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Abstract 

This meta‑analysis aimed at investigating the therapeutic effects of probiotics against the symptoms of depression 
in children and adolescents as well as to identify the potential confounders. Following PRISMA guidelines, major 
databases were searched for randomized controlled trials focusing on effects of probiotics against the symptoms 
of depression in children and adolescents to analyze the effect size (ES) for primary outcomes (i.e., improvement 
in depressive symptoms) expressed as standardized mean difference (SMD) and odds ratios (ORs) for continuous 
and categorical variables, respectively, with 95% confidence interval (CI). Meta‑analysis of five studies (692 partici‑
pants, mean age = 7.33 years, treatment duration 8–104 weeks) demonstrated no significant improvement in depres‑
sive symptoms in subjects receiving probiotics (SMD = 0.04, 95% CI: ‑0.33 to 0.41, p = 0.84, five studies, 692 partici‑
pants). Subgroup analysis also showed no significant improvement associated with probiotic use relative to controls 
in the subgroup of studies focusing on individuals diagnosed with neurodevelopmental disorders (SMD = ‑0.11, 95% 
CI: ‑0.73 to 0.51, p = 0.72, three studies, 452 participants) and that recruiting the general population (SMD = 0.24, 95% 
CI: ‑0.43 to 0.91, p = 0.48, two studies, 240 participants). However, high levels of heterogeneity were found in both our 
primary results (I2 = 77%, p = 0.001) and subgroup analyses for those with neurodevelopmental disorders (I2 = 84%, 
p = 0.002) and the general population (I2 = 79%, p = 0.03). The results did not support the use of probiotics for reliev‑
ing depressive symptoms compared with controls in children and adolescents diagnosed with neurodevelopmental 
disorders or in the general population. Nevertheless, given the high level of heterogeneity across the included trials 
and a lack of studies focusing on those with diagnoses of anxiety or depression in the current meta‑analysis, further 
large‑scale clinical investigations are required to elucidate the therapeutic potential of probiotics against depressive 
symptoms in these populations, especially in those diagnosed with neurodevelopmental disorders or depression.
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Introduction
Probiotics have been used for treating a variety of 
somatic problems [1], and several neuropsychiatric disor-
ders [2–8]. Indeed, a recent systematic review reported 
potential beneficial effects of probiotics against not only 
certain allergic problems such as atopic/eczema but also 
a variety of inflammatory diseases including inflamma-
tory bowel diseases, rheumatoid arthritis, and bronchial 
asthma through modulation of T-cells and cytokines [9]. 
As for neuropsychiatric problems, their possible modu-
lating effects can be attributed to the crosstalk between 
enteral microbiome and the central nervous system 
(CNS) via the neuroendocrine network of the gut-brain-
axis (GBA) [10], as well as the anti-inflammatory and 
antioxidant properties of some probiotics [11, 12].

However, although probiotics-associated neurotrans-
mitter modulation via GBA may be beneficial to mood 
regulation and cognitive function in general [13], their 
efficacy in relieving neuropsychiatric symptoms may vary 
with disease entities and age [2–8]. For instance, despite 
the report of some positive probiotics effects in the adult 
population on depression [5] and cognitive functions [8], 
most meta-analyses focusing on children and adolescents 
failed to show benefits of probiotics in the treatment 
of attention [3], cognitive function [4] and symptoms 
of autism spectrum disorders (ASD) [6]. Therefore, 
although a previous meta-analysis seemed to support the 
therapeutic use of probiotics for depressive symptoms in 
the adult population [5], the finding may not be extrapo-
lated to children and adolescents.

On the other hand, although most previous meta-anal-
yses demonstrated no significant therapeutic effects of 
probiotic use against neurodevelopmental problems in 
children and adolescents, benefits were reported under 
certain conditions such as a longer duration of probiotic 
administration [4], or the use of multiple-strain regimens 
[6] in the treatment of cognitive functions [4] or symp-
toms of ASD in children and adolescents. Another fac-
tor that may affect the treatment efficacy of probiotics 
may be the nature of neurodevelopmental disorders. For 
example, previous experimental studies using a murine 
model of ASD showed an increased intestinal perme-
ability [14], which was alleviated after oral administra-
tion of probiotics containing B. fragilis [15]. This finding 
was clinically supported by that of a prior meta-analysis 
targeting children and adolescents that showed the effi-
cacy of probiotic blends against the overall behavioral 
symptoms of ASD [6], but not the symptoms of atten-
tion deficit/hyperactive disorders (ADHD) [3]. Moreover, 
another meta-analysis on adults reported a significant 
improvement in depressive symptoms compared with 
controls only in those diagnosed with depressive disor-
ders and not in those only under stress but without such 

diagnoses [5]. Taken together, certain factors including 
age, treatment duration, number of probiotic strains, and 
disease entity may influence the therapeutic effectiveness 
of probiotics.

Therefore, the aims of the current meta-analysis were 
to investigate the therapeutic effects of probiotics against 
the symptoms of depression in children and adolescents 
as well as to elucidate the significance of potential factors 
that may affect treatment efficacy.

Methods
Protocol and registration
The current meta-analytic investigation, which was reg-
istered in the PROSPERO international prospective 
register of systematic reviews (CRD42024532877), was 
conducted in compliance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [16].

Search strategy and selection criteria
Based on the keywords pertinent to the current study, 
electronic databases including PubMed, Embase, Scien-
ceDirect, Cochrane CENTRAL, and ClinicalTrials.gov 
were searched from inception to May 2, 2024 (eTable 1) 
for randomized controlled trials (RCTs) that studied the 
therapeutic efficacy of probiotics against the symptoms 
of depression regardless of language and country of pub-
lication. To avoid missing eligible trials, the reference lists 
of the initially retrieved articles were examined in detail. 
Study eligibility was based on the criteria of PICO (i.e., 
population, intervention, comparator, and outcome): (1) 
Population: children or adolescents aged 18 or below, 
(2) Intervention: probiotics or products containing pro-
biotics, (3) Comparator: non-probiotic interventions or 
placebo, and (4) Outcome: severity of the symptoms of 
depression. Studies that (1) did not include probiotics as 
interventions, (2) were not RCTs, or (3) failed to provide 
data on symptoms of depression as their outcome meas-
ures were excluded.

Data extraction and quality assessment
Two authors (PW Huang and SC Liang) independently 
examined the titles and abstracts of the retrieved arti-
cles that were identified based on the preset keywords 
and search strategies (eTable  1). The two authors also 
extracted data on study characteristics and outcomes. A 
third author (CK Sun) acted as arbitrator in case of disa-
greements regarding study or data eligibility. The cor-
responding authors of papers with missing data were 
contacted through emails in an attempt to retrieve the 
necessary information. The quality of the included stud-
ies and their evidence level of the derived outcomes were 
determined with Cochrane’s “risk of bias” assessment tool 
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[17], and the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) [18] respectively. 
All disagreements were resolved through discussion.

Data synthesis and analysis
The primary outcomes of the current study were changes 
in the symptoms of depression assessed with standard-
ized evaluation tools [e.g., the Children’s Depression 
Inventory (CDI), the Center for Epidemiologic Stud-
ies Depression Scale (CES)] or other validated rating 
scales. The secondary outcomes included the participants 
withdrawn from a trial (i.e., acceptability) and those 
withdrawn due to adverse events (i.e., tolerability) after 
receiving probiotic treatments in comparison with con-
trol groups. Effect size (ES), which was used to quantify 
treatment outcomes, was shown as odds ratios (ORs) 
and standardized mean differences (SMDs) for categori-
cal and continuous parameters, respectively, with 95% 
confidence intervals (CIs). SMD was used because the 
outcomes measures included a variety of scales for rat-
ing depressive symptoms. Review Manager 5 (RevMan 
5.4; Copenhagen: The Nordic Cochrane Center, The 
Cochrane Collaboration, 2014) was adopted for all sta-
tistical analyses using the Mantel–Haenszel and generic 
inverse-variance methods for assessing the significance 
of difference for categorical and continuous data, respec-
tively. Subgroup analyses were conducted to investigate 
the potential influence of different neurodevelopmental 

disorders (i.e., ASD and ADHD), the number of micro-
biome strains in a probiotic regimen, as well as treatment 
duration on the therapeutic outcome (i.e., changes in 
the symptoms of depression). We examined the robust-
ness of evidence by appraising the impact of each of the 
included trials on the overall outcome using leave-one-
out sensitivity tests. In addition, we evaluated the degree 
of heterogeneity across the studies with I-squared tests. 
Furthermore, we inspected a funnel plot to discern 
potential publication bias. Statistical significance for all 
outcomes was defined as a probability value, p, less than 
0.05.

Results
Eligible studies and characteristics
In compliance with the PRISMA statement [16], 1530 
articles were initially retrieved from the electronic data-
bases based on the selected keywords and search strate-
gies (eTable 1). 1530 articles were initially retrieved from 
the electronic databases based on the selected keywords 
and search strategies (eTable  1). After title and abstract 
screening, 1,509 articles comprising studies that were 
not RCTs, those included adults in their analysis, those 
in which depression was not an outcome measure, and 
those that were duplicates from different databases were 
excluded. Finally, 21 studies were deemed suitable for 
full-text scrutiny that identified five eligible RCTs includ-
ing 692 participants [19–23] (Fig. 1) (eTable 2). Data from 

Fig. 1 PRISMA diagram of identifying eligible studies
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the eligible studies were extracted on May 02, 2024. All 
five trials recruited children or adolescents. Because two 
studies that enrolled infants and children from the gen-
eral population did not provide information about age 
[21, 23], the mean age of the participants was 7.33 based 
on the other three trials (Table  1). Regarding the diag-
nosis, two studies enrolled infants and children without 
a disease diagnosis [21, 23], one focused on participants 
diagnosed with ASD [19], one targeted those diagnosed 
with ADHD [20], and one investigated those diagnosed 
with Tourette’s syndrome [22]. In terms of the number 
of probiotic strains, four trials focused on single-strain 
probiotics [19, 21–23] and the other adopted multiple-
strain regimens [20]. The median duration of treatment 
was eight weeks (range: 8–104 weeks). In respect of study 
design, all studies adopted a parallel design [19–23]. The 
countries of origin of the included studies were Australia 
and New Zealand [21], Taiwan [19, 22], Indonesia [23] 
and Iran [20].

Risk of bias appraisal
The risk of bias of individual studies appraised with the 
Cochrane Collaboration’s tool showed low risks of allo-
cation concealment and randomization sequence biases 
in most studies (Fig. 2). Moreover, detection and perfor-
mance biases were considered low in all trials due to their 
double-blind designs. Reporting bias was deemed high in 
one trial in which the symptoms of depression were not 
the primary outcome of interest [22] (Fig. 2). A high risk 
of attrition bias was given to two studies [23, 24] taking 
into account their high rates of dropouts (Fig. 2). Another 
two trials were rated as having a high risk of other bias 
because of sponsorship from private companies [19, 21] 
(Fig. 2).

Primary outcome
Compared with the controls, the present study found 
no significant improvement in the symptoms of depres-
sion in subjects receiving probiotics (SMD = 0.04, 95% 
CI: -0.33 to 0.41, p = 0.84, five studies, 692 participants) 
(Fig.  3). Our leave-one-out sensitivity analysis showed 
no significant impact of any single trial on the overall 
outcome. A funnel plot inspection also demonstrated 
no asymmetry for the primary outcome (eFigure 1). On 
the other hand, an overview of the five studies revealed 
significant heterogeneity (I22 = 77% and p = 0.001). To 
elucidate the sources of heterogeneity, we conducted 
subgroup analyses targeting potential confounders. Our 
results showed no significant improvement in depres-
sive symptoms associated with probiotic use relative 
to control in the subgroup of studies focusing on indi-
viduals diagnosed with neurodevelopmental disor-
ders (SMD = -0.11, 95% CI: -0.73 to 0.51, p = 0.72, three 

studies, 452 participants) and that recruiting the general 
population (SMD = 0.24, 95% CI: -0.43 to 0.91, p = 0.48, 
two studies, 240 participants) (Fig.  3). Significant het-
erogeneity was still found in both subgroups (I22 = 84%, 
p = 0.002 and I22 = 79%, p = 0.03, respectively) (Fig. 3). We 
were unable to conduct subgroup analyses to assess the 
impact of the number of probiotic strains, age of partici-
pants, and treatment duration on the therapeutic effect 
of probiotics against the symptoms of depression due to 
the limited number of available RCTs.

Secondary outcomes
No significant difference was noted in the overall number 
of dropouts between the probiotics and control groups 
(OR = 1.07, 95% CI: 0.76 to 1.50, p = 0.70, five studies, 
1004 participants) (eFigure  2). Moreover, the results of 
our secondary outcomes showed no significant hetero-
geneity, inconsistency on sensitivity analysis, or funnel 
plot asymmetry suggestive of publication bias (eFigure 3). 
Nevertheless, dropouts due to adverse events could not 
be analyzed due to data unavailability in most studies.

Certainty of evidence
The certainty of evidence of the study outcomes based 
on the GRADE guidelines is summarized in eTable 3. The 
evidence related to our primary outcome (i.e., improve-
ments in the symptoms of depression) was downgraded 
to very low due to serious imprecision from the limited 
number of eligible studies combined with significant 
inconsistency arising from notable heterogeneity across 
the studies. Besides, the certainty of evidence on the 
number of dropouts was downgraded to low considering 
the small sample sizes.

Discussion
To the best of our knowledge, our study was the first 
meta-analysis to investigate the therapeutic effects of 
probiotics against the symptoms of depression in chil-
dren and adolescents. Nevertheless, we found only a lim-
ited number of RCTs focusing on this issue. Overall, our 
results based on five trials with 692 participants showed 
no significant difference in the degree of improvement in 
depressive symptoms between those treated with probi-
otics and the controls. Discretion is needed when inter-
preting our findings taking into account the significant 
heterogeneity from the diversity of participants ranging 
from normal individuals [21, 23] to those with different 
neurodevelopmental disorders [19, 20, 22]. Such het-
erogeneity, together with the limited number of eligible 
RCTs as well as an absence of study targeting those diag-
nosed with depressive disorders, precluded a robust con-
clusion based on the evidence of the current study to rule 
out the therapeutic effect of probiotics against depressive 
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Fig. 2 Risk of bias for eligible studies. X Study that received financial support from private companies

Fig. 3 Forest plot of effect size for comparing the difference in improvement of symptoms of depression between probiotics and control groups 
with subgroups of those who was diagnosed with neurodevelopmental disorders or those without diagnosis of neurodevelopmental disorders. CI: 
confidence interval; Std: standardized; SE: standard error
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symptoms in children and adolescents. Further studies 
focusing on participants with neurodevelopmental dis-
orders, especially those diagnosed with depression, are 
warranted to elucidate this issue.

The potential treatment benefits of probiotics are pri-
marily attributed to their roles as immunoregulators and 
anti-inflammatory agents that are effective not only for 
neuropsychiatric problems [2–8], but also against dis-
eases such as atopic/eczema dermatitis syndrome and 
food allergy, as well as inflammatory-based diseases [9]. 
Indeed, a previous meta-analysis recruiting adults only 
with stress and those diagnosed with depression or anxi-
ety that reported an overall improvement in depressive 
symptoms [5]. However, our findings demonstrated no 
significant therapeutic effect of probiotics against depres-
sive symptoms in children and adolescents. Despite the 
discrepancy in overall outcome, our result that demon-
strated no notable alleviation in depressive symptoms in 
the normal population compared with the controls was 
consistent with that of subgroup analysis of that meta-
analytic study that showed no significant improvement 
in depressive symptoms in stressful individuals with-
out a diagnosis of depression or anxiety [5]. Therefore, 
the results of both our study and that meta-analysis [5] 
did not support the use of probiotics for treating mood 
symptoms in the general population either in adults or 
in children/adolescents. Nevertheless, because our sub-
group analysis on the normal population only included 
two studies with 240 participants [21, 23], our finding 
needs to be interpreted with caution.

When focusing on those with neurodevelopmental dis-
orders, our results were in favor of probiotics despite the 
lack of statistical significance. However, significant heter-
ogeneity remained in our analysis even after exclusion of 
studies focusing on the general population. In addition to 
the known anti-inflammatory effect of probiotics [11, 12], 
other probiotics-associated therapeutic benefits specific 
to different neurodevelopmental disorders have been 
reported. For instance, using a mouse model of ASD, a 
prior study revealed an abnormal increase in intestinal 
mucosal permeability that resulted in a systemic eleva-
tion in inflammatory substances that in turn aggravated 
the ASD-like behavior [14]. In addition, another study 
based on the same murine ASD model showed a correc-
tion of the leaky gut epithelium after administration of 
Bacteroides fragilis (a probiotic) [15]. Compatible with 
these findings, a prior meta-analysis demonstrated that 
oral administration of probiotics blends was associated 
with an alleviation of the overall behavioral symptoms 
of ASD [6], while another meta-analytic study showed 
no significant therapeutic effect of probiotics against 
the symptoms of ADHD [3]. Therefore, these find-
ings may suggest specific roles of probiotics in different 

neurodevelopmental disorders. Indeed, in current meta-
analysis, only one study showed a significantly superior 
treatment effect of probiotics to that of the controls on 
the symptoms of depression in those diagnosed with 
ASD [19], while two other studies that focused on ADHD 
[20] and Tourette’s syndrome [22], respectively, failed to 
show a significant difference in therapeutic effects against 
depressive symptoms between the probiotics and control 
groups. Therefore, despite our overall finding of a non-
significant therapeutic effect of probiotics against depres-
sive symptoms based on the subgroup of studies that 
recruited participants with neurodevelopmental diagno-
ses, benefits of certain probiotics in the treatment of spe-
cific neurodevelopmental disorders cannot be ruled out. 
Further large-scale clinical investigations are required to 
explore the therapeutic potentials of probiotics against 
different neurodevelopmental disorders.

Apart from the possibility of a differential therapeu-
tic impact of probiotics on various neurodevelopmental 
disorders, a previous meta-analysis on adults high-
lighted significant benefits of probiotics in the treatment 
of depressive symptoms only in those with a diagnosis 
of anxiety or depressive disorders [5]. Although three 
out of our five included studies focused on those with a 
diagnosis of neurodevelopmental disorders [19, 20, 22], 
none of their participants had a diagnosis of depression 
or anxiety. While the participants of one study showed 
minimal depressive symptoms (e.g., mean baseline CDI 
between 4.1 to 5) [20], the baseline mean CDI score was 
even higher in the control group (i.e., 12) than that in 
the probiotics group (i.e., 7) in another trial [22]. On the 
other hand, the only study that supported the therapeutic 
effects of probiotics over the controls on the symptoms 
of depression recruited children and adolescents with a 
borderline anxiety/depression in both groups based on 
their CBCL score (i.e., around 64) [19] which was close to 
the criteria for diagnosing borderline anxiety/depression 
(i.e., T-score of 65–70) [25]. Therefore, our finding of no 
significant therapeutic benefit associated with probiotics 
compared with the controls may be partly attributable to 
a relatively low depressive symptom severity of the par-
ticipants. The lack of available study focusing on children 
and adolescents with a diagnosis of depression warrants 
further large-scale clinical investigations to elucidate the 
therapeutic effects of probiotics in these populations.

The results of our secondary outcome showed fair 
acceptability regarding the use of probiotics among chil-
dren and adolescents. However, information about the 
tolerability of probiotics was insufficient for analysis. In 
addition, we were unable to conduct subgroup analysis 
targeting the influence of age, duration of treatment, and 
number of probiotic strains on the therapeutic benefit 
due to the limited number of available studies.
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Limitations
Several limitations associated with this study need to be 
considered for correct interpretation of the derived evi-
dence. First, the current investigation was considered a 
pilot study due to the limited number of available stud-
ies with the inclusion of only five trials with 692 par-
ticipants. Second, the level of evidence of our findings 
was downgraded to very low because of the high level 
of heterogeneity across the included studies. Third, lim-
ited information about potential confounders including 
age, treatment duration, number of probiotic strains, 
as well as factors that may affect treatment outcomes 
such as dietary habits and consumption of other nutri-
tional supplements precluded our elucidation of their 
influences. Finally, although previous reports suggested 
potential treatment benefits of probiotics in those with 
a neurodevelopmental diagnosis (e.g., ASD) [6] as well 
as those with more severe depressive symptoms [5], we 
were unable to reach significant conclusions due to the 
dearth of studies focusing on children or adolescents 
with specific neurodevelopmental disorders or target-
ing those with diagnoses of anxiety or depression. Fur-
ther large-scale investigations are required to address 
these issues.

Conclusions
The current pilot study showed no significant efficacy of 
probiotics in relieving depressive symptoms compared 
with controls in children and adolescents diagnosed 
with neurodevelopmental disorders or in the general 
population. Nevertheless, given the high level of het-
erogeneity across the included studies attributable to 
the recruitment of individuals with different neurode-
velopmental disorders and those without such diagno-
ses, a variation in the severity of depressive symptoms, 
as well as a lack of studies focusing on those with diag-
noses of anxiety or depression, our results could not 
rule out the therapeutic potential of probiotics against 
depressive symptoms in these populations. This pilot 
study encourages further large-scale clinical investiga-
tions into the benefits of probiotics among children and 
adolescents diagnosed with neurodevelopmental disor-
ders or depression.
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