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Currently, depression-induced suicide has emerged as the primary contributor to

the worldwide burden of disability. However, the prevailing drug treatment not

only suffers from delayed effectiveness and limited efficacy, but also there are

withdrawal symptoms and rebound phenomenon. Consequently, there is an

imperative to investigate safer and more efficient treatments to ameliorate the

clinical manifestations of depression. At present, there is increased evidence that

probiotics can improve the symptoms of depression, but the existing studies use

many andmixed types of probiotics, and it is impossible to determine the specific

efficacy of bifidobacteria in the treatment of depression. This review will

systematically review the effects of bifidobacteria on the treatment effect of

depression, Meta-analysis showed that Bifidobacterium-related preparations

effectively improved depressive symptoms in patients with depression.

This study represents the initial meta-analysis conducted on the use of

bifidobacteria-related agents for treating depression. The objective was to

determine the effect of bifidobacteria-related preparations on improving

depressive symptoms. We found that Bifidobacterium and its related agents

can effectively reduce depression scale scores in patients with depression,

suggesting the need for further research into this potential strategy for the

prevention and treatment of depression.
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1 Introduction

Depression is a prevalent psychiatric condition that can impact individuals

indiscriminately. It is characterized by a prolonged and intense state of sadness, and some

individuals may exhibit self-injurious behavior, suicidal tendencies, and in severe cases, may

experience psychotic symptoms like delusions and hallucinations. According to the latest

statistics of the World Health Organization (WHO), there are about 280 million people with

depression in the world, accounting for about 3.8% of the total population, and the incidence
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rate of women is about 50% higher than that of men. Worldwide,

more than 10% of pregnant women and women who have just given

birth suffer from depression, and the lifetime prevalence of major

depressive disorder ranges from 3% in Japan to 16.9% in the United

States, resulting in suicide as the fourth leading cause of death among

people aged 15-29 years (60).

Depression brings a heavy economic burden to the family and

society (1), and the current treatment of depression is mainly based

on medication, but more than half of patients with major depressive

disorder still have insufficient response to antidepressants (2–4, 7)

and in special populations such as children, adolescents, and

pregnant women, the availability of therapeutic agents is relatively

limited (8). Therefore, further exploration of safer and more

effective drugs remains an urgent need (5, 6). Existing research

suggests that probiotics may be able to play a significant role in the

prevention and treatment of depression and have the advantage of

being less addictive and less side effects (9).

The basis for the mechanism of action of probiotics on

depression stems from the interaction between the brain and gut

microbiota. Intestines. The emerging concept of the brain axis

suggests that the gut microbiota is closely related to mental

disorders such as depression (10). Recent research has also shown

that Probiotics can not only protect intestinal integrity but also

enhance intestinal function. It can also affect brain function (11).

This, in turn, enhances the survival and differentiation of neurons.

Probiotics have been shown to be an adjunct therapy for the

treatment of metabolic and psychiatric disorders (12, 13)and have

been shown to be a variety of urgent, adjunctive therapeutics for

chronic infections, cancers, inflammatory diseases, and cognitive

and psychiatric disorders (14, 15). It is expected to become an

alternative to various chemicals, synthetic drugs and antibiotics

(16). The regulation of gut microbiota by probiotics can alter brain

function through the gut-brain axis and regulate mood (17, 18),

which can have health benefits for people with mental illness when

ingested in sufficient amounts. These probiotics are called

psychoprobiotics (19), which communicate with the brain mainly

through the pathway of vagus nerve, tryptophan metabolites and

microbial products (20), By producing and delivering neuroactive

substances that directly or indirectly regulate cognitive and

emotional states (21).

Recent meta-analyses have confirmed the effectiveness of

probiotics in treating depression. A meta-analysis of 13

randomized controlled trials supported the use of probiotics in

people with mild to moderate depression (22). The results of

another meta-analysis of 34 controlled clinical trials support the

efficacy of probiotics for depression and anxiety, and probiotics

were observed to have the greatest effect on major depressive

disorder (6). However, the heterogeneity of these studies in terms

of probiotic strains makes it impossible to determine the different

effects of different strains on improving depressive symptoms.

Therefore, our study will narrow down the scope of probiotics

and conduct a meta-analysis of controlled clinical trials of the

efficacy of Bifidobacteria and their related agents in the treatment

of depression.

Bifidobacterium is a typical intestinal probiotic, it is a gram-

positive, non-motile, non-spore-forming obligate anaerobe, widely
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found in the digestive tract, vagina and oral cavity of humans and

animals, and is one of the earliest and most abundant bacterial

colonizers of the neonatal intestine (23), which accounts for more

than 90% of the total microbiota in the infant’s gastrointestinal tract

(24). Bifidobacteria are present in the human gastrointestinal tract

since birth and throughout human life. Studies have shown that

several diseases are associated with decreased levels of bifidobacteria

in the human gut microbiota (25, 26). Therefore, the content of

bifidobacteria in the intestinal flora is of great significance for

maintaining human health (27).

Bifidobacterium is one of the most widely used probiotics (28),

which can have a positive impact on the intestine by reshaping the

microecological balance inside the intestine (29) and improve the

intestinal flora disorder in patients with depression. Studies have

shown that long-term use of bifidobacterium can produce similar

effects to antidepressants on relevant brain regions (30, 31). There is

growing evidence that bifidobacteria can improve symptoms

of depression.
2 Methods

2.1 Inclusion criteria

According to the PICOS principles, the implementation is as

follows: (1) the study subjects are patients with clear depressive

symptom definition criteria, the course of the disease is not limited,

the age is ≥ 18 years old, and voluntary participation; (2) The

control group received conventional treatment or placebo; (3)

Outcome measures: Hamilton depression, ruminant thinking,

quality of life, four scales of Pittsburgh Sleep Quality Index, self-

compassion questionnaire, mindfulness factor level, suicidal

ideation; (4) The literature type was randomized controlled trials

(RCTs) in Chinese and English.
2.2 Exclusion criteria

Exclusion criteria: (1) non-RCTs versus conference articles; (2)

animal experiments, case studies, meta-analyses, and reviews; (3)

The data is incomplete, and the full text cannot be obtained; (4)

Tients with mental disorders other than depression.
2.3 Search strategy

Two reviewers used the keywords [bifidobacterium] and

[depression OR depressive symptoms OR depressive symptom

OR symptom, depressive OR emotional depression OR

depression, emotional] in PubMed, EMBASE, Cochrane Library,

China Journal Full-text Database, Wanfang Database, and China

Biomedical Literature Database were searched and screened. The

formulation of literature search strategy adopts techniques like

combining subject headings and free words, restriction fields and

Boolean logic. References and citations of RCTs and related reviews

were also traced back to further ensure the recall of the literature
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search. Each search result was independently reviewed by two

independent researchers, regardless of language, and the search

time was from inception to March 2024.The search process is to

first remove the duplicate literature, and then conduct a preliminary

screening according to the title and abstract of the literature,

determine the literature that needs to be screened for secondary

screening, and obtain the full text. Read the full text to select eligible

studies, i.e., the RCTs for inclusion. If data from eligible RCTs are

incomplete, we will contact the corresponding authors by email to

obtain the full data.
2.4 Data collection

The following data were extracted from the included RCTs: 1)

first author, year of publication, country, title, etc.; 2) the diagnostic

(screening) criteria, sample size, age, gender, interventions,

comparators, course of treatment, and follow-up period of the

study subjects; and 3) primary outcome measures and

corresponding data (including after intervention and long-term

follow-up).
2.5 Literature quality assessment and
statistical analysis

Two authors independently assessed the quality of the included

studies using the RCT risk of bias assessment tool from the

Cochrane Handbook for Systematic Review of Interventions.

Analyses using RevMan version 5.3 were used to provide 95%

confidence intervals (CIs) for the effect of quantitative data,

depending on whether the same measurement method and unit

was used, weighted mean difference (WMD) or standardized mean

difference (SMD). The I2 statistic and Q statistic were used to test

for heterogeneity, and if I2 ≥ 50%, the results were considered to
Frontiers in Psychiatry 03
have significant heterogeneity, and the random-effects model was

used to calculate the parameters. Conversely, if heterogeneity was

small, a fixed-effect model was used for meta-analysis, P < 0.05 was

statistically significant. Funnel plot tests were used to assess

publication bias. Sensitivity analyses were performed by excluding

studies on a case-by-case basis. We also performed subgroup

analyses by geography and type of depression. We analyzed the

risk of bias for the efficacy of probiotics for each of the included

randomized controlled trials using the Cochrane risk assessment

tool. If there is significant clinical heterogeneity, subgroup analyses

can be used to investigate the source of heterogeneity. Sensitivity

analysis was performed using the case-by-case elimination method,

and the funnel plot and Egger test were used to analyze the

publication bias.
3 Results

3.1 Included studies

1216 records were retrieved from the six databases and 203

duplicate records were deleted. After screening titles, abstracts, and

full texts, 13 studies were finally included. A detailed screening

flowchart for meta-analysis is shown in Figure 1.
3.2 Basic characteristics of the
included studies

The 13 randomized controlled trials (RCTs) published between

2015 and 2024 involved individuals with depressive symptoms

recruited from nine different countries. Out of these RCTs, three

included patients diagnosed with major depressive disorder. The

intervention measures were Bifidobacterium and its related

preparations, and the intervention form included 6 lyophilized
FIGURE 1

PRISMA flow chart of literature search.
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powders, 2 Bifidobacterium quadruple viable tablets, 4 capsules, and

1 spray-dried powder, and the course of treatment was 4 weeks ~ 12

weeks. Outcome measures involved scores on four self-rating scales

for depressive symptoms, and in all cases, higher scores were

associated with more severe depressive symptoms. See Table 1

for details.
3.3 Quality assessment

The interventional studies included in the review were

evaluated based on the Cochrane risk assessment tool. Of the 13

intervention studies, four were classified as ‘low risk of bias’, two as

‘some problems’ and seven as ‘high risk’. The risk of bias of all

studies is shown in Figure 2.

All 13 trials included in the study used probiotic preparations that

contained Bifidobacterium. The duration of probiotic administration

in each trial varied from 4 to 12 weeks. All 13 studies reported

baseline data for each group. There were no statistically significant

differences between baseline data within and between groups in the

Bifidobacterium and placebo groups. At the end of treatment,

Depression was lower in the 11-event bifidobacteria group than in

the placebo group (30, 43, 32–37, 39, 41, 44). No significant difference

was observed between the bifidobacterial group and the placebo
Frontiers in Psychiatry 04
group in two items (38, 40). As shown in Figure 3A, Meta-analysis

comparing Bifidobacterium with controls showed MD= -0.49 (95%

CI:-0.71, -0.26), p<0.0001.

The participants were divided into two groups for subgroup

analysis based on their use of other medications. This division

allowed us to observe the effects of the combination of

bifidobacteria and the depression scale (Figure 3B) in a more

focused manner. Four of the studies took other antidepressants

with MD = -0.82 (95% CI: -1.07, -0.).58), p<0.00001; Nine studies

took only Bifidobacteria, MD = -0.33 (95% CI: -0.).59, 0.08), p =

0.008. Subgroup analyses were performed according to the type of

depression, and all studies were classified as major depressive

disorder and others (Figure 3C). Three studies were for major

depressive disorder, MD = -0.66 (95% CI: -1.01, -0.32), p = 0.0002;

Ten studies included six studies with mild to moderate depression

and four healthy volunteers with subclinical depressive symptoms

MD = -044(95%CI:-0.72, -0.16), p=0.002.
3.4 Publication bias

Regarding publication bias, the funnel plot is shown in Figure 4

and no significant asymmetry was observed in the funnel plot, so

there was no evidence of publication bias.
TABLE 1 Characteristics of included RCTs for meta-analysis.

Author, year Study sample Duration
Bifidobacterium
-related preparations

Clinical
Measure

Country
of origin

Akkasheh, 2016 (32) N=40, MDD patients, Age 20 to 55 years 8 weeks Capsule, 2×109 CFU BDI Iran

Boehme, 2023 (33) N=45, healthy adults, Age 25 to 65 years 6 weeks Dry powder, 1×1010 CFU HADS-D Switzerland

Chen, 2022 (30)
N=80, patients with PSD, Age 44 to
68 years

8 weeks
Bibiotic tetrad tablets,0.5×107 CFU,3
times/day

HAMD China

Gawlik-Kotelnicka,
2023 (34)

N=44, patients with Dep, Age >18 years 60 days Capsule, 3×109 CFU MADRS Poland

Haghighat, 2021 (35)
N=65, patients with HD,Age 30 to
65 years

12 weeks Freeze-dried,2.7×107 CFU BDI Iran

Kazemi, 2019 (36)
N=54, Clinical MDD patients, Age 18 to
50 years

8 weeks Freeze-dried,10×109 CFU BDI Iran

Lee, 2021 (37) N=156, healthy adults, Age 19 to 65 years 8 weeks Capsule,2.5 × 109CFU BDI Korea

Patterson, 2024 (38)
N=83, healthy adults,
Age 18 to 45 years

8 weeks Capsule,1×109 CFU HADS-D Irdland

Pinto-Sanchez,
2017 (39)

N=44, patients with IBS and mild to
moderate
anxiety and/or Dep, Age 26 to 58 years

10 weeks spray-dried,1 × 1010 CFU HADS-D Canada

Romijn, 2017 (40) N=79, patients with Dep, Age>16 years 8 weeks Freeze-dried, ≧̸3×109 CFU MADRS New Zealand

Steenbergen,
2015 (41)

N=20, healthy adults, Mean age 20.2years
± 2.4

4 weeks Freeze-dried,>2.5×109 CFU BDI Netherlands

Tian, 2022 (42)
N=45, patients with MDD,Mean age
51.32 years ± 16.11

4 weeks Freeze-dried,1010 CFU HDRS-D China

Yao, 2023 (43)
N=108, patients with Dep, Age 49 to
74 years

12 weeks
Bibiotic tetrad tablets,0.5×107 CFU 3
times/day

HAMD China
MDD, Major depressive disorder; Dep, Depression; IBS, Irritable bowel syndrome; BDI, Beck Depression Inventory; HADS-D, Hospital Anxiety and Depression Scale; HAMD, Hamilton
Depression Rating Scale; MADRS, Montgomery Asberg Depression Rating Scale.
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4 Discussion

With more attention to the microbiota-gut-brain axis

(MGBA), psychoprobiotics have been increasingly applied to the

prevention and treatment of depression. Some experimental

animal studies have found that germ-free mice transplanted

with the microbiota of patients with major depression develop a

typical depressive phenotype (45–47). Sudo et al. (48) found that

infantile bifidobacterium colonization into germ-free mice

weakened the hypothalamic-pituitary-adrenal axis (HPA)

response and significantly improved depression-like behavior

in mice.

As one of the most widely used psychoprobiotics, the mechanism

of bifidobacterium in the treatment of depression involves multiple

pathways, including the HPA axis, enteric nerve and

immunoinflammatory response, central nervous system CNS,

neurotransmitters, intestinal mucosa, and blood-brain barrier. One
Frontiers in Psychiatry 05
of the most consistent biological findings about the pathogenesis of

depression is hyperactivity of the HPA axis. An animal experiment

using Bifidobacterium breve to improve depressive symptoms in

mice found that Bifidobacterium breve CCFM1025 could

significantly alleviate HAP axis hyperactivity, inhibit hypothalamic

corticotropin releasing factor (CRF) secretion, and reduce serum

corticosterone levels (42).Hyperactivity of the HPA axis also leads to

increased levels of inflammation in patients with depression (49).Jang

et al. (50) found that Bifidobacterium longum NK98 can synergically

alleviate depressive symptoms and the occurrence of colitis by

regulating intestinal immune response and microbiota composition,

producing effects similar to those of antidepressants; Yoo et al. (51)

found that oral administration of Lactobacillus plantarum NK151,

Bifidobacterium longum NK173, and bifidobacterium bifidum

NK175 alleviated stress-induced depressive symptoms by regulating

the expression ratio of pro-inflammatory and anti-inflammatory

cytokines and intestinal microbiota byproducts (such as LPS).
FIGURE 2

(A) Risk of bias summary. (B) Risk of bias graph.
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In addition, the microbiota dominated by bifidobacterium

mediates communication with the CNS using neurotransmitters such

as gamma-aminobutyric acid (GABA), 5-hydroxytryptamine (5-HT),

neuropeptides, corticotropin-releasing hormone secreted by the HPA

axis, and short-chain fatty acids (such as ethylene hydrochloric acid)

(52), For example, Bifidobacterium infantilum can affect central

serotonin transmission by increasing plasma tryptophan (61),

mediating MGBA bidirectional exchange to regulate metabolic and
Frontiers in Psychiatry 06
immune responses in patients since improving depression. The specific

mechanism by which related intestinal probiotics affect the brain has

not been fully clarified (53).

In this meta-analysis, we observed that the overall effect of

Bifidobacterium on depressive symptoms was better than that of the

placebo group. Three of the 13 studies included people with major

depressive disorder (32, 36, 44);Four studies included people with

mild to moderate depression (34, 35, 39, 40) and one study was
FIGURE 3

(A) General forest map of bifidobacteria and their related agents for the treatment of depression. (B) Forest plot divided into two subgroups, “major
depressive disorder” and “other”, according to the severity of depressive symptoms. (C) Forest plots divided into two subgroups: “taking drugs” and
“not taking drugs” according to whether they took other drugs.
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depressed after stroke (59) and one study with chronic heart failure

and depression (43), Four healthy volunteers with symptoms of

subclinical depression (33, 37, 38, 41). The results of the study show

that Bifidobacteria-related preparations have played a significant

role in improving the depressive symptoms of patients with several

types of depression. Sensitivity analyses showed no change in the

conclusions of the meta-analysis when assessing differences

between studies. Meta-analysis found that the incidence of

depression was significantly reduced in the probiotic group, MD

= -0.49(95%CI: -0.71, -0.26), p< 0. 0001. Individual studies did not

report significant results.

Subgroup analysis showed that bifidobacteria-related

preparations were significantly improved in patients with different

degrees of depression., which was consistent with a previous meta-

analysis (54). Probiotics were effective in reducing the depression

rating scale in depressed patients and healthy volunteers with

subclinical depressive symptoms. In addition, subgroup analyses

showed that bifidobacteria and drugs were effective in reducing

depression scores in participants. The effect was significantly better

than that of patients treated with bifidobacterium alone, and we

looked further at these studies in which the overall response rate was

significantly higher in the experimental group with bifidobacteria

than in the control group compared with the control group treated

with antidepressant alone, which is consistent with the conclusions of

Nikolova et al (55), indicating that Bifidobacteria-related

preparations can be taken alone to reduce depressive symptoms, or

as an adjuvant to the clinical treatment of depression, and combined

with antidepressants to enhance the drug effect (56).

While we made efforts to conduct a thorough literature search

to minimize publication bias in this meta-analysis, we did not

exclude grey literature from our searches. Each step of the meta-

analysis was performed by two independent investigators to reduce

bias in the analysis, but there were some limitations to this study.

First, it is worth noting that the study items used various depression

rating scales, potentially impacting the results of the meta-analysis;

Second, evidence suggests that the prevalence and onset of

depression vary at different ages (57), neurobiological factors in
Frontiers in Psychiatry 07
adolescents and adults with depression vary widely (58), the

abundance of bifidobacteria also varies in different age groups,

(38, 40). The heterogeneity of the results of the two studies may be

related to the large age span of the included patients. In the future,

more relevant studies are needed to explore the improvement

results of bifidobacterium on depression disorders in different age

groups. As there are still relatively few literatures that can be

screened, the subgroup analysis only simply divides depression

types into “MDD” and “Others”, which may be one of the

reasons for the large heterogeneity among studies. In the future,

the sample size will be further increased to continue in-depth

research on bifidobacterium treatment of depression.
5 Conclusions

This review has observed that bifidobacteria-related preparations

are effective in the treatment of depression, and support the use of

bifidobacteria-related preparations for the treatment of different

symptoms of depression, as well as the reduction of symptoms of

subclinical depression, and supports the future larger sample and

more rigorous randomized controlled trials to conduct more in-depth

research on the mechanism of bifidobacteria-related preparations in

the treatment of depression.
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