V J Nutr Food 22(3E)—2026

Review

GUT MICROBIOME AND MENTAL HEALTH: FROM
MECHANISMS TO APPLICATIONS

Thi Tuyet Nhung Nguyen®™, Hoa Mai Sam

Department of Life Sciences, University of Science and Technology of
Hanoi (USTH), Vietnam Academy of Science and Technology (VAST),
Hanoi, Vietnam - 18 Hoang Quoc Viet, Nghia Do, Hanoi, Vietnam.

ABSTRACT

Aims: This review aims to summarize current evidence on the relationship between gut
microbiota alterations and mood disorders, particularly depression and anxiety, and to
highlight the potential of targeting the gut microbiome to develop interventions that
improve outcomes in these conditions.

Methods: Relevant studies investigating gut microbiota composition, microbial
metabolites, and microbiome-based interventions in depression and anxiety were
analyzed to synthesize current findings and research directions.

Results: Compared with healthy individuals, patients with depression and/or anxiety
exhibit reduced bacterial diversity and imbalances in genera such as Lactobacillus and
Bifidobacterium. These alterations in microbial diversity are closely linked to the
hypothalamic—pituitary—adrenal (HPA) axis, neurotransmitter modulation, and immune
activity, and may contribute to the pathogenesis of mood disorders. Recent studies have
also reported that microbiome-based strategies, including probiotics, prebiotics, and fecal
microbiota transplantation, show potential as supportive treatments for mental health
conditions.

Conclusion: Although growing evidence supports the role of the gut microbiome in
mental health regulation, findings remain inconsistent across different populations.
Further longitudinal and well-controlled studies are required to clarify causal
relationships and support the development of personalized treatments.
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I. INTRODUCTION

Depression and anxiety disorders are
significant global health  burdens,
affecting approximately 280 million and
301  million  people  worldwide,
respectively [1, 2]. While traditional
psychiatric research has focused on
neurotransmitter imbalances and
psychological factors, growing evidence
suggests that the gut microbiota plays a
crucial role in the regulation of brain
function through the bidirectional
interaction of the gut-brain axis [3, 4].
The human gut harbors a complex
ecosystem of approximately 3.8 x 1013
microorganisms, which influence host
physiology via metabolic, immune, and
neuronal signaling pathways [5]. These
findings indicate that gut microbiota,
particularly species of Lactobacillus and
Bifidobacterium, may contribute to the
pathogenesis of psychiatric disorders,
highlighting the potential for probiotics to
be used as adjuncts to treatment.

The gut-brain axis is a complex
network linking the central nervous
system (CNS) and the enteric nervous
system. This bidirectional
communication is executed through
neural, endocrine, and immune pathways
[4]. Neural pathways primarily function
via the vagus nerve, transmitting signals
between the enteric and CNS to regulate

appetite,  emotional  states, and
inflammatory ~ responses  in  the
gastrointestinal  tract. Several gut

bacteria, including L. rhamnosus, L.
helveticus, and B. longum, have been
shown to modulate gamma-aminobutyric
acid (GABA) receptor expression in the

brain via the vagus nerve, thereby
reducing anxiety in mouse models.

Within the endocrine system, gut
bacteria influence the regulation of the
stress response in the HPA axis.
Imbalances in the microbiome can
increase cortisol levels, a stress hormone,
which in turn affects cognitive function
and mood [6]. Additionally, gut bacteria
and their metabolites, such as short-chain
fatty acids (SCFAs), can modulate the
inflammatory response through their
effects on immune cells and the balance
between pro-inflammatory cytokines (IL-
6, TNF-0) and anti-inflammatory
cytokines (IL-10) [7, 8]. As a result,
microbiome dysbiosis could lead to
chronic  inflammation,  which is
considered a risk factor for depression
and anxiety [9].

These mechanisms together suggest
that the gut microbiota is not only
involved in digestion but also plays a
crucial role in regulating neural function
and behavior, offering a new approach to
understanding and treating mental health
disorders. Although there is growing
evidence of a link between gut microbiota
and mental disorders, data on specific
changes in fecal bacterial composition,
particularly across different populations
with varying geographic regions, diets,
and lifestyles, remain inconsistent. Some
studies have shown an imbalance in
certain bacterial genera, such as
Lactobacillus,  Bifidobacterium,  or
Prevotella, in individuals with depression
and anxiety; however, the underlying
mechanisms  remain incompletely
understood [6, 10, 11]. Particularly, in the
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Vietnamese population, there is limited
research on the gut microbial diversity in
patients with mental health disorders.
Although previous reviews have
explored the association between the gut
microbiome and mental health, findings
related to specific microbial alterations
remain inconsistent across studies and
populations. Therefore, this review aims
to synthesize current evidence regarding
alterations in gut microbiota composition
in patients with depression and anxiety,
with particular emphasis on findings

I1. METHODS

The review examined the relationship
between gut microbiota and mental health
disorders, with particular focus on the
underlying biological mechanisms and
therapeutic ~ implications.  Relevant
publications were retrieved from Google
Scholar, PubMed, ScienceDirect, and
Nature. The structured literature search
used the following keywords: gut
microbiome, gut microbial diversity,
depression, anxiety, gut-brain axis,
neurotransmitter modulation, SCFAs,
and inflammation.

Publications from 2015-2025 were
prioritized, emphasizing recent peer-

1. RESULTS

derived from fecal sample analysis. By
integrating  findings on  microbial
composition with current knowledge of
gut-brain communication mechanisms,
this review seeks to provide a clearer
overview of how microbial alterations
may contribute to the pathophysiology of
these disorders. In addition, the article
discusses the mechanistic pathways
underlying gut —brain communication
and evaluates the emerging potential of
probiotic-based interventions as
adjunctive strategies in the treatment of
these disorders.

reviewed articles. Original human
studies, animal experiments, and clinical
trials investigating microbial
composition, functional alterations, and
microbiome-based interventions were
included. Review articles were screened
for additional primary studies. Research

lacking clear diagnostic criteria or
microbiome analytical methods was
excluded.  Eligible  papers  were
synthesized narratively, with emphasis on
current microbial patterns, proposed
mechanisms, and translational
implications, while considering

methodological variation across studies.

3.1. The composition and functional roles of human gut microbiota

The intestinal microbiota, with its
diverse roles in digestion, immune
regulation, and neuronal activity, plays a
crucial role in human health. This gut
bacterial community ferments the
complex carbohydrates, such as dietary
fiber, which are indigestible by human
enzymes, to produce SCFAs such as
acetate, propionate, and butyrate [12].

3

These SCFAs not only provide energy for
intestinal epithelial cells but also
participate in the regulation of glucose
and lipid metabolism, enhance the
integrity of the intestinal mucosal barrier,
and reduce inflammatory responses [7,
12, 13]. Intestinal bacteria also contribute
to the synthesis of essential vitamins,
such as species of the genus Bacteroides,
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which produce vitamin K and several B
vitamins, important for metabolism,
blood clotting, and erythropoiesis [14].
These roles of gut bacteria have been
further highlighted in patients with
inflammatory bowel disease, whose
dysbiosis greatly affects their conditions
[15].

These functions extend beyond the
gastrointestinal ~ system and have
profound effects on the CNS via the gut-
brain axis, suggesting a potential role for
microbiota in  mental health [16].
Commensal bacteria help maintain the
integrity of the intestinal epithelial
barrier, promote the differentiation of T
cells, and regulate the production of pro—
and anti—inflammatory cytokines, thereby
supporting the maintenance of immune
tolerance in the host [6, 17]. Through the
gut-brain axis, gut bacteria can influence
the CNS by regulating the metabolism
and synthesis of certain
neurotransmitters, such as serotonin and
GABA, which in turn affect host behavior
and emotions [3]. Numerous studies have
demonstrated a strong link between gut
dysbiosis and neurodevelopmental or
psychiatric disorders, such as bipolar
disorder, anxiety, and depression,
underscoring the role of the gut
microbiome in maintaining overall health
[4, 15, 18].

Four bacterial phyla predominantly
form the human gut microbiota, including
Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria [8,
19]. Specifically, approximately 90% of
this bacterial community is contributed
by Firmicutes and Bacteroidetes [20].
However, among individuals, significant
differences in gut bacterial composition

were observed in lower taxonomic levels.
For example, the genus Bacteroides is
often highly abundant in many stool
samples but shows considerable
variability in proportions  between
individuals [21]. At the species level,
several bacteria, such as
Faecalibacterium prausnitzii, Roseburia
intestinalis, and Bacteroides uniformis,
are commonly reported as prevalent in the
gut microbial community [22]. However,
in many individuals, the proportions of
these species may be less than 0.5% of the
total gut bacteria.

Gut microbial communities exhibit
heterogeneity both longitudinally and
laterally across the gastrointestinal tract
[23]. Physiological differences along the
intestinal tract, including pH, nutrient
concentrations, oxygen levels, and
immune activity, significantly influence
microbial composition and distribution.
For example, the small intestine has
relatively higher oxygen concentrations
and distinct pH conditions than the large
intestine and is also rich in bile salts [24].
These conditions favor the growth of
facultative anaerobes, which can grow
rapidly, withstand environmental stress,
and compete effectively with the host and
other  bacteria  for  carbohydrate
utilization. In the small intestine,
Lactobacillaceae and Veillonellaceae are
reported as major bacterial families,
while in the colon, Bacteroidaceae and
Lachnospiraceae are predominant [25].

In addition  to longitudinal
differences, a study by Nava et al. (2011)
also noted the heterogeneous distribution
of bacteria across the cross-section of the
intestinal tract using laser tomography
combined with 16S [rRNA gene
sequencing in a mouse model [26]. Due



Thi Tuyet Nhung Nguyen et al.

VN J Nutr Food 22(3E)—2026

to the characteristic mucosal structure
with many folds, the intestine forms
distinct microenvironmental regions,
such as the inter—fold regions and the
central intestinal region (digesta region).
The  results showed that the
Lachnospiraceae and Ruminococcaceae
predominated in the interfold regions,
while Bacteroidaceae, Enterococcaceae,
and Lactobacillaceae were more
common in the central intestinal region.

These spatial distribution characteristics
highlight that the intestinal microbiota is
not only diverse in composition but also
highly flexible and dependent on the
microenvironment at each specific
location in the digestive tract. Despite
these findings, most human studies still
rely on stool sample analysis, which
primarily reflects the microbiome in the
distal colon, due to its convenience and
noninvasiveness [26].

3.2. Alterations of the gut microbiota in depression and anxiety

Table 1. Gut microbiota alterations in depression and anxiety compared with healthy

controls
Condition  Changes in Representative Potential implication for  Ref.
microbial group taxa host physiology
Depression | SCFA - Bifidobacterium,  Reduced SCFA [6,
and anxiety producingand Lactobacillus, production, potentially 7,
disorders  beneficial Faecalibacterium, affecting immune 10,
bacteria Ruminococcus regulation, intestinal 27]
barrier integrity, and gut
- brain communication.
Depression | Major gut Firmicutes, Reduced representation [25,
microbial phyla Actinobacteria of bacteria involved in 28]
metabolic and anti -
inflammatory functions.
Depression 1 Dysbiosis - Bacteroides, Altered microbial [28—
associated taxa Parabacteroides, metabolism and potential ~ 31]
Alistipes effects on inflammatory
pathways and tryptophan
- serotonin metabolism.
Depression | SCFA - Prevotellaceae, Reduced microbial [6,
and anxiety producing Ruminococcaceae, metabolites involved in 32]
disorders  bacterial familie: Eubacterium, immune balance and gut
and genera Coprococcus, - brain signaling.
Faecalibacterium
Anxiety 1 Dysbiosis - Escherichia, Increase representation [6]
disorder associated taxa Bacteroides of taxa associated with

microbial imbalance and
inflammatory profiles.

Arrows indicate the direction of alterations in bacterial abundance relative to healthy

controls: | decrease; 1 increase.
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Compared to healthy controls, several
papers have indicated alterations in the
gut microbiota composition in patients
with depression and anxiety, including
decreased microbial diversity and shifts
in the relative proportions of specific
taxa. Representative microbial patterns
reported across studies are summarized in
Table 1.

One of the first studies offering
evidence of these microbial changes was
a work conducted by Aizawa et al. in
2016. The study demonstrated that
depressed patients had a marked
reduction in the abundance of
Bifidobacterium and Lactobacillus, two
bacterial genera known for their positive
effects in regulating stress and reducing
depressive symptoms [27]. Moving to
2019, a systematic review by Cheung et
al. on the association between gut
microbiota and depression further noted a
decrease in the genera Faecalibacterium
and Ruminococcus, bacteria that play
important roles in maintaining gut health
and neurological function [10]. In major
depressive  disorder  patients, gut
dysbiosis is frequently marked by a
reduced proportion of the phyla
Firmicutes and Actinobacteria, families
Bifidobacteriaceae and Defluviitaleaceae
[25, 28]. Conversely, reports have
indicated increased ratios of phyla
Bacteroidetes and Proteobacteria, genera
Bacteroides,  Parabacteroides, and
Alistipes [28, 29]. Parabacteroides have
been associated with social stress
responses in mice, while Alistipes may
affect tryptophan metabolism, disrupting
serotonin  synthesis, implicated in
depression [30, 31]

Anxiety disorder also exhibits distinct
microbiological characteristics. Studies

have shown that patients with this
disorder often have increased proportions
of the Escherichia and Bacteroides
genera, with members causing several
inflammatory conditions in the digestive
system [6]. In contrast, reduced ratios
have been observed in bacteria belonging
to the phylum Firmicutes, families
Prevotellaceae and Ruminococcaceae,
and genera Eubacterium, Coprococcus,
and Faecalibacterium [6, 32]. Bacteria
such as Ruminococcus,
Faecalibacterium, Bifidobacterium, and
Lactobacillus produce SCFAs such as
acetate, propionate, butyrate, and valerate
[7, 12, 13]. These SCFAs play essential
roles in immune regulation, support T—
cell  differentiation, participate in
neurotransmitter synthesis, and can cross
the blood-brain barrier to directly affect
the brain. Therefore, the decrease in
SCFA—producing bacteria in patients
with depression and anxiety may
contribute to the immune and neuronal
imbalances  associated with  mood
disorders.

In individuals with depression and
anxiety, common influencing factors
include diet, medications, and lifestyle.
Diets high in sugar and fat, and low in
fiber, reduce microbial diversity, alter
species ratios, and increase intestinal
permeability, while promoting the growth
of inflammatory bacteria such as
Bilophila wadsworthia [4]. In contrast,
diets rich in whole grains, vegetables,
legumes, and healthy fats increase the
proportion of Bacteroides and Clostridia,
while decreasing the proportion of
Proteobacteria, thereby reducing the risk
of neurological and psychiatric diseases,
especially depression [4]. Prolonged use
of antibiotics can cause dysbiosis,
reducing the proportion of
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Bifidobacterium and Lactobacillus and
increasing the likelihood of developing
antibiotic-resistant  strains [33, 34].
Additionally, alcohol and tobacco
negatively affect gut microbiota by
reducing  diversity and  causing
disturbances [35]. Although diet,
medication, and lifestyle play important

roles in explaining changes in bacterial
composition, analyses of the independent
relationship between microbiota and
mental disorders are still limited due to
numerous confounding factors. To better
understand this link, further large-scale
studies and repeated microbiological
evaluations are therefore required.

3.3. Mechanistic pathways linking gut microbiota to mental health

The gut microbiota influences
neurological and psychiatric functions
through  multiple  pathways,  with

neurotransmitter regulation being a key
mechanism [3]. Gut bacteria directly
synthesize or modulate neurotransmitters
such as serotonin, dopamine, and GABA,
all of which are linked to the pathogenesis
of depression and anxiety [3, 16, 36].
Approximately 90-95% of serotonin is
produced in the gastrointestinal tract by
enterochromaffin cells. Gut bacteria play
a crucial role in regulating serotonin
synthesis by stimulating these cells and
producing mediators like tryptophan [3,
37]. In addition, bacterial strains such as
Lactobacillus, Bacillus, and
Bifidobacterium can directly produce
dopamine and GABA [3, 38]. These
neurotransmitters can affect the CNS
directly through systemic circulation or
indirectly through vagal nerve signals
[39].

Additionally, gut microbiota is
involved in immune regulation, another
crucial pathway linked to mental health.
Several  studies have identified
neuroinflammation and systemic
inflammation as key pathophysiological
mechanisms underlying depression and
anxiety [7, 40]. Gut bacteria help
maintain balance and protect the integrity
of the intestinal barrier, preventing
lipopolysaccharides and antigens from

harmful bacteria from entering the
circulation, thereby reducing
inflammation [6, 15, 41]. Bacteria also
influence immune cell activity by
activating or inhibiting  cytokine
production. Dendritic cells in the
intestinal mucosa receive signals from
bacteria and can increase the production
of IL-10, a cytokine that regulates
inflammation and maintains immune
balance [17]. Beneficial bacteria in the
gut also participate in the activation and
proliferation of regulatory T cells, which
help maintain immune response balance,
especially in hypersensitive
inflammatory reactions induced by
proinflammatory cytokines such as IL-6,
IL-1B, and TNF-a [8, 15].

Furthermore, gut microbiota is also
closely associated with the HPA axis, the
central  stress  response  system.
Dysfunction of the HPA axis can lead to
chronically elevated cortisol levels in
individuals with depression, resulting in
inflammation, increased intestinal
permeability, and subsequent health
issues [6, 7, 42]. Elevated cortisol also
affects serotonin and dopamine receptors,
disrupting their signaling pathways [17].
Gut bacteria, through their immune-
modulating  roles, can  mitigate
inflammation, thereby alleviating HPA
axis  overactivity [7, 42, 43].
Additionally, metabolites such as SCFAS
and neurotransmitters produced by gut
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bacteria can help restore neurotransmitter
balance in depressed individuals and

regulate cortisol hypersecretion by the
HPA axis [13].

3.4. Methodological approaches and limitations in gut microbiota research

Advances in genomic sequencing
technologies have significantly improved
the study of gut microbiota diversity and
function. Among these approaches, 16S
rRNA gene sequencing and shotgun
metagenomics are commonly used
techniques, each with distinct advantages
and limitations [44]. 16S rRNA gene
sequencing targets the DNA sequence
encoding the 16S ribosomal subunit,
particularly the variable regions V3-V4,
enabling cost effective profiling of
bacterial communities [19, 45]. However,
this method typically provides taxonomic
resolution only at the genus level and
does not offer information on microbial
functional genes. In contrast, shotgun
metagenomics sequences the entire
genetic content of microbial communities
by analyzing all the DNA in samples [44].
This  approach  provides  detailed
identification at the species and even
strain level, and allows functional
characterization, including genes
associated with antibiotic resistance and
metabolic ~ pathways.  Nevertheless,
shotgun metagenomics requires greater
sequencing depth and complex data
analysis, making it more expensive and
time-consuming. Therefore, the choice of
sequencing approach should be guided by
specific research objectives, considering
factors such as taxonomic resolution,
functional information, budget, and
available analytical resources.
Combining 16S rRNA screening with
shotgun metagenomics may provide a

more comprehensive understanding of
the gut microbiota composition and
function.

Methodological factors such as stool
sample collection and DNA extraction
procedures may also influence
microbiome analysis. Stool samples are
typically collected fresh, transported to
the laboratory within 30 minutes, and
stored at low temperatures (-80°C),
ensuring  consistency in  collection
equipment [46]. In addition, different
DNA extraction Kits may introduce bias
by preferentially degrading certain
bacterial cell components. Consequently,
it is essential to optimize the sample
collection process as well as the DNA
extraction in the experimental design.

Finally, host related factors may
complicate  the interpretation  of
microbiome findings, particularly in
patients with psychiatric disorders.
Medication and lifestyle factors could
substantially influence gut microbiota
composition. Antidepressants, including
Amitriptyline and selective serotonin
reuptake inhibitors, have been reported to
negatively affect the gut microbiota [4,
34, 35]. Additionally, lifestyle factors
such as poor diet, physical inactivity, and
smoking may contribute to microbial
alterations [4, 34]. These variations
highlight the importance of standardized
protocols and careful consideration of
confounding  factors to  improve
comparability across gut microbiota
studies.
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3.5. Emerging clinical applications and therapeutic potential

Probiotic and prebiotic interventions
have shown considerable promise in the
management of mood disorders by
modulating gut microbiota [4, 9, 47]. A
meta-analysis of 34  randomized
controlled trials reported that probiotic
supplementation significantly reduced
depressive symptoms compared with
placebo [47]. Several studies have
documented the mental health-promoting
effects of Lactobacillus and
Bifidobacterium strains, with
Lactobacillus helveticus R0052 and
Bifidobacterium longum R0O175
exhibiting anti—anxiety and
antidepressant properties in both humans
and animals [48, 49]. Additionally,
prebiotic supplementation supports the
growth of beneficial gut bacteria and may
enhance the production of SCFAs, which
influences the gut-—brain axis [12].

Beyond probiotic supplements, fecal
microbiota transplantation (FMT) has
been explored as a potential treatment for
neuropsychiatric  disorders, including
depression and anxiety [50]. Animal
studies have shown that FMT from
depressed patients can induce depressive-
like behaviors, while FMT from healthy
donors can reverse these effects [51, 52].
For example, research demonstrated that
FMT from healthy rats alleviated
depressive-like  behaviors in  rats
receiving FMT from depressed patients.
However, evidence supporting the
therapeutic application of FMT in human
mental disorders remains limited, as most
studies focus primarily on bacterial
composition rather than clinical outcomes
[50].

Besides therapeutic interventions, the

gut microbiome may also provide

potential biomarkers for the diagnosis
and classification of depression and
anxiety.  Studies  have identified
significant alterations in the gut bacterial
composition of patients compared to
healthy individuals, including reduced
bacterial diversity and changes in the
abundance of specific bacterial phyla [10,
11]. Techniques such as 16S rRNA
sequencing and shotgun metagenomics
can detect these markers, suggesting their
potential as complementary diagnostic
tools alongside traditional psychiatric
assessments  [52, 53]. However,
achieving consistent replication of these
biomarkers across diverse populations
remains a significant challenge.

Additionally, advances in
microbiome  research  have  also
encouraged the  development  of
personalized  medicine  approaches

targeting the gut microbiome, which offer
promising treatments for depression and
anxiety. By analyzing microbiome
composition individually  through
metagenomic techniques, clinicians may
design tailored therapeutic strategies.
These plans may include prescribing
specific ~ probiotics,  recommending
dietary adjustments with prebiotics and
appropriate nutrients, or, in certain cases,
FMT to restore microbial balance. For
example, patients with low levels of
SCFA-producing bacteria might benefit
from a high-fiber diet, while those
exhibiting specific dysbiosis patterns
could be prescribed targeted probiotic
formulations [4].  Advances in
bioinformatics and microbiome
sequencing are  accelerating  the
development of such personalized
therapies [53, 54].
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V. DISCUSSION

Current evidence suggests that
alterations in the gut microbiota are
consistently associated with depression
and anxiety, particularly reduced
microbial diversity and a decline in
SCFA-producing  bacteria.  Across
studies, immune dysregulation, impaired
intestinal barrier integrity, and HPA axis
overactivity emerge as intersecting
pathways through which microbial
imbalance may influence CNS function.
Rather than being a single causal factor,
the gut microbiome may function as a
dynamic regulator of neuroimmune
balance and stress responses. This
integrative  perspective aligns  with
findings that microbial metabolites,
immune signaling, and neuroendocrine
pathways interact bidirectionally within
the gut-brain axis. However, the
complexity of these interactions suggests
that microbiome alterations may be only
one component within an interconnected
network underlying mood disorder.

Nevertheless, the interpretation of
current findings remains constrained by
important conceptual and methodological
challenges. Most current studies rely on
cross-sectional designs, which cannot
establish temporal relationships nor
determine whether alterations in the
microbiome are causes or consequences
of mental disorders [6]. Heterogeneity
across geographic regions, diets, and
clinical populations further complicates
the identification of consistent microbial
signatures. In addition, reliance on stool
samples primarily reflects the distal
colonic microbiome and may not capture
region-specific microbial dynamics along

10

the gastrointestinal tract. Differences in
sequencing approaches, including 16S
rRNA gene profiling versus shotgun
metagenomics, also influence taxonomic
resolution and functional inference.
Together, these factors underscore the
need for cautious interpretation and
highlight the complexity of establishing
robust microbiome-based biomarkers for
mental health disorders.

Despite several promising prospects
of  microbiome-based  applications,
several challenges must be addressed
before these methods can be widely
implemented in  clinical practice.
Personalized microbiome-based
medicine could raise important ethical,
legal, and social considerations. These
issues include informed consent, privacy
and data security, and unequal access to
costly techniques. Addressing these
challenges requires careful consideration
of appropriate regulatory frameworks and
the development of equitable healthcare
strategies to support the responsible

integration of microbiome-based
therapies.
Future research should prioritize

longitudinal cohort designs with repeated
microbial sampling to clarify temporal
relationships and identify potential
sensitive windows across the lifespan [55,
56]. Integrating multi—omics approaches
may provide a more comprehensive
understanding  of  host-microbiome
interactions and functional consequences
[57]. Although probiotic interventions
and microbiome—guided strategies show
therapeutic  potential, their clinical
translation requires greater mechanistic
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clarity, standardized protocols, and
replication across diverse populations.
Advancing toward microbiome-based
precision psychiatry would depend on
rigorous  study design, improved
reproducibility, and careful consideration

V. CONCLUSION

The gut microbiome is becoming
acknowledged as a critical factor
affecting the onset and progression of
depression and anxiety. Studies have
identified distinct microbial patterns in
individuals  with  these conditions,
including lower bacterial diversity and
changes in beneficial bacterial genera
such as Lactobacillus and
Bifidobacterium. These alterations are
associated  with  dysregulation  of
neurotransmitter  production, immune
function, and stress regulation through
the gut-brain connection, potentially
contributing to mood disorders. While
treatments like probiotics and FMT show
promise, further research is needed to
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