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ABSTRACT

Interactions between intestinal microbiota and the central nervous system have become one of the most dynamic areas of
biomedical research. Accumulating evidence demonstrates that gut microorganisms influence emotional regulation,
cognition, and stress responsiveness through complex neural, immune, and metabolic pathways. This review provides an
extensive overview of current knowledge regarding the microbiota—gut-brain axis, with particular emphasis on depression
and anxiety disorders. Mechanistic insights, human clinical trials, and therapeutic perspectives including probiotics,
prebiotics, dietary modulation, and fecal microbiota transplantation are discussed. Despite promising findings, important
methodological limitations remain, and further research is required to translate microbiota-based interventions into routine
psychiatric practice.
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Introduction

Mental health disorders represent a major challenge for global health systems and societies worldwide
[1]. Depression is currently ranked among the leading causes of disability and is projected to become the most
burdensome disease by 2030 [2]. Conventional psychiatric models have focused mainly on neurotransmitter
imbalance and psychosocial stressors [3]. However, these models do not fully explain the complexity and
heterogeneity of psychiatric conditions [4]. In recent years, research has increasingly highlighted the
importance of peripheral biological systems in mental health regulation [5]. Among these, the gastrointestinal
tract and its resident microbiota have attracted exceptional attention [6]. The concept of the microbiota—gut—
brain axis describes a bidirectional communication network linking intestinal microorganisms with the central
nervous system [7]. This paradigm shift suggests that mental disorders may be influenced not only by brain
processes but also by intestinal ecology [8]. The objective of this review is to summarize current evidence on
the role of gut microbiota in mental health and to discuss potential clinical implications [9].

Methods

A structured literature search was performed using PubMed, Scopus, and Web of Science databases [10].
Articles published from 2010 to 2024 were considered for inclusion [11]. Search terms included “gut
microbiota,” “microbiome,” “depression,” “anxiety,” “gut-brain axis,” “probiotics,” and “psychobiotics” [12].
Priority was given to systematic reviews, meta-analyses, and randomized controlled trials [13]. Only peer-
reviewed publications written in English were analyzed [14].

Gut Microbiota: Composition and Physiological Significance

The human gastrointestinal tract hosts an enormous and diverse microbial ecosystem [15]. It is estimated
that the adult intestine contains more than 10" microorganisms belonging to hundreds of species [16]. These
microbes perform essential physiological functions including digestion of complex carbohydrates, vitamin
synthesis, and protection against pathogens [17]. The dominant bacterial phyla in healthy individuals are
Firmicutes and Bacteroidetes [18]. Microbiota composition is highly dynamic and influenced by diet,
medications, stress, and environmental factors [19]. Early-life events such as mode of delivery and antibiotic
exposure play a critical role in shaping microbial communities [20]. Disruption of normal microbial balance,
known as dysbiosis, has been linked to a wide range of systemic diseases [21].
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Concept of the Microbiota—Gut—Brain Axis

The microbiota—gut-—brain axis refers to a complex bidirectional communication system connecting the
intestine and the brain [22]. This system involves neural, endocrine, immune, and metabolic pathways [23].
Signals originating from gut microorganisms can influence brain development and function [24]. Conversely,
psychological stress and emotional states can alter intestinal physiology and microbial composition [25]. This
dynamic interaction provides a biological basis for the influence of gut health on mental well-being [26].

Biological Mechanisms Linking Microbiota and Mental Health

Neural Communication

One of the primary routes of gut—brain communication is the autonomic nervous system [27]. The vagus
nerve transmits sensory information from the intestine directly to brain regions involved in emotion regulation
[28]. Experimental studies have shown that certain probiotic strains can alter behavior through vagal pathways
[29]. In animal models, cutting the vagus nerve eliminates many behavioral effects of beneficial bacteria [30].

Immune and Inflammatory Pathways

The immune system represents another crucial mediator between microbiota and the brain [31].
Intestinal bacteria regulate the maturation and activity of immune cells [32]. Chronic low-grade inflammation
is strongly associated with depression and anxiety [33]. Dysbiosis can increase intestinal permeability,
allowing bacterial components to enter the circulation and trigger systemic inflammation [34]. Elevated
inflammatory cytokines can directly influence neurotransmission and neuroendocrine function [35].

Neurotransmitter and Neuroactive Compounds

Gut microorganisms are capable of producing a wide range of neuroactive substances [36]. Many
bacterial species synthesize gamma-aminobutyric acid, serotonin, dopamine, and norepinephrine [37].
Approximately 90% of serotonin in the body is produced in the gastrointestinal tract [38]. These molecules
can modulate neural signaling either locally via the enteric nervous system or indirectly through immune and
endocrine mechanisms [39].

Metabolic Signaling and Short-Chain Fatty Acids

Bacterial fermentation of dietary fiber results in the production of short-chain fatty acids such as acetate,
propionate, and butyrate [40]. These metabolites possess anti-inflammatory properties and can cross the blood—
brain barrier [41]. Short-chain fatty acids influence neurogenesis, microglial activation, and neurotransmitter
synthesis [42]. Reduced production of these compounds has been observed in patients with depressive
disorders [43].

Hypothalamic—Pituitary—Adrenal (HPA) Axis Regulation

The gut microbiota plays an important role in stress physiology [44]. Germ-free animals exhibit
exaggerated stress responses that normalize after microbial colonization [45]. Probiotic administration has
been shown to reduce cortisol levels and improve stress resilience in humans [46].

Microbiota Alterations in Depression

Numerous studies have documented significant differences in gut microbiota between depressed patients
and healthy controls [47]. Reduced microbial diversity is one of the most consistent observations in major
depressive disorder [48]. Decreased abundance of beneficial genera such as Bifidobacterium and
Faecalibacterium has been repeatedly reported [49]. Experimental transfer of microbiota from depressed
individuals to germ-free rodents induces depressive-like behaviors [50]. These findings suggest that microbiota
alterations may not only accompany but also contribute to depressive symptoms [1].

Microbiota and Anxiety Disorders

Alterations in gut microbiota have also been implicated in anxiety disorders [2]. Animal research
demonstrates that manipulation of microbial composition can significantly modify anxiety-related behavior
[3]. Probiotic supplementation in healthy volunteers has been associated with reduced perceived stress and
improved emotional processing [4]. Nevertheless, clinical evidence in diagnosed anxiety disorders remains
limited and inconsistent [5].
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Therapeutic Strategies Targeting the Microbiota

Probiotics and Psychobiotics

Probiotics with potential mental health benefits are increasingly referred to as psychobiotics [6].
Randomized controlled trials indicate that certain strains of Lactobacillus and Bifidobacterium can alleviate
depressive symptoms [7]. Meta-analyses demonstrate small to moderate effect sizes compared with placebo
[8]. Proposed mechanisms include reduction of inflammation, modulation of neurotransmitters, and
normalization of HPA axis activity [9]. However, optimal strains and treatment protocols remain to be
determined [10].

Prebiotics and Dietary Fiber

Prebiotics are non-digestible food components that promote the growth of beneficial bacteria [11].
Supplementation with inulin-type fibers has been shown to enhance production of short-chain fatty acids and
improve emotional well-being [12]. Diets rich in plant-based foods and fermented products support microbial
diversity and may protect against depression [13].

Dietary Patterns

Long-term dietary habits strongly shape the intestinal microbiome [14]. The Mediterranean diet,
characterized by high intake of fruits, vegetables, and whole grains, is associated with reduced risk of
depression [15]. In contrast, Western-style diets rich in processed foods may promote dysbiosis and
inflammation [16].

Fecal Microbiota Transplantation

Fecal microbiota transplantation has been explored as a method to restore healthy microbial
communities [17]. Preliminary studies suggest potential benefits in neuropsychiatric conditions, but evidence
remains insufficient for routine use [18]. Safety concerns and ethical considerations currently limit broader
application [19].

Microbiota Across the Lifespan

Early-life microbial colonization plays a crucial role in brain development [20]. Disturbances during
critical periods may increase vulnerability to mental disorders later in life [21]. Aging is also associated with
changes in microbiota composition that may influence cognitive decline and mood regulation [22].

Limitations of Current Research

Despite rapid progress, several methodological limitations must be acknowledged [23]. Many studies
rely on small sample sizes and cross-sectional designs [24]. Variability in sequencing techniques and analytical
methods complicates comparison between investigations [25]. Establishing causality in human studies remains
challenging [26]. Additionally, individual differences in genetics, diet, and environment strongly affect
microbiota composition [27].

Future Directions

Future research should prioritize large, well-controlled clinical trials evaluating standardized
microbiota-based interventions [28]. Integration of microbiome data with metabolomics and neuroimaging
may provide deeper mechanistic understanding [29]. Personalized approaches tailored to individual microbial
profiles represent a promising avenue [30]. Development of next-generation psychobiotics targeting specific
pathways may enhance therapeutic efficacy [31].

Conclusions

The microbiota—gut—brain axis represents a transformative framework for understanding mental health
disorders [32]. Substantial experimental and clinical evidence indicates that intestinal microorganisms
influence mood, cognition, and stress responsiveness [33]. Modulation of gut microbiota through probiotics,
diet, and other strategies offers promising opportunities for novel psychiatric treatments [34]. Nevertheless,
translation into clinical practice requires further rigorous investigation [35].
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