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The gut–brain axis is an expanding area of mental health research, representing the connection between the gastrointestinal
microbiota and neural, immune, and endocrine pathways that influence mood and behavior. There is emerging evidence pointing
to disruptions in the gut microbiome that may contribute to depression and anxiety. Additionally, research indicates that
interventions targeting the microbiota, such as probiotics, prebiotics, dietary changes, and fecal microbiota transplantation, may
help alleviate symptoms. This review synthesizes and critically assesses 37 animal and human studies on microbiome-targeted
treatments for depression and anxiety. Animal research reveals promising effects on neurochemical, immune, and stress-response
pathways. However, human trials offer mixed findings. These trials are often limited by short durations, small sample sizes,
and preliminary status. Few studies include biological markers of microbial or immune changes alongside mood outcomes,
making generalization difficult. Probiotics and dietary approaches show some symptom improvement, whereas prebiotics and
fecal transplants are still in early development. This area of research faces challenges such as individual variability, inconsistent
intervention protocols, and safety concerns. Despite these challenges, microbiome-focused treatments could become valuable
adjuncts or personalized options for psychiatric treatment.
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Introduction

The gut-brain axis has become a central focus of research
over the last couple of years. The gut microbiota consists
of a diverse community of microorganisms, including bac-
teria, fungi, viruses, and archaea, that reside in the diges-
tive tract. The gut–brain axis refers to the bidirectional com-
munication network linking the gastrointestinal tract and the
central nervous system. It is connected through neural, en-
docrine, immune, and metabolic pathways.1 Experimental
studies demonstrate that microbial metabolites, vagal signal-
ing, and immune mediators can influence stress responsivity
and behavior.1,2 The principal pathways involved in gut–brain
communication, include vagal signaling, cytokine modulation,
and the production of short-chain fatty acids (Fig. 1).

There has been increasing primary evidence that has
prompted investigation into whether alterations in gut micro-
biota contribute to psychiatric disorders. Depression and anx-
iety disorders are among the most prevalent mental health
conditions worldwide. Both depression and anxiety are as-
sociated with impaired quality of life and functional disabil-
ity. Depression is characterized by persistent sadness, loss
of interest or pleasure, fatigue, changes in sleep and appetite,
and difficulty concentrating4. Anxiety disorders involve ex-
cessive fear, worry, restlessness, and physical symptoms such
as rapid heartbeat or muscle tension.5 Both conditions are
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Figure. 1 Gut-brain axis communication techniques. The microbiota
gut-brain communication happens through various channels, such as
neurotransmitters, secretion of mucus, vagus nerve activation, short-
chain fatty acids, etc. This is a new topic of research and has been
investigated for its beneficial effects over the past decade. This figure
is from Selected Topics in Health and Disease (Vol. 3), 2020.3

associated with disturbances in brain chemistry, stress hor-
mones, and neural connectivity, particularly in regions reg-
ulating mood and emotion.4 Cognitive Behavioral Therapy
(CBT) is one of the most effective psychological treatments,
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helping individuals identify and modify negative thought pat-
terns and behaviors associated with distress.6 Pharmacolog-
ical treatments primarily include antidepressants, especially
selective serotonin reuptake inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors (SNRIs), which help re-
store balance to brain neurotransmitters involved in mood
regulation6. Despite established pharmacological and psy-
chotherapeutic interventions, treatment outcomes remain in-
consistent. In the Sequenced Treatment Alternatives to Re-
lieve Depression (STAR*D) trial, fewer than one-third of pa-
tients achieved remission following first-line antidepressant
therapy, and cumulative remission rates declined with suc-
cessive treatment steps7. Patterns of partial response and
relapse observed in clinical practice are conceptually repre-
sented, highlighting variability in treatment trajectories. (Fig.
2) These findings highlight limitations in current therapeutic
strategies and the need to investigate biologically distinct or
adjunctive treatment approaches.

Figure. 2 Issues in mental health treatment. The treatment cy-
cle shown in the figure displays the gap in mental health treatment
by leading patients back to where they started. Sometimes, mental
health treatment leads patients down a negative path where the long-
term illness continues regardless of the patient receiving treatment.
Demonstrating a need for adjunctive therapies. This figure is from
the Thrive Programme (2018).8

Emerging primary clinical evidence suggests that inflam-
matory and metabolic dysregulation may contribute to depres-
sive symptoms. Elevated inflammatory markers have been
associated with depressive severity in human trials.9 More-
over, a randomized controlled trial demonstrated that the tu-
mor necrosis factor antagonist infliximab reduced depres-
sive symptoms in patients with elevated baseline inflamma-
tion.10 Because gut microbiota composition influences sys-
temic immune signaling, alterations in microbial communities

represent a plausible biological mechanism linking periph-
eral physiology to mood regulation, and conceptual models
of microbiome-targeted therapeutic strategies have therefore
been proposed. (Fig. 3)

Figure. 3 Gut-brain treatments targeting dysfunction in brain health.
Previous discoveries focused on medication as a way to treat chronic
stress and unhealthy lifestyles, whereas the present discovery indi-
cates that a healthy diet, psychobiotics, and Fecal Microbiota Trans-
plantation (FMT) can improve the gut-brain axis dysfunction that
may result from chronic stress and unhealthy lifestyles. This figure
is from Linag et al. (2018).53

Human microbiome studies further support this association.
Case-control investigations report differences in gut micro-
bial composition in individuals with major depressive disor-
der compared to healthy controls.11 Experimental transplan-
tation studies strengthen causal inference: transfer of mi-
crobiota from depressed patients into microbiota-depleted ro-
dents induces depression-like behaviors and metabolic alter-
ations12,13, and microbiota transfer from chronically stressed
animals produces anxiety- and depression-like phenotypes in
recipients14. However, while preclinical findings provide
mechanistic insight, the magnitude and consistency of clini-
cal effects in human populations remain uncertain.

Therapeutic strategies targeting the gut microbiota include
probiotic supplementation, dietary modification, prebiotic ad-
ministration, and fecal microbiota transplantation (FMT).
However, baseline microbiome composition differs substan-
tially across individuals and populations15, potentially influ-
encing treatment responsiveness. Moreover, depression itself
may alter diet, sleep, and inflammatory physiology, complicat-
ing causal interpretation of microbiome changes. These fac-
tors underscore the need for a systematic synthesis of available
primary evidence.

Therefore, this study conducts a systematic review of
primary experimental and clinical investigations examining
microbiome-targeted interventions for depression and anxi-
ety. By distinguishing mechanistic findings from clinical out-
comes and identifying methodological sources of heterogene-
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ity, this review aims to clarify the strength of current evidence
and define priorities for future research. This review evaluates
evidence from animal models and human trials investigating
probiotics (1), prebiotics (2), dietary interventions (3), and fe-
cal microbiota transplantation (4).

Methods

In this review, information about the treatment targeting
gut microbiota for depression and anxiety was synthesized.
This study was conducted as a systematic review, and the
study selection process is summarized in the review pro-
cess flow diagram (Figure 4). To identify relevant stud-
ies, electronic searches were completed using Google Scholar
and PubMed. Only peer-reviewed papers from 2005 to the
present were included as that is when research on the gut–
brain axis began expanding significantly with advances in mi-
crobiome science and improved molecular sequencing tech-
nology. Keywords/Search Strings included combinations of
‘gut microbiota,’ ‘microbiome,’ ‘depression,’ ‘anxiety,’ ‘diet,’
‘probiotics,’ and ‘prebiotics.’ Boolean operators (AND/OR)
were applied where possible, depending on the search plat-
form.Reference lists of review articles were also utilized to
get additional studies. Both animal and human participant-
based studies were included. Studies were only included if
they specifically targeted gut microbiota.

Figure. 4 Review Process flow diagram illustrating study identifica-
tion, screening, eligibility, and inclusion for this systematic review

Articles that did not include a gut-targeted intervention, fo-
cused solely on gastrointestinal outcomes, or were not avail-
able in English were excluded. Articles were first screened by
the author for relevance based on the title and abstract before
the full text was assessed for inclusion, considering the pres-
ence of fecal microbiota transplantation (FMT), prebiotic or

probiotic supplementation, or dietary modulation. Due to sub-
stantial heterogeneity in study design, intervention type, out-
come measures, and reporting methods, a quantitative meta-
analysis was not performed. Additionally, no formal risk-of-
bias scoring tool was applied; however, methodological limi-
tations of included studies are discussed qualitatively. Studies
were compared under four main categories: prebiotics, pro-
biotics, FMT, and diet, with animal and human subcategories
within each.

Results

Probiotics

Probiotics are live microorganisms administered in clinical
trials to evaluate their effects on health outcomes, including
mood and anxiety disorders16–21. Researchers have recently
studied probiotics for their potential to treat mental health
disorders by adjusting the gut microbiota and, in turn, gut-
brain communication. This review included 15 primary stud-
ies evaluating probiotic interventions: six animal experimental
studies and nine human clinical trials.

Evidence from Animal Models

Because it is not possible or ethical to experimentally induce
psychiatric disorders in humans, animal trials can provide a
controlled and reliable way to examine the links between the
gut microbiota and mental health behaviors. Scientists can
manipulate variables such as genetics, diet, and temperature
and then observe the effects. Not only can they observe emo-
tional and physical effects, but scientists also have the oppor-
tunity to dissect the animal and observe changes in body struc-
ture.

Animal models are employed to investigate how psychobi-
otics might influence behavior and gut–brain communica-
tion. In rodent experiments, scientists frequently trigger
depression- or anxiety-like behaviors through stress methods
such as maternal separation or by disturbing the gut micro-
biota using broad-spectrum antibiotics.2,22 These interven-
tions consistently induce behavioral despair, increased anxi-
ety, immune activation, and disruptions in stress-related neu-
roendocrine systems. In a pioneering study, Bifidobacterium
infantis 35624 was given chronically to rats separated from
their mothers.2 Probiotic treatment reversed depressive-like
symptoms, with effects similar to those produced by the an-
tidepressant citalopram. Additionally, probiotic treatment re-
turned pro-inflammatory cytokines (IL-6) to baseline levels,
restored basal norepinephrine levels in the brain stem, and re-
duced corticotropin-releasing factor mRNA expression in the
amygdala.2 These findings demonstrate associations between
probiotic administration and changes in immune, neurochem-
ical, and hypothalamic-pituitary-adrenal (HPA) pathways.

© The National High School Journal of Science 2026 | 3



Additional rodent studies have investigated how probiotics
affect behavior. Researchers discovered that Lactobacillus
rhamnosus JB-1 reduced anxiety- and depression-like behav-
iors in mice and altered GABA receptor expression in brain
regions associated with emotion regulation.20Notably, these
effects were abolished following vagotomy, suggesting in-
volvement of vagus nerve signaling in gut–brain communi-
cation. In a chronic stress model, probiotic administration
attenuated stress-induced behavioral despair and normalized
stress-related physiological responses.21 Similarly, another
study found that probiotic treatment reduced stress-induced
increases in corticosterone levels and attenuated HPA axis ac-
tivation in rodents exposed to chronic psychological stress.23

Furthermore, it was demonstrated that administration of Lac-
tobacillus helveticus NS8 improved depressive-like behav-
iors and cognitive impairments induced by chronic restraint
stress.24 The probiotic treatment was associated with changes
in neurochemical markers and stress-related signaling path-
ways, further supporting the role of gut microbiota in regulat-
ing mood-related behaviors.

Similarly, mice given a two-week antibiotic cocktail ex-
hibited signs of anxiety and depression-like behaviors be-
haviors.22 These findings support a link between increased
peripheral inflammation and disruptions in neurotransmitter
pathways. Administering Lactobacillus casei DG after antibi-
otics corrected behavioral problems, decreased inflammatory
cytokines, and restored imbalances in monoamine levels, in-
cluding serotonergic precursors. This indicates that probiotic
strains can modulate cytokine signaling, neurotransmitter syn-
thesis, and behaviors associated with anxiety and depression
in mice.22

Although not explicitly focused on psychiatric outcomes,
a study showed that certain probiotic strains exhibit anti-
inflammatory effects.25 Lactobacillus rhamnosus administra-
tion significantly reduced carrageenan-induced paw edema
(i.e., an animal model for studying anti-inflammatory prop-
erties)25 and acetic acid-induced writhing (i.e., a model for
evaluating analgesic effects), with effects surpassing those
of the NSAID diclofenac treatment (i.e., nonsteroidal anti-
inflammatory drug).25 These effects were accompanied by
downregulation of pro-inflammatory cytokines and increased
expression of anti-inflammatory cytokines. Such findings sug-
gest that probiotics may influence inflammatory pathways,
which have been associated with anxiety and depression.23

These findings suggest that regulating inflammation also in-
directly regulates anxiety and depression.

Evidence from Clinical Models

Transitioning from animal studies to clinical practice is a com-
plex process. However, several human psychobiotic trials
have evaluated multi-strain formulations. Many recent tri-
als validate the use of psychobiotics in humans. Researchers

conducted a randomized, double-blind, placebo-controlled
trial in adults with treatment-resistant major depressive disor-
der (MDD)16. This study found that an eight-week adjunct
treatment with Lactobacillus acidophilus, L. casei, and Bi-
fidobacterium bifidum resulted in significantly larger reduc-
tions in Hamilton Depression Rating Scale (HAM-D) and
Hamilton Anxiety Rating Scale (HAM-A) scores compared
with placebo.16 Similarly, a supplementation of Lactobacil-
lus helveticus Rosell-52 and Bifidobacterium longum Rosell-
175 for 60 days reduced Beck Depression Inventory scores
and improved well-being in depressed adults.26 However, this
data is subjective since it was based on self-reported results
rather than objective biological markers.26 Additionally, a 31-
day clinical trial with multi-strain psychobiotic treatment for
MDD patients showed a reduction of HAM-D scores along
with an increased gut Lactobacillus abundance17. This study
also showed Magnetic Resonance Imaging (MRI) evidence of
altered activity in brain regions said to be associated with emo-
tional processing.27

Additional randomized controlled trials have further evalu-
ated probiotic supplementation in individuals with depressive
symptoms. A study reported significant reductions in Beck
Depression Inventory (BDI) scores following eight weeks of
multi-strain probiotic treatment in patients with major depres-
sive disorder.16 Similarly, another study found that probiotic
supplementation resulted in greater improvements in depres-
sive symptoms compared with both prebiotic and placebo
groups.28 In healthy adults, reductions in cognitive reactiv-
ity to sad mood were observed following multispecies probi-
otic administration.18 Researchers also reported modest im-
provements in depressive symptoms in a triple-blind, placebo-
controlled trial.19 Across these trials, probiotic supplementa-
tion was associated with reductions in depressive symptom
measures in several populations; however, effect sizes and
clinical significance varied across studies.

Studies involving healthy or subclinical individuals—those
without obvious symptoms—have also reported findings,
though mood improvements tend to be more subtle. In a
placebo-controlled trial with 70 healthy adults, six weeks
of taking a Lactobacillus helveticus–Bifidobacterium longum
blend resulted in notable reductions in depression (measured
by the Beck Depression Inventory II), anxiety (assessed by the
State Trait Anxiety Inventory), and cognitive reactivity scores
(from the Leiden Index of Depression Sensitivity). Addition-
ally, circulating serotonin levels increased and remained ele-
vated for three weeks after stopping the intervention.26 How-
ever, different results were observed in adults who experi-
ence depressive symptoms that don’t meet the full criteria for
a diagnosis of MDD (i.e., subthreshold depression). A 12-
week probiotic intervention did not significantly change mood
scores compared with placebo.Participants showed reduced
inflammation and stress responses. These results could mean
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that there are underlying biological changes but no symptom
relief.28

Diet

Dietary interventions have been evaluated in both animal
and human studies for their effects on the gut microbiome
and mood-related outcomes. In animal models, Western-
style diets have been associated with alterations in microbial
composition and increased intestinal permeability, whereas
Mediterranean-style diets have been associated with enrich-
ment of beneficial bacterial taxa.29,30 Eight primary diet in-
tervention studies were included in this review, consisting of
two animal studies and six human clinical trials. Fewer eligi-
ble interventional studies were identified for diet than for pro-
biotics, as many published investigations were observational
rather than experimental.

Evidence from Animal Models
While diets are frequently studied through clinical trials be-
cause of their low risk, animal studies are still important as
they enable researchers to explore biological processes more
deeply and perform invasive tests that wouldn’t be ethical in
humans. These animal experiments help clarify relationships
and offer preliminary evidence for human applications. For
example, a study compared the impacts of a Western diet (rich
in fats and sugars) with a Mediterranean diet in adult female
monkeys.29 This study showed that there were elevated lev-
els of beneficial bacteria like Lactobacillus, Faecalibacterium,
and Oscillospira in monkeys with a Mediterranean diet. Ad-
ditionally, a study on rodents revealed that a Western diet in-
creased intestinal permeability and promoted changes in the
gut microbiome that could influence immune signaling.31 In
rodent models, consumption of a Western-style diet was as-
sociated with increased intestinal permeability and alterations
in gut microbial composition.31 In human dietary intervention
trials, Mediterranean-style or fermented food diets were asso-
ciated with reductions in systemic inflammatory markers, in-
cluding C-reactive protein and interleukin-17.30,32 These find-
ings indicate that dietary patterns can coincide with measur-
able changes in gut integrity and inflammatory signaling, pro-
cesses that have been evaluated in relation to mood-related
outcomes in clinical studies.33

Evidence from Clinical Studies
While the effects of food vary depending on individual fac-
tors such as gender, weight, and genetics, dietary interventions
have been evaluated as both preventive and therapeutic strate-
gies.

Several studies have shown that certain plant fibers can re-
duce gut microbiome inflammation. In multiple intervention
studies reviewed, depressive and anxiety-like behaviors coin-
cided with increased inflammatory markers. Treatments tar-

geting the microbiome were linked to lowered levels of cy-
tokines like IL-6 and C-reactive protein.2,22,30,32 In some tri-
als, improvements in mood-related measures occurred concur-
rently with reductions in inflammatory markers.28 This may
suggest there is a relationship between inflammation and men-
tal health. Researchers conducted a 17-week randomized con-
trolled trial comparing high-fiber food (e.g., beans, lentils,
chickpeas, oats, barley, and whole grains) and high-fermented
food (e.g., yogurt, kefir, kimchi, and kombucha) diets in
healthy adults.32 Individuals in the fermented food group
showed increases in gut microbial diversity and reductions in
inflammatory markers. These changes highlight a mechanism
by which diet may support brain health through immune path-
ways. Another study ran a 12-week Mediterranean diet inter-
vention in young males with moderate-to-severe depression.33

Participants on the diet exhibited notable enhancements in de-
pressive symptoms and quality of life. While the study didn’t
directly assess gut microbiome changes, the researchers pro-
posed that the Mediterranean diet might have alleviated de-
pression via established gut-brain pathways. Furthermore,
they noted that nutrients such as fiber and polyphenols pro-
mote healthy gut bacteria, which can increase serotonin levels
and lower inflammation.33

In the SMILES study, it was reported that participants with
major depressive disorder who received dietary support to
adopt a Mediterranean-style diet demonstrated significantly
greater reductions in depressive symptoms compared with a
social support control group.34 Similarly, the HELFIMED
study found that participants assigned to a Mediterranean-
style diet supplemented with fish oil showed improvements in
depressive symptom scores over 3 months.35 Scientists per-
formed a crossover study where a 4-day Mediterranean diet,
compared to fast food, rapidly shifted gut microbiota composi-
tion and increased neuroprotective tryptophan metabolites.36

This indicates that diet may affect the gut microbiome in a
short period of time.

Long-term studies have also been conducted. Additionally,
another study executed a year-long European multicenter trial
of a Mediterranean diet in older adults.30 This led to enriched
SCFA-producing bacteria, reductions in systemic inflamma-
tion (e.g., C-reactive protein, interleukin-17), and improved
markers of cognition. When the gut makes SCFAs from fiber,
these molecules send signals to the brain and also help lower
inflammation. Together, these two mechanisms for reducing
inflammation may be a potential explanation for how diet can
benefit brain health.

Prebiotics

Prebiotics are non-digestible food components, typically
fibers, that stimulate the growth and activity of certain benefi-
cial gut bacteria.37,38 Prebiotics serve as substrates for fermen-
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tation by microbes. They produce metabolites such as short-
chain fatty acids (SCFAs), which can impact the host’s brain
function and physiology.38

Six primary prebiotic intervention studies met the inclu-
sion criteria, including four animal studies and two human tri-
als. The smaller number of eligible human studies reflects the
relatively recent development of prebiotic research in mental
health, as many published studies focus on biological mecha-
nisms rather than direct measurement of depression or anxiety
outcomes.

Evidence from Animal Models

Animal studies have been used to investigate how prebiotics
may support brain health. Researchers administered mice
prebiotics known as galactooligosaccharides (GOS) and fruc-
tooligosaccharides (FOS) for 3 weeks.37 The treatment altered
the bacterial composition in the mice’s guts, notably increas-
ing short-chain fatty acids. The mice also exhibited reduced
anxiety- and depression-like behaviors in tests like the forced
swim test and elevated plus maze. Additionally, the prebiotic
treatment enhanced the expression of the BDNF gene in the
hippocampus, which is vital for brain growth and resilience.39

Similarly, another study showed that prebiotic supplementa-
tion calmed the stress response in mice by curbing the hor-
mone corticosterone.38 More recently, a study demonstrated
that providing rats with prebiotics enhanced their synaptic
plasticity, as exhibited by stronger connections between brain
cells.40 In addition, the rats showed improved spatial mem-
ory performance following prebiotic supplementation.40 En-
hanced synaptic plasticity and better memory were seen along-
side behavioral changes in this experiment model.40 Hence,
animal studies suggest that prebiotics can promote beneficial
changes in the gut microbiome that lessen stress responses via
changes in neuroplasticity and inflammation.

Evidence from Clinical Studies

While evidence from human studies on the benefits of pre-
biotics is limited, some findings indicate they may enhance
mental health. For example, a study showed that healthy vol-
unteers consuming GOS for three weeks had smaller cortisol
spikes upon waking and showed less focus on negative emo-
tions than those who did not take the prebiotic.41 This sug-
gests that GOS may help reduce stress and stabilize mood,
thereby serving as a treatment for depression and anxiety.
However, not all studies find strong effects. A study found
that while prebiotic supplementation in healthy adults modi-
fied microbiome composition and SCFA levels, the changes
did not consistently translate into significant improvements in
mood or stress measures.42 This could possibly be due to vari-
ability in baseline psychological status, lifestyle factors, and
the relatively short study duration. This may reflect variabil-
ity in baseline microbiota composition, dose, or study length,

highlighting factors we need to be careful about when consid-
ering prebiotics as an official treatment.

Fecal Microbiota Transplantation

Fecal microbiota transplantation (FMT) transfers gut mi-
crobes from a healthy donor into a recipient. It helps restore
beneficial bacteria depleted by illness or antibiotics. FMT has
emerged as a powerful tool to reshape the gut microbiome.
Researchers are increasingly studying it as a potential therapy
for conditions linked to microbial imbalance. Eight primary
FMT intervention studies met the inclusion criteria, including
three animal experiments and five human clinical investiga-
tions. The relatively small number of eligible studies reflects
the emerging nature of FMT research in psychiatry, as most
clinical applications remain focused on gastrointestinal condi-
tions, and only a limited number of trials directly assess mood-
related outcomes.

Evidence from Animal Models

Researchers have used FMT in animal models to better under-
stand how gut bacteria affect emotional and behavioral out-
comes. A study demonstrated that when gut bacteria from
people with MDD were transferred into microbiota-depleted
rats, the rats developed clear mood-related changes.43 The rats
lost interest in receiving rewards and showed more anxiety-
like behavior than rats who received microbiota from healthy
donors. Additionally, the rats had a shift in brain-relevant
metabolism, particularly in tryptophan metabolic pathways,
which are directly tied to neurotransmitter synthesis and neu-
ral signaling. In contrast, rats that received healthy microbiota
behaved normally and showed no difference in depression-
like behavior compared with rats that didn’t receive micro-
biota transfers. This provides strong evidence for targeted
mechanism-guided trials in humans, where the microbiome
is the target. Similarly, researchers moved gut bacteria from
people with MDD into mice.44 These mice were raised in
sterile conditions and have no microorganisms on their bod-
ies (i.e., germ-free mice). Germ-free mice provide a clean
slate for understanding how microorganisms interact with the
body, which is not possible in other animals/humans because
of their normal flora. After FMT from people with MDD, the
mice showed more depression-like behaviors and clear shifts
in metabolism when compared to mice with the microbiota
from healthy donors. The changes were especially prevalent
in amino acid pathways tied to neurotransmitters derived from
tryptophan. This study suggests that an imbalanced gut com-
munity can transfer vulnerability to mood symptoms via FMT.
On the other hand, a study demonstrated that transferring mi-
crobiota from mice exposed to chronic unpredictable stress
induced anxiety- and depression-like behaviors in germ-free
recipients.45 These animals also showed neuroinflammatory
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changes and altered tryptophan metabolism. These findings
underscore that the impact of microbiota transfers may depend
heavily on donor state, microbial composition, and host envi-
ronment.

Evidence from Clinical Studies

FMT research in humans is quite new. Most clinical focus is
on gastrointestinal conditions and their treatments. However,
some emerging studies indicate potential benefits for mental
health disorders. For instance, a study found that children with
autism spectrum disorder who underwent microbiota transfer
therapy experienced improvements in gastrointestinal symp-
toms and also showed reduced irritability and social with-
drawal.46 While this isn’t a trial focused on depression or anx-
iety, it highlights a strong gut-brain connection and shows that
changes in the microbiome can influence behaviors. This sug-
gests that FMT might be used alongside standard treatments
for mental health conditions. A small open-label study inves-
tigated FMT in patients with irritable bowel syndrome who
also experience depression and anxiety.47 After treatment, pa-
tients reported better gastrointestinal symptoms as well as im-
proved scores for anxiety and depression, along with a health-
ier gut microbiome. Additional clinical investigations have
examined the psychiatric effects of fecal microbiota transplan-
tation in patients with gastrointestinal disorders and comorbid
mood symptoms. It was reported that individuals with irritable
bowel syndrome who underwent FMT demonstrated improve-
ments in both gastrointestinal symptoms and anxiety and de-
pression scores.48 Similarly, researchers observed reductions
in anxiety and depressive symptoms following FMT in pa-
tients with IBS-D, accompanied by shifts in microbial com-
position49. In a small case series, a study described improve-
ments in depressive symptoms in patients with major depres-
sive disorder receiving adjunctive FMT, although the study
lacked a randomized control group.50

Discussion

Summary of Key Findings

The gut–brain axis is a highly promising but complex research
area in psychiatry. Increasing evidence indicates that modi-
fying the gut microbiome could open new treatment options
for mental health conditions. Studies have shown that inter-
ventions such as probiotics, dietary changes, prebiotics, and
fecal microbiota transplants can affect important biological
pathways related to mood regulation. These results suggest
that microbiome-centered therapies may serve as safe, sup-
portive, and biologically based approaches to enhance mental
well-being.

Several interventions show that changes in microbial com-
position are linked to detectable shifts in inflammatory mark-

ers, neurotransmitter-related metabolites, or stress hormones,
indicating that microbiome modulation could impact systems
involved in psychiatric disorders.2,22 Importantly, these inter-
ventions are generally low-risk and may complement exist-
ing pharmacologic and psychotherapeutic approaches rather
than replace them. Given the global burden of depression and
anxiety and the limitations of current treatments for many pa-
tients22,37, continued investigation into microbiome-targeted
strategies is important not only for expanding therapeutic op-
tions but also for improving understanding of the biological
pathways that contribute to mental health disorders. While
several clinical trials reported improvements in depressive or
anxiety-related symptoms, findings were not uniform across
all populations or study designs.

Translational Gaps

Heterogeneity among human participants remains one of the
biggest challenges. While animal studies often succeed due
to controlled genetics, environments, and diets, humans vary
widely in microbiome composition, diet, medication use, psy-
chosocial stress, physical activity, and geography. For in-
stance, baseline microbiota differ between individuals from
Westernized countries and those in rural or farming commu-
nities. This variability likely influences whether a probiotic
or prebiotic strain can successfully colonize and have a thera-
peutic effect. Of the reviewed interventions, dietary changes
and probiotic supplements are generally easier to implement
and scale in clinical settings, whereas fecal microbiota trans-
plantation involves more logistical, regulatory, and safety hur-
dles. Mechanistic understanding also varies: probiotics and
prebiotics are studied regarding inflammatory pathways, neu-
rotransmitter precursors, and stress hormones, providing some
biological basis for their effects. Conversely, FMT involves
complex, diverse microbial communities, making it harder
to pinpoint specific mechanisms. Another limitation is re-
liance on subjective scales like the Hamilton Depression Rat-
ing Scale or Beck Depression Inventory, which are valid but
prone to placebo effects and inaccuracies. Without objec-
tive biomarkers, it’s challenging to distinguish true biologi-
cal changes from expectation-driven improvements, especially
since participants might expect health benefits from “natural”
treatments.

Methodological Limitations

Another limitation is that most clinical studies last between
4 to 12 weeks, which may not be long enough to produce
lasting microbial shifts or significant changes in psychiatric
symptoms. Chronic conditions such as MDD and general-
ized anxiety often persist for years and may require ongoing
microbiome modulation to observe meaningful clinical bene-
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fits. Therefore, there is an urgent need for longitudinal stud-
ies with extended follow-up periods and large controlled tri-
als. Additionally, standardization across interventions remains
an issue. Probiotic trials vary in strain composition, colony-
forming units, delivery methods, and duration. Diet studies
also differ in adherence monitoring and can be influenced by
overall lifestyle changes. Even in fecal microbiota transplan-
tation (FMT), the absence of standardized donor screening and
preparation protocols complicates interpretation and safety as-
sessments. These variations hinder meta-analyses and limit
the ability to make definitive clinical recommendations. To
move forward, standardized protocols and objective biomark-
ers are essential before these therapies can be widely adopted
in clinical practice.

Publication Bias and Strength of Evidence

An important consideration is the potential for publication
bias in microbiome-based psychiatric research. Studies show-
ing positive results—better outcomes with these therapies—
are more likely to be published than those with null or neg-
ative findings. Therefore, the literature may overemphasize
beneficial effects and underreport inconclusive or unfavorable
ones. This is especially relevant in emerging fields, where
early excitement can shape research directions and reporting.
Additionally, the strength of evidence varies across interven-
tions. Probiotic and dietary approaches are backed by multiple
randomized controlled trials, but effect sizes are inconsistent
and not always replicated. Conversely, research on prebiotics
and FMT is limited, with few human trials directly examin-
ing depressive or anxiety disorders. While initial findings are
promising, the current evidence for some microbiome thera-
pies is not yet strong enough for definitive clinical use.

Ethical Questions

FMT in particular also raises ethical questions for donors and
recipients. Transferring live microbes introduces risks of in-
fection, horizontal gene transfer, or unintended metabolic con-
sequences (e.g., weight gain, insulin resistance). Informed
consent, donor anonymity, and access also raise certain eth-
ical concerns. Multiple other factors influence the gut-brain
axis. The host’s genetics, immunity, and environmental expo-
sures all interact with microbial signaling. In primary FMT
studies included in this review, individuals with major de-
pressive disorder were reported to have distinct gut microbial
compositions compared with healthy controls before trans-
plantation, and transfer of this microbiota induced depression-
like behaviors in recipient animals. Additionally, microbiota
from stress-exposed animals produced similar behavioral al-
terations when transferred to germ-free recipients. This raises
questions about what is influencing the other: are changes in

the gut microbiome causing depression, or is depression caus-
ing these changes? It is plausible to theorize that the answer is
both.

Accessibility and Equity

Another concern is that most of these microbiome-targeted
therapies are not accessible to everyone. Most probiotic sup-
plements are largely unregulated in many countries, which
could lead to differences in cost and quality. In some areas,
especially where fresh produce and seafood are harder to find,
maintaining a Mediterranean diet may be more difficult or
less affordable. Advanced treatments, such as FMT, are ex-
tremely resource-intensive and require clinical infrastructure
and trained personnel. These disparities must be addressed if
microbiome-based psychiatry is to have a global impact.

Future Directions

The current literature highlights both the potential and chal-
lenges of using microbiome-based approaches for mental
health. Several interventions show links to biological and
mood improvements, but differences in study populations,
methods, and outcome measures hinder clear conclusions.
The complex, bidirectional gut-brain relationship further com-
plicates establishing causality, especially in human research.
As the field advances, careful study design, extended follow-
up, and better standardization will be crucial to assessing the
clinical value of microbiome-targeted treatments in psychi-
atric care.

Conclusion

The gut-brain axis is one of the strongest areas of research
in understanding and treating psychiatric disorders. Although
there are certain limitations, there is a lot of evidence, as
shown in this review, that suggests that microbiome-targeted
strategies can complement the existing treatments for mental
health disorders. Advances in microbiome sequencing and
metabolomics suggest it’s a potential tool for tailoring inter-
ventions or treatments to each individual’s microbial inflam-
matory profile. Combining microbiome therapies with antide-
pressants or psychotherapies may result in the best outcomes.
The microbiome-targeted strategies may also become part of
personalized mental health care. Ultimately, the gut-brain axis
not only deepens our understanding of the biology of depres-
sion and anxiety but also provides novel pathways for safe,
innovative, and holistic interventions.
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