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ABSTRACT

Mental health disorders are a global health challenge, and the underlying biological mechanisms
remain unclear. Recent evidence has linked gut microbiota to psychiatric symptoms through
complex bidirectional interactions along the gut-brain axis, which involve neural, endocrine,
and immune pathways. This narrative review aims to synthesize current findings on how gut
microbiota contributes to the pathophysiology of major psychiatric disorders, and explore
microbiota-based therapeutic interventions, and discusses emerging strategies for personalized
treatment. Relevant literature up to July 2025 was reviewed using targeted keywords in major
databases, including PubMed and Google Scholar. Rather than applying formal systematic
review criteria, we focused on selecting influential and high-impact studies, and the findings
were synthesized thematically to provide a comprehensive overview. Consistent findings across
psychiatric conditions include a decreased abundance of short-chain fatty acid-producing
bacteria and an increased presence of pro-inflammatory taxa. These shifts correlate with
heightened systemic inflammation, disrupted neurotransmitter synthesis, and dysregulation of
the hypothalamic—pituitary—adrenal axis. Thus, the gut microbiota is increasingly recognized

as playing a potential role in the pathophysiology of psychiatric disorders through multifaceted
mechanisms involving the gut-brain axis. Probiotics, prebiotics, and dietary modifications show
promise in modulating gut microbiota and alleviating psychiatric symptoms, although clinical
outcomes remain heterogeneous. Emerging precision medicine strategies indicate promising
potential for personalized microbiota-based treatments. Although microbiota-targeted
therapies offer promising adjunctive strategies, large-scale, mechanistically informed clinical
trials remain warranted. Future research should leverage artificial intelligence and multi-omics
tools to develop personalized interventions tailored to individual microbiome profiles.

Keywords: Gut Microbiota; Psychiatric Disorders; Gut-Brain Axis; Neuroinflammation;
Psychobiotics; Personalized Medicine
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INTRODUCTION

Mental disorders are a major global health concern, ranking among the leading causes of
disability. According to the Global Burden of Disease Study 2019, mental disorders accounted
for approximately 125.3 million years lived with disability (14.6% of the global total),

with little advancements in this field since 1990.1,2 The economic burden is substantial;
mental disorders contributed to an estimated 418 million disability-adjusted life years in
2019 (approximately 16% of the global total), translating to approximately 5 trillion USD.3

Despite significant advancements in neuroscience and psychopharmacology, the biological
underpinnings of many psychiatric disorders remain elusive. The conventional wisdom has
long suggested that mental illnesses stem from neurochemical imbalances or structural
brain abnormalities. However, definitive biomarkers for most psychiatric conditions have
yet to be identified.4 In addition, the efficacy of pharmacological treatments is limited;

for instance, a substantial proportion of patients with major depressive disorder (MDD)

or schizophrenia exhibit partial or no response to standard pharmacotherapy.57 This
reflects the complexity of psychiatric conditions and suggests the involvement of factors
beyond the currently identified neurobiological mechanisms in their manifestation and
progression. The brain does not function in isolation; instead, it interacts actively with
other bodily systems. Scholars are increasingly recognizing the need for more integrative
models to explain the pathophysiology underlying mental health disorders. In this context,
growing evidence suggests that the gut microbiota plays a role in mental health through
neuroimmune and neuroendocrine pathways.812

This narrative review aims to synthesize current evidence on the relationship between gut
microbiota and major psychiatric symptoms. We examine the biological pathways through
which the gut microbiota influences mental health, including neuroimmune, neuroendocrine,
and microbial metabolite signaling, and explore how these mechanisms contribute to the
pathophysiology of disorders such as depression, anxiety, and schizophrenia. Furthermore,

in this review, we provide a comprehensive overview of microbiota-targeted therapeutic
strategies, including the use of probiotics, prebiotics, and psychobiotics and dietary
interventions, for psychiatric disorders. We also examine the application of multi-omics and
artificial intelligence (AI) approaches aimed at enabling personalized medicine, highlighting
critical experimental and computational challenges such as sample processing variability, data
heterogeneity, and model interpretability, which currently limit the scalability and clinical
translation of individualized interventions. By addressing both therapeutic applications and
methodological limitations, this review offers a balanced perspective on current opportunities
and future directions in microbiome-guided personalized psychiatry.

BIOLOGICAL MECHANISMS LINKING THE GUT AND
BRAIN: THE GUT-BRAIN AXIS (GBA)

The GBA encompasses multiple interconnected pathways through which the gut microbiota
communicates with the central nervous system (CNS), influencing brain function and behavior.

Neural pathways

The vagus nerve enables two-way communication between the gut and brain, playing a
central role in the GBA.13 This mixed cranial nerve contains afferent (sensory) and efferent
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(motor) fibers, enabling it to transmit information from the gut to the brain and vice versa.
Approximately 80% of vagal fibers are afferent fibers that relay gut-derived sensory input to
the brain, whereas the remaining efferent fibers regulate gastrointestinal motility, secretion,
and immune responses.13

Key evidence 1: intestinal evidence from germ-free mice

Evidence highlighting the role of the vagus nerve in microbiota—brain communication
originated from studies using germ-free (GF) mice. Jameson et al.}4 observed that GF mice
exhibited markedly reduced vagus nerve activity compared to conventionally colonized
controls.15 After colonization with microbiota from healthy mice, vagal activity in GF mice
normalized, underscoring the importance of microbial presence.4

Key evidence 2: role of the vagus nerve in microbial signaling

Vagal afferent fibers can detect gut microbiota and their metabolites and transmit the
information to the CNS. This sensory detection is mediated by neuropods, which are
specialized epithelial cells in the gut.16 Neuropods serve as a critical interface, enabling the
gut to convert chemical and microbial cues from the intestinal environment to rapid synaptic
communication with vagal neurons.1”

Psychiatric relevance

Vagal nerve activity is positively linked to indicators of physical and psychological well-being,
including relaxation and prosocial emotions, such as empathy. In contrast, reduced vagal
tone, particularly cardiac vagus activity, is associated with increased vulnerability to stress-
related disorders, morbidity, and mortality.18

Remaining questions

A key remaining question regarding vagus nerve pathways in the GBA is “Which specific
microbial strains, metabolites, or intestinal cells activate particular vagal afferents?” The
brain regions that receive and process these vagus nerve-mediated gut-derived signals and
how they are integrated into neural circuits that govern behavior, emotion, and cognition
also remain unclear. Finally, the mechanisms underlying bidirectional signaling between the
brain and gut via the vagus nerve require further elucidation.

Endocrine signaling

Overall, gut microbes affect neurotransmission through 3 interrelated pathways: the local
synthesis of signaling molecules, the bioconversion of nutritional substrates into neuroactive
agents, and host receptor system modulation via microbial metabolites.19,20

Key evidence 1: microbiota-derived neuromodulators as hormonal messengers

Gut microbes synthesize and secrete various neuroactive compounds, including serotonin,
dopamine, gamma-aminobutyric acid (GABA), and glutamate precursors, into the intestinal
lumen. These compounds circulate via enteroendocrine and paracellular pathways, where they act
either directly or indirectly as hormonal signals, reaching distant targets, including the brain.21,22

Key evidence 2: enteroendocrine cell activation

Specialized gut epithelial cells (enterochromaffin cells and L-cells) are stimulated by
microbial metabolites and neurotransmitter intermediates to secrete hormones such as
serotonin, peptide YY, and glucagon-like peptide-1. These hormones enter the bloodstream
to regulate gut motility, appetite, metabolic function, and CNS activity.11,22-26
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Psychiatric relevance

Gut microbes affect host neurotransmission by modulating the production and availability
of major neuroactive compounds, including serotonin, dopamine, GABA, and glutamate,
all of which are closely linked to alterations in mood, cognition, and psychiatric
symptomatology.11,22,27 Microbial metabolites and gut hormones such as glucagon-like
peptide-l, peptide YY, and serotonin influence vagal and hypothalamic signaling, thereby
modulating stress responsivity and dopaminergic reward pathways.28 Dysbiosis-induced
disruption of this endocrine coupling alters hormonal feedback and excitatory—-inhibitory
balance within limbic circuits, impairing motivation, cognitive control, and affective
regulation.??

Remaining questions

How these hormone signals reach the CNS once released into the bloodstream, and the brain
regions they functionally influence remain unclear. The effects of contextual factors, such as
nutritional status, gut environment, and microbiota composition, on this signaling pathway
are not fully understood. Furthermore, the temporal dynamics linking microbial metabolite
production, hormone secretion, and CNS responses require further elucidation.

Immune mechanisms
Gut microbiota influence local and systemic immune responses, contributing to
neuroinflammation and psychiatric symptomatology.29-31

Key evidence 1: commensal-induced immune training

Al Bander31 highlighted that early colonization by commensal microbes supports immune
maturation, including the formation of Peyer’s patches, Treg cells, and IgA-secreting plasma
cells, which are essential for maintaining homeostasis. Similarly, Mazmanian et al.32 showed
that polysaccharide A from Bacteroides fragilis promotes Treg expansion via Toll-like receptor
(TLR) 2, thereby protecting against experimental colitis and reinforcing the immune-
regulatory role of gut microbes.30,33-35

Key evidence 2: cytokine modulation and barrier integrity

Dysbiosis-induced damage to the gut epithelium enables microbial components, such as
lipopolysaccharide (LPS) and peptidoglycan, to translocate and trigger innate immune
responses through TLR and nucleotide-binding oligomerization domain-like receptor
pathways. These events lead to Th17 cell activation and increased levels of cytokines such
as interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-a, which are involved in
neuroinflammatory processes. At the same time, short-chain fatty acids (SCFAs) strengthen
epithelial integrity and modulate immune signaling by inhibiting histone deacetylases and
activating GPR109A and FFAR2, promoting Treg cell differentiation and IL-10 production.
Therefore, SCFA-producing gut microbes contribute to maintaining immune homeostasis
and regulating excessive inflammatory responses.29-31,34-37

Psychiatric relevance

Gut microbiota critically shape host immune signaling by regulating intestinal barrier
integrity, cytokine balance, and microglial activation. Sustained immune activation impairs
synaptic plasticity and monoaminergic transmission, disrupting fronto-limbic circuits that
regulate motivation, attention, and emotional control. Consequently, immune-mediated
neuroinflammation contributes to symptoms such as fatigue, cognitive slowing, and affective
dysregulation.29
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Remaining questions

The specific pathways through which gut-brain signals are transmitted via the immune
system, including the relative contributions of the bloodstream, lymphatic system, and vagus
nerve—immune interactions, remain unclear. In addition, how immune-mediated signals are
integrated with neural and hormonal gut-brain signals and how this integration influences
behavior, emotion, and cognition are not fully understood. Furthermore, the effects of
contextual and individual factors, such as age, sex, genetics, environment, and disease state,
on immune—gut-brain signaling require further investigation.

Tryptophan-kynurenine pathway

The gut microbiota modulates the tryptophan-kynurenine pathway by influencing host
indoleamine 2,3-dioxygenase (IDO) activity through microbial metabolites and immune
signaling. Dysbiosis often enhances kynurenine production at the expense of serotonin
synthesis, leading to neuroactive imbalances.38

Key evidence 1: activating IDO through microbial metabolites and immune signaling
Microbial components such as LPS and pathogen-associated molecular patterns stimulate
pattern recognition receptors, inducing cytokines such as interferon-y, TNF-a, and IL-6,
which in turn upregulate IDO-1. In addition, gut microbiota produce metabolites such

as SCFAs (e.g., butyrate) or tryptophan-derived indoles that deactivate IDO-1 via anti-
inflammatory signaling and aryl hydrocarbon receptor pathways.39

Psychiatric relevance

Gut microbiota can influence the kynurenine pathway by regulating immune system-associated
IDO-1 activity or modulating tryptophan availability. Clinical studies have demonstrated

that immune activation and microbial dysbiosis jointly promote IDO-1 induction, leading to
enhanced tryptophan catabolism and reduced serotonergic tone in circulation and in the brain,
which are mechanistically linked to affective and cognitive symptoms.40 A higher kynurenine/
tryptophan ratio and elevated IDO levels have been observed in patients with MDD and in those
with comorbid inflammation.#! These biochemical changes are associated with anhedonia,
cognitive fatigue, and blunted emotional reactivity, representing trans-diagnostic features
observed across mood and stress-related disorders.38

Remaining questions

How tryptophan—kynurenine metabolites produced in the gut differentially affect peripheral
immune and metabolic functions versus neural activity in the brain remains unclear.
Furthermore, the primary pathways and mechanisms through which these metabolites (e.g.,
kynurenine, kynurenic acid, and quinolinic acid) influence the CNS—whether via the vagus
nerve, immune signaling, or circulation—remain unclear.

The hypothalamic-pituitary-adrenal (HPA) axis

The HPA axis is the primary stress response system of the body, and it converts microbial
signals into hormonal outputs, such as cortisol, that significantly impact mood, cognition,
and overall physiology.42

Key evidence 1: causal effects on adrenal function

Liu et al.#3 conducted a two-sample Mendelian randomization analysis and identified

27 potential causal associations between specific microbial genera and adrenal gland
regions involved in the regulation of cortisol and aldosterone. Sellimonas enhances adrenal
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zona reticularis function, demonstrating the direct influence of gut microbes on adrenal
steroidogenesis pathways.43-45

Key evidence 2: microbial modulation of HPA reactivity: bidirectional feedback loop

Gut microbiota affect HPA axis function by regulating the hypothalamic release of
corticotropin-releasing hormone and pituitary production of adrenocorticotropic hormone
via microbial metabolites, such as SCFAs, bile acids (BAs), and microbial-associated
molecular patterns, that engage immune and endocrine receptors.23 These regulate
glucocorticoid secretion from the adrenal cortex, thereby influencing systemic cortisol/
corticosterone levels, as well as the circadian rhythms of stress hormone release.

Moreover, microbial neurotransmitters (GABA and serotonin precursors) and cytokine
signaling can directly influence afferent vagal pathways and central glucocorticoid receptor
sensitivity, underscoring the interplay between microbial-derived signaling molecules and
host neuroendocrine regulation.22,23,46,47

Concurrently, HPA activation by stress-induced cortisol can alter gut permeability and
microbial community structure, thereby facilitating a bidirectional feedback loop where
dysbiosis exacerbates HPA axis responsiveness through increased intestinal endotoxin
translocation.23,46-49 This integrated mechanistic framework reveals how microbial
modulation of HPA activity may contribute to psychiatric phenotype emergence and highlights
novel microbiota-targeted strategies for stress-related and mood disorders.23,46,47,49-52

Psychiatric relevance

The HPA axis mediates the stress response and is intimately linked to mood and anxiety
regulation. HPA dysregulation, often driven by gut microbial perturbations, can impair limbic
circuitry and neuroplasticity, linking microbial signals to a broad spectrum of psychiatric
symptoms (mood lability, anxiety, and cognitive slowing) across depression, anxiety,
schizophrenia, and other disorders.53 Excess glucocorticoids from HPA overdrive impair
hippocampal and prefrontal function, contributing to memory deficits, negative affect, and
rumination in these conditions.5!

Remaining questions

How HPA axis—mediated hormonal signals are integrated with vagus nerve activity,
cytokines, and neurotransmitters within the gut-brain signaling network remain unclear.
Furthermore, the effects of contextual and individual factors, such as stress, inflammation,
nutritional status, age, and sex, on HPA-gut-brain interactions require further investigation.

Bile acid signaling (farnesoid X receptor [FXR]/takeda G protein-coupled
receptor 5 [TGR5])

Microbial transformation of primary BAs into secondary BAs generates a pool of metabolites
that can activate the nuclear receptor FXR and the TGRS, which regulate metabolic, immune,
and endocrine signaling. Activation of these receptors influences gut hormone release,
inflammatory tone, and vagal pathways. Through these mechanisms, FXR and TGRS serve as
key mediators linking gut microbiota to brain function.54

Key evidence 1: microbial modification of BAs

Gut microbes chemically transform host BAs, reshaping the pool of BA signaling molecules.
In the intestine, microbial bile salt hydrolases deconjugate primary BAs (e.g., cholic acid and
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chenodeoxycholic acid) into free BAs, and further enzymes (hydroxylases and dehydrogenases)
convert them into secondary BAs (deoxycholic acid, lithocholic acid, etc.).55 These microbial
transformations drastically alter the composition and abundance of circulating BAs that reach
host receptors. In effect, gut microbes control the ratio of primary-to-secondary BAs and thus
the repertoire of ligands available for nuclear and GPCR receptors (full term) such as FXR and
TGR5. Therefore, this microbe-driven modification of the BA pool is a critical first step linking
the microbiome to downstream FXR/TGRS5 signaling pathways.54,55

Key evidence 2: regulation of immune and inflammatory signaling

Microbiota-driven BAs serve as ligands for host receptors that modulate immunity. Activation
of the nuclear receptor FXR or the membrane receptor TGR5 by specific BAs suppresses
pro-inflammatory pathways: FXR inhibits NF-kB—mediated cytokine production and

TGRS dampens the NLRP3 inflammasome.56 In effect, a balanced BA pool maintains
immune homeostasis, whereas dysbiosis-induced shifts (e.g., excess deoxycholate) can
promote inflammatory signaling.

Key evidence 3: direct CNS effects

Certain BAs and their receptors act directly on the brain. BAs can cross the blood—brain barrier
or signal via vagal afferents, engaging CNS receptors (FXR and TGR5) to influence neurons and
glia. For instance, hippocampal TGR5 regulates synaptic plasticity; activating TGRS in mice
restored hippocampal synapse function and reduced anxiety-/depression-like behaviors.57

Psychiatric relevance

BAs link gut microbiota to brain function through FXR/TGR5 signaling. Dysregulated

BA profiles can induce neuroinflammation and affect neurotransmitter systems. Clinically,
an altered BA metabolism is associated with deficits in cognition and mood. For example,
disturbed BA patterns were found in cases of major depression and correlated with cognitive
impairment.58 Notably, certain secondary BAs (e.g., glyco- and tauro-ursodeoxycholic
acids) positively correlate with attention and memory performance, while others (e.g.,
glycolithocholic acid) correlate with poorer cognition.

Remaining questions

How contextual factors, including nutritional status, microbiota composition, inflammation,
and disease states, influence BA—gut-brain signaling is not fully understood. Furthermore,
the temporal dynamics and dose-response relationships between BA levels and GBA activity
require further elucidation.

Glial cell modulation

Gut microbiota influence glial cell function by producing metabolites such as SCFAs,
tryptophan derivatives, and secondary BAs. These microbial signals modulate microglia
and astrocyte activation, maturation, and inflammatory responses. Through this glial
regulation, the GBA affects neuroinflammation, synaptic function, and ultimately behavior
and cognition.59

Key evidence

Gut microbes produce metabolites that regulate glial development and activation.

In particular, bacterial SCFAs shape microglial maturation and phenotype. GF mice have
immature, dysfunctional microglia; however, supplying SCFAs (acetate, propionate, and
butyrate) restores their normal morphology and function. Moreover, SCFAs such as butyrate
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inhibit microglial pro-inflammatory cytokine production and promote a homeostatic,
anti-inflammatory microglial profile.60

Psychiatric relevance

Glial cells (microglia and astrocytes) modulate synaptic and inflammatory brain states.
Gut-driven glial activation alters neuroinflammatory tone and synaptic pruning, which

can profoundly affect psychiatric symptoms. Excessive microglial activation (e.g., from
dysbiosis) can lead to neuronal damage and excessive synaptic loss, disrupting networks for
cognition and emotion. Such glial dysregulation has been linked to symptoms like cognitive
fog, anhedonia, and heightened negative affects. In depression models, aberrant microglial
activation and cytokine release drive synaptic disruption and behavioral deficits.6!

Remaining questions

The specific glial cell types, such as microglia, astrocytes, or oligodendrocytes, that are
most responsive to gut-derived signals remain unclear. Furthermore, the regional specificity
of these effects within the CNS and their functional consequences have not been fully
characterized. In addition, the precise molecular signaling pathways through which gut-
derived metabolites, neurotransmitters, or cytokines modulate glial cell activity require
further elucidation.

DETERMINANTS OF GUT MICROBIOTA COMPOSITION
AND INTERINDIVIDUAL VARIATION

The human gut microbiota varies significantly among individuals owing to a combination of
genetic background, dietary habits, environmental exposure, and lifestyle choices.62-64

Geographical location and ethnicity

Geographical location and ethnicity are among the most well-recognized determinants of
gut microbiota composition. Environmental factors associated with geographic location,
including climate, sanitation, and dietary habits, have a significant influence on microbial
communities. Studies across populations have revealed that plant-based, fiber-rich diets
enrich Prevotella, while Western-style diets favor Bacteroides-dominated microbiomes.65

In contrast, ethnicity reflects intrinsic genetic differences (as well as socio-cultural factors)
and modulates gut microbial composition. Twin studies in European cohorts have identified
host genetic determinants influencing the abundance of several taxa, including the
heritable Christensenellaceae family.66,67 Furthermore, genome-wide association studies
reveal multiple host loci linked to microbial variation, establishing genotype-microbiome
associations across diverse ethnic backgrounds.6%68 However, environmental influences
outweigh host genetic effects, underscoring the dominance of environmental factors in
microbiome structuring.5

Age

Age affects the diversity and composition of the gut microbiome, with notable shifts during
adolescence and aging.% With age, the immune system undergoes immunosenescence,
marked by reduced adaptive responses, such as naive T cell production and an increase in
low-grade chronic inflammation, or “inflammaging.” This persistent, mild inflammation
disrupts the gut lining, increasing permeability and allowing harmful bacteria to outcompete
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beneficial microbes.”0,71 Aging also involves hormonal changes, such as reduced anabolic
hormones (growth hormone and sex steroids) and increased cortisol, which weaken the

gut barrier and alter microbial composition.”0 Together, immune and hormonal changes
alter gut conditions, reducing helpful SCFA-producing microbes and encouraging harmful
inflammatory bacteria. Studies in older cohorts consistently report reduced microbial
diversity and a weakened production of anti-inflammatory metabolites, which are linked to
frailty and metabolic decline.”276 These age-related changes in the gut microbiota—marked
by decreased diversity and reduced anti-inflammatory metabolites—may have broader
implications. Altered microbiome-immune interactions in later life have been associated
with increased susceptibility to neurodegenerative diseases and may contribute to the rising
prevalence of depressive disorders in the elderly population.7779

Sex

Sex is another biological factor that influences the composition of gut microbiota. Research
indicates that males and females have distinct gut microbial communities, partly due to
hormonal differences (i.e., estrogen and testosterone), which modulate gut physiology

and immune responses, and thus affect microbial communities.80,81 For instance, estrogen
is associated with an increased abundance of Lactobacillus species, which support gut

barrier integrity and immune modulation.82 Elevated testosterone selectively enriches BA-
transforming taxa, most notably Bacteroides vulgatus and Clostridium scindens, which possess
metabolic pathways for steroid and BA turnover.83 These sex-based differences in microbiota
may contribute to variations in disease susceptibility and treatment response, emphasizing
the importance of considering sex as a variable in microbiome-related research.80 Given that
the prevalence of psychiatric disorders such as depression and anxiety differs by sex,84 future
studies should examine whether sex-specific gut microbiota profiles contribute to differential
vulnerability to these conditions.

Diet

Diet has a long-lasting impact on gut microbiota. In the short term, dramatic shifts, such
as switching between plant-based and animal-based diets, can rapidly alter microbial
composition, often overpowering baseline individual differences within days.85 In contrast,
long-term dietary habits, particularly fiber, fat, and protein intake, gradually modulate the
diversity and metabolic function of gut microbes. Diets high in fiber, including resistant
starches and inulin, selectively promote the growth of SCFA-producing bacteria such

as Bifidobacterium and Faecalibacterium, which enhance gut barrier integrity and modulate
immune responses.86,87 In contrast, high saturated fat intake reduces microbial diversity
and promotes bile-tolerant, pro-inflammatory taxa (e.g., Alistipes and Bilophila), whereas
polyphenols and omega-3 fatty acids—found in plant-based foods and fish—support
beneficial microbes through prebiotic-like effects.85-87 Because chronic low-grade
inflammation plays a central role in the pathophysiology of many psychiatric disorders,
dietary patterns that enhance SCFA production and reduce inflammatory metabolites may
mitigate psychiatric risk.88-90 Over time, healthy eating habits promote a stable and balanced
microbiome. In contrast, diets consistently low in fiber or high in ultra-processed foods
can lead to dysbiosis, characterized by reduced microbial diversity, fewer SCFA-producing
bacteria, and a higher presence of opportunistic pathogens.

Pharmaceutical agents

Pharmaceutical agents can disrupt the gut microbial ecosystem, influencing its composition
and functional stability.91 Perturbations such as antibiotic use can disrupt microbial
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equilibrium, leading to decreased diversity and potential dysbiosis.9! In addition to
antibiotics, several non-antibiotic medications, including proton pump inhibitors

(PPIs), metformin, and psychotropic drugs, have been shown to affect gut microbial
composition.?2 PPIs can reduce microbial diversity by altering gastric pH, whereas metformin
has been associated with increased levels of beneficial taxa, such as Akkermansia muciniphila,
potentially contributing to its metabolic effects.93:94 Psychotropic medications, including
certain antidepressants and antipsychotics, influence microbial communities, which may
impact therapeutic efficacy and side effect profiles.95

A recent meta-analysis reported that antidepressant use is associated with reduced
microbial diversity and taxonomic shifts in humans, likely due to their antimicrobial
properties, suggesting effects similar to antibiotics on gut microbiota.% Typical and
atypical antipsychotics alter the gut microbiota and contribute to metabolic side effects
such as weight gain.97101 Proposed mechanisms include microbial suppression, increased
bile-tolerant species (e.g., elevated Firmicutes/Bacteroidetes ratio), impaired gut barrier,
and low-grade inflammation due to a “leaky gut.”9%99102 Importantly, although psychiatric
drugs can directly impact the microbiome, co-administered non-psychiatric medications
may indirectly modify the gut environment (e.g., via pH, BAs, or microbial competition),
thereby influencing metabolism and the clinical response to psychiatric treatments.103 This
highlights the need for a microbiome-aware, integrated prescribing approach, especially in
patients with polypharmacy.

GUT MICROBIOTA AND MAJOR PSYCHIATRIC DISORDERS

Depression

Reduced microbial diversity and increased pro-inflammatory taxa are common in patients
with MDD, suggesting a possible microbial contribution to the pathophysiology of the
disorder.104 Faecalibacterium prausnitzii, a key bacterium that produces butyrate and exhibits
anti-inflammatory properties, tends to be consistently reduced in patients with depression,
a pattern observed across nearly all studies investigating the link between gut microbiota and
depression.105107 Additionally, at the species level, Eubacterium rectale is consistently reduced
in patients with depression, reinforcing the loss of key butyrate producers observed across
cohorts.108 In contrast, B. fragilis and Bacteroides caccae are repeatedly found to be enriched

in depressive cohorts, with their high abundance linked to an increased inflammatory
potential and a compromised gut barrier integrity, supporting a microbial shift toward a pro-
inflammatory state in MDD.109

Recent meta-analyses have reported trends in microbial alterations in MDD, such as a
tendency toward a lower abundance of butyrate-producing genera, such as Coprococcus,
Butyricicoccus, Fusicatenibacter, and Romboutsia, and a higher abundance of pro-inflammatory
taxa, such as Eggerthella, Flavonifractor, and Streptococcus.109 Similarly, Liu et al.108 reported an
increased abundance of Desulfovibrio and EscherichiaShigella and reduced levels of Bifidobacterium,
suggesting a dysbiotic microbial profile potentially associated with inflammation and
neurotransmitter dysregulation. Inflammation derived from dysbiosis can shift host
tryptophan metabolism from serotonin synthesis toward the kynurenine pathway, increasing
neuroactive and potentially neurotoxic metabolites (e.g., quinolinic acid) that promote
excitotoxicity, oxidative stress, and impairment of synaptic plasticity. This biochemical

shift reduces central serotonin availability and disrupts synaptic plasticity, contributing to
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depressive phenotypes.110 Lactobacillus and Bifidobacterium produce GABA and regulate stress
responses via the HPA axis, whereas Escherichia and Streptococcus influence serotonin levels.

Anxiety

Individuals with anxiety disorders often exhibit reduced levels of SCFA-producing bacteria,
such as Faecalibacterium, Coprococcus, and Butyricicoccus, and elevated levels of pro-inflammatory
taxa, including Escherichia-Shigella, Fusobacterium, and Ruminococcus gnavus in their gut
microbiota. 111113 This pattern of reduced SCFA production, consistent with findings in other
psychiatric disorders, may underlie anxiety-related symptoms.114,115 Among these, LPS-
producing bacteria, such as Escherichia—Shigella, may trigger chronic peripheral inflammation
and promote dysregulation of the HPA axis, contributing to sustained stress responses

and anxiety symptomatology.116 E. rectale, a butyrate-producing Firmicutes species, has

been consistently reported to be reduced in patients with generalized anxiety disorder

and elevated trait anxiety.116 In contrast, Eggerthella lenta has frequently been found to be
enriched in anxiety cohorts, with its abundance positively correlated with anxiety severity

in several independent analyses. This species has been associated with anxiety and stress-
related phenotypes, possibly through its capacity to dehydroxylate host catecholamines

such as dopamine, thereby modulating neurotransmitter availability and gut-brain

signaling 115118 Similarly, Bacteroides uniformis has been reported to increase in individuals with
heightened stress or anxiety, although the magnitude of change varies across populations.
Its altered abundance has been linked to modulation of intestinal tight junction integrity
and tryptophan—serotonin metabolism, which may affect gut-brain signaling and stress
responsiveness.119,120

Schizophrenia

Altered gut microbial patterns contribute to the schizophrenia pathogenesis.12 Patients
with schizophrenia exhibit reduced microbial diversity and significant shifts in bacterial
composition, including decreased levels of beneficial bacteria such as Lactobacillus and
Bifidobacterium, and an increased abundance of pro-inflammatory taxa.122,123

Recent studies have identified specific microbial taxa associated with schizophrenia. For
instance, the abundance of A. muciniphila, a mucin-degrading bacterium, increases in
patients with schizophrenia, potentially contributing to gut barrier dysfunction and systemic
inflammation. Such mucosal barrier disruption allows microbial components, such as LPS,
to enter systemic circulation, activating microglia and promoting neuroinflammation,
processes closely tied to the exacerbation of schizophrenia symptoms.123 Similar to MDD and
anxiety, a decrease in SCFA-producing bacteria may contribute to gut-brain dysfunction in
schizophrenia.124

Streptococcus vestibularis has been repeatedly identified as enriched in patients with
schizophrenia, and its overrepresentation has been linked to behavioral alterations

and disrupted neurotransmitter metabolism in human-derived microbiota transfer
experiments.125 Flavonifractor plautii and Collinsella aerofaciens are enriched in patients with
schizophrenia, and their relative abundances were positively correlated with cognitive
impairment and systemic inflammation in a large metagenomic cohort.126

Autism spectrum disorder (ASD)

Distinct shifts in gut microbiota have been observed in individuals with aASD, suggesting
a possible microbiota-brain interaction in its pathophysiology. Individuals with ASD often
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exhibit gastrointestinal symptoms and reduced microbial diversity, characterized by
imbalance in specific bacterial taxa.104,127

Recent studies and meta-analyses have consistently demonstrated that individuals with
ASD exhibit distinct patterns of gut microbial dysbiosis. Beneficial bacteria, such as
Bifidobacterium longum and Bifidobacterium adolescentis, which play key roles in maintaining gut
health and producing GABA, tend to be low in patients with ASD.128,129 Similarly, major
SCFA-producing bacteria, including F. prausnitzii, B. pullicaecorum, and E. rectale, are frequently
depleted, which may be associated with gut barrier function, thus reducing the availability
of anti-inflammatory metabolites.130133 In contrast, elevated levels of potentially harmful
and pro-inflammatory taxa, such as Clostridium species, have been frequently observed

in ASD populations. These shifts have been linked to gastrointestinal disturbances and
systemic immune activation.130 Together, these findings suggest that altered gut microbiota
in ASD may be associated with neurodevelopmental features through immune modulation,
disrupted metabolite signaling, and impaired GBA.

Increased LPS-producing bacteria trigger peripheral inflammation that crosses the blood—
brain barrier, driving ASD-associated neuroinflammation.104,134

Bipolar disorder (BD)

Patients with BD exhibit distinct alterations in gut microbiota composition compared with
healthy individuals. A consistent finding is the reduced abundance of SCFA-producing
bacteria, such as F. prausnitzii, which may contribute to systemic inflammation, oxidative
stress, and impaired regulation of circadian and mitochondrial function—factors implicated
in mood stability.135:136 In addition, increased Eggerthella lenta and decreased Coprococcus
abundance have been repeatedly observed across bipolar cohorts, suggesting a shift toward

a pro-inflammatory and metabolically imbalanced gut ecosystem that may further disrupt
neurotransmitter homeostasis and emotional regulation.137

However, conflicting results have been reported in the literature for Lactobacillus in

BD. Getachew et al.138 reported that probiotics such as Lactobacillus may alleviate depressive-
like behavior by reducing gut IL-6, reflecting their anti-inflammatory effects. In contrast,
Painold et al.139 found that higher IL-6 levels correlated with increased Lactobacillus, Bacilli,
and Streptococcaceae. Notably, Lactobacillus was associated with reduced depressive symptoms,
suggesting that elevated IL-6 in patients with BD may be associated with symptom
improvement. A possible explanation for the conflicting results is confounding. Painold et
al.139 reported that BD patients with higher BMI had greater Lactobacillus abundance than
those with lower BMI, consistent with studies linking elevated Lactobacillus levels to obesity.
Additionally, although manic and depressive episodes have contrasting phenomenon,

some taxa showed changes in relative abundance in the same direction. Reininghaus et
al.140 reported that probiotics containing Lactobacillus and Bifidobacterium reduced depressive
symptoms and rumination in patients with BD, consistent with links to increased serotonin.
In contrast, Dickerson et al.141 found that these probiotics lowered rehospitalization

rates and improved manic symptoms, particularly in patients with high baseline
inflammation. These discrepancies suggest that inflammation may be a key mediator,

and overall the findings support connections between gut microbiota, inflammation,

and tryptophan.22135 These findings underscore that, in BD, interpreting gut microbiota
changes requires consideration of microbial functional capacity and ecological context, not
just taxonomic shifts.136
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Attention-deficit/hyperactivity disorder (ADHD)

Recent research has identified characteristic shifts in gut microbiota composition among
individuals with ADHD, which may be associated with aspects of ADHD pathophysiology.
Increased levels of Enterococcus and Bifidobacterium, both implicated in neurotransmitter
metabolism, have been reported in individuals with ADHD. Enterococcus species influence
dopamine metabolism via decarboxylase activity, which might be linked to attention and
executive function.142,143

Conversely, a reduction in F. prausnitzii, a key butyrate-producing bacterium with anti-
inflammatory properties, is associated with increased intestinal permeability.142,143 Such
increased permeability promotes the translocation of microbial components, such as

LPS, into the systemic circulation, thereby triggering immune responses and potentially
exacerbating symptoms of ADHD.142 In addition, a decreased abundance of other SCFA-
producing bacteria, such as members of the Ruminococcaceae family, has been reported in
patients with ADHD. A reduced SCFA-producing taxa may affect the GBA, which is relevant
in ADHD.136,142,144

Alzheimer’s disease (AD)

Recent meta-analyses have synthesized gut microbial alterations in AD and mild cognitive
impairment, consistently reporting reduced microbial diversity and specific taxonomic shifts.
Notably, a decrease in beneficial taxa such as F. prausnitzii and Bifidobacterium species—both

of which produce SCFAs and exhibit anti-inflammatory properties—has been repeatedly
observed.145150 These findings are further supported by individual studies reporting that
potentially harmful taxa, including members of the Bacteroidetes phylum and Escherichia-
Shigella, are frequently enriched in individuals with AD. These reductions weaken gut barrier
integrity and diminish anti-inflammatory signaling, promoting systemic inflammation. These
bacteria produce pro-inflammatory compounds such as LPS, which can cross a compromised
gut barrier, elevate systemic cytokine levels, and contribute to blood-brain barrier

disruption and amyloid-f accumulation.150453 Additionally, microbial alterations can impact
BA metabolism, influencing amyloid precursor protein processing and potentially accelerating
amyloid-f deposition.149,154 These factors converge to activate microglia, the brain’s

resident immune cells, which further sustain neuroinflammatory cascades and contribute to
cognitive decline.155,156 Taken together, gut dysbiosis in AD may promote neuroinflammation
and neurodegeneration through multiple interrelated immune and metabolic pathways,
emphasizing the central role of the microbiota-GBA in AD pathophysiology.

Research directions for using the microbiome as a psychiatric biomarker
Although numerous studies have reported associations between gut microbiota alterations
and psychiatric disorders, the majority of evidence remains correlational, limiting
conclusions about causality. Existing studies are often constrained by small sample sizes,
cross-sectional designs, and variability in sample collection, processing, and sequencing
methods, which may confound observed relationships. To address these limitations, future
research should utilize longitudinal designs, fecal microbiota transplantation studies, and
causal inference models to better establish mechanistic links between specific microbial taxa
and psychiatric phenotypes. Additionally, standardized protocols for sample handling and
multi-omics analyses, combined with rigorous control of potential confounders such as diet,
medication, and lifestyle factors, are essential to improve reproducibility and support the
development of microbiota-targeted interventions (Table 1).
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Table 1. Comparative summary of gut microbiota changes and gut-brain axis mechanisms across psychiatric disorders

Disorder Decreased taxa Increased taxa Potential mechanisms
Depression  Faecalibacterium,105-107 Eggerthella, ¥ SCFA-producing bacteria®108,109,182 - impaired gut barrier integrity10,109,153 -
Coprococcus, Butyricicoccus, Flavonifractor, LPS translocation & systemic inflammation10,109,153 - HPA axis activation22,23,45-47
Fusicatenibacter, Romboutsia,109 Streptococcus,109 - increased stress sensitivity23.46; \ Bifidobacterium & Lactobacillus®.10,22,108 -
Bifidobacterium108 Desulfovibrio, reduced GABA/serotonin synthesis21,22,109,182 -y mood dysregulation®109
Escherichia/Shigella108
Anxiety Faecalibacterium, Coprococcus, Escherichia-Shigella, ¥ SCFAs23,49,111-113 - wweakened epithelial junctions16 - increased permeability116;

Schizophrenia

ASD

Bipolar
disorder

ADHD

Alzheimer’s
disease

Butyricicoccus111-113

Lactobacillus, Bifidobacterium,
Faecalibacterium122,123

B. longum,

B. adolescentis, 128,129

F. prausnitzii, B. pullicaecorum,
E. rectale130-133
Faecalibacterium, Coprococcus,
Roseburial35,136

Faecalibacterium,143
Ruminococcaceael44

F. prausnitzii,
Bifidobacterium145-147

Fusobacterium,
R. gnavus11i-113

A. muciniphila,123
Eggerthella,
Streptococcusi24

Clostridium, Collinsella,
Escherichia/Shigella130

Lactobacillus,
Eggerthella,
Ruminococcus22,135

Enterococcus,
Bifidobacterium142,143

Escherichia/Shigella,
Bacteroidetes151-153

A LPS-producing taxal11,116 - peripheral inflammation & IL6/TNF-a release45,116

- HPA axis hyperactivation23.46,49 - sustained anxiety symptoms111,113; Microbial
influence on tryptophan metabolism?22,109 - impaired serotonin signaling22.183
Dysbiosis122-124 5 peripheral immune activation123,124 - 4 pro-inflammatory
cytokines124,184 - blood-brain barrier penetration124 - neuroinflammation123,184; |,
SCFAs & neuromodulators®:22,123 - dopamine/glutamate dysregulation123,185; n A,
muciniphilal23 - mucosal erosion123 - LPS leakage23 - microglial activation123,184
¥ SCFA, GABA, serotonin precursors130-133,186- disrupted neuronal maturation

& signaling130,133,186; 4 | PS-producing & inflammatory taxal30:134 - immune
activation130,134 5 neuroinflammation130,134; Compromised gut barrier130,133 -
systemic antigen exposure130 - impaired gut-brain communication130

¥ SCFAs135,136,187 - gut barrier disruption187,188 - “leaky gut”187,189 -
endotoxemial87,188 - systemic & neuroinflammation187,189; | pS189 - T R4
activation189 - 1 pro-inflammatory cytokines187,189 > HPA overactivation22,23,45-47
- mood instability135,136; Mitochondrial & circadian dysregulation136 - oxidative
stress136

¥ SCFA-producing bacterial36,142-144 - elevated zonulin/occludin90 - tight junction
disruption90 - 4 gut permeability290; LPS translocation191 - immune activation (™
IL-6 and TNF-0)191; 1 Enterococcus42,143 - dopamine modulation via decarboxylase
activity142,143 - altered attention & impulse control142

¥ SCFAs & anti-inflammatory microbes145-147,192 - impaired barrier integrity

& immune regulation147,192; 2 | PS-producing taxal51-153 - systemic
inflammation151-153 - blood-brain barrier disruption152,153 - microglial activation &
neurodegeneration155,156,193; Altered bile acid metabolism154 -> amyloidogenic APP
processing154 > AP aggregation154

SCFA = short-chain fatty acid, LPS = lipopolysaccharide, HPA axis = hypothalamic-pituitary-adrenal axis, GABA = gamma-aminobutyric acid, IL-6 = interleukin-6,
TNF-o = tumor necrosis factor-alpha, ASD = autism spectrum disorder, TLR4 = Toll-like receptor 4, ADHD = attention-deficit/hyperactivity disorder, A = amyloid-
beta, APP = amyloid precursor protein.
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THERAPEUTIC APPROACHES AND CLINICAL IMPLICATIONS

Probiotics, prebiotics, and psychobiotics

Probiotics are live microorganisms that, when administered in sufficient amounts, confer
health benefits to the host by modulating the gut microbiota and supporting intestinal and
immune functions.157 Prebiotics are non-digestible food components—typically fermentable
fibers, such as inulin or fructooligosaccharides—that selectively stimulate the growth and
activity of beneficial bacteria, such as Bifidobacterium and Lactobacillus, leading to increased
production of SCFAs.158 Psychobiotics, a term first introduced by Dinan and Cryan, are
beneficial bacteria (probiotics) or a support for such bacteria (prebiotics) that exert mental
health benefits by modulating the GBA through immune regulation, HPA axis modulation,
and the production of neuroactive compounds.159,160

Based on these definitions, a growing body of research is examining how probiotics and
prebiotics can affect mood, cognition, and stress-related behavioral factors. Mechanistically,
their effects involve enhancement of gut barrier integrity, suppression of systemic

inflammation via cytokine modulation, and alteration of central neurotransmitter

levels.? For instance, administering Lactobacillus rhamnosus to mice has been shown to

reduce anxiety-like behavior and altered GABA receptor expression in a vagus nerve-

dependent manner.15 Several clinical studies support the psychotropic potential of specific
strains. A 30-day administration of Lactobacillus helveticus ROO52 and B. longum RO175 in
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healthy adults has been shown to reduce HADS-anxiety and HSCL-90 scores and lower
salivary cortisol levels.161 Similarly, B. longum NCC3001 significantly improved depression
scores in patients with irritable bowel syndrome, although its anxiolytic effects were not
significant.162 In patients with MDD, adjunctive treatment with high-dose multistrain
probiotics for 31 days resulted in a greater reduction in Hamilton Depression Rating Scale

Gut Microbiota and Psychiatric Symptoms

scores than placebo, with increases in Lactobacillus abundance correlating with symptom
improvement.163 However, not all findings have been consistently positive. An 8-week
randomized trial of L. helveticus and B. longum in patients with mild to moderate depression
showed only modest improvements, with no significant differences in depressive
symptoms or biological markers compared to placebo.164 Similarly, several studies in
healthy populations have failed to identify significant changes in global mood or anxiety
scores, possibly due to short trial durations, mild baseline symptomatology, or insufficient
control for confounders such as diet, sleep, and physical activity.165 In addition, existing
trials have shown considerable diversity in terms of specific probiotic strains, dosage and
duration of intervention, and study populations, resulting in substantial heterogeneity
across outcomes. Baseline microbiome composition, psychiatric disease severity, and even
placebo effects further contribute to the inconsistent findings.112 Moreover, most studies
have been conducted with relatively small sample sizes, often fewer than 100 participants,
which limit statistical power and genralizabilty.96 These inconsistencies necessitate
further well-designed, large-scale randomized controlled trials. Future studies should
incorporate stratified randomization based on psychiatric severity, control lifestyle factors,
and utilize multidimensional endpoints including neuroimaging and inflammatory
biomarkers.166 Careful selection of strains and standardized dosing regimens are also
important for standardizing interventions. Long-term follow-up is essential to determine the
durability and clinical utility of psychobiotic interventions in psychiatric populations.

Dietary interventions and gut health management

Recent clinical trials have demonstrated that specific dietary interventions can positively
influence psychiatric symptoms by modulating the gut microbiota. For instance,

the SMILES trial showed that adherence to a modified Mediterranean diet combined with
dietary support achieved significantly lower depressive symptoms and higher remission
rates in patients with MDD than the social support control group.167 The dietary protocol
used in this study is further detailed by Opie et al.168 Fermented food consumption has been
linked to improved mental health. In a recent randomized trial, participants who followed
a high-fermented food diet, including yogurt, kefir, kimchi, and kombucha, for 10 weeks
exhibited increased gut microbiota diversity and reduced levels of inflammatory markers,
such as IL-6, suggesting potential benefits for emotional regulation.169 Prebiotics, such

as galacto-oligosaccharides (GOS), have demonstrated anxiolytic potential. Schmidt et
al.170 conducted a randomized controlled trial showing that GOS supplementation reduced
salivary cortisol and attentional vigilance to negative stimuli in healthy adults, indicating
reduced stress reactivity. Additionally, polyphenol-rich diets—foods such as berries, cocoa,
and green tea—have been associated with improved cognition and mood, likely through
anti-inflammatory and neuroprotective mechanisms.171 These findings suggest that dietary
strategies emphasizing fiber, fermented foods, prebiotics, and polyphenols are effective
adjunctive tools in managing psychiatric symptoms by restoring gut microbial balance

and reducing systemic inflammation. Nevertheless, current dietary intervention studies

are relatively few, often limited by small sample sizes and heterogeneity in study design,
making it difficult to generalize their efficacy across diverse psychiatric populations. Larger,
well-controlled trials are warranted to confirm these preliminary benefits (Table 2).
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Table 2. Microbiota-targeted interventions in psychiatric disorders

Intervention type Intervention Potential benefits Study design

Probiotics Lactobacillus helveticus RO052,161 Modulate neurotransmitters161,163 and RCT161,163,164
Bifidobacterium longum R0175,163 multistrain  reduce inflammation164

Prebiotics Fructooligosaccharides165,166 Enhance gut microbiota activity and SCFA production165,166 -

Psychobiotics L. rhamnosus,15 B. longum NCC3001162 Reduce anxiety and depression symptoms15,162 Preclinical5; clinical trial162

Dietary Mediterranean diet,167 high-fermented foods,168 Improve microbial diversity,167 SCFA production,168 and RCT& observational167-169

interventions

polyphenol-rich foods169

mood regulation162

RCT = randomized controlled trial, SCFA = short-chain fatty acid.
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PERSONALIZED MICROBIOTA-BASED THERAPIES AND
FUTURE DIRECTIONS

Advancements in microbiome research have facilitated personalized interventions
targeting the GBA. Variations in gut microbiota composition among individuals highlight
the potential benefits of personalized approaches, including tailored medication

choices, dose optimization, targeted probiotics, and dietary interventions, for managing
psychiatric disorders. The response of the gut microbiota to the antimicrobial effects

of escitalopram may be related to its antidepressant efficacy, with individual differences
observed. The remitter group showed higher microbial diversity and network robustness,
indicating greater resistance to the antidepressant’s antimicrobial effects, possibly due

to the presence of spore-forming species. Therefore, spore-forming species are potential
biomarkers for antidepressant response, enabling the personalization of medication type
and dosage.172 Regarding adjunctive pre- or probiotic therapy, although a recent systematic
review suggested that the combination of probiotics with selective serotonin reuptake
inhibitors (SSRIs) was more effective in treating MDD and generalized anxiety disorder than
SSRI monotherapy, generalization remains limited owing to the heterogeneity of probiotic
strains used across studies.173 Further research is warranted to identify strain-specific
probiotic interventions tailored to individual gut microbiome profiles, aiming to improve
psychiatric symptoms. Regarding dietary interventions, a paucity of high-quality randomized
controlled trials demonstrating that diet-induced normalization of disease-associated
dysbiosis is causally linked to clinical improvements exists. Until the objective therapeutic
effects of specific dietary interventions are established, clinical applications remain

largely limited to recommending a healthy, predominantly plant-based diet that resembles
the traditional Mediterranean diet.17 In this context, emphasizing that microbiota-
targeted strategies (including probiotic and prebiotic use and dietary interventions)

should be regarded as adjunctive approaches, which complement rather than replace
established psychiatric treatments, is important. Positioning these strategies as supportive
helps manage expectations and prevents overstatement of their current role in clinical
care.112,175,176 Future studies may benefit from adopting a personalized medicine framework
grounded in individual gut microbiota profiling. Metagenomic or metatranscriptomic
analyses can characterize patient-specific microbial compositions and functional pathways.
Additionally, by leveraging large-scale microbiome datasets, Al can identify latent patterns
or subtypes within microbial communities that may not be evident through conventional
analyses.177 These data-driven classifications can stratify individuals into distinct microbiota-
based phenotypes, which can inform the selection of specific probiotic strains, prebiotic
compounds, or dietary components tailored to the individual’s microbial and functional
profile. Moreover, integrating microbial, clinical, and behavioral data into an Al-driven
framework may enable predictive modeling of treatment response, allowing for more
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dynamic and adaptive therapeutic strategies.178 Longitudinal studies combining multi-

Gut Microbiota and Psychiatric Symptoms

omics data with machine learning-based feedback loops remain warranted to validate the
effectiveness and scalability of such personalized interventions. Stool microbiome-guided
personalization of medication, supplements, and diet may offer an effective strategy for
managing psychiatric symptoms, particularly in treatment-refractory conditions.

Multi-omics analyses face significant challenges at both the experimental and computational
levels. Experimentally, each omics layer requires optimized sample processing, as variations
in collection, storage, and extraction can substantially influence downstream results. For
example, one study evaluating 21 DNA extraction protocols found that the extraction method
had the greatest impact on metagenomic results, highlighting the need for a standardized,
consensus-based processing pipeline.179:180 Extending such standardized procedures

across multiple institutions and larger datasets is inherently challenging, not only because
of resource demands but also because of ethical considerations such as data privacy and
informed consent. Computationally, AlI-based analyses must contend with heterogeneous
datasets, missing or noisy data, high dimensionality relative to sample size, and the need for
models that are both robust and interpretable, complicating the extraction of biologically
meaningful insights.181 Addressing both experimental and computational limitations is
therefore essential for reliable multi-omics research.

CONCLUSION

Understanding how gut microbial alterations affect brain signaling and mental health
remains an active area of research. Although establishing causality remains a challenge
owing to the complex and bidirectional nature of gut-brain interactions, evidence has
shown that gut dysbiosis is involved in the pathogenesis of psychiatric disorders, such as
depression, anxiety, and schizophrenia. Emerging studies have suggested that modulating
the gut microbiota through interventions, including probiotic and prebiotic use and dietary
changes, offers novel avenues for treatment. To advance personalized medicine, future
research should use Al algorithms to distinguish individual gut microbiota patterns and
tailor interventions accordingly.

ACKNOWLEDGMENTS

The authors appreciate the Green Ribbon Project of Ewha Womans University College of
Medicine for their support of this work. We would like to express our sincere gratitude to Sina
Kim for her valuable assistance during the revision process.

REFERENCES

1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders
in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet Psychiatry 2022;9(2):137-50. PUBMED | CROSSREF

2. Yan G, Zhang Y, Wang S, Yan Y, Liu M, Tian M, et al. Global, regional, and national temporal trend in
burden of major depressive disorder from 1990 to 2019: an analysis of the global burden of disease study.
Psychiatry Res 2024;337:115958.  PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 17/26


http://www.ncbi.nlm.nih.gov/pubmed/35026139
https://doi.org/10.1016/S2215-0366(21)00395-3
http://www.ncbi.nlm.nih.gov/pubmed/38772160
https://doi.org/10.1016/j.psychres.2024.115958

Gut Microbiota and Psychiatric Symptoms

JKMS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24,

25.

26.

27.

. Arias D, Saxena S, Verguet S. Quantifying the global burden of mental disorders and their economic

value. EClinicalMedicine 2022;54:101675. PUBMED | CROSSREF

. Deacon BJ. The biomedical model of mental disorder: a critical analysis of its validity, utility, and effects

on psychotherapy research. Clin Psychol Rev 2013;33(7):846-61. PUBMED | CROSSREF

. Vita A, Minelli A, Barlati S, Deste G, Giacopuzzi E, Valsecchi P, et al. Treatment-resistant schizophrenia:

genetic and neuroimaging correlates. Front Pharmacol 2019;10:402. PUBMED | CROSSREF

. Potkin SG, Kane JM, Correll CU, Lindenmayer JP, Agid O, Marder SR, et al. The neurobiology of

treatment-resistant schizophrenia: paths to antipsychotic resistance and a roadmap for future research.
NPJ Schizophr2020;6(1):1. PUBMED | CROSSREF

. Howes OD, Thase ME, Pillinger T. Treatment resistance in psychiatry: state of the art and new directions.

Mol Psychiatry 2022;27(1):58-72. PUBMED | CROSSREF

. Rathore K, Shukla N, Naik S, Sambhav K, Dange K, Bhuyan D, et al. The bidirectional relationship

between the gut microbiome and mental health: a comprehensive review. Cureus 2025;17(3):e80810.
PUBMED | CROSSREF

. Cryan JF, O’Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme M, et al. The microbiota-

gut-brain axis. Physiol Rev 2019;99(4):1877-2013. PUBMED | CROSSREF

Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes and mental health: a review. Brain Behav
Immun 2017;66:9-17. PUBMED | CROSSREF

Kasarello K, Cudnoch-Jedrzejewska A, Czarzasta K. Communication of gut microbiota and brain via
immune and neuroendocrine signaling. Front Microbiol 2023;14:1118529. PUBMED | CROSSREF

Petra Al, Panagiotidou S, Hatziagelaki E, Stewart JM, Conti P, Theoharides TC. Gut-microbiota-brain

axis and its effect on neuropsychiatric disorders with suspected immune dysregulation. Clin Ther
2015;37(5):984-95. PUBMED | CROSSREF

Gubert C, Gasparotto J, H Morais L. Convergent pathways of the gut microbiota-brain axis and
neurodegenerative disorders. Gastroenterol Rep (Oxf) 2022;10:goac0O17. PUBMED | CROSSREF

Jameson KG, Kazmi SA, Ohara TE, Son C, Yu KB, Mazdeyasnan D, et al. Select microbial metabolites

in the small intestinal lumen regulate vagal activity via receptor-mediated signaling. iScience
2024;28(2):111699. PUBMED | CROSSREF

Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac HM, Dinan TG, et al. Ingestion of Lactobacillus
strain regulates emotional behavior and central GABA receptor expression in a mouse via the vagus nerve.
Proc Natl Acad Sci U S A 2011;108(38):16050-5.  PUBMED | CROSSREF

Bohorquez DV, Shahid RA, Erdmann A, Kreger AM, Wang Y, Calakos N, et al. Neuroepithelial circuit formed
by innervation of sensory enteroendocrine cells. J Clin Invest 2015;125(2):782-6.  PUBMED | CROSSREF
Kaelberer MM, Rupprecht LE, Liu WW, Weng P, Bohorquez DV. Neuropod cells: the emerging biology of
gut-brain sensory transduction. Annu Rev Neurosci 2020;43(1):337-53.  PUBMED | CROSSREF

Thayer JF, Sternberg EM. Neural aspects of immunomodulation: focus on the vagus nerve. Brain Behav
Immun 2010;24(8):1223-8. PUBMED | CROSSREF

Chen Y, Xu]J, Chen Y. Regulation of neurotransmitters by the gut microbiota and effects on cognition in
neurological disorders. Nutrients 2021;13(6):2099. PUBMED | CROSSREF

Miri S, Yeo J, Abubaker S, Hammami R. Neuromicrobiology, an emerging neurometabolic facet of the gut
microbiome? Front Microbiol 2023;14:1098412. PUBMED | CROSSREF

Strandwitz P. Neurotransmitter modulation by the gut microbiota. Brain Res 2018;1693(Pt B):128-33.
PUBMED | CROSSREF

QuS, YuZ, Zhou Y, Wang S, Jia M, Chen T, et al. Gut microbiota modulates neurotransmitter and gut-
brain signaling. Microbiol Res 2024;287:127858. PUBMED | CROSSREF

Rusch JA, Layden BT, Dugas LR. Signalling cognition: the gut microbiota and hypothalamic-pituitary-
adrenal axis. Front Endocrinol (Lausanne) 2023;14:1130689. PUBMED | CROSSREF

Diaz Heijtz R, Wang S, Anuar F, Qian Y, Bjérkholm B, Samuelsson A, et al. Normal gut microbiota
modulates brain development and behavior. Proc Natl Acad Sci U S A2011;108(7):3047-52.  PUBMED | CROSSREF
Toledo M, Martinez-Martinez S, Van Hul M, Laudo B, Eyre E, Pelicaen R, et al. Rapid modulation of

gut microbiota composition by hypothalamic circuits in mice. Nat Metab2025;7(6):1123-35.  PUBMED |
CROSSREF

Margolis KG, Cryan JF, Mayer EA. The microbiota-gut-brain axis: from motility to mood. Gastroenterology
2021;160(5):1486-501. PUBMED | CROSSREF

LohJS, Mak WQ, Tan LKS, Ng CX, Chan HH, Yeow SH, et al. Microbiota-gut-brain axis and its therapeutic
applications in neurodegenerative diseases. Signal Transduct Target Ther 2024;9(1):37. PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 18/26


http://www.ncbi.nlm.nih.gov/pubmed/36193171
https://doi.org/10.1016/j.eclinm.2022.101675
http://www.ncbi.nlm.nih.gov/pubmed/23664634
https://doi.org/10.1016/j.cpr.2012.09.007
http://www.ncbi.nlm.nih.gov/pubmed/31040787
https://doi.org/10.3389/fphar.2019.00402
http://www.ncbi.nlm.nih.gov/pubmed/31911624
https://doi.org/10.1038/s41537-019-0090-z
http://www.ncbi.nlm.nih.gov/pubmed/34257409
https://doi.org/10.1038/s41380-021-01200-3
http://www.ncbi.nlm.nih.gov/pubmed/40255763
https://doi.org/10.7759/cureus.80810
http://www.ncbi.nlm.nih.gov/pubmed/31460832
https://doi.org/10.1152/physrev.00018.2018
http://www.ncbi.nlm.nih.gov/pubmed/28131791
https://doi.org/10.1016/j.bbi.2017.01.016
http://www.ncbi.nlm.nih.gov/pubmed/36760508
https://doi.org/10.3389/fmicb.2023.1118529
http://www.ncbi.nlm.nih.gov/pubmed/26046241
https://doi.org/10.1016/j.clinthera.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/35582476
https://doi.org/10.1093/gastro/goac017
http://www.ncbi.nlm.nih.gov/pubmed/39877906
https://doi.org/10.1016/j.isci.2024.111699
http://www.ncbi.nlm.nih.gov/pubmed/21876150
https://doi.org/10.1073/pnas.1102999108
http://www.ncbi.nlm.nih.gov/pubmed/25555217
https://doi.org/10.1172/JCI78361
http://www.ncbi.nlm.nih.gov/pubmed/32101483
https://doi.org/10.1146/annurev-neuro-091619-022657
http://www.ncbi.nlm.nih.gov/pubmed/20674737
https://doi.org/10.1016/j.bbi.2010.07.247
http://www.ncbi.nlm.nih.gov/pubmed/34205336
https://doi.org/10.3390/nu13062099
http://www.ncbi.nlm.nih.gov/pubmed/36733917
https://doi.org/10.3389/fmicb.2023.1098412
http://www.ncbi.nlm.nih.gov/pubmed/29903615
https://doi.org/10.1016/j.brainres.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/39106786
https://doi.org/10.1016/j.micres.2024.127858
http://www.ncbi.nlm.nih.gov/pubmed/37404311
https://doi.org/10.3389/fendo.2023.1130689
http://www.ncbi.nlm.nih.gov/pubmed/21282636
https://doi.org/10.1073/pnas.1010529108
http://www.ncbi.nlm.nih.gov/pubmed/40263603
https://doi.org/10.1038/s42255-025-01280-3
http://www.ncbi.nlm.nih.gov/pubmed/33493503
https://doi.org/10.1053/j.gastro.2020.10.066
http://www.ncbi.nlm.nih.gov/pubmed/38360862
https://doi.org/10.1038/s41392-024-01743-1

Gut Microbiota and Psychiatric Symptoms

JKMS

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Zeng Y, Wu Y, Zhang Q, Xiao X. Crosstalk between glucagon-like peptide 1 and gut microbiota in
metabolic diseases. MBio 2024;15(1):e0203223. PUBMED | CROSSREF

O’Riordan KJ, Moloney GM, Keane L, Clarke G, Cryan JF. The gut microbiota-immune-brain axis:
therapeutic implications. Cell Rep Med 2025;6(3):101982. PUBMED | CROSSREF

Forbes JD, Van Domselaar G, Bernstein CN. The gut microbiota in immune-mediated inflammatory
diseases. Front Microbiol 2016;7:1081. PUBMED | CROSSREF

Al Bander Z, Nitert MD, Mousa A, Naderpoor N. The gut microbiota and inflammation: an overview. Int ]
Environ Res Public Health 2020;17(20):7618. PUBMED | CROSSREF

Mazmanian SK, Round JL, Kasper DL. A microbial symbiosis factor prevents intestinal inflammatory
disease. Nature 2008;453(7195):620-5. PUBMED | CROSSREF

Maciel-Fiuza MF, Muller GC, Campos DMS, do Socorro Silva Costa P, Peruzzo J, Bonamigo RR, et al. Role
of gut microbiota in infectious and inflammatory diseases. Front Microbiol 2023;14:1098386. PUBMED |
CROSSREF

Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immunity in health and disease. Cell
Res 2020;30(6):492-506. PUBMED | CROSSREF

Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell2014;157(1):121-41.
PUBMED | CROSSREF

Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, et al. Microbiota in health and diseases. Signal
Transduct Target Ther 2022;7(1):135. PUBMED | CROSSREF

Di Vincenzo F, Del Gaudio A, Petito V, Lopetuso LR, Scaldaferri F. Gut microbiota, intestinal permeability,
and systemic inflammation: a narrative review. Intern Emerg Med 2024;19(2):275-93. PUBMED | CROSSREF

Fellendorf FT, Bonkat N, Dalkner N, Schonthaler EMD, Manchia M, Fuchs D, et al. Indoleamine
2,3-dioxygenase (IDO)-activity in severe psychiatric disorders: a systemic review. Curr Top Med Chem
2022;22(25):210718. PUBMED | CROSSREF

Dehhaghi M, Kazemi Shariat Panahi H, Heng B, Guillemin GJ. The gut microbiota, kynurenine pathway,
and immune system interaction in the development of brain cancer. Front Cell Dev Biol 2020;8:562812.
PUBMED | CROSSREF

OuW, ChenY, JuY, Ma M, QinY, BiY, et al. The kynurenine pathway in major depressive disorder under
different disease states: a systematic review and meta-analysis. ] Affect Disord 2023;339:624-32. PUBMED |
CROSSREF

Lin P, Li D, ShiY, Li Q, Guo X, Dong K, et al. Dysbiosis of the gut microbiota and kynurenine

(Kyn) pathway activity as potential biomarkers in patients with major depressive disorder. Nutrients
2023;15(7):1752.  PUBMED | CROSSREF

Bear T, Dalziel J, Coad J, Roy N, Butts C, Gopal P. The microbiome-gut-brain axis and resilience to
developing anxiety or depression under stress. Microorganisms 2021;9(4):723. PUBMED | CROSSREF
LiuT,JiH, LiZ, Luan Y, Zhu C, Li D, et al. Gut microbiota causally impacts adrenal function: a two-
sample mendelian randomization study. Sci Rep 2024;14(1):23338. PUBMED | CROSSREF

Zhang YY, Liu YW, Chen BX, Wan Q. Association between gut microbiota and adrenal disease: a two-
sample Mendelian randomized study. Front Cell Infect Microbiol 2024;14:1421128. PUBMED | CROSSREF
Jiang M, Kang L, Wang YL, Zhou B, Li HY, Yan Q, et al. Mechanisms of microbiota-gut-brain axis
communication in anxiety disorders. Front Neurosci 2024;18:1501134. PUBMED | CROSSREF
Charalambous EG, Mériaux SB, Guebels P, Muller CP, Leenen FAD, Elwenspoek MMC, et al. The oral
microbiome is associated with HPA axis response to a psychosocial stressor. Sci Rep 2024;14(1):15841.
PUBMED | CROSSREF

Lee SH, Han C, Shin C. IUPHAR review: microbiota-gut-brain axis and its role in neuropsychiatric
disorders. Pharmacol Res 2025;216:107749. PUBMED | CROSSREF

Kietbik P, Witkowska-Pitaszewicz O. The relationship between canine behavioral disorders and gut
microbiome and future therapeutic perspectives. Animals (Basel) 2024;14(14):2048. PUBMED | CROSSREF
Bertollo AG, Santos CF, Bagatini MD, Ignacio ZM. Hypothalamus-pituitary-adrenal and gut-brain axes in
biological interaction pathway of the depression. Front Neurosci 2025;19:1541075.  PUBMED | CROSSREF
Wang IC, Buffington SA, Salas R. Microbiota-gut-brain axis in psychiatry: focus on depressive disorders.
Curr Epidemiol Rep 2024;11(4):222-32.  PUBMED | CROSSREF

Mikulska J, Juszczyk G, Gawronska-Grzywacz M, Herbet M. HPA axis in the pathomechanism

of depression and schizophrenia: new therapeutic strategies based on its participation. Brain Sci
2021;11(10):1298. PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 19/26


http://www.ncbi.nlm.nih.gov/pubmed/38055342
https://doi.org/10.1128/mbio.02032-23
http://www.ncbi.nlm.nih.gov/pubmed/40054458
https://doi.org/10.1016/j.xcrm.2025.101982
http://www.ncbi.nlm.nih.gov/pubmed/27462309
https://doi.org/10.3389/fmicb.2016.01081
http://www.ncbi.nlm.nih.gov/pubmed/33086688
https://doi.org/10.3390/ijerph17207618
http://www.ncbi.nlm.nih.gov/pubmed/18509436
https://doi.org/10.1038/nature07008
http://www.ncbi.nlm.nih.gov/pubmed/37051522
https://doi.org/10.3389/fmicb.2023.1098386
http://www.ncbi.nlm.nih.gov/pubmed/32433595
https://doi.org/10.1038/s41422-020-0332-7
http://www.ncbi.nlm.nih.gov/pubmed/24679531
https://doi.org/10.1016/j.cell.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/35461318
https://doi.org/10.1038/s41392-022-00974-4
http://www.ncbi.nlm.nih.gov/pubmed/37505311
https://doi.org/10.1007/s11739-023-03374-w
http://www.ncbi.nlm.nih.gov/pubmed/35850653
https://doi.org/10.2174/1568026622666220718155616
http://www.ncbi.nlm.nih.gov/pubmed/33330446
https://doi.org/10.3389/fcell.2020.562812
http://www.ncbi.nlm.nih.gov/pubmed/37467793
https://doi.org/10.1016/j.jad.2023.07.078
http://www.ncbi.nlm.nih.gov/pubmed/37049591
https://doi.org/10.3390/nu15071752
http://www.ncbi.nlm.nih.gov/pubmed/33807290
https://doi.org/10.3390/microorganisms9040723
http://www.ncbi.nlm.nih.gov/pubmed/39375408
https://doi.org/10.1038/s41598-024-73420-w
http://www.ncbi.nlm.nih.gov/pubmed/39055981
https://doi.org/10.3389/fcimb.2024.1421128
http://www.ncbi.nlm.nih.gov/pubmed/39717701
https://doi.org/10.3389/fnins.2024.1501134
http://www.ncbi.nlm.nih.gov/pubmed/38982178
https://doi.org/10.1038/s41598-024-66796-2
http://www.ncbi.nlm.nih.gov/pubmed/40306604
https://doi.org/10.1016/j.phrs.2025.107749
http://www.ncbi.nlm.nih.gov/pubmed/39061510
https://doi.org/10.3390/ani14142048
http://www.ncbi.nlm.nih.gov/pubmed/39981404
https://doi.org/10.3389/fnins.2025.1541075
http://www.ncbi.nlm.nih.gov/pubmed/40130013
https://doi.org/10.1007/s40471-024-00349-z
http://www.ncbi.nlm.nih.gov/pubmed/34679364
https://doi.org/10.3390/brainsci11101298

Gut Microbiota and Psychiatric Symptoms

JKMS

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Misiak B, Loniewski I, Marlicz W, Frydecka D, Szulc A, Rudzki L, et al. The HPA axis dysregulation in
severe mental illness: can we shift the blame to gut microbiota? Prog Neuropsychopharmacol Biol Psychiatry
2020;102:109951. PUBMED | CROSSREF

Makris G, Agorastos A, Chrousos GP, Pervanidou P. Stress system activation in children and adolescents
with autism spectrum disorder. Front Neurosci 2022;15:756628. PUBMED | CROSSREF

Collins SL, Stine JG, Bisanz JE, Okafor CD, Patterson AD. Bile acids and the gut microbiota: metabolic
interactions and impacts on disease. Nat Rev Microbiol 2023;21(4):236-47. PUBMED | CROSSREF

Dong Z, Yang S, Tang C, Li D, Kan Y, Yao L. New insights into microbial bile salt hydrolases: from
physiological roles to potential applications. Front Microbiol 2025;16:1513541. PUBMED | CROSSREF

Yan W, Zhang K, Guo J, Xu L. Bile acid-mediated gut-liver axis crosstalk: the role of nuclear receptor
signaling in dynamic regulation of inflammatory networks. Front Immunol 2025;16:1595486. PUBMED |
CROSSREF

Chen X, Zhou Q, He Y, Wang Y, Jiang Y, Ren Y, et al. TGR5 dysfunction underlies chronic social defeat
stress via CAMP/PKA signaling pathway in the hippocampus. Trans! Psychiatry 2025;15(1):366. PUBMED |
CROSSREF

Jia M, Fan Y, Ma Q, Yang D, Wang Y, He X, et al. Gut microbiota dysbiosis promotes cognitive impairment via
bile acid metabolism in major depressive disorder. Trans! Psychiatry 2024;14(1):503. PUBMED | CROSSREF
Sittipo P, Choi]J, Lee S, Lee YK. The function of gut microbiota in immune-related neurological disorders:
a review. | Neuroinflammation 2022;19(1):154. PUBMED | CROSSREF

Silva YP, Bernardi A, Frozza RL. The role of short-chain fatty acids from gut microbiota in gut-brain
communication. Front Endocrinol (Lausanne) 2020;11:25. PUBMED | CROSSREF

Xia X, Li K, Zou W, Wang L. The central role of microglia in major depressive disorder and its potential as
a therapeutic target. Front Behav Neurosci 2025;19:1598178.  PUBMED | CROSSREF

Chen L, Zhernakova DV, Kurilshikov A, Andreu-Sanchez S, Wang D, Augustijn HE, et al. Influence of the
microbiome, diet and genetics on inter-individual variation in the human plasma metabolome. Nat Med
2022;28(11):2333-43.  PUBMED | CROSSREF

Walter J, Ley R. The human gut microbiome: ecology and recent evolutionary changes. Annu Rev Microbiol
2011;65(1):411-29. PUBMED | CROSSREF

Prochazkova N, Falony G, Dragsted LO, Licht TR, Raes J, Roager HM. Advancing human gut microbiota
research by considering gut transit time. Gut2023;72(1):180-91. PUBMED | CROSSREF

Rothschild D, Weissbrod O, Barkan E, Kurilshikov A, Korem T, Zeevi D, et al. Environment dominates
over host genetics in shaping human gut microbiota. Nature 2018;555(7695):210-5. PUBMED | CROSSREF
Goodrich JK, Waters JL, Poole AC, Sutter JL, Koren O, Blekhman R, et al. Human genetics shape the gut
microbiome. Cell 2014;159(4):789-99. PUBMED | CROSSREF

Blekhman R, Goodrich JK, Huang K, Sun Q, Bukowski R, Bell JT, et al. Host genetic variation impacts
microbiome composition across human body sites. Genome Biol 2015;16(1):191. PUBMED | CROSSREF
Hughes DA, Bacigalupe R, WangJ, Rithlemann MC, Tito RY, Falony G, et al. Genome-wide associations
of human gut microbiome variation and implications for causal inference analyses. Nat Microbiol
2020;5(9):1079-87.  PUBMED | CROSSREF

Kim S, Jazwinski SM. The gut microbiota and healthy aging: a mini-review. Gerontology 2018;64(6):513-20.
PUBMED | CROSSREF

Ghosh TS, Shanahan F, O’Toole PW. The gut microbiome as a modulator of healthy ageing. Nat Rev
Gastroenterol Hepatol 2022;19(9):565-84. PUBMED | CROSSREF

Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. Inflammaging: a new immune-metabolic
viewpoint for age-related diseases. Nat Rev Endocrinol 2018;14(10):576-90. PUBMED | CROSSREF

Gyriki D, Nikolaidis CG, Bezirtzoglou E, Voidarou C, Stavropoulou E, Tsigalou C. The gut microbiota and
aging: interactions, implications, and interventions. Front Aging 2025;6:1452917.  PUBMED | CROSSREF
Bosco N, Noti M. The aging gut microbiome and its impact on host immunity. Genes Immun 2021;22(5-
6):289-303. PUBMED | CROSSREF

Walrath T, Dyamenahalli KU, Hulsebus HJ, McCullough RL, Idrovo JP, Boe DM, et al. Age-related changes
in intestinal immunity and the microbiome. J Leukoc Biol 2021;109(6):1045-61.  PUBMED | CROSSREF

Jones E, ShengJ, Carlson J, Wang S. Aging-induced fragility of the immune system. J Theor Biol
2021;510:110473. PUBMED | CROSSREF

Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan JF, Dinan TG. Minireview: Gut microbiota: the
neglected endocrine organ. Mol Endocrinol 2014;28(8):1221-38.  PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 20/26


http://www.ncbi.nlm.nih.gov/pubmed/32335265
https://doi.org/10.1016/j.pnpbp.2020.109951
http://www.ncbi.nlm.nih.gov/pubmed/35095389
https://doi.org/10.3389/fnins.2021.756628
http://www.ncbi.nlm.nih.gov/pubmed/36253479
https://doi.org/10.1038/s41579-022-00805-x
http://www.ncbi.nlm.nih.gov/pubmed/40012771
https://doi.org/10.3389/fmicb.2025.1513541
http://www.ncbi.nlm.nih.gov/pubmed/40458398
https://doi.org/10.3389/fimmu.2025.1595486
http://www.ncbi.nlm.nih.gov/pubmed/41053031
https://doi.org/10.1038/s41398-025-03599-7
http://www.ncbi.nlm.nih.gov/pubmed/39719433
https://doi.org/10.1038/s41398-024-03211-4
http://www.ncbi.nlm.nih.gov/pubmed/35706008
https://doi.org/10.1186/s12974-022-02510-1
http://www.ncbi.nlm.nih.gov/pubmed/32082260
https://doi.org/10.3389/fendo.2020.00025
http://www.ncbi.nlm.nih.gov/pubmed/40881472
https://doi.org/10.3389/fnbeh.2025.1598178
http://www.ncbi.nlm.nih.gov/pubmed/36216932
https://doi.org/10.1038/s41591-022-02014-8
http://www.ncbi.nlm.nih.gov/pubmed/21682646
https://doi.org/10.1146/annurev-micro-090110-102830
http://www.ncbi.nlm.nih.gov/pubmed/36171079
https://doi.org/10.1136/gutjnl-2022-328166
http://www.ncbi.nlm.nih.gov/pubmed/29489753
https://doi.org/10.1038/nature25973
http://www.ncbi.nlm.nih.gov/pubmed/25417156
https://doi.org/10.1016/j.cell.2014.09.053
http://www.ncbi.nlm.nih.gov/pubmed/26374288
https://doi.org/10.1186/s13059-015-0759-1
http://www.ncbi.nlm.nih.gov/pubmed/32572223
https://doi.org/10.1038/s41564-020-0743-8
http://www.ncbi.nlm.nih.gov/pubmed/30025401
https://doi.org/10.1159/000490615
http://www.ncbi.nlm.nih.gov/pubmed/35468952
https://doi.org/10.1038/s41575-022-00605-x
http://www.ncbi.nlm.nih.gov/pubmed/30046148
https://doi.org/10.1038/s41574-018-0059-4
http://www.ncbi.nlm.nih.gov/pubmed/40438731
https://doi.org/10.3389/fragi.2025.1452917
http://www.ncbi.nlm.nih.gov/pubmed/33875817
https://doi.org/10.1038/s41435-021-00126-8
http://www.ncbi.nlm.nih.gov/pubmed/33020981
https://doi.org/10.1002/JLB.3RI0620-405RR
http://www.ncbi.nlm.nih.gov/pubmed/32941914
https://doi.org/10.1016/j.jtbi.2020.110473
http://www.ncbi.nlm.nih.gov/pubmed/24892638
https://doi.org/10.1210/me.2014-1108

Gut Microbiota and Psychiatric Symptoms

JKMS

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Chen C, Liao ], Xia Y, Liu X, Jones R, Haran J, et al. Gut microbiota regulate Alzheimer’s disease
pathologies and cognitive disorders via PUFA-associated neuroinflammation. Gut 2022;71(11):2233-52.
PUBMED | CROSSREF

Sochocka M, Donskow-Lysoniewska K, Diniz BS, Kurpas D, Brzozowska E, Leszek J. The gut microbiome
alterations and inflammation-driven pathogenesis of Alzheimer’s disease-a critical review. Mol Neurobiol
2019;56(3):1841-51. PUBMED | CROSSREF

Hu T, Zhao X, Wu M, Li Z, Luo L, Yang C, et al. Prevalence of depression in older adults: a systematic
review and meta-analysis. Psychiatry Res 2022;311:114511. PUBMED | CROSSREF

Jaggar M, Rea K, Spichak S, Dinan TG, Cryan JF. You’ve got male: Sex and the microbiota-gut-brain axis
across the lifespan. Front Neuroendocrinol 2020;56:100815. PUBMED | CROSSREF

Santos-Marcos JA, Mora-Ortiz M, Tena-Sempere M, Lopez-Miranda J, Camargo A. Interaction between
gut microbiota and sex hormones and their relation to sexual dimorphism in metabolic diseases. Biol Sex
Differ2023;14(1):4. PUBMED | CROSSREF

He S, Li H, YuZ, Zhang F, Liang S, Liu H, et al. The gut microbiome and sex hormone-related diseases.
Front Microbiol 2021;12:711137.  PUBMED | CROSSREF

Qi X, Yun C, Sun L, Xia J, Wu Q, Wang Y, et al. Gut microbiota-bile acid-interleukin-22 axis orchestrates
polycystic ovary syndrome. Nat Med 2019;25(8):1225-33.  PUBMED | CROSSREF

McLean CP, Asnaani A, Litz BT, Hofmann SG. Gender differences in anxiety disorders: prevalence, course
of illness, comorbidity and burden of illness. ] Psychiatr Res 2011;45(8):1027-35.  PUBMED | CROSSREF

David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE, et al. Diet rapidly and
reproducibly alters the human gut microbiome. Nature 2014;505(7484):559-63. PUBMED | CROSSREF
Makki K, Deehan EC, Walter J, Backhed F. The impact of dietary fiber on gut microbiota in host health
and disease. Cell Host Microbe 2018;23(6):705-15. PUBMED | CROSSREF

Bolte LA, Vich Vila A, Imhann F, Collij V, Gacesa R, Peters V, et al. Long-term dietary patterns are
associated with pro-inflammatory and anti-inflammatory features of the gut microbiome. Gut
2021;70(7):1287-98. PUBMED | CROSSREF

Berding K, Vlckova K, Marx W, Schellekens H, Stanton C, Clarke G, et al. Diet and the microbiota-gut-
brain axis: sowing the seeds of good mental health. Adv Nutr2021;12(4):1239-85. PUBMED | CROSSREF
Hashimoto K. Emerging role of the host microbiome in neuropsychiatric disorders: overview and future
directions. Mol Psychiatry 2023;28(9):3625-37. PUBMED | CROSSREF

Mansuy-Aubert V, Ravussin Y. Short chain fatty acids: the messengers from down below. Front Neurosci
2023;17:1197759. PUBMED | CROSSREF

Fassarella M, Blaak EE, Penders J, Nauta A, Smidt H, Zoetendal EG. Gut microbiome stability and resilience:
elucidating the response to perturbations in order to modulate gut health. Gut 2021;70(3):595-605.

PUBMED | CROSSREF

Zimmermann M, Zimmermann-Kogadeeva M, Wegmann R, Goodman AL. Mapping human microbiome
drug metabolism by gut bacteria and their genes. Nature 2019;570(7762):462-7. PUBMED | CROSSREF
Jackson MA, Goodrich JK, Maxan ME, Freedberg DE, Abrams JA, Poole AC, et al. Proton pump inhibitors
alter the composition of the gut microbiota. Gut 2016;65(5):749-56. PUBMED | CROSSREF

Wu H, Esteve E, Tremaroli V, Khan MT, Caesar R, Manneras-Holm L, et al. Metformin alters the gut
microbiome of individuals with treatment-naive type 2 diabetes, contributing to the therapeutic effects of
the drug. Nat Med 2017;23(7):850-8. PUBMED | CROSSREF

Cussotto S, Strain CR, Fouhy F, Strain RG, Peterson VL, Clarke G, et al. Differential effects of
psychotropic drugs on microbiome composition and gastrointestinal function. Psychopharmacology (Berl)
2019;236(5):1671-85. PUBMED | CROSSREF

Gamboa J, Le GH, Wong S, Alteza EAI, Zachos KA, Teopiz KM, et al. Impact of antidepressants on the
composition of the gut microbiome: a systematic review and meta-analysis of in vivo studies. ] Affect Disord
2025;369:819-33.  PUBMED | CROSSREF

Dias MF, Nogueira YJA, Romano-Silva MA, Marques de Miranda D. Effects of antipsychotics on the
gastrointestinal microbiota: a systematic review. Psychiatry Res 2024;336:115914. PUBMED | CROSSREF
Seeman MV. The gut microbiome and antipsychotic treatment response. Behav Brain Res 2021;396:112886.
PUBMED | CROSSREF

Seeman MV. What is the significance of the impact of antipsychotics on the gut microbiome? Expert Opin
Drug Metab Toxicol 2023;19(3):125-7. PUBMED | CROSSREF

Chen A, Park TY, Li KJ, DeLisi LE. Antipsychotics and the microbiota. Curr Opin Psychiatry 2020;33(3):225-30.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 21/26


http://www.ncbi.nlm.nih.gov/pubmed/35017199
https://doi.org/10.1136/gutjnl-2021-326269
http://www.ncbi.nlm.nih.gov/pubmed/29936690
https://doi.org/10.1007/s12035-018-1188-4
http://www.ncbi.nlm.nih.gov/pubmed/35316691
https://doi.org/10.1016/j.psychres.2022.114511
http://www.ncbi.nlm.nih.gov/pubmed/31805290
https://doi.org/10.1016/j.yfrne.2019.100815
http://www.ncbi.nlm.nih.gov/pubmed/36750874
https://doi.org/10.1186/s13293-023-00490-2
http://www.ncbi.nlm.nih.gov/pubmed/34650525
https://doi.org/10.3389/fmicb.2021.711137
http://www.ncbi.nlm.nih.gov/pubmed/31332392
https://doi.org/10.1038/s41591-019-0509-0
http://www.ncbi.nlm.nih.gov/pubmed/21439576
https://doi.org/10.1016/j.jpsychires.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/24336217
https://doi.org/10.1038/nature12820
http://www.ncbi.nlm.nih.gov/pubmed/29902436
https://doi.org/10.1016/j.chom.2018.05.012
http://www.ncbi.nlm.nih.gov/pubmed/33811041
https://doi.org/10.1136/gutjnl-2020-322670
http://www.ncbi.nlm.nih.gov/pubmed/33693453
https://doi.org/10.1093/advances/nmaa181
http://www.ncbi.nlm.nih.gov/pubmed/37845499
https://doi.org/10.1038/s41380-023-02287-6
http://www.ncbi.nlm.nih.gov/pubmed/37483350
https://doi.org/10.3389/fnins.2023.1197759
http://www.ncbi.nlm.nih.gov/pubmed/33051190
https://doi.org/10.1136/gutjnl-2020-321747
http://www.ncbi.nlm.nih.gov/pubmed/31158845
https://doi.org/10.1038/s41586-019-1291-3
http://www.ncbi.nlm.nih.gov/pubmed/26719299
https://doi.org/10.1136/gutjnl-2015-310861
http://www.ncbi.nlm.nih.gov/pubmed/28530702
https://doi.org/10.1038/nm.4345
http://www.ncbi.nlm.nih.gov/pubmed/30155748
https://doi.org/10.1007/s00213-018-5006-5
http://www.ncbi.nlm.nih.gov/pubmed/39424151
https://doi.org/10.1016/j.jad.2024.10.042
http://www.ncbi.nlm.nih.gov/pubmed/38663221
https://doi.org/10.1016/j.psychres.2024.115914
http://www.ncbi.nlm.nih.gov/pubmed/32890599
https://doi.org/10.1016/j.bbr.2020.112886
http://www.ncbi.nlm.nih.gov/pubmed/37036818
https://doi.org/10.1080/17425255.2023.2200161
http://www.ncbi.nlm.nih.gov/pubmed/32068569
https://doi.org/10.1097/YCO.0000000000000594

Gut Microbiota and Psychiatric Symptoms

JKMS

https://jkms.org

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Skonieczna-Zydecka K, Eoniewski I, Misera A, Stachowska E, Maciejewska D, Marlicz W, et al. Second-
generation antipsychotics and metabolism alterations: a systematic review of the role of the gut
microbiome. Psychopharmacology (Berl) 2019;236(5):1491-512.  PUBMED | CROSSREF

Healey GR, Murphy R, Brough L, Butts CA, Coad J. Interindividual variability in gut microbiota and host
response to dietary interventions. Nutr Rev 2017;75(12):1059-80. PUBMED | CROSSREF

Walsh J, Griffin BT, Clarke G, Hyland NP. Drug-gut microbiota interactions: implications for
neuropharmacology. Br] Pharmacol 2018;175(24):4415-29. PUBMED | CROSSREF

Mtynarska E, Barszcz E, Budny E, Gajewska A, Kope¢ K, Wasiak J, et al. The gut-brain-microbiota
connection and its role in autism spectrum disorders. Nutrients 2025;17(7):1135. PUBMED | CROSSREF

Palepu MSK, Bhalerao HA, Sonti R, Dandekar MP. Faecalibacterium prausnitzii, FOS and GOS loaded
synbiotic reverses treatment-resistant depression in rats: restoration of gut-brain crosstalk. Eur ] Pharmacol
2024;983:176960. PUBMED | CROSSREF

Chen H, Zhang L, Li Y, Meng X, Chi Y, Liu M. Gut microbiota and its metabolites: the emerging bridge
between coronary artery disease and anxiety and depression? Aging Dis 2024;16(3):1265-84. PUBMED |
CROSSREF

Kim SY, Woo SY, Kim HL, Chang Y, Ryu S, Kim HN. A shotgun metagenomic study identified short-
chain fatty acid-producing species and their functions in the gut microbiome of adults with depressive
symptoms: large-scale shotgun sequencing data of the gut microbiota using a cross-sectional design. |
Affect Disord 2025;376:26-35. PUBMED | CROSSREF

Liu L, Wang H, Zhang H, Chen X, Zhang Y, WuJ, et al. Toward a deeper understanding of gut microbiome in
depression: the promise of clinical applicability. Adv Sci (Weinh) 2022;9(35):€2203707. PUBMED | CROSSREF

Gao M, Wang]J, Liu P, Tu H, Zhang R, Zhang Y, et al. Gut microbiota composition in depressive disorder:
a systematic review, meta-analysis, and meta-regression. Trans! Psychiatry 2023;13(1):379. PUBMED |
CROSSREF

Luki¢ I, Ivkovi¢ S, Miti¢ M, Adzi¢ M. Tryptophan metabolites in depression: modulation by gut
microbiota. Front Behav Neurosci 2022;16:987697.  PUBMED | CROSSREF

Butler MI, Kittel-Schneider S, Wagner-Skacel J, Morkl S, Clarke G. The gut microbiome in anxiety
disorders. Curr Psychiatry Rep 2025;27(5):347-61. PUBMED | CROSSREF

Nikolova VL, Smith MRB, Hall L], Cleare AJ, Stone JM, Young AH. Perturbations in gut microbiota
composition in psychiatric disorders: a review and meta-analysis. JAMA Psychiatry 2021;78(12):1343-54.
PUBMED | CROSSREF

Cao Y, Cheng Y, Pan W, Diao J, Sun L, Meng M. Gut microbiota variations in depression and anxiety: a
systematic review. BMC Psychiatry 2025;25(1):443. PUBMED | CROSSREF

Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, Cowan CSM. The gut microbiota in
anxiety and depression - A systematic review. Clin Psychol Rev 2021;83:101943. PUBMED | CROSSREF

Nikel K, Stojko M, Smolarczyk J, Piegza M. The impact of gut microbiota on the development of anxiety
symptoms-a narrative review. Nutrients 2025;17(6):933. PUBMED | CROSSREF

Jiang HY, Zhang X, Yu ZH, Zhang Z, Deng M, Zhao JH, et al. Altered gut microbiota profile in patients
with generalized anxiety disorder. | Psychiatr Res 2018;104:130-6. PUBMED | CROSSREF

Brushett S, Gacesa R, Vich Vila A, Brandao Gois MF, Andreu-Sanchez S, Swarte JC, et al. Gut feelings:
the relations between depression, anxiety, psychotropic drugs and the gut microbiome. Gut Microbes
2023;15(2):2281360. PUBMED | CROSSREF

Noecker C, Sanchez J, Bisanz JE, Escalante V, Alexander M, Trepka K, et al. Systems biology
elucidates the distinctive metabolic niche filled by the human gut microbe Eggerthella lenta. PLoS Biol
2023;21(5):e3002125. PUBMED | CROSSREF

Hao Z, Meng C, Li L, Feng S, Zhu Y, YangJ, et al. Positive mood-related gut microbiota in a long-term
closed environment: a multiomics study based on the “Lunar Palace 365” experiment. Microbiome
2023;11(1):88. PUBMED | CROSSREF

YanY, Lei Y, QuY, Fan Z, Zhang T, Xu Y, et al. Bacteroides uniformis-induced perturbations in colonic
microbiota and bile acid levels inhibit TH17 differentiation and ameliorate colitis developments. NPJ
Biofilms Microbiomes 2023;9(1):56. PUBMED | CROSSREF

Li S, Zhuo M, Huang X, Huang Y, Zhou J, Xiong D, et al. Altered gut microbiota associated with symptom
severity in schizophrenia. Peer] 2020;8:€9574. PUBMED | CROSSREF
Nguyen TT, Kosciolek T, Maldonado Y, Daly RE, Martin AS, McDonald D, et al. Differences in gut

microbiome composition between persons with chronic schizophrenia and healthy comparison subjects.
Schizophr Res 2019;204:23-9.  PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2026.41.e78 29/26


http://www.ncbi.nlm.nih.gov/pubmed/30460516
https://doi.org/10.1007/s00213-018-5102-6
http://www.ncbi.nlm.nih.gov/pubmed/29190368
https://doi.org/10.1093/nutrit/nux062
http://www.ncbi.nlm.nih.gov/pubmed/29782640
https://doi.org/10.1111/bph.14366
http://www.ncbi.nlm.nih.gov/pubmed/40218893
https://doi.org/10.3390/nu17071135
http://www.ncbi.nlm.nih.gov/pubmed/39214274
https://doi.org/10.1016/j.ejphar.2024.176960
http://www.ncbi.nlm.nih.gov/pubmed/39012662
https://doi.org/10.14336/AD.2024.0538
http://www.ncbi.nlm.nih.gov/pubmed/39894225
https://doi.org/10.1016/j.jad.2025.01.149
http://www.ncbi.nlm.nih.gov/pubmed/36285702
https://doi.org/10.1002/advs.202203707
http://www.ncbi.nlm.nih.gov/pubmed/38065935
https://doi.org/10.1038/s41398-023-02670-5
http://www.ncbi.nlm.nih.gov/pubmed/36172468
https://doi.org/10.3389/fnbeh.2022.987697
http://www.ncbi.nlm.nih.gov/pubmed/40221592
https://doi.org/10.1007/s11920-025-01604-w
http://www.ncbi.nlm.nih.gov/pubmed/34524405
https://doi.org/10.1001/jamapsychiatry.2021.2573
http://www.ncbi.nlm.nih.gov/pubmed/40312666
https://doi.org/10.1186/s12888-025-06871-8
http://www.ncbi.nlm.nih.gov/pubmed/33271426
https://doi.org/10.1016/j.cpr.2020.101943
http://www.ncbi.nlm.nih.gov/pubmed/40289955
https://doi.org/10.3390/nu17060933
http://www.ncbi.nlm.nih.gov/pubmed/30029052
https://doi.org/10.1016/j.jpsychires.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/38017662
https://doi.org/10.1080/19490976.2023.2281360
http://www.ncbi.nlm.nih.gov/pubmed/37205710
https://doi.org/10.1371/journal.pbio.3002125
http://www.ncbi.nlm.nih.gov/pubmed/37095530
https://doi.org/10.1186/s40168-023-01506-0
http://www.ncbi.nlm.nih.gov/pubmed/37580334
https://doi.org/10.1038/s41522-023-00420-5
http://www.ncbi.nlm.nih.gov/pubmed/32821537
https://doi.org/10.7717/peerj.9574
http://www.ncbi.nlm.nih.gov/pubmed/30268819
https://doi.org/10.1016/j.schres.2018.09.014

Gut Microbiota and Psychiatric Symptoms

JKMS

https://jkms.org

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Tsamakis K, Galinaki S, Alevyzakis E, Hortis I, Tsiptsios D, Kollintza E, et al. Gut microbiome: a brief review
on its role in schizophrenia and first episode of psychosis. Microorganisms 2022;10(6):1121. PUBMED | CROSSREF

Zhou K, Baranova A, Cao H, Sun J, Zhang F. Gut microbiome and schizophrenia: insights from two-
sample Mendelian randomization. Schizophrenia (Heidelb) 2024;10(1):75. PUBMED | CROSSREF

Zhu F, Ju Y, Wang W, Wang Q, Guo R, Ma Q, et al. Metagenome-wide association of gut
microbiome features for schizophrenia. Nat Commun 2020;11(1):1612. PUBMED | CROSSREF

Thirion F, Speyer H, Hansen TH, Nielsen T, Fan Y, Le Chatelier E, et al. Alteration of gut microbiome
in patients with schizophrenia indicates links between bacterial tyrosine biosynthesis and cognitive
dysfunction. Biol Psychiatry Glob Open Sci2022;3(2):283-91. PUBMED | CROSSREF

Li Q, Zhou JM. The microbiota-gut-brain axis and its potential therapeutic role in autism spectrum
disorder. Neuroscience 2016;324:131-9. PUBMED | CROSSREF

Iglesias-Vazquez L, Van Ginkel Riba G, Arija V, Canals J. Composition of gut microbiota in children with
autism spectrum disorder: a systematic review and meta-analysis. Nutrients 2020;12(3):792. PUBMED |
CROSSREF

Coretti L, Paparo L, Riccio MP, Amato F, Cuomo M, Natale A, et al. Gut microbiota features in young
children with autism spectrum disorders. Front Microbiol 2018;9:3146. PUBMED | CROSSREF

Bojovi¢ K, Ignjatovi¢ DI, Sokovi¢ Baji¢ S, Vojnovi¢ Milutinovi¢ D, Tomi¢ M, Goli¢ N, et al. Gut
microbiota dysbiosis associated with altered production of short chain fatty acids in children with
neurodevelopmental disorders. Front Cell Infect Microbiol 2020;10:223.  PUBMED | CROSSREF

Grimaldi R, Cela D, Swann JR, Vulevic J, Gibson GR, Tzortzis G, et al. In vitro fermentation of B-GOS:
impact on faecal bacterial populations and metabolic activity in autistic and non-autistic children. FEMS
Microbiol Ecol 2017;93(2):fiw233. PUBMED | CROSSREF

Adrian MA, Ayati BP, Mangalam AK. A mathematical model of Bacteroides thetaiotaomicron,
Methanobrevibacter smithii, and Eubacterium rectale interactions in the human gut. Sci Rep 2023;13(1):21192.
PUBMED | CROSSREF

Duque ALRF, Demarqui FM, Santoni MM, Zanelli CF, Adorno MAT, Milenkovic D, et al. Effect of
probiotic, prebiotic, and synbiotic on the gut microbiota of autistic children using an in vitro gut
microbiome model. Food Res Int 2021;149:110657. PUBMED | CROSSREF

Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER, McCue T, et al. Microbiota modulate behavioral
and physiological abnormalities associated with neurodevelopmental disorders. Cell 2013;155(7):1451-63.
PUBMED | CROSSREF

Obi-Azuike C, Ebiai R, Gibson T, Hernandez A, Khan A, Anugwom G, et al. A systematic review on
gut-brain axis aberrations in bipolar disorder and methods of balancing the gut microbiota. Brain Behav
2023;13(6):e3037. PUBMED | CROSSREF

Sublette ME, Cheung S, Lieberman E, Hu S, Mann JJ, Uhlemann AC, et al. Bipolar disorder and the gut
microbiome: a systematic review. Bipolar Disord 2021;23(6):544-64. PUBMED | CROSSREF

Borkent J, loannou M, Laman JD, Haarman BCM, Sommer IEC. Role of the gut microbiome in three major
psychiatric disorders. Psychol Med 2022;52(7):1222-42. PUBMED | CROSSREF

Getachew B, Aubee JI, Schottenfeld RS, Csoka AB, Thompson KM, Tizabi Y. Ketamine interactions with
gut-microbiota in rats: relevance to its antidepressant and anti-inflammatory properties. BMC Microbiol
2018;18(1):222. PUBMED | CROSSREF

Painold A, Morkl S, Kashofer K, Halwachs B, Dalkner N, Bengesser S, et al. A step ahead: Exploring

the gut microbiota in inpatients with bipolar disorder during a depressive episode. Bipolar Disord
2019;21(1):40-9. PUBMED | CROSSREF

Reininghaus EZ, Wetzlmair LC, Fellendorf FT, Platzer M, Queissner R, Birner A, et al. Probiotic treatment
in individuals with euthymic bipolar disorder: a pilot-study on clinical changes and compliance.
Neuropsychobiology 2020;79(1):71-9.  PUBMED | CROSSREF

Dickerson F, Adamos M, Katsafanas E, Khushalani S, Origoni A, Savage C, et al. Adjunctive probiotic
microorganisms to prevent rehospitalization in patients with acute mania: a randomized controlled trial.
Bipolar Disord 2018;20(7):614-21.  PUBMED | CROSSREF

Shirvani-Rad S, Ejtahed HS, Ettehad Marvasti F, Taghavi M, Sharifi F, Arzaghi SM, et al. The role of gut
microbiota-brain axis in pathophysiology of ADHD: a systematic review. J Atten Disord 2022;26(13):1698-710.
PUBMED | CROSSREF

Gandhi DN, Pande DN, Harikrishna A, Advilkar A, Basavan I, Ansari R. Beyond the brain: attention
deficit/hyperactivity disorder and the gut-brain axis. Cureus 2024;16(12):¢76291. PUBMED | CROSSREF
Generoso JS, Giridharan VV, Lee J, Macedo D, Barichello T. The role of the microbiota-gut-brain axis in
neuropsychiatric disorders. Br ] Psychiatry 2021;43(3):293-305. PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2026.41.e78 23/26


http://www.ncbi.nlm.nih.gov/pubmed/35744639
https://doi.org/10.3390/microorganisms10061121
http://www.ncbi.nlm.nih.gov/pubmed/39223235
https://doi.org/10.1038/s41537-024-00497-7
http://www.ncbi.nlm.nih.gov/pubmed/32235826
https://doi.org/10.1038/s41467-020-15457-9
http://www.ncbi.nlm.nih.gov/pubmed/37124355
https://doi.org/10.1016/j.bpsgos.2022.01.009
http://www.ncbi.nlm.nih.gov/pubmed/26964681
https://doi.org/10.1016/j.neuroscience.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/32192218
https://doi.org/10.3390/nu12030792
http://www.ncbi.nlm.nih.gov/pubmed/30619212
https://doi.org/10.3389/fmicb.2018.03146
http://www.ncbi.nlm.nih.gov/pubmed/32509596
https://doi.org/10.3389/fcimb.2020.00223
http://www.ncbi.nlm.nih.gov/pubmed/27856622
https://doi.org/10.1093/femsec/fiw233
http://www.ncbi.nlm.nih.gov/pubmed/38040895
https://doi.org/10.1038/s41598-023-48524-4
http://www.ncbi.nlm.nih.gov/pubmed/34600659
https://doi.org/10.1016/j.foodres.2021.110657
http://www.ncbi.nlm.nih.gov/pubmed/24315484
https://doi.org/10.1016/j.cell.2013.11.024
http://www.ncbi.nlm.nih.gov/pubmed/37127945
https://doi.org/10.1002/brb3.3037
http://www.ncbi.nlm.nih.gov/pubmed/33512753
https://doi.org/10.1111/bdi.13049
http://www.ncbi.nlm.nih.gov/pubmed/35506416
https://doi.org/10.1017/S0033291722000897
http://www.ncbi.nlm.nih.gov/pubmed/30579332
https://doi.org/10.1186/s12866-018-1373-7
http://www.ncbi.nlm.nih.gov/pubmed/30051546
https://doi.org/10.1111/bdi.12682
http://www.ncbi.nlm.nih.gov/pubmed/30343291
https://doi.org/10.1159/000493867
http://www.ncbi.nlm.nih.gov/pubmed/29693757
https://doi.org/10.1111/bdi.12652
http://www.ncbi.nlm.nih.gov/pubmed/35048732
https://doi.org/10.1177/10870547211073474
http://www.ncbi.nlm.nih.gov/pubmed/39850178
https://doi.org/10.7759/cureus.76291
http://www.ncbi.nlm.nih.gov/pubmed/32667590
https://doi.org/10.1590/1516-4446-2020-0987

Gut Microbiota and Psychiatric Symptoms

JKMS

https://jkms.org

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Ueda A, Shinkai S, Shiroma H, Taniguchi Y, Tsuchida S, Kariya T, et al. Identification of Faecalibacterium
prausnitzii strains for gut microbiome-based intervention in Alzheimer’s-type dementia. Cell Rep Med
2021;2(9):100398. PUBMED | CROSSREF

CaoJ, Amakye WK, Qi C, Liu X, Ma J, Ren J. Bifidobacterium Lactis Probio-M8 regulates gut microbiota
to alleviate Alzheimer’s disease in the APP/PS1 mouse model. Eur] Nutr2021;60(7):3757-69. PUBMED |
CROSSREF

Zhu G, Guo M, Zhao J, Zhang H, Wang G, Chen W. Bifidobacterium breve intervention combined with
environmental enrichment alleviates cognitive impairment by regulating the gut microbiota and
microbial metabolites in Alzheimer’s disease mice. Front Immunol 2022;13:1013664. PUBMED | CROSSREF

Hung CC, Chang CC, Huang CW, Nouchi R, Cheng CH. Gut microbiota in patients with Alzheimer’s disease
spectrum: a systematic review and meta-analysis. Aging (Albany NY) 2022;14(1):477-96. PUBMED | CROSSREF

Jemimah S, Chabib CMM, Hadjileontiadis L, AlShehhi A. Gut microbiome dysbiosis in Alzheimer’s
disease and mild cognitive impairment: a systematic review and meta-analysis. PLoS One
2023;18(5):e0285346. PUBMED | CROSSREF

Jimenez-Garcia AM, Villarino M, Arias N. A systematic review and meta-analysis of basal microbiota and
cognitive function in Alzheimer’s disease: a potential target for treatment or a contributor to disease
progression? Alzheimers Dement (Amst) 2024;16(4):e70057. PUBMED | CROSSREF

Lukiw WJ. Bacteroides fragilis lipopolysaccharide and inflammatory signaling in Alzheimer’s disease. Front
Microbiol 2016;7:1544. PUBMED | CROSSREF

Alexandrov PN, Hill JM, Zhao Y, Bond T, Taylor CM, Percy ME, et al. Aluminum-induced generation of
lipopolysaccharide (LPS) from the human gastrointestinal (GI)-tract microbiome-resident Bacteroides
fragilis. ] Inorg Biochem 2020;203:110886. PUBMED | CROSSREF

Yang Y, Lu M, Xu Y, QianJ, Le G, Xie Y. Dietary methionine via dose-dependent inhibition of short-chain
fatty acid production capacity contributed to a potential risk of cognitive dysfunction in mice. J Agric Food
Chem 2022;70(48):15225-43.  PUBMED | CROSSREF

Li C, Wang L, Xie W, Chen E, Chen Y, Li H, et al. TGRS deficiency in excitatory neurons ameliorates
Alzheimer’s pathology by regulating APP processing. Sci Adv 2024;10(26):eado1855. PUBMED | CROSSREF

Colombo AV, Sadler RK, Llovera G, Singh V, Roth S, Heindl S, et al. Microbiota-derived short chain fatty
acids modulate microglia and promote A plaque deposition. eLife2021;10:59826. PUBMED | CROSSREF

Seo DO, Holtzman DM. Current understanding of the Alzheimer’s disease-associated microbiome and
therapeutic strategies. Exp Mol Med 2024;56(1):86-94. PUBMED | CROSSREF

Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall RA. Probiotics and prebiotics in intestinal health
and disease: from biology to the clinic. Nat Rev Gastroenterol Hepatol 2019;16(10):605-16. PUBMED | CROSSREF

Gibson GR, Hutkins R, Sanders ME, Prescott SL, Reimer RA, Salminen SJ, et al. Expert consensus
document: the International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on the definition and scope of prebiotics. Nat Rev Gastroenterol Hepatol 2017;14(8):491-502.
PUBMED | CROSSREF

Dinan TG, Cryan JF. Melancholic microbes: a link between gut microbiota and depression?
Neurogastroenterol Moti] 2013;25(9):713-9.  PUBMED | CROSSREF

Sarkar A, Lehto SM, Harty S, Dinan TG, Cryan JF, Burnet PW]. Psychobiotics and the manipulation of
bacteria-gut-brain signals. Trends Neurosci 2016;39(11):763-81. PUBMED | CROSSREF

Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi A, et al. Assessment of psychotropic-like
properties of a probiotic formulation (Lactobacillus helveticus RO052 and Bifidobacterium longum RO175) in rats
and human subjects. BrJ Nutr2011;105(5):755-64. PUBMED | CROSSREF

Pinto-Sanchez MI, Hall GB, Ghajar K, Nardelli A, Bolino C, Lau JT, et al. Probiotic Bifidobacterium longum
NCC3001 reduces depression scores and alters brain activity: a pilot study in patients with irritable bowel
syndrome. Gastroenterology 2017;153(2):448-459.e8. PUBMED | CROSSREF

Kazemi A, Noorbala AA, Djafarian K. Effect of probiotic and prebiotic versus placebo on appetite in
patients with major depressive disorder: post hoc analysis of a randomised clinical trial. ] Hum Nutr Diet
2020;33(1):56-65. PUBMED | CROSSREF

Romijn AR, Rucklidge JJ, Kuijer RG, Frampton C. A double-blind, randomized, placebo-controlled trial
of Lactobacillus helveticus and Bifidobacterium longum for the symptoms of depression. Aust N Z J Psychiatry
2017;51(8):810-21. PUBMED | CROSSREF

Liu RT, Walsh RFL, Sheehan AE. Prebiotics and probiotics for depression and anxiety: a systematic review
and meta-analysis of controlled clinical trials. Neurosci Biobehav Rev 2019;102:13-23.  PUBMED | CROSSREF
Westfall S, Lomis N, Kahouli I, Dia SY, Singh SP, Prakash S. Microbiome, probiotics and

neurodegenerative diseases: deciphering the gut brain axis. Cell Mol Life Sci 2017;74(20):3769-87.  PUBMED |
CROSSREF

https://doi.org/10.3346/jkms.2026.41.e78 24/26


http://www.ncbi.nlm.nih.gov/pubmed/34622235
https://doi.org/10.1016/j.xcrm.2021.100398
http://www.ncbi.nlm.nih.gov/pubmed/33796919
https://doi.org/10.1007/s00394-021-02543-x
http://www.ncbi.nlm.nih.gov/pubmed/36203603
https://doi.org/10.3389/fimmu.2022.1013664
http://www.ncbi.nlm.nih.gov/pubmed/35027502
https://doi.org/10.18632/aging.203826
http://www.ncbi.nlm.nih.gov/pubmed/37224131
https://doi.org/10.1371/journal.pone.0285346
http://www.ncbi.nlm.nih.gov/pubmed/39734582
https://doi.org/10.1002/dad2.70057
http://www.ncbi.nlm.nih.gov/pubmed/27725817
https://doi.org/10.3389/fmicb.2016.01544
http://www.ncbi.nlm.nih.gov/pubmed/31707334
https://doi.org/10.1016/j.jinorgbio.2019.110886
http://www.ncbi.nlm.nih.gov/pubmed/36413479
https://doi.org/10.1021/acs.jafc.2c04847
http://www.ncbi.nlm.nih.gov/pubmed/38941459
https://doi.org/10.1126/sciadv.ado1855
http://www.ncbi.nlm.nih.gov/pubmed/33845942
https://doi.org/10.7554/eLife.59826
http://www.ncbi.nlm.nih.gov/pubmed/38172602
https://doi.org/10.1038/s12276-023-01146-2
http://www.ncbi.nlm.nih.gov/pubmed/31296969
https://doi.org/10.1038/s41575-019-0173-3
http://www.ncbi.nlm.nih.gov/pubmed/28611480
https://doi.org/10.1038/nrgastro.2017.75
http://www.ncbi.nlm.nih.gov/pubmed/23910373
https://doi.org/10.1111/nmo.12198
http://www.ncbi.nlm.nih.gov/pubmed/27793434
https://doi.org/10.1016/j.tins.2016.09.002
http://www.ncbi.nlm.nih.gov/pubmed/20974015
https://doi.org/10.1017/S0007114510004319
http://www.ncbi.nlm.nih.gov/pubmed/28483500
https://doi.org/10.1053/j.gastro.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31338923
https://doi.org/10.1111/jhn.12675
http://www.ncbi.nlm.nih.gov/pubmed/28068788
https://doi.org/10.1177/0004867416686694
http://www.ncbi.nlm.nih.gov/pubmed/31004628
https://doi.org/10.1016/j.neubiorev.2019.03.023
http://www.ncbi.nlm.nih.gov/pubmed/28643167
https://doi.org/10.1007/s00018-017-2550-9

Gut Microbiota and Psychiatric Symptoms

JKMS

https://jkms.org

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

Jacka FN, O’Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. A randomised controlled trial
of dietary improvement for adults with major depression (the ‘SMILES’ trial). BMC Med 2017;15(1):23.
PUBMED | CROSSREF

Opie RS, O’Neil A, Jacka FN, Pizzinga J, Itsiopoulos C. A modified Mediterranean dietary intervention
for adults with major depression: dietary protocol and feasibility data from the SMILES trial. Nutr Neurosci
2018;21(7):487-501. PUBMED | CROSSREF

Wastyk HC, Fragiadakis GK, Perelman D, Dahan D, Merrill BD, Yu FB, et al. Gut-microbiota-targeted
diets modulate human immune status. Cell 2021;184(16):4137-4153.e14. PUBMED | CROSSREF

Schmidt K, Cowen PJ, Harmer CJ, Tzortzis G, Errington S, Burnet PW. Prebiotic intake reduces the
waking cortisol response and alters emotional bias in healthy volunteers. Psychopharmacology (Betl)
2015;232(10):1793-801. PUBMED | CROSSREF

Lamport DJ, Williams CM. Polyphenols and cognition in humans: an overview of current evidence from
recent systematic reviews and meta-analyses. Br Plast 2021;6(2):139-53.  PUBMED | CROSSREF

Wang Y, Zhou]J, Ye ], Sun Z, He Y, Zhao Y, et al. Multi-omics reveal microbial determinants impacting the
treatment outcome of antidepressants in major depressive disorder. Microbiome 2023;11(1):195. PUBMED |
CROSSREF

Forth E, Buehner B, Storer A, Sgarbossa C, Milev R, Chinna Meyyappan A. Systematic review of probiotics as
an adjuvant treatment for psychiatric disorders. Front Behav Neurosci 2023;17:1111349.  PUBMED | CROSSREF

Horn J, Mayer DE, Chen S, Mayer EA. Role of diet and its effects on the gut microbiome in the
pathophysiology of mental disorders. Trans! Psychiatry 2022;12(1):164. PUBMED | CROSSREF

Dinan TG, Cryan JF. The microbiome-gut-brain axis in health and disease. Gastroenterol Clin North Am
2017;46(1):77-89. PUBMED | CROSSREF

Firth J, Marx W, Dash S, Carney R, Teasdale SB, Solmi M, et al. The effects of dietary improvement on
symptoms of depression and anxiety: a meta-analysis of randomized controlled trials. Psychosom Med
2019;81(3):265-80. PUBMED | CROSSREF

Carini C, Seyhan AA. Tribulations and future opportunities for artificial intelligence in precision
medicine. J Transl Med 2024;22(1):411.  PUBMED | CROSSREF

Abavisani M, Khoshrou A, Foroushan SK, Ebadpour N, Sahebkar A. Deciphering the gut microbiome:
the revolution of artificial intelligence in microbiota analysis and intervention. Curr Res Biotechnol
2024;7:100211. CROSSREF

Costea PI, Zeller G, Sunagawa S, Pelletier E, Alberti A, Levenez F, et al. Towards standards for human
fecal sample processing in metagenomic studies. Nat Biotechnol 2017;35(11):1069-76. PUBMED | CROSSREF

Wu WK, Chen CC, Panyod S, Chen RA, Wu MS, Sheen LY, et al. Optimization of fecal sample processing
for microbiome study - The journey from bathroom to bench. J Formos Med Assoc 2019;118(2):545-55.
PUBMED | CROSSREF

Luo Y, Zhao C, Chen F. Multiomics research: principles and challenges in integrated analysis. Biodes Res
2024;6:0059. PUBMED | CROSSREF

Patel RA, Panche AN, Harke SN. Gut microbiome-gut brain axis-depression: interconnection. World ] Biol
Psychiatry 2025;26(1):1-36.  PUBMED | CROSSREF

Liu L, Wang H, Chen X, Zhang Y, Zhang H, Xie P. Gut microbiota and its metabolites in depression: from
pathogenesis to treatment. EBioMedicine 2023;90:104527. PUBMED | CROSSREF

Dickerson F, Severance E, Yolken R. The microbiome, immunity, and schizophrenia and bipolar disorder.
Brain Behav Immun 2017;62:46-52. PUBMED | CROSSREF

Caso JR, Balanza-Martinez V, Palomo T, Garcia-Bueno B. The microbiota and gut-brain axis:
contributions to the immunopathogenesis of schizophrenia. Curr Pharm Des 2016;22(40):6122-33.
PUBMED | CROSSREF

Eicher TP, Mohajeri MH. Overlapping mechanisms of action of brain-active bacteria and bacterial
metabolites in the pathogenesis of common brain diseases. Nutrients 2022;14(13):2661. PUBMED | CROSSREF

Paniagua G, Couce-Sanchez M, Gonzalez-Blanco L, Sabater C, Garcia-Fernandez A, Rodriguez-Revuelta

], et al. Comparative analysis of gut microbiome-derived short-chain fatty acids in patients with severe
mental disorder: Insights from schizophrenia and bipolar disorder. Prog Neuropsychopharmacol Biol Psychiatry
2025;138:111345. PUBMED | CROSSREF

Bakshi J, Mishra KP. Sodium butyrate prevents lipopolysaccharide induced inflammation and restores

the expression of tight junction protein in human epithelial Caco-2 cells. Cell Immunol 2025;408:104912.
PUBMED | CROSSREF

Tanaka T, Matsuda T, Hayes LN, Yang S, Rodriguez K, Severance EG, et al. Infection and inflammation in
schizophrenia and bipolar disorder. Neurosci Res 2017;115:59-63.  PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2026.41.e78 95/26


http://www.ncbi.nlm.nih.gov/pubmed/28137247
https://doi.org/10.1186/s12916-017-0791-y
http://www.ncbi.nlm.nih.gov/pubmed/28424045
https://doi.org/10.1080/1028415X.2017.1312841
http://www.ncbi.nlm.nih.gov/pubmed/34256014
https://doi.org/10.1016/j.cell.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/25449699
https://doi.org/10.1007/s00213-014-3810-0
http://www.ncbi.nlm.nih.gov/pubmed/33782647
https://doi.org/10.3233/BPL-200111
http://www.ncbi.nlm.nih.gov/pubmed/37641148
https://doi.org/10.1186/s40168-023-01635-6
http://www.ncbi.nlm.nih.gov/pubmed/36844651
https://doi.org/10.3389/fnbeh.2023.1111349
http://www.ncbi.nlm.nih.gov/pubmed/35443740
https://doi.org/10.1038/s41398-022-01922-0
http://www.ncbi.nlm.nih.gov/pubmed/28164854
https://doi.org/10.1016/j.gtc.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/30720698
https://doi.org/10.1097/PSY.0000000000000673
http://www.ncbi.nlm.nih.gov/pubmed/38702711
https://doi.org/10.1186/s12967-024-05067-0
https://doi.org/10.1016/j.crbiot.2024.100211
http://www.ncbi.nlm.nih.gov/pubmed/28967887
https://doi.org/10.1038/nbt.3960
http://www.ncbi.nlm.nih.gov/pubmed/29490879
https://doi.org/10.1016/j.jfma.2018.02.005
http://www.ncbi.nlm.nih.gov/pubmed/39990095
https://doi.org/10.34133/bdr.0059
http://www.ncbi.nlm.nih.gov/pubmed/39713871
https://doi.org/10.1080/15622975.2024.2436854
http://www.ncbi.nlm.nih.gov/pubmed/36963238
https://doi.org/10.1016/j.ebiom.2023.104527
http://www.ncbi.nlm.nih.gov/pubmed/28003152
https://doi.org/10.1016/j.bbi.2016.12.010
http://www.ncbi.nlm.nih.gov/pubmed/27604609
https://doi.org/10.2174/1381612822666160906160911
http://www.ncbi.nlm.nih.gov/pubmed/35807841
https://doi.org/10.3390/nu14132661
http://www.ncbi.nlm.nih.gov/pubmed/40147807
https://doi.org/10.1016/j.pnpbp.2025.111345
http://www.ncbi.nlm.nih.gov/pubmed/39729961
https://doi.org/10.1016/j.cellimm.2024.104912
http://www.ncbi.nlm.nih.gov/pubmed/27856235
https://doi.org/10.1016/j.neures.2016.11.002

JKMS

190. Cakir A, Dogru H, Laloglu E. Serum occludin and zonulin levels in children with attention-deficit/
hyperactivity disorder and healthy controls. Indian Pediatr 2023;60(1):137-41. PUBMED | CROSSREF

Gut Microbiota and Psychiatric Symptoms

191. Wang LJ, Li SC, Li SW, Kuo HC, Lee SY, Huang LH, et al. Gut microbiota and plasma cytokine levels in
patients with attention-deficit/hyperactivity disorder. Trans! Psychiatry 2022;12(1):76. PUBMED | CROSSREF

192. Chen H, Meng L, Shen L. Multiple roles of short-chain fatty acids in Alzheimer disease. Nutrition
2022;93:111499. PUBMED | CROSSREF

193. Romo EZ, Hong BV, Patel RY, Agus JK, Harvey DJ, Maezawa I, et al. Elevated lipopolysaccharide
binding protein in Alzheimer’s disease patients with APOE3/E3 but not APOE3/E4 genotype. Front Neurol
2024;15:1408220. PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e78 26/26


http://www.ncbi.nlm.nih.gov/pubmed/36786182
https://doi.org/10.1007/s13312-023-2812-1
http://www.ncbi.nlm.nih.gov/pubmed/35197458
https://doi.org/10.1038/s41398-022-01844-x
http://www.ncbi.nlm.nih.gov/pubmed/34735921
https://doi.org/10.1016/j.nut.2021.111499
http://www.ncbi.nlm.nih.gov/pubmed/38882697
https://doi.org/10.3389/fneur.2024.1408220

	Role of Gut Microbiota in Psychiatric Disorders: From Mechanistic Insights to Therapeutic Strategies
	INTRODUCTION
	BIOLOGICAL MECHANISMS LINKING THE GUT AND BRAIN: THE GUT-BRAIN AXIS (GBA)
	Neural pathways
	Endocrine signaling
	Immune mechanisms
	Tryptophan-kynurenine pathway
	The hypothalamic-pituitary-adrenal (HPA) axis
	Bile acid signaling (farnesoid X receptor [FXR]/takeda G protein–coupled receptor 5 [TGR5])
	Glial cell modulation

	DETERMINANTS OF GUT MICROBIOTA COMPOSITION AND INTERINDIVIDUAL VARIATION
	Geographical location and ethnicity
	Age
	Sex
	Diet
	Pharmaceutical agents

	GUT MICROBIOTA AND MAJOR PSYCHIATRIC DISORDERS
	Anxiety
	Schizophrenia
	Autism spectrum disorder (ASD)
	Bipolar disorder (BD)
	Attention-deficit/hyperactivity disorder (ADHD)
	Alzheimer’s disease (AD)
	Research directions for using the microbiome as a psychiatric biomarker

	THERAPEUTIC APPROACHES AND CLINICAL IMPLICATIONS
	Dietary interventions and gut health management

	PERSONALIZED MICROBIOTA-BASED THERAPIES AND FUTURE DIRECTIONS
	CONCLUSION


