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Abstract

Objective: 
Anxiety is a common, burdensome, and psychologically important global concern. However, 
probiotics may be useful for the treatment of anxiety. 
Methods: 
To assess the effects of probiotics on anxiety, seven academic databases were searched for 
reports published in the English language. 
Results: 
Based on our search, 10 studies were identified. Probiotics significantly decreased anxiety 
compared to controls (mean difference [MD], 0.66; 95% confidence interval [CI], 0.41 to 0.92; 
P < 0.001). However, significantly lower DASS values were reported of –9.87 (95%CI, –17.2 to 
–2.47; P < 0.009). 
Conclusions: 
Our report showed that probiotics decrease anxiety values in populations with anxiety. These 
results are important for the management of anxiety. In the future, more adequately powered 
RCTs using standardized measurements are required to assess the specific probiotics and 
dosages as well as the treatment periods that are most beneficial for anxiety. 
Keywords:
Probiotics, Anxiety, Meta-analysis, Randomized controlled trial

Introduction

Anxiety disorders, characterized as a group of 
mental disorders including feelings of fear, 
dread, and uneasiness that may occur as a 
reaction to stress or worry about future events 
or a reaction to current events, are common 
and impairing psychiatric illnesses experienced 
globally [1]. Current epidemiological studies 
haves shown that about 12% of people are 

affected by an anxiety disorder in a given year 
and between 5-30% are affected at some point 
in their life. These disorders occur about twice 
as often in females as males, and generally begin 
before the age of 25 [2]. Based on previous 
reports, the United States and Europe have a 
higher incidence rate than other countries [3,4]. 
Anxiety disorders are known to cause physical 
symptoms, including a rapid heart rate, shakiness 
and chest tightness, and even suicidal ideation, 
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of a prebiotic trans-galactooligosaccharide in 
changing the colonic microflora and found 
that the prebiotic significantly improved 
anxiety scores (p<0.05) [17]. In 2010, a study 
conducted by McKerman DP showed that B. 
infantis 35624 does not decrease visceral pain, 
but may be effective for treating symptoms of 
IBS in rats [18]. Bercik P, et al. showed that 
chronic gastrointestinal inflammation induces 
anxiety-like behavior in mice, which increased 
our understanding of the association between 
the gut and neurobehavior [19]. Messaoudi M, 
et al. explored the effect of Lactobacillus helveticus 
R0052 and Bifidobacterium longum R0175 on 
anxiety in rats and human subjects; both had 
anxiolytic-like activity in rats and beneficial 
psychological effects in human subjects [20]. 
To explore the mechanism through which 
probiotics have beneficial effects on anxiety, 
Bercik P, et al. used Bifidobacterium longum 
NCC3001 to treat mice, showing that this 
probiotic decreases the excitability of enteric 
neurons [21]. In 2013, Ohland CL, et al. showed 
that anxiety-like behavior was prevented by L. 
helveticus administration, and the presence or 
absence of active inflammation may significantly 
affect the ability of probiotics to modulate host 
physiological function [22]. In 2014, Savignac 
HM, et al. showed that daily Bifidobacterium 
longum (B.) 1714 and B. breve 1205 
administration decreased anxiety in an anxious 
mouse strain [23]. Wang T, et al. showed that 
Lactobacillus fermentum strain NS9 is beneficial 
to the host since it can reverse physiological and 
psychological abnormalities in rats [24]. In 2015, 
Liang S, et al. showed that lactobacillus helveticus 
NS8 improved behavioural aberrations in stress-
related disorders [25].

Based on recent studies on the gut-brain axis 
and emerging evidence that the intestinal 
microbiota affects brain function, probiotics 
may affect anxiety symptoms. McKean J 
reported a meta-analysis showing that probiotics 
affect psychological symptoms of anxiety in 
healthy subjects [26]. However, this review 
only recruited healthy subjects, the scales of 
measurement differed across subjects, and 
the authors converted their data to percent 
change. To the best of our knowledge, a meta-
analysis focusing on the effect of probiotics on 
anxiety disorders is not available. Therefore, we 
conducted a systematic review of randomized 
controlled trials (RCTs) and meta-analyses to 
summarize evidence of the relationship between 
probiotics and anxiety, using RevMan software 

physical disability, and decreased quality of 
life [3]. Current treatment strategies include 
lifestyle changes, counselling, medications, or 
acupuncture [5,6]. Saboya PP, et al. showed 
that lifestyle interventions can improve quality 
of life [7]. Counselling is a type of  cognitive 
behavioural therapy. Helen Smith, et al. showed 
that counselling interventions may be beneficial 
for women and girls living with female genital 
mutilation [8]. Therapeutic medications, such 
as antidepressants, beta blockers, and traditional 
herbs have been used to treat anxiety disorders 
[9,10]. Although these strategies are used to treat 
patients, each has disadvantages. For example, 
lifestyle modifications, such as stopping smoking 
or limiting caffeine intake, are challenging [11]. 
For medications, cost can drive an individual’s 
choices, and some drugs (such clonazepam) are 
effective but have a risk of dependence and abuse 
[11]. In addition, for the treatment of anxiety 
in children, long-term use of some tricyclic 
antidepressants may have adverse effects on the 
body. Therefore, novel treatment regimens or 
alternative strategies are required to treat anxiety 
disorders. 

The human gut contains more than 1,000 
bacterial species, which have been identified 
using modern genome technological approaches 
[12]. Gut microbiota are functionally diverse 
and play a role in many basic metabolisms 
including carbohydrate metabolism, immune 
system activities, and fibre degradation. In 
addition, the gut microbiota plays a critical role 
in neurophysiological symptoms such as autism, 
stress, and depression [13]. Furthermore, the gut-
brain relationship is bidirectional, meaning that 
changes in microbial flora can affect behaviour, 
and behavioural changes can affect the gut 
flora. Based on this finding, some studies have 
used active probiotics to treat anxiety disorders. 
Probiotics, defined as living microorganisms, 
are believed to provide health benefits [14,15]. 
Probiotics refer to ingested microorganisms 
with benefits for both humans and animals. 
Numerous benefits of probiotics, such as 
decreasing the incidence of gastrointestinal 
disorders, increasing immune function, relieving 
constipation among children and adults, treating 
a cough, and preventing mosquito bites have been 
reported in previous studies. In 2009, Collins 
S, et al. observed that pathogenic microbes can 
induce persistent gut dysfunction and behavioral 
changes, similar to psychiatric comorbidities, in 
up to 60% of irritable bowel syndrome (IBS) 
patients [16]. Silk DB, et al. explored the efficacy 
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to rank the trials in terms of their study design 
and methodological quality, and assessed the 
reported benefits of the same probiotic strains on 
anxiety.

Methods

 � Inclusion criteria

The inclusion criteria were: (1) Studies on human 
subjects with symptoms of anxiety disorders 
using the following common scales, including 
State-Trait Anxiety Index (STAI), the hospital 
Anxiety and Depression Scale (HADS), and 
the Depression anxiety and Stress scale (DASS) 
[27]; (2) RCT design; (3) any culture/strain/
dose/therapy regimen of probiotics (synbiotics, 
which consist of both prebiotics and probiotics, 
were also included; studies involving fermented 
yogurt were screened; all dosage forms, including 
tablets, powders, oil suspensions, or capsules 
were included); nd (4) study results reported as 
the mean ± standard deviation. When the same 
groups of patients were reported in multiple 
articles, only the most recent and complete 
report was chosen to avoid overlap; (6) studies 
published in English.

 � Exclusion criteria

Studies with the following characteristics were 
excluded from the meta-analysis: (1) those 
with subject animals such as mice and rats; 
(2) pilot studies, cross-sectional studies, case 
reports, or other investigations not involving a 
randomized control group; (3) outcomes not 
expressed as a numerical style (mean ± standard 
deviation) and those presented as a relative risk 
or odds ratio; and (4) publication in languages 
other than English, such as Russian or Korean; 
(5) conference abstracts that did not contain 
sufficient information or data.

 � Search strategy

Two independent studies from our team 
performed searches through seven electronic 
academic databases including PubMed (https://
www.ncbi.nlm.nih.gov/pubmed), Embase 
(https://www.embase.com/login), Cochrane 
Library (http://www.cochranelibrary.com/), 
Scopus (https://www.elsevier.com/solutions/
scopus), Ovid (Medline, EMBASE, PsycINFO), 
Orbis, and Web of Science from the earliest 
record in 2001 to June 18, 2017. These academic 
databases are freely available in the Library of 
Central South University. The following search 
string was used: ((human OR human being) 

OR (health OR healthy) OR (volunteer OR 
volunteers)) AND (probiotic OR probiotics 
OR pro-biotics OR probio*) AND (anxiety 
OR anxiety disorders OR anxiety diseases) OR 
(DASS) OR (HADS OR HAD-S) OR (STAI) 
NOT (animals) NOT (rats) NOT (mice). We 
also reviewed the relative references provided at 
the end of each publication, as well as systematic 
review articles associated with mental health 
and psychological or physical disorders, to 
identify additional articles; however, only studies 
published in English were used, and conference 
abstracts were excluded due to a lack of sufficient 
data.

 � Data collection

Data were collected by two researchers 
independently, after which the eligibility of each 
study was confirmed. Table 1 provides details 
on the study author(s), publication date, study 
country, number of recruited patients, recruited 
population mean age, psychological population, 
probiotics genus, species and strain(s), dosage, 
treatment duration, and treatment results. 
Although some studies contained unclear data 
(such as only figures available in the studies), we 
attempted to contact the corresponding author 
through email to obtain further information. 

 � Statistical analysis

RevMan5.3 software, which is freely available 
online (Cochrane Collaboration, Nordic 
Cochrane Center, Copenhagen, Denmark; 
http://community.cochrane.org/tools/review- 
production- tools/revman-5/), was used to 
perform this meta-analysis. Three scales; namely, 
HADS, DASS and STAI, were used to measure 
the efficacy of probiotics in human subjects with 
anxiety symptoms or anxiety disorders. Since the 
outcomes of recruited studies were continuous 
data, the MD and 95%CI were calculated for 
statistical analyses, and choosing a randomized-
effects model or fixed-effects model depended on 
the study heterogeneity. 

Statistical heterogeneity was assessed by 
conducting the χ2 test, and the extent of 
inconsistency was assessed using the I2 statistic. 
If I2 ≥ 50%, we selected a random-effects model 
to perform meta-analysis since significant 
heterogeneity was present; otherwise, we used 
a fixed-effects model. Publication bias was also 
analysed by generating a funnel plot. A two-
tailed P-value < 0.05 was considered statistically 
significant. Sensitivity analyses were also assessed 
by excluding studies based on which study 
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would most strongly affect the I2. If one study 
significantly affected the I2, it would be excluded 
from the analysis with an explanation provided 
in the Discussion section. Risk of bias in each 
included RCT was evaluated using the “risk of 
risk” assessment tool available on the Cochrane 
website. To improve the quality of reporting 
systematic reviews and meta-analyses and for 
critical appraisal of published systematic reviews, 
PRISMA, an evidence-based minimum set 
of items, was provided as a supplementary file 
(http://www.prisma-statement.org/).

Results

 � Included studies

An adapted PRISMA flow diagram was used to 

represent the process of article selection for our 
meta-analysis. Figure 1 presents a flow diagram 
of studies enlisted in the meta-analysis. In our 
initial search, 128 articles were examined. 
Eventually, 10 studies [20,28-36] involving 660 
human subjects were identified that fulfilled the 
selection criteria (Table 1). One study used two 
scales for assessment, and we included both sets 
of subjects into the total numbers [34].

 � Quality assessment

Figure 2A presents the risk of bias of all RCTs 
included in the study. A plot of the distribution of 
the Reviewer’s judgments about the risk-of-bias 
information of all studies is presented. Figure 2B 
shows a summary of the Reviewer’s judgments 
regarding risk-of-bias information for each study. 

Table 1: Characteristics of included RCTs for meta-analysis.
Study, year 
(country) n Age Psychological 

population Genus, species, and strain Dose Results

A Kato-Kataoka, et 
al. (Japan) 47 Probiotics:23

Placebo:22.7

Medical students 
under
academic examination 
stress

LcS(Lactobacillus
casei strain shirota)

Fermented milk with LcS in 
100ml,once a day for 8 weeks

LcS exerts  
beneficial effects 
on prevent 
anxiety

A Macros, et al. 
2004(Spain) 155 18-23years

Medical students 
under
academic examination 
stress

Lactobacillus delbrueckii subsp. 
Bulgaricus, Streptococcus 
salivarius subsp. Thermophilus 
plus lactobacillus casei DN-114001

107,108,108, respectively, 
two 100ml portions per day. 
6-week

Mean anxiety 
increased 
significantly over 
the 6-week study

Ali Akbar M, et al.
2015(Iran) 45 Probiotics:31.5

Placebo:33.1 Petrochemical workers

Seven probiotic bacteria spices: 
Actobacillus casei,L.acidophilus, 
L.rhamnosus, L.bulgaricus, 
Bifidobacterium breve, B.longum, 
S.thermophilus

3x107, 7x109, 5x108, 2x1010, 
1x109, 3x108,CFU/g, 
together in a capsule, per 
day, for 6 weeks

Probiotics 
capsules are 
beneficial on 
mental health.

Ebrahim K, et al.
2016(Iran) 60 Probiotics:34.4

Placebo:33.8 Multiple sclerosis

Lactobacillus fermentum, 
Bifidobacterium bifidum, , 
Lactobacillus acidophilus,
Lactobacillus casei

Each 2x109CFU/g, for 12 
weeks

Probiotics have 
favorable effects 
on anxiety

John R Kelly, et al. 
2017, (Ireland) 29 Probiotics:23.6

Placebo:25.64 Healthy male subjects Lactobacillus rhamnosus 5.5 g per day, for 3 weeks

LS was not 
superior to 
placebo in 
modifying stress-
related measures

Kristin, et al. 2015 
(UK) 30 Probiotics:23.27

Placebo:23.27 Healthy volunteers Bimuno-galactooligosaccharides 1.2×108 CFU per pot, 2 pots 
per day

No significant 
difference 
between two 
groups

M. SIMREN, et al. 
2009, (Sweden) 74 Probiotics:42

Placebo:44
Patients with irritable 
bowel syndrome

Lactobacillus paracasei,ssp 
paracasei F19, Lactobacillus 
acidophilus La5, Bifidobacterium 
Lactis Bb12

5x107 CFU/ml, twice daily, 
for 8 weeks

No significant 
group differences 
were seen

M.Takada, et al. 
2016 (Japan) 172 Probiotics:23

Placebo:22.8 Medical students Lcs-fermented milk,daily,for 8 
weeks 1x109 CFU

Anxiety was 
unaffected by Lcs 
intervention

Maria Ines PS, et al. 
2017,(Canada) 44 Probiotics:46.5

Placebo:40
Adults with IBS and 
diarrhea or anxiety Bifidobacterium longum NCC3001 1x109 CFU/g, for 10 weeks

Probiotic BL 
doesn’t reduce 
anxiety scores

Michael M, et al. 
2011(France) 55 Probiotics:42.4

Placebo:43.2 Healthy volunteers Bifidobacterium longum R0175,
Lactobacillus belveticus R0052 3x109 CFU/stick, for 30day

Probiotic 
significantly 
reduced anxiety-
like behaviour

http://www.prisma-statement.org/
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Figure 1: PRISMA flow diagram of studies included in meta-analysis.

Figure 2A: The risk of bias of all RCTs included in the study.
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All 10 studies were RCTs, and the risk of bias for 
each included RCT was low because the enrolled 
RCT designs were in accordance to the criteria 
requirements. We did not identify any study 
with a high risk of bias, which suggested that 
using RCTs for meta-analysis is preferable for 
the assessment of efficacy of treatment in clinical 
studies. A total of nine studies divided human 
subjects into a probiotics intervention group and 
a placebo group; one study randomly divided 
human subjects into three groups; probiotics, 
placebo, and probiotics with yogurt. All studies 
enrolled in the meta-analysis had a double-blind 
design. Nine studies reported baseline data for 
each group, and the differences in data among 
the groups were not statistically significant. 

 � Probiotics and anxiety\

We assessed data from 660 human subjects under 
medical exam stress or other anxiety disorders 
(intervention group, 340; control group, 320). 
The outcome of a fixed-effects model involving 
all 10 trials is shown in Figure 3A. There were 
significant differences in anxiety scales between 
the probiotics group and control group (MD, 
0.66; 95%CI, 0.41 to 0.92; P < 0.00001). 
However, a high degree of heterogeneity was 
observed across these 10 trials (I2 = 94%).

 � Subgroup analysis of probiotic efficacy 
based on different scales 

All 10 studies involved three different scales. 
We categorized the scales into three groups; 
namely, DASS, HADS, and STAI. Accordingly, 
two trials were included in the DASS subgroup 
(Figure 3B, four trials were included in the 
HADS subgroup (Figure 3C) and four trials were 
included in the STAI subgroup (Figure 3D). The 
efficacy of probiotics in the DASS subgroup was 
–9.87 (95%CI, –17.27 to –2.47), in the HADS 
subgroup it was 0.17 (95%CI, –0.18 to –0.52; 
P =0.96), and in the STAI subgroup it was 1.53 
(95%CI, 1.15, 1.91, p<0.0001). Based on the 
above meta-analysis results, it can be concluded 
that probiotics significantly decreased anxiety 
compared to controls.

 � Publication bias

To assess for publication bias, a funnel plot 
(Figure 4) was drawn with each dot representing 
a RCT. A few enrolled trails were distributed 
approximately at the top of the triangle and 
one trial was partially distributed outside of the 
triangle. Since the studies enrolled in this meta-
analysis were all RCTs and had high quality of 
design, the publication bias was low.

Figure 2B: A summary of the reviewers’ judgments regarding each risk-of-bias information 
for each study.
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 � Sensitivity testing

We performed sensitivity analyses by individually 
excluding the studies, and the results showed no 
changes in the subgroups. 

Discussion

The present systematic review examined articles 
that explored probiotics associated with anxiety, 
and 10 publications were ultimately included. 

Figure 3A: Differences in all anxiety scales values between probiotics and control group.

Figure 3B: Subgroup assessment of DASS.

Figure 3C: Subgroup assessment of HADS.

Figure 3D: Subgroup assessment of STAI.
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Figure 4: Funnel plot.

Meta-analysis results indicated that probiotics 
significantly decreased anxiety compared to 
controls these results are consistent with some 
previous studies showing that probiotics on 
anxiety are effective.

Probiotic administration can affect the gut 
microbiota and human health, including mental 
health conditions [37]. Thus, the probiotic 
treatment method has become an emerging 
area of interest in neuroscience over the past 
decade and is expected to become an even more 
important topic. Although Michael E stated 
in Nature in 2016 that the gut microbiota is a 
crucial “first responder”, relaying health-related 
signals between the digestive tract and mental 
health status [38], many questions remain. For 
example, “Is the gut microbiota the good guy 
or the bad guy in specific disorder conditions?” 
or “What is the mechanism for gut microbiota 
to have a positive or negative effect?” or “Can 
we treat anxiety disorders with probiotic 
supplementation?” Recent studies exploring 
the effect of probiotics on mental health remain 
controversial. Some studies have suggested that 
the gut microbiota is modified by probiotic 
supplementation, and can significantly decrease 
anxiety scores and improve anxiety disorders. 
Maria Ines PS, et al. showed that one probiotic 
(named BL) can reduce anxiety scores and 
increase the quality of life in patients with 
IBS [33]. However, other studies have shown 

opposite results. Lina OL, et al. used probiotic 
administration among human subjects and 
did not observe any improvement in anxiety 
[39]. This was also observed in another study 
conducted by John R kelly, et al. showing no 
overall effect of probiotic treatment on anxiety 
[30]. Our meta-analysis is consistent with these 
studies, where probiotic administration did 
not improve the anxiety status. Some possible 
explanations for the results are as follows: first, 
we recruited RCTs conducted not only among 
healthy subjects but also among patients with 
disorders that may affect their anxiety status. In 
addition, the population we recruited may affect 
the meta-analysis. Second, the enrolled trials 
involving measuring anxiety used three different 
scales, and different scales may influence the total 
mean difference and 95%CI. Third, all trials 
enrolled in the study were conducted in different 
areas, and different areas may have different 
customs and cultures that influence the dietary 
structures and have different presentations of gut 
microbiota. 

Subgroup analysis of different scales showed that 
when using the DASS scale to measure anxiety, 
a significant improvement in anxiety disorders 
was observed, indicating that the probiotic anti-
anxiety effects differed across different measure 
scales. DASS, HADS, and STAI are instruments 
used today measure anxiety, STAI is claimed to 
measure anxiety somewhat differently than other 
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tow in that it divides the concepts of anxiety into 
two constructs, state anxiety, or trait anxiety. 
DASS, is made up of 42 self-report items to be 
completed over five to ten minutes, each reflecting 
a negative emotional symptom. (HADS) was 
originally developed by Zigmond and Snaith and 
is commonly used by doctors to determine the 
levels of anxiety and depression that a patient is 
experiencing. The HADS is a fourteen item scale 
that generates  ordinal data. Seven of the items 
relate to anxiety and seven relate to depression. 
These three scales are differing in the contents 
and population, this maybe the reason that our 
results have a difference among three scales [40]. 

Our meta-analysis had several strengths. First, 
all trials involved humans receiving probiotic 
supplementation, and all trials had a randomized 
controlled design, ensuring a more homogeneous 
investigation. Second, we evaluated the 
methodologies and microbiological quality of 
the included trials; each trial was assessed for 
quality using the “risk of bias” tool developed 
by the Cochrane Collaboration. Third, analyses 
were performed using different scales.

The present study provides important 
information for the treatment of anxiety. 
When physicians treat anxiety, probiotic 
supplementation represents an alternative feasible 
strategy, especially in the setting of decreased 
DASS values. On the other hand, there is not 
sufficient evidence to support the positive effects 
of probiotics when treating anxiety based on 
other measurement scales. Despite the positive 
effects of probiotics, an effect on anxiety was not 
found according to this meta-analysis. However, 
further evidence from larger samples and more 
rigorous RCTs are required to determine 
whether probiotics can significantly reduce the 
overall risk of anxiety. 

We attempted to minimize publication bias in 

this meta-analysis. However, despite our best 
efforts, this study had some limitations. First, 
there was significant heterogeneity of findings 
across trials. This could have been due to 
differences in the types and doses of probiotics 
used in the trials, as well as other factors such 
as diet, health status, other medications, and 
sample size. Second, each RCT was performed in 
a different country. Thus, people with different 
genetic constitutions or microbial exposures may 
have different responses to identical probiotics. 
Third, some of the included studies had small 
sample sizes, which may have influenced the 
reliability and validity of their conclusions.

Conclusions

Our study demonstrated that probiotics can 
decrease DASS values in populations with 
anxiety; however, the findings here must be 
generalized with caution due to the high level 
of heterogeneity. Regardless, the outcomes 
are a source of optimism with regard to the 
management of anxiety. More adequately 
powered RCTs using standardized measurements 
are required to assess which species of probiotics 
and dosages and what treatment periods are most 
efficacious for anxiety.
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