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Abstract: Interest in the human microbiome in terms of mental health has increased with the rise
in psychiatric diseases and disorders. The digestive system, the immune system, the brain, and the
autonomic nervous system can all suffer from long-term lack of sleep and relaxation brought on by
stress. There is little doubt that stress affects the human intestinal microbiota’s health and encourages
problems with its composition, according to scientific studies. Chronic stress exposure raises the risk
of both physical and mental illnesses. Therefore, this review’s goal was to support the theory that
diseases including anxiety and stress are influenced by microbiome patterns. A total of 8600 sources
directly relevant to this study’s topic were chosen from the 236,808 records returned by the literature
search, and those with the highest scientific value were then selected based on bibliometric impact
factors, language, and year of publication. A total of 87 sources, the most recent scientific output,
were finally used for the literature review’s final analysis. The small number of studies on the subject
indicates that it is still a developing problem, according to the literature study.

Keywords: gut microbiota; microbiome; dysbiosis; anxiety disorders; stress; separation anxiety
syndrome; post-traumatic stress disorder

1. Introduction

Anxiety and stress disorders have become increasingly prevalent in modern society,
affecting individuals of all ages and backgrounds. These disorders can have a significant
impact on an individual’s overall well-being, leading to impaired daily functioning and
reduced quality of life. While the exact etiology of these disorders remains complex and
multifactorial, emerging research suggests that the gut microbiota may play a crucial role
in their development and progression. Currently, anxiety disorders are a broad group of
disorders that include stress, panic, obsessions, and compulsions in the classification [1].
The diagnostic description of anxiety disorders has been updated under the fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and the eleventh
edition of the International Classification of Diseases (ICD-11). Anxiety disorders include
generalized anxiety disorder (GAD), paroxysmal anxiety, agoraphobia, social phobia,
specific phobia, separation anxiety, and selective mutism. However, excessive anxiety can
coexist with other psychiatric or somatic disorders [2]. Statistical data show an increase
in the prevalence of anxiety disorders in society. The Global Burden of Disease Study
showed a 47.19% increase in the incidence of anxiety disorders (from 31.13 million in 1990
to 45.82 million in 2019). The disability-adjusted life years (DALY) rate also increased.
There was an increase of 53.70% (from 18.66 million in 1990 to 28.68 million). These results
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show a steady upward trend in the prevalence of anxiety disorders and the need to deepen
mental health care and prevention options [3].

The human gut is home to trillions of microorganisms, collectively known as the gut
microbiota. These microorganisms consist of a diverse array of bacteria, viruses, fungi,
and other microbes that interact with the host’s physiology in numerous ways. Recent
studies have highlighted the bidirectional communication between the gut microbiota
and the central nervous system, known as the gut–brain axis. This communication occurs
through various mechanisms, including the production of neurotransmitters, immune
system modulation, and metabolic pathways [4–8].

In recent years, there has been growing interest in understanding the role of the gut
microbiota in mental health, particularly in anxiety and stress disorders. Preclinical and
clinical studies have provided compelling evidence supporting the notion that alterations
in the composition and function of the gut microbiota may contribute to the development of
these disorders. Furthermore, emerging evidence suggests that manipulating the gut micro-
biota through dietary interventions, probiotics, and fecal microbiota transplantation (FMT)
may have therapeutic potential in managing anxiety and stress-related symptoms [9,10].

However, despite the growing body of research in this field, the precise mechanisms
underlying the gut microbiota’s influence on anxiety and stress disorders remain poorly
understood. Therefore, a comprehensive review of the state of knowledge is essential to
elucidate the current understanding of the relationship between microbiota patterns and
these mental health conditions [11,12].

The aim of this systematic review is to critically evaluate and synthesize the existing
literature on the role of microbiota patterns in anxiety and stress disorders. By examining
and analyzing the available evidence, we seek to identify common themes, key findings,
and potential avenues for future research. Additionally, we aim to highlight the limitations
of the current knowledge and propose potential directions for further investigation.

Through this review, we hope to contribute to a better understanding of the complex
interplay between the gut microbiota and anxiety and stress disorders. Ultimately, such
insights may pave the way for novel therapeutic strategies targeting the gut microbiota to
improve the management and treatment of these debilitating mental health conditions.

2. Materials and Methods
2.1. Methodological Introduction

The aim of the present study was to investigate if the hypothesis that the intestinal
microbiota contributes to the occurrence of anxiety and stress-related disorders. The
microbiota plays a key role in human health and research findings in recent years have
emphasized its importance in the development of various medical conditions. Due to the
absence of official guidelines for microbiota-based prevention and therapy in anxiety and
stress-related disorders, the authors reviewed the scientific literature in this area.

2.2. Review Structure and Search Criteria

This study was conducted in accordance with established guidelines and good prac-
tices commonly used in this type of research. The authors began this study by defining
its scope. To achieve this, they conducted a comprehensive search of multiple databases
to ensure a thorough examination of the available literature. In addition to searching
PubMed, the authors also used other commonly used academic search engines, such as
Google Scholar, Embase, Scopus or PsycINFO, which are well known in the biomedical
and psychological literature, to supplement the search and minimize the possibility of
missing important studies. To ensure a rigorous and comprehensive search, the literature
items were reviewed not only by this study’s authors, but also by a qualified library spe-
cialist. Their combined experience and expertise helped ensure comprehensive coverage of
relevant publications.

The search strategy used by the authors included the use of relevant keywords related
to the topic of interest, such as “gut microbiota”, “microbiome”, “dysbiosis”, “anxiety
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disorders”, “stress”, “separation anxiety syndrome” and “post-traumatic stress disorder.”
The authors used Boolean operators and their combinations and configurations to refine
the search and increase its specificity.

By including multiple databases and using a systematic approach to literature search
and selection, the authors sought to gather comprehensive evidence on the role of the
gut microbiota in anxiety and stress disorders. This rigorous methodology enhances the
validity and reliability of this study’s findings, providing a solid foundation for the research
and its conclusions.

2.3. Final Methodological Scheme

A search of the literature generally related to stress, anxiety and microbiota resulted
in 236,808 records, while 8600 sources were selected for the hypothesis under discussion.
The sources with the highest research quality were further selected based on bibliometric
evaluation, language and year of publication. In the end, 87 sources were used for the final
review of the literature, representing mainly scientific output from recent years (Figure 1).
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Figure 1. Methodological overview.

The GRADE system (The Grading of Recommendations Assessment, Development,
and Evaluation) allowed the accuracy, reliability and relevance of the study to be assessed,
as it aims to avoid inaccuracies caused by the presence of various evaluation approaches for
findings in the literature. GRADE is a commonly used tool in systematic reviews that allows
researchers to assess the quality of scientific evidence and strength of recommendations
for various interventions or health issues. GRADE takes into account several important
factors, such as the quality of the research, consistency of results, safety, patient value and
preference, and the benefits and costs of the intervention. The GRADE system classifies
recommendations as strong or weak, and rates the quality of evidence as high, moderate,
low or very low. With this rating system, GRADE-based systematic reviews can provide
reliable and transparent information that supports decision-making in clinical practice and
public health. A review article based on 87 scientific studies from the years 2011–2023 was
prepared, with the most significant focus on results from the last five years, which represent
over 80% of the quoted sources.
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3. Results
3.1. The Role of the Microbiome in Anxiety and Stress-Related Disorders

With the increasing prevalence of psychiatric diseases and disorders, there has been a
growing interest in the human microbiota in terms of mental health. The physiological gut
microbiota consists of bacteria, viruses, fungi, protozoa, and archaeons, which together can
reach a mass of up to 1.5 kg. Among the bacteria implicated in the pathogenesis of mental
disorders are species of Firmicutes, Actinobacteria, Bacteroides, and Bifidobacterium genera.
The gut microbiota has been shown to affect immune processes, neuroendocrine signaling,
and enteroendocrine stress response, as well as the tightness of the intestinal barrier. In
addition, some of the microbiota can produce neurotransmitters [5]. Neurotransmitters
play a fundamental role in the development of mood disorders. Decreased dopamine
neurotransmission promotes both chronic pain and depression [13]. Serotonin also plays
an important role in depression and anxiety disorders—the serotonin theory of depression
has been challenged in recent years, but serotonin undoubtedly has an impact on mood.
Modulation of the serotonin system is one possible pathway through which the circadian
system regulates vulnerability to depression [14,15].

Glutamate systems in cortico-limbic circuits interact with GABAergic, serotonin,
dopaminergic and other systems involved in the stress response, and thus has a potential
role in the development of anxiety disorders. Unlike glutamate, gamma-aminobutyric
acid (GABA) is the main inhibitory neurotransmitter of the nervous system. Anxiety is
thought to result from an imbalance between excitatory and inhibitory systems, leading to
dysregulation [16]. Glutamate synthesis depends on the bacteria Lactobacillus plantarum,
Bacteroides vulgatus, and Campylobacter jejuni, while gamma-aminobutyric acid synthesis
depends on Bifidobacterium, Bacteroides fragilis, Parabacteroides, Eubacterium. Choline, in-
volved in the synthesis of acetylcholine, is a precursor of the bacteria Lactobacillus plantarum,
Bacillus acetylcholini, Bacillus subtilis, Escherichia coli, Staphylococcus aureus [6]. Bacteria of
the genus Staphylococcus are involved in the synthesis of dopamine and serotonin, in the
case of serotonin, Clostridium species can also be distinguished [6]. The entire interplay
between the microbiota and its metabolites and functions on the brain is referred to as the
brain–gut–microbiome axis. This axis is also mediated by the gut, the vagus nerve, and
the immune system [5]. A prolonged lack of relaxation induced by stress can disrupt the
functioning of the digestive system, the immune system, or the functioning of the brain and
autonomic nervous system. Scientific studies indicate that stress also affects the state of the
human gut microbiota and promotes disorders in the composition of the microbiota [1–6].

3.1.1. HPA Axis

The role of the hypothalamic-pituitary-adrenal (HPA) axis in regulating the body’s
response to stress is crucial in understanding the relationship between microbiota and
anxiety/stress disorders. Abnormalities in the HPA axis have been associated with psychi-
atric conditions, including those characterized by anxiety and stress. Chronic stress can
have detrimental effects on the integrity of the intestinal barrier. This can lead to changes
in the functioning of the HPA axis, triggered by the release of cytokines and chemokines
by gut bacteria [5,17]. In individuals with a propensity for anxiety, there is an increase in
the expression of glucocorticoid receptors and lower levels of dehydroepiandrosterone
(DHEA), a hormone with anti-anxiety properties. Moreover, anxious and traumatized
individuals exhibit reduced production of the anti-inflammatory cytokine IL-10 [18]. Anx-
iety symptoms often co-occur with deficits in emotional attention control. Individuals
with lower levels of emotional attention control show higher diurnal cortisol secretion
and a slower decline in cortisol levels throughout the day. Factors influencing emotional
attention control can contribute to chronic hyperactivity of the HPA axis, particularly in
situations of prolonged stress exposure [19]. On the other hand, lower salivary cortisol
awakening response (CAR) has been observed in individuals with post-traumatic stress
disorder (PTSD) [20]. These findings suggest that dysregulation of the HPA axis, influenced
by factors such as gut microbiota and inflammatory responses, plays a significant role in
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the development and manifestation of anxiety and stress disorders. Understanding the
intricate interactions between microbiota, HPA axis functioning, and associated physiolog-
ical responses can provide valuable insights into potential targets for interventions and
therapeutic approaches aimed at alleviating anxiety and stress-related symptoms. Further
research in this area is necessary to unravel the underlying mechanisms and establish
effective treatment strategies.

Additionally, studies have shown that the gut–brain axis plays a crucial role in the
bidirectional communication between the gut microbiota and the central nervous system.
This axis involves intricate pathways, including neural, immune, and endocrine signaling,
which collectively influence emotional and behavioral responses.

The dysbiosis of gut microbiota, characterized by an imbalance in microbial com-
position and diversity, has been associated with increased vulnerability to anxiety and
stress-related disorders. Alterations in the gut microbiota can lead to changes in the pro-
duction and release of neurotransmitters, such as serotonin and gamma-aminobutyric acid
(GABA), which are crucial in regulating mood and anxiety. Moreover, the gut microbiota
plays a vital role in the metabolism of neuroactive compounds and the synthesis of vari-
ous neuroactive substances, including short-chain fatty acids (SCFAs), which have been
implicated in modulating brain function and behavior [7,21].

Furthermore, the immune system also plays a significant role in the interaction be-
tween the gut microbiota and anxiety/stress disorders. Dysregulated immune responses,
such as increased production of pro-inflammatory cytokines, can contribute to chronic low-
grade inflammation, which has been linked to the pathogenesis of anxiety and stress-related
conditions [8,22].

Understanding the complex interplay between the gut microbiota, HPA axis, im-
mune system, and neurotransmitter signaling is crucial for unraveling the mechanisms
underlying anxiety and stress disorders. This knowledge can pave the way for the de-
velopment of novel therapeutic interventions, including targeted probiotic treatments,
prebiotics, or dietary interventions aimed at modulating the gut microbiota and restoring
its balance [9,23–25].

In conclusion, the role of the microbiota pattern in anxiety and stress disorders is
multifaceted and involves intricate interactions between the gut microbiota, HPA axis,
immune system, and neurotransmitter signaling. Further research is needed to elucidate the
underlying mechanisms and to explore the potential of microbiota-targeted interventions
as a novel approach for preventing and treating anxiety and stress-related conditions.

3.1.2. Microbiota and Anxiety Disorders

Mental health is linked to the state and diversity of the gut microbiota and its metabo-
lites. It is indicated that in anxiety-related disorders, including generalized anxiety disor-
der, there are disorders of the gut microbiota—gut dysbiosis. In depression and anxiety,
changes can include an abundance of gut bacteria at every taxonomic level, including
15 genera and 18 groups [26]. A reduction in short-chain fatty acid (SCFA)-producing
bacteria and an overgrowth of Escherichia-Shigella, Fusobacterium, and Ruminococcus gnavus
have been noted among GAD patients. These changes remained despite the remission of
GAD [27]. In active GAD, Escherichia-Shigella, and Bacteroides abundance affect the severity
of anxiety [28]. A correlation has been noted between the presence of C-reactive protein
(CRP) in GAD patients and dysbiosis in Bacteroidales, Selenomonadales, Clostridiales, and
Holdemanella. For both GAD and depression, differences have been noted in the genus
Holdemanella, Desulfovibrio, Barnesiella, and the family Coriobacteriaceae [29]. In depression
and GAD, intestinal dysbiosis shows many similarities, but there are also opportunities to
differentiate these disorders in terms of gut bacteria content. In GAD, there is a noticeable
decrease in the abundance of Firmicutes while an increase in Bacteroides, which is the oppo-
site situation to that in depression [28,30]. In addition, Proteobacteria abundance increases
in GAD. Differences are also noticeable in terms of bacterial abundance. In GAD, the
abundance of Fusicatenibacter and Christensenellaceae R7group is reduced compared to the
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control group. On the other hand, comparing the abundance of GAD and depression there
is an increase in Fusobacteria, Tenericutes, Verrucomicrobia, and Bacteroidetes and a decrease
in Proteobacteria, Actinobacteria, and Firmicutes. These differences offer the possibility of
creating targeted probiotic therapy [30]. A positive correlation between the abundance of
the Eubacterium coprostanoligenes group, Ruminococcaceae UCG-014, and Prevotella 9 with
the reduction in anxiety has been shown [28]. One possible modulation of the gut mi-
crobiome is the use of probiotics. Dysbiosis associated with an increased abundance of
Fusobacterium, and Clostridium and decreased abundance of Prevotella, Streptococcus was
initially reported among students exhibiting exam anxiety. The applied probiotic ther-
apy containing Bifidobacterium longum subsp., Longum BAMA-B-05/Bau-B1024, B. lactis
BAMA-B06/Bau-B0111, B. adolescentis, Streptococcus thermophiles, Lactobacillus acidophilus,
L. delbrueckii subsp. bulgarium was beneficial in reducing anxiety and improving the com-
position of the microbiome. The composition of the microbiota showed a reduction in
Fusobacterium and Clostridium and an increase in Streptococcus, and Akkermansia [31]. In the
case of anxiety, of particular interest is L. delbrueckii, supplementation of which reduces
anxiety while increasing the expression of glutamate decarboxylase 1 (GAD1). In addition,
it changes the composition of the intestinal bacterial flora—increasing the abundance of
Lactobacillus, Verrucomicrobium, and Gordonia and decreasing the abundance of Legionella,
Planctomyces, Flavobacterium, and Prevotella [32]. Probiotic therapy also reduces anxiety
severity in carriers of the IL-1β rs16944 gene polymorphism, which is a risk factor for GAD.
A probiotic suspension containing Bifidobacterium animalis subsp. Lactis, Bifidobacterium bi-
fidum, S. thermophiles, L. bulgaricus, Lactococcus lactis subsp. Lactis, L. acidophilus, L. plantarum,
L. reuteri were used to benefit anxiety after 12 weeks [17].

3.1.3. Microbiota and Stress

Chronic stress induces many adverse changes in the gastrointestinal tract such as the
development of colitis, an increase in IL-6, a decrease in IL-10, damage to the intestinal mu-
cosa, and dysbiosis. In terms of microbiota modulation, chronic stress results in increased
levels of Helicobacter, Peptostreptococcaceae, Streptococcus, and Enterococcus faecalis. In turn,
Rikenella, Roseburia, and Lachnospiraceae are decreased [33]. Adequate probiotic therapy can
have positive effects on people living under chronic stress (Figure 2).
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The use of Lactococcus lactis subsp. cremoris YRC3780 affects the HPA axis response
to acute psychological stress. It also lowers morning salivary cortisol concentrations and
promotes a decrease in cortisol after a stressful situation [34]. In acute stress, it may also be
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beneficial to take Lactiplantibacillus plantarum HEAL9, which, despite not affecting cortisol
levels, reduces plasma inflammatory markers such as soluble fractalkine and CD163 [35].
Lactobacillus gasseri CP2305 has been shown to have broad support for people living under
chronic stress. Its supplementation lowers salivary levels of the stress marker CgA and
improves sleep quality. At the level of intestinal microflora, it mitigated the decrease in
Bifidobacterium counts and the increase in Streptococcus, which are noticeable during stress.
It also increases the concentration of n-valeric acid, which belongs to SCFAs [36]. For stress-
induced disorders with symptoms resembling depression, benefits have been reported
after using a probiotic containing Akkermansia muciniphila. This probiotic up-regulates
corticosterone, dopamine, and brain-derived neurotrophic factor (BDNF) levels. At the
same time, increases in β-alanyl-3-methyl-1-histidine and edaravone have been reported to
contribute to symptom relief [37]. In addition to probiotics, supplementation with short-
chain fatty acids, such as butyric acid, propionate or acetate, which reduce the cortisol
response to acute stress, has shown beneficial effects [38].

3.1.4. Separation Anxiety Syndrome

The topic of gut microbiota in the context of separation anxiety syndrome is poorly un-
derstood. Available studies mainly involve animal models. Separation from the mother pro-
motes the development of defects in Paneth cells and intestinal dysbiosis, associated with
E. coli among others, which lead to the development of visceral hypersensitivity [39,40]. Ab-
normalities of the HPA axis in separation anxiety are indicated, which may also be involved
in the development of intestinal barrier dysfunction and exaggerated stress response [40].
Separation from the mother reduces microbial diversity. Lachnospiraceae, Parasutterella,
Prevotellaceae, Oscillibacter, Ruminislostridium, and Bacteroidia are increased [41]. Difficult
maternal experiences in early childhood may contribute to dysbiosis of Lachnospiraceae, Por-
phyromonadaceae, Firmicutes, Bacteroides, Lactobacillus, Alloprevotella in men and Lactobacillus
and Mucispirillum in women [42]. Appropriate probiotic therapy can provide mental health
benefits to people with separation anxiety syndrome (Figure 3).
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The use of a probiotic containing L. rhamnosus R0011 and L. helveticus R0052 counteracts
the effects of stress on the neural circuitry of fear expression [43]. Supplementation with
L. paracasei PS23 reduces symptoms of anxiety and depression, blood corticosterone levels,
and increases IL-10 levels. Its immunomodulatory and neurotransmitter-regulating effects
may have a beneficial effect on mental health for separation anxiety [41,44]. Benefits
are also noted after supplementation with multistrain probiotics. The combination of
Bacillus coagulans Unique IS-2, L. plantarum UBLP-40, L. rhamnosus UBLR-58, Bifidobacterium
lactis UBBla-70, Bifidobacterium breve UBBr-01, and Bifidobacterium infantis UBBl-01 with
l-glutamine has benefits on anxiety and depression after 6 weeks of use. Furthermore,
reduced levels of CRP, TNF-α and dopamine and increased levels of BDNF and serotonin
were noted. A stabilisation of plasma levels of l-kynirenin, kynurenic acid, l-tryptophan
and 3-hudroxyanthranilic acid was also observed. The normal intestinal function was
restored by normalizing the Firmicutes to Bacteroides ratio, acetate, butyrate, and propionate
concentrations, and the number of cup cells [45].

3.1.5. Post-Traumatic Stress Disorder

Stressful and psychologically taxing events promote post-traumatic stress disorder
(PTSD), as observed among healthcare workers during the SARS-CoV-2 (severe acute respira-
tory syndrome coronavirus 2) pandemic. Along with PTSD symptoms, co-occurring intestinal
dysbiosis was demonstrated within the abundance of gut bacteria associated with stress.
Differences were noted in the abundance of Faecalibacterium, Eubacterium eligens, Bacteroides,
Lachnospiraceae, and Roseburia [46]. Considering the functions of these bacteria among the
subjects, there was impaired production of gamma-aminobutyric acid, butyric acid, and
serotonin within the gut, and increased permeability of the intestinal barrier [46,47]. A
reduction in the abundance of Actinobacteria, Lentisphaerae, and Verrucomicrobia has also
been noted among those with PTSD symptoms [5]. A major contribution of the HPA axis
and pro-inflammatory cytokines is indicated in the development of PTSD [48]. Disorders
of the gut microbiome and intestinal barrier permeability can induce changes in HPA axis
function [5,17].

3.1.6. Beneficial Factors for the Microbiome in Anxiety and Stress

The intestinal microbiome is determined by a variety of factors. It is possible to use
lifestyle interventions to improve the diversity of the gut microbial flora. One option is
the use of probiotics containing strains of bacteria beneficial to mental health, known as
psychobiotics. Clinical studies show the benefits of including probiotic therapy among
patients with mental health disorders. The use of Bifidobacterium breve CCFM1025 affects
tryptophan metabolism, alleviating depressive symptoms and gastrointestinal complaints
caused by the mental state [49]. A reduction in cinurenine levels and improvement in cog-
nitive function was observed among patients with major depression after treatment with
Lactobacillus plantarum 299v [50]. The L. plantarum strain has also shown beneficial effects
in acute stress and anxiety [17,35,45]. Anti-anxiety effects have also been attributed to the
Lactobacillus rhamnosus CNCM I-3690 strain [51]. The use of a probiotic containing Strepto-
coccus thermophiles, Bifidobacterium animalis subsp. Lactis, Bifidobacterium bifidum, Streptococcus
thermophiles, Lactobacillus bulgaricus, Lactococcus lactis subsp. Lactis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus reuteri alleviates anxiety symptoms [17]. A reduction
in anxiety symptoms was noted after four weeks of Lactobacillus reuteri NK33 in combina-
tion with Bifidobacterium adolescentis NK98 [52]. Probiotics consisting of multiple strains
have shown considerable potential in alleviating and treating anxiety [53,54]. However,
meta-analyses of studies on the impact of probiotics on the treatment of anxiety indicate
insufficient scientific evidence and the need for further research development [55,56]. The
use of probiotics can alleviate subjective feelings of stress among healthy individuals [57].
Benefits in perceived stress among subjects supplementing Lactobacillus gasseri CP2305 after
24 weeks of use have been reported [36]. Supplementation with Lactobacillus plantarum DR7
promotes a reduction in stress, plasma cortisol levels, and improved cognitive function and
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memory after 12 weeks of use [58]. Similar benefits have been reported with the Lactobacillus
plantarum P8 strain for 12 weeks [59]. A probiotic containing Bifidobacterium longum R0175,
Lactobacillus helveticus R0052, and Lactiplantibacillus plantarum R1012 after 4 weeks of use
affects the activity of brain areas regulating emotions and stress responses [60]. Among mul-
tistrain formulations, a combination of Bacillus coagulans Unique IS2, Lactobacillus rhamnosus
UBLR58, Bifidobacterium lactis UBBla70, Lactobacillus plantarum UBLP40, Bifidobacterium breve
UBBr01, and Bifidobacterium infantis UBBI01 showed a reduction in stress after 28 days of
use among students [61]. Bifidobacterium longum 1714 is also a strain worth considering
when selecting supplementation in people at risk for severe stress [62]. The benefits of sup-
plementation with Saccharomyces boulardii, Lactobacillus rhamnosus HN001, Lacticaseibacillus
rhamnosus HN001 have not been demonstrated in individuals at risk of acute and chronic
stress [63–65]. Further research in the context of the potential of selected microorganisms
to reduce anxiety and stress is needed to obtain some data useful for the development of
targeted probiotic therapy.

3.1.7. Dietary Interventions in Reducing Stress and Anxiety

In addition to probiotic therapy, appropriate diet therapy may be widely used. A
psychobiotic diet that takes into account the probiotics and prebiotics found in products is
worth considering among people under stress. The inclusion of whole grains, vegetables,
and fruits rich in prebiotic fiber, legumes, and fermented foods while reducing the intake
of processed foods reduces perceived stress by 32% [66]. It may be beneficial to include
products in the diet that are sources of vitamin B6, a deficiency of which is noted in anxiety
symptoms, especially in women [67]. A low-energy diet to reduce anxiety is also worth
considering, although available recommendations for this intervention are conflicting and
uncertain [68,69]. In addition, an anti-anxiety diet model that includes fish, fish oil, and
fresh fruit has long-term benefits in preventing the onset of anxiety [70]. In addition, a diet
rich in fruits and vegetables reduces the risk of anxiety disorders among adolescents living
in low- and middle-income countries. Including fruit and vegetable intake may therefore
be a universal recommendation for mental health support [71]. Increasing dietary fiber
supply has beneficial effects on the microbiome and emotional mood. As a result of the
dietary intervention of increasing fiber intake, an increase in Lactobacillus, Bifidobacterium,
and Akkermansia and a decrease in Desulfovibrio, Klebsiella, and other opportunistic microor-
ganisms have been noted [72]. Worth adding to the diet of anxious people is curcumin [73].
There is no evidence for the validity of a low-carbohydrate diet, intermittent fasting, or
Omega-3 fatty acid supplementation [74–76]. Benefit in terms of anxiety has also not been
reported following a diet rich in polyphenols, a vegetarian or vegan diet, and the DASH
(Dietary Approaches to Stop Hypertension) diet [77–80]. Adequate education of people
with stress-related disorders is particularly important, as stress is an important predictor
of eating behavior. It may activate relevant reward (pleasure) center signaling pathways
in the brain, which in turn may be associated with increased consumption of unhealthy
snacks at the expense of adequate fruit and vegetable intake [81]. Given the importance of
an adequate diet for mental health, the care of both a psychologist and a nutritionist may
be highly beneficial.

In physiologically healthy individuals, the gut microbiota is diverse and strains that
increase the body’s resistance to external factors, including stress and inflammation, pre-
dominate. In contrast, when dysbiosis is present, the microbiota is less diverse, making it
difficult or impossible to maintain internal homeostasis. Attempting to improve the gut
microbiome in people with anxiety and stress disorders is particularly worth considering,
given that the state of the microbiota is extremely important for mental health [82] (Table 1).
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Table 1. Practical use of probiotics in patients with anxiety and stress disorders—a review of selected
studies.

Probiotic
Strain Source Sample and Type of Study Results

Lactobacilus plantarum 299v Rudzki et al. (2019) [50]
(n = 79); a randomized
and double-blind
placebo-controlled study

Improved cognitive
performance and reduced KYN
levels in MDD patients.

Lactobacillus rhamnosus
CNCM I-3690 Wauters et al. (2022) [51] (n = 46); a randomized

blind trial

Subjective but not objective
stress markers were reduced
with L. rhamnosus compared to
placebo, suggesting anti-anxiety
effects that were independent of
barrier stabilization and
attractive for reducing stress in
both health and disease.

Probiotic NVP-1704, mixture
of Lactobacillus reuteri NK33
and Bifidobacterium
adolescentis NK98

Lee et al. (2021) [52]
(n = 156); a randomized,
double-blind,
placebo-controlled trial

NVP-1704 may be beneficial for
mental health and sleep in
people with anxiety
and depression.

OTC probiotics Tran et al. (2018) [53] (n = 86); a randomized
placebo-controlled trial

Probiotics can significantly
reduce anxiety and panic
attacks. A greater number of
improvements were observed in
the conditions of individual
probiotics, indicating that CFU
and the number of species may
be determinants of probiotics.

Lactobacillus plantarum P8;
10 log CFU. Lew et al. (2019) [59]

(n = 103); a randomized,
double-blind,
placebo-controlled study

L. plantarum P8 is a feasible and
natural intervention to alleviate
selected stress, anxiety, memory,
and cognitive symptoms in
stressed adults.

Bifidobacterium longum
R0175, Lactobacillus helveticus
R0052 and Lactiplantibacillus
plantarum R1012.

Edebol Carlman et al.
(2022) [60]

(n = 22); a randomized
and double-blind
placebo-controlled study

The probiotic intervention did
not affect cognitive performance
or autonomic nervous system
function. The probiotic
intervention was able to subtly
alter brain activity and
functional connectivity in
regions known to regulate
emotions and stress responses.

Bacillus coagulans Unique
IS2, Lactobacillus rhamnosus
UBLR58, Bifidobacterium
lactis UBBLa70, Lactobacillus
plantarum UBLP40

Venkataraman et al.
(2021) [61]

(n = 80); the double-blind,
placebo-controlled study

A mixture of selected probiotic
strains was effective in reducing
stress.

Bifidobacterium longum
1714™ Wang et al. (2019) [62] (n = 40); the double-blind,

placebo-controlled study

B. longum 1714™ resulted in
reduced mental fatigue and
increased vitality. In addition, it
affected the modulation of
neuronal responses during
social stress.
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Table 1. Cont.

Probiotic
Strain Source Sample and Type of Study Results

Saccharomyces boulardii
CNCM I-1079 Karbownik et al. (2021) [63] (n = 50); the double-blind,

placebo-controlled study

Supplementation with
Saccharomyces boulardii CNCM
I-1079 appears largely
ineffective in improving
performance under stress and
attenuating some stress markers
but appears to increase heart
rate under stress, which may
hypothetically reflect the
increased sympathetic-adrenal
activity.

Lactobacillus rhamnosus
HN001

Slykermanet et al.
(2022) [64]

(n = 486); the double-blind,
placebo-controlled study

No effects of probiotic therapy
on stress relief were found
among the nurses studied.

Lacticaseibacillus rhamnosus
HN001 Slykerman et al. (2022) [65] (n = 483); the double-blind,

placebo-controlled study

No evidence of the significant
benefit of probiotics for
students’ mental health.

Lactobacillus helveticus,
Bifidobacterium longum Kazemi et al. (2018) [82] (n = 110); a randomized blind

trial

Patients with MDD showed an
improvement in Beck
Depression Inventory score
after probiotic supplementation
for 8 weeks.

Bacillus coagulans
MTCC 5856 Majeed et al. (2018) [83] (n = 40); a randomized

double-blind trial

The efficacy of B. coagulans
MTCC 5856 in the treatment of
patients with MDD
experiencing IBS symptoms
was observed.

Clostridium butyricum
MIYAIRI 588 (CBM588) Miyaoka et al. (2018) [84] (n = 20); a randomized

blind trial

CBM588 in combination with
antidepressants is effective and
well tolerated in the treatment
of the major depressive
disorder (TRD).

Probiotic containing
Bifidobacterium bifidum W23,
Bifidobacterium lactis W52,
Lactobacillus acidophilus W37,
Lactobacillus brevis W63,
Lactobacillus casei W56,
Lactobacillus salivarius W24
and Lactococcus lactis
(W19 and W58).

Steenbergen et al. (2015) [85] (n = 20); a randomized
blind trial

The probiotic intervention has a
positive effect on cognitive
reactivity to naturally occurring
changes in sad mood in healthy
individuals not currently
diagnosed with depressive
disorders. More specifically, the
probiotic intervention reduced
aggressive and ruminative
thoughts in response to
sad moods.

Psychopharmacotherapy and psychotherapy are not always successful in treating
anxiety disorders. As a result, other interventions are receiving increasing attention. In
recent years, there has been a surge in research on the effects of nutrition and targeted
probiotic therapy on mental status, which may be an important aspect of the prevention of
many mental disorders, and at the same time may lead to a reduction in the percentage of
people with mental disorders [86,87].

3.2. Strengths and Limitations

In the scientific space, there are still few articles summarizing key findings in relation
to the impact of the microbiota on anxiety and stress disorders, and the existing studies
do not always highlight this link, in the way this review does. We emphasized the impor-
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tance of homeostasis maintenance in preventing these disorders. The primary limitation
of the presented review of studies on the link between the microbiota and stress- and
anxiety-related disorders is the small number of studies directly addressing selected anxi-
ety disorders. Larger-scale and longer-term studies are needed to obtain precise insights
into the long-term effects of interventions, including possible risks and complications. The
authors have made every effort to ensure that this review is conducted fairly. Multicentre
research projects have been considered and mainstream studies highlighted. This review
also found no adverse reactions to probiotics, perhaps reflecting a positive attitude to-
wards reporting due to the lack of systematic reports of adverse events associated with
probiotic interventions.

The study of the role of microbiota patterning in anxiety and stress disorders has
many practical implications for improving the diagnosis, treatment and prevention of these
disorders. First, understanding the relationship between microbiota pattern and anxiety
and stress disorders may lead to the development of new diagnostic biomarkers. Studies
can identify specific bacterial species or combinations of microorganisms that differ in
people with anxiety and stress disorders compared to healthy individuals. This could help
develop simple diagnostic tests based on the microbiota profile. Second, learning more
about the role of the microbiota in anxiety and stress disorders could open the door to new
forms of therapy. Manipulating the microbiota through supplementation with probiotics,
prebiotics, diet or gut microbiota transplantation therapy (FMT) could be a new strategy
for treating these disorders. Research into the relevant bacterial strains and their effects on
improving mental status could lead to the development of innovative microbiota therapies.
Third, knowledge of the link between the microbiota and anxiety and stress disorders can
help with public education and prevention. People at increased risk or already affected
by these disorders can be made aware of the impact of their lifestyle and diet on the
microbiota. Education about healthy eating habits, physical activity and stress reduction
can help maintain a healthy microbiota and reduce the risk of developing or exacerbating
anxiety and stress disorders. Finally, the study on this topic reveals gaps in knowledge and
provides directions for future research. There is a need to further explore the mechanisms
and interactions between the microbiota and the nervous system, as well as to conduct
intervention studies to evaluate the effectiveness of microbiota therapies. Future research
may focus on identifying specific factors, such as diet, lifestyle and environment, that
shape the microbiota and may be relevant to the prevention and treatment of anxiety and
stress disorders. Research may also focus on evaluating the long-term effects of microbiota
therapies and identifying potential interactions between microbiota therapy and other
therapies, such as pharmacotherapy or behavioral therapy. This review’s conclusions
about the role of microbiota patterning in anxiety and stress disorders may have important
implications for clinical practice and public health. Understanding these implications
may contribute to the development of innovative diagnostic, therapeutic and preventive
strategies that can improve care for those affected by these disorders. However, there is
still a need for further research to better understand the complex interactions between the
microbiota and the nervous system and to evaluate the efficacy and safety of microbiota
therapies in the context of anxiety and stress disorders.

4. Conclusions

The relationship between gut microbiota and general health is increasingly discussed
in the scientific space. The present study showed that probiotic interventions in specific
cases can be effective in mental health disorders related to anxiety and stress. This review
outlines the importance of the gut microbiota for anxiety and stress-related disorders, par-
ticularly due to its effects on neurotransmission and HPA axis. Specific gut dysbiosis has
been shown to be present in psychiatric disorders such as GAD, depression, chronic stress,
separation anxiety syndrome and PTSD, which is an important indication for recommenda-
tions of targeted probiotic therapy. Probiotic strains proven to improve the symptoms of
the aforementioned disorders are also indicated. The importance of diet for mental health
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was also pointed out. A diet based on whole grains, vegetables and fruits rich in prebiotic
fiber, legumes and fermented foods while limiting the intake of processed foods can reduce
perceived stress. The supply of vitamin B6 and curcumin in people with anxiety is worth
considering. The importance of mental health is consistently a major public health concern
and further research is needed into the importance of microbiota and nutrition in this
area. Additionally, there is a need for universal and clarified preventive recommendations
against stress-related disorders.
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63. Karbownik, M.S.; Kręczyńska, J.; Kwarta, P.; Cybula, M.; Wiktorowska-Owczarek, A.; Kowalczyk, E.; Pietras, T.; Szemraj, J. Effect
of Supplementation with Saccharomyces Boulardii on Academic Examination Performance and Related Stress in Healthy Medical
Students: A Randomized, Double-Blind, Placebo-Controlled Trial. Nutrients 2020, 12, 1469. [CrossRef]

https://doi.org/10.3920/BM2018.0077
https://www.ncbi.nlm.nih.gov/pubmed/30882243
https://doi.org/10.1021/acschemneuro.2c00143
https://www.ncbi.nlm.nih.gov/pubmed/35735411
https://doi.org/10.1016/j.jad.2022.02.024
https://doi.org/10.1111/ejn.15239
https://doi.org/10.3390/ph15070898
https://doi.org/10.1016/j.bbi.2021.11.023
https://doi.org/10.1016/j.psyneuen.2018.10.010
https://doi.org/10.1080/19490976.2022.2031695
https://doi.org/10.3390/nu13082660
https://www.ncbi.nlm.nih.gov/pubmed/34444820
https://doi.org/10.1016/j.jad.2019.04.043
https://doi.org/10.1016/j.clnesp.2021.07.027
https://doi.org/10.1038/s41398-021-01422-7
https://doi.org/10.1002/da.22811
https://www.ncbi.nlm.nih.gov/pubmed/29995348
https://doi.org/10.1002/brb3.1699
https://www.ncbi.nlm.nih.gov/pubmed/32662591
https://doi.org/10.3920/BM2018.0135
https://doi.org/10.1016/j.clnu.2018.09.010
https://doi.org/10.3390/nu14071329
https://doi.org/10.1007/s12602-020-09681-4
https://doi.org/10.14309/ajg.0000000000000203
https://doi.org/10.3390/nu12051469


Psych 2023, 5 617

64. Slykerman, R.F.; Li, E. A randomized trial of probiotic supplementation in nurses to reduce stress and viral illness. Sci. Rep. 2022,
12, 14742. [CrossRef]

65. Slykerman, R.F.; Li, E.; Mitchell, E.A. Probiotics for Reduction of Examination Stress in Students (PRESS) study: A randomized,
double-blind, placebo-controlled trial of the probiotic Lacticaseibacillus rhamnosus HN001. PLoS ONE 2022, 17, e0267778.
[CrossRef]

66. Berding, K.; Bastiaanssen, T.F.S.; Moloney, G.M.; Boscaini, S.; Strain, C.R.; Anesi, A.; Long-Smith, C.M.; Mattivi, F.; Stanton, C.;
Clarke, G.; et al. Feed your microbes to deal with stress: A psychobiotic diet impacts microbial stability and perceived stress in a
healthy adult population. Mol. Psychiatry 2023, 28, 601–610. [CrossRef]

67. Kafeshani, M.; Feizi, A.; Esmaillzadeh, A.; Keshteli, A.H.; Afshar, H.; Roohafza, H.; Adibi, P. Higher vitamin B6 intake is
associated with lower depression and anxiety risk in women but not in men: A large cross-sectional study. Int. J. Vitam. Nutr. Res.
2020, 90, 484–492. [CrossRef] [PubMed]

68. Rodriguez-Lozada, C.; Cuervo, M.; Martínez, J.A.; Goni, L.; Riezu-Boj, J.I.; Navas-Carretero, S.; Milagro, F.I.; Martínez, J.A.
Changes in Anxiety and Depression Traits Induced by Energy Restriction: Predictive Value of the Baseline Status. Nutrients 2019,
11, 1206. [CrossRef] [PubMed]

69. Ein, N.; Armstrong, B.; Vickers, K. The effect of a very low calorie diet on subjective depressive symptoms and anxiety:
Meta-analysis and systematic review. Int. J. Obes. 2019, 43, 1444–1455. [CrossRef]

70. Li, X.; Chen, M.; Yao, Z.; Zhan, T.; Li, Z. Dietary inflammatory potential and the incidence of depression and anxiety: A
meta-analysis. J. Health Popul. Nutr. 2022, 41, 24. [CrossRef] [PubMed]

71. Liu, M.W.; Chen, Q.T.; Towne, S.D., Jr.; Zhang, J.; Yu, H.; Tang, R.; Gasevic, D.; Wang, P.; He, Q.-Q. Fruit and vegetable intake in
relation to depressive and anxiety symptoms among adolescents in 25 low- and middle-income countries. J. Affect. Disord. 2020,
261, 172–180. [CrossRef] [PubMed]

72. Chen, L.; Liu, B.; Ren, L.; Du, H.; Fei, C.; Qian, C.; Li, B.; Zhang, R.; Liu, H.; Li, Z.; et al. High-fiber diet ameliorates gut microbiota,
serum metabolism and emotional mood in type 2 diabetes patients. Front. Cell. Infect. Microbiol. 2023, 13, 1069954. [CrossRef]
[PubMed]

73. Fusar-Poli, L.; Vozza, L.; Gabbiadini, A.; Vanella, A.; Concas, I.; Tinacci, S.; Petralia, A.; Signorelli, M.S.; Aguglia, E. Curcumin for
depression: A meta-analysis. Crit. Rev. Food Sci. Nutr. 2020, 60, 2643–2653. [CrossRef]

74. Varaee, H.; Darand, M.; Hassanizadeh, S.; Hosseinzadeh, M. Effect of low-carbohydrate diet on depression and anxiety: A
systematic review and meta-analysis of controlled trials. J. Affect. Disord. 2023, 325, 206–214. [CrossRef] [PubMed]

75. Berthelot, E.; Etchecopar-Etchart, D.; Thellier, D.; Lancon, C.; Boyer, L.; Fond, G. Fasting Interventions for Stress, Anxiety and
Depressive Symptoms: A Systematic Review and Meta-Analysis. Nutrients 2021, 13, 3947. [CrossRef]

76. Deane, K.H.O.; Jimoh, O.F.; Biswas, P.; O’Brien, A.; Hanson, S.; Abdelhamid, A.; Fox, C.; Hooper, L. Omega-3 and polyunsaturated
fat for prevention of depression and anxiety symptoms: Systematic review and meta-analysis of randomised trials. Br. J. Psychiatry
2021, 218, 135–142. [CrossRef]

77. Kontogianni, M.D.; Vijayakumar, A.; Rooney, C.; Noad, R.L.; Appleton, K.M.; McCarthy, D.M.; Donnelly, M.; Young, I.S.;
McKinley, M.C.; McKeown, P.P.; et al. A High Polyphenol Diet Improves Psychological Well-Being: The Polyphenol Intervention
Trial (PPhIT). Nutrients 2020, 12, 2445. [CrossRef]

78. Askari, M.; Daneshzad, E.; Darooghegi Mofrad, M.; Bellissimo, N.; Suitor, K.; Azadbakht, L. Vegetarian diet and the risk of
depression, anxiety, and stress symptoms: A systematic review and meta-analysis of observational studies. Crit. Rev. Food Sci.
Nutr. 2022, 62, 261–271. [CrossRef]

79. Iguacel, I.; Huybrechts, I.; Moreno, L.A.; Michels, N. Vegetarianism and veganism compared with mental health and cognitive
outcomes: A systematic review and meta-analysis. Nutr. Rev. 2021, 79, 361–381. [CrossRef]

80. Arab, A.; Khorvash, F.; Kazemi, M.; Heidari, Z.; Askari, G. Effects of the Dietary Approaches to Stop Hypertension (DASH) diet
on clinical, quality of life and mental health outcomes in women with migraine: A randomised controlled trial. Br. J. Nutr. 2022,
128, 1535–1544. [CrossRef]
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