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ABSTRACT

INTRODUCTION

Depression  affects  over  280  million  people  worldwide  and  remains  insufficiently  responsive  to  standard
pharmacological treatment in approximately 30 to 40 percent of patients. Increasing evidence links the microbiota
gut brain axis with the pathophysiology of depressive disorders, however current findings remain heterogeneous and
predominantly correlational.

OBJECTIVES

To  critically  synthesize  current  evidence  on  the  role  of  gut  microbiota  in  depression,  with  a  focus  on  the
reproducibility of microbiota alterations, the validity of proposed biological mechanisms within the gut brain axis, and
the clinical relevance of microbiota targeted interventions.

METHODS

A narrative review was conducted based on a PubMed literature search performed between October and November
2025,  with  updates  in  January  and  March  2026.  The  search  included  publications  from the  last  decade  using
predefined terms related to gut microbiota and depression, with filters applied for human adult populations. Studies
were selected through screening of titles, abstracts and full texts according to predefined inclusion and exclusion
criteria. A total of 50 publications were included in the final synthesis.

RESULTS

archiv euromedica  2026 | vol. 16 | num. 2 |

1 von 14

http://dx.doi.org/10.35630/2026/16/Iss.2.16
http://dx.doi.org/10.35630/2026/16/Iss.2.16
mailto:kasia.siwiec321@gmail.com
mailto:kasia.siwiec321@gmail.com
https://orcid.org/0009-0001-6411-9727
https://orcid.org/0009-0001-6411-9727
https://orcid.org/0009-0008-5697-3721
https://orcid.org/0009-0008-5697-3721
https://orcid.org/0000-0002-0529-1623
https://orcid.org/0000-0002-0529-1623
https://orcid.org/0009-0000-6476-8869
https://orcid.org/0009-0000-6476-8869
https://orcid.org/0009-0007-0085-6617
https://orcid.org/0009-0007-0085-6617
https://orcid.org/0009-0005-3143-3583
https://orcid.org/0009-0005-3143-3583
https://orcid.org/0009-0006-9165-7404
https://orcid.org/0009-0006-9165-7404
https://orcid.org/0009-0000-5695-0388
https://orcid.org/0009-0000-5695-0388
https://orcid.org/0009-0007-1788-3259
https://orcid.org/0009-0007-1788-3259
https://orcid.org/0009-0000-3969-9929
https://orcid.org/0009-0000-3969-9929
file:///C:/projekts/archiv-euromedica/archiv-euromedica-02-2026/pdf/16-Gut-Microbiota-and-Depression-Mechanistic-Links-Within-the-Gut-Brain-Axis-A-Narrative-Review.pdf
file:///C:/projekts/archiv-euromedica/archiv-euromedica-02-2026/pdf/16-Gut-Microbiota-and-Depression-Mechanistic-Links-Within-the-Gut-Brain-Axis-A-Narrative-Review.pdf
file:///C:/projekts/archiv-euromedica/archiv-euromedica-02-2026/pdf/16-Gut-Microbiota-and-Depression-Mechanistic-Links-Within-the-Gut-Brain-Axis-A-Narrative-Review.pdf
mailto:kasia.siwiec321@gmail.com
mailto:kasia.siwiec321@gmail.com


The most consistent finding is a qualitative shift in gut microbiota towards a pro inflammatory profile rather than
consistent changes in overall diversity. This includes depletion of short chain fatty acid producing genera such as
Faecalibacterium, Coprococcus and Roseburia, and enrichment of taxa associated with increased lipopolysaccharide
related inflammatory potential  such as Eggerthella and Alistipes,  although findings remain heterogeneous across
studies.  These alterations are linked to interconnected mechanisms involving hypothalamic pituitary adrenal axis
hyperactivation, increased intestinal permeability, neuroinflammation and disrupted tryptophan metabolism. Available
human data are predominantly correlational and do not allow determination of whether microbiota changes are causal
or secondary. Among therapeutic approaches, dietary interventions show the most consistent evidence, probiotics
demonstrate moderate effects when used as adjunctive therapy, and evidence on fecal microbiota transplantation
remains limited.

CONCLUSIONS

Gut dysbiosis in depression appears to function as a non specific amplifier of neuropsychiatric vulnerability rather
than a direct cause of the disorder. Microbiota targeted interventions may be considered as adjunctive strategies,
while clarification of causal relationships requires longitudinal studies and standardized methodological approaches.

Keywords: gut microbiota, depression, gut brain axis, dysbiosis, probiotics, diet

1. INTRODUCTION
Depression  is  a  complex  disorder  involving  a  combination  of  genetic,  neurobiological,  immunological  and
environmental factors [1, 2]. According to the World Health Organization, it affects over 280 million people globally,
making it a leading cause of disability. Its prevalence increased significantly during the COVID-19 pandemic [1, 3, 4].
Despite the availability  of  traditional  pharmacological  and psychological  therapies,  their  efficacy remains limited.
Current  data  suggests  that  30–40%  of  patients  do  not  respond  sufficiently  to  standard  antidepressants,  and
treatment is often hindered by high relapse rates, adverse side effects and withdrawal symptoms [5]. This profound
clinical challenge highlights the need for new pathophysiological models that extend beyond traditional neurochemical
frameworks and incorporate systemic mechanisms involved in depression.

Consequently,  there has been an increasing growth of interest in the microbiota–gut–brain (MGB) axis.  The gut
microbiota appears to be an important, potentially modifiable element affecting the functioning of the central nervous
system. This bidirectional communication network links the gut and the brain through neural (e.g., the vagus nerve),
immune,  and  neuroendocrine  (e.g.,  the  hypothalamic-pituitary-adrenal  axis)  pathways,  mediated  by  microbial
metabolites such as short-chain fatty acids (SCFAs) and neurotransmitter precursors [4, 6, 7]. Emerging evidence
indicates that gut dysbiosis — an imbalance in the microbial community — contributes to depressive symptoms by
increasing intestinal permeability, triggering systemic neuroinflammation, and disrupting tryptophan and serotonin
metabolism [6, 8].

Although research in this area has expanded rapidly, the findings remain scattered across numerous original and
review sources, and the field is marked by considerable complexity and ongoing debate. The majority of current
human studies are cross-sectional and correlational, making it difficult to definitively establish whether gut dysbiosis
is a causal factor in depression, or merely a consequence of disease-related physiological and lifestyle changes [4, 9].
Furthermore,  there  is  considerable  inconsistency  regarding  specific  microbial  alterations  across  studies,  largely
attributed to methodological heterogeneity and the profound influence of confounding factors, including diet, age,
BMI, and the use of psychotropic medications, which inherently alter the microbiota [9, 10]. Given this complexity,
there is value in presenting a structured narrative synthesis of current knowledge that can guide both researchers
and clinicians navigating this evolving field.

The  novelty  of  this  review lies  in  addressing  a  key  limitation  of  the  existing  literature,  namely  the  insufficient
reproducibility of findings and the predominance of correlational evidence in studies of gut microbiota in depression.
The available data are heterogeneous and do not allow definitive conclusions as to whether the observed microbiota
alterations represent stable features of depression or secondary phenomena. Accordingly, this review provides a
critical evaluation of the reproducibility of reported microbiota changes [10, 12], the validity of proposed biological
mechanisms within the gut brain axis [22, 30], and the extent to which current evidence supports causal rather than
associative relationships [4, 9]. In addition, the review analyzes clinical evidence on microbiota targeted interventions
and identifies methodological limitations that complicate the interpretation of results [7, 48, 10, 12]. The aim of this
review is to critically synthesize current evidence on the role of gut microbiota in depression, with a focus on the
reproducibility of microbiota alterations, the validity of proposed biological mechanisms within the gut brain axis, and
the clinical relevance of microbiota targeted interventions.

OBJECTIVES
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• To identify the most reproducible changes in gut microbiota composition and diversity in depression.

• To evaluate the validity of biological mechanisms linking gut dysbiosis with depressive symptoms.

• To determine whether current evidence supports a causal relationship between gut microbiota and depression.

• To  analyze  clinical  evidence  on  microbiota  targeted  interventions,  including  diet,  probiotics,  and  fecal
microbiota transplantation.

• To identify key methodological limitations and define priorities for future research.

2. METHODS
A narrative review format was chosen given the substantial methodological heterogeneity across primary studies and
the need for an integrative synthesis of mechanistic, compositional, and therapeutic evidence that extends beyond
the scope of a single meta-analytic question.

A literature search was initially conducted between October and November 2025 using the PubMed database. The
search  covered  publications  from the  last  decade  that  addressed  the  relationship  between  gut  microbiota  and
depression.  The  following  search  terms  were  used:  "gut  microbiota",  "intestinal  microbiota",  "microbiome
composition", and "dysbiosis". These terms were combined with ("depression" OR "depressive disorder") using the
Boolean operator AND. Filters such as "humans" and "adult" were applied during the initial search to prioritise studies
involving adult populations.

The literature search was updated in January and March 2026 to include recently published studies relevant to the
topic. Additional relevant publications were identified through targeted searches in PubMed as well as through manual
screening of reference lists and related articles.

The analysis encompassed various types of publications, including meta-analyses, clinical and experimental studies,
clinical trials, and systematic or narrative reviews. Although priority was given to high-level evidence, such as meta-
analyses  and  systematic  reviews  when  available,  other  relevant  studies  were  also  included  to  provide  a
comprehensive overview of the topic.

Relevant publications were identified through screening of titles and abstracts, and their full texts were reviewed
when necessary to assess their relevance to the scope of this review. Following the screening of titles, abstracts, and
full texts, a total of 50 publications were included in the final narrative synthesis. To guide the literature review, the
following research questions were formulated:

• What alterations in the composition and diversity of the gut microbiota are most consistently observed in
individuals with depression.

• What biological mechanisms link gut microbiota dysbiosis with the development of depressive symptoms within
the microbiota gut brain axis.

• Which microbial metabolites and signaling pathways play a key role in gut brain communication in the context
of depression.

• What  microbiota  targeted  therapeutic  interventions  have  been  investigated  for  their  potential  role  in  the
treatment of depression.

Inclusion criteria: publications from the last 10 years, articles written in English and available in full text, studies
investigating the composition,  diversity,  or function of  the gut microbiota in the context of  depression or major
depressive  disorder,  publications  addressing  biological  mechanisms  of  the  microbiota  gut  brain  axis,  including
inflammatory, neuroendocrine, or metabolic pathways associated with depressive disorders.

Exclusion criteria: studies addressing postpartum depression, works focused exclusively on a single bacterial strain,
publications discussing diet without analysing its relationship with the gut microbiota, studies conducted exclusively in
healthy populations, articles not directly related to the scope of the review.

3. RESULTS

3.1 COMPOSITION OF GUT MICROBIOTA IN DEPRESSION

The analysis of the composition of the gut microbiota is of significant importance in understanding its impact on the
pathophysiology of depressive disorders, as well as in the development of research on more effective methods of
diagnosis, treatment, and monitoring of the course of the disease [1, 2, 11]. The research focuses on two aspects:
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the overall  composition of the gut flora, measured by diversity indices,  and the identification of  changes in the
abundance of individual bacterial taxa between healthy individuals and those with depression [12, 13].

In research, diversity is measured in two distinct ways. Alpha diversity is a measure of biodiversity that assesses the
number and proportion of species in a sample from a single individual [12]. Meta-analyses and systematic reviews
indicate that, although it was originally assumed that species impoverishment could be a characteristic feature of
depression, most studies do not observe statistically significant deviations in alpha diversity [10, 12, 14]. However,
the data on this subject are inconsistent, and individual studies indicate a decrease or, less frequently, an increase.
For  instance,  large  population  studies  occasionally  report  a  negative  association  between  alpha  diversity  and
depressive symptoms [15].  Conversely,  studies focusing on late-life  depression occasionally report  a paradoxical
increase in alpha diversity indices among depressed individuals not taking medication [16].

Beta diversity is defined as the comparison of changes between individuals or groups, such as a study group and a
control group [12]. The findings of these studies provide more conclusive results, indicating that although the number
of species may be similar, their quality is different [10, 14]. However, no distinctive patterns that are characteristic of
any specific disease have been identified yet. Instead, the observed microbial shifts appear to be shared across
multiple psychiatric conditions [14]. To overcome these transdiagnostic overlaps and discover precise signatures,
recent studies frequently utilize metagenomic profiling and machine learning algorithms to identify specific bacterial
biomarkers for depression [1, 11, 17].

Despite the limitations of the existing literature, it is repeatedly indicated that there are changes in the microbiota
profile  towards  a  more  pro-inflammatory  state  in  individuals  diagnosed  with  depression  [2,  10,  14].  The  most
frequently documented alterations include an increase in the number of bacteria producing lipopolysaccharides (LPS)
and a  decrease in  the  number  of  taxa responsible  for  the  production of  short-chain  fatty  acids  (SCFA)  [1,  2].
Specifically, there is a consistent depletion of beneficial genera such as Faecalibacterium, Coprococcus, and Roseburia
[10–12, 15].  Simultaneously,  patients with depression often show an enrichment of  potentially pathogenic taxa,
including Eggerthella, Alistipes, Sellimonas, and Enterobacteriaceae [14, 15, 17].

Changes  in  the  composition  of  the  microbiome  provide  the  biological  basis  for  the  mechanisms  by  which  the
microbiome can modulate hormone secretion, immune response, and neurotransmitter production [1, 2]. The key
findings from representative studies and meta-analyses investigating these microbial shifts are synthesized in Table
1.

Table 1. Summary of studies on gut microbiota composition in depression

Author,
year

Study
design

Population
and

sample
size

Depression
assessment

Microbiota
assessment

method

Key microbial
changes

Main findings

Averina et
al., 2024

Review

Number of
included

studies n =
252

Not
applicable

16S rRNA
sequencing;

metagenomics

↓ SCFA-producing
taxa,↑ LPS-

producing taxa

Pro-
inflammatory
shifts underlie
microbiome-

driven
modulation of

immune
response,
hormone

secretion, and
neurotransmitter

production

Varesi et al.,
2023

Review Number of
included
studies
n = 347

Not
applicable

16S rRNA
sequencing;

metagenomics

↓ SCFA-producing
taxa,↑ LPS-

producing taxa

Gut microbiota
acts as key
mediator of
brain-gut

interactions;
consistent pro-
inflammatory
shifts suggest

potential targets
for innovative
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therapeutic
approaches

Gao et al.,
2023

Meta-
analysis /
systematic

review

Number of
included
studies
n=44

DSM,
ICD-10,

HDRS, CES-
D, PHQ-9

Pooled
analysis ;16S

rRNA and
metagenomics

No significant alpha
diversity

differences

Genus-level
shifts are more
informative than
phylum-level or
alpha diversity

metrics

McGuinness
et al., 2022

Systematic
review

Number of
included
studies
n=44

Clinical
diagnosis

Pooled
analysis

↓ Faecalibacterium,
Coprococcus,

Roseburia; altered
beta diversity

Beta diversity
more

informative than
alpha diversity;

depletion of
beneficial
genera

consistent
across studies
despite similar

species richness

Nikolova et
al., 2021

Meta-
analysis /
systematic

review

Number of
included
studies
n=59

Clinical
diagnosis /
validated

scales

Pooled
analysis

↑ Eggerthella,
Alistipes,

Sellimonas,
Enterobacteriaceae;

altered beta
diversity

Microbial shifts
are

transdiagnostic;
beta diversity

reveals
qualitative
differences

despite similar
species richness

Angelova et
al., 2023

Case-
control

Patients
with

depression
n=36;

controls
n=38; age

range
18-54

Clinical
diagnosis

Metagenomics
↓ Faecalibacterium

prausnitzii

Metagenomic
profiling with

machine
learning appears

promising for
advancing
microbiota-

based diagnosis
and disease
monitoring

Radjabzadeh
et al., 2022

Cohort
n=2,593;
age range

19–87

CES-D,
PHQ-9

16S rRNA
sequencing

↓ Faecalibacterium,
Coprococcus,
Roseburia; ↑
Eggerthella,

Alistipes,
Sellimonas,

Enterobacteriaceae

Reduced alpha
diversity and
depletion of
beneficial

genera linked to
depressive

symptoms in
large

population-
based cohort

Wang et al.,
2025

Case-
control

Patients
with

depression
n=52;

controls
n=56

HAMD-17 Metagenomics
↓Faecalibacterium,

Roseburia; ↑
Alistipes

Machine
learning may
help identify
depression-

specific bacterial
biomarkers

beyond
transdiagnostic

microbial
patterns
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Abbreviations: SCFA, short-chain fatty acids; LPS, lipopolysaccharides; 16S rRNA, 16S ribosomal
ribonucleic acid; DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD-10, International

Classification of Diseases, 10th Revision; HDRS / HAMD-17, Hamilton Depression Rating Scale; CES-D,
Center for Epidemiological Studies-Depression scale; PHQ-9, Patient Health Questionnaire-9.

3.2 MECHANISMS LINKING GUT MICROBIOTA TO DEPRESSIVE DISORDERS

The correlation between gut dysbiosis and depression is not merely a statistical one; rather, it is based on specific,
multidirectional  biological  mechanisms [8,  18].  The microbiota  communicates  with  the brain  through a complex
network of neuroendocrine, immune, and neuronal pathways [19, 20]. This bidirectional communication is collectively
referred to as the microbiota-gut-brain axis, and its disruption is currently a central focus in neuropsychiatric research
[1, 21]. A comprehensive understanding of these mechanisms is crucial for the development of effective and targeted
therapeutic strategies [4, 22, 23].

Hypothalamic-pituitary-adrenal axis

The gut microbiome has been demonstrated to play a pivotal role in the regulation of the HPA axis, affecting its
development and reactivity [1, 21]. This axis is the body's primary stress response system, and its hyperactivity can
result in increased cortisol secretion by the adrenal glands [8, 22]. Prolonged exposure to excess cortisol can induce
structural damage, reduced neurogenesis, and atrophy in brain regions critical for mood and cognition, such as the
hippocampus and prefrontal cortex [8]. Studies utilizing germ-free animal models confirm that the absence of gut
microbes leads to exaggerated HPA axis responses, evidenced by elevated circulating levels of adrenocorticotropic
hormone (ACTH) and corticosterone following stress exposure [18, 24]. This, in turn, has been shown to result in the
onset of more severe depressive symptoms, particularly anxiety reactions [20, 21, 25].

It  is  important  to  note  that  this  relationship  is  bidirectional  [8].  The  composition  of  the  microbiome  exerts  a
regulatory influence on the activity of the HPA axis, while the level of cortisol in the blood, in turn, affects the
composition of the microbiome, thereby establishing a vicious pathophysiological cycle [3, 8, 20].

Inflammatory and immune mechanisms

Inflammatory theories  of  depression propose that  intestinal  dysbiosis  leads to  intestinal  barrier  dysfunction and
increased  intestinal  permeability  [6,  9].  This  process  facilitates  the  translocation  of  bacterial  components  and
metabolites  from  the  gut  lumen  to  the  mesenteric  lymph  nodes  and  peripheral  circulation  [9].  Among  these
components, lipopolysaccharide (LPS), a pro-inflammatory constituent of Gram-negative bacteria, plays a particularly
important role [9, 26]. Consequently, patients with major depressive disorder often exhibit increased IgA- and IgM-
mediated immune responses directed against LPS [1, 9].

The presence of circulating LPS activates systemic immune responses, leading to elevated concentrations of pro-
inflammatory cytokines, including interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). In addition, increased
levels  of  non-specific  inflammatory  markers  such  as  C-reactive  protein  (CRP),  haptoglobin,  and  fibrinogen  are
frequently observed in these patients [1, 6, 9].

Pro-inflammatory cytokines can cross the blood–brain barrier through specific transport mechanisms [1, 20, 27].
Recent studies have identified molecular transport systems that actively facilitate the passage of immune-modulating
cytokines across this selectively permeable barrier [28, 29]. The resulting increase in central inflammatory signaling
contributes to the inhibition of neurogenesis and activation of microglia, the primary immune effector cells of the
central nervous system [2, 6]. Activated microglia release reactive oxygen species and additional cytokines, creating
a  pro-inflammatory  environment  that  disrupts  synaptic  plasticity  and  promotes  neuronal  damage.  This  process
ultimately leads to neuroinflammation within the brain [6,  21,  29].  Such neuroinflammatory signaling has been
implicated in the development of depressive symptoms, including anhedonia and fatigue [22, 25, 27, 28].

These cytokine-driven behavioral changes, collectively referred to as sickness behavior, are thought to have evolved
as  adaptive  responses  to  infection  but  may  also  contribute  to  vulnerability  to  depressive  disorders  in  modern
environments [21, 28].

The impact of bacterial metabolites

It is hypothesized that bacterial metabolites may function as signaling molecules in communication with the brain [1,
18, 23, 30]. Short-chain fatty acids (SCFAs) are produced in the large intestine as a result of the fermentation of
substances  that  are  not  digested  in  the  small  intestine,  primarily  dietary  fiber  and  resistant  starch.  The  most
extensively studied SCFAs are butyrate,  propionate,  and acetate [3,  18, 27, 30, 31].  These molecules serve as
natural  ligands  for  free  fatty  acid  receptors,  including  FFAR2  and  FFAR3,  which  are  widely  expressed  on
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enteroendocrine,  immune, and neural  cells  [30].  Their  key functions are as follows: firstly,  they strengthen the
intestinal barrier by providing an energy source for colonocytes; secondly, they exert anti-inflammatory effects by
inhibiting  histone  deacetylases;  and  thirdly,  they  stimulate  the  production  of  brain-derived  neurotrophic  factor
(BDNF), which is crucial for neurogenesis and neuronal plasticity [1, 27, 30–32]. Conversely, reduced levels of these
essential  metabolites are frequently observed in individuals with depression and are directly correlated with the
exacerbation of depressive symptoms. Some SCFAs, such as acetate, have been observed to be able to cross the
blood–brain barrier and act directly by promoting the maturation of microglial cells [18, 23]. Beyond SCFAs, other
microbially  derived compounds,  such as secondary bile  acids,  lactate,  and glycerophospholipids,  are increasingly
recognized as critical modulators of this gut–brain crosstalk [21, 33].

Tryptophan

Tryptophan  is  an  essential  amino  acid  that  is  a  precursor  to  serotonin  and  kynurenine  [3,  27].  Alterations  in
serotonergic neurotransmission have long been implicated in the pathophysiology of depression [3, 22, 34]. Notably,
over 90% of the body's serotonin is synthesized within the gastrointestinal tract by enterochromaffin cells, a process
heavily dependent on microbial stimulation of the tryptophan hydroxylase 1 (TPH1) enzyme [22, 29, 34].

Inflammation of the intestines, driven by dysbiosis, activates the IDO enzyme, which shifts tryptophan metabolism
towards the kynurenine pathway [3, 29]. This activation is predominantly triggered by pro-inflammatory cytokines,
particularly interferon-gamma (IFN-γ), linking peripheral immune responses to altered neurotransmitter availability
[29, 34]. This results in a deficiency of tryptophan, leading to a reduction in serotonin synthesis [3]. Additionally, this
process  is  accompanied  by  the  synthesis  of  neurotoxic  metabolites,  including  quinolinic  acid  [3,  23,  29,  34].
Quinolinic  acid  acts  as  an  N-methyl-D-aspartate  (NMDA)  receptor  agonist  promoting  excitotoxicity,  while  the
production of neuroprotective kynurenic acid is simultaneously suppressed [29, 34].

Direct production of neurotransmitters

It  is  important to note that certain species of  bacteria inhabiting the intestines possess the capacity to directly
synthesise neurotransmitters [20, 26, 35–37]. For instance, Lactobacillus and Bifidobacterium strains can produce
GABA, while other genera like Escherichia, Enterococcus, and Bacillus are involved in the synthesis of serotonin and
dopamine [3, 37, 38]. Specific strains such as Lactobacillus plantarum and Bacillus subtilis are capable of producing
acetylcholine precursors, further expanding the neurochemical repertoire of the gut microbiome [31, 37]. Although
peripherally produced neurotransmitters typically do not cross the blood-brain barrier directly, they can act locally
through the ENS (enteric nervous system) and modulate central nervous system functions and stress responses via
vagal afferent pathways [1, 6, 38, 39].

The function of the vagus nerve

The vagus nerve, the longest cranial nerve, represents the most direct connection between the intestines and the
brain [6, 18, 23]. It has been determined that approximately 80% of its fibres are afferent, which means that they
transmit information from the intestines to the brain [27]. These fibers, located in the intestinal wall, have been
shown to respond to bacterial metabolites, neurotransmitters, and immune system cells [18, 23, 39]. Recent findings
emphasize that enteroendocrine cells, also referred to as neuropod cells, act as crucial chemosensors that rapidly
transduce luminal microbial signals to vagal afferents through synaptic connections utilizing glutamate and serotonin
[40]. These signals are transmitted through the vagus nerve to the nucleus of the solitary tract in the brain, and from
there to higher brain structures such as the amygdala, hippocampus, and prefrontal cortex [18, 19, 38, 39]. Animal
studies have demonstrated that vagotomy prevents the anxiolytic effects of certain probiotics and the emergence of
anxiety-like behaviours, thereby providing evidence for its role in the communication between the gut and the brain
[23, 32].

The observed mechanisms demonstrate the potential for modifications in the gut microbiome to initiate a sequence of
biological processes, which, in turn, can contribute to the manifestation of depressive symptoms [18, 20, 41].

3.3 MODULATION OF THE GUT MICROBIOTA

An understanding of the mechanisms by which alterations in the composition of the intestinal microbiota lead to
depressive disorders has facilitated progress in the area of therapeutic intervention. The effectiveness of interventions
such as dietary changes, probiotic and prebiotic use, or fecal microbiota transplantation (FMT) is currently being
intensively studied [2, 4, 36, 42]. These microbiota-targeted strategies primarily aim to restore microbial eubiosis,
reinforce  intestinal  barrier  integrity,  and  attenuate  central  neuroinflammation  [17,  43,  44].  By  reversing  these
underlying  pathophysiological  processes,  such  interventions  offer  a  promising  adjunctive  approach  to  alleviating
depressive symptoms and improving patients' overall mental well-being [45, 46].

The main microbiota-targeted interventions currently investigated in the context of depression are summarized in
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Table 2.

Table 2. Overview of microbiota-targeted interventions in depression

Mechanism of
Action

Level of
Evidence

Clinical
Potential

Key
Limitations

References

Probiotics
(Psychobiotics)

Modulation of
neurotransmission;
HPA axis regulation

and cortisol
reduction;

reduction of pro-
inflammatory

cytokines (IL-6,
TNF-alpha);
increased

hippocampal BDNF
expression.

Animal
models;

randomized
controlled

trials (RCTs);
meta-

analyses;
systematic
reviews.

Reduction of
depressive and
anxiety scores;
adjunct therapy

for MDD;
improvement in
sleep quality,

stress resilience,
and cognitive

function.

Strain-specific
effects;

heterogeneous
dosages;

small clinical
sample sizes;
limited long-

term
longitudinal

data.

[2, 7, 18,
22, 38, 44]

Prebiotics

Selective
stimulation of

Bifidobacterium
and Lactobacillus;
increased SCFA

production;
enhancement of

gut barrier
integrity;

modulation of
hippocampal BDNF.

Animal
models;

small-scale
RCTs;

observational
studies;
meta-

analyses.

Improvement in
emotional

processing;
potential

anxiolytic and
antidepressant-

like effects.

Often
ineffective as
standalone
therapy for

clinical MDD;
inconsistent
results in

human trials;
limited high-

quality clinical
studies.

[7, 21–23,
30, 38]

Synbiotics

Synergistic
restoration of gut

eubiosis; reduction
of systemic

inflammation (LPS,
TNF-alpha );

improved epithelial
barrier protection;

modulation of
amino acid

metabolism.

Animal
models;

small RCTs;
systematic
reviews;

multicenter
trials.

Effective
adjunctive

intervention for
psychiatric
symptoms;
potential for

cognitive
restoration in

comorbid
populations.

Limited data
specifically for

MDD;
complexity in

defining
optimal strain-

prebiotic
combinations;

lack of
standardized
formulations.

[2, 31]

Mediterranean
Diet

Enrichment of
fiber-consuming,
anti-inflammatory

bacteria (e.g.,
Faecalibacterium );

increased SCFA
production;
reduction of

oxidative stress
and pro-

inflammatory
markers.

Large-scale
observational

cohorts;
longitudinal

studies;
RCTs (e.g.,

SMILES
trial); meta-

analyses.

Significant
reduction in

depression risk
and severity;

improvement in
quality of life;
protective role

against
neurodegenerative

disorders.

Reliance on
self-reported

dietary
adherence;
confounding
lifestyle and

socioeconomic
factors;
difficulty
isolating

microbiota-
independent
mechanisms.

[2, 21, 23,
36, 47]

Fecal
Microbiota

Transplantation
(FMT)

Rapid restoration
of microbial
diversity; re-

establishment of
serotonergic/

Preclinical
transfer
studies

(human-to-
rodent);

High therapeutic
potential for
treatment-
resistant

depression (TRD);

Safety and
standardized

screening
concerns;
invasive

[1, 2, 22,
46, 48]
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glutamatergic
balance;

modulation of
neuroinflammation.

case reports;
small open-
label clinical
trials; pilot

RCTs.

rapid symptom
relief; correction

of severe
dysbiosis-linked

behaviors.

delivery
modes; high

"non-
responder"

rates;
unknown
long-term

durability and
donor-

recipient
compatibility.

Abbreviations: FMT, fecal microbiota transplantation; SCFA, short-chain fatty acids; HPA, hypothalamic-
pituitary-adrenal axis; RCT, randomized controlled trial; BDNF, brain-derived neurotrophic factor.

Probiotics, Prebiotics and Synbiotics

Probiotics are defined as preparations containing live microorganisms [2]. Probiotics that have a beneficial effect on
mental health are sometimes referred to as "psychobiotics" [20, 31, 32]. Prebiotics contain substances that provide
nourishment for beneficial intestinal bacteria, such as fibre [1, 23, 31]. Synbiotics are probiotics and prebiotics in one
preparation [7, 20].

A number of clinical studies have indicated that supplementation with probiotics and synbiotics is associated with a
modest  but  statistically  significant  reduction in depressive symptoms when compared to placebo [7,  49].  Meta-
analyses suggest that these clinical benefits are most pronounced when multi-strain probiotics are administered as an
adjunctive treatment to standard antidepressant medications, rather than as a standalone therapy [14]. Preparations
containing Lactobacillus and Bifidobacterium strains appear to be of particular importance [4, 20]. In contrast, the
evidence regarding prebiotics is considerably less clear. Despite the evidence from animal studies demonstrating a
modulation of anxiety behaviours and increased BDNF concentrations in the hippocampus, there remains a lack of
conclusive evidence to support such an effect in humans [7, 23]. In order to determine the most effective strains,
doses, and durations of therapy, larger-scale studies are required [7, 49].

Dietary modifications

Nutritional intake has been demonstrated to be significantly associated with the structure of the gut microbiota, often
exerting a more profound influence on its composition than host genetics [32, 43]. A diet high in saturated fats,
simple sugars,  and low in  fibre  does not  provide the necessary substrates for  SCFA synthesis  [43].  Instead,  it
promotes an increase in the population of bacteria that produce pro-inflammatory substances, ultimately lowering
microbial diversity [22, 43]. On the other hand, a diet with a high fibre content, as well as polyphenols (found in
fruits,  vegetables,  and olive oil),  and omega-3 fatty  acids,  has been shown to help  restore the balance of  the
intestinal ecosystem [1, 2, 22]. Furthermore, specific omega-3 polyunsaturated fatty acids like EPA and DHA play a
pivotal role in regulating dopaminergic and serotonergic neurotransmission and can restore the microbiota ecosystem
following stress or dysbiosis [31, 50]. Recent advanced mediation analyses have confirmed that the gut microbiota
acts as a significant mediator in the relationship between adherence to a Mediterranean dietary pattern and the
reduction  of  depressive  symptoms [47].  While  establishing  a  fundamentally  stable  architecture  of  the  intestinal
ecosystem is typically associated with a prolonged duration, detectable shifts in some bacterial species can occur
within  24  hours  of  dietary  modification  [18,  43].  Thus,  placing  a  greater  emphasis  on  nutritional  intake  and
implementing personalized dietary interventions aligned with these principles are vital for their role in both long-term
prevention and the rapid enhancement of treatment outcomes [47, 50].

Fecal microbiota transplantation (FMT)

Fecal microbiota transplantation (FMT) is the most invasive intervention of those presented, although the degree of
invasiveness  varies  depending  on  the  delivery  route,  which  ranges  from oral  capsules  to  direct  gastrointestinal
administration via colonoscopy or enema [1, 2, 46, 48]. The procedure involves the transfer of the entire ecosystem
of  microorganisms  from  a  healthy  donor  to  the  recipient's  gastrointestinal  tract  in  order  to  restore  microbial
homeostasis and correct dysbiosis [1, 2, 7, 22, 48].

Recent  meta-analyses  of  randomized  controlled  trials  confirm  that  FMT  may  alleviate  depressive  symptoms,
particularly in the short- to mid-term. Direct gastrointestinal delivery routes appear to yield a larger therapeutic effect
size than oral capsules [48]. The development of this method could be a crucial step forward for patients suffering
from treatment-resistant depression [46, 48]. This is evidenced by recent case reports and pilot studies showing
rapid symptom improvement within just four weeks of utilizing FMT as an adjunctive therapy [46]. However, current
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evidence also suggests that the long-term efficacy of FMT may wane over time, highlighting the potential need for
repeated administration protocols rather than a single intervention [46, 48].

Nevertheless, further research is required on the long-term safety of the procedure, the identification of potential
donors, and the matching of donors and recipients. The optimization of FMT will likely rely on artificial intelligence-
driven algorithms for precise donor-recipient matching to ensure successful microbial engraftment, minimize adverse
effects, and sustain a long-term clinical response [22, 46].

4. DISCUSSION
One of the most significant findings to emerge from this review is that the absence of a distinct microbiota 'signature'
specific to depression is not merely a methodological artefact; it may itself be a biologically meaningful observation.
The transdiagnostic nature of the observed microbial alterations, which are shared by depression, bipolar disorder
and schizophrenia, suggests that gut dysbiosis acts as a non-specific factor that amplifies neuropsychiatric risk rather
than being a direct cause of any single disorder [12, 14, 23]. This reframing shifts the question from 'Which bacteria
cause depression?' to 'Under what conditions does dysbiosis lower the threshold for depressive symptoms to emerge
in a predisposed individual?'. This is a model that is more consistent with the multifactorial aetiology of depression,
and  it  opens  up  more  research  opportunities  than  searching  for  a  single  diagnostic  biomarker.  Notably,  the
microbiota–gut–brain axis is a highly complex and dynamic system in which microbial metabolites, immune signalling
and neuroendocrine pathways interact simultaneously, making it improbable that a single microbial factor explains
the observed associations alone [22, 32].

A second key finding of this review is that the MGB axis pathways have a highly interconnected, self-reinforcing
structure. Although the individual mechanisms — HPA axis dysregulation, neuroinflammation, tryptophan metabolism
diversion and reduced SCFA production — are often discussed in isolation, their true pathophysiological significance
lies in their interaction with each other. Gut dysbiosis reduces the number of taxa that produce SCFA, weakening the
intestinal  barrier  and allowing  LPS to  move from the  gut  into  the  blood.  LPS in  the  blood then activates  pro-
inflammatory cytokines, which divert tryptophan towards the kynurenine pathway. This results in the production of
quinolinic  acid,  which  promotes  NMDA  receptor-mediated  excitotoxicity  and  suppresses  BDNF-dependent
neurogenesis. Cortisol, released via HPA hyperactivation, further reshapes the microbial community, perpetuating the
cycle [6, 8, 21, 34]. Recognising this cascade as a network rather than a series of parallel processes has direct
therapeutic  implications:  interventions  targeting  a  single  node  may  be  ineffective  not  because  the  gut-brain
hypothesis  is  incorrect,  but  because  the  pathology  is  distributed  across  the  network.  Therefore,  multi-targeted
strategies combining dietary fibre, probiotics and anti-inflammatory components may be more effective at disrupting
this cycle.

The  three  therapeutic  categories  reviewed  differ  substantially  in  their  evidence  base.  Dietary  interventions  are
supported  by  the  most  robust  observational  evidence,  including  recent  mediation  analyses  confirming  that  gut
microbiota mediate the relationship between Mediterranean dietary patterns and depressive symptoms. Probiotic
trials have produced modest but statistically significant effect sizes, with the most significant results observed when
multi-strain preparations are used along with antidepressants rather than as a standalone treatment [21, 31, 47].
FMT  is  mechanistically  compelling  and  supported  by  early  clinical  evidence,  particularly  in  treatment-resistant
populations [46, 48].

One of the most challenging issues in this field is the confounding role of psychotropic medication. In most studies,
either medicated patients are excluded or the effects of medication are not adequately controlled, despite microbiota
composition being altered by antidepressants,  antipsychotics  and mood stabilisers  independently.  This  creates a
bidirectional relationship: dysbiosis may contribute to depression, but the medications used to treat it may also alter
the microbiota, resulting in changes that are difficult to distinguish from those associated with the disease. Future
research designs should treat medication status as a primary area of interest, investigating whether modulation of
the microbiota can enhance the response to antidepressants or whether specific microbial profiles predict treatment
resistance.

Interpreting  the  evidence  reviewed  here  also  requires  acknowledging  broader  methodological  constraints.  A
considerable amount of variety in sample collection, sequencing techniques, and population selection limits cross-
study  comparability,  while  the  predominantly  correlational  nature  of  the  human  data  that  is  available  leaves
unresolved whether microbiota alterations come before depression or follow from it. Addressing this will require large-
scale,  longitudinal  cohort  studies  with  standardised  protocols,  alongside  multi-omics  approaches  and  machine
learning–based biomarker discovery [4, 10–12].

5. CONCLUSIONS
The findings of  this  review indicate that the most reproducible feature of  gut microbiota in depression is  not a
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quantitative  change  in  diversity,  but  a  qualitative  shift  towards  a  pro  inflammatory  profile,  characterized  by  a
reduction in short chain fatty acid producing bacteria and an increase in taxa associated with lipopolysaccharides.
This directly addresses the objective of identifying consistent microbiota alterations and confirms the absence of a
specific microbial signature of depression.

The analysis of biological mechanisms shows that the association between dysbiosis and depressive symptoms is
mediated through interconnected immune, neuroendocrine and metabolic pathways, including hyperactivation of the
hypothalamic pituitary adrenal axis, neuroinflammation and alterations in tryptophan metabolism. These mechanisms
are supported by experimental and clinical data, however their significance is expressed as a complex network of
interactions  rather  than  a  single  causal  pathway,  which  corresponds  to  the  objective  of  evaluating  mechanistic
validity.

With regard to causality, the available evidence is predominantly correlational and does not allow determination of
whether microbiota alterations precede the development of depression or arise as its consequence, including the
effects of treatment. This corresponds to the objective of assessing causality and highlights the need for longitudinal
studies and standardized protocols.

The analysis of therapeutic approaches shows that the most consistent evidence is observed for dietary interventions,
whereas probiotics demonstrate a moderate effect when used as an adjunct to antidepressants. Evidence on fecal
microbiota transplantation remains limited to early stage and small scale studies. This corresponds to the objective of
evaluating clinical interventions and indicates their possible role only as adjunctive strategies.

Finally, the review identifies key methodological limitations, including heterogeneity of study designs, variability in
microbiota assessment methods, and the impact of psychotropic medications as a significant confounding factor.
Addressing these limitations is a priority for future research and is necessary to improve reproducibility and clarify
causal relationships.

DISCLOSURE

AUTHORS’ CONTRIBUTIONS:

Concept and design of the study: Katarzyna Siwiec, Adrianna Purwin;

Literature review: Patrycja Piekarska, Anna Kułach, Łukasz Lamparski;

Writing, draft preparation: Katarzyna Siwiec, Weronika Basak, Grzegorz Szmit;

Review and editing: Wiktoria Modrzejewska, Gabriela Krok, Karolina Lach;

Critical review and approval of the final version: Katarzyna Siwiec, Adrianna Purwin, Patrycja Piekarska, Anna Kułach,
Łukasz Lamparski, Weronika Basak, Grzegorz Szmit, Wiktoria Modrzejewska, Gabriela Krok, Karolina Lach

USE OF AI

The translation from the native language of the authors into English was assisted by an AI-powered translator. AI
tools were also used for stylistic and linguistic editing of the manuscript. No AI assistance was used for the generation
or interpretation of scientific content. The authors have verified the entire text and take full responsibility for its
accuracy and content.

FUNDING

The article did not receive any funding.

CONFLICT OF INTEREST

Authors declare no conflicts of interest.

REFERENCES

1. Averina  OV,  Poluektova  EU,  Zorkina  YA,  et  al.  Human  Gut  Microbiota  for  Diagnosis  and  Treatment  of
Depression. IJMS 2024; 25: 5782 DOI: https://doi.org/10.3390/ijms242216459

2. Varesi A, Campagnoli LIM, Chirumbolo S, et al. The brain-gut-microbiota interplay in depression: A key to
design  innovative  therapeutic  approaches.  Pharmacological  Research  2023;  192:  106799  DOI:  https://
doi.org/10.1016/j.phrs.2023.106799.

archiv euromedica  2026 | vol. 16 | num. 2 |

11 von 14

https://doi.org/10.3390/ijms242216459
https://doi.org/10.3390/ijms242216459
https://doi.org/10.1016/j.phrs.2023.106799
https://doi.org/10.1016/j.phrs.2023.106799
https://doi.org/10.1016/j.phrs.2023.106799
https://doi.org/10.1016/j.phrs.2023.106799


3. Góralczyk-Bińkowska  A,  Szmajda-Krygier  D,  Kozłowska  E.  The  Microbiota–Gut–Brain  Axis  in  Psychiatric
Disorders. IJMS 2022; 23: 11245 DOI: https://doi.org/10.3390/ijms231911245.

4. Liu  L,  Wang  H,  Chen  X,  et  al.  Gut  microbiota  and  its  metabolites  in  depression:  from pathogenesis  to
treatment. eBioMedicine 2023; 90: 104527 DOI: https://doi.org/10.1016/j.ebiom.2023.104527.

5. Cao Y, Cheng Y, Pan W, et al. Gut microbiota variations in depression and anxiety: a systematic review. BMC
Psychiatry 2025; 25: 443 DOI: https://doi.org/10.1186/s12888-025-06871-8.

6. Mehta I, Juneja K, Nimmakayala T, et al. Gut Microbiota and Mental Health: A Comprehensive Review of Gut-
Brain  Interactions  in  Mood  Disorders.  Cureus.  Epub  ahead  of  print  30  March  2025.  DOI:  https://
doi.org/10.7759/cureus.81447 DOI: https://doi.org/10.7759/cureus.81447.

7. Alli SR, Gorbovskaya I, Liu JCW, et al. The Gut Microbiome in Depression and Potential Benefit of Prebiotics,
Probiotics and Synbiotics: A Systematic Review of Clinical Trials and Observational Studies. IJMS 2022; 23:
4494 DOI: https://doi.org/10.3390/ijms23094494.

8. Bertollo AG, Santos CF, Bagatini MD, et al. Hypothalamus-pituitary-adrenal and gut-brain axes in biological
interaction  pathway  of  the  depression.  Front  Neurosci  2025;  19:  1541075  DOI:  https://doi.org/10.3389/
fnins.2025.1541075.

9. Eltokhi A, Sommer IE. A Reciprocal Link Between Gut Microbiota, Inflammation and Depression: A Place for
Probiotics? Front Neurosci 2022; 16: 852506 DOI: https://doi.org/10.3389/fnins.2022.852506.

10. Gao M, Wang J, Liu P, et al. Gut microbiota composition in depressive disorder: a systematic review, meta-
analysis,  and  meta-regression.  Transl  Psychiatry  2023;  13:  379  DOI:  https://doi.org/10.1038/
s41398-023-02670-5.

11. Angelova  IY,  Kovtun  AS,  Averina  OV,  et  al.  Unveiling  the  Connection  between Microbiota  and  Depressive
Disorder through Machine Learning. IJMS 2023; 24: 16459 DOI: https://doi.org/10.3390/ijms242216459.

12. McGuinness AJ, Davis JA, Dawson SL, et al. A systematic review of gut microbiota composition in observational
studies of major depressive disorder, bipolar disorder and schizophrenia. Mol Psychiatry 2022; 27: 1920–1935
DOI: https://doi.org/10.1038/s41380-022-01456-3.

13. Barandouzi ZA, Starkweather AR, Henderson WA, et al. Altered Composition of Gut Microbiota in Depression: A
Systematic Review. Front Psychiatry 2020; 11: 541 DOI: https://doi.org/10.3389/fpsyt.2020.00541.

14. Nikolova VL, Smith MRB, Hall LJ, et al. Perturbations in Gut Microbiota Composition in Psychiatric Disorders: A
Review  and  Meta-analysis.  JAMA  Psychiatry  2021;  78:  1343  DOI:  https://doi.org/10.1001/
jamapsychiatry.2021.2573.

15. Radjabzadeh  D,  Bosch  JA,  Uitterlinden  AG,  et  al.  Gut  microbiome-wide  association  study  of  depressive
symptoms. Nat Commun 2022; 13: 7128 DOI: https://doi.org/10.1038/s41467-022-34502-3.

16. Kolobaric  A,  Andreescu  C,  Jašarević  E,  et  al.  Gut  microbiome predicts  cognitive  function  and  depressive
symptoms  in  late  life.  Mol  Psychiatry  2024;  29:  3064–3075  DOI:  https://doi.org/10.1038/
s41380-024-02551-3.

17. Wang X,  Cao D,  Zhang H,  et  al.  Utilizing  metagenomic  profiling  and machine  learning  model  to  identify
bacterial  biomarkers  for  major  depressive  disorder.  Front  Psychiatry  2025;  16:  1539596  DOI:  https://
doi.org/10.3389/fpsyt.2025.1539596.

18. Cryan JF, O’Riordan KJ, Cowan CSM, et al. The Microbiota-Gut-Brain Axis. Physiological Reviews  2019; 99:
1877–2013 DOI: https://doi.org/10.1152/physrev.00018.2018.

19. Bonaz  B,  Bazin  T,  Pellissier  S.  The  Vagus  Nerve  at  the  Interface  of  the  Microbiota-Gut-Brain  Axis.  Front
Neurosci 2018; 12: 49 DOI: https://doi.org/10.3389/fnins.2018.00049.

20. Anand N, Gorantla VR, Chidambaram SB. The Role of Gut Dysbiosis in the Pathophysiology of Neuropsychiatric
Disorders. Cells 2022; 12: 54 DOI: https://doi.org/10.3390/cells12010054.

21. Bautista  J,  Hidalgo-Tinoco  C,  Di  Capua  Delgado  M,  et  al.  The  gut–brain–circadian  axis  in  anxiety  and
depression:  a  critical  review.  Front  Psychiatry  2025;  16:  1697200  DOI:  https://doi.org/10.3389/
fpsyt.2025.1697200.

22. Zhu Z, Cheng Y, Liu X, et al. The microbiota-gut-brain axis in depression: unraveling the relationships and
therapeutic  opportunities.  Front  Immunol  2025;  16:  1644160  DOI:  https://doi.org/10.3389/
fimmu.2025.1644160.

23. Radford-Smith  DE,  Anthony  DC.  Prebiotic  and  Probiotic  Modulation  of  the  Microbiota–Gut–Brain  Axis  in
Depression. Nutrients 2023; 15: 1880 DOI: https://doi.org/10.3390/nu15081880.

24. Knuesel  T,  Mohajeri  MH.  The  Role  of  the  Gut  Microbiota  in  the  Development  and  Progression  of  Major
Depressive and Bipolar Disorder. Nutrients 2021; 14: 37 DOI: https://doi.org/10.3390/nu14010037.

archiv euromedica  2026 | vol. 16 | num. 2 |

12 von 14

https://doi.org/10.3390/ijms231911245
https://doi.org/10.3390/ijms231911245
https://doi.org/10.1016/j.ebiom.2023.104527
https://doi.org/10.1016/j.ebiom.2023.104527
https://doi.org/10.1186/s12888-025-06871-8
https://doi.org/10.1186/s12888-025-06871-8
https://doi.org/10.7759/cureus.81447
https://doi.org/10.7759/cureus.81447
https://doi.org/10.3390/ijms23094494
https://doi.org/10.3390/ijms23094494
https://doi.org/10.3389/fnins.2025.1541075
https://doi.org/10.3389/fnins.2025.1541075
https://doi.org/10.3389/fnins.2025.1541075
https://doi.org/10.3389/fnins.2025.1541075
https://doi.org/10.3389/fnins.2022.852506
https://doi.org/10.3389/fnins.2022.852506
https://doi.org/10.1038/s41398-023-02670-5
https://doi.org/10.1038/s41398-023-02670-5
https://doi.org/10.1038/s41398-023-02670-5
https://doi.org/10.1038/s41398-023-02670-5
https://doi.org/10.3390/ijms242216459
https://doi.org/10.3390/ijms242216459
https://doi.org/10.1038/s41380-022-01456-3
https://doi.org/10.1038/s41380-022-01456-3
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.1038/s41467-022-34502-3
https://doi.org/10.1038/s41467-022-34502-3
https://doi.org/10.1038/s41380-024-02551-3
https://doi.org/10.1038/s41380-024-02551-3
https://doi.org/10.1038/s41380-024-02551-3
https://doi.org/10.1038/s41380-024-02551-3
https://doi.org/10.3389/fpsyt.2025.1539596
https://doi.org/10.3389/fpsyt.2025.1539596
https://doi.org/10.3389/fpsyt.2025.1539596
https://doi.org/10.3389/fpsyt.2025.1539596
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.3389/fnins.2018.00049
https://doi.org/10.3389/fnins.2018.00049
https://doi.org/10.3390/cells12010054
https://doi.org/10.3390/cells12010054
https://doi.org/10.3389/fpsyt.2025.1697200
https://doi.org/10.3389/fpsyt.2025.1697200
https://doi.org/10.3389/fpsyt.2025.1697200
https://doi.org/10.3389/fpsyt.2025.1697200
https://doi.org/10.3389/fimmu.2025.1644160
https://doi.org/10.3389/fimmu.2025.1644160
https://doi.org/10.3389/fimmu.2025.1644160
https://doi.org/10.3389/fimmu.2025.1644160
https://doi.org/10.3390/nu15081880
https://doi.org/10.3390/nu15081880
https://doi.org/10.3390/nu14010037
https://doi.org/10.3390/nu14010037


25. Młynarska E, Gadzinowska J, Tokarek J, et al. The Role of the Microbiome-Brain-Gut Axis in the Pathogenesis of
Depressive Disorder. Nutrients 2022; 14: 1921 DOI: https://doi.org/10.3390/nu14091921.

26. Mhanna A, Martini N, Hmaydoosh G, et al. The correlation between gut microbiota and both neurotransmitters
and  mental  disorders:  A  narrative  review.  Medicine  2024;  103:  e37114  DOI:  https://doi.org/10.1097/
MD.0000000000037114.

27. Generoso  JS,  Giridharan  VV,  Lee  J,  et  al.  The  role  of  the  microbiota-gut-brain  axis  in  neuropsychiatric
disorders. Braz J Psychiatry 2021; 43: 293–305 DOI: https://doi.org/10.1590/1516-4446-2020-0987.

28. Flux MC, Lowry CA. Finding intestinal fortitude: Integrating the microbiome into a holistic view of depression
mechanisms,  treatment,  and  resilience.  Neurobiology  of  Disease  2020;  135:  104578  DOI:  https://
doi.org/10.1016/j.nbd.2019.104578.

29. Waclawiková B, El Aidy S. Role of Microbiota and Tryptophan Metabolites in the Remote Effect of Intestinal
Inflammation  on  Brain  and  Depression.  Pharmaceuticals  2018;  11:  63  DOI:  https://doi.org/10.3390/
ph11030063.

30. Cheng J, Hu H, Ju Y, et al. Gut microbiota-derived short-chain fatty acids and depression: deep insight into
biological mechanisms and potential applications. Gen Psych 2024; 37: e101374 DOI: https://doi.org/10.1136/
gpsych-2023-101374.

31. Dziedzic A, Maciak K, Bliźniewska-Kowalska K, et al.  The Power of Psychobiotics in Depression: A Modern
Approach through the Microbiota–Gut–Brain Axis: A Literature Review. Nutrients 2024; 16: 1054 DOI: https://
doi.org/10.3390/nu16071054.

32. Chang  L,  Wei  Y,  Hashimoto  K.  Brain–gut–microbiota  axis  in  depression:  A  historical  overview and  future
directions. Brain Research Bulletin 2022; 182: 44–56 DOI: https://doi.org/10.1016/j.brainresbull.2022.02.004.

33. Wang M,  Song Z,  Lai  S,  et  al.  Depression-associated  gut  microbes,  metabolites  and clinical  trials.  Front
Microbiol 2024; 15: 1292004 DOI: https://doi.org/10.3389/fmicb.2024.1292004.

34. Lukić I, Ivković S, Mitić M, et al. Tryptophan metabolites in depression: Modulation by gut microbiota. Front
Behav Neurosci 2022; 16: 987697 DOI: https://doi.org/10.3389/fnbeh.2022.987697.

35. Chen Y, Le D, Xu J, et al. Gut Microbiota Dysbiosis and Inflammation Dysfunction in Late-Life Depression: An
Observational  Cross-Sectional  Analysis.  NDT  2024;  Volume  20:  399–414  DOI:  https://doi.org/10.2147/
NDT.S449224.

36. Clerici  L,  Bottari  D,  Bottari  B.  Gut Microbiome, Diet  and Depression: Literature Review of  Microbiological,
Nutritional  and  Neuroscientific  Aspects.  Curr  Nutr  Rep  2025;  14:  30  DOI:  https://doi.org/10.1007/
s13668-025-00619-2.

37. Strandwitz P. Neurotransmitter modulation by the gut microbiota. Brain Research 2018; 1693: 128–133 DOI:
https://doi.org/10.1016/j.brainres.2018.03.015.

38. Socała  K,  Doboszewska  U,  Szopa  A,  et  al.  The  role  of  microbiota-gut-brain  axis  in  neuropsychiatric  and
neurological  disorders.  Pharmacological  Research  2021;  172:  105840  DOI:  https://doi.org/10.1016/
j.phrs.2021.105840.

39. Han Y, Wang B, Gao H, et al. Vagus Nerve and Underlying Impact on the Gut Microbiota-Brain Axis in Behavior
and  Neurodegenerative  Diseases.  JIR  2022;  Volume  15:  6213–6230  DOI:  https://doi.org/10.2147/
JIR.S384949.

40. Lai T-T, Liou C-W, Tsai Y-H, et al. Butterflies in the gut: the interplay between intestinal microbiota and stress. J
Biomed Sci 2023; 30: 92 DOI: https://doi.org/10.1186/s12929-023-00984-6.

41. Toader C, Dobrin N, Costea D, et al. Mind, Mood and Microbiota—Gut–Brain Axis in Psychiatric Disorders. IJMS
2024; 25: 3340 DOI: https://doi.org/10.3390/ijms25063340.

42. Xu D, Wu J, Lu Z, et al. Bibliometric analysis of research hotspots and trends on the relationship between the
gut  microbiota  and  depression  from  2020  to  2024.  Front  Microbiol  2024;  15:  1479703  DOI:  https://
doi.org/10.3389/fmicb.2024.1479703.

43. Madison A, Kiecolt-Glaser JK. Stress, depression, diet, and the gut microbiota: human–bacteria interactions at
the core of psychoneuroimmunology and nutrition. Current Opinion in Behavioral Sciences 2019; 28: 105–110
DOI: https://doi.org/10.1016/j.cobeha.2019.01.011.

44. Du Y, Gao X-R, Peng L, et al. Crosstalk between the microbiota-gut-brain axis and depression. Heliyon 2020; 6:
e04097 DOI: https://doi.org/10.1016/j.heliyon.2020.e04097.

45. Nikolova V, Zaidi SY, Young AH, et al. Gut feeling: randomized controlled trials of probiotics for the treatment of
clinical depression: Systematic review and meta-analysis. Therapeutic Advances in Psychopharmacology 2019;
9: 2045125319859963 DOI: https://doi.org/10.1177/2045125319859963.

archiv euromedica  2026 | vol. 16 | num. 2 |

13 von 14

https://doi.org/10.3390/nu14091921
https://doi.org/10.3390/nu14091921
https://doi.org/10.1097/MD.0000000000037114
https://doi.org/10.1097/MD.0000000000037114
https://doi.org/10.1097/MD.0000000000037114
https://doi.org/10.1097/MD.0000000000037114
https://doi.org/10.1590/1516-4446-2020-0987
https://doi.org/10.1590/1516-4446-2020-0987
https://doi.org/10.1016/j.nbd.2019.104578
https://doi.org/10.1016/j.nbd.2019.104578
https://doi.org/10.1016/j.nbd.2019.104578
https://doi.org/10.1016/j.nbd.2019.104578
https://doi.org/10.3390/ph11030063
https://doi.org/10.3390/ph11030063
https://doi.org/10.3390/ph11030063
https://doi.org/10.3390/ph11030063
https://doi.org/10.1136/gpsych-2023-101374
https://doi.org/10.1136/gpsych-2023-101374
https://doi.org/10.1136/gpsych-2023-101374
https://doi.org/10.1136/gpsych-2023-101374
https://doi.org/10.3390/nu16071054
https://doi.org/10.3390/nu16071054
https://doi.org/10.3390/nu16071054
https://doi.org/10.3390/nu16071054
https://doi.org/10.1016/j.brainresbull.2022.02.004
https://doi.org/10.1016/j.brainresbull.2022.02.004
https://doi.org/10.3389/fmicb.2024.1292004
https://doi.org/10.3389/fmicb.2024.1292004
https://doi.org/10.3389/fnbeh.2022.987697
https://doi.org/10.3389/fnbeh.2022.987697
https://doi.org/10.2147/NDT.S449224
https://doi.org/10.2147/NDT.S449224
https://doi.org/10.2147/NDT.S449224
https://doi.org/10.2147/NDT.S449224
https://doi.org/10.1007/s13668-025-00619-2
https://doi.org/10.1007/s13668-025-00619-2
https://doi.org/10.1007/s13668-025-00619-2
https://doi.org/10.1007/s13668-025-00619-2
https://doi.org/10.1016/j.brainres.2018.03.015
https://doi.org/10.1016/j.brainres.2018.03.015
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.2147/JIR.S384949
https://doi.org/10.2147/JIR.S384949
https://doi.org/10.2147/JIR.S384949
https://doi.org/10.2147/JIR.S384949
https://doi.org/10.1186/s12929-023-00984-6
https://doi.org/10.1186/s12929-023-00984-6
https://doi.org/10.3390/ijms25063340
https://doi.org/10.3390/ijms25063340
https://doi.org/10.3389/fmicb.2024.1479703
https://doi.org/10.3389/fmicb.2024.1479703
https://doi.org/10.3389/fmicb.2024.1479703
https://doi.org/10.3389/fmicb.2024.1479703
https://doi.org/10.1016/j.cobeha.2019.01.011
https://doi.org/10.1016/j.cobeha.2019.01.011
https://doi.org/10.1016/j.heliyon.2020.e04097
https://doi.org/10.1016/j.heliyon.2020.e04097
https://doi.org/10.1177/2045125319859963
https://doi.org/10.1177/2045125319859963


46. Doll JPK, Vázquez-Castellanos JF, Schaub A-C, et al. Fecal Microbiota Transplantation (FMT) as an Adjunctive
Therapy  for  Depression—Case  Report.  Front  Psychiatry  2022;  13:  815422  DOI:  https://doi.org/10.3389/
fpsyt.2022.815422.

47. Hernández-Cacho A,  Ni  J,  García-Gavilán  JF,  et  al.  The  Gut  Microbiota  as  a  Mediator  in  the  Relationship
Between  Dietary  Patterns  and  Depression.  MedComm  2026;  7:  e70562  DOI:  https://doi.org/10.1002/
mco2.70562.

48. Zhang  X,  Li  Y,  Guo  Y,  et  al.  Clinical  efficacy  of  fecal  microbiota  transplantation  in  alleviating  depressive
symptoms:  a  meta-analysis  of  randomized  trials.  Front  Psychiatry  2025;  16:  1656969  DOI:  https://
doi.org/10.3389/fpsyt.2025.1656969.

49. Zhang Q, Chen B, Zhang J, et al. Effect of prebiotics, probiotics, synbiotics on depression: results from a meta-
analysis. BMC Psychiatry 2023; 23: 477 DOI: https://doi.org/10.1186/s12888-023-04963-x.

50. Magzal F, Turroni S, Fabbrini M, et al. A personalized diet intervention improves depression symptoms and
changes microbiota and metabolite profiles among community-dwelling older adults. Front Nutr  2023;  10:
1234549 DOI: https://doi.org/10.3389/fnut.2023.1234549.

back

archiv euromedica  2026 | vol. 16 | num. 2 |

14 von 14

https://doi.org/10.3389/fpsyt.2022.815422
https://doi.org/10.3389/fpsyt.2022.815422
https://doi.org/10.3389/fpsyt.2022.815422
https://doi.org/10.3389/fpsyt.2022.815422
https://doi.org/10.1002/mco2.70562
https://doi.org/10.1002/mco2.70562
https://doi.org/10.1002/mco2.70562
https://doi.org/10.1002/mco2.70562
https://doi.org/10.3389/fpsyt.2025.1656969
https://doi.org/10.3389/fpsyt.2025.1656969
https://doi.org/10.3389/fpsyt.2025.1656969
https://doi.org/10.3389/fpsyt.2025.1656969
https://doi.org/10.1186/s12888-023-04963-x
https://doi.org/10.1186/s12888-023-04963-x
https://doi.org/10.3389/fnut.2023.1234549
https://doi.org/10.3389/fnut.2023.1234549
file:///C:/projekts/archiv-euromedica/acrhiv-eiromedica-02-2026.html
file:///C:/projekts/archiv-euromedica/acrhiv-eiromedica-02-2026.html

