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Purpose of review

The gut microbiota has emerged as a key conduit in mental health and is a promising target for
interventions. This review provides an update on recent advances in using microbiota-targeted approaches
for the management of mental health.

Recent findings

Approaches that have emerged as microbiota-targeted interventions in the management of mental health include
probiotics, prebiotics, synbiotics, fecal microbiota transplant as well as diet. Among these approaches, probiotic
supplementation has been investigated most prominently, providing promising evidence for its use in improving
mood and anxiety. There is also growing interest in the use of multistrain probiotics, whole dietary interventions
or combined approaches, with encouraging results emerging from recent studies.

Summary

Although the current literature preliminarily supports targeting the microbiota to manage mental health and
use as adjuvant therapies for certain brain disorders, large gaps remain and especially data including
clinical cohorts remains scarce. Research studies including larger cohorts, well-characterized clinical
populations and defined duration and dosage of the intervention are required to develop evidence-based
guidelines for microbiota-targeted strategies.
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INTRODUCTION

As a collection of trillions of bacteria, viruses, fungi,
and archea residing on various parts of the human
body, with the most densely populated area being the
gastrointestinal tract, the gut microbiota has emerged
as a central conduit in the regulation of important
body processes, including brain and behavior. More
than 1,000 species (a taxonomical classification of
bacteria) have been identified in the human gut,
associated with different functions and positive or
negative effects for the host. Importantly, evidence is
accumulating on the impact of the microbiota on
mood and behavior and inclinical studies, differences
in microbiota composition between diseased and
healthy cohorts have been described [1

&

]. However,
despite the apparent common findings among stud-
ies, such as increased abundance of potential pro-
inflammatoryand lower concentration ofhealth-pro-
moting bacteria, identifying a disease-specific micro-
bial profile remains challenging. Nevertheless, the
involvement of the gut microbiota in mental disease
processes and the potential to modify the microbiota
through external factors, makes microbiota-targeted
interventions a promising avenue for the develop-
ment of new therapeutic approaches. Collectively,
the exogenous factors whose benefit to mental
uthor(s). Published by Wolters Kluwe
health is partially mediated by the gut microbiota
are referred to as psychobiotics [2]. Although the
term originally referred to probiotics, additional
approaches can now be regarded as potential psycho-
biotics, including prebiotics, synbiotics, postbiotics,
fecal microbiota transplants, and dietary agents. A
visual representation can be found in Fig. 1. This
review outlines the state of the literature and latest
advances in the development of microbiota-targeted
interventions for the management of mental health
and psychiatric disorders and discusses the gaps in
knowledge that need to be filled in order to include
gut-targeted therapies into the care of patients.
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KEY POINTS

� The microbiota has emerged as a key player in
influencing brain processes, mood, and behavior.

� Modifying the gut microbiota as a treatment approach
has become an exciting opportunity in the quest for
developing new alternative therapies for patients
resistant to existing pharmacological approaches.

� Promising evidence is presented in the literature for
using gut-targeted interventions such as probiotics,
prebiotics or diet as adjuvant therapies in the treatment
of mood and anxiety disorders.

� Gut-targeted approaches are likely to become an
important component in the management of psychiatric
and psychological diseases as well as in supporting the
general well-being of the human population.

� However, research gaps remain and important
questions need to be addressed in order to incorporate
these approaches as standard treatments into
patient care.

Mood and anxiety disorders
PROBIOTICS

Probiotics are defined as ’live microorganisms that,
when administered in adequate amounts, confer a
health benefit on the host’ [3]. The potential psycho-
biotic effect of probiotics has been studied exten-
sively in the last decade, with the most studied
strains being bifidobacteria or lactobacilli. Addition-
ally, there has been a move to using microbial con-
sortia (multiple strains of probiotics) in order to
improve efficacy or induce additive and synergistic
effects. In healthy populations, reductions in stress,
anxiety and depression after probiotic supplementa-
tion are repeatedly demonstrated [4

&

,5,6,7
&

]. In
patient populations, recently improved clinical
symptoms of depression were observed in an open
labeled pilot study in depressed patients using the
combination of Lactobacillus helveticus R0052 and
Bifidobacterium longum R0175 (CEREBIOME) [8,9]
and a reduction in anxiety symptoms in a population
with Generalized Anxiety Disorder was elicited
throughamultistrainprobiotic containing B. longum,
B. bifidum, B. lactis and L. acidophilus [10

&&

]. However,
albeit promising results, randomized controlled trials
in clinical populations remain scarce [11]. Addition-
ally, it is important to note that studies using single
[12] as well as multiple strains of probiotics do not
always lead to the desired outcome [13]. Thus, estab-
lishing host factors that impact the personalized
efficacy of probiotic supplementation, including
habitual diet or baseline microbiota composition,
will be important considerations for the develop-
ment of future probiotic therapies. Of similar
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importance is strain specificity, meaning that one
probiotic strain might be efficacious for a specific
subtype in the disease of interest [14

&

]. Furthermore,
combined approaches could become more impor-
tant, as demonstrated in a combined dietary–probi-
otic approach leading to a greater reduction in
anxiety symptoms compared to each intervention
alone [15]. Together, due to the limited evidence
available to-date, the use of probiotics as a stand-
alone therapy for mood disorders remains unsup-
ported and some of the positive findings observed
in preclinical models are yet to be translated into
clinical practice [16

&&

].
PREBIOTICS

Prebiotics are defined as ‘substrates that are selec-
tively utilized by the host microorganisms confer-
ring a healthy benefit’ [17]. In light of potential
technical and pragmatic difficulties associated with
probiotic approaches, such as ensuring the survival
of the probiotic transiting through changing pH
levels of the digestive tract, the inability of probi-
otics to colonize the colon in the long-term, and
selection of appropriate strains, supporting the
growth of the already resident beneficial bacteria
presents an exciting alternative opportunity; how-
ever, overall prebiotic approaches in mental health
remain less studied when compared to probiotic
interventions and the limited and inconclusive data
are available from human cohorts demonstrate the
need for more well defined clinical cohort studies
[18]. For example, in a cohort of healthy females a
reduction in preclinical anxiety after a galactooli-
gosaccharide (GOS) intervention was observed [19

&

],
whereas no effect on depressive symptoms was
detected in a population with Major Depressive
Disorder (MDD) using the same prebiotic (GOS)
[9]. Similar to probiotic interventions, future studies
using prebiotics should also consider the impact of
host factors, such as baseline microbiota composi-
tion [20

&&

], as well as dose and study duration, when
evaluating the efficacy or prebiotics in supporting
mental health.

It should also be mentioned that besides fer-
mentable carbohydrates, other nutrients have been
demonstrated to possess prebiotic properties, such
as polyphenols or omega-3 fatty acids, with benefits
to mental health and well-being. Polyphenol con-
sumption, for example, has been linked to many
health benefits, such as reduction in depressive
symptoms, whereas eliciting concordant changes
in the gut microbiota [21,22]. Similarly, omega-3
fatty acids have been proposed to restore a eubiotic
state in pathological conditions by increasing bifi-
dobacteria and decreasing enterobacteria [23

&

],
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FIGURE 1. Proposed microbiota-targeted interventions for mental health. Several microbiota-targeted interventions have been
explored as potential approaches for mental health, including mood and anxiety disorders. These include psychobiotic
supplements such as probiotics, prebiotics or synbiotics, as well as dietary approaches or fecal microbial transplants.
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which could be associated with changes in behavior
[24]. Thus, while much more investigations into the
therapeutic effect are needed, these compounds
might become available as microbiota-targeted
interventions for mental health disorders.
SYNBIOTICS

Synbiotics, ‘a mixture comprising live microorgan-
isms and substrate(s) selectively utilized by host
microorganisms that confers a health benefit on
the host’, are emerging as another approach to mod-
ulate the gut microbiota and influence mood and
behavior. Although the concept of synbiotics was
first described 25 years ago, investigations into using
synbiotics in managing symptoms of psychiatric
0951-7367 Copyright � 2021 The Author(s). Published by Wolters Kluwe
disease are still few. Nevertheless, positive outcomes
were reported in recent studies using synbiotic
supplementation, demonstrating improvements in
depression, stress and anxiety levels in specific pop-
ulations, such as patients undergoing hemodialysis
[25] or with coronary artery disease [26] as well as in
professional athletes [27].
POSTBIOTICS AND MICROBIAL
METABOLITES

Postbiotics and microbial metabolites have attracted
interest as another potential gut-targeted interven-
tion. Recently, postbiotics were defined as ‘prepara-
tions of inanimate microorganisms and/or their
components that confers a health benefit on the
r Health, Inc. www.co-psychiatry.com 5
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host’ [28
&

]. Accordingly, postbiotics are deliberately
inactivated microbial cells or cell components,
which must be present with or without metabolites
in order to be effective. These health benefits could
be mediated through alterations of the microbiota,
enhancing of the intestinal barrier function, modu-
lating of immune or metabolic responses or signal-
ing via the nervous system [28

&

]. Due to potential
advantages regarding formulation, safety and regu-
lation, the therapeutic use of postbiotics could
become more and more available and open up new
horizons in the treatment of psychiatric disorders; to-
date, however, only a small of number of studies is
available. Recent data from animal models support
the use of postbiotics as anxiolytic- or antidepressive
agents [29] and in human populations, specifically
heat-inactivated microbes have shown some benefits
in reducing anxiety as well as improving in sleep
disturbance in chronically stressed students [30].

Although purified microbial components and
products such as short chain fatty acids (SCFA),
peptides or exopolysaccharides do not qualify as
postbiotics themselves, they can be present in post-
biotic preparations [28

&

]. Because microbial metab-
olites, produced from microbial degradation of food
components, are one of the mechanisms suggested
to underlie the microbiota-brain cross talk, there is
also interest in administering these metabolites
directly as therapeutic agents. In this regard, data
from animal models show promise, for example, in
reducing behavioral deficits (depressive-like behav-
ior) and stress responsiveness associated with psy-
chosocial stress [31]. Other data from animal models
have shown that administering microbial metabo-
lites directly can elicit the same benefit for brain
function as the diet itself [32

&&

,33]. Due to potential
challenges in administering microbial products
directly, data from human studies are limited. In
one recent study, SCFAs directly administered to the
colon using specialized pH-dependent colon-deliv-
ery capsules attenuated cortisol response to psycho-
social stress [34

&

]. It should be noted, that microbial
metabolites, such as SCFAs, have also been associ-
ated with detrimental effects in certain neurological
diseases, including Autism Spectrum Disorder [35]
or Parkinson’s Disease [36], indicating that further
research is imperative to understand the use of
microbial metabolites as gut-targeted intervention
for psychiatric or mood disorders.
FECAL MICROBIAL TRANSPLANT

In light of the brain-modulating potential of the
microbiota, the idea of transferring an entire micro-
bial consortium to treat brain-disorders appears to
be an exciting opportunity. Especially the potential
6 www.co-psychiatry.com
of a long-lasting reconstructing of the existing eco-
system makes fecal microbial transplant (FMT) an
appealing treatment approach for patients with psy-
chiatric diseases and associated microbial imbalan-
ces. However, due to possible safety risks and other
unknowns, studies investigating the efficacy of
FMTs in psychiatric disorders are at very early stages.
Data from animal models showing that FMT can
be efficacious in reversing adverse behaviors and
neuroinflammation and improve anxiety- and
depression-like behavior [37

&

,38] are establishing a
promising basis for clinical trials. However, most
human studies to datehave been smallor case control
studies [39]; only one larger human trial including 83
patients with inflammatory bowel disease and co-
morbid self-reported depression reported significant
improvements in fatigue after FMT [40

&&

]. Thus,
insufficient data is currently available to support
the use of FMT to treat psychiatric disease in clinical
practice and many procedures, such as pretreatment
(e.g., antibiotics), routeof administration orchoiceof
donors, need to be standardized in order to develop
targeted FMT approaches.
WHOLE DIETARY INTERVENTIONS

The importance of diet in supporting mental health
and cognitive function is increasingly recognized.
Extensive observational data from large cohorts
from a variety of different countries and cultures
have linked dietary patterns (e.g., Mediterranean
diet, Japanese diet) [41,42] and diet quality [43],
including higher fiber [44] and fruit intake [45] to
better mental health outcomes. Due to both the
established connection between the microbiota
and brain and the profound effect of diet on micro-
biota composition, such as the association between
long-term dietary patterns and anti-inflammatory
properties of the gut microbiota [46

&&

], a feature that
is often underlying mental health disorders, devel-
oping microbiota-targeted dietary interventions is
of increasing interest in the scientific field and
investigations into the potential benefits of healthy
diets in mediating the microbiota–brain interaction
are starting to emerge. In animal models, micro-
biota-dependent benefits of intermittent fasting
[32

&&

] and a ketogenic diet have been documented
[47]. In human cohorts, an 8-week nutrition educa-
tion program focusing on microbiota-friendly foods
decreased depression scores and increased self-rated
health and subjected well-being score in an obese
population in Japan [48]. Similarly, a 12-month
Mediterranean diet program induced increases in
microbial taxa that were associated with improved
cognition and reduced risk of frailty and inflamma-
tion in elderly individuals in a large, multicountry
Volume 35 � Number 1 � January 2022
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study (Nutrition in Elderly People (NU-AGE) cohort)
[49

&&

]. This sparse number of human cohort studies
available makes it difficult to provide evidence-
based recommendations for the use of specific diets
in improving mental health or to treat some symp-
toms of disease [50,51]. Thus, future high-quality
and large cohort studies are imperative to further
our understanding of this promising field. Further-
more, the individualized responsiveness to dietary
interventions will need to be further investigated in
order to determine which diet an individual could
benefit from the most. Thereby, various factors
could determine an individual’s systemic response
to the intervention, including microbiota composi-
tion [52,53]. Due to the bioavailability of some
nutrients (such as dietary fiber and polyphenols)
depending on the conversion by resident microbes,
determining whether an individual’ s microbiota
contains the enzymatic repertoire necessary to ben-
efit from a certain diet will be an important consid-
eration. Thus, with sequencing techniques
becoming more readily available, including an indi-
vidual’s microbial profile into the development of
nutrition therapy might become a possibility.
FERMENTED FOODS

Although fermented foods have been consumed by
humans for centuries, a recent surge in its popularity,
due to the many health benefits associated with its
consumption, has led to new investigations regard-
ing its use as treatment approaches. Importantly, it
has been proposed that the health benefits of fer-
mented foods, ‘foods made through desired micro-
bial growth and enzymatic conversions of food
components’, could be associated with the presence
of live microorganisms, prebiotics and potential
microbial metabolites produced through the fermen-
tation process [54

&

]. Some convincing data is pre-
sented in the literature regarding the potential of
fermented foods to affect microbiota-brain signaling,
both from preclinical [55] and clinical studies [56–
58]. Although no more recent clinical studies are
available and generally interventional studies are
sparse, these earlier trials suggest that fermented
foods could modify brain activity, stress responses,
mood, and anxiety.However, due to heterogeneity in
population, small sample sizes, fermented food prod-
uct used and outcomes measured, drawing any con-
clusions on the use of fermented foods in supporting
mental health is difficult. Nevertheless, results hold
promise and the potential of fermented foods to
influence pathways underlying psychiatric diseases,
such as the microbiota and immune system [59],
make the use of fermented foods a promising candi-
date for gut-targeted intervention.
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CONCLUSION

Interest in developing gut-target interventions for
brain disorders has exploded with the discovery of
the bidirectional signaling between the gut micro-
biota and the brain. A plethora of review articles is
available, outlining the potential of using psycho-
biotics in the management of psychiatric disease;
however, whereas many advances have been made
in the field and the current state of the literature
provides a promising outlook toward the use of
microbiota-targeted interventions as adjuvant thera-
pies for some diseases (such as depression), the likeli-
hood of these therapies replacing pharmacological
agents is still in the distant future and especially
greater evidence from clinical populations is needed
to conclusively provide evidence-based recommen-
dations. Thereby, several aspects are important to
note when interpreting the current state of the liter-
ature and need to be addressed to further advance the
field. The personalized nature of gut-targeted inter-
ventions is a critical consideration and factors deter-
mining responsiveness to an intervention (including
availability of microbial enzymatic repertoire) will be
essential for the advancement of these personalized
approaches. In individuals missing certain microbial
functions, it may be that future nutritional interven-
tions will combine dietary approaches with specifi-
cally designed probiotics in order for the intervention
to be effective. Similarly, choosing the ‘right’ inter-
vention, the dosage as well as duration of treatment
needs to be considered. Probiotics often do not colo-
nize the gut and thus do not become members of the
gut community, which usually makes it necessary to
continue to ingest probiotics. Prebiotics or diet, on
the other hand, have the option to change the micro-
biota; however, whether the microbiota will go back
to baseline after the intervention is stopped is to be
determined. Thus, it is likely that most gut-targeted
approaches will be life-long interventions.

Given that conventional pharmacological treat-
ments might not work for everyone and the promising
evidence available regarding the manipulation of the
microbiota to elicit health benefits, make gut-targeted
intervention an exciting treatment opportunity for
patients suffering from psychiatric or psychological
disorders. However, multiple unknowns continue to
exist and large cohort studies with well defined pop-
ulations, especially in heterogeneous diseases, and
well defined and specific outcome measures are
required to fill the huge research gap in the years
to come.
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