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Abstract

Probiotics are thought to play a role in the extensive bidirectional communication between gut microbiota and
the brain. A growing body of preclinical data suggests that probiotics may be effective in alleviating low mood and
improving depressive symptoms. Preliminary evidence derived from studies in rodent models supports the view
that single-strain or multi-strain preparations of Bifidobacterium and Lactobacillus are able to improve behaviors
related to depression. The extent of antidepressant effects in humans with a clinical diagnosis of depression is
less clear. While some support for the efficacy of probiotic supplementation has been found, the pooled effects in
meta-analyses have generally been small. The positive effects reported for probiotics in major depression should
be regarded as preliminary. Large, randomized trials assessing the efficacy of specific probiotic strain combina-
tions over various time spans in individuals with clinically significant presentations of depression are needed to
evaluate the therapeutic potential of probiotics. In light of accumulating evidence showing that probiotics may
have beneficial effects in reducing depressive symptoms and may be useful as an adjunct intervention in major
depressive disorder, the efficacy of probiotic foods in the prevention of depression should be investigated.
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1. Introduction strategies to avert disease burden remains limited (e.g. Casacalenda
et al., 2002). The need for the development of novel pharmacologi-

Major depression is a common psychiatric disorder characterized cal compounds for depression has repeatedly been emphasized (e.g.

by depressed mood or significantly reduced pleasure or interest in
all activities (American Psychiatric Association, 2013). Major de-
pressive disorder is highly debilitating, severely limiting psycho-
social functioning and diminishing the quality of life of affected
individuals (Malhi and Mann, 2018). The rate of recurrence is high
and the treatment of depression poses a major challenge (Malhi
and Mann, 2018). Up to 60% of individuals with major depressive
disorder have been estimated to experience some degree of non-
response to pharmacotherapy (Fava, 2003). Furthermore, major
depression has been projected by the World Health Organization to
rank as the first cause of global burden of disease by 2030 (World
Health Organization, 2008). Subclinical levels of depressive symp-
toms can be observed in healthy populations (Gawlik et al., 2013).

Pharmacotherapy and psychotherapy are commonly used to treat
people with depression. However, the ability of these treatment

Insel, 2015; Miller, 2010), and additional approaches in the preven-
tion and treatment of depression are required. In view of this, nu-
tritional psychiatry has developed as a new field of research, since
diet quality and nutrition are important in the promotion of meta-
bolic health (Bennett et al., 2015; Lange, 2017a; Lange, 2017b),
and have also been shown to be involved in the regulation of mental
health and to be modifiable risk factors for mental disorders (e.g.
Lange, 2018a; Lange, 2020; Marx et al., 2017). For example, di-
etary patterns such as the Mediterranean diet, with limited amounts
of processed foods and high consumption of fruit, vegetables, nuts,
seeds, wholegrains and fish, have been found to be inversely corre-
lated with the risk of depression (Lai et al., 2014; Opie et al., 2015;
Psaltopoulou et al., 2013). In contrast, high-sugar and high-fat diets
containing large amounts of processed foods (Western diets) appear
to be positively associated with depression (Lai et al., 2014). A con-
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Table 1. Experimental findings supporting a role of the gut microbiome in the modulation of depressive symptoms

Development of depressive-like behaviors in germ-free mice inoculated with fecal samples of individuals with depression (Zheng et al.,

2016)

Different composition of the intestinal microbiota of individuals with major depressive disorder compared to controls (Bravo et al.,

2011; Jiang et al., 2015; Zheng et al., 2016)

Altered counts of both gram-positive and gram-negative bacteria in individuals with depression (Jiang et al., 2015; Naseribafrouei et

al., 2014)

Link between alterations in the microbiome (e.g. Faecalibacterium) of individuals with depression and severity of depression (Jiang et

al., 2015)

sistent association between diet, nutrition and depression in adults
has been found in several systematic reviews and meta-analyses;
demographic factors and reverse causality do not appear to explain
this relationship (Lai et al., 2014; Li et al., 2017; Psaltopoulou et al.,
2013). Several biological pathways implicated in mental disorders
including depression can be influenced by diet. These pathways
include oxidative stress, inflammation, mitochondrial dysfunction,
neuronal plasticity, epigenetic changes and the intestinal microbi-
ome (for review see Marx et al., 2017).

2. Gut microbiota and brain function

The microbiota is a community of commensal, symbiotic and path-
ogenic microorganisms, the majority of which live in the gastroin-
testinal tract (Gill et al., 2006). The human intestine is colonized
by bacteria, archaea and eukaryotes, the number of which may ap-
proximate the number of cells in the human body (Sender et al.,
2016). Genetic, epigenetic and especially dietary factors can influ-
ence the intestinal microbiota (Yadav et al., 2018). While symbio-
sis of the intestinal microbiota can contribute to the maintenance of
undisturbed physiological conditions in the host, dysbiosis, i.e. an
imbalance in gut microbiota, may be involved in the pathogenesis
of various diseases, such as cardiovascular, gastrointestinal and
immune-related diseases (Gourbeyre et al., 2011; Hungin et al.,
2013; Khalesi et al. 2014) as well as mental disorders (e.g. Lange
et al., 2020, Mohajeri et al., 2018).

Emerging evidence suggests a bidirectional interaction between
the microbial communities in the gastrointestinal tract and the host
central nervous system via the gut-brain axis (Cryan and Dinan,
2012; Dinan and Cryan, 2017a; Foster and Neufeld, 2013). Pre-
clinical studies in animal models have found links between chang-
es or deficits of the intestinal microbiota and neurochemical altera-
tions in the brain, and the gut microbiota has been demonstrated
to influence brain development, central functions and behaviors
of the host (Bercik et al., 2011a; Crumeyrolle-Arias et al., 2014;
Cryan and Dinan, 2012; Desbonnet et al., 2014; Diaz Heijtz et al.,
2011; Dinan and Cryan, 2017b; Rogers et al., 2016). For example,
an early study in germ-free mice observed a link between the gut
microbiota and a reduction in brain-derived neurotrophic factor
concentrations in the hippocampus and an elevated stress response
in the hypothalamic-pituitary-adrenal axis (Sudo et al., 2004).

Other findings in mice, showing marked differences in the vol-
ume and dendritic morphology of the hippocampus and amygdala
and between germ-free mice and conventionally colonized mice
(Luczynski et al., 2016), suggest that the gut microbiome plays a
key role in the development of normal brain morphology and ultra-
structure of central neurons. The hypothesis that the gut microbiota
can modulate brain function and modify behavior is supported by
preclinical studies of germ-free animals, bacterial infections, fecal

transplantation and probiotic treatment (Cryan and Dinan, 2012).
Furthermore, intestinal microbial dysbiosis could be implicated
in neuropsychiatric disorders, such as depression, bipolar disor-
der, schizophrenia and autism spectrum disorders (Lange et al.,
2020; Rogers et al., 2016). For example, individuals with major
depressive disorder appear to have distinct compositions of the gut
microbiota in comparison with healthy people (Jiang et al., 2015;
Naseribafrouei et al., 2014). Further findings in support of a role
of the intestinal microbiota in the modulation of depressive symp-
toms in humans are presented in Table 1. These observations sup-
port the view that the intestinal microbiota could be a potential
target for novel antidepressant interventions.

3. Probiotics and depression
3.1. Animal studies

Probiotics are live microorganisms whose consumption contrib-
utes to the intestinal microbial flora of the host, resulting in ben-
eficial health effects (World Health Organization, 2001). In respect
to the central nervous system, a number of behavioral experiments
investigating potentially positive effects of probiotics on brain and
behavior have been conducted in rodents. For example, colonizing
germ-free mice with Bifidobacterium infantis has been shown to
normalize their previously overreactive hypothalamic-pituitary-
adrenal axis in response to restraint stress and to decrease their
stress hormone levels to those found in control animals (Sudo
et al., 2004). Various mechanisms have been suggested to be in-
volved in the effects of probiotics on brain functions, including the
regulation of mood and emotion (see Table 2).

Most of the available animal studies have used single-strain or
multi-strain preparations of Bifidobacterium (B. breve, B. longum,
B. infantis) and Lactobacillus (L. casei, L. helveticus, L. plantarum,
L. rhamnosus) and explored their effects on rodents in tests assess-
ing depression-like behaviors, such as the forced-swim, tail-suspen-
sion and sucrose-preference tests. Based on the findings in animal
models, all of these preparations have been shown to improve be-
haviors related to depression (for review see Wang et al., 2016).
However, the heterogeneity of the studies in regard to factors such
as probiotic strains, dose and duration of probiotic administration,
rodent strains, health conditions of animals and brain and behavio-
ral functions assessed needs to be considered. Moreover, findings
in preclinical rodent models of depression cannot be directly trans-
lated to clinical interventions in individuals with depression.

3.2. Epidemiology

A nationwide, large cross-sectional study conducted in Korea, in-
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Table 2. Potential mechanisms involved in probiotic effects on the brain

Increases in the diversity of intestinal microbiota and the composition of beneficial bacteria (Kwok et al., 2014; Smith et al., 2014;

Wang et al., 2015)

Changes in food metabolites, such as short-chain fatty acids and tryptophan, due to “improvements” in intestinal microbiota

(Desbonnet et al., 2008; Hsiao et al., 2013)

Effects on gut-brain interaction through the vagus and enteric nerves (Bercik et al., 2011b; Bravo et al., 2011)

Biochemical changes in the brain, including concentrations of brain-derived neurotrophic factor (O’Sullivan et al., 2011) and
neurotransmitters, such as monoamines (Liu et al., 20163, Liu et al., 2016b) and y-aminobutyric acid (Bravo et al., 2011)

Reduced corticosteroid levels due to attenuation of the stress response mediated by the hypothalamic-pituitary-adrenal axis

(Ait-Belgnaoui et al., 2012)

Effects on the immune system by decreasing the production of pro-inflammatory cytokines and inflammation (Desbonnet et al., 2008;

Desbonnet et al., 2010)

cluding 26,118 individuals aged 19-64 years, has recently inves-
tigated the association between depression status, as determined
using a self-reported clinical diagnosis and a patient health ques-
tionnaire, and the consumption of probiotic foods, as assessed
using a food frequency questionnaire (Kim and Shin, 2019). In
comparison with the highest tertile of self-reported probiotic food
intake, the lowest tertile had significantly higher odds in self-re-
ported clinical depression and depression severity (Kim and Shin,
2019). These findings suggest that the consumption of probiotic
foods might have beneficial effects on depression and could be ca-
pable of reducing the risk of depression in adults.

3.3. Clinical trials

In recent years, several systematic reviews and meta-analyses have
analyzed the effects of probiotics on depression (see Table 3). Many
of the randomized controlled trials conducted in this area have as-
sessed the impact of probiotics on (subclinical) depressive symp-
toms in healthy people. The results of these trials, however, can-
not be extrapolated to people with clinically diagnosed depression.
Studies investigating supplementary probiotic interventions in the
treatment of individuals with a clinical diagnosis of depression have
recently been systematically reviewed (Noonan et al., 2020). All
studies included in the review demonstrated significant improve-
ments in one or more outcome measures of the impact of probiot-
ics in comparison with placebo or no-treatment conditions or with
assessments at baseline (Noonan et al., 2020). No negative effects
or adverse events related to the use of probiotics were reported.
However, this could reflect positive reporting bias, since systematic
reporting of adverse events associated with probiotic interventions
appears to be lacking (Gwee et al., 2018). Most of the studies were
conducted in individuals with depression who were receiving anti-
depressant medication. Probiotics should therefore be considered
as complementary to standard therapy rather than as an alternative.
Taken together, the findings suggest that the administration of pro-
biotics may be useful as an add-on treatment in clinical depression.

4. Future directions

In view of the evidence from the available findings of both animal
and human studies, probiotics appear to be capable of improving
brain function and depressive symptomatology (Wang et al., 2016).
The results of preclinical experiments suggesting antidepressant ef-
ficacy of probiotics cannot be directly translated to clinical trials.
In humans, various problems of the studies investigating the use of

probiotics in depression need to be considered (see Table 4). Major
limitations include small sample sizes, short durations of probiotic
supplementation and the wide variety of single-strain and multiple-
strain probiotics administered. The long-term efficacy of probiotics,
in particular on the remission of depression, and lasting effects fol-
lowing discontinuation of their administration are unclear. Probiotic
supplements appear to be well-tolerated, with low drop-out rates in
the available studies (Nikolova et al., 2019). However, possible ad-
verse events following extended use of probiotics are unknown.

In summary, our knowledge regarding the clinical effective-
ness of probiotics in depression is insufficient. Therefore, further
high-quality studies investigating their effects in major depressive
disorder and determining optimal composition, dosage and dura-
tion of probiotic supplementation are warranted. It is noteworthy
that in other fields of clinical medicine, such as the management of
gastrointestinal disorders, the accumulation of evidence has often
weakened rather than strengthened the case for the therapeutic use
of probiotics (Preidis et al., 2020).

The mechanisms involved in the effects of probiotics on depres-
sion, in particular those related to stress, should be explored in
more detail. A recent systematic review and meta-analysis, based
on randomized controlled trials of the effects of probiotics on stress
in healthy people, concluded that probiotics can decrease subjec-
tive stress levels in healthy individuals and could alleviate stress-
related subthreshold levels of depression and anxiety (Zhang et al.,
2020). Most animal models used for the assessment of the effects
of probiotics on behaviors related to depression cannot, for ethi-
cal reasons, be adapted to humans. However, future investigations
may correlate gut microbiota composition with specific behaviors
and manipulate the interaction between gut microbiota and central
nervous system using probiotics.

The epidemiological findings from Korea, demonstrating a posi-
tive influence of the consumption of probiotic foods on depression
(Kim and Shin, 2019), point to a preventive potential of probiotics.
Such benefits would probably require an intake of probiotics over ex-
tended periods of time. A recommendation for consumption of pro-
biotics may be made in view of the apparent lack of adverse events
associated with their intake. However, scientific evaluation of this
approach will be limited to observations, since a high-quality rand-
omized study design is not feasible. Furthermore, self-treatment with
dietary supplements without proven benefit is not recommended.

An important, though frequently neglected factor in the assess-
ment of food bioactives in mental disorders is related to etiology
and psychopathology. Biological, environmental, social and cul-
tural factors are involved in the etiology of depression, and the
diagnosis of depression relies on a number of symptoms, none of
which are pathognomic of the condition (Malhi and Mann, 2018).
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Table 3. Systematic reviews and meta-analyses of the effects of probiotics on depression in humans

Authors Type of study Conclusions
Huang et Meta-analysis of randomized controlled trials Oral probiotic use showed a significant reduction
al., 2016 in depression scale score in both individuals with
major depressive disorder and healthy people.
Beneficial effects were found in people aged 60
and below, but not in those aged 65 and older.
Pirbaglou et Systematic review of 10 randomized controlled trials (4  Limited support for positive impact of some
al., 2016 in clinically diagnosed and 6 in non-clinical samples) probiotics on reducing depressive symptoms.
Wallace and Systematic review of 10 studies assessing symptoms The majority of studies found positive effects
Milev, 2017 of depression (mood, anxiety, cognition) on measures of depressive symptoms.
Ng et al., Meta-analysis of the use of probiotics No significant effects of probiotic supplementation
2018 in alleviating depressive symptoms (10 on mood compared to placebo. Subgroup analysis
clinical trials with 1349 participants) found significant mood improvements in individuals
with mild-to-moderate depressive symptoms and
non-significant effects in healthy people.
Goh etal,, Meta-analysis of 19 double-blind, randomized, Treatment with probiotics significantly improved
2019 placebo-controlled trials (1901 participants) depressive symptoms compared to placebo. Significant
beneficial effect of probiotics on depressive symptoms
in people with major depressive disorder, but not in
other clinical conditions and in the general population.
Liu et al., Random-effects meta-analysis of 34 controlled No significant difference between prebiotics and placebo;
2019 clinical trials investigating the effects of small but significant effects for probiotics, with larger
prebiotics and probiotics on depression effect in clinical/medical samples than community ones.
Nikolova et Systematic review and meta-analysis of 3 randomized Possible beneficial effects of probiotics on depressive
al., 2019 controlled trials of probiotics (2 studies of probioticsin ~ symptoms when used as supplement to antidepressants.
addition to antidepressants and 1 study on probiotics as
sole treatment) in clinical depression (229 participants)
Chao et Meta-analysis of randomized controlled trials Significant alleviation of depressive symptoms in
al., 2020 evaluating the effectiveness of probiotics on individuals with depression following administration
depressive symptomatology in participants of probiotics compared to placebo.
with a depressive disorder diagnosis
Noonan et Systematic review of probiotics as treatment Significant improvements following probiotics in one
al., 2020 for clinically diagnosed depression or more outcome measures compared to placebo/

no treatment or to baseline measurements.

In short, depression is a clinically and probably pathophysiologi-

cally heterogeneous condition. Thus, as in other mental disor-
ders, there is unlikely to be a one-fits-all solution in regard to the

therapeutic efficacy of food bioactives such as probiotics (Lange,

2018b; Lange et al. 2020). The identification of subgroups of peo-

ple who are most likely to benefit from probiotic supplementation

may therefore be necessary.

5. Conclusion

Novel treatments are needed to reduce the global burden of ma-

Table 4. Limitations and problems of the available findings in respect to the use of probiotics in depression

Self-report of depressive symptoms versus clinically confirmed diagnosis of major depressive disorder.

Threshold of depression severity for inclusion (mild versus moderate).

Small sample sizes in studies of individuals with major depressive disorder.

Wide variety of composition of the single-strain and multiple-strain probiotics used.

Dose and duration of probiotic supplementation.

Use of probiotics as supplementation to pharmacological therapy or as sole treatment.

Degree of improved symptomatology: symptom rating scales versus remission of depression.

Different antidepressive effects of probiotics in different age groups.

Unclear long-term efficacy of probiotics during supplementation and following discontinuation.
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jor depression. The use of probiotics in depression has attracted
increasing scientific and clinical interest in recent years. Both
preclinical and clinical findings suggest that targeting the gut-mi-
crobiota-brain axis using probiotics may be a useful approach in
reducing the severity of depression. The available evidence sug-
gests that the role of intestinal microbiota and the use of probiotics
in both the treatment and prevention of depression deserves more
intensive investigation. However, the current evidence for probi-
otics in the therapy of major depression is modest. While some
support for their efficacy has been found, the pooled effects in
meta-analyses were generally small. Therefore, the positive effects
observed for probiotics in major depression need to be regarded
as preliminary. Large, randomized trials assessing the efficacy of
specific probiotic strain combinations over various time spans in
individuals with clinically significant presentations of depression
are needed in order to evaluate the therapeutic potential of probiot-
ics. In addition, the mechanisms underlying the probiotic effects on
depression should be further elucidated.
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