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The microbiome and mental health: Hope or hype?

Valerie H. Taylor, MD, PhD

The biggest predictor of future behaviour is past behav-
iour, but in science we at times seem remarkably unable to
learn from past experiences. Take the furor regarding the
gut microbiome, especially as it pertains to mental illness.
Less than 10 years ago the concept of microbial manipula-
tion to treat mental illness was primarily hypothetical, yet
we now have clinical trials underway to look at the viabil-
ity of fecal microbiota transplantation (FMT) as a treatment
for major mental illness. While it is essential that the com-
pelling preclinical work supporting the microbiome gut-
brain axis' be translated in a clinical population, and in-
deed that is a ubiquitous recommendation of many
preclinical animal studies, it is essential to reflect on just
how novel and revolutionary the concept of the gut-brain
link really is. We also need to identify lessons to be learned
from the past to ensure we recommend science and not sci-
ence fiction going forward.

Prior to this recent renaissance, the concept of the gut—
brain connection was prominent in the early 20th century
when terms such as “autointoxication” and “intestinal tox-
emia” described a process whereby intestinally derived
toxins were purported to influence health — often mental
health specifically — via internal “poisoning” from the toxic
contents of the colon.? A paper published in The Journal of
the American Medical Association in 1898, for example, sug-
gested that microbial growth in the intestines associated
with conditions such as a lack of stomach acid, could, under
normal circumstances, be addressed via normal body pro-
cesses, but the concern was that these detoxification path-
ways might be overrun in melancholia.? This concept of vul-
nerability toward mental illness creating an environment
where relatively normal amounts of stress suddenly result
in illness is in keeping with the concept of allostatic load,*
but lacking sophisticated ways to understand the stress dia-
thesis model and the role of neurotransmitters and inflam-
mation, treatment focused on the identified problem area:
the gut. This not only led to treatments targeted toward
changing the gut via oral consumption of products compris-
ing things such as lactic acid-producing bacteria,” but also

involved extreme measures such as gastrointestinal surgery
for schizophrenia — a procedure associated with high mor-
tality and little else.®

The flawed translation from scientific theory to clinical util-
ity marked the beginning of the end for this school of thought
and should be reflected on as the field, buoyed by strong pre-
clinical work, again attempts to transition into the realm of
treatment. One reason for the initial departure from the con-
cept of autointoxication was purported to have been that, in
parallel to the legitimate scientific interest in the effects of
intestinal bacteria on health, charlatans were alert to the
financial possibilities offered by the idea that cleaning out the
colon could instantly improve well-being and began to sell a
variety of alternative health products linked to improving
your gut microflora and your sense of well-being. The irony
should not be lost, given that the current global wellness
industry had a $4.2 trillion market in 2018,” and class action
lawsuits have been settled for claims that probiotic-enriched
foods can “boost the body’s defenses” and “enhance the
immune system.”8

Thankfully, the concept of gastrointestinal surgery to treat
mental illness is no longer accepted, but the new methods
being used to manipulate the gut microflora are not without
risk. The primary tenet of FMT is that dysbiosis within the
human host gut microbiome predisposes an individual to
disease. The exact mechanisms through which this occurs
have not yet been established, but several potential direct
and indirect pathways exist through which the gut microbi-
ota can modulate the gut-brain axis. These pathways include
endocrine (cortisol), immune (cytokines) and neural (vagus
and enteric nervous system) pathways,’ and the assumption
is that introducing microflora from a healthy individual will
help recolonize the system with a microbial pattern more in
keeping with wellness either by establishing the new healthy
microbiota or by allowing the host to “reset” their own
microflora to a pre-illness state. As of yet, there is no clearly
defined gold standard profile associated with euthymia, and
factors such as diet, smoking and age can affect the microbi-
ome. There is, however, work indicating that certain bacteria
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The microbiome and mental health

and microbial profiles are associated with illnesses such as
depression. Naseribafrouei and colleagues reported that dif-
ferent members of the Bacteroidetes phylum are either posi-
tively or negatively correlated with depression;! Jiang and
colleagues found that Bacteroidetes, Proteobacteria and Actino-
bacteria are increased and Firmicutes decreased in depres-
sion;!' and Zheng and colleagues found that the relative
abundance of Actinobacteria was increased, whereas that of
Bacteroidetes was decreased, in depression compared with
healthy controls.”? Using a module-based analytical frame-
work, scientists have also recently assembled a catalogue of
the neuroactive potential of sequenced gut prokaryotes and
identified the microbial synthesis potential of the dopamine
metabolite 3,4-Dihydroxyphenylacetic acid as correlating
positively with mental quality of life, helping to initiate a
more nuanced exploration of the exact mechanisms under-
lying the gut-brain connection.'

If we adopt the premise that changes in gut microflora
subsequently affect behaviour via one of the above mech-
anisms, however, then the caveat is also true: all the ill-
nesses purported to be amenable to remediation by thera-
pies such as FMT can also be introduced via the same
process. This issue was raised in an intriguing study in
which germ-free mice were colonized with the fecal micro-
biota from healthy control individuals or patients with irri-
table bowel syndrome (IBS) with or without anxiety. The
mice that received the IBS fecal microbiota, but not the
healthy control fecal microbiota, exhibited faster gastro-
intestinal transit, intestinal barrier dysfunction, innate
immune activation, and anxiety-like behaviour. As a conse-
quence, the study authors noted that the results raised an
important health issue related to fecal transplantation, and
they strongly suggest that fecal transplant donors be
screened for functional gut disorders and other conditions.™
This concept is further supported by work that showed that
fecal microbiota transplantation of germ-free mice with “de-
pression microbiota” derived from patients with depression
resulted in depression-like behaviours compared with col-
onization with “healthy microbiota” derived from healthy
control individuals.”? As noted in many areas of mental ill-
ness research, the causal association between the gut micro-
biome and mental illness is likely bidirectional and involves
microbiome patterns that confer vulnerability toward ill-
ness and external stresses that create environments more
prone to exacerbate such a biological vulnerability. What
seems to be most important as the field moves forward,
however, is the creation of new targets for treatment.

We need to manage expectations with respect to the thera-
peutic potential of microbial manipulation, and although
there appears to be significant opportunity afforded by this
area of research and much yet to be discovered, 2 recent
meta-analyses indicate that probiotic supplementation has an
overall insignificant effect on both mood symptoms'® and the
symptoms of schizophrenia.'® In contrast, another systematic
review and meta-analysis looking at pre- and probiotics for
depression and anxiety found no difference over placebo for
the prebiotic but a small but significant effect for the pro-
biotic."” This review included mainly studies of nonclinical
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community-based samples, however, which can be inter-
preted as representing work focused on participants who at
baseline were too well to show meaningful impact. The
results, therefore, can be used to endorse either viewpoint
regarding the therapeutic potential of these compounds in
the treatment of mental illness — which is not helpful.

As is true in many areas of mental health research, our
diagnostic categorizations may be part of the issue, given
that using DSM criteria for depression produces more than
200 different symptom profiles, all of which fit the major
depressive disorder (MDD) diagnostic category. It may be,
then, that probiotics are helpful for some, but not all, types
of MDD. This area of research has the additional challenge
of not only needing to identify what type of depression
would be amenable to changes in the gut microflora, but
also what type of probiotic should be used as an interven-
tion and what the timing of the treatment should be. Results
from a germ-free mouse study showed that central nervous
system neurotransmission can be profoundly disturbed by
the absence of a normal gut microbiota and that this aberrant
neurochemical profile is resistant to restoration of a normal
gut flora in later life.’ We also have systematic reviews of
studies on the fecal microbiota in anorexia nervosa, the goal
being to facilitate weight gain,'” and a review of the micro-
biome in the management of obesity, the goal being to facili-
tate weight loss,”® which speaks to our need to better under-
stand what the science is and how we are going to translate
this knowledge.

There is still a lack of understanding of what we are try-
ing to change with treatment, as there is no microbial pro-
file clearly associated with wellness, or vice versa, from a
behavioural perspective. There is growing capacity, how-
ever, to move beyond causal associations and to begin to
understand from a more mechanistic perspective exactly
what the microbiome looks like when linked to wellness
and to begin to think of the microbiome as perhaps contrib-
uting to the armamentarium of potential biomarkers we
have available to help guide treatment.?! A recent large
Dutch study has begun work at a population level to help
create a dedicated reference database that will allow for a
more sophisticated study of microbial neuroactive poten-
tial and provides population-scale evidence for micro-
biome links to mental health, while also acknowledging the
issue of confounders.” While provocative, the study also
illustrates the need for multicentre work in this area, using
validated instruments and solid metagenomic techniques
to attempt to apply the cardiology model of thousands and
tens of thousands of data points from large samples to
impart rigour. If this is to be a game changer for mental ill-
ness, we need to change our approach. Otherwise we will,
again, fail to truly know if a strong biological plausibility
holds scientific credibility.
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