According to Wallace (2016) animal studies have revealed that probiotics and subsequently, a
healthy gut microbiota, may result in improved mood and alleviation of symptoms associated
with depression. Specifically, these animal studies have found that there is decreased expression
of pro-inflammatory cytokines IL-1B, IL-6, TNF-alpha, and interferon gamma, and C-reactive
protein in rats that were given probiotics (refer to Wallace, 2017). These pro-inflammatory
markers are often elevated in those with depression. As such, decreased levels of these markers
may alleviate some of the symptoms associated with depression. Similarly, “alterations in the
microbiome have been shown to profoundly influence neurotransmission of serotonin” because
of the microbiome’s effect on tryptophan, the essential amino acid from which serotonin is
derived (refer to Wallace, 2017). This increase in serotonin is hypothesized to reduce depressive
symptoms (2017).

The article beginning on the following page sought to find evidence of a clinical relationship
between probiotics and alleviation of symptoms of depression. The review evaluated 22 trials
and found that probiotics were associated with lower anxiety relative to placebo by the end of
treatment. They also found that the p-value was smaller when Lactobacillus was combined with
other genera in alleviating symptoms of depression (rather than using Lactobacillus alone). As
such, I would recommend probiotics to my patients with anxiety or depression of lesser degrees
of severity (those that may not warrant SSRIs immediately).
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ARTICLE INFO ABSTRACT

Keywords: With growing interest in the gut microbiome, prebiotics and probjotics have received considerable attention as
Anxiety potential treatments for depression and anxiety. We conducted a random-effects meta-analysis of 34 controlled
D?Presfion clinical trials| evaluating the effects of prebiotics and probiotics on depression and_anxiety. Prebiotics did not
Microbiome differ from placebo for depression (d = —.08,p = .51) or anxiety (d = .12, p = .11). Probiotics yielded small but
g:zbbliztliz significant effects for depression (d = —.24, p < .01) and anxiety (d = —.10, p = .03). Sample type was a
moderator for probiotics and depression, with a larger effect observed for clinical/medical samples (d = —.45,
p._<_.001) than community ones. Thi increased to medium-to-large in a preliminary analysis restricted to
psychiatric samples (d = —.73, p%There is general support for antidepressant and anxiolytic effects of

probiotics, but the pooled effects were reduced by the paucity of trials with clinical samples. Additional ran-

domized clinical trials with psychiatric samples are necessary fully to evaluate their therapeutic potential.

1. Introduction

Depression and anxiety disorders are the two most common mental
health conditions, with lifetime prevalence rates in the U.S. of 16.6%
and 28.8%, respectively (Kessler et al., 2005). The societal and personal
costs of these conditions are considerable. In terms of years living with
disability in the U.S., these two disorders rank second and fifth, re-
spectively, out of all mental and physical health conditions (US Burden
of Disease Collaborators, 2013). Consistent with these findings, de-
pression and anxiety are also the top two mental health conditions in
terms of personal health care expenditures, with $71.1 billion spent
annually in the U.S. to treat depression and $29.7 billion anxiety dis-
orders (Dieleman et al., 2016). Furthermore, the burden of these dis-
orders is increasing (Vos et al., 2016).

The development of novel therapeutic modalities is needed to re-
duce the burden of these conditions. Of several possibilities that have
garnered substantial interest of late, prebiotics (i.e., chemical com-
pounds that yield health benefits through their influence on the host gut
microbiome) and probiotics (i.e., microorganisms that contribute to the
host gut microbial flora when consumed, and thereby produce bene-
ficial effects on health) hold particular appeal, in part, for being po-
tentially free of cognitive side effects and the addictive properties of
several currently available treatments for these disorders (Liu, 2017).

Although the first study to evaluate the therapeutic efficacy of pre-
biotics or probiotics on depression or anxiety was conducted over a
decade ago (Marcos et al., 2004), approximately half of all existing
studies were published in the last two years alone, reflecting the rapidly
growing interest in this area.

Also reflective of this burgeoning interest, there have been several
recent systematic reviews of probiotics in this area (Huang et al., 2016;
Liu et al., 2018; Ng et al., 2018; Pirbaglou et al., 2016; Reis et al., 2018;
Wallace and Milev, 2017), including two meta-analyses of depression
(Huang et al., 2016; Ng et al., 2018) and anxiety (Liu et al., 2018; Reis
et al., 2018), respectively. Although these prior reviews are important
for providing the first syntheses of the empirical literature in this area,
they are also characterized by several notable limitations. In particular,
the two aforementioned meta-analyses of probiotics and depression
each included a very small number of studies (ks = 4 and 9 for studies
meeting the eligibility criteria of the current review), precluding any
analyses of publication bias and moderating effects to account for be-
tween-study heterogeneity in effect sizes. These meta-analyses also in-
cluded a study that combined anxiety and depression as a single out-
come in their analyses (Mohammadi et al., 2016) which when
considered within the context of the small number of studies included
in each review and important etiological distinctions between these
outcomes (Clark and Watson, 1991), complicates interpretations
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regarding the effect of probiotics specifically in relation to depression.
Additionally, and perhaps in some measure a function of the number of
studies included in each, these meta-analyses yielded contradictory
findings, with one finding support for an ameliorative effect of pro-
biotics (Huang et al., 2016) and the other reporting no such effect
overall (Ng et al., 2018).

Interpretation of the findings of the recent meta-analyses of pro-
biotics and anxiety is also complicated by certain methodological
concerns. In particular, over half of the effects included in one of these
meta-analyses (Reis et al., 2018) were based on non-independent
samples. The other meta-analysis (Liu et al., 2018) included several

studies of outcomes other than anxiety as typically conceptualized (e.g.,
visceral sensitivity; Lorenzo-Zuniga et al., 2014), and 42% of studies did
not meet the eligibility criteria of the current review. m
-analyses included 7 and 11 trials eligible for inclusion in this re-
view.
Addressing these considerations, we conducted a systematic meta-

analytic review of controlled clinical trials evaluating the efﬁcacy of
preblotlcs and prOblOthS for treatmg depresswn and anx1ety

2. Method
2.1. Search strategy and eligibility criteria

A systematic search of the literature was conducted in Embase,
MEDLINE, and PsycINFO to identify studies relevant to the current
review. The following search string was applied: (“leaky gut” OR dys-
biosis OR metagenom* OR microbiome* OR microbiota OR prebiotic*
OR probiotic* OR “bacterial 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 “intestinal 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 search results were
limited to: (i) English-language publications’ and (ii) peer-reviewed
journals. This was supplemented with a search of the references of all
prior systematic reviews of probiotics in relation to mental health as a
general construct and depression and anxiety specifically (Huang et al.,
2016; Liu et al., 2018; McKean et al., 2017; Ng et al., 2018; Pirbaglou
et al., 2016; Reis et al., 2018; Romijn and Rucklidge, 2015; Wallace and
Milev, 2017). This search strategy yielded a total of 1911 articles, of
which 1475 were unique reports. In cases where eligibility could not be
ruled out based on the title and abstract, the full text was also ex-
amined. Each search result was independently reviewed for eligibility
by two of the authors, with discrepancies resolved by the first author.

The study inclusion criteria were: (i) a controlled clinical trial in-
vestigating the effects of prebiotics or probiotics on depression or an-
xiety (i.e., naturalistic studies assessing self-reported consumption of
prebiotics or probiotics in relation to depression or anxiety were ex-
cluded); (ii) studies conducted with human participants (i.e., preclinical
studies with animal models were excluded); (iii) prebiotics and/or
probiotics were the only active components of the treatment condition

1 To assess the impact of restricting the search string to English-language
studies, we conducted our search again with the language restriction removed.
None of the new search results warranted full-text search based on their title
and abstracts. Therefore, restricting the search parameters to English-language
publications did not alter the current findings.
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(s); and (iv) depression and anxiety were analyzed separately from each
other and other outcomes.

2.2. Study quality assessment

The quality of eligible studies was evaluated based on the risk of
bias criteria detailed in the Cochrane Handbook for Systematic Reviews of
Interventions (The Cochrane Collaboration, 2011): (i) condition alloca-
tion through random sequence generation (selection bias); (ii) con-
cealment of condition allocation (allocation bias); (iii) blinding of
participants and study personnel to condition (performance bias); (iv)
blinding of outcome assessment (detection bias); (v) incomplete out-
come data (attrition bias); and (vi) selective outcome reporting of re-
sults for depression or anxiety (reporting bias).

2.3. Data extraction

Six eligible studies (Marcos et al., 2004; Pinto-Sanchez et al., 2017;
Reale et al., 2012; Roman et al., 2018; Sanchez et al., 2017; Vaghef-
Mehrabany et al., 2014) presented data for both state and trait anxiety.
In these cases, data for state anxiety were selected for use in our ana-
lyses, as such data would be more suitable for evaluating the immediate
treatment effects of prebiotic or probiotics on anxiety.

To conduct sub-analyses and to assess potential moderators in meta-
analyses, data on eight study characteristics were extracted. These in-
cluded four sample characteristics: (i) sample age group (adolescent or
adult); (ii) mean age of sample; (iii) sample type (community or clin-
ical/medical); and (iv) percentage of female participants in the sample.
Data for four study design characteristics were extracted: (i) form(s) of
prebiotic or probiotic administered in the treatment condition; (ii)
method of measuring depression and anxiety (interview/clinician rat-
ings or self-report); (iii) type of controlled clinical trial (i.e., cross-over
design or randomized clinical trial with parallel-group design [RCT]);
and (iv) duration of prebiotic/probiotic administration.

2.4. Data analysis

Analyses were conducted with Comprehensive Meta-Analysis
Version 3.3.070 (Biostat., 2014). Standardized mean difference (Co-
hen's d) was used as the primary index of effect size, and calculated
such that negative values indicating lower depression and anxiety, re-
spectively, in the treatment condition compared to the control condi-
tion. Heterogeneity across the studies was evaluated using the I sta-
tistic, which indicates the percentage of the variance in an effect
estimate that is a product of heterogeneity across studies rather than
sampling error. Low heterogeneity is indicated by I* values of ap-
proximately 25%, moderate heterogeneity by I? values of 50%, and
substantial heterogeneity by I* values of 75% (Higgins et al., 2003). In
cases where high heterogeneity is observed, random-effects models are
more appropriate than fixed-effects models, as the former accounts for
this heterogeneity by incorporating both sampling and study-level er-
rors, with the pooled effect size representing the mean of a distribution
of true effect sizes instead of a single true effect size. In contrast, fixed-
effects models assume that a single true effect size exists across all
studies and any variance detected is due strictly to sampling error. It
thus estimates only within-study variance. For all analyses, random-
effects models were generated to account for heterogeneity across
studies resulting from differences in samples, measures, and design.

In cases where significant heterogeneity was observed, moderator
analyses were conducted to account for potential sources of this het-
erogeneity. Each potential moderator was assessed separately, with an
estimate of the effect size at each level of the moderator calculated.

To assess for publication bias inflating estimates of pooled effect
size, the following indices were calculated: Duval and Tweedie's trim-
and-fill analysis (Duval and Tweedie, 2000), and Egger's regression
intercept (Egger et al., 1997). Duval and Tweedie's trim-and-fill analysis
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provides an estimate of the number of missing studies based on asym-
metry in a funnel plot of the standard error of each study in a meta-
analysis against its effect size, and an effect size estimate and con-
fidence interval, adjusting for these missing studies. This analysis as-
sumes homogeneity of effect sizes, and thus its results need to be in-
terpreted with caution in the presence of significant heterogeneity.
Egger's regression intercept estimates potential publication bias using a
linear regression approach assessing study effect sizes relative to their
standard error.

3. Results

Of the 1475 unique records identified, 1230 reports were excluded
based on their titles and abstracts. An additional 211 articles were ex-
cluded based on a detailed full-text review. Whenever it remained un-
clear after full-text inspection whether two studies reported on over-
lapping samples, the study authors were contacted to seek clarity on
this issue. In one case where multiple studies featured overlapping
samples, preference was given to the study that assessed the outcome of
interest at the end of the clinical trial rather than prior to its comple-
tion. Eight studies (Azpiroz et al., 2017; Colica et al., 2017; Cremon
et al., 2018; Kazemi et al., 2019; Messaoudi et al., 2011; Reale et al.,
2012; Tillisch et al., 2013; Yang et al., 2016) did not report data re-
quired for meta-analysis, but were included after the necessary data
were obtained from the study authors and prior meta-analyses (Huang
et al., 2016; Reis et al., 2018). A final set of 34 publications satisfied the
eligibility criteria for this review (Fig. 1 and Table 1), including seven
prebiotic (Azpiroz et al., 2017; Kazemi et al., 2019; Sanchez et al.,
2017; Schmidt et al., 2015; Silk et al., 2009; Smith, 2005; Smith et al.,
2015) and 29 probiotic trials (Akkasheh et al., 2016; Chung et al., 2014;
Colica et al., 2017; Cremon et al., 2018; Ghorbani et al., 2018; Kato-
Kataoka et al., 2016; Kazemi et al., 2019; Kelly et al., 2017; Kitaoka
et al., 2009; Kouchaki et al., 2017; Lyra et al., 2016; Majeed et al., 2018;
Marcos et al., 2004; Messaoudi et al., 2011; Nishihira et al., 2014;
Ostlund-Lagerstrom et al., 2016; Pinto-Sanchez et al., 2017; Reale et al.,
2012; Roman et al., 2018; Romijn et al., 2017; Sanchez et al., 2017;
Sashihara et al., 2013; Shinkai et al.,, 2013; Simrén et al., 2010;

1,911 Records identified through database
searching and records identified in
references of prior systematic reviews® 1516
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Slykerman et al., 2017; Steenbergen et al., 2015; Tillisch et al., 2013;
Vaghef-Mehrabany et al., 2014; Yang et al., 2016). Two studies
(Ghorbani et al., 2018; Sanchez et al., 2017) featured both prebiotics
and a probiotic within the treatment condition, and was included only
in meta-analyses of probiotics. Another study (Kazemi et al., 2019)
employed a three-arm parallel design, with separate conditions for
prebiotics, probiotics, and placebo, and the relevant conditions were
included in separate meta-analyses of prebiotics and probiotics. With
only two studies featuring interview or clinician-based measures of
anxiety (Colica et al., 2017; Yang et al., 2016), method of measuring
this outcome was excluded from consideration in moderator analyses.
As no study featured an adolescent-only sample, age as a categorical
variable was also excluded from moderator analyses.

3.1. Study quality assessment

Several notable patterns emerged in study quality. Specifically,
26.5% of studies had an overall low risk bias (defined as low risk for all
criteria, or unclear risk for allocation bias and low risk for all other
criteria), and 41.2% had overall high risk bias (defined as high risk on
at least one criterion), leaving 32.4% of studies with overall unclear risk
bias. Low risk bias for all six criteria was met by 23.5% of studies. Most
often, high risk bias occurred due to adoption of per-protocol rather
than intent-to-treat analyses (41.2% of studies), unclear risk bias oc-
curred most often for allocation bias (47.1% of studies), and low risk
reporting bias was determined for all but one study. See Supplemental
Fig. 1 for a summary.

3.2. Prebiotic trials for depression and anxiety

C (l [} Preplo [1d [] e
alactooligosaccharide (B-GOS), fructooligosaccharide (FOS)
short-chain FOS (scFOS), all possessing bifidogenic properties. One
three-arm study (Schmidt et al., 2015) separately evaluated B-GOS and
FOS. Length of prebiotic administration across trials ranged from four
hours to four weeks. Across five prebiotics trials for depression (Azpiroz
et al., 2017; Kazemi et al., 2019; Silk et al., 2009; Smith, 2005; Smith

211 Full-text articles excluded, with reasons

—
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c v
()
e
a 1,475 Records screened 1,230 Records excluded
—
)
Y
2
= 245 Full-text articles
7:—: assessed for eligibility
= to depression or anxiety
5 Not a controlled clinical trial
5 Prebiotics and/or probiotics were not the only
@R v
o 34 Studies included in 3 Insufficient data available for meta-analysis
3 quantitative synthesis 3 Not an empirical study
E (meta-analysis)
analysis
—

189 Did not assess prebiotics or probiotics in relation

active components of the treatment condition(s)
4 Did not analyze depression separately from anxiety

2 Same samples as in other publications in the meta-

Fig. 1. PRISMA flow chart of literature search.
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2a. Prebiotics and depression

Statistics for Each Study
i;;;‘:ae':c':ei: Lower Upper » Standardized Difference
TR 5
First Author, Year Means Limit  Limit In Means and 95% Cls
Azpiroz et al. (2017) -0.01 -045 043 0.96 —_—
Kazemi et al. (in press) -0.11 -0.57 035 0.64 —_—
Silk et al. (2009) -0.34 098 030 030 —_—
Smith et al. (2005) 0.14 003 030 010 ——
Smith et al. (2015) -0.30 -0.59 <0.01 <0.05 —a—
Total -0.08 030 015 051 ——
-2.00 -1.00 0.00 1.00 2.00
Favors Treatment Favors Placebo
2b. Prebiotics and anxiety
Statistics for Each Study
sDti;;;‘:'ae':c.:ei: Lower Upper - Standardized Difference
imit  Limi | 9% Cl
First Author, Year Means Limit  Limit n Means and 95% Cls
Azpiroz et al. (2017) -0.12 -0.56 032 0.59 —_—
Schmidt et al. (2015) 0.08 -0.54 070 0.80 —_—
Silk et al. (2009) -0.12 -0.76  0.52 0.71 —_—
Smith et al. (2005) 0.17 0.01 0.34 0.04 ——
Total 0.12 -0.03  0.27 0.11 —a—
-2.00 -1.00 000 1.00 200
Favors Treatment Favors Placebo
2c. Probiotics and depression
Statistics for Each Study
sl;;;:::i:?: Lower Upper 5 Standardized Difference
First Author, Year Means Limit  Limit In Means and 95% Cls
Akkasheh etal. (2016) -0.74 4138 -010 0.02 e
Chunget al. (2014) 0.13 048 075 067 —_—
Cremon et al. (2018) -0.07 -039 024 0.65 —a—
Ghorbanietal. (2018) -0.80 144 015  0.02 —_——
Kato-Kataoka et al. (2016) 0.30 028 088 031 —_—
Kazemi et al. (in press) -0.60 107 -014 001 e
Kellyet al. (2017) -0.01 -0.38 035 0.95 —
Kouchakietal. (2017) -1.07 -161  -0.53 <0.01 —_—lbG
Lyra et al.(2016) -0.15 -0.36  0.06 0.16 —a—
Majeed et al. (2018) -0.91 -1.56  -0.26  <0.01 -_—
Messaoudietal.(2011) -0.15 -0.68 038 0.58 —_—
Nishihira etal. (2014) -0.17 -0.43  0.10 0.22 ——
Ostlund-Lagerstrom et al. (2016) 0.02 023 027 088 —a—
Pinto-Sanchez etal.(2017) -0.19 -0.79  0.40 0.52 —_—l—
Roman etal. (2018) -0.48 -119 0.4 0.19 -_——
Romjin etal. (2017) 0.19 026 063 041 R —
Sanchezet al. (2017) Female subsample 0.76 123 -030 <001 —
Sanchezet al. (2017) Male subsample -0.41 -0.98 017 0.16 —l
Sashihara etal. (2013) -0.33 -1.07  0.40 0.38 —_—
Shinkai etal.(2012) -0.15 -0.40  0.10 0.25 ——
Simrén et al. (2010) 0.00 -0.46  0.46 1.00 —_—
Slykerman et al. (2018) -0.24 052 004 009 J——
Steenbergen et al. (2015) -0.35 097 028 028 _—
Tillisch etal. (2013) 0.20 -0.62 1.02 0.63 _—
Total -0.24 036 -012 <001 -
-2.00 -1.00 0.00 1.00 2.00
Favors Treatment Favors Placebo

2d. Probiotics and anxiety

Statistics for Each Study

Standardized

Difference in Lt?w?r U?p.er " Standardized Difference
First Author, Year Means Limit  Limit In Means and 95% Cls
Colicaetal. (2017) -0.38 113 037 032 —_
Cremon et al. (2018) 0.12 020 044 048 —
Kato-Kataoka et al. (2016) -0.41 099 017 016 _0
Kelly et al. (2017) 0.09 028 045 064 —
Kitaoka et al. (2009) 0.64 037 164 021 -
Lyra et al. (2016) -0.16 037 005 014 —0—
Marcos et al. (2004) 0.07 041 027 068 —a—
Messaoudi etal. (2011) <0.01 052 052 1.00 —_—
Ostlund-Lagerstrom etal. (2016) -0.10 035 015 044 —a—
Pinto-Sanchez etal. (2017) 0.33 093 027 028 —_—
Realeet al. (2012) <0.01 046 046  1.00 — .
Roman etal. (2018) -0.09 080 061 0.0 _0—
Romjin etal. (2017) 036 008 081 011 —a—
Sanchez et al. (2017) Female subsample 0.07 052 038 076 —a—
Sanchez et al. (2017) Male subsample -0.51 109 006 0.8 -——
Sashihara etal. (2013) -0.37 4111 036 0.32 -—
Shinkai etal. (2012) -0.06 031 019 066 —a—
Simrén et al. (2010) 0.00 046 046  1.00 —
Slykerman et al. (2018) -0.45 072 017 <001 —a—
Steenbergen et al. (2015) 0.17 079 045 059 —_—
Tillisch etal. (2013) 0.24 058 106 057 —_—
Vaghef-Mehrabany et al. (2014) 0.46 091 1.8 051
Total -0.10 019 001 003 -
-2.00 -1.00 0.00 1.00 2.00
Favors Treatment Favors Placebo

Fig. 2. Forest plots of standardized effect sizes (Cohen's d) of prebiotic and probiotic trials for depression and anxiety. (a) Prebiotics and depression. (b) Prebiotics
and anxiety. (c) Probiotics and depression. (d) Probiotics and anxiety.
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Funnel Plot of Standard Error by Std diff in means
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Fig. 3. Funnel plot for effect sizes in the meta-analyses. The vertical line indicates the weighted mean effect. Open circles indicate observed effects for actual studies,
and closed circles indicate imputed effects for studies believed to be missing due to publication bias. The clear diamond reflects the unadjusted weighted mean effect
size, whereas the black diamond reflects the weighted mean effect size after adjusting for publication bias. (a) Probiotics and depression. (b) Probiotics and anxiety.

moderator analyses were not conducted. Evidence of publication bias
was modest. Specifically, the result of Egger's regression test was not
significant (intercept = .37, p = .49), and the pooled effect size pro-
duced with the trim-and-fill method adjusting for imputed missing
significant effects remained largely unchanged (adjusted d = —.11
[95% CI = —.20 to —.01]). The funnel plot of effect sizes was essen-
tially symmetrical, with two imputed effects favoring treatment
(Fig. 3b).

For both depression and anxiety, a series of sensitivity analyses was
conducted (Supplemental Table 3). In analyses excluding (i) two cross-
over trials (Cremon et al., 2018; Kelly et al., 2017; i.e., restricting
analyses to RCTs with parallel-group design), (ii) the aforementioned
trial featuring both prebiotics and a probiotic within the treatment
condition (Ghorbani et al., 2018; Sanchez et al., 2017), and (iii) these
cross-over trials and trials combining prebiotics and probiotics, the

19

results remained largely unchanged. When analyses were restricted to
Lactobacillus-only trials, the pooled effect was no longer significant for
depression and anxiety. When the pooled effect size for Lactobacillus-
only trials for depression was compared to that for the remaining
probiotic trials for depression, a significant difference emerged
(p < .01), the effect of probiotics on depression being larger for trials
involving Lactobacillus combined with other genera or prebiotics and
other genera considered alone. No difference was observed between
pooled effect sizes for Lactobacillus-only trials for anxiety and other
probiotic trials for this condition (p = .66).

4. Discussion

e N
to date of the effects of probiotics on depression and anxiety. We also
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conducted the first quantitative syntheses of data on prebiotics for de-
pression and anxiety. Although the current review did not find an
ameliorative effect for prebiotics on depression or anxiety, respectively,
these findings should be regarded as preliminary, given the relaUVely
small number of ehglble studies included in the analyses

or other probiotics.

Several considerations should be taken, however, in interpreting the
observed effect sizes and the potential implications of these findings.
First, and perhaps most important, is the dearth of trials featuring
samples with clinical depression and anxiety. Indeed, only four trials
included samples with major depression (Akkasheh et al., 2016;
Ghorbani et al., 2018; Kazemi et al., 2019; Majeed et al., 2018) and
none clinically significant anxiety. Moreover two prebiotic trials
(Azpiroz et al., 2017; Schmidt et al., 2015) and nine probiotic trials
(Chung et al., 2014; Kato-Kataoka et al., 2016; Kelly et al., 2017;
Kitaoka et al., 2009; Messaoudi et al., 2011; Simrén et al., 2010;
Steenbergen et al., 2015; Tillisch et al., 2013; Yang et al., 2016) spe-

cifically excluded individuals with these disorders or psychiatric con-
ditions more generally, and most of the remaining trials featured
community samples within which naturally low levels of depressmn

probiotics. The high prevalence of these trials in the literature
likely introduced a bias toward smaller pooled effects across analyses
and such findings should therefore be mterpreted with a degree of

als had a small, non-significant pooled effe

nificantly larger effects for other probiotic trials for depression. Sup-
porting this consideration regarding sample type, in moderator analyses
for probiotic trials and depression, the pooled effect was essentially zero
for trials with psychiatric disorders as an exclusion criterion, and in
contrast, medium-to-large for trials with major depression among the
inclusion criteria. Indeed, these trials with clinically depressed samples
accounted for four of the six largest effects among studies of probiotics
and depression. These findings are also consistent with those of an
earlier meta-analysis of probiotics and depression (Ng et al., 2018),
which did not test for moderator effects, but stratified studies by de-
pressive symptom severity at enrollment and found a significant effect
for studies of individuals with mild-to-moderate depressive symptoms
but not for studies of healthy individuals.

It is also important to note that despite the considerable interest in
the microbiome in relation to depression and anxiety, and particularly
the potential for prebiotics and probiotics to treat these disorders, there
is a paucity of significant findings at the level of individual studies, even
in cases of significant pooled effects. In fact, just six probiotic trials for
depression (Akkasheh et al., 2016; Ghorbani et al., 2018; Kazemi et al.,
2019; Kouchaki et al., 2017; Majeed et al., 2018; Sanchez et al., 2017)
and one for anxiety (Slykerman et al., 2017) yielded significant find-
ings. This may in some measure be accounted for by the aforemen-
tioned predominance of trials featuring healthy community samples or
samples with psychiatric disorders screened out. A complementary
explanation is that the majority of studies were underpowered to detect
significant effects, the median sample size of included studies being
46.5.
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Several studies featured samples with _chronic medical conditions,

most often irritable bowel syndrome. W

rrent review is not inconsequential, accounting for 35.3% o
trials, Although selecting for these conditions provides a greater like-
lihood of psychiatrically enriched samples, given meta-analytic evi-
dence of their comorbidity with depression and anxiety (Dawes et al.,
2016; Dickens et al., 2002; Fond et al., 2014; Luppino et al., 2010), it
also potentially complicates interpretation of resulting findings, as
these medical conditions, and treatment of them, often lead to corre-
sponding changes in mood and anxiety (Fabricatore et al., 2011;
Luppino et al., 2010), Caution should be taken in generalizing findings
based on these samples, as it is unclear to what degree observed im-
provements in depression and anxiety are secondary to alleviation of
the medical condition being treated with prebiotics or probiotics and to
what degree comparable improvements in depression and anxiety
would be observed in the absence of medical illness.

The current findings should also be interpreted within the context of
prior meta-analyses in this area. In particular, our findings are con-
sistent with those of an earlier meta-analysis that reported a significant
probiotic effect on depression (Huang et al., 2016) but not another
which failed to find a significant effect (Ng et al., 2018). One possible
explanation for this pattern of findings is that the former meta-analysis
and the current review featured higher proportions of clinically de-
pressed individuals (8.3% and 8.0%, respectively) than did the meta-
analysis with a non-significant effect (3.6%). A unique aspect of the
current meta-analysis is its inclusion of a sufficient number of trials for
moderator analyses. That a significantly larger pooled effect was found
in the current review for studies featuring clinically depressed samples
is congruent with this possibility that sample type may in part account
for whether a significant pooled effect is found. Furthermore, that the
current meta-analysis includes a substantially greater number of trials
than did prior ones lends weight to our findings.

Also worth noting is that a significant pooled effect for probiotics
and anxiety was found in the current review, but not in two recent ones
(Liu et al., 2018; Reis et al., 2018). There are several reasons why the
findings of the current meta-analysis may be accorded greater weight.
In addition to addressing the previously mentioned methodological
limitations pertaining to the prior meta-analyses, the current review
includes a notably higher number of studies, which provides greater
statistical power to detect a significant small effect, as was found in the
current case. Additionally, significant heterogeneity was observed in
one of the prior meta-analyses of anxiety (Liu et al., 2018), but not in
the other (Reis et al., 2018), after removing an outlier, or the current
review. This discrepancy between meta-analyses may, in part, be a
function of the aforementioned adoption of a notably broad oper-
ationalization of anxiety (e.g., the inclusion of visceral sensitivity as an
outcome) in the meta-analysis that detected significant heterogeneity.

Several limitations warrant mention. The study-level effects in-
cluded in the current review were based on measures of depression and
anxiety taken upon completion of prebiotic/probiotic regimens. We
therefore could not evaluate to what extent potential psychotropic ef-
fects of these regimens persist after cessation of treatment. Additionally,
none of the trials included adolescent samples, and thus potential dif-
ferences in efficacy related to development could not be assessed. This
is an important consideration, given (i) differences in microbiome
composition across the lifespan (i.e., although the gut microbiome
converges toward an adult-like profile in early childhood, microbial
diversity increases throughout development and into adulthood [Rea
et al.,, 2016; Yatsunenko et al., 2012] and greater inter-individual
variation exists among youth than adults [Biagi et al., 2010; Claesson
et al., 2012; Yatsunenko et al., 2012]), and (ii) significant age-of-onset
differences in course and treatment response for depression and anxiety
(Hill et al., 2004; Jaffee et al., 2002; Kaufman et al., 2001; Serretti
et al., 2009; Van Ameringen et al., 2004). Addressing these limitations
are important avenues for future research. Finally, the prebiotic find-
ings are preliminary, given the relatively few studies included in the
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analyses, and require replication with a larger number of clinical trials.
In summary, the current evidence base for prebiotics and probiotics
in the treatment of internalizing disorders appears modest. Support for
the efficacy of probiotics for depression and anxiety was observed, but
with generally small pooled effects. These findings are qualified, how-
ever, by the relative rarity of trials with psychiatric samples and the
prevalence of non-clinical samples in the literature, which together
significantly reduced the observed effects. In general, the largest effects
were found for probiotics and major depression, but this should be
regarded as preliminary, being limited to four trials. Future studies with
clinically significant presentations are indicated and necessary ade-
quately to evaluate the potential efficacy of prebiotics and probiotics
for depression and anxiety. This is especially important given the in-
creasing need for the development of novel psychopharmacological
agents for these conditions (Hyman, 2012; Insel, 2015; Miller, 2010).
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