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Abstract

Research on the interaction between gut microbiota and the brain may have implications for our understand-
ing of brain function, cognition, behavior and mental health. The literature on gut microbiota and its role in the 
pathophysiology and potential treatment of mental disorders has proliferated in recent years. Several neurode-
velopmental disorders, including autism spectrum disorders, schizophrenia and attention-deficit/hyperactivity 
disorder, have been linked to the gut microbiota. The present perspective discusses the promise and pitfalls of 
gut microbiota research in relation to mental health. The manipulation of intestinal microbes in animals has re-
vealed connections between gut microbiota and both normal and pathological brain functions. The hope fueling 
this research is that gut microbiota could be harnessed to prevent and treat mental disorders. The links observed 
between an imbalance of gut microbiota and impaired behavioral and mental states in humans are correlational. 
It is therefore essential to establish cause and effect relationships. No distinct gut microbiota patterns linked to 
different mental disorders have yet been identified. Large-scale, longitudinal trials need to examine whether the 
gut microbiota is a valid therapeutic target for mental disorders and whether pre-clinical findings and initial re-
sults of intervention trials (e.g., administration of probiotics) are of clinical relevance.
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1. Introduction

The study of brain functions using neurophysiological, neuropsy-
chological, neurochemical and neuroimaging techniques has long 
been the central approach to understanding the regulation of nor-
mal behavior as well as of altered behavioral states seen in mental 
disorders. However, emerging evidence suggests that researchers 
in this field have often neglected another important system in-
volved in normal and abnormal brain functioning, the gastrointes-
tinal system. This relationship seems to be an important one. The 
gut has a large, independent nervous system, and it communicates 
closely with the brain through the gut-brain axis. The human gut 
is colonized by bacteria, archaea and eukaryotes, the number of 

which has been estimated to be of the same order as the number 
of human cells in the body (Sender et al., 2016). The gut micro-
biota of humans is determined by genetic, epigenetic and dietary 
factors (Yadav et al., 2018). Early research studies in the 1980s 
began the mechanistical investigation of the influence of specific 
intestinal microorganisms on brain states in mammals (e.g., Brown 
et al., 1990). Findings of these studies revealed that gut microbes 
(microbiota) appear to affect a wide range of their host’s physi-
ological processes, including cell differentiation and proliferation, 
metabolic and immune functions, as well as behavior (Heiss and 
Olofsson, 2018; Nicholson et al., 2012; Rooks and Garrett, 2016; 
Sharon et al., 2016). Microbiota may therefore contribute to vari-
ous diseases, such as inflammatory diseases, metabolic ailments, 
cancer and mental disorders. In particular, the gut microbiota plays 
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an important role in modulating developmental processes of the 
central and enteric nervous systems and is involved in neurogen-
esis, myelination, glial cell function, synaptic pruning and blood-
brain barrier permeability (Heiss and Olofsson, 2019). Alterations 
in the bi-directional communication pathways between gut micro-
biota and brain may eventually lead to a disrupted neurotransmitter 
balance, increased chronic inflammation and heightened activity 
of the hypothalamic-pituitary-adrenal axis. Our current under-
standing of the complex communication systems involved in the 
gut microbiota-brain axis is limited. 

2. Gut microbiota in mental disorders

Research on the interaction between complex communities of gut 
microbes (microbiota) and the brain may have implications for our 
understanding of brain function, cognition, behavior and mental 
health. Intestinal dysbiosis has been demonstrated to be linked to 
behavioral impairment (Bruce-Keller et al., 2015; Diaz Heijtz et 
al., 2011; Douglas-Escobar et al. 2013; Tillisch 2014), and this has 
given rise to investigations of the role of gut microbiota in mental 
health.

The findings of studies in germ-free mice, which lack intesti-
nal and other microbiota, suggest that gut microbiota are essential 
for the development of neuronal systems involved in motor con-
trol, social activity and anxiety behavior (Desbonnet et al., 2014; 
Diaz Heijtz et al., 2011). Furthermore, exaggerated caution and 
disturbed social behavior displayed by germ-free BALB/c mice 
can be normalized by microbiome transplants from NIH Swiss 
mice, which do not show impaired exploratory and social behav-
ior (Brinks et al., 2007). Conversely, NIH Swiss mice receiving 
BALB/c microbiota transplants presented with marked hesitancy 
and caution (Bercik et al., 2011).

It has been demonstrated that neurodevelopmental mental dis-
orders, including autism spectrum disorders (ASD), schizophrenia 
and attention-deficit/hyperactivity disorder (ADHD), are com-
monly associated with gastrointestinal symptoms, such as diarrhea 
and constipation (e.g., McElhanon et al., 2014; Severance et al., 
2016). Furthermore, alterations in gut microbial composition have 
been observed in these conditions (Sharon et al., 2016), suggest-
ing that microbial dysbiosis may be involved in their pathogenesis.

The role of gut microbiota has raised high expectations in men-
tal disorders including the heterogeneous family of neurodevelop-
mental ASD, which are characterized by early-appearing deficits 
in cognitive, communicative and social skills and by repetitive 
sensory-motor behaviors (Lord et al., 2018). Children with ASD 
present with more gastrointestinal problems than healthy controls 
(McElhanon et al., 2014). Several dietary interventions, including 
gluten-free and casein-free diets (Lange et al., 2015; Reissmann et 
al., 2020) and omega-3 fatty acid supplementation (Lange, 2020a), 
have been suggested as complementary and alternative medicine 
treatments in ASD. However, in view of the less than convincing 
evidence in support of these dietary approaches, it would be pre-
mature to recommend them as alternatives in the management of 
ASD (Lange, 2020d; Reissmann et al., 2020).

ASD has been linked to an abnormal gut microbiota compo-
sition, with distinct increases or decreases in certain microbial 
groups (Mulle et al., 2013; O’Mahony et al., 2015). Elevated lev-
els of Clostridia, Desulfovibrio (Finegold, 2011), Sutterella (Wang 
et al., 2013) and Bacteroidetes (Tomova et al., 2015) and de-
creased concentrations of Firmicutes, Prevotella, and Bifidobacter 
have been found in the stool of children with autism (Rosenfeld, 
2015). However, other studies have found no compositional per-

turbations of gut microbiota in individuals with ASD (Son et al., 
2015). Moreover, alterations in gut microbial communities, which 
are frequently accompanied by strong food preferences, such as 
for starchy, processed foods, might be associated with behavioral 
problems in children with ASD (McElhanon et al., 2014). Reverse 
causation, i.e. behavioral changes leading to microbiota altera-
tions, may explain the associations observed.

Schizophrenia is a complex, heterogeneous behavioral and cog-
nitive syndrome, characterized by diverse symptoms, including 
cognitive dysfunction, positive symptoms, such as delusions and 
hallucinations, and negative symptoms, such as impaired motiva-
tion and social withdrawal (Owen et al., 2016). Few studies have 
investigated the microbiota composition in relation to schizophre-
nia. Individuals with first-episode psychosis have been reported 
to show increased numbers of Lactobacillus gut bacteria, which 
correlate with the severity of symptoms (Schwarz et al., 2017). In 
addition, a subgroup of these individuals, who showed the most 
profound alterations in microbiota composition, were less likely 
to respond to therapy (Schwarz et al., 2017). A potential involve-
ment of the microbiota in schizophrenia has been suggested by 
findings showing that the administration of the antibiotic minocy-
cline, which can induce changes in microbiota composition, po-
tentiates the effect of the antipsychotic drug risperidone in people 
with chronic schizophrenia (Khodaie-Ardakani et al., 2014).

ADHD is a common psychiatric diagnosis in childhood and 
adolescence and is characterized by age-inappropriate levels of 
hyperactivity, inattention, and impulsivity. Individuals diagnosed 
with ADHD display long-term social, academic and mental health 
problems (Lange et al., 2010; Thapar and Cooper, 2016). While 
the etiology of ADHD appears to be multifactorial, definite causes 
remain unknown. Doubts regarding the effectiveness of commonly 
used ADHD therapies on clinically relevant outcome measures, 
the unproven long-term efficacy of treatment and concerns sur-
rounding potentially serious adverse effects of medication have led 
to a search for alternative treatment options (Lange, 2017; Lange, 
2018a; Lange, 2020b), including micro- and macronutrients and 
diets (Lange, 2018b; Lange, 2018c). Recent findings suggest that 
the gut microbiome dysbiosis associated with dietary patterns may 
be linked to a susceptibility to ADHD (Wang et al., 2020). How-
ever, a causal relationship has not been established.

To further our understanding of the effects of gut microbiota 
on mental disorders, future studies should also attempt to eluci-
date the mechanisms underlying the influence of microbiota on the 
health of the host. Potential mechanisms include direct activation 
of neuronal pathways (vagal afferents), microbial metabolism of 
nutrients and production of circulating mediators, and immune ac-
tivation and circulating inflammatory mediators (Bruce-Keller et 
al., 2018).

3. Therapeutic modulation of gut microbioata in mental disor-
ders

Tools of potential value in the modulation of gut microbiota as a 
treatment approach in mental disorders include fecal microbiota 
transplantation and dietary changes, such as the administration 
of probiotics. The success of microbiota transplantation in the 
treatment of refractory Clostridium difficile infection (Mattila et 
al., 2012) has excited some publicity. However, little informa-
tion concerning the potential of this approach in mental disorders 
in humans is currently available. An open-label trial in children 
with autism has shown improved gastrointestinal and behavioral 
functions following fecal microbiota transplantation (Kang et al. 
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2017). However, this trial was not randomized, placebo-controlled 
or blinded.

The composition of gut microbiota is determined in part by the 
diet. While an individual’s gut microbiota is relatively stable over 
time, it responds quickly to dietary changes (David et al, 2014a, 
b). With respect to mental health, highly processed foods, which 
reduce intestinal microbial diversity, have been shown to be as-
sociated with an elevated risk of mental disorders (Dawson et al., 
2016). Furthermore, several studies have revealed significant in-
verse associations between metrics of diet quality and disturbances 
of mental health (Flórez et al., 2015; Huddy et al., 2016; Mihrshahi 
et al., 2015; Rienks et al., 2013). However, the findings in regard to 
these relationships are mixed (Lai et al., 2016; Martínez-González 
and Sánchez-Villegas, 2016) and call for further controlled trials.

The administration of probiotics could potentially counterbal-
ance the effects of Western diets on mental health. In one study, 
germ-free mice displayed exaggerated and maladaptive responses 
to stress, which were normalized by intestinal recolonization us-
ing probiotics (Sudo et al., 2004). Other studies have shown that 
probiotics improve mood, anxiety and cognition in animal models 
(Bravo et al., 2011; Desbonnet et al., 2010; Smith et al., 2014; 
Sudo et al., 2004). In humans, randomized trials have revealed 
beneficial effects of probiotics on mood (Messaoudi, 2011; Steen-
bergen, 2015). In children with autism, probiotics have been re-
ported to be beneficial in normalizing the Bacteroidetes/Firmicutes 
balance and in elevating Desulfovibrio spp. levels (Tomova et al., 
2015). More research is necessary to assess the amelioration of 
ASD symptoms following manipulation of the gut microbiota. A 
placebo-controlled trial has demonstrated that Lactobacillus casei 
reduces physiological responses to stress while increasing gut mi-
crobiota diversity (Kato-Kataoka, 2016). However, other studies 
found no benefits of probiotics versus placebo on mood, anxiety, 
stress or sleep quality in healthy volunteers (Kelly et al., 2017). 
In addition, the remarkable degree of inter-personal variability in 
human microbiota needs to be considered (Eckburg et al., 2005).

To sum up, the available evidence in support of the use of pro-
biotics in the field of mental health is suggestive but not sufficient. 
Future trials evaluating probiotic use in various mental disorders 
are required in order to determine efficacy and to address several 
key problems, such as beneficial strains, dosage, method of ad-
ministration and treatment duration (Wallace and Milev, 2017). 
Dietary fiber and prebiotics consistently modulate gut microbiota 
composition and function and could therefore become a valuable 
tool in research on the interaction between microbiota and brain 
(Dalile et al, 2019).

4. Conclusions

The experimental methods employed in seeking to establish rela-
tionships between gut microbes and behavior include alteration of 
the microbiota in animals and comparison of various behaviors of 
animals with and without microbiota. The manipulation of intesti-
nal microbes has revealed connections between gut microbiota and 
both normal (emotion and cognition) and pathological (neurode-
velopmental disorders, anxiety, mood) brain functions. The exist-
ing scientific literature has engendered hopes that gut microbiota 
could be harnessed in the prevention and treatment of mental dis-
orders. If a direct relationship between gut dysbiosis and distinct 
psychopathological phenotypes could be established, this might 
lead to novel microbiome-based therapeutic strategies in psychia-
try. However, the hype created by some researchers and the media 
seldom considers the pitfalls inherent in the interpretation of re-

search findings in the field.
In humans, the links observed between an imbalance of gut 

microbiota and impaired behavioral and mental states are correla-
tional. Therefore, it is essential to establish cause and effect rela-
tionships. Even if intestinal dysbiosis can causally facilitate mental 
disorders, the reciprocal effects of impaired brain neurophysiology 
on gut microbiota are unclear. Whether differences in gut micro-
biota cause disease or whether they are caused by the disease is 
often impossible to determine. Psychopathological symptoms and 
behavioral abnormalities may affect food preferences, for exam-
ple, which in turn lead to gut dysbiosis. It is therefore important to 
ascertain whether gut dysbiosis is simply accompanying a disease 
or whether it is causing it.

Moreover, whether microbes mediate brain pathophysiology as 
well as mental health and disease, and, if so, whether individual or 
groups of different microbes are involved should be established. 
No distinct microbiota profile has as yet been related to any mental 
disorder. Since the exact alterations in gut microbiota underlying 
pathological changes are unknown even in animals, the diagnostic 
utility of microbiome analyses is currently limited in clinical prac-
tice. In addition, while there is some evidence suggesting in both 
animals and humans that exposure to transient microbes can influ-
ence brain physiology and behavior, there is no proof that chang-
ing the resident gut microbiota has therapeutic benefits. A detailed 
analysis of the interaction of the gut microbiota and nutritional 
modification at different neurodevelopmental stages may provide 
preventative strategies for neurodevelopmental disorders, includ-
ing ASD, schizophrenia and ADHD.

An important aspect in relation to the difficulty in establish-
ing distinct microbiological patterns concerns the phenotyping of 
psychiatric disorders. Given that the biological and environmental 
mechanisms involved in mental disorders are multifactorial, het-
erogeneous and complex, it is unrealistic to expect a one-fits-all 
solution in regard to gut microbiota. An examination of neuropsy-
chiatric symptom dimensions may be of greater value than an in-
vestigation of specific disorders.

Five questions for researchers have been proposed as a meas-
ure to guard against hype in microbiome research (Hanage, 2014). 
These are: (1) can experiments detect differences that matter? (2) 
does the study show causation or just correlation? (3) what is the 
mechanism? (4) how much do experiments reflect reality? (5) 
could anything else explain the results? In respect of a possible 
role of gut microbiota in mental health, none of these questions can 
be answered in the affirmative: the experiments performed have 
been unable to detect differences that matter (no distinct micro-
biota patterns related to different mental disorders); the available 
studies show correlation but no causation (see above); the (animal) 
experiments do not reflect reality (germ-free mice etc.); the under-
lying mechanisms remain unknown; other factors could explain 
the results (e.g., food choices as a consequence of psychopathol-
ogy.

In summary, gut microbiota-brain research has recently attract-
ed a great deal of attention. Published research and review papers 
in the field have frequently presented misinterpretations of find-
ings as well as speculation and overblown claims, which in turn 
have been propagated by the media. The interpretations of find-
ings on the interactions between gut microbiota and behavior offer 
potential avenues for the treatment of mental disorders or even for 
the enhancement of normal cognition. However, the sobering news 
is that the radical claims made respecting causal relationships, in 
particular the extent to which the microbiota may control human 
behavior, are not justified. Pseudoscientific commercialization, es-
pecially claims by various companies that their analyses of indi-
vidual fecal microbial content could form the basis of microbiome 
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cleansing or of personalized (mental) health interventions, are light 
on substance and heavy on salesmanship. Gut microbiota research 
can have no place in psychiatric practice until future large-scale, 
longitudinal trials have established whether the gut microbiota is a 
valid therapeutic target for mental disorders and whether the cur-
rently available pre-clinical findings and initial results of interven-
tion trials are of clinical relevance (see Table 1).
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