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Abstract

Background: Gut and oral microbiota are intrinsically linked to
human health. Recent studies suggest a direct link with mental health
through bidirectional gut-brain pathways. Emerging evidence
suggests that the composition and/or function of intestinal
microbiome differs in those with psychosis and schizophrenia as
compared with controls. There is relatively little research on the
predicted or actual functional alterations associated with the
composition of oral and gut microbiota in patients with psychosis. We
will perform a systematic review and meta-analysis to identify,
evaluate and if possible, combine the published literature on
compositional alterations in the oral and gut microbiota in patients
with psychosis or schizophrenia compared with healthy controls. We
also aim to explore the potential functional impact of any
compositional changes.

Methods: Original studies involving humans and animals using a
case-control, cohort or cross-sectional design will be included. The
electronic databases PsycINFO, EMBASE, Web of Science,
PubMed/MEDLINE and Cochrane will be systematically searched.
Quantitative analyses will be performed using random-effects meta-
analyses to calculate mean difference with 95% confidence intervals.
Discussion: Changes in microbiota composition in psychosis and
schizophrenia have been correlated with alternations in brain
structure and function, altered immunity, altered metabolic pathways
and symptom severity. Changes have also been identified as potential
biomarkers for psychosis that might aid in diagnosis. Understanding
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how predicted or actual functional alterations in microbial genes or
metabolic pathways influence symptomatic expression and
downstream clinical outcomes may contribute to the development of
microbiome targeted interventions for psychosis.

Registration: The study is prospectively registered in PROSPERO, the
International Prospective Register of Systematic Reviews
(CRD42021260208).
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Introduction

The gut microbiota is a complex ecological community of
microbes which are diverse and personalized' and includes
bacteria, fungi and viruses®. The collective microbial genome
of these microorganisms is termed the microbiome and is often
considered a second modifiable genome in the human body?.
This gastrointestinal ecosystem is intrinsically linked to human
health and recent studies suggest a direct link with mental
health*. Gut microorganisms communicate with the brain through
the gut-brain axis in a two-way communication system>®.
This axis describes key pillar physiological systems includ-
ing the endocrine, nervous, immune, and metabolic systems
facilitating behavioural responses’®. Several processes have
been investigated as mechanisms underpinning communica-
tion along this axis, including tryptophan metabolism®!°, the
hypothalamic-pituitary-adrenal axis'!, the production of micro-
bial metabolites such as short chain fatty acids'? and the vagus
nerve®. A healthy microbiome supports effective signalling
along these bidirectional gut-brain pathways'>. These pathways
may impact on a broad range of neurological and psychiatric
conditions. Compositional and functional microbiome alterations
have been associated with central nervous system (CNS)
disorders including depression'*'>,  Parkinson’s disease',
autistic spectrum disorder'”!¥, and attention deficit hyperactivity
disorder’®?®. Emerging evidence suggests that the composition
and/or function of intestinal microbiome differs in those with
schizophrenia as compared with controls* .

Psychosis is a condition that affects the way the brain proc-
esses information. When experiencing psychosis people can
become disconnected from reality and experience hallucinations
and delusions. They can experience social withdrawal, anhe-
donia, and struggle to motivate themselves. Impaired cogni-
tion is also a typical symptom of acute psychosis. Psychosis
is associated with an array of mental illnesses including
schizophrenia, schizoaffective disorder, delusional disorder, bipo-
lar disorder and depression. Psychotic symptoms can also be
drug induced.

The aetiology of psychosis is thought to be multifactorial and
the result of interactions between genetic and environmental
factors®. Several theories have attempted to explain its patho-
genesis and alterations in neurotransmitter pathways involv-
ing dopamine, glutamate, and fy-aminobutyric acid (GABA)
have been implicated®?. Converging evidence suggests
that psychosis is associated with chronic systemic and gas-
trointestinal inflammation, oxidative stress, and metabolic
dysfunction®. Metabolic and gut disturbances are highly preva-
lent in psychosis and schizophrenia, with comorbidities includ-
ing celiac disease, colitis, and irritable bowel syndrome®.
In fact, gastrointestinal diseases are the third leading cause of
natural deaths in schizophrenia®. Physiological dysfunctions
implicated in psychosis such as inflammation and oxidative stress
may be associated with changes in the microbiome?'.

Whilst empirical investigations have focused on elucidating
compositional and functional aspects of the intestinal micro-
biota in maintaining ongoing physiological processes within
the gastrointestinal tract’*?, there is relatively little research
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on the predicted or actual functional alterations associated
with the composition of oral and gut microbiota in patients
with psychosis. Multiple studies have documented an
interaction between the gut microbiome and immunity, cog-
nitive functioning, and behaviour in animal models. For
example, findings from mechanistic studies in rodent mod-
els demonstrate that compositional alterations during early
neurodevelopment or in adulthood can lead to direct CNS
effects that manifest during adulthood®3*. Translational sup-
port from clinical populations that reflect endophenotypes
characteristic of schizophrenia is more difficult to obtain. We
will perform a systematic review and meta-analysis to identify,
evaluate and if possible, combine data on the compositional
alterations in the oral and gut microbiota in patients with psy-
chosis or schizophrenia. We also aim to explore mechanistic
insights and/or the evidence for a potential causal role and in
both human and animal models.

Objectives
1. To systematically review previous studies that have
investigated the association between psychosis or schizo-
phrenia and compositional and functional alterations
in the oral and gut microbiota.

2. To undertake a meta-analysis of compositional altera-
tions in the oral and gut microbiota in patients with
psychosis or schizophrenia.

3. To systematically review the data on the clinical and
functional consequences of these alterations in humans
and animals, from a causal and mechanistic perspective.

Methods

The protocol for this systematise review was registered on
PROSPERO the international prospective register of system-
atic reviews (CRD42021260208). This systematic review and
meta-analysis will be conducted in accordance with the guide-
lines for systematic review and meta-Analysis (PRISMA) and
protocols (PRISMA-P) (online supplemental appendix 1)%.

Eligibility criteria

The systematic review will include original studies using a
case-control, cohort or cross-sectional design. Case reports,
expert opinions, and reviews will not be eligible for inclusion.
Clinical studies will include human adults. Preclinical stud-
ies will focus on animal studies involving the faecal microbiota
transplant of psychosis-associated microbiota consortia.

Information sources and search strategy

The electronic databases PsycINFO, EMBASE, Web of Sci-
ence, PubMed/MEDLINE and Cochrane will be systematically
searched. Peer-reviewed research articles from 1990-2021
will be considered, so that current literature is evaluated. The
search terms will include both free text and MeSH terms. Our
search strategy for PubMed/MEDLINE is as follows:

1. (‘microbiota’ OR ‘microflora’’ OR ‘microbiome’ OR ‘bacte-
rial microbiome’/ OR ‘intestine mucosa’/ OR ‘gut brain’ OR
‘oral microbiota’ OR ‘oral microbiome’/ OR ‘oral microflora’/
OR ‘RNA 16S’/ OR ‘gut microbiota’ OR ‘gut microbiome’
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OR ‘gut microflora’/ OR ‘gut bacteria’/ OR ‘gut dysbiosis’
OR ‘phageome’ OR ‘faecal’ OR ‘faecal microbiota transplant®’
OR ‘intestinal microbiota transfer’/ OR ‘faeces infusion’
OR ‘“donor faeces infusion’/)

2. (‘alpha diversity’ OR ‘beta diversity’ OR ‘human’/ OR ‘animal’/
OR ‘intestine flora’’ OR ‘microbial diversity’/ OR ‘taxonomy’
OR ‘metagenom*’ OR ‘microbiota” OR ‘gut microbiome com-
position” OR ‘metabolomic’/ OR ‘compositional alteration®’
OR ‘functional alteration®” OR ‘brain function” OR ‘symptom
severity’” OR disease severity’/ OR ‘behaviour’ OR ‘functional
pathway’)

3. Searches 1 and 2 were then be combined (1 ‘OR’ 2)

4. (‘schizophrenia’” OR ‘psychosis’/ OR ‘psychoses’/ OR ‘psy-
chotic disorder’/ OR ‘schizophrenic disorder’/ OR ‘mental illness’/
OR ‘mental disease’/ OR ‘psychiatric’ OR ‘psychosis’/ OR
‘psychiatric disorder’/ OR ‘major psychiatric disorder’/ OR
‘major psychiatric illness’’ OR ‘brief psychotic episode’ OR
“first episode psychosis’ OR ‘early psychosis’ OR ‘new episode
psychosis’ OR ‘new psychosis’)

5. Searches 3 and 4 were then be combined (3 ‘AND’ 4)

The search strategy will be adapted for PsycINFO, EMBASE,
Web of Science and Cochrane. Further search terms will be
identified via descriptive terms under MeSH terms.

Selection of studies

After conducting the initial literature search as described
above in the “searches” section, two reviewers (NM and KO)
will independently screen titles and abstracts, excluding stud-
ies that did not meet the eligibility criteria. Full text of poten-
tially eligible studies will then be obtained and screened by
the same reviewers. Any disagreement at this stage will be
mediated through a third reviewer (GC). A PRISMA flow
chart will display the articles examined at each stage, detailing
the number of papers included and excluded and reasons
for exclusion (online supplemental appendix 2).

Data extraction and management

Two reviewers (NM and SA) will extract the data from
included studies using a pre-piloted data collection form
in order to meet MECIR standards® (online supplemental
appendix 3). Any disagreement will be discussed with a third

independent reviewer (ASK). The following information
will be retrieved:
e General information: Study ID, reference citation,

author contact details

e Methods: Aim of study, design, start and end date, duration
of participation, ethical approval needed / obtained.

e Participants: Population description, setting, inclusion
and exclusion criteria, method of recruitment, number
of cases, number of controls, withdrawals and exclusions.

e Demographics: Age (at time sample was taken), gender,
diagnostic tool, subgroups measure / reported.
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e Compositional and functional outputs and informa-
tion on how this data was analysed will be retrieved
from all included studies. The key conclusions of the
study author will be retrieved.

In case of duplicate publication of the same data, we will
include the publication with most relevant data to our study
question, or with the largest cohort if both are relevant. Where
required information is not directly available from the stud-
ies, study authors will be contacted to request this information.
Study authors will be contacted via email. In the case where no
response is given a follow-up reminder email will be sent.

Outcome data

Compositional outcomes will include alpha diversity (e.g.
Shannon diversity index / Faith’s Phylogenetic Diversity), beta
diversity (e.g. Bray-Curtis dissimilarity, Unifrac, Unweighted
unifrac), diversity analysis (e.g. PERMANOVA), differential
abundance at phylum and genus level and across taxonomic
levels (e.g. ANCOM), and associations of compositional altera-
tions with demographic and clinical characteristics of the
population.

Functional outcomes will include predicted (16s) or actual
(metagenomic) differential abundance of microbial genes, meta-
bolic pathways, hormones, brain volume or function, behav-
ioural changes, associations of functional alterations with
demographic and clinical characteristics of the population.

Risk of bias assessment

Quality assessment will be carried out using existing appraisal
checklists for case-control, cohort or cross-sectional studies
provided in the Newcastle-Ottawa Scale’’. For each study,
risk of bias will be classified (high, moderate or low) by two
review authors (NM and SA) independently. Data quality
for each study will be recorded in a spreadsheet and a
table summarising the quality of assessment/evidence. Any
disagreement will be discussed with a third reviewer (ASK).

Data synthesis and statistical analysis

Systematic Review: Studies will be grouped and analysed
according to sequencing approach and key outputs, and tables
will display the summary characteristics of all papers included
in the systematic review. The tables will outline the following:
characteristics of study populations (N, age, sex), diagnostic
criteria, study design, intervention/test type, and outcomes.
The outcomes refer to the difference in the diversity and
composition of oral and gut microbiota between psychosis /
schizophrenia groups and non-psychosis / non-schizophrenia
groups.

Meta-analysis: When at least two studies reported the same
outcome, the reported effect estimates will be pooled using
random-effects meta-analyses. Mean difference (MD) and
95% confidence interval (CI) will be calculated, when
there are standardised methods in the used scales, to assess
alterations in the oral and gut microbiota in patients with psy-
chosis compared to healthy controls. The pooled effect estimates
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will be displayed in a forest plot with 95% CIs. Cohen’s
criteria will be used to interpret effect sizes: small (0.2),
medium (0.5), and large effects (0.8)%. The Q and I* statistics
will be used to test heterogeneity between studies®. The sta-
tistical heterogeneity between studies will be assessed
according to I* values; 25%, 50% and 75% will be used to
indicate a low, moderate and high level of heterogeneity
respectively®. If high heterogeneity is observed, this will
be explored using subgroup analyses. Subgroup analysis
will be conducted according to study design and risk of bias
assessment, and if the meta-analyses allow such an approach
to be undertaken.

If the data allow for meta-analysis, a sensitivity analysis
will be conducted, excluding one study at a time to assess
whether specific studies have a major influence on the results.
Potential publication bias will be assessed by visual inspec-
tion of funnel plots, and the asymmetry of the funnel plot
will be statistically examined using Egger’s test. All analyses
will be performed using Review Manager, version 5.3 (Nor-
dic Cochrane Centre, Copenhagen, Denmark) and Stata, version
16 for Egger’s test. P<0.05 will be considered statistically
significant.

Ethics

This study is based on published data and will not include any
human participants or animals; thus, ethical approval is not
required. Results of this study are expected to be published
in peer-reviewed journals or conference abstracts.

Discussion

Growing evidence suggests that there are differences in the alpha
and beta diversity in the microbial composition of people with
psychosis and schizophrenia as compared with controls?!»,
A smaller number of studies explore the predicted or actual
functional alterations in microbial genes or metabolic
pathways associated with these differences* . Changes in
microbiota composition in psychosis and schizophrenia have
been correlated with altered brain structure and function,
altered immunity, altered metabolic pathways and symp-
tom severity. Altered metabolic pathways have, in turn, been
associated with inflammatory cytokines and risk for coro-
nary heart disease in psychosis and schizophrenia. This has
been replicated in animal studies with specific behavioural
patterns*8. Changes in microbiota composition have also
been identified as potential biomarkers for psychosis and
schizophrenia that might aid in diagnosis. Understanding how
predicted or actual functional alterations in microbial genes
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or metabolic pathways influence symptomatic expression
and downstream clinical outcomes may contribute to the devel-
opment of microbiome targeted interventions for psychosis
and schizophrenia.

Our study has limitations. Given the inclusion of observational
studies and the anticipated variance in study methodology
and design, we anticipate large interstudy heterogeneity.
Sources of heterogeneity will be further explored using sub-
group analysis and meta-regression. We anticipate the number
of included studies will be small. This is likely to be particularly
true of those exploring the predicted alterations in functional
pathways.

Study status

Preliminary searches, piloting of the study selection process
and formal screening of search results against eligibility crite-
ria has been completed. Data extraction, risk of bias (quality)
assessment and data analysis is ongoing.

Data availability

Zenodo. Extended data for ‘Compositional and functional
alterations in the oral and gut microbiota in patients with
psychosis or schizophrenia: A systematic review’.

https://doi.org/10.528 1/zenod0.5501952%

This project contains the following underlying data:
e Appendix 1: Completed PRISMA-P checklist

e Appendix 2: PRISMA flow diagram for studies of oral
and gut microbiome in psychosis or schizophrenia

e Appendix 3: Data collection form

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).
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The microbiome is an interesting and rapidly growing area of research and its importance for
human health is becoming more and more obvious. How the gut microbiome affects the
mammalian brain, especially in mental disorders is an area of great interest currently. Different
teams using different approaches, both in men and mice have been published in this field. The
aim of the current project is to streamline this information, by undertaking a systematic review
and meta-analysis of relevant data to further the understanding how changes in microbial genes
or metabolic pathways influence symptomatic expression and clinical outcomes. It is hoped that
the information gained will aid in development of microbiome targeted interventions for
psychosis.

The manuscript study protocol submitted gives a great background to the field and describes the
need for a systematic review and meta-analysis. The authors are very clear about their search
strategy and have already proven that the keywords used are giving good results. In addition, they
have already used the PRISMA template (the golden standard for systematic review) for their
search and have screened the articles obtained and funnelled down the list to 21 papers/studies
to be included. The hypothesis of their work is well described and the authors seem very realistic
about the outcome. To me, this looks very well thought through and I have no doubt that despite
the small number of studies included, some good results can be expected that will further the
field.

While I am very enthusiastic about the study and the information that will be gained, the authors
do propose to include findings from animal studies. Not much information is provided in the
manuscript so far but it would be helpful to the reader if the authors state how they are planning
to integrate this information and if they anticipate this could cause some problems.

Overall, a very well described manuscript and a study to watch out for.
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Belinda R. Lennox
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This protocol for a systematic review is detailed, thorough and well placed to answer a clinically
relevant and interesting research question. The methods - from assessing risk of bias to statistical
analysis - fulfil PRISMA criteria and are clearly described, enabling replication. The search terms
strike a good balance of being both broad enough to identify many papers but also targeted
enough to be relevant to answering the research question.

We have a few minor suggestions for the authors:
1) The introduction should include clear definitions of both compositional and functional
alterations. While these are indirectly described throughout the paper - and fleshed out in the

'Outcome data' section - these should be clearly defined at the start of the paper.

2) In the introduction, it states that 'psychosis is associated with an array of mental illnesses
including schizophrenia, schizoaffective disorder, delusional disorder, bipolar disorder and
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depression’, however only schizophrenia features in the search strategy. If other disorders such as
bipolar disorder are not included, it would be helpful if the rationale for this is explained in the

paper.

3) The sentence ‘In fact, gastrointestinal diseases are the third leading cause of natural deaths in
schizophrenia’ in the introduction is arguably extraneous to the argument and direction of the
paper. The authors of the reference supporting this sentence admit that their paper does not take
into account the influence of antipsychotics on gastrointestinal diseases, including GI dysmotility
and clozapine-induced bowel obstruction. Perhaps this statement could be omitted?

Aside these minor suggestions to the introduction, we believe that this is an excellent study
protocol and we look forward to reading the results on completion of the study.
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Is the study design appropriate for the research question?
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Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
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