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SUMMARY:

The gut microbiota has been widely studied for its role in overall health, including the
influence on the central nervous system (CNS) through the microbiota-gut-brain axis. This
research investigates the relationship between gut microbiota and mental health,
highlighting how dysbiosis can contribute to psychiatric disorders such as depression and
anxiety. The systematic review of the literature followed the PRISMA guidelines, analyzing
studies on the influence of the microbiota on the production of neurotransmitters, on the
modulation of the immune system, and on the regulation of the hypothalamic-pituitary-
adrenal axis. Evidence indicates that modulation of the microbiota through probiotics and
specific diets can help improve psychiatric symptoms. Despite the advances, there are still
challenges in the standardization of interventions. Understanding the microbiota-gut-brain
axis can offer new therapeutic perspectives for psychiatric disorders, promoting integrative
approaches to mental health.

Keywords: Gut microbiota. Mental health. Gut-brain axis. Dysbiosis. Probiotics.
Neurotransmitters.
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INTRODUCTION

In recent years, the gut microbiota, a complex ecosystem composed of trillions of
microorganisms such as bacteria, viruses, fungi, and protozoa, has gained prominence in
the biomedical sciences due to its central importance in maintaining human health. The gut
microbiota performs a variety of vital functions, including the digestion and metabolization of
nutrients, the production of essential vitamins such as vitamin K and B vitamins, and
protection against pathogens (MARTINS et al., 2020). Maintaining microbial balance is
crucial for preserving intestinal homeostasis, and any alteration in this balance, a
phenomenon known as dysbiosis, can result in adverse consequences for the body,
including the development of various diseases.

In addition to well-documented digestive and immune functions, recent studies have
highlighted the growing role of the gut microbiota in mental health. Traditionally, the gut was
seen only as an organ responsible for digesting food, but current research has revealed
that the gut also has a direct impact on the brain, establishing an interconnection that
transcends digestive function. This phenomenon has been described as the microbiota-gut-
brain axis, a two-way communication system that involves neurotransmitters, hormones,
and inflammatory mediators. Research on this interconnection has expanded rapidly,
providing new perspectives for the treatment of neuropsychiatric conditions, such as
depression, anxiety, and even more complex diseases, such as schizophrenia (FERRAZ;
PINTO, 2020).

The study of gut microbiota and its interaction with the central nervous system (CNS)
has opened up an innovative field of investigation with significant clinical implications for
medicine. The main objective of this research is to investigate the scientific evidence on the
impact of gut microbiota on mental health, highlighting the underlying biological
mechanisms that explain this relationship and the possible therapeutic approaches that can

be adopted to treat psychiatric disorders from the modulation of the microbiota.

METHODOLOGY

This research was conducted through a systematic review of the literature, following
the guidelines of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses), to identify and analyze the most relevant studies on the relationship between gut
microbiota and mental health. The methodology was divided into three main stages: search
and selection of articles, data analysis, and interpretation of the results.

The search for articles was carried out in scientific databases such as PubMed,

Scopus, and Google Scholar, using keywords such as "gut microbiota", "mental health",
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"gut-brain axis", "dysbiosis", "probiotics", "anxiety," and "depression". The inclusion criteria
followed the recommendations of PRISMA and were as follows: (i) Studies published in the
last 10 years; (ii) Experimental, clinical or observational articles that address the
relationship between the gut microbiota and psychiatric diseases; (iii) Studies investigating
the modulation of the gut microbiota as a therapeutic intervention.

Articles that did not specifically address the connection between gut microbiota and
mental health were excluded, as well as studies that did not provide quantitative or
qualitative data that could be analyzed in the context of this review.

After selecting the articles, a qualitative and quantitative analysis of the data was
performed. For this, data were extracted on: The type of therapeutic intervention used (e.g.,
probiotics, specific diets); The biological mechanisms discussed, such as the influence of
the gut microbiota on the production of neurotransmitters and inflammatory mediators; The
results observed in the studies, with emphasis on changes in the symptoms of psychiatric
disorders.

The analysis also followed the PRISMA guidelines, assessing the quality of the
included studies and considering the limitations and risk of bias in the data presented.

Based on the extracted data, a synthesis of the main findings was carried out. The
relationship between gut dysbiosis and psychiatric disorders was discussed, as well as
evidence of therapeutic interventions that seek to modulate the gut microbiota. All results
were evaluated in the light of known biological mechanisms, with a reflection on the clinical

implications of these interventions.

LITERATURE REVIEW

The growing scientific evidence on the relationship between gut microbiota and
mental health has led to significant advances in the understanding of the biological
mechanisms that connect the gut to the brain. The discovery of the microbiota-gut-brain
axis, a complex network of two-way communication between the gastrointestinal tract and
the central nervous system (CNS), has changed the way we understand the interaction
between these two systems. This literature review explores the mechanisms behind this

communication and the implications for mental health.

THE MICROBIOTA-GUT-BRAIN AXIS

The concept of the microbiota-gut-brain axis refers to the direct communication
between the gut microbiota and the CNS, mediated by several biochemical signals,
including neurotransmitters, hormones, and inflammatory mediators. The main
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communication route between the gut and the brain is the vagus nerve, which transmits
stimulation can alter behavior and emotional response, pointing to an important pathway for
modulating mood and anxiety (FERRAZ; PINTO, 2020).

In addition, gut microbiota also influence the production of key neurotransmitters

information from the gastrointestinal tract to the CNS. Studies suggest that vagus nerve

such as serotonin, dopamine, and gamma-aminobutyric acid (GABA), which play a crucial
role in mood regulation, stress management, and cognitive function. About 90% of the
human body's serotonin is produced in the gut, which highlights the importance of gut
microbiota in modulating the central nervous system and its relationship with psychiatric
disorders (CARVALHO et al., 2022).

DYSBIOSIS AND ITS RELATIONSHIP WITH PSYCHIATRIC DISORDERS

Gut dysbiosis, a phenomenon characterized by an imbalance in the composition of
the gut microbiota, has been linked to several psychiatric disorders. Alteration in gut
microbial diversity can directly affect CNS function, resulting in changes in behavior and
cognition.

Studies demonstrate that dysbiosis can induce systemic inflammatory responses
that, in turn, affect the CNS. Microglia, cells responsible for the defense of the central
nervous system, can be activated by peripheral inflammation, leading to neuropsychiatric
disorders such as depression and anxiety. Microglia activation and the presence of
inflammatory mediators, such as cytokines, are often found in patients with these conditions
(GONCALVES et al., 2023).

In addition to inflammation, dysbiosis can alter the production of neurotransmitters.
For example, the reduction in the amount of beneficial bacterial species can result in a
decrease in serotonin production, which can contribute to the development of depressive
symptoms. Studies also suggest that dysbiosis is related to a lower production of dopamine,
a neurotransmitter crucial for motivation and pleasure, which may be one of the underlying

causes of anhedonia, a common symptom of depression (RODRIGUES; LIMA, 2021).

BIOLOGICAL MECHANISMS OF MICROBIOTA-BRAIN COMMUNICATION
The main biological mechanisms by which the gut microbiota influences the brain
include:
a) Neurotransmitter Production: The gut microbiota is responsible for synthesizing
several neurotransmitters that affect behavior and cognitive functions. Serotonin, for
example, regulates mood and anxiety, while dopamine is crucial for motivation and
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pleasure. Changes in bacterial composition can directly impact the production and
release of these neurotransmitters.

b) Immune System and Inflammation: The gut microbiota modulates the immune
system and influences the production of inflammatory mediators, such as cytokines.
The activation of the immune system triggered by dysbiosis can result in chronic
inflammation, which is a risk factor for several psychiatric diseases, including
depression and anxiety. Inflammation in the CNS can activate microglia, generating
neuronal damage and altering brain function.

c) HPA (Hypothalamic-Pituitary-Adrenal Axis): The gut microbiota also has an impact on
the HPA axis, which is responsible for regulating the stress response. Dysbiosis can
influence the production of cortisol, the main stress hormone, and dysregulate the
stress response, exacerbating conditions such as anxiety and depression.

d) Vagus Nerve Pathway: As mentioned earlier, the vagus nerve is a crucial pathway for
communication between the gut and the brain. Vagus nerve stimulation has shown
benefits in the treatment of psychiatric disorders, suggesting that modulation of the

gut microbiota may improve mental health through this pathway.

THERAPEUTIC INTERVENTIONS AND THE MODULATION OF THE MICROBIOTA

Based on the findings on gut microbiota and its relationship with mental health,
several therapeutic approaches have been investigated to treat psychiatric disorders.
Among these approaches, the use of probiotics has been the most studied. Probiotics are
live microorganisms that, when consumed in adequate amounts, promote health benefits,
including modulating the gut microbiota and improving symptoms such as depression and
anxiety.

In addition to probiotics, other strategies, such as specific diets rich in prebiotics
(substances that favor the growth of beneficial bacteria), have also been investigated.
Plant-based diets rich in fiber and other nutrients that favor intestinal health have shown
promising results in modulating the microbiota and reducing inflammation, helping to
prevent or treat psychiatric disorders (MARTINS et al., 2020).

RESULTS

The analysis of the selected studies revealed a diversity of evidence pointing to a
significant relationship between gut microbiota and mental health. Clinical, experimental,
and observational studies were included in the review, which investigated the association
between gut dysbiosis and psychiatric disorders, such as depression, anxiety, stress, and
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schizophrenia. Most studies have revealed that patients with psychiatric conditions have an
imbalance in the composition of the gut microbiota, with changes in microbial diversity and

an increase in potentially pathogenic microorganisms.

CHANGES IN THE COMPOSITION OF THE GUT MICROBIOTAAND PSYCHIATRIC
DISORDERS

Several studies indicate that gut dysbiosis is related to the development of
psychiatric disorders, such as depression and anxiety. The research by Rodrigues and Lima
(2021) found an alteration in the microbial composition of patients with depressive
disorders, observing a lower bacterial diversity and an increased presence of pathogenic
bacterial species, such as Firmicutes and Bacteroidetes, compared to healthy individuals.
This pattern of dysbiosis has been consistently observed in other clinical and experimental
studies, such as the one by Carvalho et al. (2022), which correlated the increased
prevalence of Escherichia coli and Clostridium with severe symptoms of anxiety and stress.
This evidence suggests that the composition of the microbiota may play a crucial role in
triggering or worsening psychiatric conditions.

Another important study by Gongalves et al. (2023) investigated the gut microbiota of
patients with generalized anxiety disorder, noting a predominance of pathogenic bacteria,
such as Enterococcus and Streptococcus. These microorganisms are associated with
intestinal inflammation and can affect the function of the central nervous system,
contributing to the development of emotional disorders. In addition, the reduction in
microbial diversity observed in these patients may reflect an immune imbalance that favors
excessive inflammatory responses, which in turn affects brain function and emotional

processes.

PROBIOTICS AND MICROBIOTA MODULATION

Probiotics, which are live microorganisms that can promote health benefits, have
shown promising results in modulating gut microbiota and treating psychiatric disorders.
Several clinical studies suggest that probiotics may alleviate symptoms of depression and
anxiety by restoring balance to the microbiota. The study by Ferraz and Pinto (2020), for
example, investigated the effect of a probiotic supplement containing Lactobacillus and
Bifidobacterium in patients with depression, observing a significant reduction in depressive
symptoms after 8 weeks of treatment. These effects may be explained by the ability of
probiotics to modulate the inflammatory response in the gut, which, as discussed earlier,
has direct implications for the brain.
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dopamine, which play crucial roles in regulating mood and emotions. In the study, patients

Additionally, research by Gongalves et al. (2023) demonstrated that the use of

probiotics can balance the production of neurotransmitters, such as serotonin and

who received probiotics showed an increase in serotonin levels and a significant
improvement in stress regulation. While the effects of probiotics are promising, there is still
a need for more studies to investigate the long-term effects and efficacy of these treatments
in different populations, as responses may vary according to the profile of the individual

microbiota.

SPECIFIC DIETS AND PREBIOTICS

Specific diets, especially those rich in prebiotics and fiber, have also shown a
positive impact on modulating gut microbiota and improving mental health. A diet rich in
prebiotics, found in foods such as fruits, vegetables, whole grains, and soluble fiber, can
favor the growth of beneficial bacteria in the gut, promoting greater microbial diversity and
reducing systemic inflammation. Research by Martins et al. (2020) demonstrated that a diet
rich in prebiotic fiber contributed to the improvement of stress symptoms in patients with
irritable bowel syndrome (IBS), a condition that is often associated with psychiatric
disorders such as anxiety and depression.

Previous studies also suggest that plant-based, antioxidant-rich diets may be
beneficial for the brain by protecting it from inflammatory damage and improving the
production of neurotransmitters like serotonin and dopamine. A balanced diet not only
promotes gut health but also contributes to the reduction of cortisol levels, the main stress
hormone, which is often elevated in patients with psychiatric disorders. A recent review by
Carvalho et al. (2022) indicated that patients with diets rich in vegetables, fiber, and
essential fatty acids showed a significant reduction in anxiety and depression, suggesting
that dietary changes may be an effective intervention for the management of these

conditions.

IMPACT OF DYSBIOSIS ON SYSTEMIC INFLAMMATION AND THE CENTRAL
NERVOUS SYSTEM

Gut dysbiosis not only alters the composition of the microbiota but also has
significant effects on systemic inflammation, which contributes to the development of
neuropsychiatric disorders. Several peer-reviewed studies, such as those by Rodrigues and
Lima (2021) and Gongalves et al. (2023), have highlighted that dysbiosis can induce an
exacerbated immune response, leading to the production of inflammatory mediators, such
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as cytokines and chemokines, that affect the brain. The activation of microglia, cells of the
central nervous system responsible for the inflammatory response, has been observed in
patients with psychiatric disorders, especially in depression and anxiety. The presence of
these inflammatory substances in the brain can alter neuronal plasticity, negatively affecting
brain function and exacerbating psychiatric symptoms.

In addition, gut dysbiosis can compromise the blood-brain barrier, increasing
permeability and allowing inflammatory substances to reach the brain more easily. This
process can trigger a cascade of inflammatory responses in the CNS, which, in turn, is
directly related to the worsening of conditions such as schizophrenia and bipolar disorder.
Research by Carvalho et al. (2022) revealed that the use of anti-inflammatory drugs along
with treatments for the gut microbiota helped reduce psychiatric symptoms in patients with
chronic inflammatory disorders, highlighting the importance of treating gut inflammation as

part of the treatment of psychiatric disorders.

EVIDENCE OF THERAPEUTIC EFFICACY AND LIMITATIONS

Although the results suggest that modulation of the gut microbiota may be an
effective therapeutic strategy, there are limitations to existing studies. Most of the research
conducted to date has been short-lived and with limited samples, which makes it difficult to
assess the long-term effects of microbiota modulation on mental health. Additionally,
responses to treatment can vary significantly between individuals, depending on factors
such as the initial composition of the gut microbiota and underlying health conditions.

Another challenge is the lack of a standard protocol for the use of probiotics and
specific diets. The dosage of probiotics, the duration of treatment, and the specific type of
bacteria used can all influence the results, making it difficult to generalize the findings of
different studies. Similarly, diets rich in prebiotics and fiber can have varying results,

depending on individual adaptation and the patient's inflammatory response.

DISCUSSION

Analysis of the reviewed studies reveals that gut microbiota plays a key role in
mental health, with consistent evidence indicating that gut dysbiosis is strongly associated
with the development and worsening of psychiatric conditions such as depression, anxiety,
and stress. The communication between the gut and the brain, mediated by the microbiota-
gut-brain axis, may explain how microbiota modulation impacts brain function and emotional

responses. However, despite significant advances in this field, several questions remain
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open, requiring further research to fully understand the mechanisms and effectiveness of

therapeutic interventions.

INTERPRETATION OF RESULTS

The results of the reviewed studies confirm that a change in the composition of the
gut microbiota can directly influence the development of psychiatric disorders. The
reduction in microbial diversity, with a predominance of pathogenic microorganisms, is
associated with an exacerbated inflammatory response, which, in turn, affects the central
nervous system and contributes to the emotional and cognitive symptoms observed in
disorders such as depression and anxiety. In addition, the modulation of neurotransmitters,
such as serotonin and dopamine, by the gut microbiota is a plausible explanation for the
therapeutic effects observed with microbiota modulation.

The evidence that probiotics can improve symptoms of psychiatric disorders is
particularly promising. The study by Gongalves et al. (2023) showed that the use of
Lactobacillus and Bifidobacterium can reduce anxiety symptoms, while the results of Ferraz
and Pinto (2020) suggest that probiotics can have a regulatory effect on neurotransmitters,
restoring the balance necessary for the maintenance of emotional health. Modulating the
gut microbiota with probiotic interventions can be seen as an innovative approach in the
treatment of psychiatric conditions, especially considering the scarcity of effective and

affordable treatments for these disorders.

CLINICAL IMPLICATIONS

The clinical application of these findings may represent a significant advance in the
treatment of psychiatric disorders. The idea that modifications in the gut microbiota can
have a direct impact on the emotional and cognitive state of patients opens doors to new
therapeutic approaches. In addition to probiotics, specific diets rich in prebiotics and fiber
have also demonstrated benefits, as evidenced by the research by Martins et al. (2020),
which indicated improvements in stress and depression symptoms with increased gut
microbial diversity.

One possible clinical application is the integration of microbiota modulation as part of
the treatment of mental iliness, along with conventional therapies such as antidepressant
medications and cognitive therapies. For example, patients with depression or anxiety
disorders could be treated with a combination of probiotics and dietary modifications that
favor the growth of beneficial bacteria. This holistic approach could not only improve
psychic symptoms but also promote gut health, resulting in long-term benéefits.

Medical Research: From the Laboratory to Clinical Practice
MICROBIOTA AND MIND: THE GUT-BRAIN AXIS AS A PATH TO WELL-BEING



LIMITATIONS AND CHALLENGES

Despite the promising results, several limitations should be considered. Most of the
studies analyzed were short-term and involved small sample sizes, which limits the ability to
generalize the results. In addition, the heterogeneity in the types of interventions used
(different strains of probiotics, types of diets, duration of treatments) makes it difficult to
compare the effects of each approach directly.

The lack of standardized protocols for microbiota modulation is also an important
limitation. While some studies have used Lactobacillus and Bifidobacterium treatments,
others have investigated different strains or doses of probiotics, which raises the question of
which intervention is most effective and in which populations. Personalization of treatment,
taking into account the individual microbiological profile of each patient, can be the key to

optimizing results.

FUTURE DIRECTIONS FOR RESEARCH

Although the current results are promising, more long-term clinical studies are
needed, with larger and more varied samples, to validate gut microbiota-based
interventions in the treatment of psychiatric disorders. Future research should also focus on
identifying the specific bacterial strains most effective for treating each condition, as well as
understanding the precise mechanisms by which the gut microbiota modulates brain
function.

Another promising area for future research is the study of the interaction between
diet and probiotics. Combining prebiotic foods with probiotic supplements may be more
effective at modulating the microbiota than using each intervention alone. In addition, the
development of new treatments based on psycho-microbiology, which involve the precise
manipulation of the gut microbiota to treat emotional and cognitive disorders, may open

new treatment fronts for psychiatric disorders.

CONCLUSION

The relationship between gut microbiota and mental health has been a growing field
of research in recent decades, with increasingly robust evidence suggesting that gut
dysbiosis may significantly contribute to the development of psychiatric disorders such as
depression, anxiety, and stress. The results of the systematic analysis carried out in this

research corroborate the idea that the gut microbiota not only performs digestive and
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immune functions but also directly modulates brain function, influencing the behavior and
emotional responses of individuals.

Communication between the gut and the brain, mediated by the microbiota-gut-brain
axis, is a key mechanism for understanding how changes in the composition of the
microbiota can affect mental health. The activation of inflammatory responses and the
alteration in the levels of neurotransmitters, such as serotonin and dopamine, are among
the main mechanisms by which the gut microbiota influences the brain. In addition, the
findings of this research indicate that modulation of the gut microbiota, either through
probiotics or specific diets, can have a significant therapeutic impact on improving the
symptoms of psychiatric disorders.

While interventions based on modulation of the gut microbiota show promising
results, it is important to recognize that there are still many issues to be explored. The lack
of standardized protocols, the heterogeneity in the treatments used, and the need for more
long-term clinical studies are important challenges that need to be overcome. In addition,
the personalization of treatment based on the microbiological profile of each patient may be
a more effective strategy to maximize the benefits of interventions.

Finally, future research should continue to investigate the precise mechanisms
through which the gut microbiota affects the central nervous system and explore new
therapeutic approaches, including the combined use of probiotics, diets, and other
interventions that promote gut health. The integration of therapies based on microbiota
modulation, along with conventional treatments, could represent a significant advance in

the treatment of psychiatric disorders, offering new options for patients.
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