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INTRODUCTION

Depression and anxiety are among the most prevalent 
mental health disorders worldwide. Depression affected 
21.4% of American adults, and 18.2% experienced 
anxiety symptoms in 2022 (1). Treatment-resistant 
depression response rates drop from 60-70% with 

initial treatments to 30-40% for resistant cases (2), with 
high relapse rates experienced within the first year of 
treatment discontinuation (3). These outcomes create an 
urgency for new targets and a deeper understanding of 
the underlying mechanisms contributing to treatment 
failure. While pharmacological options such as selective 
serotonin reuptake inhibitors (SSRIs) are effective 
for many patients, responses remain incomplete, and 
side effects are common. This has sparked interest 
in alternative treatment options or complementary 
strategies, including targeting the gut microbiome.

The gut-brain axis provides a framework for 
understanding how the gut microbiome influences 
psychological processes through a complex, bidirectional 
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communication system (4), linking the enteric and 
central nervous system through neural, hormonal, and 
immunological responses. Recent research suggests 
that gut microbiome dysbiosis, characterized by a 
reduced microbial diversity and alteration of bacterial 
composition, contributes to neuroinflammation, disrup-
ted neurotransmitter synthesis, and hypothalamic-
pituitary axis (HPA) dysfunction (5). Key mechanistic 
pathways include vagal nerve signaling, short-chain 
fatty acids (SCFAs) production, and cytokine-mediated 
inflammation, which influence mood regulation and 
stress responses (6).

Figure 1 shows the essential components found 
in the gut-brain axis, which will be discussed in this 
section, such as the vagus nerve, gut microbiome, 
neurotransmitters, HPA axis, brain-derived 
neurotrophic factor (BDNF), and SCFAs.

THERAPEUTIC INTERVENTIONS: EVIDENCE 
SYNTHESIS AND CRITICAL ANALYSIS

Probiotics
Given the role of gut microbiota in regulating mood, 

researchers have explored probiotics and prebiotics 
as potential therapeutic interventions, as alternatives 
or supplementary options to traditional treatment 
routes such as SSRIs. Probiotics are microorganisms 
that, when ingested, improve gut microbial balance, 
while prebiotics are indigestible compounds that are 
metabolized by gut microorganisms, which regulate 
gut microbiome composition. Probiotics often consist 
of strains from the lactobacillus and bifidobacterium 
genera, which have been shown to reduce inflammation 
and modulate immune responses.

Probiotics can prevent the entry of the cytokine 
interleukin-8 (IL-8) into the human colon and help 
reduce intestinal permeability1. The entry of IL-8 
into the colon can be problematic. IL-8 is a pro-
inflammatory cytokine that attracts other immune 
cells and neutrophils to areas of infection in a process 
called chemotaxis. While IL-8 is essential for immune 
response, an excess in the colon can lead to chronic 
inflammation, tissue damage, and increased gut 
permeability (7).

Probiotics: Clinical Evidence and Limitations 
Clinical Studies

Clinical studies investigating the effects on 
depression and anxiety have produced mixed, but in 
general positive results, although there are significant 
methodological concerns that limit the interpretation of 
the results. A key limitation that is seen across different 
studies is the use of antidepressants while being on 
clinical trials with probiotics, which confounds the 
assessment of probiotic efficiency alone.

For example, in a study consisting of 81 participants, 
those who received probiotics containing Lactobacillus 
helveticus and Bifidobacterium longum for eight weeks 
showed significant improvement in the Beck Depression 
compared to the placebo group; however, because all 
participants continued their antidepressant treatment, it 
is hard to isolate the effects of the probiotic. Similarly, 
their kynurenine-to-tryptophan ratio decreased. 
Kynurenine-to-tryptophan plays an important role 
in the nervous, endocrine, and immune systems, and 
inflammatory diseases (8). Increased kynurenine levels 
have been associated with neuroinflammation and 
serotonin deficiency. A significant change was seen in 

Figure 1. Modulating the gut microbiome: Factors that 
enhance or disrupt microbial balance.
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the probiotic group, showing a decreased kynurenine to 
tryptophan ratio. This finding suggests that probiotics 
might improve depression by promoting tryptophan 
availability for serotonin production by reducing 
the number of enzymes that convert tryptophan into 
kynurenine (9).

Similarly, a pregnancy study consisting of 380 
women receiving Lactobacillus rhamnosus demonstrated 
a significant decrease in depression. The study showed 
that women in the probiotic group had significantly 
lower depression scores (7.7) compared with the placebo 
group (9.0) in the Edinburgh Postnatal Depression scale. 
Similarly, the probiotic group also had a significantly 
lower anxiety score on the State-Trait Anxiety Inventory 
compared to the placebo group (10). This population 
represents an advantage since the participants were 
not under any type of antidepressant, providing clear 
evidence on probiotic effects. However, the findings are 
hard to generalize since the study was done on pregnant 
women, and pregnancy-related hormones could have 
changed the effects of the specific strain, which cannot 
be generalized to a larger population.

Synbiotic Interventions
There is limited evidence to suggest the effect of 

symbiotic supplementation (combination of probiotics 
and prebiotics) on depressive and anxiety-related 
symptoms. A 40-participant study with antibiotics 
in conjunction with fluoxetine, an antidepressant 
belonging to the group of medicines known as SSRIs, 
in patients with moderate depression was conducted. 
The study also included a placebo group with just 
fluoxetine. At the end of the study, the group on 
symbiotics experienced a significant decrease in the 
Hamilton Rating Scale for Depression score compared 
to the placebo group (19.25 in the treatment group and 
17.75 in the placebo group). This study showed positive 
outcomes for symbiotics as an alternative therapy for 
patients with moderate depression11. However, the small 
size and brief intervention period limit the generality of 
the findings.

CRITICAL ASSESSMENTS OF ANIMAL 
STUDIES

Animal studies suggest that probiotics may mitigate 
depressive symptoms. For example, one study showed 
that introducing Bifidobacterium infantis to rats 
reverses experimentally induced stress and depression 
(12). Another study showed that administering 

Lactobacillus to rats for 28 days significantly decreased 
depressive symptoms (13).

Dietary Interventions
Over the last few decades, it has become clear that 

diet plays a key role in shaping an individual’s gut 
microbiota, significantly affecting microbial diversity 
(14). It is evident that consuming a Western diet, which 
includes ultra-processed foods, sugar-rich foods, and 
low plant foods lacking their constituent fiber and 
polyphenols, can lead to a substantial loss in microbial 
diversity (15). It is widely recognized that having a 
healthy diet can positively modulate gut-brain axis 
communication and can be beneficial for both the 
prevention and treatment of common mental health 
disorders, such as anxiety and depression (16). There 
are emerging studies that focus on the incorporation 
of food items such as fruits and vegetables high 
in prebiotic fibers, showing promising results in 
modulating microbiome-host interactions (17).

Emerging Therapies: Phage Therapy
Another alternative for future research could be 

phage therapy, which relies on naturally occurring 
bacteriophages to infect and lyse harmful bacteria 
in the body at the site of infection, and has shown 
promising results in treating gastrointestinal diseases 
(18). Current research has shown that phages can be 
effective against multidrug-resistant infections and can 
be used as an alternative or supplement to antibiotic 
treatments (18). Phages found in the gut microbiome 
play a crucial role in regulating bacterial diversity. 
Given their immunomodulatory and bactericidal 
effects, phage therapy has been proposed as a clinical 
alternative to restore gut microbiota (19) and has 
been used to regulate gastrointestinal diseases such 
as cholera and diarrhea (20). While there is limited 
research to show its potential to improve symptoms of 
anxiety and depression, its properties could suggest a 
possible role in psychiatric treatments. Since the gut-
brain axis is crucial in mental health, further research 
could demonstrate how phage therapy can influence 
the gut microbiome of individuals with anxiety and 
depression.

CONCLUSION 

Summary and Interpretation of Findings
Research highlights how disruptions in the gut 

microbiota and vagal signaling can contribute to 
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psychiatric disorders, emphasizing the need for further 
exploration of the therapeutic interventions mentioned 
in the literature review. By understanding future 
therapeutic interventions like probiotics, prebiotics, 
and phage therapy, the treatment for anxiety and 
depression could be improved, and these alternatives, 
along with antidepressants, can improve symptoms of 
psychiatric disorders in patients. It is also important to 
understand how mechanisms, like neurotransmitters 
and SCFAs, act when disrupted, which can alter the 
gut microbiome, leading to an increased likelihood of 
psychiatric disorders. By deepening our understanding 
of this topic, we can create more targeted therapeutic 
interventions that will improve patients’ mental health 
and overall well-being.

Limitations 
The literary review examined the dysbiosis of the 

gut microbiome and the resulting problems related to 
mental health it can cause, enabling identification of 
alternative treatments to ensure mental health disorders 
such as depression and anxiety can be prevented. 
While most studies used common bacterial strains 
like Lactobacillus and Bifidobacterium, it is difficult to 
isolate the effect of individual strains on the patients due 
to the different combinations of strains. More studies 
could be conducted to determine particular strains’ 
efficiency and impact on mood. The doses used changed 
across the various studies, making it hard to determine 
how different doses affected the patients. Additionally, 
other factors could affect the efficiency of the probiotics 
and prebiotics. For example, sleep variability is a factor 
that has a significant impact on anxiety and depression. 
The way that depression was measured also affects the 
results. The different studies used the BDI scale, the 
Hamilton Rating Scale for Anxiety or Depression, the 
Edinburgh Postnatal Depression Scale, and the State-
Trait Anxiety Inventory. These scales use different 
methodologies to measure an individual’s depression or 
anxiety, which could have also altered the findings of 
the studies. It would also be essential to understand if 
taking antidepressants while on probiotics or prebiotics 
affects a patient’s response to probiotics and prebiotics, 
as well as knowing if these alone would also have the 
same results.

Future Research Priorities
Priority should be given to adequately randomized 

controlled trials comparing microbiome interventions to 
placebo participants with mild-to-moderate depression 

or anxiety. These studies should include standardized 
outcome measures and extend beyond 12 weeks to 
assess sustained effects (21).

As well, future research should include repeated 
microbiome assessments, using methods such as 16S 
rRNA sequencing and shotgun metagenomics, to 
clarify causation between microbial shifts and patient 
outcomes (22). In the present, most studies depend on 
scale scores instead of confirming parallel changes in 
the gut microbiome.

Research should also focus on developing 
personalized interventions based on the patients’ 
microbiome profiles. This approach could give a 
more targeted treatment to each individual, without 
generalizing treatments amongst the population. 
Trials should also include biomarker assessments for 
(inflammatory cytokines, neurotransmitter metabolites, 
HPA axis function) to validate the proposed treatment 
for each patient, and the effectiveness it might have 
on the person. By implementing these methodological 
approaches, future research can move beyond the 
current limitations to establish gut-microbiome inter-
ventions as an alternative therapeutic pathway for 
mental health disorders.
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