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Abstract—

Anxiety and depression are among the most common mental
health problems worldwide, affecting people’s daily lives,
relationships, and overall well-being. Traditionally, these
conditions have been explained mainly in terms of chemical
imbalances in the brain and psychological stress. However, in
recent years, researchers have started to look beyond the brain
and have found that the gut microbiota also plays an important
role in mental health. The gut microbiota consists of a large
number of microorganisms living in the digestive system, and it
communicates with the brain through what is known as the gut—
brain axis. This communication happens through several
pathways, including neural, immune, hormonal, and biochemical
mechanisms. This paper examines how changes in gut
microbiota, known as dysbiosis, are linked to anxiety and
depression. It highlights that people with these conditions often
show reduced diversity of gut bacteria, an increase in harmful or
inflammation-causing microbes, and a decrease in beneficial
bacteria that produce important substances like short-chain fatty
acids. These changes can affect the body in several ways, such
as increasing gut permeability, causing inflammation, and
disturbing the production of neurotransmitters and stress
hormones. The paper also explains how the gut and brain

interact through different mechanisms, including signals sent via the vagus nerve, immune system activity,

and the regulation of the body’s stress response system (HPA axis). From a psychological point of view,

these biological changes can influence mood, emotional control, stress handling, memory, and motivation.
In addition, the study discusses possible treatment approaches that focus on improving gut health, such as

probiotics, prebiotics, dietary changes, and fecal microbiota transplantation. While these approaches show
potential, especially for depression, the results are not always consistent, particularly in the case of anxiety,

and more research is needed. Overall, the findings suggest that gut microbiota plays an important role in

mental health. Understanding this connection may help in developing better and more personalized
treatment strategies by combining both biological and psychological approaches.
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I[. INTRODUCTION

Anxiety and depression are among the most
prevalent mental health conditions worldwide,
contributing substantially to disability, reduced
productivity, and impaired social functioning.
They affect individuals across all age groups and
socioeconomic backgrounds, often presenting
with overlapping symptoms such as persistent
sadness, excessive worry, sleep disturbances, and
cognitive  difficulties.  Traditionally, these
disorders have been explained through
frameworks centered on  neurotransmitter
imbalances—particularly involving serotonin,
dopamine, and norepinephrine—as well as
psychological and environmental stressors such
as trauma, chronic stress, and adverse life events.
While these models have guided effective
treatments, including pharmacotherapy and
psychotherapy, they do not fully explain the
complexity and variability observed in patients.'

In recent years, scientific attention has shifted
toward a more integrative understanding of
mental health, incorporating biological systems
beyond the central nervous system. One of the
most significant developments in this area is the
recognition of the gut microbiota—the vast and
diverse community of microorganisms residing
in the gastrointestinal tract—as an important
contributor to brain function and emotional
regulation. These microorganisms, including
bacteria, viruses, fungi, and archaea, are now
understood to play essential roles not only in
digestion and metabolism but also in immune
modulation and the production of bioactive
compounds that can influence the brain.?

The concept of the gut-brain axis has
fundamentally reshaped our understanding of
how emotional and cognitive processes are
regulated. This axis represents a complex,
bidirectional communication network linking the
gastrointestinal system and the central nervous
system. It  operates  through  multiple
interconnected pathways, including neural
signaling via the vagus nerve, endocrine
communication through hormones such as
cortisol, and immune mechanisms involving
cytokines and inflammatory mediators. Through
these channels, gut microbes can influence brain
activity, behavior, and mood, while the brain, in
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turn, can alter gut physiology, motility, and
microbial composition.

Emerging evidence suggests that disruptions in
gut microbiota composition, often referred to as
dysbiosis, may contribute to the development and
progression of anxiety and depression. Factors
such as poor diet, antibiotic use, infections, and
chronic stress can disturb the delicate balance of
gut microorganisms, leading to increased
intestinal permeability, systemic inflammation,
and altered production of neurotransmitters and
metabolites. These changes may affect key brain
regions involved in mood regulation, such as the
amygdala and prefrontal cortex, thereby
influencing emotional responses and stress
resilience.’

Furthermore, research has shown that certain gut
bacteria are capable of producing or modulating
neurotransmitters and neuromodulators,
including gamma-aminobutyric acid (GABA),
serotonin, and short-chain fatty acids like
butyrate. These substances play critical roles in
maintaining neural function, regulating stress
responses, and preserving the integrity of the
blood-brain barrier. As a result, the gut
microbiota is increasingly viewed not merely as a
passive system but as an active participant in
neuropsychological health.

This evolving understanding highlights the
importance of adopting a multidisciplinary
approach  that  integrates  microbiology,
neuroscience, and psychology. By exploring the
interactions between gut microbes and brain
function, researchers are uncovering new
pathways that may lead to innovative therapeutic
strategies for anxiety and depression. Such
approaches may include dietary interventions,
probiotics, prebiotics, and other microbiota-
targeted treatments, offer promising alternatives
or complement to conventional therapies.’

In summary, the growing body of evidence
supporting the role of gut microbiota in mental
health underscores the need to reconsider
traditional models of anxiety and depression. The
gut-brain axis provides a compelling framework
for understanding the complex interplay between
biological and psychological factors, opening
new avenues for research and clinical practice.
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II. Gut Microbiota: A Microbiological
Overview

The human gastrointestinal tract harbors a vast
and highly complex population of
microorganisms collectively known as the gut
microbiota. It is estimated that the gut contains
trillions of microbes, including bacteria, viruses,
fungi, and archaea, forming a dynamic ecosystem
that coexists symbiotically with the host. The
majority of these microorganisms are located in
the large intestine, where environmental
conditions such as pH, nutrient availability, and
oxygen levels support their growth. Among
these, bacterial phyla such as Firmicutes,
Bacteroidetes, Actinobacteria, and Proteobacteria
dominate the microbial landscape®.

These microorganisms are not merely passive
inhabitants; rather, they perform a wide range of
essential physiological and biochemical functions
that are critical for maintaining overall health.
One of their primary roles is in digestion and
nutrient absorption. Gut bacteria help break down
complex carbohydrates, dietary fibers, and
resistant starches that cannot be digested by
human  enzymes.” Through  fermentation
processes, they convert these substances into
simpler compounds, making nutrients more
accessible to the body.

In addition to digestion, the gut microbiota plays
a significant role in the synthesis of essential
vitamins. Certain bacterial species are involved
in the production of vitamins such as vitamin K
and several B vitamins, including B12, folate,
and biotin, which are vital for metabolic
processes and neurological function. The
microbiota also contributes to the regulation of
immune responses by interacting with the gut-
associated lymphoid tissue (GALT). It helps train
the immune system to distinguish between
harmful pathogens and harmless antigens,
thereby preventing excessive inflammatory
responses.®

Another critical function of gut microbes is the
synthesis of neuroactive compounds. These
include neurotransmitters and their precursors,
such as serotonin, gamma-aminobutyric acid
(GABA), and dopamine, which play key roles in
regulating mood, behavior, and cognitive
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function. This capability establishes a direct
biochemical link between the gut and the brain,
reinforcing the importance of the gut-brain axis.’

A healthy gut microbiota is typically
characterized by high diversity and a balanced
composition of microbial species. Diversity
ensures functional resilience, allowing the
microbiota to adapt to environmental changes
and resist pathogenic invasion. However, this
balance can be easily disrupted by various
internal and external factors. Poor dietary habits,
particularly diets low in fiber and high in
processed foods, can negatively affect microbial
diversity. Chronic psychological stress alters gut
motility and secretion, thereby influencing
microbial composition. The use of antibiotics,
while essential for treating infections, can
indiscriminately eliminate beneficial bacteria
along with harmful ones. Additionally, infections
and chronic illnesses can further destabilize the
microbial ecosystem.!°

Such disturbances in the gut microbiota are
referred to as dysbiosis. Dysbiosis is associated
with a range of pathological conditions, including
metabolic disorders, inflammatory diseases, and
increasingly, mental health disorders such as
anxiety and depression. Research  has
demonstrated that individuals suffering from
these conditions often exhibit significant

alterations in their gut microbial composition.!!

Specifically, studies have reported an increase in
pro-inflammatory bacteria, which can stimulate
the production of inflammatory cytokines and
contribute to systemic inflammation. Chronic
low-grade inflammation has been strongly linked
to the pathophysiology of depression and anxiety.
At the same time, there is often a reduction in
beneficial bacteria that produce short-chain fatty
acids (SCFAs), such as butyrate, acetate, and
propionate. These SCFAs are produced through
the fermentation of dietary fibers and serve
several important functions.'?

Butyrate, in particular, plays a crucial role in
maintaining intestinal integrity by strengthening
the epithelial barrier and preventing increased gut
permeability, commonly referred to as “leaky
It also has potent anti-inflammatory

2

gut.
properties and supports the health of colonocytes
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(intestinal cells). Furthermore, SCFAs can
influence brain function by modulating immune
activity, reducing inflammation, and even
affecting neurotransmitter systems.'

The reduction of SCFA-producing bacteria,
therefore, can compromise gut barrier function,
increase inflammation, and disrupt normal
communication along the gut-brain axis. These
changes may contribute to altered mood
regulation, increased stress sensitivity, and the
development or exacerbation of anxiety and
depressive disorders.'

In summary, the gut microbiota represents a vital
component of human physiology with far-
reaching effects beyond the digestive system. Its
role in nutrient metabolism, immune regulation,
and neurochemical production highlights its
importance in both physical and mental health.
Understanding the microbiological foundations
of the gut ecosystem provides a critical basis for
exploring its involvement in anxiety and
depression, and for developing targeted
therapeutic  strategies aimed at restoring
microbial balance.”

II1. The Gut-Brain Axis Mechanism

The gut-brain axis represents a complex and
dynamic communication network that links the
gastrointestinal system with the central nervous
system. Rather than functioning as isolated
systems, the gut and brain continuously exchange
information through multiple interconnected
pathways. This bidirectional communication
allows the brain to influence gastrointestinal
functions such as motility, secretion, and
permeability, while the gut microbiota, in turn,
can affect brain function, emotional behavior,
and cognitive processes. The major mechanisms
involved in this interaction include neural,
immune, biochemical, and endocrine pathways.'¢

IV. Neural Pathways

One of the most direct and well-established
routes of communication between the gut and the
brain is through neural pathways, particularly the
vagus nerve. The vagus nerve is the longest
cranial nerve and serves as a critical link between
the enteric nervous system (often referred to as
the “second brain”) and the central nervous
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system. It transmits sensory information from the
gut to the brain and sends motor signals from the
brain back to the gut.!”

Gut microbiota can influence vagal signaling by
producing  metabolites  and
substances that stimulate vagal afferent fibers.
These signals can affect brain regions involved in
mood regulation, such as the limbic system.

neuroactive

Experimental studies have shown that stimulation
of the vagus nerve can reduce symptoms of
anxiety and depression, while disruption of vagal
communication can impair emotional regulation.
This highlights the importance of neural
pathways as a key mechanism through which gut
microbes can modulate psychological states. '8

V. Immune System

The immune system serves as another crucial
mediator in the gut-brain axis. The gut
microbiota plays a fundamental role in shaping
and regulating immune responses. A balanced
microbial community helps maintain immune
homeostasis by promoting anti-inflammatory
pathways and preventing excessive immune
activation."

However, when dysbiosis occurs, it can lead to
an imbalance in immune function. Harmful
bacteria may trigger the release of pro-
inflammatory cytokines such as interleukins and
tumor necrosis factor-alpha (TNF-a). These
inflammatory mediators can enter systemic
circulation and cross the blood-brain barrier,
where they influence brain function and
behavior.?

Chronic low-grade inflammation has been
strongly associated with the development of
depression and anxiety. It can alter
metabolism, reduce
neuroplasticity, and impair the functioning of

neurotransmitter

brain regions involved in mood regulation. Thus,
immune activation represents a significant
pathway linking gut microbial imbalance to
mental health disorders.?!
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VI. Neurotransmitter Production

A particularly fascinating aspect of the gut—brain
axis is the ability of gut microbiota to produce
and modulate neurotransmitters. These chemical
messengers are essential for communication
between neurons and play a central role in
regulating mood, emotion, and cognition.??

Certain gut bacteria are capable of synthesizing
or influencing the production of key
neurotransmitters, including:

e Serotonin, which is primarily associated with
mood regulation, emotional stability, and well-
being

e Gamma-aminobutyric acid (GABA), which
acts as an inhibitory neurotransmitter and helps
reduce anxiety and promote relaxation

e Dopamine, which is involved in reward
processing, motivation, and pleasure

Remarkably, a significant proportion of the
body’s serotonin—estimated to be around 90%—
is produced in the gastrointestinal tract, primarily
by enterochromaffin cells under the influence of
gut microbes. Although peripheral serotonin does
not directly cross the blood—brain barrier, it plays
an indirect role in signaling pathways that affect
brain function and emotional states.?

In addition to neurotransmitters, gut bacteria also
produce short-chain fatty acids and other
metabolites that can influence brain chemistry
and neuronal activity. These substances
contribute to maintaining the integrity of the
blood-brain barrier, modulating inflammation,
and supporting overall neural health.?*

VII. Endocrine (HPA Axis) Regulation

The endocrine system, particularly the
hypothalamic—pituitary—adrenal (HPA) axis, is
another key component of the gut-brain axis. The
HPA axis is the body’s primary stress response
system, regulating the release of stress hormones
such as cortisol.

Under normal conditions, the HPA axis
maintains a balanced response to stress.
However, alterations in gut microbiota can
disrupt this balance®. Dysbiosis has been shown
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to enhance HPA axis activity, leading to
excessive cortisol production and prolonged
stress responses. Elevated cortisol levels can
negatively impact brain function, contributing to
symptoms such as anxiety, depression, impaired
memory, and emotional instability.

Conversely, a healthy gut microbiota can help
regulate the HPA axis by reducing stress-induced
hormone release and promoting resilience to
stress.  Early-life  microbial exposure is
particularly  important in  shaping the
development of this system, suggesting that gut
health may have long-term implications for

mental well-being.?
VIII. Gut Microbiota in Anxiety

A growing body of research suggests that
alterations in gut microbiota are closely
associated with the development and progression
of anxiety disorders. Individuals suffering from
anxiety often exhibit significant changes in the
composition, diversity, and function of their gut
microbial communities. These changes are not
merely coincidental but are increasingly being
recognized as contributing factors that influence
emotional regulation, stress response, and overall
mental well-being.?’

One of the most consistent findings in anxiety-
related studies is a reduction in microbial
diversity. A diverse gut microbiota is generally
considered a marker of good health, as it ensures
functional stability and resilience against
environmental stressors. Reduced diversity, on
the other hand, limits the range of beneficial
metabolic activities performed by gut microbes.
This can impair digestion, weaken immune
regulation, and reduce the production of
important neuroactive compounds, ultimately
affecting brain function and increasing
vulnerability to anxiety.?®

Another important feature observed in
individuals with anxiety disorders is the increase
in harmful or pro-inflammatory bacteria,
particularly members of the Enterobacteriaceae
family. These bacteria are known to produce
endotoxins such as lipopolysaccharides (LPS),
which can trigger inflammatory responses in the
body. Elevated levels of such bacteria are
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associated with immune system activation and
chronic low-grade inflammation, both of which
are linked to anxiety symptoms. This
inflammatory state can influence the central
nervous system by altering neurotransmitter
activity and disrupting normal brain signaling.

At the same time, there is often a decrease in
beneficial bacteria, including genera such as
Lactobacillus and  Faecalibacterium. These
microbes play a protective role in maintaining
gut health and supporting mental well-being. For
example, Lactobacillus species are known to
produce gamma-aminobutyric acid (GABA), a
neurotransmitter that helps reduce anxiety and
promote relaxation. Similarly, Faecalibacterium
is a major producer of butyrate, a short-chain
fatty acid with strong anti-inflammatory
properties. A reduction in these beneficial
microbes can therefore lead to decreased
production of calming neurochemicals and
increased susceptibility to stress.?

The combined effect of these microbial changes
can lead to several physiological and biochemical
consequences that contribute to anxiety:

. Increased gut permeability (“leaky
gut”):

Dysbiosis can weaken the intestinal barrier,
allowing harmful substances such as toxins,
bacteria, and inflammatory molecules to pass into
the bloodstream. This condition, commonly
referred to as “leaky gut,” can trigger systemic
inflammation and negatively affect brain
function. The entry of these substances into
circulation may also activate immune responses
that further exacerbate anxiety symptoms.

) Elevated inflammation:
The imbalance between pro-inflammatory and
anti-inflammatory bacteria leads to increased
production of inflammatory cytokines. These
molecules can reach the brain and influence
neural circuits involved in mood and stress
regulation. Chronic inflammation has been
strongly linked to heightened anxiety, as it can
alter neurotransmitter metabolism and impair

neuroplasticity. *°
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. Altered  stress hormone levels:
Changes in gut microbiota can disrupt the
regulation of the hypothalamic—pituitary—adrenal
(HPA) axis, resulting in abnormal secretion of
stress hormones such as cortisol. Elevated
cortisol levels can lead to increased anxiety,
heightened alertness, and difficulty in coping
with stress. Over time, this dysregulation can
create a cycle in which stress further disrupts gut
microbiota, worsening anxiety symptoms.

IX. Gut Microbiota in Depression

Depression is increasingly being linked to
disturbances in gut microbiota composition,
commonly referred to as gut dysbiosis. While
traditional models of depression have focused on
neurotransmitter imbalance and psychosocial
stressors, emerging evidence highlights the
importance of microbial factors in shaping brain
function and emotional health. Individuals with
depression often show distinct alterations in their
gut microbial profile, suggesting a strong
connection between intestinal health and mood
disorders.*!

One of the key findings in depression-related
research is the presence of higher levels of pro-
inflammatory bacteria. These microorganisms
can stimulate the immune system to release
inflammatory cytokines, leading to a state of
chronic  low-grade  inflammation.’>  This
inflammatory environment has been shown to
interfere with normal brain function by altering
neurotransmitter metabolism, reducing
neurogenesis, and impairing synaptic plasticity.
Such changes are closely associated with
depressive symptoms, including persistent

sadness and lack of interest in daily activities.*

Another important observation is the reduction in
short-chain  fatty acid (SCFA)-producing
microbes, such as those belonging to the genera
Faecalibacterium and  Roseburia. SCFAs,
particularly butyrate, play a critical role in
maintaining intestinal barrier integrity, reducing
inflammation, and supporting neuronal health. A
decrease in these beneficial bacteria can weaken
the gut lining, increase permeability, and allow
inflammatory molecules to enter the bloodstream,
ultimately affecting brain function.
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Additionally, individuals with depression often
exhibit an altered ratio of major bacterial phyla,
particularly  Firmicutes and Bacteroidetes.
Although the exact significance of this imbalance
is still under investigation, it is believed to reflect
a disruption in metabolic and immune processes
that are essential for maintaining homeostasis.
These microbial shifts can influence energy
metabolism, immune signaling, and
neurochemical production, all of which are
important in the pathophysiology of depression.

The inflammation resulting from microbial
imbalance plays a central role in linking gut
health to depressive symptoms. Inflammatory
mediators can cross the blood—brain barrier and
affect brain regions involved in mood regulation,
such as the prefrontal cortex and hippocampus.
This can lead to symptoms such as low mood,
fatigue, impaired concentration, and reduced
cognitive performance. Thus, gut dysbiosis not
only affects physical health but also has profound
implications for mental well-being.

X. Psychological Implications

From a psychological perspective, the influence
of gut microbiota extends beyond biological
mechanisms to directly impact emotional and
cognitive processes. The interaction between gut
microbes and the brain shapes behavior, stress
responses, and mental resilience, emphasizing the
need for an integrated biopsychological approach
to mental health.®

XI. Emotional Regulation

Gut microbiota play a significant role in
emotional regulation by influencing the
production of neuroactive compounds and
signaling pathways that affect brain function.
Microbial metabolites, such as short-chain fatty
acids and neurotransmitter precursors, can
modulate the activity of brain regions like the
amygdala and prefrontal cortex, which are
responsible for processing emotions and
controlling mood. Disruptions in microbial
balance may lead to heightened emotional
reactivity, mood instability, and increased
susceptibility to depressive states.
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XII. Stress Response

The gut microbiota also plays a critical role in
regulating the body’s response to stress.
Alterations in microbial composition can
dysregulate the hypothalamic—pituitary—adrenal
(HPA) axis, resulting in exaggerated or
prolonged stress responses. Individuals with an
imbalanced gut microbiota may experience
increased sensitivity to stress, making them more
vulnerable to anxiety and depression. Chronic
stress, in turn, can further disrupt gut microbial
balance, creating a feedback loop that perpetuates
mental health disorders.

XIII. Behavior and Cognition

Changes in gut microbiota have been linked to
various behavioral and cognitive alterations.
Research suggests that microbial imbalance can
affect brain function in ways that influence:

e Memory impairment, possibly due to
reduced neurogenesis and altered
neurotransmitter activity

e Reduced motivation, which may be
associated with changes in dopamine
pathways

e Social withdrawal, reflecting altered
emotional processing and stress responses

These effects highlight how gut microbiota can
influence not only mood but also higher
cognitive functions and social behavior. The
integration of microbiological factors into
psychological models provides a more
comprehensive understanding of mental health
disorders.

XIV. Therapeutic Implications

The recognition of the gut-brain connection has
opened new and promising avenues for the
treatment of anxiety and depression. Targeting
the gut microbiota offers a novel approach that
complements traditional therapies such as
medication and psychotherapy.
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XV. Probiotics and Psychobiotics

Probiotics, particularly strains of Lactobacillus
and Bifidobacterium, have shown potential in
improving mental health outcomes. These
beneficial microorganisms, sometimes referred to
as psychobiotics when they influence brain
function, may help restore microbial balance,
reduce inflammation, and enhance the production
of mood-regulating neurotransmitters. Some
clinical studies have reported improvements in
depressive  symptoms  following probiotic
supplementation, although results vary depending
on the strains used and study design.*¢

XVI. Diet Modification

Diet plays a fundamental role in shaping gut
microbiota composition. High-fiber diets rich in
fruits, vegetables, whole grains, and fermented
foods promote the growth of beneficial bacteria
and increase the production of short-chain fatty
acids. These dietary patterns support gut health,
reduce inflammation, and may have positive
effects on mood and cognitive function.
Conversely, diets high in processed foods and
sugars can negatively impact microbial diversity
and contribute to mental health disorders.

XVII. Prebiotics and Synbiotics

Prebiotics are non-digestible food components
that stimulate the growth and activity of
beneficial gut bacteria. When combined with
probiotics, they form synbiotics, which aim to
enhance microbial survival and colonization in
the gut. While these interventions show promise,
current evidence is mixed, and further research is
needed to determine their effectiveness in
treating anxiety and depression.’’

XVIII. Fecal Microbiota Transplantation
(FMT)

Fecal microbiota transplantation is an emerging
therapeutic approach that involves transferring
gut microbiota from a healthy donor to a
recipient in order to restore microbial balance.
Although primarily used for gastrointestinal
disorders such as Clostridioides difficile
infection, FMT is being explored as a potential
treatment for mental health conditions. Early
findings are encouraging, but the procedure
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remains experimental in this context and requires
rigorous clinical evaluation.

Despite these promising developments, it is
important to note that current evidence suggests
probiotics may have more consistent benefits in
depression than in anxiety. The variability in
study outcomes highlights the need for more
standardized research and individualized
treatment approaches.®

XIX. Limitations and Future Directions

Although the link between gut microbiota and
mental health is supported by a growing body of
evidence, several limitations must be
acknowledged. One major challenge is the
inconsistency of findings across studies, which
may be due to differences in study design,
sample size, population characteristics, and
analytical methods. These variations make it
difficult to draw definitive conclusions.*

Another important limitation is the influence of
external factors such as diet, medication use
(especially antibiotics and antidepressants),
lifestyle habits, and environmental exposures.
These factors can significantly alter gut
microbiota composition and may confound
research outcomes.

Additionally, there is a lack of long-term clinical
trials examining the effects of microbiota-based
interventions on mental health. Most existing
studies are short-term and do not fully capture the
long-term 1impact or sustainability of these
treatments.

To address these challenges, future research
should focus on:

¢ Developing standardized methodologies for
studying gut microbiota and mental health

e Conducting longitudinal studies to understand
causal relationships over time

e Exploring personalized microbiome-based

therapies, taking into account individual
differences in microbial composition and
genetic factors*
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XX. Conclusion

The gut microbiota plays a significant role in the
development and progression of anxiety and
depression. Through the gut-brain axis, microbial
imbalance can influence neurotransmission,
immune responses, and stress regulation. While
this field is still evolving, it offers promising
insights into more holistic approaches to mental
health treatment. Integrating microbiological and
psychological perspectives may lead to more
effective and personalized therapies.
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