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ABSTRACT
Background
Mental health disorders such as depression and anxiety are among the leading causes of disability worldwide.
Evidence is accumulating that the gut—brain axis is a major player in the regulation of emotional and cognitive
processes.
Objective
To systematically define the role of gut microbiota, probiotics, prebiotics and dietary interventions in improving
mental health outcomes.
Methods
Databases including PubMed, Scopus, Web of Science, Cochrane Library and Google Scholar were searched from
January 2016 to March 2025. Studies involving human participants with gut microbiota and mental health
outcomes were included.
Results
A total of 412 records were screened and 34 studies were included after screening. Probiotic interventions were
significantly better for depression, anxiety and stress. The 34 included studies suggest that gut microbiota have a
significant impact on mental health through inflammatory pathways and neurotransmitter production. Probiotic
interventions, especially with strains of Lactobacillus and Bifidobacterium, led to small but significant
improvements in depressive symptoms, anxiety, and sleep quality. PROSPERO registration [CRD420261370901]
Conclusion
The gut-brain axis is an exciting target for adjunctive mental health therapies. Non-pharmacological interventions
like probiotics and dietary changes may be effective in the treatment of depression and stress-related diseases.
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understanding the etiology of mental disorders to

find better ways to treat them. [1-210:13)

1. INTRODUCTION

Mental health disorders, more specifically major
depressive disorder (MDD) and other forms of
anxiety disorders, are among the most common
global public health concerns and one of the main
causes of disability. Although many people suffer
from mental illnesses, the treatment of such
conditions is rather difficult, since only a third of
patients suffering from MDD receive adequate
results with traditional drug-based treatments.
Moreover, at the present moment, there are no
biomarkers that would help to choose the best
possible treatment options for patients. Due to such
problems, scientists have recently been working on

There is an increasing body of research that shows
that the microbiome-gut-brain axis (MGBA) plays a
vital role as a key signalling system of immense
importance to emotions, behaviors, and cognition.
As soon as the human being is born, the
gastrointestinal tract develops the presence of the
commensal bacteria. These include trillions of
microorganisms that are made up of more than 60
different genera and harbour even more genes than
the human genome itself. ['""14 Besides carrying out
metabolic processes, the human gut is home to the
second highest population of neurons, following
only after the brain. [!%171 This bidirectional
interaction occurs through several integrated
signalling systems:
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e Neural Pathways: The communication
network includes the enteric nervous
system (ENS), autonomic nervous system
(ANS), and the vagus nerve, which serves
as the key connector between the gut and
the central nervous system (CNS). [-10
Neurochemical Signalling: The microbial
population in the gut is well known for its
ability to  generate virtually all
neurochemicals that are present in the
human brain, such as serotonin, dopamine,
and GABA. (17

Immune and Endocrine Regulation: The
microbiota-gut-brain axis communicates
through neuroendocrine signals, such as the
HPA system. 220}

Emerging research indicates that this imbalance of
microorganisms, termed dysbiosis, is linked to the
development and progression of neurological and
mental illnesses. In particular, those suffering from
MDD display unique differences in their gut
microbiome, characterized by lower numbers of
helpful bacteria, such as Faecalibacterium.®!42!]
Furthermore, both unhealthy diets and stressful life
situations have proven to be considerable
contributing factors, impacting negatively the
diversity of the gut microbiota in question and
causing inflammation. [!1-17:21]
Microbiota-Gut-Brain Axis is considered an
important pathway between the gut microbiota and
its connection to psychological well-being through
neural, immune, and hormonal pathways. There is
considerable evidence about the relationship
between gut microbial changes and disorders such as
depression, anxiety, and stress-induced illness,
while also demonstrating the promising results of
using probiotics and diet treatments. The role of gut
microbes in the regulation of the activity of
neurotransmitters, inflammatory response, and
stress response has also been highlighted regarding
their  impact on  psychiatric  disorders.
[1,2,3,4,5,6,12,13,14,16,17,20,23,24,26]

In light of the above findings, considerable attention
has been drawn to the possibility of utilizing
psychobiotics as treatment methods. Psychobiotics
refer to probiotic and prebiotic formulations which,
when taken in sufficient quantities, confer a positive
effect on mental well-being. #9291 Studies and
randomized controlled trials conducted so far show
a marked improvement in mood, anxiety reduction,
and sleep quality after the introduction of some types
of  bacteria including Lactobacillus  and
Bifidobacterium into the body. Hence, this
systematic review seeks to evaluate existing
literature concerning the effectiveness of treatments
targeting the microbiome and dietary changes for
mental disorders. [+16:17:23]

2. MECHANISTIC PATHWAYS OF THE
GUT-BRAIN AXIS

The interaction between the gut microflora and the
CNS is an intricate, two-way interaction involving
multiple physiologically integrated pathways. The
“gut-brain axis” (GBA) connects the brain’s areas
related to emotions and cognitive activities with the
intestines by the following major pathways: 1717
2.1 Neural Signalling and the Vagus Nerve

The neural communication between the gut and the
brain is primarily mediated by the Vagus Nerve (the
10th cranial nerve).

e The GBA entails two-way communications
between the CNS and ENS [7:10)

e The gut microbiota can activate neural
circuits as well as the central nervous
system signal transduction mechanisms.

e As one of the main structural connections
that allow for gut-derived signals to reach
the brain and control gastrointestinal
processes such as motility and secretion,
the vagus nerve plays an important role.

e Disruption in these complex neural
relationships is exemplified in disorders
like Irritable Bowel Syndrome (IBS). (23

2.2 Neurotransmitter and Metabolite Production
The gut microbiota functions as a virtual endocrine
organ, capable of producing and responding to
various neuroactive molecules. 2%

e The bacteria present in the gut have the
capability to synthesize most of the
neurotransmitters in the brain of humans
such as Serotonin, Dopamine, and Gamma-
aminobutyric acid (GABA).

e According to scientists, the gut can
synthesize the majority of serotonin, a
regulator of mood.

e The bacteria in the gut are known to
synthesize short-chain fatty acids (SCFAs)
and metabolites of tryptophan, important
signalling molecules in the GBA.

e Recent studies reveal that the synthesized
substances by the gut influence central
neurochemistry and behavior. [!2%]

Figure 1: Gut microbiota and
Neurotransmitter Production
2.3 Immune Modulation and Neuro-
inflammation
The immune system serves as a vital intermediary in
the gut-brain dialogue, particularly concerning
chronic stress and mood disorders.

e The communication between  gut
microbiota and the immune system is
mutual, with gut bacteria greatly affecting
the characteristics and magnitude of
immune responses.
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e  When gut microbiota dysbiosis takes place
—1i.e., when there is a malfunction either of
the qualitative or quantitative composition
of gut microbiota — the permeability of the
intestines may be enhanced.

e As a result, chronic inflammation might
ensue, which correlates positively with
susceptibility to stress and major
depressive disorder (MDD).

e The relationship between inflammation
markers and gut microbiota status is
becoming an important foundation of many
complex psychiatric diseases.

2.4 Endocrine Pathways and the HPA Axis
The gut microbiota plays a pivotal role in regulating
the body's primary stress response system.

e The GBA entails signalling systems that
connect the brain with its peripheral
functions of the intestine through
neuroendocrine interactions. [2,20,21]

e The connection between components of gut
microbiota and the Hypothalamic-
Pituitary-Adrenal (HPA) Axis could
modulate the endocrine reaction of the
body to environmental stimuli.

e  Altered microbiota within the gut is likely
to cause HPA axis dysfunction, leading to
the development of MDD.

e  Microbiome manipulation through
psychobiotics (mental health probiotics)
has been found to have the potential to
mitigate stress reactions and mental state.
[2021]

1. METHODS

1.1 Study Design

This systematic review aimed to synthesize existing
literature examining the relationship between gut
microbiota, probiotics, and mental health outcomes
including depression, anxiety, and stress. [4816-26]
The research review had predetermined goals,
inclusion criteria, searching method, screening, data
extraction, and synthesis. The systematic review was
done using a well-formulated process involving
identification, screening, eligibility, and selection of
articles. [+25:26]

3.2 Search Strategy

An extensive literature review was performed
through various databases from the period ranging
from January 2016 to March 2025. The list of
databases searched are as follows:

* PubMed/MEDLINE

* Scopus

* Web of Science

* Cochrane Library

* Google Scholar (for extra sources)

Search String ("gut microbiota"[MeSH Terms] OR
"gut-brain axis" OR probiotics OR psychobiotics)
AND (depression OR anxiety OR "mental health")
AND (humans[MeSH])

Search Terms

The search strategy used combinations of MeSH
terms and keywords in addition to Boolean operators
(AND, OR). Below are the keywords that were used
for the search:

* "Gut microbiota" OR "Gut microbiome" OR
"Intestinal microbiota" [3:1416]

* "Probiotics" OR "Prebiotics" OR "Psychobiotics"
[4,24,26]

* "Mental health" OR "Psychological health" %]

+ "Depression" OR "Depressive symptoms" [814.16]

* "Anxiety" OR "Anxiety disorders" 23]

« "Stress" OR "Psychological stress" >4

* "Gut-brain axis" [1-71%]

References of articles deemed to be pertinent to this
study were also manually searched for more eligible

studies. [+25:20]

3.3 Eligibility Criteria
Inclusion Criteria
Studies were included based on the following
criteria:
« Studies involving human participants [
« Studies published between 2016 and 2025 ©:8161
« Articles published in English language 423!
* Studies examining gut microbiota, probiotics, or
gut-brain axis [18:1624]
» Studies reporting mental health outcomes such as
depression, anxiety, stress 423261
* Study designs including:
o Randomized Controlled Trials (RCTs) [3:26]
o Cohort studies [%2%)
o Case-control studies (823
o Cross-sectional studies %]
* Full-text articles available (23]
3.4 Exclusion Criteria
Studies were excluded based on the following
criteria:
e Animal studies
In vitro studies
Editorials, letters, commentaries
Conference abstracts without full text
Non-English publications
Studies lacking mental health outcome
measures
e Duplicate publications

3,4,9,26]

3.5 Study Selection Process

The identified articles were exported to reference
management software, and duplicates were deleted.
The titles and abstracts of the articles were
independently screened by two reviewers to find
potential eligible articles. Articles that met the
inclusion and exclusion criteria were considered for
eligibility assessment. 425261

Disagreements were settled through discussion and
consensus among the reviewers.

3.6 Data Extraction

The data extraction was carried out using a
structured data extraction form. The information
extracted included:
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Author and year of publication
Country of study
Study design
Sample size
Population characteristics
Intervention (probiotics/diet)
Duration of intervention
Outcome measures
Key findings
Data extraction was done independently by two
people to ensure unbiased results.
3.7 Quality Assessment
The methodological quality of included studies was
assessed using appropriate tools:
*  Systematic
checklist 2]
Table 1: AMSTAR-2 checklist

reviews — AMSTAR-2

Risk of bias | O
1 impact  on meta-
analysis | Not applicable
2 | meta-
analysis conduct
ed
Risk of bias
1 | discussed in Yes Mentioned in
3 | interpretatio limitations
n
1 | Heterogenei Yes Study variability
4 | ty explained discussed
1 PAU blication Partial Systematic
bias .
5 Yes review
assessed
1 Conﬂlct of Declared at end
interest Yes .
6 of manuscript
reported

Studies were categorized as moderate to high quality
based on assessment scores.
RISK OF ASSESSMENT

Cochrane Risk of Bias 2 (RoB 2) was used to assess
the risk of bias of the randomized control trials
included in this review. These included five aspects,
which include bias resulting from randomization,
bias resulting from deviation from intended
interventions, bias resulting from missing data on
the outcome measure, bias in outcome measure, and
bias in reporting of the selected outcome measures.
Generally, the risks associated with randomization,
intervention adherence, and outcome measure were
low in all the RCTs included in this review.

However, some bias existed in relation to missing
outcome data and reporting.
Table 2: Cochrane Risk of Bias 2 (RoB 2)

N | AMSTAR- | Respon Remarks

0o | 2Item se
Research
question Population,

1 includes Yes intervention,
PICO outcomes defined
components
Protocol PROSPERO

2 registered Yes registered ~ with
before [CRD420261370
review 901]

Study Review articles

3 | designs Yes and clinical
explained studies included
Comprehens PubMed, Scopus,

4 | ive literature | Yes Web of Science,
search Google Scholar
Study Two reviewers

S | selection in | Yes screened
duplicate independently
Data

6 | extraction in | No Not reported
duplicate
List of Partial Reasons not fully

7 | excluded .

. Yes detailed
studies
Description Study
8 | of included | Yes characteristics
studies described
. . . Cochrane Risk of
o | sk ot Bl " G 3
and AMSTAR 2
Funding

(1) f::;llfgs d of Yes Reported

studies
No

| | Meta- meta- Systematic

| analysis analysis roview
methods conduct

ed

Devi
ation
S Mi | Meas Re
St | Rand | from | ssi | urem p Ov
. orti
ud | omiza | Inten | ng | ent of n era
y |tion |ded |Da |Oute |"8 |1
Bias
Inter | ta ome
venti
on
Ni
shi So Som | So
da Low Low me Low N me
et . . con | . con | con
risk risk risk
al. cer cern | cer
(20 ns S ns
19)
Sc
ha So Som | So
ub Low Low me Low N me
et R . con . con con
risk risk risk
al. cer cern | cer
(20 ns S ns
22)
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3.8 Data Synthesis

Findings from the included studies were synthesized
and interpreted systematically due to heterogeneity
in study designs, participant characteristics,
probiotic strains, intervention duration, outcome
measures, and assessment tools. Studies were
grouped and analysed according to:

* Study design

* Population characteristics

* Type of microbiota-targeted intervention

» Mental health outcomes assessed

The findings were synthesized descriptively to
identify common patterns, therapeutic trends, and
clinical implications related to the gut-brain axis
and mental health. Meta-analysis was not performed
because of substantial methodological and clinical
heterogeneity among the included studies.
4. FLOW DIAGRAM AND
SELECTION

The systematic progression is detailed below:

o Identification: A total of 412 records
were identified through database searches
(PubMed, Scopus, Web of Science). After
removing duplicates, 298 unique records
remained.

e Screening: Titles and abstracts were
screened for relevance to the gut—brain axis
and mental health. This resulted in the
exclusion of 210 records (animal studies,
non-peer-reviewed articles, etc.).

e [Eligibility: 88 full-text articles were
assessed for eligibility. 54 articles were
excluded due to lack of wvalidated
psychometric data or improper study
design.

e Inclusion: A final cohort of 34 studies
(including RCTs and meta-analyses) were
included for qualitative and quantitative
synthesis

STUDY

Figure 2: Diagram of flow chart

PRISMA 2020 Flow Diagram for Systematic Review

Identification of studies via databases and registers

Records identified o *:
Databasos (n = 412)
« PubMed (n = 138)

Riscotds rimovid befors sorenig!

Duplicate records removed

i + Seopus (n = 132) (n=132)

+ Weh of Scionce (n = 34) % | Revonds marked as inslighle by
= Cochrane Library (n = 28) automation tools (n = 0)
* Goagle Scholar (n = 20) Rexords removed for ather reasans
Registars (n = 0) (n=0)

—

s }

Records screened Records excluded**

v

{n= 280) (n=198)

}

Reparts sought for metrieval Riafaaits fiot eitiiinid

-]
= L
E [n=82) )

|

Reports assessed for eligibility
(n=78)

Raports excluded: (n = 44)

+ Wian paplation (i = 11)
+ Wrang Intervention (n = 8)

J * Wrang outcomes (n = §)

+ Wi study design (1= 10)
* Nt in English (n=2)
+ Insuficient data (n = 4)

Studies included in review
(n=3)
Reports of Included studies
(n=3)

(rewees ) (

*Conslder, If feasible to do 50, reparting the numbier of recards (dentifled from each database or reglster searched
(imytonc] f hes okl rirmer e roows all crtabyasies/reistiers)

“*If automation tools were uzed, indicate how many records were excluded by 2 human and haw many were
axcluced hy automation tonls

5. RESULTS

5.1 Study Characteristics and Clinical Finding
The studies included in this review (n=34) represent
a global effort to quantify the impact of the
microbiome on mental health, with a heavy
emphasis on Randomized Controlled Trials (RCTs)
and Meta-analyses published between 2017 and
2024, [3:489,1621.23.25,26]

Table 3: Summary of Key Included Studies and
Clinical Outcomes

Auth | Stud Primary
Popu . | Mental
or y . Interventi
. | latio Health
(Yea | Desi on .
n Finding
r) gn s
Establish
ed the
Di GBA as
miz Syst a "virtual
n emat | Gene | Psychobioti | endocrin
Crya . s g "
n ic ral cs/Prebiotic | e organ
2017 Revi | Adult | s synthesi
) ew zed
neurotra
nsmitters
Nishi Medi Significa
da et cal L. gasseri nt
al. RCT Stude | CP2305 reducth
(2019 nts n in
) cortisol
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and
improve
d sleep
quality
during
exams.

high
quality-
of-life
scores.

Foste
r et
al.

(2021

Revi
ew

MDD
Patie
nts

Dietary/Mi
crobial

Found a
direct
link
between
"leaky
gut" and
neuroinfl
ammatio
n in
depressi
on.

Sequ
eira
et al.
(2022

Meta

anal
ysis

Psyc
hiatri
c
cohor
ts

Multi-
strain
Probiotics

Modest
but
significa
nt
improve
ment in
BDI
(depressi
on) and
GAD-7
(anxiety)
scores.

Xion
g et
al.
(2023

Syst
emat
ic
Revi
ew

Gene
ral
Popul
ation

Dietary
component
s and gut
microbiota
modulation

Gut
microbio
ta
influenc
es
anxiety,
depressi
on, and
other
mental
disorders
; dietary
compone
nts
provide
protectiv
e effects

Scha
ub et
al.

(2022

RCT

Depr
essed
Adult

Probiotic
Add-on

Probiotic
S +
Antidepr
essants
led to
higher
remissio
n rates
than
antidepr
essants
alone.

Yu et
al.
(2026

Revi
ew
Artic
le

Adult
s with
chron
ic
const
ipatio
n and
depre
ssion

Microbiota
—gut-brain
axis
interventio
ns

Gut
microbio
ta plays
key role
in
comorbi
dity of
constipat
ion and
depressi
on;
microbio
ta-
targeted
therapy
beneficia
1

Bah
mani

et al.
(2024

Revi
ew

Youn

Fema
les

Microbiom
e based

Identifie
d
Faecalib
acterium
depletio
n as a
specific
biomark
er for
MDD
vulnerab
ility.

Kun
ugi
(2021

Narr
ative
Revi
ew

Patie
nts
with
depre
ssive
disor
der

Gut
microbiota
modulation

Gut
microbio
ta
dysbiosi
S
contribut
es to
depressi
on
pathoph
ysiology

Valle
s_
Colo
mer
(2019

Popu
latio

Stud

1,054
Adult

Metageno
mics

Correlat
ed
Coproco
ccus and
Dialister
abundan
ce with

Scass
ellati

et al.
(2021

)

Revi
ew
Stud

Adult
s with
depre
ssion

Gut
oral
microbiota
interaction

and

Microbi
ota
affects
depressi
on
through
molecula
r and
neurobio
logical
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pathway Gut
s microbio
Gut ta
Patie microbio influenc
Dabb ‘ nt§ Anti- ta linked es
. | Revi | with | to anxiety,
oussi . inflammato . . . .
ew major depressi Xion | Syst Dietary depressi
et al ry and . Gene
Stud | depre . . on via g et | emat component | on, and
(2024 . microbiota | . . ral
y ssive dulati inflamm al. ic Popul | S and gut | other
) disor | MocGwation atory (2023 | Revi atig N microbiota | mental
der mechani ) ew modulation | disorders
sms ; dietary
Associat compone
ion nts
Adult between provide
Loni Scop | S with gut protectiv
ewski n P major | Gut microbio e effects
et al Regvi depre | microbiota |ta  and
(2021 ow ssive | assessment | depressi
) disor on found
der but 5.2 Impact on Psychological Scales
causatio The information from the studies always showed
n unclear that taking probiotics helped people feel less
Gut- stressed and anxious. Taking probiotics for a period
Patie brain of time like between 8 to 12 weeks seemed to have
nts axis the impact on reducing feelings of anxiety and
rac Revi | with | Gut plays sadness. Probiotics really made a difference, in
eta);l ew anxie | microbiom | role in people’s health when taken for this amount of time.
| Artic | ty, e anxiety [3:49.26]
(2024 le PTS | modulation | and *  Depression: Depression is a problem for
) D, stress- many people. When people took
OCD related Bifidobacterium longum and Lactobacillus
disorders helveticus they saw a change. On the Beck
Psychobi Depression Inventory, which's a test that
otics measures Depression people scored 3.4
Psyc show points lower on average. 261
Zago Revi hiatri potential *  Anxiety: Anxiety is something that affects
rska ow c Psychobioti | in alot of people too. People who had Anxiety
et al. Artic disor | cs and | improvin and also had problems with their stomachs
(2020 e der probiotics g saw a difference when they took Probiotic
) patie psychiatr therapy. They scored lower on the
nts ic Hamilton Anxiety Rating Scale, which's a
sympto test that measures Anxiety. This is
ms especially true for people who had Anxiety
Probiotic and also had problems, with their stomachs
i t the time. [¥
Ligez | Syst Child s at the time
ka et | emat | o Probiotic tmprove
1 ; and lement d 6. CLINICAL EVIDENCE: PROBIOTICS AND
a2‘0 21 RC . | adole S}[l.pp eme neuropsy PSYCHOBIOTICS
( V| scent | AHOM chiatric Recent randomized, double-blind, placebo-
) ow s sympto controlled trials have provided empirical support for
ms "psychobiotics"—live organisms that confer mental
Vagh Syst Healt Psvchobi health benefits. [2:424:20]
ef- er}r/fat hy otsiz(s: obt 6.1 Impact on Stress and Anxiety
Mehr | . and . When people are under a lot of stress for a time it
ic Probiotics, | demonst .
aban . | clinic L can be really bad for them. A study with adults who
R b d
y et V1 al pre bliotl.cs, rate d were going through this kind of stress found out that
al. elgvc popul synbiotics | antidepr taking Lactobacillus gasseri CP2305 for a long time
2020 ation elped them feel less anxious and sleep better. This
( ¢ essant helped them feel | ious and sleep better. Thi
) ) s effects also helped lower the levels of a thing in their saliva
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that shows they are stressed and it stopped the good
bacteria called Bifidobacterium from decreasing
because of the stress. The Lactobacillus gasseri
CP2305 really made a difference in how the young
adults felt and in their health especially with their
anxiety and sleep quality and also with the good
bacteria like Bifidobacterium, in their bodies. 1]

6.2 Alleviation of Depressive Symptoms

Studies have found that probiotics can help people
with depression and psychiatric distress. These
probiotics provide an important improvement. When
people take doses of probiotics with many different
strains it can help. Probiotics can be used with
treatments. Here are some things that high dose
probiotics can do: [42¢]

* Lower the scores on the Hamilton
Depression Rating Scale compared to a
placebo. (2]

Keep the bacteria in the body and increase
the amount of Lactobacillus. [

Change the way the brain works, such as
making the putamen less active when it is
not needed. Probiotics can make these
changes. Help people with depression and
psychiatric distress. Probiotics are good,
for people. Can help them feel better. [

7. DIETARY INTERVENTIONS AND
NUTRITIONAL MODULATION
The gut microbiota is always changing. It is really
affected by the world around us. What we eat is a
part of what makes our gut microbiota different and
how it works. Eating a lot of "style" food is not good
for us. This kind of food is very processed. Has a lot
of sugar and bad fat? People who eat this way a lot
are more likely to get depressed. ['' When we eat this
kind of food all the time it hurts our gut. Our gut gets
out of balance. That makes it harder for it to do its
job. This means bad things, like endotoxins can get
into our bloodstream and cause inflammation. The
gut microbiota is very important. What we eat can
really affect it. %

7.1 Prebiotics and Fiber
Prebiotics are things in food that our bodies cannot
digest, like fibres and some types of sugar that help
bacteria in our body, such as Bifidobacterium and
Lactobacilli to grow and work well. ']

* Some studies have found that taking
prebiotics can help people feel less stressed
when they wake up and can even help them
deal with their emotions better. ['!]

When the good bacteria in our gut break
down these fibres they make things called
Short-Chain Fatty Acids, like butyrate,
which can really help reduce inflammation
in the brain. That is a good thing, for our
health. 2]

7.2 Essential Nutritional Precursors

When we eat food it helps our brain work properly.
Our brain needs things from the food we eat to make
chemicals that help us feel and think. These
chemicals are called neurotransmitters. The food we
eat gives our brain the things it needs to make these
chemicals. The brain uses some helpers from the
food we eat to make neurotransmitters. These
helpers are:

* Essential Amino Acids: We get
Tryptophan from food that has a lot of
protein like meat or fish. Tryptophan is
very important, for making serotonin,
which's a type of neurotransmitter. [!!

e Vitamins and Minerals: Vitamins and
Minerals are really important for our body.
We need things like B vitamins and
magnesium and zinc to help our body make
dopamine and GABA. [1]

Antioxidants: Antioxidants are also very
good for us. They are found in fruits and
vegetables. They help keep our gut and
brain healthy. This is especially important,
for people who have problems because they
often have a lot of oxidative stress. [120]
7.3 Personalized Nutritional Psychiatry

The future of taking care of health is looking like it
will be about making treatment personal for each
person. This is because every person has their
special mix of microbes so general diet advice may
not work for everyone. People who study this think
that food and probiotic treatments should be made
for each person based on what is going on inside
their body like what is, in their blood and what kind
of microbes they have. 1 This way of doing
things, which is called precision medicine lets
doctors help fix the good bacteria that might be
missing in someone who is dealing with depression
or anxiety. [>1]

Table 4: Dietary Components Influencing Gut
Microbiota
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8. DISCUSSION

The combination of the 34 included studies gives us
proof that the microbiome and the gut and the brain
are all connected. This connection is very important
for our understanding of health. The following
sections talk about what these findings mean for
doctors and, for people who are doing research in the
future, [1-46-8,10-16,20-26]

8.1 Gut Microbiota and Mental Health: Beyond
the Brain

The findings of this review show that the gut
microbiota is very important for our health. The gut

microbiota is like a controller of the chemicals in our
brain. Other studies have found that the microbes in
our gut are not just sitting there they are actually
making chemicals like serotonin and dopamine that
affect how we feel and think. These chemicals,
including gamma- acid have a big impact on our
mood and how we regulate our emotions. The gut
microbiota and the chemicals it makes like serotonin
and dopamine are really important, for our health
and our brain, [1-10:14.20]

People have done some studies. They found out that
folks with depression do not have a lot of different
microbes in their body. They are missing some
bacteria like Faecalibacterium, Coprococcus and
Bifidobacterium. This makes us think that the
microbes in our body can tell us if someone is likely
to get depressive disorder. 31316211 The microbes in
our gut are not like they should be when we have
depression. This has something to do with our body
getting inflamed and our brain chemicals getting out
of balance, which can cause problems, with our
health and lead to psychiatric disorders like major
depressive disorder. [26:1221]

Furthermore when the gut gets out of balance it can
become leaky. This leaky gut lets stuff like pro-
inflammatory cytokines and endotoxins into the
bloodstream. From there it can cross into the brain.
This process causes inflammation in the brain.
Inflammation in the brain is now seen as a reason for
stress-related mental health issues like depression
and anxiety. 22923 These discoveries show that the
gut bacteria play a role, in mental health. They
influence health in ways that go beyond just looking
at the brain, [6:13.23]

8.2 Probiotics and Depression: The Rise of
Psychobiotics

The idea that psychobiotics really work is getting
more support from studies that compare different
groups of people. Some studies have found that
taking kinds of probiotics the ones with
Lactobacillus and Bifidobacterium can really help
people feel less depressed and anxious. This is true
for lots of types of people. These studies are saying
that psychobiotics like the ones with Lactobacillus
and Bifidobacterium can be an addition to the way
we treat mental health problems. The way
psychobiotics seem to work is by changing the
balance of bacteria in our guts. B4%24261 This is a
way of thinking about how to help people, with
mental health issues and psychobiotics are looking
like they might be a really good tool.

Clinical trials that are part of this review show that
taking probiotics can really help people feel better it
can make them feel less stressed. It can even make
their brains work better. 23261, Probiotic therapy
is also good at keeping the bacteria in our bodies
healthy it can increase the bacteria and reduce the
things that cause inflammation which is associated
with depression. [9-26],
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What is also interesting is that probiotics seem to
work well when they are used with the usual
medicines that doctors prescribe. When people take
probiotics and the usual medicine together they are
more likely to get better than if they just took the
medicine. This is because probiotics can help keep
the body’s systems in balance and reduce the things
that can cause stress and inflammation. (2921231
These findings show that probiotics, which are also
called psychobiotics can be a helpful addition, to the
way we take care of peoples mental health.

8.3 Dietary Interventions: The Foundation of
Microbial Health

Dietary modulation is a way to affect the gut
microbiota and our mental health. The food we eat
can really make a difference. Eating foods that're
high in fibre like fruits and vegetables can help the
good bacteria in our body grow. This can also
increase the production of short-chain fatty acids
which're really good for us because they can help
reduce inflammation and protect our brains. Foods
that are rich in nutrients are also very good for us.
They can help the good bacteria grow and keep us
healthy. This is what the studies have shown. It is
very interesting to learn about how the food we eat
can affect our mental health and the bacteria, in our
body. [L11:17.20]

Western style diets are not good for us. They have a
lot of processed foods, bad fats and sugary things.
People who eat this kind of food a lot are more likely
to have problems with the microbes in their body.
They are more likely to get depressed and anxious.
[1L12.21] "These kinds of food also cause inflammation
in the body. Make the gut weaker. This affects our
health too. Western style diets are really bad, for our
health because of the way they affect our body.
[2,11,21]

Recent studies show that personalized nutritional
psychiatry is becoming more popular. This is where
doctors look at what's in a persons gut and how their
body is reacting to things. Then they use this
information to create a diet plan for the person. The
goal of this approach is to help the person’s health
by making sure they have the right kinds of bacteria
in their body. [!%!7) Personalized nutritional
psychiatry is about creating a plan that is just right,
for the person. This plan can include changing what
they eat taking probiotics and making lifestyle
changes. More and more people are starting to think
that personalized nutritional psychiatry is a way to
keep our minds healthy and prevent mental health
problems. Personalized nutritional psychiatry is a
way to optimize mental health and prevent
psychiatric disorders. [3:16-23],

8.4 Limitations and Future Directions

The results of these studies look good. There are
some problems. The probiotic strains used in these
studies are very different from each other. The
amounts of probiotics given to people also vary a lot

from 10° to 10" colony-forming units. The length of
time people took the probiotics was different too.
This makes it hard to decide on rules for doctors to
follow 423261 Also the people, in these studies were
not all the same. The studies did not all measure the
same things. This means that the results may not
apply to all groups of people. (8%,

We need to do research on how the microbiota, in
our body changes over a long time when we take
probiotics or change our diet. We should do studies
where we compare people who get different
treatments to see what really works. This will help
us figure out how to use therapy to really help people
and we need to make sure everyone does the studies
in the same way so we can trust the results. [+16.20],
We can learn more about how the microbiome
affects our bodies. The microbiome is very
important. Looking at the microbiome can help us
find people who may have health problems early on.
This can help us make treatment plans that're just
right for each person. 16211, As we keep studying
the microbiome we may be able to use this
information to help people with health disorders.
The microbiome can help us make treatments. These
new treatments can be used in hospitals and doctor’s
offices to help people with health disorders. This can
make a difference in how we prevent and treat
mental health problems and the microbiome can
play a big role in this. We are talking about the
mental health disorders and the microbiome is very
important, for mental health disorders. [1-23-26)
Research has shown that changes in the gut
microbiota can really affect our health. This is
because the gut microbiota is connected to our brain
through pathways. When the gut microbiota is out of
balance it can cause a lot of problems. For example,
it can lead to inflammation affect the production of
chemicals that help our brain work and even
contribute to stress-related mental health issues.
Some new studies also suggest that changing our
diet taking probiotics and using treatments that are
tailored to our microbiome can be very helpful.
These approaches can help us feel better and get our
microbiota back, in balance. The gut microbiota is
really important when it comes to health research
and treatment. [3:6:12:13.14.15.18]

9. IMPLICATIONS FOR
PRACTICE

The findings of this review show that the gut and
brain connection is now a part of modern psychiatric
care. The gut and brain connection helps to
understand care better. There are three areas where
this connection has clinical implications. [1:2416.23.26],
9.1 Probiotics as Adjunct Therapy

Psychobiotics are something that doctors should
think about when treating people. They do not have
to replace the medicines that people usually take for
depression like serotonin reuptake inhibitors.
Instead psychobiotics like Lactobacillus helveticus

CLINICAL
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and Bifidobacterium longum can be used to help
people feel better especially when the other
medicines are not working well. ), Doctors should
think about giving people probiotics to help their
bodies feel more stable and to reduce the things that
happen when people are depressed and the other
treatments are not working. Psychobiotics can be
very helpful for people, with depression and doctors
should consider using psychobiotics to help people
with treatment- depression. (21621}

9.2 Targeted Dietary Interventions

Nutrition is really important for our health. We
should eat food that's good for us like food that has
a lot of prebiotics and polyphenols. This kind of food
helps our body make things that're good for our brain
like butyrate and GABA. [!117] When doctors see
patients they should talk to them about what they eat.
Doctors should tell patients to eat food that's high in
fibre because this helps the good bacteria, in our
stomach and that helps us feel better. Nutrition is a
part of taking care of our mental health and doctors
should make sure to talk about it when they are
helping patients. [111],

9.3 Preventive Strategies and Early Intervention
The microbiome is an important area to look at when
we want to prevent mental health problems. By
keeping an eye on the types of microbes in our body
and finding out when things are out of balance like
when we do not have enough Faecalibacterium we
can take action early on. This is especially important
for people who're at high risk of mental health
problems like those who are under a lot of stress or
have a family history of major depressive disorder.
(38161 We can make our gut stronger by eating the
foods and taking probiotics, which can help us deal
with stress and reduce the chance of getting mental
health problems in the future. 2321}

The microbiome can also help us come up with ways
to improve mental health. By looking at the
microbes, in our gut changing our diet and using
probiotics we can make treatment more effective.
Help  prevent mental health  problems.
Understanding how our gut and brain interact can
also help doctors create treatment plans that are
tailored to each person and help people deal with
stress and other problems, [1%-20.21.22]

10. LIMITATIONS

While the potential of gut-brain axis-targeted
therapies is significant, several limitations must be
acknowledged to provide a balanced perspective for
future research.

10.1 Methodological Heterogeneity

The most significant challenge identified across the
34 included studies is the lack of standard process.
[4.25261 There is high variability in:

* Strain Selection: Different studies use different
types of bacteria which makes it hard to figure out

what works best for certain mental health issues.
[4,26].

* Dosage (CFU): The amount of bacteria used in
studies ranges from 10° to 10'! CFU.

There's no answer on what the best dose is for
improving mental health, (26}

* Duration: Study durations vary from 4 to 12
weeks. This means we don't know much about how
these therapies work over a period. The long-term
effects of these changes, on mood are not well
understood. Gut-brain axis therapies and their
limitations are important to consider. The gut-brain
axis and its therapies need research. [42¢

10.2 Limitations in Clinical Trial Design

Despite the growing number of studies, there
remains a scarcity of large-scale, multi-center
randomized controlled trials *? Many current
trials feature:

* Small Sample Sizes: This limits the
generalizability of findings to broader populations
[3.4,25].

» Confounding Variables: Things like what people
eat how much they. Their genetics can affect the
results of the Clinical Trial Design studies. These
things are often not taken into account so we do not
really know if the probiotics are working or not.
[2,11,25].

* Population Specificity: A lot of the data on
Clinical Trial Design is based on groups of people
like students or people with mild depression. This
data may not be helpful for people with serious
mental health problems or people, with multiple
health issues. Clinical Trial Design studies need to
look at people to get better results. [3-823.25)
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12. CONCLUSION

The gut and brain are connected in a way. This
connection is really important when we talk about
health. The tiny living things in our stomach called
the gut microbiota have a lot of power over how we
feel and think. They do this by helping our body
make chemicals that affect our mood and by keeping
our system in check. They also help us deal with
stress. Over the few years from 2016 to 2025 we
have learned that when the gut microbiota is out of
balance it can lead to depression and anxiety. The
gut and brain connection is key, to understanding
these problems. The gut microbiota plays a role in
our emotional and cognitive health, 242¢]

Overall, the microbiota—gut—brain axis represents a
promising frontier in mental health research and
treatment. Research shows that psychobiotics and
things we eat can really help people with problems.
We need to do big studies, on psychobiotics and
other ways to help the microbiome. This will help us
know for sure if these things work and we can use
them to help people get care. Psychobiotics and
dietary modulation are important. We should keep
studying them to see how they can help with
psychiatric outcomes. 23231

Furthermore, using "psychobiotics" and eating fibre-
rich foods may help as a therapy. These approaches
seem promising and not very risky. There are still
some issues with finding the dose of psychobiotics.
Using microbiome-based methods in healthcare
could help fill the gap in mental health treatment. To
get results for different types of patients we need to
focus on personalized nutrition and psychiatry. This
means tailoring approaches to each person’s needs.
Psychobiotics and nutrition could play a role, in this.
The goal is to improve health care.
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