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Abstract
Background  With the growing recognition of the limitations associated with conventional treatments for anxiety 
and depression, there has been increasing interest in alternative and adjunct therapies, particularly probiotics, 
prebiotics, and synbiotics. However, current research results regarding their efficacy in treating anxiety, depression, 
and sleep have been inconsistent.

Methods  A systematic literature search for randomized controlled trials (RCTs) was conducted in PubMed, Web 
of Science, and Embase from inception to October 2023, updated in March 2025. The included studies involved 
individuals with anxiety and depression disorders, or chronic disease patients/healthy populations presenting with 
depressive or anxiety symptoms. Two researchers independently screened and extracted data. The Cochrane risk 
of bias tool was used to evaluate the quality of the included studies. Data synthesis and subgroup analyses were 
performed in Review Manager 5.3 and Stata 15.0 software. The anxiety, depression, and sleep scores were calculated 
by the standard mean difference (SMD) and 95% confidence intervals (CIs).

Results  A total of 72 RCTs were included (3,319 intervention and 2,778 control participants). Among these, 
researchers examined depression in 63 studies (2,880 and 2,493 participants) and anxiety in 49 studies (2,124 and 
1,788 participants) using probiotics/prebiotics/synbiotics interventions, while 12 studies (411 and 378 participants) 
examined sleep using probiotic interventions. The meta-analysis demonstrated significant reductions compared to 
placebo in depression (SMD = − 0.53, 95% CI: −0.67 to − 0.39, Z = 7.33, P < 0.001) and anxiety (SMD = − 0.44, 95% CI: 
−0.59 to − 0.28, P < 0.001). Additionally, probiotics were shown to improve sleep quality (SMD = − 0.39, 95% CI: −0.53 
to − 0.25, P < 0.001). Subgroup analyses indicated that both probiotics, prebiotics, and synbiotics independently 
alleviated anxiety and depression. The impact of probiotics varied by population, intervention duration, and probiotic 
types.
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Introduction
Anxiety disorders and depression are among the most 
common mental health conditions worldwide. Accord-
ing to a 2021 report by the World Health Organization, 
approximately 359 million individuals were affected by 
anxiety disorders and 332 million by depression in the 
same year [1, 2]. These conditions impose a substantial 
personal and socioeconomic burden, resulting in an esti-
mated global productivity loss of up to one trillion dollars 
annually, with projections indicating a further increase in 
the future [3].

Traditional pharmacological treatments for anxi-
ety and depression are often accompanied by adverse 
effects, including nausea, vomiting, sexual dysfunc-
tion, weight gain, and daytime fatigue [4, 5]. These side 
effects can impact patient adherence, leading to early 
discontinuation and disruption of treatment. In addi-
tion, cognitive behavioral therapy (CBT) is often con-
sidered complex and demanding, and its relatively brief 
intervention duration may limit its therapeutic effec-
tiveness [6]. Consequently, the search for more toler-
able and effective therapeutic approaches has become a 
major focus in psychiatry. Recent advances in nutritional 
psychiatry have highlighted the bidirectional communi-
cation between the gut microbiota and the central ner-
vous system. Besides, increasing evidence suggests that 
microorganisms can influence human behavior, thought 
processes, and mental health [7]. According to the gut 
microbiota-gut-brain axis theory, probiotics, prebiotics, 
and synbiotics have emerged as promising adjunctive 
interventions for mental health. These approaches are 
well-tolerated and safe, without the cognitive side effects 
or addictive potential associated with some psychotropic 
medications [8]. In detail, probiotics are live microorgan-
isms, prebiotics are substrates selectively utilized by host 
microorganisms, and synbiotics are a combination of live 
microorganisms and substrates that confer health ben-
efits to the host [9–11]. These microorganisms and non-
digestible carbohydrates play vital regulatory roles in the 
gut and are believed to have potential positive effects on 
mental health [12].

As research in this field has advanced, several meta-
analyses have reported that probiotics are effective in 
alleviating depressive symptoms [13, 14]. However, 

findings regarding their effects on anxiety remain incon-
sistent. While one meta-analysis demonstrated that 
probiotics can reduce anxiety symptoms [15], another 
meta-analysis reported that the efficacy in treating anx-
iety among adolescents is negligible [16]. Moreover, 
although previous reviews have examined the effects 
of probiotics and prebiotics on anxiety and depression, 
several important moderating factors remain unclear, 
including the characteristics of study populations, inter-
vention duration, and probiotic types. In addition, evi-
dence regarding the effects of probiotics on sleep remains 
limited [17]. Therefore, to address such research gap, our 
meta-analysis aimed to: (1) systematically evaluate the 
effects of probiotics/prebiotics/synbiotics on anxiety and 
depression, and further explore the effects of probiotics 
on sleep; and (2) conduct subgroup analyses to examine 
the influence of target population, intervention duration, 
and probiotics type on anxiety and depression.

Methods
Search strategy
Computerized searches were conducted on PubMed, 
Web of Science, and Embase from inception to Octo-
ber 2023, updated in March 2025. The study protocol 
was registered at the International Prospective Register 
of Systematic Reviews (PROSPERO) (registration ID: 
CRD42024563862). As this research was based on previ-
ously published studies, ethical approval and informed 
consent were not required.

The search strategy included the following terms: (dys-
biosis OR metagenom* OR microbiome* OR microbiota 
OR prebiotic* OR probiotic* OR synbiotic* OR “bacte-
rial translocation” OR “colon flora” OR “fecal flora” OR 
“gut flora” OR “intestinal flora” OR “enteric bacteria” OR 
“fecal bacteria” OR “gut bacteria” OR “intestinal bacteria” 
OR “fecal microflora” OR “gut microflora” OR “intes-
tinal microflora” OR “gut microbial” OR bifidobacter* 
OR lactobacill*) And (depress* OR “af-fective disorder” 
OR “affective illness” OR “mood disorder” OR anxi* OR 
internalizing OR “mental health” OR “mental illness” 
OR “psy-chiatric disorder” OR “psychiatric illness”). The 
detailed search strategy for each database is provided in 
the supplementary materials.

Conclusion  These findings suggest that probiotics, prebiotics, and synbiotics offer promising adjunctive treatments 
for anxiety, depression, and sleep disturbances. However, given the high heterogeneity and limited methodological 
quality of the included studies, further large-scale and high-quality RCTs with long-term follow-up are needed to 
further validate these outcomes.

Registration  The protocol was registered on PROSPERO (Registration number: CRD42024563862).

Clinical trial number  Not applicable.

Keywords  Prebiotics, Probiotics, Synbiotics, Depression, Anxiety, Sleep, Systematic review, Meta-analysis
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Inclusion and exclusion criteria
Inclusion Criteria: (1) randomized controlled trials 
(RCTs) investigating the effects of probiotics, prebiot-
ics, and/or synbiotics on depression and/or anxiety in 
humans, with additional analyses conducted on the 
effects of probiotics on sleep based on eligible studies; (2) 
studies involving participants diagnosed with anxiety or 
depressive disorders, as well as chronic disease patients/
healthy populations presenting with depressive or anxi-
ety symptoms; (3) for healthy individuals, probiotics, pre-
biotics, and/or synbiotics were required to be the only 
intervention, (4) depression and anxiety outcomes need 
to be evaluated separately.

Exclusion criteria for this study include: (1) unavailabil-
ity or incompleteness of full-text original data; (2) non-
English publications; (3) absence of relevant outcome 
measures; (4) lack of standardized assessment scales or 
use of self-made evaluation tools; (5) duplicate studies; 
(6) studies focusing on psychiatric disorders other than 
anxiety and depression; (7) naturalistic investigations of 
self-reported consumption.

Literature screening and data extraction
Data extraction was performed independently and in 
duplicate by two reviewers, and any discrepancies were 
resolved through discussion or consultation with a third 
reviewer. The extracted data included author, publica-
tion year, country, age, percentage of female participants, 
duration of probiotics/prebiotics/synbiotics administra-
tion, follow-up period, sample size, intervention mea-
sures, outcome indicators, and the types, doses, and 
formulations of microbial strains.

Literature quality assessment
Following the guidelines of the Cochrane Handbook for 
Systematic Reviews of Interventions by Higgins et al. 
[18], two researchers independently assessed the quality 
of the included studies to ensure assessment accuracy. 
The evaluation encompassed the following criteria: ran-
dom sequence generation, allocation concealment, blind-
ing of participants, researchers, and outcome assessment, 
completeness of outcome data, selective reporting, and 
other potential sources of bias. Each criterion was rated 
as having a “low risk of bias”, “unclear risk of bias”, or 
“high risk of bias”.

Statistical analysis
Meta-analyses were conducted using Review Manager 
5.3 and Stata 15.0 software. Heterogeneity among stud-
ies was assessed through the Q test and I² statistic. A 
fixed-effects model was utilized if the Q test revealed P 
≥ 0.05 and I² ≤ 50%, indicating low heterogeneity. Con-
versely, a random-effects model was applied if the Q test 
resulted in P < 0.05 and I² >50%, suggesting substantial 

heterogeneity. Sensitivity analysis was employed to 
ensure the stability and reliability of the study. If specific 
studies were found to introduce instability, they were 
excluded, and the meta-analysis was repeated to com-
pare results. Given that the anxiety, depression, and sleep 
scores included in our analysis were all continuous vari-
ables with different assessment tools, the standardized 
mean difference (SMD) was employed as the effect size, 
accompanied by 95% confidence intervals (CIs). Among 
those, anxiety and depression were defined as the pri-
mary outcomes, while sleep outcomes were analyzed as 
an exploratory secondary outcome using data from stud-
ies included for anxiety and depression, to provide fur-
ther insights into the potential effects of the probiotics 
on sleep. For any included multi-arm study, the shared 
control group was divided into subgroups of approxi-
mately equal size for each experimental group [19, 20]. 
Additionally, more than ten studies were available, pub-
lication bias was assessed using Egger’s test, with the 
“trim and fill” method applied if bias was detected [21, 
22]. According to the methodological characteristics of 
previous similar studies and the distribution rule of the 
included literature, subgroup analyses were performed 
based on the type of microecological preparations, target 
population, intervention duration and probiotics type, to 
explore potential moderating factors of such interven-
tions on anxiety and depression [12, 23–25].

Results
Literature search results
The results of the literature search are summarized in Fig. 
1A. A total of 6,394 studies were initially retrieved from 
PubMed, Web of Science, and Embase. After remov-
ing 1,098 duplicates, 42 eligible articles were identified 
through title and abstract screening, followed by full-
text review. Subsequently, we updated the literature from 
October 2023 to March 2025 across the same databases 
according to the predefined eligibility criteria. After rig-
orous screening, 138 RCTs were identified, of which 25 
studies met the inclusion criteria for final analysis. The 
additional five original studies were incorporated based 
on references from two prior meta-analyses [13, 24]. In 
total, 72 studies were included in the analysis: 50 probi-
otic trials [26–75], 11 prebiotic trials [76–86], 5 synbiotic 
trials [87–91], 3 three-arm studies comparing probiot-
ics, prebiotics, and placebo [92–94], 1 three-arm study 
comparing probiotics, synbiotics, and placebo [95], and 
2 four-arm studies comparing probiotics, prebiotics, 
synbiotics, and placebo [96, 97]. Among these studies, 
researchers from 63 studies examined the effects of pro-
biotics/prebiotics/synbiotics on depression and anxiety, 
which were defined as the primary outcomes, whereas 
researchers from 12 studies assessed the impact of pro-
biotics on sleep quality, considered a secondary outcome.
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Fig. 1  A: PRISMA flow chart of literature search; B: Proposed mechanisms and subgroup findings on how probiotics, prebiotics, and synbiotics alleviate 
anxiety, depression, and improve sleep quality
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Characteristics and quality assessment of included studies
A total of 72 studies, comprising 3,319 participants 
in intervention groups and 2,778 in control groups, 
were included in the analysis. Among them, 63 studies 
assessed the effects of probiotics/prebiotics/synbiotics on 
depression (2,880 intervention and 2,493 control partici-
pants), and 49 studies evaluated their effects on anxiety 
(2,124 and 1,788 participants, respectively). Additionally, 
12 studies investigated the impact of probiotics on sleep 
(411 intervention and 378 control participants), and the 
sample size of each RCT ranged from 16 [39] to 400 [72]. 
The mean age of all participants was between 19.4 [71] 
and 77.2 [90], while eight studies simply reported the age 
range (18–23) [45, 52, 54, 57, 78, 82–84]. The character-
istics of the included studies and details of the microbial 
agents are shown in Tables S1 and S2, respectively.

Two researchers independently evaluated the quality of 
the studies according to the Cochrane Handbook. Spe-
cifically, 60 studies (83.3%) adequately described the gen-
eration of the random sequence, and 52 studies (72.2%) 
explicitly reported the allocation concealment procedure. 
Blinding of participants and personnel was described in 
61 studies (84.7%). Most studies (55.6%) did not report 
blinding of outcome measures but used self-report ques-
tionnaires to measure outcomes, so blinded outcome 
assessment is not applicable in these studies. Attrition 
bias and reporting bias were addressed in all studies. 
Finally, only 29 studies (40.3%) adequately addressed 
“other bias”. Overall, only 14 studies (19.4%) showed low 
risk of bias across all seven criteria, which may lead to 
overestimation of the overall effect of the intervention. 
The quality assessment chart and risk of bias, generated 
using Review Manager 5.3, can be accessed in the supple-
mentary materials Figure S1.

Meta-analysis results
Primary outcomes
Researchers from 63 studies reported the effects of pro-
biotics/prebiotics/synbiotics on depression scores. Due 
to significant heterogeneity (I² = 83%), a random effects 
model was used. The intervention group demonstrated 
a significant improvement in depression scores com-
pared with the control group (SMD = − 0.53, 95% CI: 
−0.67 to − 0.39, P < 0.001). Besides, researchers from 49 
studies examined the effects of these interventions on 
anxiety scores. Given the significant heterogeneity (I² 
= 81%), a random effects model was used. The results 
revealed a statistically significant reduction in anxiety 
scores in the intervention group compared with controls 
(SMD = − 0.44, 95% CI: −0.59 to − 0.28, P < 0.001). Addi-
tionally, researchers from 12 studies focused on probi-
otics and sleep scores. Given the low heterogeneity (I² 
= 49%), a fixed-effect model was applied for the pooled 
analysis. The findings indicated a significant difference 

in sleep scale changes between the intervention and con-
trol groups, with the intervention group showing greater 
improvement (SMD = − 0.39, 95% CI: −0.53 to − 0.25, 
P < 0.001). Meta-regression analyses revealed no statisti-
cally significant moderating effects of age (P = 0.57 for 
depression; P = 0.35 for anxiety) or gender (P = 0.64 for 
depression; P = 0.97 for anxiety) on depressive or anxi-
ety symptoms. The results are summarized in Figs.  2 
and 3, and 4, with subgroup analysis details presented in 
Table 1.

Subgroup analysis
Subgroup analysis by intervention type  The results 
indicate that probiotics, prebiotics and synbiotics inter-
ventions led to statistically significant improvements in 
depression scores (I² = 86.0%, SMD = − 0.56, 95% CI: −0.74 
to − 0.38, P < 0.001; I² = 64%, SMD = − 0.32, 95% CI: −0.53 
to − 0.10, P = 0.004; I² = 71%, SMD = − 0.53, 95% CI: −0.91 
to − 0.16, P = 0.005, respectively), with intervention groups 
demonstrating greater improvement than controls. Simi-
larly, all three types of interventions led to significant 
reductions in anxiety scores (I² = 84%, SMD = − 0.39, 95% 
CI: −0.58 to − 0.20, P < 0.001; I² = 65%, SMD = − 0.57, 95% 
CI: −0.83 to − 0.31, P < 0.001; I² = 68%, SMD = − 0.59, 95% 
CI: −1.03 to − 0.15, P = 0.009, respectively).

Probiotics group  Probiotics for depression
A total of 49 studies examined the effects of probiot-
ics on depression scores. Subgroup analyses based on 
population type showed significant improvements across 
all groups: individuals with depressive disorders (I² = 
77%, SMD = − 0.82, 95% CI: −1.17 to − 0.46, P < 0.001), 
healthy individuals (I² = 84%, SMD = − 0.50, 95% CI: −0.76 
to − 0.25, P < 0.001), and individuals with chronic ill-
nesses (I² = 90%, SMD = − 0.59, 95% CI: −0.91 to − 0.27, 
P < 0.001). In all three populations, intervention groups 
demonstrated greater improvement than controls.

Subgroup analysis based on intervention dura-
tion revealed significant improvements in the follow-
ing three groups: interventions lasting ≤ 4 weeks (I² = 
86%, SMD = − 0.69, 95% CI: −1.05 to − 0.32, P < 0.001), 
interventions lasting between 4 and 8 weeks (I² = 87%, 
SMD = − 0.66, 95% CI: −0.95 to − 0.36, P < 0.001), and 
interventions lasting between 8 and 12 weeks, including 
12 weeks (I² = 66%, SMD = − 0.30, 95% CI: −0.50 to − 0.09, 
P = 0.004). However, interventions lasting > 12 weeks did 
not show a significant effect (I² = 99%, SMD = − 1.31, 95% 
CI: −4.55 to 1.92, P = 0.43).

Analyses based on probiotic type indicated significant 
improvements for all groups: Lactobacillus Group (I² = 
72%, SMD = − 0.31, 95% CI: −0.53 to − 0.09, P = 0.005), 
Bifidobacterium Group (I² = 89%, SMD = − 0.71, 95% CI: 
−1.33 to − 0.10, P = 0.02), Lactobacillus Combined with 
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Fig. 2  Overall analysis of probiotics, prebiotics, synbiotics to alleviate depressive symptoms. Note: (a) = probiotic; (b) = prebiotic; (c) = synbiotic; low = low 
dose probiotics; high = high dose probiotics; SD = Irritable bowel syndrome (IBS) patients had subthreshold depression; NM = IBS patients with normal 
mood

 



Page 7 of 16Zhang et al. BMC Psychiatry         (2025) 25:1199 

Bifidobacterium Group (I² = 86%, SMD = − 0.60, 95% CI: 
−0.90 to − 0.31, P < 0.001), and Mixed Strains of Three 
or More Types (I² = 92%, SMD = − 0.82, 95% CI: −1.36 to 
− 0.29, P = 0.003). Across all probiotic types, intervention 
groups showed statistically significant improvements in 
depression scores compared with controls.

Probiotics for anxiety
A total of 38 studies examined the effects of probiotics 
on anxiety scores. When grouped by population type, the 
pooled results revealed that individuals with chronic ill-
nesses (I² = 83%, SMD = − 0.49, 95% CI: −0.79 to − 0.20, 
P = 0.001) and healthy individuals (I² = 86%, SMD = − 0.31, 
95% CI: −0.59 to − 0.02, P = 0.04) demonstrated a 

Fig. 3  Overall analysis of probiotics, prebiotics, synbiotics to alleviate anxiety symptoms. Note: (a) = probiotic; (b) = prebiotic; (c) = synbiotic; low = low 
dose probiotics; high = high dose probiotics; FOS = fructooligosaccharides; GOS = galactooligosaccharides
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significant reduction in anxiety scores compared with 
the control group, while individuals with depressive dis-
orders did not exhibit a significant reduction (I² = 73%, 
SMD = − 0.48, 95% CI: −0.97 to 0.01, P = 0.06).

Subgroup analysis based on intervention duration 
revealed consistent beneficial effects across all groups: 
interventions lasting ≤ 4 weeks (I² = 86%, SMD = − 0.51, 
95% CI: −0.93 to − 0.09, P = 0.02), interventions last-
ing between 4 and 8 weeks, including 8 weeks (I² = 86%, 
SMD = − 0.39, 95% CI: −0.72 to − 0.06, P = 0.02), and 
interventions lasting > 8 weeks (I² = 75%, SMD = − 0.28, 
95% CI: −0.54 to − 0.02, P = 0.03). Overall, all three inter-
vention durations resulted in statistically significant 
improvements in anxiety scores compared with the con-
trol group.

The results of subgroup analysis based on the types of 
probiotics are as follows: Lactobacillus Group (I² = 86%, 
SMD = − 0.14, 95% CI: −0.57 to 0.30, P = 0.54), Bifidobac-
terium Group (I² = 88%, SMD = − 0.43, 95% CI: −0.84 to 
− 0.02, P = 0.04), Lactobacillus Combined with Bifido-
bacterium Group (I² = 61%, SMD = − 0.25, 95% CI: −0.47 
to − 0.03, P = 0.02), and Mixed Strains of Three or More 
Types (I² = 86%, SMD = − 0.72, 95% CI: −1.23 to − 0.20, 
P = 0.006). The pooled results revealed that the Lactoba-
cillus group exhibited no statistically significant improve-
ment in anxiety scale scores, whereas the other three 
intervention groups demonstrated significant reductions 
compared with the control group.

Sensitivity analysis
Sensitivity analyses were conducted using Stata 15.0 by 
systematically removing each included study and repeat-
ing the meta-analysis. The results remained consistent 
across all analyses, indicating the robustness and stability 
of the findings (Supplementary Materials Figure S2, S3, 
and S4).

Publication bias
Among the 63 studies assessing the effects of probiot-
ics/prebiotics/synbiotics on depression outcomes, Egg-
er’s regression test indicated significant publication bias 
(t = − 3.30, P = 0.002). Trim-and-fill analysis using Stata 
15.0 software identified 13 studies as potential sources 
of bias, but even after adjustment, the results remained 
statistically significant (P < 0.001). For the 49 studies 
examining anxiety outcomes, Egger’s test showed no evi-
dence of publication bias (t = − 0.91, P = 0.366). Additional 
details on the trim-and-fill results can be found in the 
supplementary materials Figure S5.

Discussion
In our meta-analysis, probiotics/prebiotics/synbiotics 
significantly improved both anxiety and depression com-
pared with the control groups. Notably, the pooled effect 
on depressive symptoms (SMD = − 0.53; 95% CI: −0.67 to 
− 0.39) was slightly greater than that observed for anxiety 
scores (SMD = − 0.44; 95% CI: −0.59 to − 0.28). This dif-
ference may partly reflect disparities in data availability, 
as depressive symptoms were evaluated in more studies 
covering a broader range of intervention types (50 probi-
otic, 14 prebiotic, and 8 synbiotic studies), whereas anxi-
ety outcomes were informed by fewer eligible studies (38 
probiotic, 12 prebiotic, and 5 synbiotic studies). More-
over, depression outcomes included more multi-arm tri-
als (7 three-arm and 4 four-arm trails), which probably 
provide richer comparative information and more stable 
pooled estimate. In addition, probiotic interventions 
also produced modest but significant improvements in 
sleep outcomes (SMD = − 0.39; 95%CI: −0.53, − 0.25). To 
further elucidate potential sources of heterogeneity, sub-
group analyses and meta-regression models were per-
formed, followed by pathophysiological interpretations of 
the identified moderators (Fig. 1B).

Fig. 4  Overall analysis of probiotics for sleep relief
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Depression-related outcomes remained statistically 
significant regardless of intervention type (probiotics, 
prebiotics, or synbiotics), target population, or probiotic 
strain. Similarly, anxiety-related consistently demon-
strated therapeutic benefits across different intervention 
types and assessment time points, supporting the robust-
ness of these findings. However, some differential mod-
eration patterns emerged. For depression, intervention 

duration was the only significant moderator, whereas for 
anxiety, both target population and probiotic strain sig-
nificantly influenced treatment effects.

Quality of methodology
Overall, the methodological quality of the included stud-
ies was moderate but showed certain limitations. Only 
14 studies (19.4%) were judged to have a low risk of bias, 

Table 1  Meta-analysis main results and subgroup analysis results
Study 
number

Patient/con-
trol number

Effect sizes (95%CI) Effect size 
P value

Het-
eroge-
neity 
I2(%)

1. Main analysis
1.1. Probiotics, Prebiotics, and synbiotics on depression 63 2880/2493 −0.53(− 0.67, − 0.39) 0.000*** 83%
1.2. Probiotics, Prebiotics, and synbiotics on anxiety 49 2124/1788 −0.44(− 0.59, − 0.28) 0.000*** 81%
1.3. Probiotics on sleep 12 411/378 −0.39(− 0.53, − 0.25) 0.000*** 49%
2. Subgroup: different interventions on depression
  2.1. Groups by probiotics 50 2141/1972 −0.56(− 0.74, − 0.38) 0.000*** 86%
  2.2. Groups by prebiotics 14 558/544 −0.32(− 0.53, − 0.10) 0.004** 64%
  2.3. Groups by synbiotics 8 205/202 −0.53(− 0.91, − 0.16) 0.005** 71%
3. Subgroup: probiotics on depression
3.1. Groups by demographic characteristics
  3.1.1. Depressive symptoms of depressive disorders 10 316/304 −0.74(− 1.17, − 0.46) 0.000*** 77%
  3.1.2. Depressive symptoms of healthy people 21 823/781 −0.5(− 0.76, − 0.25) 0.000*** 84%
  3.1.3. Depressive symptoms of people with chronic illnesses 18 977/865 −0.59(− 0.91, − 0.27) 0.000*** 90%
3.2. Groups by intervention time
  3.2.1. Time ≤ 4 W 11 553/525 −0.69(− 1.05, − 0.32) 0.000*** 86%
  3.2.2. 4 W< Time ≤ 8 W 23 754/740 −0.66(− 0.95, − 0.36) 0.000*** 87%
  3.2.3. 8 W< Time ≤ 12 W 13 714/598 −0.34(− 0.50, − 0.09) 0.004** 66%
  3.2.4. Time > 12 W 2 120/109 −1.31(− 4.55, 1.92) 0.43 99%
3.3. Groups by probiotic type
  3.3.1. Lactobacillus 12 730/600 −0.31(− 0.53, − 0.09) 0.005** 72%
  3.3.2. Bifidobacteria 6 232/197 −0.71(− 1.33, − 0.10) 0.02* 89%
  3.3.3. Lactobacillus + Bifidobacteria 21 718/703 −0.60(− 0.90, − 0.31) 0.000*** 86%
  3.3.4. Mixed Strains of Three or More Types 10 461/472 −0.82(− 1.36, − 0.29) 0.003** 92%
4. Subgroup: different interventions on anxiety
  4.1. Probiotics − Anxiety 38 1553/1376 −0.39(− 0.58, − 0.20) 0.000*** 84%
  4.2. Prebiotics − Anxiety 12 436/421 −0.57(− 0.83, − 0.31) 0.000*** 65%
  4.3. Synbiotics − Anxiety 5 135/128 −0.59(− 1.03, − 0.15) 0.009** 68%
5. Subgroup: probiotics on anxiety
5.1. Groups by demographic characteristics
  5.1.1. Anxious symptoms of depressive disorders1 4 133/130 −0.48(− 0.97, 0.01) 0.06 73%
  5.1.2. Anxious symptoms of healthy people 21 749/701 −0.31(− 0.59, − 0.02) 0.04* 86%
  5.1.3. Anxious symptoms of people with chronic illnesses 13 671/545 −0.49(− 0.79, − 0.20) 0.000*** 83%
5.2. Groups by intervention time
  5.2.1. Time ≤ 4 W 11 384/351 −0.51(− 0.93, − 0.09) 0.02* 86%
  5.2.2. 4 W< Time ≤ 8 W 17 577/564 −0.39(− 0.72, − 0.06) 0.02* 86%
  5.2.3. Time > 8 W 10 592/461 −0.28(− 0.54, − 0.02) 0.03* 75%
5.3. Groups by probiotic type
  5.3.1. Lactobacillus 9 330/316 −0.14(− 0.57, 0.30) 0.54 86%
  5.3.2. Bifidobacteria 7 526/367 −0.43(− 0.84, − 0.02) 0.04* 88%
  5.3.3. Lactobacillus + Bifidobacteria 14 466/458 −0.25(− 0.47, − 0.03) 0.02* 61%
  5.3.4. Mixed Strains of Three or More Types 8 231/235 −0.72(− 1.23, − 0.20) 0.006** 86%
Note: *<0.05, **<0.01, ***<0.001; literature marked with a “1” in the upper right corner includes one article on depressive disorders co − morbid with anxiety disorders
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while the remaining studies were rated as having “some 
concerns” or “high risk”, mainly due to selection bias, 
performance bias, and detection bias, the results may be 
overestimated. Except for sleep outcomes, substantial 
heterogeneity was observed across analyses. This sug-
gests that the pooled effect sizes likely represent an aver-
age of true effects rather than a single consistent effect. 
Such variability may arise from differences in study 
design, participant characteristics, intervention proto-
cols, outcome measures, and contextual factors. There-
fore, these findings should be interpreted with caution.

Principal findings
We found that probiotics/prebiotics/synbiotics can 
alleviate symptoms of anxiety and depression. Specifi-
cally, the gut microbiota can modulate brain function 
and behavior through the microbiota–gut–brain axis, 
thereby influencing mental health [7]. This axis serves 
as a bidirectional communication system between the 
gut and the brain, involving various microorganisms 
such as commensal, probiotic, and pathogenic bacteria 
[16, 98, 99]. As substrates for probiotics, prebiotics are 
indigestible to humans but can selectively promote the 
growth of beneficial bacteria, thereby improving intes-
tinal microecological balance [100–102]. Synbiotics, 
combining probiotics and prebiotics, further enhance 
this regulatory effect on gut microbiota composition and 
activity [103–105]. Consequently, modulation of the gut 
microbiota through these interventions may influence 
the microbiota–gut–brain axis and contribute to the pre-
vention or alleviation of anxiety and depression [106]. In 
addition, patients with depression often exhibit elevated 
levels of proinflammatory cytokines, and inflammatory 
responses may accelerate the metabolism of neurotrans-
mitters such as serotonin (5-HT), thereby increasing the 
risk of depression [107–109]. Probiotics, prebiotics, and 
synbiotics can indirectly improve emotional symptoms 
by reducing proinflammatory cytokines and enhancing 
anti-inflammatory cytokine levels, which may be particu-
larly beneficial for individuals with chronic inflammatory 
conditions [109–112]. Moreover, these supplements may 
promote the expression of brain-derived neurotrophic 
factor (BDNF) and enhance the synthesis of neurotrans-
mitters such as γ-aminobutyric acid (GABA) and 5-HT, 
all of which play essential roles in the regulation of anxi-
ety and depression [113–117].

Our findings that probiotics improve sleep quality 
align with previous narrative reviews [118]. This may be 
because probiotics can promote central serotonin and 
melatonin synthesis by increasing plasma levels of free 
tryptophan, thus ultimately improving mood and sleep 
rhythms simultaneously [119].

Subgroup analysis
Subgroup analysis of different intervention types on anxiety 
and depression
Our findings indicate that probiotics, prebiotics, and 
synbiotics, when administered alone, effectively allevi-
ated symptoms of anxiety and depression. These results 
are consistent with previous studies reporting the benefi-
cial effects of probiotics on mental health outcomes [8, 
14, 15]. In addition, our meta-analysis showed that pre-
biotic supplementation improved both depressive and 
anxiety symptoms, in agreement with the findings of 
Zandifar et al., who conducted a similar meta-analysis 
on prebiotics and probiotics [17]. Evidence from other 
meta-analyses also supports the efficacy of synbiotics in 
reducing anxiety levels [15]. Although research on synbi-
otics for depression remains limited, a meta-analysis has 
suggested that synbiotics may enhance the expression of 
BDNF, thereby offering potential benefits in alleviating 
anxiety and depression [120].

Subgroup analysis of probiotics on anxiety and depression 
symptoms in different populations
The subgroup analyses indicate that probiotics may alle-
viate depressive symptoms across diverse population 
types, including depressed patients, healthy individuals, 
and those with chronic diseases experiencing anxiety 
and depression. This effect is believed to be mediated 
through probiotics’ ability to modulate the gut-brain axis, 
influence neurotransmitter production, reduce inflam-
mation, and regulate immune function, ultimately lead-
ing to a reduction in depressive symptoms. In particular, 
depressed individuals, who typically present with more 
severe symptoms at baseline, may experience more sig-
nificant improvements with probiotic intervention. A 
systematic review of clinical trials has also reported that 
psychobiotic interventions significantly improved immu-
nological and inflammatory biomarkers in patients with 
major depressive disorder, supporting the biological 
plausibility of these findings, particularly among indi-
viduals with comorbid inflammatory conditions [121]. 
For example, for our inclusion of patients with comorbid 
chronic diseases, such as patients on long-term hemo-
dialysis who may have a microinflammatory state [122], 
as well as patients with diarrhea, patients with irritable 
bowel syndrome, and the obese population itself, can lead 
to altered gut flora [123–125]. By restoring microbial bal-
ance and reducing inflammation, probiotics may contrib-
ute to the alleviation of anxiety and depressive symptoms 
in these populations. Meanwhile, healthy individuals may 
benefit from probiotics by modestly modulating the gut-
brain axis and neurotransmitter production, thereby alle-
viating depressive symptoms.

In the subgroup analysis of probiotic intervention 
on anxiety scores, pooled results from three studies 
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involving participants with depressive disorders and one 
study including an anxiety disorder population revealed 
no statistically significant difference in anxiety score 
changes between intervention and control groups. This 
lack of significance may be attributed to low baseline 
anxiety levels in certain studies, particularly those involv-
ing depressed patients with only mild anxiety symptoms 
[32, 52]. These findings suggest that the anxiolytic effects 
of probiotics may depend on baseline symptom sever-
ity. Therefore, future studies can systematically verify the 
targeting and effectiveness of probiotic interventions in 
patients with higher baseline anxiety or specific subclini-
cal populations.

Subgroup analysis of probiotic intervention duration on 
anxiety and depression
In the subgroup analysis of anxiety, short-term (≤ 4 
weeks), medium-term (6–8 weeks, inclusive), and long-
term (> 8 weeks) probiotic interventions all showed posi-
tive effects in reducing anxiety scores. However, due to 
clustered intervention durations in primary studies and 
limited evidence, consistent conclusions on probiotics’ 
anxiety-relieving effects across different time periods 
require more data from well-powered trials.

For depression, short-term to medium-term probiotic 
interventions (≤ 12 weeks) significantly reduced depres-
sive scores, whereas interventions lasting ≥ 12 weeks 
showed no significant improvement. A meta-analysis 
by Zhang et al. similarly reported that short-term pro-
biotic use (< 8 weeks) significantly improved depres-
sive symptoms [24]. One possible explanation is that 
shorter interventions may be associated with better 
adherence, which is often challenging among individu-
als with depression [126]. In contrast, probiotic interven-
tions lasting ≥ 12 weeks showed no significant difference 
in depressive symptoms compared with controls. This 
may be attributed to gradual adaptation of the gut envi-
ronment to long-term supplementation with the same 
probiotic strain, leading to reduced colonization and 
diminished functional benefits over time [127]. How-
ever, this subgroup included only two studies with rela-
tively small sample sizes, and the removal of either study 
could reverse the direction of the effect, indicating lim-
ited result stability. Therefore, the observed differences 
may be attributable to random variation and should be 
interpreted with caution. In detail, there is an urgent 
need to conduct more long-term, large-scale RCTs to 
systematically explore the optimal intervention duration, 
especially for the stability and determinants of long-term 
effects, which is crucial to clarify its clinical application 
value in the management of anxiety and depression.

Subgroup analysis of different probiotic types on anxiety and 
depression
We found that interventions using Bifidobacterium 
alone, a combination of Lactobacillus and Bifidobacte-
rium, or mixed formulations containing three or more 
strains all effectively improved symptoms of anxiety and 
depression, consistent with previous findings [14, 25, 
128]. However, Lactobacillus alone significantly allevi-
ated depressive symptoms but did not produce a signifi-
cant effect on anxiety. This difference may be explained 
by variations in participant characteristics. Most par-
ticipants in the depression subgroup were patients with 
major depressive disorder or chronic diseases, while 
those in the anxiety subgroup were mainly healthy indi-
viduals with relatively low baseline anxiety levels. As a 
result, the effect of Lactobacillus alone on anxiety may 
have been limited. At present, the number of high-quality 
trials directly comparing the effectiveness of single-strain 
and multi-strain preparations is limited, and the research 
methods and strain composition are heterogeneous, so 
it is difficult to form definite conclusions [129]. In the 
future, systematic studies on dose-response and formula-
tion optimization should be prioritized to provide solid 
evidence for clinical development of accurate and evi-
dence-based intervention strategies.

Limitations and advantages
Our study has several limitations. First, despite a com-
prehensive search strategy that spanned multiple data-
bases, only four studies had sample sizes of more than 
100 in both intervention and control groups, and most 
lacked follow-up assessments to verify large interven-
tion effects over time. Second, substantial heterogeneity 
was observed among the included studies, which may be 
attributed to differences in study design, probiotic type 
and dosage, population characteristics, and environ-
mental factors. To minimize heterogeneity, we excluded 
studies involving combined treatments other than psy-
chotropic drugs and conducted subgroup analyses to 
explore potential moderators. However, because probiot-
ics, prebiotics, and synbiotics are often used as adjunctive 
therapies, some participants may have received psycho-
tropic medications concurrently. This could introduce 
additional variability. Moreover, prior research has shown 
that certain antidepressants have antibacterial proper-
ties and may interact with probiotics [130], potentially 
confounding results related to mental health outcomes. 
In addition, variations in the assessment tools used to 
measure anxiety and depression could influence the com-
bined effect sizes, even after standardization, as different 
instruments emphasize distinct symptom dimensions. 
Individual differences in lifestyle and environmental fac-
tors may further contribute to inconsistencies in inter-
vention effects. Moreover, our study focused solely on 
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research published in English. This language restriction 
may have excluded relevant research published in other 
languages, potentially introducing publication bias. Posi-
tive findings are more likely to be published than null or 
negative results, which may have led to an overestimation 
of the true effects of probiotics, prebiotics, and synbiot-
ics. Finally, since the analysis of sleep index was an addi-
tional analysis content of the included studies, no special 
systematic retrieval was conducted for this index, and the 
reliability of the results needs to be carefully evaluated.

Despite these limitations, our study also has several 
strengths. In detail, our meta-analysis includes a large 
number of studies, ensuring comprehensiveness, rep-
resentativeness, and enhancing the credibility and gen-
eralizability of the results. Additionally, we conducted a 
thorough analysis of probiotics, prebiotics, and synbiot-
ics in alleviating anxiety and depression, as well as sub-
group analyses of probiotics from different perspectives 
to explore factors influencing their effectiveness. Finally, 
we found a positive effect of probiotics on improving 
sleep, providing additional evidence of their beneficial 
effects.

Implication
Future studies can employ large and highly homoge-
neous sample recruitment strategies, develop long-term 
follow-up study protocols, and conduct multi-arm tri-
als if necessary to evaluate the specific benefits of long-
term interventions, as well as specific drug-microbiome 
interactions or complementary effects. At the same time, 
we also call for future systematic reviews to comprehen-
sively search multilingual literature to assess the potential 
impact of language bias, and to develop targeted search 
strategies to explore the specific mechanisms of probiot-
ics on sleep to address the limitations of this study.

Conclusion
The findings of this meta-analysis indicate that probiot-
ics, prebiotics, and synbiotics have beneficial effects on 
anxiety and depression symptoms. However, the efficacy 
of probiotics appears to vary depending on the target 
population, intervention duration, and specific strains 
administered. Probiotics also contribute to improving 
sleep quality. Although these findings suggest poten-
tial strategies for adjunctive treatment of mental health 
and sleep disorders, the presence of publication bias 
in depression-related outcomes suggests that the true 
effects may be overestimated. Therefore, these results 
need to be interpreted with caution. Future studies 
should conduct more high-quality RCTs with large sam-
ple size and long-term follow-up to further verify the 
findings of this study and provide more precise recom-
mendations for clinical practice.
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