Physical activity controls Alters gut Optimized [1, 31]
immune systems cytokine concentrations, permeability, hypothalamic-
regulation peripheral immune cells | immunity of mucosa, pituitary-adrenalin
movement, functioning and diversity of reactions; decreased
of hypothalamic- microbiota; The stress associated
pituitary-adrenal axis metabolic products signaling; improved
of microbes regulate brain-gut
overall body communication loop
inflammation.

EFFECT OF PHYSICAL EXERCISE
ON THE PSYCHIATRIC DISORDERS
THROUGH POSITIVE INFLUENCE
ON THE GUT-MICROBIOTA

Physical activity is becoming more widely
acknowledged as a non-drug therapy that
promotes mood, alleviates anxiety, and
abilities  across

improves  cognitive

neurological complications. Numerous
clinical and translational research studies
demonstrate that one approach for these
advantages is engaging in physical activity
alters the microbiota structure, diversity and
metabolic products of gut microbial
populations, which subsequently modify
immune-endocrine-neural communication
that play crucial role in controlling anxiety
and mood [33].

Physical exercise basically improves the
growth of specific beneficial bacterial
groups that synthesize short-chain fatty
acids (viz., butyric acid, propionic acid and

acetic acid). The short-chain fatty acids

exhibit numerous effects with respect to
brain health. They improve the activity of
intestinal barrier (which decreases the
systemic interaction with endotoxins),
control both peripheral and central immune
activities by decreasing pro-inflammatory
cytokines and effect the development and
functions of microglia, [24, 34]. These core
relationships demonstrate how metabolic
products produced by exercise induced
microbial about

activity can  bring

neurological  changes that alleviate
psychiatric symptoms.

Clinical data of humans is still in its
emerging stage. A three-month structured
aerobic group physical exercise program
with teenagers revealed that depression
symptoms in them were improved and there
was a significant change in gut microbiota at
the genus and species level when compared
to controls in a randomized controlled study
[35]. This study is significant as it assessed
both outcomes and

clinical mood

IJBPAS, October, 2026, 15(10)

4685




Praveen Reddy P* And Bala Chandra K,

Review Article

simultaneous microbiota alterations, which
subsequently lead to reduction of clinical
symptoms of selected clinical group.
FUTURE PERSPECTIVES AND
EMERGING TRENDS

Recent developments in microbiome studies
have unveiled novel approaches for
comprehending how exercise coordinates
intricate  molecular and  microbial
transformations that affect both cognitive
activity and gut health. Future research is
anticipated to investigate the unique
microbiome profiles that react to different
intensities of physical activity and its types
in order to determine individualized exercise
recommendations [36]. With the emergence
of sophisticated technologies such as
metagenomic, metabolomic and
transcriptomic  tools, researchers can
presently unravel the mechanisms by which
gut associated metabolic products, like
short-chain fatty acids and neurotransmitter
precursors, interact with central nervous
system through gut-brain axis [1].
Integrative approaches that merge exercise
programs with dietary modifications or
probiotic additions are increasingly drawing
attention due to their combined effect on the
structure and activities of gut microbiome
[37]. These combination treatments may
improve resilience to psychiatric disorders
such as anxiety, cognitive defects and

depression and neuroprotective effects [8].

Furthermore, in order to establish more

robust casual interrelationship between
physical activity stimulated microbial
changes and brain functioning, future
clinical trial studies are expected to use
longitudinal research methodologies that
track microbial and neurological alterations,
rather than employing cross-sectional
studies [6].
Combining artificial intelligence and
machine learning models with microbiome
studies will probably change the forecasting
of response of humans to exercise depending
on their microbiome structure [38]. These
models could enable to develop microbiome
associated therapies, where individual
workout plans can be suggested to improve
brain activity, reduce neuroinflammation,
and keep emotional balance. Furthermore,
combining multi-omics data will confer the
researchers the approaches to formulate a
complete strategy on how microbial
populations, metabolic products and
neurological networks combinedly evolve in
concurrence with improved physical activity
[39].

CONCLUSION

Physical exercise, gut microbiome and brain
activity are intricately intertwined, and this
is fast growing area of bioscience research.
Recent clinical and pre-clinical research
studies demonstrated that sustained physical
activity is a powerful regulator of gut

microbial structure and activity, increasing

the number of advantageous bacterial
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species. These microbial population
alterations are intimately linked with
enhanced synthesis of short-chain fatty
acids, increased intestinal barrier integrity,
and decreased inflammation conditions that
are responsible for better brain activity and
mental wellbeing. Through neurological
signaling pathways including the vagus
nerve, immunological regulation, and
neurotrophins, physical activity stimulated
microbial metabolic products are crucial in
integrating the gut-brain axis. Additionally,
research studies demonstrate that the
punctuality and strength of the physical
exercise affect the intensity of gut-brain
functions. In spite of tremendous development,
future studies must concentrate on tracing out
the personalized exercise therapies based on
individual microbiome composition and
identifying the molecules linked to exercise
triggered microbial alterations. The use of
exercise as a non-drug approach to modulate
the gut microbiome presents a significant
therapeutic method for improving brain
functioning and overall well-being. The
interconnectedness  between  physical
exercise, gut microbiota and brain activity
highlights comprehensive nature of human
physiology.

CONFLICT OF INTEREST

The authors declare no conflicts of interests.
ACKNOWLEDGEMENTS

The first author express thanks to the

Management, Vice-chancellor and Dean

(SOAHS), Malla Reddy University,
Hyderabad. The second author express
thanks to Management and Principal,
Andhra Loyola College, Vijayawada.
REFERENCES

[1] Cryan JF, O’Riordan KJ, Cowan

CSM, Sandhu KV, Batiaanssen TFS,

Boehme M, Dinan, TG. The
microbiota-gut-brain axis.
Physiological ~ Reviews.  2019;

99(4):1877-2013.
[2] Carabotti M, Scirocco A, Maselli A,

Severi C.  The gut-brain axis:
interactions between enteric
microbiota, central and enteric
nervous  systems. Annals of
Gastroenterology. 2015; 28(2):203-
2009.

[3] Dinan TG, Cryan JG. The
microbiome-gut-brain axis in health
and disease.  Gastroenterology
Clinics  of  North
2017:46(1): 77-89.

[4] Monda V, Villano I, Messina A,

America.

Valenzano A, Espositio T, Moscatelli
F, Messina G. Exercise modifies the
gut microbiota with positive health
effects. Oxidative Medicine and
Cellular Longevity. 2017; 3831972.
[5] Clarke SG, Murphy EF, O’Sullivan
O, Lucey AJ, Humphreys M, Hogan
A, Hayes P, O’Reilly M, Jeffery IB,
Wood-Martin R, Kerins DM,
Quigley E, Ross RP, O’Toole PW,

IJBPAS, October, 2026, 15(10)

4687



Praveen Reddy P* And Bala Chandra K,

Review Article

Molloy MG, Falvey E, Shanahan F,
Cotter P.D. Exercise and associated
dietary extremes impact on gut
microbial diversity. Gut. 2014;
63(12): 1913-1920.

[6] Allen JM, Mailing LY, Niemiro GM,

Moore R, Cook MD, White BA,
Woods JA. Exercise alters gut
microbiota composition and function
in lean and obese humans. Medicine

& Science in Sports & Exercise.

2018; 50(4): 747-757.

[7] Rogers GB, Keating DJ, Young RG,

Wong ML, Licinio J, Wesselingh S.
From gut dysbiosis to altered brain
function and mental illness:
mechanisms and
Molecular Psychiatry. 2016; 21(6):

738-748.

pathways.

[8] Dalile B, Van Oudenhove L, Vervliet

B, Verbeke K. The role of the short-
chain fatty acids in microbiota-gut-
brain  communication.  Nature
Reviews

Hepatology. 2019; 16(8): 461-478.

Gastroenterology &

[9] de la Serre C, De Lartigue G,

Raybould HE. Vagal afferent

siganaling  in  obesity: gut
microbiota, inflammation, and
satiety. Frontiers in Neuroscience.

2022; 16: 872345.

[10] O Hara AM, Shanahan F. The gut

flora as an organ system. Clinical

Science. 2006; 116(3): 181-186.

[11]

[12]

[13]

[14]

[15]

Wegierska AE, Charitos A, Topi S,
Potenza MA, Montagnani M,
Santacroce L. The Connection

Between Physical Exercise and Gut

Microbiota: ~ Implications  for
Competitive ~ Sports  Athletes.
Sports Medicine. 2022;

52(10):2355-2369.
Canfora EE, Jocken JW, Blaak EE.
Short-chain fatty acids in energy
metabolism and health. Current
Opinion in Clinical Nutrition and
Metabolic Care. 2015; 18(5): 510-
518.

Hill C, Guarner F, Gibson GR,
Merenstein DJ, Pot B, Morelli L,
Pot B, Morelli L, Canani RB, Flint
HJ, Salminen S, Calder PG,
Sanders MF. The International
Scientific Association for
Probiotics and Prebiotics
consensus statement on the scope
and appropriate use of the term
probiotic. Nature Reviews
Gastroenterology & Hepatology.
2014;11(8): 506-514.

Rooks MG, Garrette WS. Gut
microbiota, metabolites and host
immunity. Nature Reviews
Immunology. 2016; 16: 341-352.
Buffie CG, Pamer EG. Microbiota-
mediated colonization resistance
intestinal

against pathogens.

IJBPAS, October, 2026, 15(10)

4688



Praveen Reddy P* And Bala Chandra K,

Review Article

[16]

[17]

[18]

[19]

[20]

[21]

Nature Reviews Immunology.
2013; 13(11); 790-801.

Sarkar A, Lehto SM, Harty S,
Dinan TG, Cryan JG, Burnet PW/J.
Psychobiotics and the manipulation
of Bacteria-Gut-Brain  signals.
Trends Neurosci. 2016; 39(11):
763-781.

Martin CR, Osadchiv V, Kalani A,
Mayer E A. The brain-gut-
microbiome Cell Mol
Gastroenterol Heptol. 2018;6(2):
133-148.

Wang HX, Wang YP. Gut

axis.

Microbiota-Brain Axis. Chinese
Medical Journal. 2016; 129(19):
2373-2380.

Sudo N, Chida Y, Aiba Y, Sonoda J,
Oyama N, Yu XN, Kubo C, Koga
Y. Postnatal microbial colonization
programs  the  hypothalamic-
pituitary-adrenal system for stress
response in mice. The Journal of
Physiology. 2004; 558(Ptl): 263-
275.

Fulling C, Dinan, TG, Cryan JG.
Gut microbe to brain signalling:
what happens in vagus. Neuron.
2019; 101(6): 998-1002.

Mayer EA, Savidge T, Shulman
RIJ. Brain-Gut Microbiome
Interactions and Functional Bowel
Disorders. Gastroenterology.

2014; 146(6): 1500-1542.

[22]

[23]

[24]

[25]

[26]

Socala K, Doboszewska U, Szopa
A, Serefko A, Wlodarczyk M,
Zielinska A, Poleszak E, Fichna J,
Wiaz P. The role of microbiota-gut-
brain axis in neuropsychiatric and
neurological disorders.
Pharmacological Research. 2021;
172: 105840.

Mika A, Van Treuren W, Gonzalez
A, Herrera JJ, Knight R, Fleshner
M. Exercise is More Effective at
Altering Gut Microbial
Composition and Producing Stable
Changes in Lean Mass in Juvenile
versus Adult Male F344 Rats.
PLoS One. 2015; 10(5): e0125889.
Varghese S, Rao S, Khattak A,
Zamir F, Chaari A. A physical

Exercise and the Gut Microbiome:

A Bidirectional  Relationship
Influencing Health and
Performance. Nutrients. 2024;

16(21): 3663.

Bressa C, Bailen-Andrino M,
Perez-Santiago J, Gonzalez-Soltero
R, Perez M, Montalvo-Lominchar
MG, Mate-Munoz JL, Dominguez
R, Moreno D, Larrosa M.
Differences in gut microbiota
profile between women with active
lifestyle and sedentary women.
PLos One. 2017; 12(2): e0171352.
Scheiman J, Luber JM, Chavkin

TA, MacDonald T, Tung A, Pham

IJBPAS, October, 2026, 15(10)

4689



Praveen Reddy P* And Bala Chandra K,

Review Article

[27]

[28]

[29]

[30]

[31]

LD, Wibowo MC, Wurth RC,
Punthambaker S, Tierney BT, Yang
Z, Hattab MW, Avila-Pacheco J,
Clish CB, Lessard S, Church GM,
Kostic AD. Meta-omics analysis of
elite  athletes  identifies a
performance-enhancing  microbe
that  functions  via  lactate
metabolism.  Nature Medicine.
2019; 25(7):1104-1109.

Stilling RM, Dinan TG, Cryan JF.
Microbial genes, brain & behaviour
— epigenetic regulation of the gut-
brain axis. Genes, Brain and
Behaviour. 2015; 14(10): 65-77.
Kang P, Wang AZ. Microbiota-gut-
brain axis: the mediator of exercise
health.

19(4):

and brain
Psychocardiology. 2024;
kkae007.

Silva YP, Bernardi A, Frozza RL.
The role of short-chain fatty acids
from gut microbiota in gut-brain
communication.  Frontiers in
Endocrinology. 2020; 11: 25.
Dalton A, Christine M, Zuhl M.
Exercise  influence on  the
microbiome-gut-brain axis. Gut
microbes. 2019; 10(5): 555-568.
Rojas-Valverde D, Bonilla DA,
Gomez-Miranda LM, Calleja-
Nunez JG, Aria N, Martinez-
Guardado I. Examining the

Interaction between Exercise, Gut

[32]

[33]

[34]

[35]

[36]

Microbiota, and Neurodegeneration:

Future Research Directions.

Biomedicines. 2023; 11(8): 2267.
Molska M, Mruczyk K, C isek-
Wozniak A, Prokopowicz W,
Szydelko P, Jakuszewska Z,
Marzec K, Trocholepsza. The
influence of Intestinal Microbiota
on BDNF levels. Nutrients. 2024;
16(17): 2891.

Min L, Ablitip A, Wang R, Luciana
T, Wei M, Ma K. Effects of
Exercise on Gut Microbiota of
Adults: A Systematic Review and
Meta-Analysis. Nutrients. 2024;
16(7): 1070.

Clapp M, Aurora N, Herrera L,
Bhatia M, Wilen E, Wakefield S.
Gut microbiota’s effect on mental
health: The gut-brain axis. Clinics
and Practice. 2017; 7(4): 987.
Wang R, Cai Y, Lu W, Zhang R,
Shao R, You SY, Stubbs B,
Mclntyre RS, Su KP, Xu G, Qi L,
So KF, Lin K. Exercise effect on

the gut microbiota in young
adolescents  with  subthreshold
depression: A randomized

psychoeducation-controlled Trial.
Psychiatry Research. 2023; 319:
115005.

Mailing LJ, Allen JM, Buford TW,
Fields CJ, Woods JA. Exercise and
Gut Microbiome: A Review of the

IJBPAS, October, 2026, 15(10)

4690



Praveen Reddy P* And Bala Chandra K,

Review Article

[37]

[38]

Evidence, Potential Mechanisms,
and Implications for Human
Health. Exercises and Sports
Sciences Review. 2019; 47(2): 75-
85.

Mach N, Fuster-Botella D.
Endurance exercise and gut-
microbiota: A review. Journal of
Sport and Health Science. 2017;
6(2): 179-197.

Patil A, Singh N, Patwekar M,
Patwekar M, Patil A, Gupta JK,
Elumalai S, Priya NS, Sahithi A.
Al-driven  insights into the

microbiota: Figuring out the

mysterious world of the gut.
Intelligent Pharmacy. 2025; 3(1):
46-52.

[39] Foster JA, Trivedi, MH. The gut-
brain axis in depression: Are multi-
omics showing the way?. Cell
Reports Medicine. 2024; 5(9):
101741.

IJBPAS, October, 2026, 15(10)

4691



