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Abstract: Depression affects approximately 280 million people worldwide, representing a
significant public health burden. It is characterized by persistent sadness, anhedonia, fatigue,
sleep disturbances, cognitive dysfunction, and in severe cases, suicidal ideation. The
pathophysiology is often attributed to neurotransmitter imbalances, hypothalamic-pituitary-
adrenal (HPA) axis dysfunction, and inflammation. Recently, the gut-brain axis has garnered
attention for its role in mood regulation, suggesting that probiotic supplementation may
influence depressive symptoms through gut microbiome modulation. Therefore, this review
examines recent findings and research gaps regarding the efficacy of probiotics in managing
clinically diagnosed depression. Emerging research demonstrates that daily probiotic
supplementation from 3x10° CFU to 9x10! CFU for four to eight weeks in combination with
antidepressants is effective in improving depressive symptoms. Effective formulations
commonly included Bifidobacteria, Lactobacilli, Lactococcus lactis, and Streptococcus
thermophilus. Nevertheless, significant gaps remain, particularly concerning the mechanistic
pathways, comparative effectiveness, and impact across different demographics of the
probiotics. Furthermore, the long-term effects of probiotic use with antidepressants, their role
in reducing antidepressant side effects, and combined effects with psychotherapy are largely
understudied. Addressing these gaps through standardized methodologies will enhance
evaluations of probiotic strains to optimize microbiome-based treatment regimens, and
ultimately improve mental health outcomes in depression management.
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Research gaps and future directions in evaluating the efficacy of
probiotics in diagnosed depression

Graphical abstract. Summary of research gaps and future directions to determine the
efficacy of probiotics in diagnosed depression.

Keywords: probiotics, major depressive disorder, depression, gut-brain axis; SDG 3 Good
health and well-being

1. Introduction

Depression, otherwise known as depressive disorder encompasses a wide range of
conditions such as major depressive disorder (MDD), postnatal depression, premenstrual
dysphoric disorder, and seasonal affective disorder (M. This debilitating psychiatric condition
can be attributed to neurotransmitter dysregulation, genetic predisposition, and
environmental factors such as chronic stress or traumatic life experiences ?-3l. These can lead
to the development of various emotional, cognitive, and physical symptoms such as persistent
feelings of sadness, anhedonia, sleep disturbances, decrease in energy levels, and fluctuations
in appetite or body weight [*°1. Moreover, this mental health disorder can be further divided
into primary and secondary depression. Primary depression occurs independently, without
precedence by any other psychiatric or physical disorders whereas these underlying disorders
take precedence in secondary depression [ €. For instance, research has shown that
depression is significantly associated with chronic diseases such as diabetes, arthritis, and
cardiovascular diseases [ &. The physical and emotional burden of managing these health
conditions can create a vicious cycle of stress which contributes to the onset or exacerbation
of depression. Prolonged episodes of depression can severely impact the ability of an
individual to function in daily life, often disrupting social interactions, performance in studies
or work, and a decline in overall personal well-being. In more severe cases, the cumulative
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impacts of the depressive symptoms can drive the emergence of suicidal ideation, increasing
the risk of suicide in affected individuals ™ °. On a global scale, it is estimated that
approximately 280 million people suffer from depression (', In 2021, depression accounted
for 713.8 disability-adjusted life years (DALYs) per 100,000 people worldwide,
underscoring its burden on public health 11,

There is no single, definitive mechanism that explains the onset of depression.
Instead, multiple hypotheses have been proposed to elucidate the development of depression.
These include the hypothalamic-pituitary-adrenal (HPA) axis dysfunction hypothesis,
monoamine hypothesis, and inflammatory hypothesis. All three theories suggest that
dysregulation in biological systems such as feedback regulation during stress response,
neurotransmitter balance, and immune function contribute to the onset and progression of
depression [*3 14 Genetic factors, structural and functional brain remodeling, and
environmental stress factors are also key contributors theorized in the pathophysiology of
depressive disorders [*> 161 As a result, the complexity of depression driven by the interplay
of various causative factors and the heterogeneity of depression among individuals poses
significant challenges for diagnosis and treatment ™1, Current pharmacological treatments
target specific mechanisms of depression but often fail to cover the broad spectrum of the
disease pathophysiology. For example, the use of selective serotonin reuptake inhibitors
(SSRIs) or serotonin-norepinephrine reuptake inhibitors (SNRIs) aim to target and inhibit the
reuptake of serotonin and norepinephrine in the synaptic cleft to elicit antidepressive effects
[15. 18] However, the specificity of these antidepressants on neurotransmitter imbalance may
not account for the dysregulations that occur in the HPA-axis or the immune system in
depression. Furthermore, there are varying side effects that can occur depending on the
choice of antidepressant prescribed for treatment. The common side effects are nausea, sleep
disturbances, sexual dysfunction, weight gain, emotional blunting, and increased anxiety or
agitation in the early stages of treatment 1* 201, These side effects negatively impact the
quality of life and medication adherence in patients with depression, and may ultimately
result in treatment discontinuation 2% 22,

The limitations of traditional antidepressant therapies in addressing the full
complexity of depression accompanied by their side effects have led to emerging research
that explores innovative adjuncts to contemporary treatment, including the use of probiotics
[23-27] The disruption of the gut microbiome has been linked to various disease states in
humans 2839 including mental health conditions such as depression. Moreover, the gut-brain
axis has been increasingly implicated in depression, as there is growing evidence which
suggests that gut dysbiosis may influence mood regulation, thus playing a role in the onset
of depression B3 Multiple studies have postulated that changes in microbiome
composition including diversity and abundance of certain bacteria in the gut are associated
with depression 431, As probiotics have shown promise in treating various health conditions
through gut microbiota modulation 6-%1  researchers have been investigating the potential
of various probiotic strains that can improve depression symptoms by targeting the gut
microbiome. These probiotics, often referred to as psychobiotics, are live bacteria that confer
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beneficial effects on neuronal functions by colonizing into the intestinal flora, thereby
influencing the gut-brain axis to regulate mood and stress responses [*°1. For example, Walden
et al. found the use of probiotics in healthy adults resulted in improvements in mood-related
questionnaires which evaluated mood, anxiety, and depression. The improvements were
proposed to be associated with the alterations in the intestinal microbiota, affecting the
production of neurotransmitter precursors, short-chain fatty acids (SCFAs), or other
secondary metabolites. These changes could have subsequently impacted the regulation or
formation of various substances involved in brain function and mood modulation ™I,
However, many studies have been conducted in healthy subjects, making it difficult to
extrapolate the findings to patients with diagnosed depression 43l Despite this, the
observed improvement in depressive symptoms with probiotic use in healthy subjects offers
a promising outlook for its potential in symptom relief in clinically depressed patients.

Therefore, this review aims to explore the recent advancements in the use of pro-
biotics for managing diagnosed depression, with a focus on their efficacy in improving
depressive symptoms. Given the complexity of depression and its frequent overlap with other
medical conditions, these findings provide valuable insights into how probiotics could
complement existing treatments to alleviate depressive symptoms. By shedding light on the
currently known effects of probiotics in managing depression, this review provides a
foundation for future research into broader therapeutic roles of probiotics in treating
depression.

2. Methods

The search for this review was conducted with a systematic approach whereby articles
from 2019 to 2024 were retrieved from Embase, Ovid MEDLINE, PubMed, and Scopus
using the key words “probiotics”, “depression”, and “randomized controlled trial”.
Additional search was performed to cover the commonly used probiotics in commercial
products by using the terms “Lactobacillus”, “Streptococcus”, “Bifidobacterium”,
“Enterococcus”, “Escherichia”, and “Bacillus”. English articles reporting on the effects of
probiotic use in diagnosed depression were considered.

3. Efficacy of probiotics in clinically diagnosed depression

Recent advancements in probiotics have revealed a compelling link between probiotics
and the management of depression, driven by various mechanisms in which they modulate the
gut-brain axis % 44, Preliminary studies in animal models have produced promising results
which demonstrate the capabilities of probiotics in relieving depression [, These findings
laid the groundwork for subsequent human trials involving individuals with diagnosed
depression. While existing literature in this area remains limited, current studies on probiotic
effects on depression have demonstrated promising outcomes, offering a positive perspective
on their potential therapeutic benefits (Table 1).
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Table 1. Recent advancements in the efficacy of probiotics in clinically diagnosed depression.

Probiotic Dosage Depression score/severity Probiotic effects References

Bifidobacterium breve CCFM1025 10%° CFU daily for 4 weeks HDRS-24> 14 o Significantly decreased HDRS-24, MADRS, 4]
BPRS, and GSRS scores
e Significantly reduced serum serotonin turnover
e  Upregulation of tryptophan, 5-hydroxytryptophan,
5-HT, 5-HIAA, indole-3-acetamide, indole-3-lactic
acid, and indole-3-propionic acid

Lactobacillus plantarum 299v 10x10° CFU twice daily for8 = HAMD-17: 21.53+6.03 e  No significant effects on depression scores (25]
weeks e Improved cognitive functions
e Decreased kynurenine concentration
Lacticaseibacillus paracasei strain Shirota  1x10% CFU daily for 9 weeks HAMD: 16.4+4.8 e No significant effects on depression scores (501
Lactobacillus plantarum PS128 3x10% CFU twice daily for8  HAMD-17:20.384+5.63 e  No significant effects on depression scores =
weeks
Lactobacillus helveticus R0052, 10x10° CFU daily for 8 weeks BDI: 14.15-21.62 e Significant decrease in BDI scores [52.53]
Bifodobacterium longum R0175 e Increased serum brain-derived neurotrophic factor
levels
Lactobacillus helveticus R0052, 3x10° CFU daily for 8 weeks MADRS > 20 e Significant decrease in MADRS, QIDS-SR16, and B4
Bifidobacterium longum R0175 SHAPS scores
e Greater scores reductions from baseline to week 4
compared to week 4 to 8
Streptococcus thermophilus NCIMB 30438, 9x10'! CFU daily for 4 weeks HAMD: 18.93+4.78 e Significant decrease in HAMD and BDI scores [55]
Bifidobacterium breve NCIMB 30441, BDI: 22.38+7.54 ¢ Increased abundance of Lactobacillus in gut

Bifidobacterium longum NCIMB 30435,
Bifidobacterium infantis NCIMB 30436,
Lactobacillus acidophilus NCIMB 30442,
Lactobacillus plantarum NCIMB 30437,
Lactobacillus paracasei NCIMB 30439,
Lactobacillus delbrueckii subsp. bulgaricus

NCIMB 30440

Bifidobacterium bifidum W23, 7.5x10° CFU daily for 4 BDI-11: 30.25+8.38 e No significant changes in depression scores (561
Bifidobacterium lactis W51, weeks HAMD: 14.75+5.56 e  Upregulation of CLOCK gene expression

Bifidobacterium lactis W52, e Decrease in interleukin-6 proinflammatory

Lactobacillus acidophilus W22, cytokine levels
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Probiotic Dosage

Depression score/severity

Probiotic effects

References

Lactobacillus casei W56,
Lactobacillus paracasei W20,
Lactobacillus plantarum W62,
Lactobacillus salivarius W24,
Lactobacillus lactis W19

Bacillus subtilis PXN® 21,
Bifidobacterium bifidum PXN® 23,
Bifidobacterium breve PXN® 25,
Bifidobacterium infantis PXN® 27,
Bifidobacterium longum PXN® 30,
Lactobacillus acidophilus PXN® 35,
Lactobacillus delbrueckii ssp. bulgaricus
PXN® 39,

Lactobacillus casei PXN® 37,
Lactobacillus plantarum PXN® 47,
Lactobacillus rhamnosus PXN® 54,
Lactobacillus helveticus PXN® 45,
Lactobacillus salivarius PXN® 57,
Lactococcus lactis ssp. lactis PXN® 63,
Streptococcus thermophilus PXN® 66
Bifodobacterium breve CCFM1025,
Bifidobacteirum longum CCFM687,
Pediococcus acidilactici CCFM6432
Bacillus subtilis,

Bifidobacterium bifidum,
Bifidobacterium breve,
Bifidobacterium infantis,
Bifidobacterium longum,
Lactobacillus acidophilus,
Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus casei,

Lactobacillus plantarum,
Lactobacillus rhamnosus,
Lactobacillus helveticus,
Lactobacillus salivarius,

8x10° CFU daily for 4 weeks

10%° CFU daily for 4 weeks

8x10° CFU daily for 8 weeks

PHQ-9: 5-19

Mild to moderate

HAMD-17 > 13

Reduced PHQ-9 and STAI scores

Greater reduction of HAMD, MADRS, BPRS, and
GSRS scores than placebo

Greater reductions in depressive symptoms from
week 4

Significant reductions in HAMD-17, IDS, and
HAMA scores

[26]

[57

[58]



PMMB 2025, 8, 1; a0000459

7 of 21

Probiotic

Dosage

Depression score/severity

Probiotic effects

References

Lactococcus lactis,

Streptococcus thermophilus
Lactobacillus acidophilus,
Bifidobacterium bifidum,
Streptococcus thermophilus
Lactobacillus acidophilus,
Bifidobacterium bifidus,
Lactobacillus rutri,

Lactobacillus fermentum
Bifidobacterium bifidum W23,
Bifidobacterium lactis W51,
Bifidobacterium lactis W52,

L. acidophilus W37,

Lactobacillus brevis W63,
Lactobacillus casei W56,
Lactobacillus salivarius W24,
Lactococcus lactis W19,
Lactococcus lactis W58
Lactobacillus helveticus Rosell®-52,
Bifidobacterium longum Rosell®-175

4x10'° CFU twice daily for 8
weeks

4x10° CFU daily for 8 weeks

1x10% CFU daily for 8 weeks

3x10° CFU daily for 60 days

BDI-I1: 30.78+9.55

HDRS > 20

BDI > 12

MADRS > 13

Significant decrease in depression scores at week
4, but not at week 8 and at follow-up at week 16

Significant decrease in HDRS scores

Significant improvements in sexual function

No significant effects on depression scores
Significant reduction in cognitive reactivity
towards sad mood

No significant effects on depression scores

[59]

[60]

[61]

[62]

Abbreviations: HAMD/HDRS, Hamilton Depression Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale; BPRS, Brief Psychiatric Rating Scale; GSRS,
Gastrointestinal Symptom Rating Scale; BDI, Beck Depression Inventory; QIDS-SR16, Quick Inventory of Depressive Symptomatology; SHAPS, Snaith-Hamilton Pleasure
Scale; PHQ-9, Patient Health Questionnaire-9; STAI, Spielberger State-Trait Anxiety Inventory; IDS, Inventory of Depressive Symptomatology; HAMA, Hamilton Anxiety

Rating Scale.
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3.1. Use of probiotics alone in the management of depression

There is increasing interest in the utilization of probiotics as a standalone therapeutic
approach to manage depression due to their potential to provide symptom relief without the
side effects that are often associated with antidepressants. In addition, the use of probiotics
in patient populations where the use of antidepressants is not recommended, such as pregnant
or breastfeeding women, individuals under 18 years old, and those with comorbidities that
increase the risk of adverse drug interactions could be beneficial. Probiotics may be an
alternative to address the depressive symptoms while minimizing the risk of side effects or
complications. Wallace et al. tested the efficacy of a combination probiotic supplement
containing Lactobacillus helveticus R0O052 and Bifidobacterium longum R0175 marketed as
CEREBIOME® in ten treatment-naive moderate MDD patients. The supplement was given
as one sachet of 3 x 10° colony forming units (CFU) in lyophilized powder once daily for 8
weeks. Upon comparing depressive symptomology from baseline using the Montogmery-
Asberg Depression Rating Scale (MADRS) and the Quick Inventory of Depressive
Symptomatology (QIDS-16), the depression symptoms significantly improved from baseline
to week 4, but did not improve significantly from week 4 to week 8. Moreover, similar results
were reported when measuring anhedonia and anxiety, whereby significant improvements
were observed in the first four weeks of intervention, followed by non-significant
improvements in the subsequent weeks. Interestingly, significant improvements in sleep
quality emerged only after the fourth week until the eighth week of intervention 4. This
suggests that probiotics may exert more immediate effects on mood, anxiety, and anhedonia
while longer-term use might be required to observe significant improvements in sleep quality.
Additionally, enhancement in sleep quality could be secondary to the improvements in
depressive symptoms, rather than a direct effect of the probiotics on sleep disturbances.

In a separate study by Strodl et al., although the outcome measures were measured
with different scales, the overall results show similarity to that of Wallace et al. whereby
depressive symptoms were improved. Strodl et al. utilized a combination probiotic consisting
2 x1010 CFU/capsule of Lactobacillus acidophilus, Bifidobacterium bifidum, and
Streptococcus thermophilus, 1600mg of magnesium orotate, and 1500mg of coenzyme Q10
which was associated significant reduction in MDD diagnosis and depressive symptoms in
the test subjects. The study was conducted across an 8-week intervention period with a
follow-up period until week 16. The intervention group (n=58) saw significant reductions in
depression diagnosis at 8 weeks but the results were not maintained at week 16. In addition,
significant improvements in depressive symptoms measured by BDI-1I were recorded at
week 4 in the probiotic group compared to placebo (n=62) but were insignificant in weeks 8
and 16 [52]. This shows that the probiotic exhibited its strongest effect at week 4, and
prolonged treatment of longer than 8 weeks may be required to sustain the beneficial effects.
The anti-depressive effects of the probiotic could have been amplified with the co-
supplementation of magnesium orotate and coenzyme Q10.
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In contrast, Chahwan et al. found no significant differences between treatment with
probiotics and placebo in subjects that were divided into two groups; mild or moderate
depression, and severe depression. Their study involved 71 participants who were not taking
any other medication and were instructed to consume the combination probiotic, Ecologic®
Barrier. The total cell counts in the probiotic amounted to 1 x 10° CFU/day of
Bifidobacterium bifidum W23, Bifidobacterium lactis W51, B. lactis W52, Lactobacillus
acidophilus W37, Lactobacillus brevis W63, Lactobacillus casei W56, Lactobacillus
salivarius W24, Lactococcus lactis W19, and L. lactis W58. At the end of the 8-week trial,
there were improvements in Beck Depression Index — Second Edition (BDI-1I), Depression
Anxiety Stress Scale — 21 Items (DASS-21), and Beck Anxiety Inventory (BAI) in the
probiotic group, but the results were not significant [**, Microbiota data analyses performed
using stool samples from 22 participants from the probiotic and 21 from placebo also showed
no significant differences for alpha or beta diversity and relative abundance of bacterial taxa
(611 However, in the group with mild or moderate depression, there was a significant
reduction in cognitive reactivity towards sad mood after receiving the intervention. These
effects were not observed in the group with severe depression, suggesting the use of the
probiotic in mild to moderate depression to improve cognitive reactivity. In addition, in the
one-month follow-up analyses, the probiotic group was more likely to present with
subclinical or no depression diagnosis, indicating the prolonged effects of the intervention
even after the intervention period [, Nevertheless, the lack of significant reduction of
symptoms in the probiotic group suggests that the use of probiotics alone is insufficient to
elicit an effect in depressed patients.

3.2. Probiotics as an adjunct to antidepressants in depression

As data from clinical trials with probiotics alone in the treatment of depression
remain inconclusive, researchers have shifted their focus toward investigating the potential
of probiotics as an adjunct to antidepressant therapy [° 55571, This pivot aims to investigate
whether the impact of probiotics on the gut microbiota and gut-brain axis can translate into
improved therapeutic efficacy of antidepressants, thereby enhancing treatment outcomes.
From the search conducted, literature on the effects of probiotics as adjuncts to
antidepressants in diagnosed depression remains limited, and existing studies have produced
mixed results, thus indicating the need for further investigation.

For instance, Schaub et al. investigated the efficacy of the high-dose probiotic,
Vivomixx® as an adjunct to antidepressants. The supplement contains eight different bacteria
strains namely Streptococcus thermophilus NCIMB 30438, Bifidobacterium breve NCIMB
30441, Bifidobacterium longum NCIMB 30435 (reclassified as Bifidobacterium lactis),
Bifidobacterium infantis NCIMB 30436 (reclassified as B. lactis), L. acidophilus NCIMB
30442, Lactobacillus plantarum NCIMB 30437, Lactobacillus paracasei NCIMB 30439,
Lactobacillus delbrueckii subsp. bulgaricus NCIMB 30440 (reclassified as L. helveticus).
The probiotic was given to the patients at a high dose of 9 x 10! CFU/day for 31 days in
addition to their usual treatment for depression. When depressive symptoms were assessed
using the Hamilton Depression Rating Scale (HAMD), the probiotics group showed a
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stronger decrease in HAMD scores. The study also identified significant associations
between adherence during probiotic supplementation and remission rates i.e. patients who
were adherent to the intervention protocol were more likely to stay in remission %1,

Building on these findings, another study by Tian et al. demonstrated that the multi-
probiotic containing B. breve CCFM1025, B.longum CCFM687, and Pediococcus
acidilactici CCFM6432 was effective in reducing depression scores after a four-week
intervention of lyophilized bacteria powder (10'° CFU/day). In comparison to the placebo,
supplementation with this probiotic resulted in significant decreases in the HAMD, MADRS,
and Brief Psychiatric Rating Scale (BPRS) scores in mild to moderately depressed patients
without restriction on antidepressants. In addition, when gastrointestinal (GI) symptoms of
the patients were evaluated by the Gastrointestinal Symptom Rating Scale (GSRS), probiotic
supplementation exhibited significant improvements than in the placebo group. These
findings underscore the ameliorative effects of the multispecies probiotic in mild to moderate
depression while simultaneously maintaining GI health 7],

Furthermore, one study involving Iranian women with depression found that by
supplementing Lactofem, a probiotic containing L. acidophilus, Bifidobacterium bifidus,
Lactobacillus rutri, and Lactobacillus fermentum, each at 2 x 10° CFU/g in a 500mg
biocapsule was effective in reducing depressive symptoms. The study was conducted over
two months whereby the participants were divided into two groups: the intervention group
which received Lactofem in addition to SSRIs, and the control group which only received
SSRIs 891, At the end of the intervention, the group receiving Lactofem showed significant
improvements in depressive symptoms, evident by the reduction in HAMD scores.
Moreover, the study investigated the changes in sexual function in the participants as sexual
dysfunction is a known symptom of depression and can occur following antidepressant
treatment % 64, They found that participants receiving Lactofem experienced improvements
in sexual function and satisfaction and these results were statistically significant when
compared to the control group %%, These findings also demonstrate that probiotics may help
to alleviate the bidirectional relationship between sexual dysfunction and depression, where
the presence of one condition exacerbates the other (6],

Apart from multispecies probiotics, some studies explore the effects of single-strain
probiotics in conjunction with antidepressants in depression management. In China, Tian et
al. recruited 51 eligible participants with MDD to determine the efficacy of consuming 10°
CFU of B. breve CCFM1025 for four weeks on depressive and GI symptoms %%, Similarly
to previous studies, probiotic supplementation resulted in improvements to a greater extent
in HAMD, MADRS, BPRS, and GSRS scores when compared to the placebo group. This
indicates that single-strain probiotics may have the potential to reduce depressive symptoms
and mitigate SSRI-associated Gl side effects in depression treatment, similar to the benefits
observed with the aforementioned studies deploying multispecies probiotics.

However, when L. plantarum PS128 was administered as a single-strain probiotic
(two capsules of 3 x 10'° CFU daily) in MDD patients over two months, the results showed
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no significant differences between the probiotic and placebo groups in terms of
improvements in depression symptoms, inflammation markers, gut permeability, or gut
microbiota composition B3, Interestingly, these findings are in contrast with the open trial
conducted before this study, where significant improvements in depression symptoms were
detected when the patients were supplemented with L. plantarum PS128 [ The
improvements in depression of the open trial were observed over time, thus the authors
suggested that the effects could have been attributed to the concurrent use of antidepressants
in the participants, which can take time to elicit their therapeutic effects instead of probiotic
use. In a separate study, Rudzki et al. determined that L. plantarum 299v supplementation in
patients with major depression showed no significant changes in depressive and anxiety
symptoms %1, The probiotic was given in two capsules of 10 x 10° CFU daily over an 8-
week trial period. Despite the lack of improvement in the primary outcomes, the study
observed reduced kynurenine concentrations and improved cognitive functions in the
patients. Although lowered kynurenine levels are associated with antidepressant effects and
enhanced cognitive performance, improvements in mood were not noted in this study 2% 671,
While the probiotic did not affect mood, its role in reducing kynurenine levels can potentially
contribute to cognitive benefits.

Besides, multi-strain probiotics have also shown to have no advantage over placebo
in decreasing depression scores 2. Gawlik-Kotelnicka et al. reported that supplementation
of 3 x 10° CFU/day of Lactobacillus helveticus Rosell®-52 and Bifidobacterium longum
Rosell®-175 over 60 days did not elicit a significant response in depression symptom
improvement and remission rates when compared to the placebo group. This prompted the
researchers to explore the pre-treatment determinants of probiotic efficacy within the study.
In essence, the study found that the more advanced the metabolic abnormalities—such as
being overweight, having excessive central fat, and liver steatosis—showed less evident
improvements in psychometric parameters %21, This high-lights the role of comorbidities in
influencing the efficacy of probiotics as the presence of these abnormalities may limit the
effectiveness of probiotics in improving mental health outcomes.

3.3. Role of probiotic formulations in depression treatment

The effectiveness of probiotic supplementation is influenced by its formulation,
encompassing factors such as the number of strains used, bacteria species included, and
dosage of the supplement. The interplay of these elements determines how well the probiotic
can colonize the gut, which allows the probiotic to elicit its beneficial effects, ultimately
influencing physiological and psychological outcomes.

When considering probiotic formulations, an important aspect is the choice be-tween
single- or multi-strain probiotics. Single-strain probiotics allow for a more targeted
therapeutic approach, as specific health concerns such as depression can be directly
addressed. For example, the single-strain probiotic B. breve CCFM1025 was found to be
effective in reducing depressive symptoms in depressed patients [*)l. CCFM1025 promotes
the 5-hydroxytryptophan (5-HTP) and serotonin (5-HT) synthesis of the gut
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enterochromaffin cells via enhancing tryptophan biosynthesis, the only precursor for 5-HTP
and 5-HT [%® 8 The probiotic enhanced serotonin production in the patients, while
decreasing the 5-HT turnover in their circulation, thereby stabilizing 5-HT levels which could
have contributed to the beneficial effects on symptom management in depression 4% ¢, In
multi-strain probiotics, the presence of different bacterial species allows for a broader range
of health benefits, such as improving mood in depression while simultaneously enhancing
gut health which reduces GI symptoms [ 571 Moreover, in the context of managing
depression, the distinct mechanisms of action of different bacterial species can amplify the
therapeutic effects of probiotics. By targeting the different pathways involved in the
pathophysiology of depression, multispecies probiotics offer a more comprehensive
approach to treatment. For instance, Baido et al. reported the daily intake of a probiotic
containing fourteen species of bacteria (Bacillus subtilis PXN® 21, Bifidobacterium bifidum
PXN® 23, B. breve PXN® 25, B. infantis PXN® 27, B. longum PXN® 30, L. acidophilus
PXN® 35, Lactobacillus delbrueckii ssp. bulgaricus PXN® 39, Lactobacillus casei PXN®
37, L. plantarum PXN® 47, Lactobacillus rhamnosus PXN® 54, L. helveticus PXN® 45,
Lactobacillus salivarius PXN® 57, Lactococcus lactis ssp. lactis PXN® 63, Streptococcus
thermophilus PXN® 66) for 28 days in moderate depression was effective in improving
emotional processing and reducing depression scores in the Patient Health Questionnaire-9
261 The study suggested that the efficacy of the probiotic could be attributed to the distinct
effects conferred by the diverse bacterial species, such as the modulatory effects on the
central gamma-aminobutyric acid (GABA) system by Lactobacilli and 5-HT enhancement
by B. longum 2. However, it is challenging to pinpoint the exact effects attributed to each
specific strain of a multispecies probiotic because each strain can influence various
physiological pathways, resulting in a range of out-comes.

Furthermore, findings from the literature search indicate that specific strains used in
probiotics influence their efficacy against depression, regardless of whether they are part of
a single-strain or multi-strain formulation. This highlights the importance of strain selection
in optimizing therapeutic outcomes for individuals with depression. For instance, a single-
strain of B. breve CCFM1025 was effective in attenuating MDD, but a single-strain of L.
plantarum 299v did not improve symptoms of depression 2% %1, Similarly in multi-strain
studies, the use of Lactofem conferred beneficial effects in women with depression by
improving mood symptoms while the combination of L. helveticus Rosell®-52 and B. longum
Rosell®-175 did not exhibit significant effects in depressed patients when compared to the
placebo 8% 52 Additionally, in a systematic review evaluating the efficacy of single-strain
probiotics versus multi-strain mixtures, it was revealed that multi-strain probiotics were not
more effective than single-strain probiotics when strain specificity and disease were
accounted for (Y. The selection of probiotic strains and the number of strains should be
guided by evidence-based practices, but the lack of literature utilizing consistent probiotic
intervention and outcome measures across studies of depression complicates the efforts to
compare findings effectively. The variability between studies makes it challenging to draw
definitive conclusions on the efficacy of specific treatments.
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Besides, the dosages of probiotics also varied among the reviewed studies as different
probiotic strains may require different dosages to achieve beneficial effects [25: 26. 55, 58, 60, 62,
1, For example, Yamanbaeva et al. demonstrated that a high daily dose of 9 x 10'* CFU/day
for four weeks of a multi-species probiotic containing eight different bacterial species
improved depressive symptoms while Tian et al. reported the mixture containing three
probiotic strains dosed at 10'° CFU/day for four weeks was sufficient in ameliorating
depressive symptoms 7 7. Notably, studies that reported significant improvements in
depressive symptoms generally required four to eight weeks of intervention period was
required to elicit beneficial effects [26 %5 5761 This duration allows adequate time for the
probiotics to exert their therapeutic benefits in the gut microbiome such as modulating
neurotransmitter levels and reducing inflammation. In addition, the use of probiotics across
varying doses was generally well tolerated across studies with minimal reports of adverse
effects. Ultimately, a thorough understanding of these formulation nuances is crucial for
optimizing probiotic therapy in depression. This facilitates a targeted approach of using an
optimal probiotic dose that addresses the wide range of pathophysiological pathways
associated with depression thereby maximizing beneficial effects while minimizing the risk
of ineffective treatment.

4. Discussion

Recent research has delved into the role of probiotics in the management of clinically
diagnosed depression as compared to earlier studies which primarily examined depressive
symptoms in healthy adults or individuals experiencing stress or other depression-related
symptoms without a formal diagnosis 3. This review finds that current research has
contributed to the growing evidence that the use of probiotics can alleviate depressive
symptoms in clinically diagnosed depression. Several research gaps have been identified and
are summarized in Figure 1.

Research gaps and future directions in evaluating the efficacy of
probiotics in diagnosed depression

Figure 1. Summary of research gaps and future directions to determine the efficacy of probiotics in diagnosed
depression.
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Based on the findings, there is limited evidence to support the use of probiotics alone
in the treatment of depression. However, the studies do show that the adjunct use of probiotics
in antidepressant therapy can enhance the effects of symptom alleviation in depression. As
the antidepressants and probiotics act on distinct pathways in depression, the treatment
combination can address a broader range of physiological and psychological aspects of the
mental health disorder. Current knowledge of the potential mechanisms of probiotics has
been based on in-vitro, in-vivo, and animal model studies. The potential role of probiotics in
depression is proposed to be multi-faceted, with various effects such as modulation of the
gut-brain axis, neurotransmitter production enhancement, reduction of inflammation, stress
response modulation, normalization of the HPA-axis, and restoration of gut permeability 1
45,6973 ' Moreover, these effects are interconnected with each other, creating a synergistic
network that may enhance the therapeutic effects of probiotics in depression. For example,
under conditions of stress, the HPA-axis activates cortisol secretion which can trigger the
release of pro-inflammatory cytokines, alter gut permeability, and change the composition of
the gut microbiota [, In the context of depression, these physiological changes can
exacerbate symptoms when an individual is under stressful conditions. Probiotic
supplementation which regulates cortisol and pro-inflammatory cytokine levels can
effectively reduce stress and inflammation, leading to the alleviation of depressive symptoms
[75] Nonetheless, further research is required to elucidate the exact mechanisms of action of
probiotics in diagnosed depression. It is also important to recognize that the effects may be
strain-specific, thus uncovering the precise mechanisms in which each probiotic strain
operates allows for optimized treatment of depressive symptoms. Future studies should
incorporate outcome measures that investigate the mechanisms of probiotics, such as the
measurement of alterations in neurotransmitter levels, inflammatory cytokines, cortisol
levels, and gut microbiome in depression management [’67°1. By detecting changes in these
markers following probiotic intervention, researchers can gain better insights into how the
probiotics may influence depressive symptoms. This approach allows for the identification
of symptom-specific effects associated with the probiotic strains. These properties could be
harnessed to enhance treatment responses in depression.

Furthermore, evidence on whether single-strain or multi-strain probiotics offer
greater benefits remains inconclusive. This is because studies have been using different
strains and dosages of probiotics in diagnosed depression, making it difficult to compare the
results [25: 50 51, 55,56, 58,801 ' yiscrepancies in study design, subject demographics, and scales
used to measure depression outcomes also complicate the interpretation and comparison of
findings . Further research could focus on comparative studies that directly evaluate the
efficacy of specific strains or formulations of probiotics in treating depression. Comparing
probiotics under standardized methodologies and trial protocols enables researchers to
identify which strains yield the most significant therapeutic benefits. The clinical trials can
then be modified to focus on specific demographics, including age, gender, depression
severity, and co-morbidities to better understand how different groups may respond to
probiotic interventions. The findings may also help determine whether probiotic
supplementation interacts with other existing treatment regimens for other health conditions
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in the participants. In addition, the effects of probiotics in reducing the side effects of
antidepressants during co-administration should be explored in future studies. The potentially
lowered risk of side effects associated with antidepressants due to probiotic supplementation

could improve medication tolerability and adherence, thus enhancing treatment outcomes [
83]

Moreover, current research frequently assesses the short-term effects (4 to 8 weeks)
of probiotics as an adjunct in depression management, but the duration of antidepressant
treatments is typically longer to ensure stable remission [ 8%, This highlights a crucial gap
in understanding the long-term efficacy of probiotics as part of the antidepressant treatment
plan. Future studies should explore the benefits of prolonged use of probiotics in depression
to determine whether sustained beneficial effects can be realized to optimize treatment
strategies. Besides, the integration of probiotics into psychotherapy such as cognitive
behavioral therapy (CBT) or interpersonal therapy (IPT) in the management of depression
could be a research area of interest. Current practices recommend both pharmacological and
psychological interventions in the treatment of depressive disorders 88 In mild to
moderate depression, treatment usually starts with psychological interventions before
initiating pharmacological treatments. Studies have shown that psychotherapy is effective
not only in reducing depression symptoms but also in improving the overall quality of life in
depressed patients 891 Further research could explore how probiotics may complement
psychotherapy and provide additional support in alleviating depression to prevent the
progression of depressive disorders to greater severity.

5. Conclusions

In conclusion, recent research has highlighted the potential benefits of probiotics as
an adjunct to traditional antidepressant therapies in managing clinically diagnosed
depression. Daily probiotic supplementation from 3x10° CFU to 9x10% CFU for four to eight
weeks has demonstrated effectiveness with minimal adverse effects, with noticeable
improvements observed as early as four weeks into treatment. The effective formulations
commonly feature L. lactis, S. thermophilus, and various species of Bifidobacteria and
Lactobacilli. However, significant gaps remain in our understanding of the role of probiotics
in depression. Currently, the evidence base is limited regarding several areas: the mechanistic
pathways underlying probiotic efficacy, comparative effectiveness of various formulations,
and the impact of probiotics across diverse demographics. In addition, there is a lack in clarity
on the long-term effects of probiotic supplementation in conjunction with antidepressants.
The potential roles of probiotics in mitigating the side effects of antidepressants, and potential
synergistic effects of probiotics when combined with psychotherapy also remain
underexplored. As the focus of research continues to shift to investigating the role of
probiotics in treating diagnosed depression, it is essential to address these research gaps to
fully realize the true therapeutic potential of probiotics. Employing standardized
methodologies will ensure accurate evaluation of the efficacy of different probiotic strains,
optimize strain selection, and facilitate the development of effective treatment regimens. This
approach will maximize the potential beneficial effects of probiotics in alleviating depressive
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symptoms and improving overall mental health outcomes. Nonetheless, further investigation
is crucial to establish a larger evidence base that supports the integration of probiotics into
comprehensive depression treatment strategies.
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