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Abstract

Introduction: Evidence from randomized controlled trials investigating the effects of probiotics on depression published in
the last four years has not yet been synthesized. The current systematic mini-review aimed to summarize the impact of
probiotics in adults diagnosed with major depression with mild, moderate, or severe symptoms using studies published after
May 2018.
Methods: A systematic literature search was conducted in PubMed, Web of Science, and Embase databases to identify
randomized controlled trials that investigated the effect of any strain of probiotics alone or as an add-on therapy for the
treatment of adult patients with mild, moderate, or severe symptoms of major depression and without other neurological
and/or psychiatric disorders, published between May 2018 and August 2022. Data were extracted and qualitatively reviewed
to determine the treatment effect. In addition, the quality of the methodology and risk of bias was assessed using the
Cochrane risk-of-bias tool (RoB 2).
Results: Five studies met the inclusion criteria. All were randomized, parallel-group, placebo-controlled, double-anonymized
trials with probiotics administered as an add-on therapy for treating mild and moderate symptoms of major depression only.
In total, 303 patients (18–65 years) were randomized and treated with probiotics for 1–3 months. Four studies showed
positive treatment effects, while one showed no difference between groups.
Discussion: There is encouraging evidence showing the potential beneficial effect of probiotics as an add-on treatment for
patients with major depression with mild-to-moderate symptoms. However, future phase III trials are required to corroborate
these results.

Introduction

Major depression is a heterogeneous disorder char-
acterized by persistent low or depressed mood or
disinterest in pleasurable activities, in addition to
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feelings of guilt or worthlessness, fatigue, poor con-
centration, appetite changes, psychomotor impair-
ment, sleep disturbances, or suicidal thoughts which
severely reduce the quality of life (Gutierrez-Rojas
et al., 2020; Otte et al., 2016) and is a significant risk
factor for suicide (Moitra et al., 2021). The severity
of major depression has been associated with short-
term treatment outcomes, probability of recovery,
and treatment response. The Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM) (currently the
DSM-V) categorizes the severity of major depression
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into mild, moderate, or severe strata based on the
aggregate of criteria symptoms, the intensity of the
symptoms, and the level of functional disability and
distress (Kendler, 2016).

The recent COVID-19 pandemic has led to a dra-
matic, widespread surge (27.6%) in depression glob-
ally. It remains the leading cause of disability world-
wide, with 2,471 cases per 100,000 people, causing
enormous individual and societal health-related bur-
dens (Santomauro et al., 2021). Treatment options of-
ten include psychological or interpersonal therapies
in conjunction with antidepressant pharmacothera-
pies. Despite ongoing treatment, approximately 60%
of patients experience some depression symptoms
(Nikolova, 2021). Many patients are concerned about
medication-related side effects such as withdrawal,
sexual dysfunction, weight gain, and feeling ‘emo-
tionally numb’ (Cartwright, 2016) and have difficul-
ties adapting to treatment (Berlim et al., 2007). The
refractory nature of depression points to its clinical
and etiological heterogeneity (Hasler, 2010).

Probiotics are living microorganisms that recon-
stitute the gastrointestinal barrier. Their potential
therapeutic applications for treating psychiatric dis-
orders have been tentatively explored in pre-clinical
and clinical proof-of-concept studies (Schaub et al.,
2022; Suneson et al., 2021). Probiotics may enhance
standard therapies for treating depressive disorders
by modulating neurotransmitters, proteins (Tian et
al., 2022; Majeed et al., 2018), hormones, neuropep-
tides, short-chain fatty acids, and anti-inflammatory
substances (Majeed et al., 2018). An advantage of pro-
biotics is the low cost and accessibility of treatment,
which may promote utilization in clinical practice
and optimize the treatment of depression. As early as
the intrauterine period, gut microbiota may critically
influence multiple neurochemical and immunomod-
ulatory pathways. Microbiota-gut-brain axis dysreg-
ulation is associated with gastrointestinal, metabolic,
and neuropsychiatric disorders (Cheng et al., 2019).
Many microbiota-based approaches are being inves-
tigated to elucidate and treat the etiopathogenesis
of neuropsychiatric diseases, including depression
(Evrensel, 2020).

Nikolova and colleagues (2019) performed an in-
formative but relatively small systematic review and
meta-analysis (three studies with a total equal to
n=229), including studies on the effect of probiotics
on depression and/or depressive symptoms, pub-
lished before May 2018. Although they found that
probiotics had a favorable impact on depression
symptoms, considerable heterogeneity was observed.
The authors claimed “limited evidence for the efficacy
of probiotics in depression” at the time of their report
and called for further research in the field (Nikolova

et al., 2019). Indeed, since their publication, inter-
est in the intervention of probiotics on depression
through the gut-brain axis has continued to gain mo-
mentum within the scientific community (Skowron
et al., 2022). Thus, an exploration of the expanding
literature in the field may be helpful to clinicians and
researchers. Using studies published after May 2018,
the current systematic mini-review sought to qualita-
tively summarize the effect of probiotics (any strain)
versus any comparator on depressive symptoms in
adults diagnosed with major depression and without
neurological and psychiatric disorders.

Materials and Methods

The research question was developed following the
systematic review and meta-analysis by Nikolova et
al. (2019) and followed the same population, inter-
vention, comparison, outcomes, and study (PICOS)
framework (Amir-Behghadami & Janati, 2020). The
primary research question was: “What is the evi-
dence from the last five years showing the efficacy of
probiotics in treating major depression in the general
adult population?”

The protocol guiding this study shows the PICOS,
medical subject headings terms, main concepts re-
tained by each stratum, and search strategy (Caruso
et al., 2022). In addition to the PubMed and Web
of Science databases used in the reference study
(Nikolova et al., 2019), we also searched the Embase
database to extend our search results.

The inclusion criteria were as follows: the popu-
lation was adults with diagnosed major depression
and without neurological and psychiatric disorders;
the intervention was the use of probiotics (any strain)
as an add-on or stand-alone therapy; the comparator
was placebo or other treatment; the outcome was
an improvement of depressive symptoms; and the
study design was randomized controlled trials (RCTs)
published between May 2018 and August 2022.

To keep the focus of the literature review on the
population diagnosed with major depression and to
avoid including studies with additional conditions,
such as psychiatric disorders, that require in-depth
and further analysis, studies that included subjects
with neurological disorders or other psychiatric con-
ditions were excluded. Other exclusion criteria in-
cluded the following: animal studies, case reports,
nonprimary research with experimental design, and
a lack of focus on major depression.

The search strategy developed the queries for each
stratum of the PICOS, combining strata with the
Boolean operator AND. The leading Medical Subject
Heading (MeSH) terms used for the population were
“adult” and “depression,” which were searched with
a broad combination of synonyms entered as text
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words using the Boolean operator OR. The primary
MeSH term for the intervention was “probiotics,” to
which 24 additional MeSH indicating the available
strains were added by employing the Boolean opera-
tor OR. As no specific comparisons were identified,
we did not develop a specific query for this stratum
to enhance the sensitivity of the final query. Instead,
the stratum of the outcome was searched by includ-
ing the MeSH term “depressive disorder, major” and
synonyms were added by employing the operator
OR. Finally, the clinical query search tool available
in the PubMed repository was used to identify RCTs.
The final query was adapted from PubMed to the
other searched databases.

We used the PRISMA 2020 flow diagram to guide
a four-step approach for selecting articles (Page et
al., 2021), as demonstrated in Figure 1. First, study
selection was performed using Mendeley and Rayyan,
a web-based app for systematic reviews (Ouzzani et
al., 2016).

We screened the titles and abstracts of the remain-
ing 108 studies; 85 articles were further excluded
because the study design was not an RCT or the in-
tervention was not a probiotic, and 25 were excluded
due to lack of focus on major depression. In addition,
eight full-text studies were retrieved to evaluate their
eligibility, and a further three studies were excluded:
one had an outcome different from depression, one
had a nonprimary study design, and one did not
include patients diagnosed with major depression as
the study population. Finally, there were five studies
included for review.

At least two independent researchers performed
all the steps in this study. First, we extracted perti-
nent information using a data extraction tool adapted
from the Cochrane data collection form (Appendix
1) (Sambunjak et al., 2017). We assessed the quality
of the methodology employed and the risk of bias
in each of the included articles using the Cochrane
recommendations RoB version 2 (RoB 2; Higgins &
Cochrane Collaboration, 2020). For each study, the
magnitude of the effect of probiotics on depression
compared to the control was summarized using Co-
hen’s d coefficient.

Results

Among the 303 patients (18–65 years) included in the
five studies, 217 were female (71.62%). Although we
intended to include patients with major depression
with mild, moderate, or severe symptoms, our search
yielded studies that included only those with mild
and moderate symptoms. All studies used probi-
otics as an add-on therapy. Each study tested differ-
ent strains of probiotics. Two studies investigated
single strains of probiotics (Bifidobacterium breve

Figure 1: Study selection flowchart.

CCFM1025 and Bacillus coagulans MTCC 5856) (Ma-
jeed et al., 2018; Tian et al., 2022), and three stud-
ies investigated the effect of a blend of probiotics
(Kazemi et al., 2019; Reininghaus et al., 2020; Schaub
et al., 2022). All the blends had at least one strain of
Lactobacillus and one strain of Bifidobacterium.

Patients taking probiotics reported significant im-
provement in depressive symptoms over the follow-
up (1–3 months) compared to the placebo groups
in four studies (Kazemi et al., 2019; Schaub et al.,
2022; Tian et al., 2022; Majeed et al., 2018). At the last
follow-up, within-subject improvement was shown in
both groups, but the improvement was significantly
more significant in the experimental arms. One study
reported no significant difference between groups
(Reininghaus et al., 2020).

All the RCTs had Level-1 evidence (meaning
they included three or more ‘good quality’ RCTs
with similar results) (Wright et al., 2003). Table 1A
displays the characteristics of the included studies.
To quantify symptoms of depression, two studies
(Schaub et al., 2022; Tian et al., 2022) used the
Hamilton Depression (HAMD) scale alone, and
one (Kazemi et al., 2019) used the Beck Depression
Inventory (BDI) alone. One study (Reininghaus et
al., 2020) used both the HAMD and BDI and other
scales, and one study (Majeed et al., 2018) used the
HAMD and multiple other scales. Because various
tools were used to assess depression symptoms
(Table 1B), we estimated the magnitude of the effects
using Cohen’s d. The effects of probiotics were
significant in three studies: Cohen’s d coefficients
were respectively 1.54 (p <.001), 1.17 (p <.001), and
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Table 1: 1A.Characteristics of included studies; 1B.Efficacy of probiotics for depression.
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0.94 (p =.005) in the RCTs reported by Kazemi et al.
(2019), Schaub et al. (2022) and Majeed et al. (2018).
The effects were moderate (Cohen’s d = 0.64; p =.036)
in the study reported by Tian et al. (2022). One study
reported significant treatment effects in placebo and
probiotic groups in 28 days (Reininghaus et al., 2020).

Risk of Bias Assessment

Figure 2. shows the assessment of the risk of bias.
Based on the RoB 2 criteria (Higgins & Cochrane
Collaboration, 2020), two studies were classified as
having a low risk of bias (Kazemi et al., 2019; Ma-
jeed et al., 2018), whereas one study was classified
as having a high risk of bias (Schaub et al., 2022).
The remaining two studies were classified as hav-
ing ‘some concerns’ owing to deviations from the
intended interventions (Reininghaus et al., 2020) and
possible bias due to missing data (Tian et al., 2022).

Discussion

This systematic mini-review investigated the effect
of probiotics on depression by summarizing the re-
sults of RCTs investigating probiotics for the treat-
ment of depression, published between May 2018
and September 2022. The current study focused on a
population with significant depression without other
neurological or psychiatric conditions. For this rea-
son, despite the publication of more recent systematic
reviews on broader people in 2021 (Nikolova et al.,
2021), we selected the study by Nikolova et al. (2019)
as the launch point for our review because it included
our specific population of interest. Also, restricting
the period to only studies published from 2021 to
2022 is unlikely to depict the current state of the evi-
dence accurately. Therefore, we decided to conduct
the literature search from the publication date of the
last primary study included in the Nikolova et al.
(2019) systematic review (May 2018).

Five studies were included in the review with a
combined sample size of 303 patients. All five studies
investigated the use of probiotics as an add-on ther-
apy. Each study had a limited sample size (40–110
patients) and a short follow-up period (1–3 months).
Four of these studies (Kazemi et al., 2019; Schaub
et al., 2022; Tian et al., 2022; Majeed et al., 2018)
reported positive findings. The effect magnitudes
ranged from moderate (Tian et al., 2022) to large
(Kazemi et al., 2019; Schaub et al., 2022; Majeed et al.,
2018).

Collectively, five different depression scales were
used to measure depression. Three studies used
a single scale (Kazemi et al., 2019; Schaub et al.,
2022; Tian et al., 2022), and two used multiple scales
(Majeed et al., 2018; Reininghaus et al., 2020). The

most frequently used scale was the HAMD, used by
four studies. The use of different measurement scales
may have led to statistical heterogeneity, primarily
caused by the diverse psychometric performance of
the tools and, therefore, additional reliability in the
outcome measurements.

Before 2018, some RCTs investigated probiotics as
a stand-alone treatment for depression (Nikolova et
al., 2019). However, all studies in the current review
investigated probiotics as an add-on therapy to stan-
dard antidepressant treatment. We hypothesize that
this reflects safety and ethical concerns about deny-
ing participants with diagnosed depression access to
standard treatment.

Four studies (Kazemi et al., 2019; Schaub et al.,
2022; Tian et al., 2022; Majeed et al., 2018) demon-
strated reduced depression scores in patients treated
with probiotics to placebo. These findings mirror the
distinct trend favoring probiotics in treating psycho-
logical disorders reported by earlier studies. El Dib
et al. (2021) conducted a systematic review and meta-
analysis focusing on probiotics for treating depres-
sion and anxiety. Hofmeister et al. (2021) performed
a large meta-analysis of the effects of all interventions
targeting the gut microbiota. Both studies reported
positive treatment effects in subgroup analyses tar-
geting probiotics in depressed patients.

We believe that the non-significant findings of
this study are probably due to heterogeneous study
methodology rather than different treatment effects.
One study reported improvements in probiotic and
control groups, showing no significant difference be-
tween group comparisons (Reininghaus et al., 2020).
This study was conducted on a sample of newly hos-
pitalized patients with depression. There are several
potential reasons for their non-significant results, in-
cluding (a) limited power to detect effects in newly
hospitalized patients, (b) short follow-up period (1
month), which may have been unable to detect add-
on effects, (c) sudden change to hospital diet, (d)
possible interactions with co-administered biotin and
other nutrients, and (e) baseline differences in nutri-
tion and smoking status between groups. There is
also a possibility of Berkson’s bias because patients
were sampled from new hospital admissions rather
than the community.

This review has some limitations. Our results pro-
vide an overall picture of the efficacy of probiotics in
the population with mild-to-moderate levels of de-
pression, but they should be interpreted cautiously.
First, we included only RCTs published in the last
four years, which limits generalizability. In this re-
view, we intended to include patients with mild,
moderate, and severe symptoms of major depres-
sion. However, we did not find studies including
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Figure 2: Assessment of risk of bias of each study using the RoB version 2. (A) Graphical of risk of bias and (B) summary of the risk of
bias.

patients with severe depression symptoms, and thus,
the full spectrum of the disorder is not represented
in the study population. Even combined, the stud-
ies had a relatively small sample size, which also
decreases the generalizability of this review. It was
also noted that all studies had short follow-up pe-
riods, which may limit the likelihood of probiotics
reducing symptoms of depression. The concentration
and strains of probiotics used in each study differed,
which may have introduced treatment heterogeneity
and limited the internal validity of the included stud-
ies and this review. Furthermore, probiotics were
added to a diversity of antidepressants which may
have led to population heterogeneity. Finally, we
cannot exclude the risk of publication bias because it
is likely that studies with negative results have not
been published.

The findings of the current review pave the way
for future meta-regressions that will provide effect
estimates of probiotics in treating specific subgroups
of patients stratified by depression severity, age, co-
morbidities, anxiety levels, and others. In addition,
studies should include categorical moderators such
as the class of antidepressant and specific probiotic
strains, blends, and concentrations.

An exciting advantage of probiotics is the low cost
and accessibility of treatment, which may facilitate
broad utilization in clinical practice and optimize the
treatment of depression worldwide. However, the
role of probiotics in mitigating depressive symptoms
requires phase III research to clarify their effects and
allow researchers to develop evidence-based clinical
guidelines and inform clinical decision-making.

Conclusions

RCTs published in the last four years support the
argument that probiotics used as an add-on treatment
may positively affect patients with mild-to-moderate
symptoms of major depression. Future phase III
studies are needed to corroborate these results and

facilitate the development of evidence-based clinical
guidelines. Given the limited sample sizes, the risk
of bias, and the short-term follow-up periods of the
current evidence, discretion is advised when using
probiotics to treat patients with major depression.
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