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Abstract

Depression is a common and severe mood disorder affecting millions globally. Recent research suggests that
probiotics may play a role in reducing symptoms of depression. Integrating probiotics into clinical practice can enhance
patient outcomes, improve quality of life, and advance the overall care of individuals with depressive disorders. This
meta-analysis aims to evaluate the effectiveness of probiotics as an adjunctive therapy for disorders. It focuses on
determining the impact of probiotic dosage, duration, and specific strains on reducing depressive symptoms by
modulating gut microbiota, which is implicated in the gut-brain axis and mental health. A systematic search on
randomized controlled trials (RCTs) was conducted in PubMed, Scopus, and the Cochrane Library from 2019 to 2024,
PRISMA guidelines for examining probiotics on depression. The selected studies met predefined inclusion criteria,
including validated depression assessment scales. Data extraction involved a standardized form, and a meta-analysis was
conducted using Rev 5.4 with a random-effects model to account for variations across studies. Our study showed that
probiotics significantly reduce symptoms in patients with major depressive disorder (SMD = —0.37, 95% CI —0.64 to
—0.10, p = 0.007) and in cases of mild to moderate depressive disorders (SMD = —0.75, 95% CI —0.17 to —0.33,
p = 0.0004). A daily probiotic dose of 3x10° CFU administered over 8-weeks was associated with a reduction in
depressive symptoms, regardless of the initial severity of the condition. In individuals diagnosed with major depressive
disorder (MDD), a higher dosage of 8x10° CFU over the same duration yielded more pronounced therapeutic effects.
These results contribute to the evidence supporting the role of the gut-brain axis in the pathophysiology of depression.
They also highlight the potential of probiotics as adjunctive agents in depression management, thereby informing the

development of evidence-based clinical guidelines for integrative treatment strategies.
Keywords: Depression, Depressive disorder, Gut-brain axis, Meta-analysis, Probiotics, Randomized controlled trials

Introduction

Depression is a mood disorder characterized by
prolonged periods of low mood or loss of interest in
activities. According to WHO statistics, in 2023,
approximately 280 million people worldwide will suffer
from depression, and 700,000 people die each year due

to suicide related to major depressive disorder.

Predictions suggest that depressive disorders are likely
to increase in the future and become a burden [1].
Despite the use of medications and psychological
therapies to treat depression, many patients do not
respond well, suggesting a need to consider additional

effective therapies in depression management [2]. There
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is evidence showing a correlation between gut health
and mental conditions, influenced by variations in
microbiota balance in depression disorders. Recent
studies indicate that probiotics have the potential to
reduce depression symptoms effectively. Gut
microbiota plays a crucial role in modulating mental
health and central nervous system function through the
gut-brain axis, facilitating bidirectional communication
between the gut and the brain that can affect
neurotransmitter function [3,4].

An imbalance in gut microbiota affects the balance
of beneficial bacteria, leading to an increased in
pathogenic bacteria, which can cause heightened
secretion of acetylcholine and glucocorticoids as well as
increased intestinal barrier permeability. Increased gut
permeability allows pathogenic bacteria and toxins to
enter the systemic circulation, leading to an imbalance
in inflammatory cells and other neurotransmitters. One
study noted differences in gut microbiota profiles
between healthy individuals and major depressive
disorder (MDD) patients, with decreased levels of
Faecalibacterium, Bifidobacterium, and Lactobacillus
and increased levels of Clostridium, Streptococcus,
Klebsiella, Oscillibacter, Allistipes, Eggerthella,
Holdemania, Gelria, Turicibacter, Paraprevotella, and
Anaerofilum genera found in MDD patients. These
shifts in gut microbiota composition may contribute to
changes in the regulation of host physiology [5].
Therefore, addressing MDD from the perspective of the
gut-brain axis with an emphasis on gut microbiota is
essential.

Most research provides evidence that probiotics
have potential as a therapy to reduce depression
symptoms. However, their effectiveness may be
influenced by daily dosage, duration of administration,
and the types and amounts of bacteria in the probiotic.
There is no standard protocol regarding the duration and
dosage of probiotic administration for adjunct therapy.
A meta-analysis recommended probiotic administration
for at least 8 weeks [4]. Other studies have shown that a
single capsule or sachet for 8 weeks effectively reduces
mild to moderate depression symptoms [6], while
another study found that 4 capsules once daily for 8
weeks significantly reduced severe depression
symptoms [3]. Due to the lack of a definitive protocol
for probiotic adjunct therapy in patients with depression

disorders, this meta-analysis aims to evaluate the effects

of probiotics on depression symptoms in recent
research, identify critical determinants, explore
variations in results, and provide a guide for the
effective and appropriate clinical use of probiotics in

patients with depression disorders.

Materials and methods
The methodology in this research was structured
as follows:

Research design

In this meta-analysis, a random-effects model was
employed to account for variability between studies.
Although all included studies were randomized
controlled trials (RCTs), sources of heterogeneity still
existed. These included differences in participant
characteristics (e.g., age), History of wuse of
antidepressant drugs, intervention dosage and duration,
outcome assessment methods (e.g., timing or type of
measurement), and healthcare settings. These factors
were considered in interpreting the pooled results [7].

Setting and samples

The meta-analysis was conducted between
January 2019 and May 2024, using data from studies
retrieved from various electronic databases such as
PubMed, Cochrane Library, and Scopus. The sampling
strategy involved selecting studies that met predefined
inclusion and exclusion criteria. Inclusion criteria
included; 1) randomized controlled trials (RCTs)
evaluating the effects of probiotics on depressive
disorders; 2) studies that used validated depression
assessment scales of Beck Depression Inventory-II (BD-
1), Montgomery-Asberg Depression Rating Scale
(MADRS), Hamilton Depression Rating Scale
(HAMD), and
Symptomatology Scores (IDS); 3) studies reporting

Inventory of  Depressive
outcomes as mean + standard deviation (SD); and 4)
publications in the English language. Exclusion criteria
included studies without a control group, studies not
reporting results as mean + SD, and non-English studies.
Based on these criteria, 8 RCTs involving 291 cases and
298 controls were included. The sample size was
determined by the availability of eligible studies that

met all inclusion criteria.
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Intervention

This meta-analysis synthesizes data from multiple
RCTs that employed various probiotic interventions.
The specific interventions varied across studies,
including different probiotic strains, dosages, and
administration durations. All included studies featured a
control group that received either a placebo or standard
treatment for depressive disorders, depending on the
study design.

Measurement and data collection

Data collection involved extracting information
from selected studies using a standardized data
extraction form. The form captured relevant data such as
study characteristics (e.g., author, year, country),
participant demographics (e.g., age, sex), type of
probiotic used, dosage, duration of intervention, and
assessment tools for depression. The primary outcome
measure was the change in depressive symptoms,
assessed using validated scales such as the Beck
Depression Inventory (BDI) [8] and the Hamilton
Depression Rating Scale (HAM-D) [9]. The validity and
reliability of these scales have been extensively
established, and data extraction was independently
performed to ensure accuracy and consistency, with

discrepancies resolved.

Data analysis

Data were analyzed using Review Manager
(RevMan) version 5.4 software. Standardized mean
differences (SMDs) with 95% confidence intervals (Cls)
were calculated for continuous outcomes. A random-
effects model was used to account for potential
heterogeneity among the studies. The I? statistic was
applied to assess heterogeneity, whereas 25%, 50%, and
75% indicated low, moderate, and high heterogeneity,
respectively [10]. Subgroup analyses were conducted
based on probiotic dosage, duration, and species to

explore sources of heterogeneity. Publication bias was
evaluated using funnel plots, and sensitivity analyses
were performed by excluding one study at a time to test
the robustness of the findings.

Trustworthiness/rigor

It is not applicable, as this study is a quantitative
meta-analysis rather than qualitative research. However,
the quality of the included studies was assessed using
the Cochrane Risk of Bias Tool, which evaluates bias in
several domains: random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, and selective reporting. Each study was
classified as having a low, high, or unclear risk of bias
[11,12]. In this study, 2 reviewers (author 1 and author
2) independently assessed the risk of bias, and
disagreements were resolved by a third reviewer (author
3).

Ethical considerations

The meta-analysis used data from previously
published studies, so it did not involve direct contact
with human or animal subjects. As such, no ethical
approval or informed consent was required for this
study. All included studies were assumed to have
received appropriate ethical approvals, as indicated by
their respective publications.

Results and discussion

Included studies

The adapted PRISMA flowchart illustrates the
selection of the journals used in this report (Figure 1).
In total, 229 publications were reviewed. Ultimately, 8
clinical trials [3,4,6,13-17] involving 291 cases and 298
controls were included based on the inclusion and
exclusion criteria for the collected analysis. The study
characteristics are shown in Table 1.
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[ Identification of studies via databases and registers

)
a Records identified from*:
2 PubMed (n =58)
g Cochrane Library (n = 134)
EE Scopus (n = 37)
E Total (n = 229)

]

v

Records removed before screening:
Duplicate records removed (n = 8)

Records screened (n =221)

Records excluded**
Irrelevant tittle and publication type (n = 201)

:

Reports sought for retrieval

Screening

Y

Reports not retrieved (n = 8)

(n=20)
|

Reports assessed for eligibility
(n=12)

Reports excluded:
there was no assessment before the
intervention (n = 1)
review article, short communications,
editorials, news (n = 2)
inaccessible manuscript in English/Indonesian

Studies included in review (n = 8)

Included

—

(n=1)

Figure 1 Characteristics of RCTs included for meta-analysis.

Data related to the effects of probiotics on
depression were extracted using a customized form and

verified by a third author. The form includes study

history, and scales used in assessing depressive

symptoms (Table 1). If the research data were unclear,

we corresponded with the authors to obtain further

demographics, experimental design, probiotic regimen, information.
dosage and duration of administration, antidepressant
Table 1 Characteristics of RCTs included for meta-analysis.
Total Sample, History of L .
Study/ Year/ . . Take Medications; Species, dosage/ sachet, or Scale of
Subjects, Total antidepressant . . .
Country Duration, daily doses capsule depression
number of cases use/ Type
Lee et al./ 2021/ 19 - 65 years old No 8 weeks, 1x1 caps 2.0x10° CFU for Lactobacillus Beck Depression
South Korea healthy, 122 (63/59) reuteri NK33 and 0.5x10° CFU Inventory-II
Bifidobacterium adolescentis (BDI-1I)
NK98
Kotelnicka > 18 years old patients Yes/No 8 weeks, 1x1 caps 3x10° CFU: Lactobacillus Montgomery—
et. al/ 2024/ with Depressive Information helveticus Rosell®-52, Asberg
Polandia disorder Bifidobacterium longum Depression
95 (51/44) Rosell®-175, and excipients Rating Scale
(MADRS)
Reininghaus et 18 - 75 years old Yes/ No 4 weeks, 1x1 sachet 7.5x10° CFU : B. bifidum W23, HAMD
al./ 2020/ Austria  patients with MDD, 61 Information B.lactis W51, B.lactis W52, L. BDI-II

(28/33)

acidophilus W22, L. casei W56,
L. paracasei W20, L. plantarum
W62, L. salivarius W24 dan
L.laktis W19
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Total Sample, History of L .
Study/ Year/ . . Take Medications; Species, dosage/ sachet, or Scale of
Subjects, Total antidepressant . . .
Country Duration, daily doses capsule depression
number of cases use/ Type
Kreuzer et al./ > 18 years old patients Yes/ Mixed 4 weeks, 1x1 sachet 7.5x10° CFU : Bifidobacteria (B. HAMD
2022/ Austria with MDD, 57 (28/29) bifidum W23, B. lactis W51, B. BDI-II
lactis W52) and Lactobacilli (L.
acidophilus W22, L. casei W56,
L. paracasei W20, L. plantarum
W62, L. salivarius W24, L. lactis
W19).
Nikolova 18 - 45 years old Yes/Mixed 8 weeks, 1x4 caps 2x10° CFU: Bacillus subtilis, HAMD-17
et al./ 2024/ patients with MDD, 49 Bifidobacterium bifidum, Inventory of
United Kingdom (24/25) Bifidobacterium breve, Depressive
Bifidobacterium infantis, Symptomatology
Bifidobacterium longum, (IDS)
Lactobacillus acidophilus,
Lactobacillus delbrueckii subsp
bulgaricus, Lactobacillus caseli,
Lactobacillus plantarum,
Lactobacillus rhamnosus,
Lactobacillus helveticus,
Lactobacillus salivarius,
Lactococcus lactis, and
Streptococcus thermophilus
Chahwan > 18 years old, No 8 weeks, 1x2 sachet 2.5x10° CFU: Bifidobacterium BDI-II
etal/2019/ healthy, 71 (34/37) bifidum W23, Bifido bacterium
Australia lactis W51, Bifidobacterium
lactis W52, L. acidophilus W37,
Moludi et al./ Adults with recent MI No Information 12 weeks, 1x1 caps 1.6 10°: L. rhamnosus BDI-II
2019/ Iran who underwent PCI
and Depression
symptom
44 (22/22)
Kruzer, 2024/ > 18 years old patients Yes/ Mixed 4 weeks, 1x1 sachet 7.5x10% Bifidobacteria BDI-II
Austria with MDD, 53 (24/29) (B.bifidum W23, B.lactis W51, HAMD

B.lactis W52) and Lactobacilli
(L. acidophilus W22, L. casei
W56, L. paracasei W20,
L.plantarum W62, L. salivarius
W24, L. lactis W19)
Lactobacillus brevis W63,
Lactobacillus casei W56,
Lactobacillus salivarius W24,
Lactococcus lactis W19 and
Lactococcus lactis W58 (total
cell count 1x1010 CFU/day)

Quality assessment study quality assessment, all included studies were

The risk of bias for the efficacy analysis in each
included RCT is depicted in Figure 2(A), while Figure
2(B) illustrates the risk of bias across all RCTs. These
data suggest that the highest overall risk of bias is

associated with additional factors. According to the

RCTs, and the risk of bias for each RCT was low.
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Figure 2 (A) the risk of bias for each RCT, categorized as low risk of bias (+), high risk of bias (—), or unclear risk of

bias (?); and (B) a bar chart comparing the percentage risk of bias for each included RCT. These figures indicate that the

risk of bias is generally low.

Efficacy of probiotics

Figure 3(A) illustrates the analysis of treatment
duration, revealing that probiotics effectively reduced
depressive symptoms overall (p = 0.02). However, in the
subgroup analysis, no significant reduction in
depressive symptoms was observed for individuals
administered probiotics for 4 weeks (SMD =—0.30, 95%
CI-0.60t0 0.00, p=0.05), 8 weeks (SMD =-0.10, 95%
CI-0.34t0 0.14, p = 0.41), or 12 weeks (SMD = —0.10,
95% CI —0.15 to 0.06, p = 0.08). These non-significant
results may be attributed to the heterogeneity within
each study. To address this, further subgroup analyses
focusing on dosage and studies involving samples with
depressive disorders were conducted to evaluate the
effectiveness of probiotics as an adjunctive therapy.

Subgroup analysis based on daily probiotic dosage
(B) revealed significant results, particularly with 3x10°
CFU over 8 weeks (SMD = —0.75, 95% CI —1.17 to
—0.33, p = 0.0004) and 8x10° CFU over 8 weeks (SMD
= —0.59, 95% CI —-1.16 to —0.02, p = 0.04) in both
healthy

disorders. These results were consistent across subgroup

individuals and patients with depressive

analyses of individuals with depressive disorders
undergoing antidepressant treatment. The variability in
outcomes likely stems from differences in probiotic
and the
underlying mechanisms influencing depression. While

strain efficacy, patient-specific responses,

some studies affirm the efficacy of probiotics alongside
standard antidepressant therapies, others hint at
differential mechanisms depending on the dosage
Johnson et al. [18]; Chen ef al. [19]; Yong et al. [20].
Lesser dosages may be effective for distinct patient
populations or symptom typologies, while higher
dosages like 8x10° CFU might engage more complex
neuroendocrine interactions beneficial for severe cases
[21,22].

The analysis of probiotic species quantity (C)
yielded a p-value of 0.001, indicating that the number of
probiotic species significantly affected the reduction of
the

were observed for

depressive symptoms. Continuing subgroup
analysis, significant findings
multispecies probiotics (SMD =—0.31, 95% CI —0.53 to
—0.09, p =0.005) in contrast to single-species probiotics
(SMD = —0.54, 95% CI —1.15 to 0.06, p = 0.08).
Further analysis was conducted to evaluate the
effectiveness of probiotics in individuals based on their
race (D). Overall, the results yielded a p-value of 0.001,
with
markedly reduced depression symptoms in Caucasians
(SMD =-0.39, 95% CI —0.60 to —0.17, p = 0.0004), but
had no significant effect on Mongoloid individuals
(SMD = -0.08, 95% CI —0.44 to 0.27, p = 0.65). This

result may be attributed to the limited data available in

subgroup analysis showing that probiotics

the journals, which primarily involved studies on the
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Mongoloid group, potentially contributing to the lack of
significant effects in this population.
The with

depressive disorders who were on antidepressant

subsequent analysis of patients
medications (E) indicated that probiotics significantly
alleviated depressive symptoms (p < 0.0001). Subgroup
analysis of other depressive disorders (mild and
moderate) revealed an SMD of —0.75 (95% CI —0.17 to
—0.33, p = 0.0004), while in major depressive disorder
(MDD), the result was SMD = —0.37 (95% CI —0.64 to
—0.10, p = 0.007).

Subgroup analysis of probiotic treatment duration
(F)

demonstrated significant findings, particularly at 8

in individuals with depressive disorders

weeks (SMD = —0.69, 95% CI —1.03 to —0.36, p <
0.0001).

The next subgroup analysis, evaluating the
effectiveness of probiotics as adjunctive therapy in
depressive disorders to reduce depressive symptoms
based on daily dose and duration (G), showed very
significant results for a 3x10° CFU dose over 8 weeks
(SMD =—-0.75, 95% CI —1.17 to —0.33, p = 0.0004).

The last analysis involving major depressive
disorder (MDD) (H) yielded significant findings with
dose of 8x10° CFU (SMD = —0.59, 95% CI —1.16 to

—0.02, p = 0.04).

A
Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Chahwan etal, 2019 1988 1344 34 1925 1196 37 13.3% 0.05[-0.42,051] 2019 =
Moludi etal, 2019 144 36 22 1741 59 22 9.0% -0.54 [-1.15,0.06] 2019
Reininghaus etal, 2020 1511 791 28 182 1153 33 11.8% -0.30 [-0.81,0.20) 2020 —
Lee etal, 2021 1803 69 63 1858 646 59 19.0% -0.08 [-0.44,0.27] 2021 e
Kreuzer et al, 2022 16 886 28 1928 1113 29 11.2% -0.32[-0.84,0.20) 2022 e
Kotelnicka et al, 2024 161 64 51 2231 994 44 155% -0.75[1.17,-0.33] 2024 —
Nikolova et al, 2023 883 428 24 1109 322 25 97% -0.59-1.16,-0.02) 2024 ——]
Kruezer etal, 2024 1471 828 24 1746 1109 29 106% -0.27[-0.82,0.27) 2024 —_—
Total (95% CI) 274 278 100.0% -0.33[-0.53,-0.13] <
Heterogeneity: Tau?= 0.02; Chi*= 9.59, df= 7 (P = 0.21); F= 27% ?2 51 5 15 ,i)
Test for overall effect: Z=3.23 (P = 0.001) Probiotics control
B
Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Four weeks
Kreuzer et al, 2022 1511 7.9 28 182 11583 33 11.0% -0.30[-0.81,0.20 T
Kruezer et al, 2024 1471 828 24 1746 1109 29 96% -0.27 [-0.82,0.27)
Reininghaus et al, 2020 16 886 28 1928 1113 29 10.3% -0.32[-0.84,0.20) —— TS I
Subtotal (95% CI) 80 91  30.9% -0.30 [-0.60, 0.00]
Heterogeneity: Tau*= 0.00; Chi*= 0.02, df= 2 (P = 0.99), F= 0%
Test for overall effect: Z=1.95 (P = 0.05)
1.2.2 Eight weeks
Chahwan et al, 2019 1988 1344 34 1925 1196 37 13.0% 0.05[-0.42,0.51] —_—
Kotelnicka et al, 2024 16.1 64 51 159 78 44 174% 0.03[-0.38,0.43] =
Lee etal, 2021 1803 69 B3 1858 646 59 22.4% -0.08 [-0.44,0.27) —
Nikolova et al, 2023 883 428 24 1109 322 25 86% -0.59 [-1.16,-0.02) ——
Subtotal (95% CI) 172 165 61.3% -0.10 [-0.34, 0.14] -~
Heterogeneity: Tau*= 0.01; Chi*= 3.58, df=3 (P=0.31); F=16%
Test for overall effect: Z=0.83 (P=0.41)
1.2.3 Twelve Weeks
Moludi etal, 2019 144 36 22 171 59 22 7.8% -0.54 [-1.15, 0.06] —
Subtotal (95% CI) 22 22 7.8% -0.54[-1.15, 0.06] ——cEpE—
Heterogeneity: Not applicable
Test for overall effect: Z=1.76 (P = 0.08)
Total (95% CI) 274 278 100.0% -0.19[-0.36, -0.02] <
Heterogeneity: Tau®= 0.00; Chi*= 6.19, df=7 (P=0.52); F= 0% 51 0-5 0 0?5 1'

Test for overall effect: Z= 2.24 (P=0.02)
Test for subaroup differences: Chi*= 2.34, df=2 (P=0.31), F=14.5%

Probiotics Controll
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C
Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI

1.3.1 1.6 x 10° CFU (12 weeks)
Moludi et al, 2019 144 36 22 171 59 22 90% -0.54 [-1.15, 0.08] ——
Subtotal (95% Cl) 22 22 9.0% -0.54[-1.15, 0.06] <
Heterogeneity: Not applicahle

Test for averall effect. Z=1.76 (P=0.08)

1.323x 103 CFU (8 weeks)

Kotelnicka et al, 2024 16.1 64 51 2231 994 44 155% -0.75[1.17,-0.33] ——
Subtotal (95% Cl) 51 44 155%  -0.75[-1.17,-0.33] B
Heterogeneity: Not applicable

Test for averall effect: Z= 3.51 (P = 0.0004)

1.3.35x10° CFU (4 weeks)

Chahwan et al, 2019 19.88 1344 34 1925 1196 37 13.3% 0.05 [-0.42,0.51] -4
Subtotal (95% Cl) 34 37 13.3% 0.05[-0.42,0.51] ’
Heterogeneity: Not applicable

Test for averall effect: Z=0.21 (P=0.84)

1.3475x 108 CFU (4 weeks)

Kreuzer et al, 2022 16 886 28 1928 1113 29 11.2% -0.32[-0.84,0.20] e
Kruezer et al, 2024 1471 8.28 24 17.46 11.09 29 10.6% -0.27 [-0.82,0.27) =
Reininghaus etal, 2020 1511 7.91 28 182 11.53 33 11.8% -0.30 [-0.81, 0.20] ==&
Subtotal (95% Cl) 80 91  33.5% -0.30 [-0.60, 0.00] R-3
Heterogeneity: Tau®= 0.00; Chi*=0.02, df=2 (P =0.99), F=0%

Test for averall effect: Z=1.95 (P = 0.05)

1.3.58 x 10° CFU (8 weeks)

Nikaolova et al, 2023 8.83 428 24 11.08 322 25 9.7% -0.59 [-1.16,-0.02] —
Subtotal (95% Cl) 24 25 9.7% -0.59 [-1.16, -0.02] Rt

Heterogeneity: Not applicable
Test for overall effect: Z=2.01 (P=0.04)

1.3.6 Other (2 x 10° CFU and 0,5 x 10° CFU 8 weeks)
Lee etal, 2021 1803 69 63 1858 646 59 19.0%  -0.08[0.44,0.27] -
Subtotal (95% Cl) 63 59 19.0%  -0.08[-0.44,0.27] <

Heterogeneity: Not applicable
Test for averall effect: Z=0.45 (P = 0.65)

Total (95% Cl) 274 278 100.0% -0.33[-0.53,-0.13] *
Heterogeneity: Tau®= 0.02; Chi*= 9.59, df= 7 (P = 0.21); F= 27% i‘ 52 5 é i
Testfor overall effect Z= 3.23 (P = 0.001) Favours [Probiotics] Favours [control]

Test for subaroup differences: Chi*= 9.57, df=5 (P=0.09), F= 47.8%

D
Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Single Species
Moludi et al, 2019 14.4 36 22 171 59 22 8.9% -0.54 [-1.15, 0.06) I
Subtotal (95% CI) 22 22 89% -0.54 [-1.15, 0.06] i

Heterogeneity: Mot applicahle
Test for overall effect Z=1.76 (P = 0.08)

1.4.2 Multi-species

Chahwan et al, 2019 19.88 13.44 34 1925 11.96 37 13.2% 0.05[-0.42,051]  —
Kotelnicka et al, 2024 16.1 6.4 51 2231 9.94 44 15.4% -0.75-1.17,-0.33] —
Kreuzer et al, 2022 1511 7.91 28 182 1153 33 11.7% -0.30[-0.81, 0.20) T
Kruezer etal, 2024 1471 828 24 1746 11.09 29 105% -0.27 [[0.82, 0.27] -1
Lee etal, 2021 18.03 6.9 63 18.58 6.46 59 18.9% -0.08 [-0.44, 0.27] T
Nikolova et al, 2023 883 428 24 1109 322 25 97% -0.59[-1.16,-0.02] I
Reininghaus etal, 2020 1511 7.91 28 182 1153 33 11.79% -0.30[-0.81, 0.20] s
Subtotal (95% CI) 252 260 91.1% -0.31[-0.53, -0.09] L 2

Heterogeneity: Tau®= 0.03; Chi*=9.03,df=6 (P = 0.17), F=34%
Test for overall effect Z= 2.78 (P = 0.005)

Total (95% CI) 274 282 100.0% -0.33[-0.53, -0.13] .
Heterogeneity: Tau®= 0.02; Chi*=9.59, df=7 (P = 0.21),; F= 27%
Test for overall effect Z= 3.22 (P = 0.001)

Test for subaroup differences: Chi*=0.51, df=1 (P = 0.48), F=0%

2 A 0 i 2
Favours [Porbiotics] Favours [control]
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E
Probiotics Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Caucasoid
Chahwan et al, 2019 19.88 13.44 34 1925 11.96 37 13.2% 0.05[-0.42,0.51) I
Kotelnicka et al, 2024 16.1 6.4 51 2231 994 44 154% -0.75[1.17,-0.33] _—
Kreuzer et al, 2022 1511 7.9 28 182 1153 33 11.7% -0.30 [-0.81, 0.20] —_—
Kruezer et al, 2024 1471 8.28 24 17.46 11.09 29 105% -0.27 [[0.82,0.27] —_—
Moludi et al, 2019 14.4 36 22 171 59 22 89% -0.54 [-1.15, 0.06] r
Nikolova et al, 2023 883 4728 24 11.08 322 25 9.7% -0.59 [-1.16,-0.02] e E—
Reininghaus etal, 2020 1511 7.91 28 182 11.53 33 1MT% -0.30 [-0.81, 0.20] 1
Subtotal (95% Cl) 21 223 81.1% -0.39 [-0.60, -0.17] <
Heterogeneity: Tau®=0.02; Chi*=7.36, df= 6 (P=0.29); F=18%
Test for overall effect Z= 3.57 (P = 0.0004)
1.3.2 Mongoloid
Lee etal, 2021 18.03 6.9 63 18.58 6.46 59 18.9% -0.08 [-0.44,0.27] .
Subtotal (95% Cl) 63 59 18.9% -0.08 [-0.44, 0.27] e
Heterogeneity: Not applicable
Test for overall effect: Z=0.45 (P = 0.65)
Total (95% CI) 274 282 100.0% -0.33[-0.53,-0.13] <
Heterogeneity: Tau®= 0.02; Chi*= 9.59, df= 7 (P = 0.21); F=27% =1 -EI=.5 5 IJ'TS ;;

Testfor overall effect Z=3.22 (P = 0.001)

Testfor subaroup differences: Chi*=2.09, df=1 (P=0.15), F=52.2%

Favours [Probiotic] Favours [control]

F
Probiotics Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 MDD
Kreuzer et al, 2022 16 8.86 28 1928 11.13 29 18.8% -0.32 [-0.84,0.20] —T
Kruezer et al, 2024 14.71 8.28 24 1746 11.09 29 17.4% -0.27 [[0.82,0.27) —_—
Mikolova et al, 2023 8.83 4.28 24 1109 322 25 156% -0.59 [1.16,-0.02] e —
Reininghaus et al, 2020 16 8.86 28 1928 1113 29 18.8% -0.32 [-0.84,0.20] —_—T
Subtotal (95% Cl) 104 112 70.6%  -0.37[-0.64,-0.10] -
Heterogeneity: Tau®= 0.00; Chi*= 0.75, df= 3 (P = 0.86), F=0%
Test for overall effect: Z=2.68 (P =0.007)
1.4.2 other DD type
Kotelnicka et al, 2024 161 6.4 51 2231 894 44 29.4% -0.75[1.17,-0.33] ——
Subtotal (95% Cl) 51 44 294%  .0.75[-1.17,-0.33] -
Heterogeneity: Not applicable
Test for overall effect: Z=3.51 (P =0.0004)
Total (95% CI) 155 156 100.0%  -0.48[-0.71,-0.25] <o
Heterogeneity: Tau®= 0.00; Chi*= 3.00, df= 4 (P = 0.56); F= 0% '2 11 ) 1‘ 5

Test for overall effect: Z= 4.16 (P < 0.0001)
Test for subaroup differences: Chi*= 225, df=1 (P=0.13), F=55.5%

Favours [experimental] Favours [control]

G

Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl IV, Random, 95% CI
1.7.1 4 weeks
Kreuzer et al, 2022 16 8.86 28 19.28 1113 29 186% -0.32 [-0.84, 0.20] T
Kruezer et al, 2024 1471 8.28 24 1746 11.09 29 17.2% -0.27 [-0.82, 0.27] T
Reininghaus etal, 2020 1511 7.91 28 182 11.53 33 198% -0.30 [-0.81, 0.20] —
Subtotal (95% CI) 80 91  55.5% -0.30[-0.60, 0,00] ‘
Heterogeneity: Tau®= 0.00; Chi*=0.02, df=2 (P=0.99); F=0%
Testfor overall effect: Z=1.95 (P = 0.05)
1.7.2 8 weeks
Kotelnicka et al, 2024 161 6.4 51 2231 994 44 291% -0.75[-1.17,-0.33] ——
Nikolova et al, 2023 8.893 428 24 1109 322 25 154% -0.59 [1.16,-0.02] ]
Subtotal (95% CI) 75 69 44.5% -0.69 [-1.03, -0.36] ‘
Heterogeneity: Tau®= 0.00; Chi*=0.19, df=1 (P= 0.66), F=0%
Test for overall effect: Z= 4.03 (P < 0.0001)
Total (95% Cl) 155 160 100.0% -0.48 [-0.70, -0.25] L 2
Heterogeneity: Tau®= 0.00; Chi*= 310, di= 4 (P= 0.54), F= 0% 1_4 2 5 2 4=

Test for overall effect: Z=4.13 (P < 0.0001)

Test for subagroup differences: Chi*= 2.89, df=1 (P = 0.09), F= 65.4%

Favours [Probiotics] Favours [control]
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H
Probiotics Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.17,5x 10° CFU (4 weeks)
Kreuzer et al, 2022 16 8.86 28 19.28 1113 29 18.6% -0.32[-0.84, 0.20] — T
Kruezer et al, 2024 1471 828 24 17.46 11.08 29 17.2% -0.27 [-0.82,0.27] —_—1
Reininghaus etal, 2020 1511 7.91 28 182 1153 33 19.8% -0.30 [-0.81, 0.20] T
Subtotal (95% Cl) 80 91  55.5% -0.30 [-0.60, 0.00] <y
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df= 2 (P = 0.99); F= 0%
Test for overall effect: Z=1.95 (P = 0.05)
1.7.23x10° CFU (8 weeks)
Kotelnicka et al, 2024 161 6.4 51 2231 994 44 291% -0.75[-1.17,-0.33] ——
Subtotal (95% Cl) 51 44  29.1% -0.75[-1.17,-0.33] et
Heterogeneity: Not applicable
Test for overall effect: Z= 3.51 (P = 0.0004)
1.7.58 x 10° CFU (8 weeks)
Nikolova et al, 2023 8.83 4.28 24 11.09 322 25 15.4% -0.59 [-1.16,-0.02] —
Subtotal (95% Cl) 24 25 15.4% -0.59 [-1.16, -0.02] g
Heterogeneity: Not applicahle
Test for overall effect: Z=2.01 (P =0.04)
Total (95% Cl) 155 160 100.0% -0.48 [-0.70, -0.25] <
Heterogeneity: Tau?= 0.00; Chi*= 3.10, df= 4 (P = 0.54); F= 0% 52 51 B 15 é

Test for overall effect: Z=4.13 (P < 0.0001)

Test for subaroup differences: Chi*= 3.09, df=2 (P=0.21), F=35.2%

Favours [Probiotics] Favours [control]

I

Probiotics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.2 8 x 10° CFU (8 weeks)
Nikolova et al, 2023 8.83 4.28 24 1109 322 25 21.8% -0.59 [-1.16,-0.02) ——
Subtotal (95% CI) 24 25 21.8%  -0.59[-1.16,-0.02] -
Heterogeneity: Not applicable
Test for overall effect Z=2.01 (P = 0.04)
1.9.4 7,5 x 10° CFU (4 weeks)
Kreuzer et al, 2022 16 8.86 28 19.28 1113 29 26.2% -0.32[-0.84, 0.20) T
Kruezer et al, 2024 1471 8.28 24 17.46 11.09 29 242% -0.27 [-0.82,0.27) -
Reininghaus etal, 2020 1511 7.91 28 18.2 11.53 33 27.9% -0.30[-0.81,0.20] G il
Subtotal (95% CI) 80 91 78.2% -0.30 [-0.60, 0.00] -
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df= 2 (P = 0.99), F= 0%
Test for overall effect: Z=1.95 (P = 0.05)
Total (95% Cl) 104 116 100.0% -0.36 [-0.63, -0.10] ‘
Heterogeneity: Tau®= 0.00; Chi*= 0.78, df= 3 (P = 0.85); F= 0% =2 11 s 11 %

Test for overall effect. Z= 2.66 (P = 0.008)

Test for subgroup differences: Chi*=0.76, df=1 (P =0.38), F=0%

Favours [Prophiotics] Favours [control]

Figure 3 (A) Depression symptoms; (B) Duration of Treatment; (C) Based On Daily dose; (D) Probiotics Species; (E)
Race; (F) Potential for Adjuvant therapy; (G) Adjuvant Therapy based on duration treatment; (H) Adjuvant Therapy based

on daily dose; (I) Adjuvant Therapy For MDD Based on Duration and Daily Dose.

Publication Bias

The funnel plot is used to assess publication bias

qualitatively. The funnel plot in Figure 4(A) shows
slight heterogeneity with mostly symmetrical study
distribution around the combined effect, indicating
minimal publication bias and consistent results across
studies [23,24]. The funnel plot in Figure 4(B) shows
asymmetry, suggesting potential publication bias, and

indicates heterogeneity between MDD and other
depressive disorder subgroups due to differing effect
sizes. MDD studies cluster tightly, while other DD types
[11,23,24]. This study’s

conclusions regarding the effectiveness of probiotics as

deviate strengthens the

adjunctive therapy for depressive disorders.
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Figure 4 Funnel flow analysis showed low heterogeneity and slight publication bias among the studies of MDD (A) and

other DD types (B).

The results of this study indicate that probiotics are

effective in reducing symptoms of depression,
particularly in individuals with depressive disorders,
suggesting their potential use as an adjunct therapy for
depression sufferers. Most studies have reported that
probiotics can alleviate symptoms of depression, and
specifically among those with depressive disorders,
probiotics appear to be a promising additional therapy
for symptom reduction. However, no standardized
protocol for administering probiotics regarding duration
and dosage is available. Our analysis demonstrated a
significant reduction in depressive symptoms with
probiotics administered for 4 and 12 weeks but not for 8

weeks, likely due to data heterogeneity across studies.

To address this heterogeneity, we conducted a subgroup
analysis focusing on studies involving samples of
depression  sufferers who were also taking
antidepressants. The results showed a significant
reduction in depressive symptoms after 8 weeks of
probiotic administration in individuals with depression
who were taking antidepressants. This finding aligns
with recommendations from studies suggesting a
minimum probiotic treatment duration of 8 weeks for
optimal efficacy [4].

Studies on the dosage given to sufferers suffering
from depressive disorders show that giving one

capsule/pack a day effectively reduces symptoms of
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depression [6,14,15,25] while other studies have found
that 4 capsules a day in sufferers of severe depression
significantly reduces the symptoms of depression [3].
From the results of these varied studies, it is possible that
the duration of administration, daily dose, and probiotic
composition can influence the therapy results. Another
possibility that influences the effectiveness of probiotics
on depressive symptoms is race. A study suggests that
populations with a tradition of consuming yogurt (a
probiotic-rich product), such as Caucasians, may
experience an increased response to probiotic treatment
due to a reduced risk of dysbiosis. However, the
genomic mechanisms underlying this response remain
unclear, as cited by the WHO and the Food and
Agriculture Organization (FAO) [26,27] Probiotics are
microbes that are beneficial for the host’s physiology
when consumed and have recently been increasingly
developed to provide maximum effectiveness for
treating diseases, including depressive disorders [5].
Knowledge of host-microbiota interactions gave rise to
the gut-brain microbiota axis (Microbiota Gut-Brain
Axis/ MGBA). One study explained that the gut
microbiota is actively involved in developing the
immune system and the brain [28]. MGBA mediates this
as the basis for complex communication pathways
between the gut microbiota and the nervous, immune,
and endocrine systems [29,30]. However, the diversity
and richness of the gut microbiota are susceptible to
change, including the host’s lifestyle. Adverse changes
cause intestinal dysbiosis, which disrupts the symbiosis

maintained by MGBA. Until now, intestinal dysbiosis

has been believed to be involved in various health
conditions, one of which is depression [31].

The study results indicate that individuals
experiencing symptoms of depression also experience
dysbiosis (an imbalance in the gut microbiota). Several
other studies have shown that patients with major
depressive disorder (MDD) have a different gut
microbiota profile compared to healthy individuals.
MDD patients typically exhibit decreased levels of
Faecalibacterium, Bifidobacterium, Lactobacillus, and
Dialister, as well as increased levels of Clostridium,
Streptococcus, Klebsiella, Oscillibacter, Allistipes,
Eggerthella, Holdemania, Gelria, Turicibacter,
Paraprevotella, and Anaerofilum genera [5,32-35].
These shifts in gut microbiota composition may
contribute to changes in the regulation of host
physiology.

Probiotic research is progressing, including
studies comparing the effectiveness of colonizing
specific intestinal bacteria that can influence
mechanisms for improving depression symptoms. Many
studies suggest that the use of multispecies probiotics is
more effective in reducing symptoms of depression
compared to administering single species [5]. Dysbiosis
of the gut microbiome, such as a decrease in commensal
bacteria, Bifidobacterium, and Lactobacillus strains, and
an increase in harmful intestinal microbes, can trigger
the production of pro-inflammatory cytokines by

enhancing the permeability of the intestinal epithelium

and increasing BDNF levels [5,36,37].
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Figure 5 The Dysfunctional Microbiota-Gut-Brain Axis and Depression. Prolonged exposure to stressors like psychological

stress and inadequate nutrition results in several outcomes: (1) Altered gut microbiota composition due to norepinephrine

release, (2) Increased intestinal permeability from elevated acetylcholine and glucocorticoids, (3) Hyperactive HPA axis and

immune response, (4) Chronic inflammation, (5) Further microbiota disruption, (6) Neurotransmitter system imbalances, and

(7) Altered bioactive molecule production affecting neurotransmission and gut function. These factors, illustrated in diagrams,

are frequently observed in individuals with major depressive disorder (MDD). Moreover, persistent negative emotions

experienced by depressed individuals intensify their susceptibility to various stressors. (Adopted image with permission from

[5D.

Figure S illustrates the impact of prolonged stress
and poor nutrition on the gut-brain axis, leading to
altered gut microbiota composition, increased intestinal
permeability, chronic inflammation, and hypothalamic-
pituitary-adrenal (HPA) axis hyperactivity. These
factors disrupt neurotransmitter regulation, contributing
to the development and progression of major depressive
disorder (MDD).

Additionally, Lee’s research using probiotics
containing Lactobacillus reuteri and Bifidobacterium
adolescentis observed a decrease in depressive
symptoms alongside a notable reduction in levels of the
pro-inflammatory cytokine Interleukin 6 (IL-6) [13].The
human gut microbiome generates pro-inflammatory

cytokines, including IL-6 [38]. Both laboratory studies

and experiments with live subjects indicate that L.
acidophilus maintains the integrity of the intestinal
barrier by suppressing pathogens and releasing pro-
inflammatory cytokines [39,40] While B. bifidum and L.
acidophilus may potentially exhibit antidepressant
effects, more research is needed to fully understand their
direct impact on depression fully. Another study on L.
plantarum showed that, while the bacterium did not
alleviate symptoms of depression, it did enhance
cognitive function [41]. Together, these studies suggest
that multispecies probiotics could offer enhanced
therapeutic benefits for individuals with depression,
particularly those diagnosed with major depressive
disorder (MDD), compared to probiotics containing a

single species [42].
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Figure 6 Probiotics exert antidepressant effects through multiple pathways. (A) Certain probiotics, such as Lactobacillus
rhamnosus and L. casei, produce gamma-aminobutyric acid (GABA), influencing the GABAergic system and HPA axis,
while L. helveticus secretes serotonin and norepinephrine, affecting mood regulation. (B) Probiotics like L. plantarum
produce butyrate, which enhances the intestinal barrier, reduces brain inflammation, and regulates brain-derived
neurotrophic factor (BDNF) expression. (C) L. gasseri and Bifidobacterium longum secrete proteins and peptides,
promoting parasympathetic activity and modulating neurotransmitter pathways. (D) Other probiotics produce bioactive
molecules that reduce inflammation and modulate serotonin, dopamine, and glutamate systems, improving mood and
reducing depressive symptoms. These mechanisms highlight the role of probiotics in regulating neurotransmitters,

inflammatory responses, and gut-brain communication, thereby reducing depression. (Adopted image with permission

from [5].)
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Current literature studies revealed that there is no
established protocol for administering probiotic doses to
alleviate symptoms of depression. Probiotics have been
increasingly recognized for their potential effects on
alleviating depressive symptoms, primarily through the
modulation of neurotransmitters and inflammation.
Research indicates that gut microbiota can influence
neurotransmitter synthesis, specifically through the
enhancement of serotonin levels, which is crucial for
mood regulation [43,44]. Probiotic supplementation has
been shown to increase brain-derived neurotrophic
factor (BDNF) levels, fostering neuroplasticity and
potentially combating depressive symptoms [45,46].
Additionally, probiotics may downregulate systemic
and central nervous system inflammation, as evidenced
by reduced levels of pro-inflammatory cytokines in
animal models, suggesting that inflammation plays a
key role in the pathophysiology of depression [43,47,48]
Furthermore, targeting the gut-brain axis through
probiotics can reinforce gut integrity and positively
impact psychological well-being [49-51]. Long-term
use of probiotic might be more effective in modulating
the beneficial gut microbiota community, potentially
protecting against intestinal disorders and depression-
related inflammation [16]. In recent randomized
controlled trials (RCTs), doses below 10x10° are
commonly utilized [3,6,13-17,25]. A hypothesis
suggests this approach minimizes side effects and
reduces costs, making it more accessible to the general
public while still achieving effective therapeutic
outcomes in symptom reduction for depression.
Regardless of the findings, this study necessitates a
specific analysis focusing on the genus, species,
subspecies, and strains of bacteria, comparing light,
moderate, and high doses, and exploring the duration of
use to determine optimal effectiveness.

The role of psychosomatic symptoms in
depressive disorders is crucial, as they often exacerbate
both psychological and physical distress [52,53]. The
findings of this meta-analysis suggest that probiotics, as
adjuvant therapies, may help alleviate these
psychosomatic symptoms by modulating the gut-brain
axis, thus reducing systemic inflammation and altering
neurotransmitter pathways. This dual effect not only
improves mood but also mitigates somatic symptoms,

contributing to overall better management of depression

in clinical practice. Clinicians should consider
incorporating specific probiotic strains in treatment
regimens for patients with major depressive disorder,
particularly  those  experiencing  psychosomatic
symptoms [18,45]. Careful selection of probiotic
formulations based on patient profiles, including
symptom severity and existing psychiatric treatments, is
essential to maximize potential benefits while
monitoring for any adverse interactions [54]. Engaging
patients in discussions around the benefits and
limitations of probiotic supplementation could enhance

adherence and treatment outcomes [3,55].

Conclusions

Administering probiotics to individuals with
depressive disorder can reduce depressive symptoms.
An administered dose of 3x10° CFU for 8 weeks showed
beneficial effects (without considering the severity of
the depressive disorder) in reducing depressive
symptoms. Specially, for major depressive disorder
(MDD), a higher dose of 8x10° CFU for 8 weeks was
found to be more effective. These findings advance
current knowledge by supporting the gut-brain axis as a
viable target for depression management, providing a
basis for developing evidence-based clinical guidelines
to integrate probiotics into holistic treatment
approaches. While the results are promising, further
long-term studies are recommended to confirm the
efficacy, determine the most effective probiotic strains
and dosages, and explore their mechanisms of action in
diverse patient populations.
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