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ABSTRACT
Introduction  Multiple chemical sensitivity (MCS) 
describes reported adverse reactions to exposure to 
common chemical agents (solvents, odourants, air 
pollutants, material or substances) in low doses tolerated 
by most people. Symptoms involve more than one 
organ system and responses are triggered by multiple, 
chemically unrelated substances.
Methods and analysis  The systematic review will aim to 
answer six questions: Which definitions of MCS have been 
validated? What is the diagnostic performance of tools for 
identifying MCS? What is the prevalence and incidence 
of MCS? What is the empirical evidence that MCS is a 
distinct disorder? What is the empirical evidence for 
underlying biological mechanisms for MCS? What are the 
effectiveness and safety of treatment and management 
strategies for MCS?
We will conduct a comprehensive search in 22 
multidisciplinary databases for primary and secondary 
research, research registries and clinical practice guideline 
repositories. We will reference-mine reviews and included 
studies, and confer with experts. Screening will be 
conducted in duplicate against prespecified eligibility 
criteria. Data abstraction will be pilot tested using detailed 
data abstraction forms to ensure accuracy and minimise 
ambiguity. Critical appraisal will be specific to the key 
question. We will synthesise data in comprehensive 
tables and figures. Where possible, meta-analysis will use 
random effects models to determine effect sizes.
Ethics and dissemination  This study was determined 
to be exempt from review (UP-22-00516). The results will 
be disseminated through a journal manuscript, and the 
data will be publicly accessible through an online data 
repository.
PROSPERO registration number  CRD420250645577.

BACKGROUND
Multiple chemical sensitivity (MCS) is char-
acterised by reported adverse responses 
to exposure to common chemical agents 
(eg, perfumes, paint, cleaning products) in 
low doses that are tolerated in the general 
population. Chemical agents include 

solvents, odourants, air pollutants, material 
or substances, and exposure is thought to 
occur through inhalation, or through inges-
tion or dermal absorption.1 2 Symptoms of 
MCS involve multiple organ systems and 
are unspecific; for example, symptoms may 
include the inability to concentrate or brain 
fog, headache, respiratory distress, eye and 
skin irritation, dizziness, nausea, paresthesia, 
joint or abdominal pain, fatigue and depres-
sion, among others.3–9 In addition, MCS symp-
toms typically generalise from a response to 
an initial, individual agent to sets of chem-
ically unrelated agents. People reporting 
MCS are often severely affected and report 
disabling impairments in multiple areas of 
their lives, which limits their social and occu-
pational functioning dramatically. However, 
the condition remains poorly understood. 
There is no agreement regarding the under-
lying mechanism of action or whether MSC 
should be considered a distinct disorder. A 
large number of treatment options have been 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This systematic review will conduct a comprehen-
sive search including 22 databases, using multi-
ple synonyms informed by experts and published 
research identified in our prior scoping review, to 
answer key questions regarding multiple chemical 
sensitivity (MCS).

	⇒ Through the use of a working definition for the MCS 
construct and transparent review methods, we are 
addressing the lack of standardised terminology, 
which makes identifying and synthesising relevant 
research challenging.

	⇒ We will address this complex field through formal 
evidence synthesis methods and will estimate the 
prevalence of MCS, diagnostic performance of tools 
aiming to identify MCS and effects of interventions 
designed to address MCS across identified studies.
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proposed outside of the traditional healthcare system 
and many people describing MCS feel that the healthcare 
system is failing them.3 10–21

Although the phenomenon of MCS has been reported 
for decades in the international literature, the condition is 
surrounded by controversy.7 22–26 The condition has been 
referred to by different terms, including multiple chem-
ical sensitivity, multiple chemical sensitivities, chemical 
intolerance (CI), idiopathic environmental illness (IEI) 
and symptoms associated with environmental factors 
(SAEF). The terminology itself has sparked debates, as 
the term sensitivity suggests a reaction to environmental 
exposure, while there is a dearth of evidence docu-
menting measurable immunological dysfunction.18 27 The 
cause of MCS has not been established; hence, it may be 
more appropriate to remove a possible cause from the 
terminology (ie, sensitivity) and instead characterise the 
condition as idiopathic (ie, IEI) or broadly characterised 
by the symptoms (ie, SAEF). However, both terms IEI and 
SAEF are not specific to the described characteristics of 
MCS (eg, the terms also cover electromagnetic hypersen-
sitivity), which complicates research and practice further. 
The aetiology and treatment of MCS are not well under-
stood despite some attempts to standardise the thera-
peutic management of patients with MCS.28 Whether 
MCS is a distinct disorder remains a subject of debate 
among researchers, practitioners and policy makers, due 
to the non-specific nature of its symptoms.2 29 MCS has 
similarities with other somatic complaints such as sick 
building syndrome, adding further to the intricacy of the 
research base. Furthermore, in many instances, MCS has 
been described as having developed after exposure in the 
workplace, adding legal and regulatory complexity to the 
debates.30–40

This systematic review has been informed by a broad 
scoping review of the literature that explored the published 
research thoroughly and mapped the existing evidence.41 
Draft results of the scoping review were uploaded to the 
Open Science Framework (OSF; project link: https://osf.​
io/4a3wu/) and we invited interest holders to provide 
comments as part of a consultation exercise of the scoping 
review methodology.42 Based on the results, we identified 
six areas that are both important to address and amenable 
to a systematic review to synthesise the research. The 
systematic review aims to assess the validity of proposed 
definitions of MCS, document the accuracy of diagnostic 
tools to identify MCS, provide estimates of prevalence 
and incidence of MCS, evaluate evidence potentially 
supporting MCS as a distinct disorder (ie, distinct from 
other physical or psychiatric disorders), document the 
strength of evidence for suggested biological mechanisms 
of MCS and provide effect estimates of MCS treatment and 
management strategies.

Review questions
The following key review questions (KQ) will guide the 
systematic review:

	► KQ A: Which definitions of MCS have been validated?

	► KQ B: What is the diagnostic performance of tools for 
identifying MCS?

	► KQ C: What is the prevalence and incidence of MCS?
	► KQ D: What is the empirical evidence that MCS is a 

distinct disorder?
	► KQ E: What is the empirical evidence for underlying 

biological mechanisms for MCS?
	► KQ F: What are the effectiveness and safety of treat-

ment and management strategies for MCS?
The review will answer the key questions and commu-

nicate the certainty of each evidence statement and 
conclusion.

Patient and public involvement
The planned systematic review and key questions were 
presented at an interest holder meeting organised by the 
funding agency that included a patient representative to 
ensure that the review is asking the right questions and 
will meet the needs of stakeholders.

METHODS AND PROCEDURE
The reporting of this protocol follows the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols43 and the review conduct will be consistent with 
the methodological guidance for the Agency for Health-
care Research and Quality evidence reports. The review 
will be registered in the international prospective registry 
for systematic reviews PROSPERO.44 The project started 
in June 2022, initially with a scoping review and consulta-
tion exercise. The systematic review builds on the results 
of the scoping review and is planned to be completed by 
the end of 2025.

The review will be supported by a technical expert panel 
(TEP). The panellists, selected for their content exper-
tise, will represent different stakeholders and perspec-
tives on MCS. Stakeholders include patient advocates, 
MCS clinicians, researchers, federal representatives and 
policy makers. The TEP will provide input regarding key 
outcomes and prespecified subgroups, and will have the 
opportunity to review the draft results of the completed 
systematic review.

Working definition of MCS
Given the different terminology in this field, we estab-
lished a working definition of MCS for this review:

MCS describes reported adverse reactions to expo-
sure to common chemical agents (solvents, odou-
rants, air pollutants, material, or substances) in doses 
tolerated by most people. Symptoms involve more 
than one organ system. Responses are triggered by 
multiple chemically-unrelated substances.

The criteria are not a case definition for clinical practice 
and are not meant to be applied to people to determine 
a diagnosis of MCS. Instead, our approach is to clarify 
which conditions we will include in the systematic review 
and which ones we will exclude to ensure transparency.
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Search strategy
Literature searches will be designed, executed and 
documented by an experienced evidence review centre 
librarian, building on experiences with a scoping review 
on MCS. The strategy will be peer-reviewed and we will 
elicit input regarding search terms as well as literature 
sources. We will search the international literature but 
restrict to English-language publications, given the differ-
ences in taxonomy and nomenclature, as well as differ-
ences in cultural norms, that would introduce additional 
heterogeneity between studies. The basic draft search 
strategy is shown in the online supplemental appendix. 
The search will be updated before finalising the review 
results to ensure that the review is up to date and the 
search strategy was informed by any additional relevant 
search terms that were identified in the course of the 
literature review.

This systematic review addresses multiple aspects of 
MCS, and the search strategy will cover different research 
databases to ensure that all scientific literature relevant 
to MCS has been identified: PubMed (biomedical); 
CINAHL (nursing and allied health); Embase (biomed-
ical); Web of Science (general scientific database); Scopus 
(health sciences); PsycINFO (behavioural and social 
sciences); Healthcare Administration Database (public 
health administration); Trip Medical Database (health 
research evidence), Current Contents Connect (multidis-
ciplinary); BIOSIS Citation Index (life sciences); Environ-
ment Index (environmental research); Environmental 
Science Database; Health & Environmental Research 
Online; SciFinder (chemical literature) and Agricultural 
& Environmental Science Collection (includes AGRI-
COLA, environmental research).

In addition, we will identify existing reviews through 
the systematic review filter in PubMed, the Cochrane 
Database of Systematic Reviews, the review collection of 
the Campbell Collaboration and the registry PROSPERO 
to use these for reference-mining. We will search reposito-
ries of practice guidelines including G-I-N,45 MAGICapp,46 
Guideline Resources Online47 and the ECRI-maintained 
guideline database.48 In addition, we will search the US 
trial registry ​ClinicalTrials.​gov49 and the International 
Clinical Trials Registry Platform maintained by WHO.50 
Finally, we will reference-mine included studies and 
consult with the TEP to ensure that all relevant literature 
has been captured.

Eligibility criteria
The eligibility criteria are documented in table 1.

Multiple publications on the same study sample 
(studies will be defined by the included participants) 
will be consolidated into one study record to ensure that 
one study is not counted multiple times regardless of the 
number of publications reported on the study.

Inclusion screening process
We will use the online database DistillerSR (Evidence Part-
ners, Ottawa, Canada), developed to support systematic 

reviews to screen the literature search output. The team 
will design detailed citation and full-text screening forms 
to ensure a transparent, consistent and unambiguous 
approach.

Citation screening will be supported by machine 
learning to ensure that relevant studies are not missed. 
Citation screening relies on incomplete information (ie, 
title, abstract, keywords, full citation detail). Therefore, 
citations perceived to be potentially relevant by at least one 
of two independent literature reviewers will be obtained 
as full text for further screening. Full-text screening will 
apply the detailed eligibility criteria. Training will ensure 
a shared understanding of all inclusion and exclusion 
criteria. Full-text publications will be screened by two 
independent reviewers to reduce errors and bias and any 
discrepancy will be resolved through discussion in the 
review team. The screening decisions and reasons for 
exclusion of studies will be tracked in the online data-
base and citation management software. Citations will 
be shared with the TEP and will be documented with the 
review to ensure that the literature flow is transparent and 
objective. The reasons for exclusion will correspond to 
the eligibility criteria domains to ensure transparency for 
the reader.

The literature flow will be documented in a flow 
diagram, providing information on the number of 
included and excluded studies at citation and full-text 
screening and the relative frequency of reasons for exclu-
sion. Studies excluded at full text will be documented in 
the online supplemental appendix of the review synthesis 
together with reasons for exclusion. The information will 
be made publicly available through a data repository to 
ensure transparency.

Data abstraction
We will design a detailed data extraction form that 
supports the evidence tables and summary of findings 
table. Forms for standardised abstractions will be devel-
oped in online systematic review software. They will 
include detailed instructions to reduce ambiguity and 
coding errors, and forms will be pilot tested. The data 
abstraction will balance details needed to understand 
study findings with the need to provide a concise overview 
of the evidence.

For KQ A (definition), we will abstract the author and 
date of the publication as well as the name of the profes-
sional group endorsing or publishing the definition. We 
will abstract the terminology used in the publication 
(eg, MCS, IEI), case definition and diagnostic criteria, 
as available. If the publication provides any statements 
regarding how the proposed definition varies from a 
published definition, we will abstract the information 
together with any presented rationale for the new defi-
nition. We will abstract information on the methods and 
process of establishing the definition. In addition, we will 
map the definitions to the Cullen criteria to document 
similarities and differences (see draft table in the online 
supplemental appendix). We will document evidence of 
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Table 1  Eligibility criteria

Domain Inclusion Exclusion

Population KQ A–E: publications explicitly referring to multiple chemical sensitivity (MCS) 
as well as publications that are consistent with the working definition of MCS; 
in these cases, publications may refer to chemical intolerance, idiopathic 
environmental intolerance, chemical sensitivity or hypersensitivity, ICD-10-CM 
code F45.9 (somatoform disorder, unspecified) or symptoms associated with 
environmental factors.
KQ F: treatment or management studies that include participants of all ages that 
explicitly refer to MCS or whose description aligns with the working definition of 
MCS.

KQ A–F: publications primarily 
addressing other conditions 
such as sick building syndrome, 
electromagnetic sensitivity, Gulf War 
syndrome or chemical sensitivity 
not consistent with the working 
definition.

Intervention/
Independent 
variable

KQ A: publications that describe a definition or diagnostic criteria for MCS 
together with a validation process providing content, construct or criterion 
validity. Approaches may include a consensus development process for content 
experts, documentation of empirical concurrent and discriminant validity or other 
approaches.
KQ B: studies that evaluate the performance of a diagnostic test, diagnostic 
criteria or other diagnostic tool to identify people with MCS.
KQ C: studies that report prevalence or incidence of MCS in a general population 
sample.
KQ D: studies that address whether MCS is a distinct condition and that provide 
empirical evidence of discriminatory power or that are based on formal expert 
consensus methods.
KQ E: studies that evaluate a biological mechanism for the development or 
progression of MCS (either using the term MCS or describing a condition 
consistent with the working definition of MCS).
KQ F: studies evaluating interventions aimed at managing or treating MCS. 
Interventions will not be restricted by content or treatment approach and may 
include interventions aimed at coping with MCS symptoms, as well as those 
addressing the underlying causes of MCS.

KQ B: studies only describing the 
psychometric properties without data 
on diagnostic performance. Studies 
reporting on MCS in preselected 
samples, such as patients in an 
environmental health clinic.
KQ D: publications not including 
original data and opinions of 
individual authors without formal 
consensus regarding whether or not 
MCS is a distinct disorder.
KQ E: studies that only report on 
exposures or risk factors without 
addressing the underlying biological 
or physiological mechanism, 
and studies addressing potential 
psychosocial mechanisms of action 
(eg, attribution errors).
KQF: interventions not aimed at 
managing or treating MCS.

Comparator KQ A, D, E: any or no comparator.
KQ B: studies with a reference standard. The reference standard may be a 
clinical interview with a healthcare professional or other method of determining all 
defining criteria of MCS are met according to a published definition of MCS.
KQ C: studies reporting a numerator and denominator.
KQ F: evaluations with historic (pre-post, time series) or concurrent (randomised 
controlled trial, controlled clinical trial, cohort studies comparing two observational 
cohorts).

KQ F: uncontrolled case studies 
and case series without numerical 
baseline assessments.

Outcome KQ A: MCS definition or operationable diagnostic criteria.
KQ B: diagnostic accuracy outcomes (eg, sensitivity, specificity, accuracy, area 
under the curve, receiver operating characteristics, positive predictive value, 
negative predictive value, false and true positives and negatives, congruence with 
diagnosis).
KQ C: sufficient detail provided to determine the denominator and numerator for 
prevalence or incidence.
KQ D: original empirical data that provide direct evidence, mechanistic evidence 
and parallel evidence aiming to establish MCS as a disorder.
KQ E: empirical strength of association, consistency, reversibility, specificity, 
temporality, biological gradient, plausibility, coherence, experimental or analogue 
evidence.
KQ F: patient health (self or clinician report), physiological measures assessing 
the effect of the intervention (effectiveness as well as safety indicators), or other 
evaluations of the impact of the intervention; quantitative and qualitative analyses 
are eligible.

KQ D: secondary literature only citing 
other studies and publications not 
explicitly referring to MCS.
KQ F: studies reporting only on 
treatment uptake, patient or provider 
acceptability of treatments or 
treatment costs.

Other limiters English-language peer-reviewed literature and research trial records Studies published in abbreviated 
form (eg, conference abstracts).

KQ A: Which definitions of MCS have been validated? KQ B: What is the diagnostic performance of tools for identifying MCS? KQ C: What 
is the prevalence and incidence of MCS? KQ D: What is the empirical evidence that MCS is a distinct disorder? KQ E: What is the empirical 
evidence for underlying biological mechanisms for MCS? KQ F: What are the effectiveness and safety of treatment and management 
strategies for MCS?
ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; KQ, key review questions; MCS, multiple chemical 
sensitivity; N/A, not available.
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content, construct and/or criterion validity for the defini-
tion. The draft evidence table in the online supplemental 
appendix provides an outline.

For KQ B (diagnosis), we will abstract the author and 
publication year, country and the terminology and defini-
tion or criteria of MCS. We will document the employed 
sample, including which characteristics or condition MCS 
was differentiated from. We will describe the type of test, 
number of items for scales, details of the test modality 
and content of the test. The employed reference stan-
dard will be described in detail. We will abstract the reli-
ability methods (internal consistency, temporal stability, 
rater agreement) and results, and any evidence of validity 
indicating that the test measures what it is supposed to 
measure (eg, face, construct, content, criterion validity; 
multitrait-multimethod approaches). Finally, we will 
abstract the observed diagnostic performance where 
reported. The table in the online supplemental appendix 
presents the draft evidence table for the key question.

For KQ C (prevalence and incidence), we will docu-
ment the year of the estimate, country and sample size. 
We will abstract the recruiting strategy and data source. 
We will document the applied case definition of MCS. We 
will abstract any prevalence and incidence data together 
with the denominator. Data will be recorded in sufficient 
detail to allow judgements about the reliability and validity 
of the estimate. The draft evidence table is presented in 
the online supplemental appendix.

For KQ D (MCS as a distinct disorder), we will abstract 
the studies’ aims and general approach undertaken by 
the authors to address whether MCS should be consid-
ered a distinct disorder. We will document the results and 
the authors’ conclusion and specifically any statement 
regarding the authors’ conceptual agreement with MSC 
as a distinct disorder with a differential clinical profile. 
The draft evidence table in the online supplemental 
appendix outlines the suggested display of the data.

KQ E (underlying mechanism) will document the study 
details, suggested biological mechanism, any methods 
used to test the hypothesis, the type, results, and the 
strength of evidence.

We will organise the evaluated mechanisms of actions 
based on published taxonomies.5 41 51 Depending on the 
identified research, we will differentiate immune system 
dysregulation, neural sensitisation and hyperresponsivity, 
chemo-sensitive transient receptor potential function, 
neurogenic inflammation, limbic system dysfunction, 
oxidative stress hypothesis, and genetic theories. We will 
review our categorisation system for the identified mech-
anisms with the TEP to ensure the clear organisation of 
the available information.

We will broadly differentiate evidence as direct evidence 
using MCS samples, mechanistic evidence from animal or 
lab research, and parallel evidence from samples broader 
than or related to MCS (eg, samples including partic-
ipants with different SAEF).52 The data abstraction will 
provide details for each study describing the empirical 
evidence and documenting information relevant to 

weight of evidence criteria such as strength of association, 
consistency, specificity, temporality, biological gradient, 
plausibility, coherence, experimental, and analogue 
evidence.52–54 The draft evidence table is presented in the 
online supplemental appendix.

We will standardise the strength of association data 
where possible to facilitate the comparison across 
studies (eg, calculating measure-independent effect 
sizes, converting absolute numbers to proportions). 
We will abstract relevant data for each individual 
study, for example, documenting consistency if studies 
reported on multiple participant samples or animal 
models or different tests. Data related to specificity 
will include empirical evidence of discriminant validity. 
We will abstract details of suggested alternative causes 
or descriptions of MCS symptoms (eg, somatisation 
disorder) and document which proportion of the MCS 
symptoms these explain, per study authors. Temporality 
will report the tested timeframe and the presence and 
absence of evidence of immediate effects following expo-
sure. Any identified dose-response relationships will be 
documented in the biological gradient data field. The 
plausibility field will extract all information reported 
by the authors indicating a possible biological mecha-
nism underlying the association (eg, chemo-sensitive 
receptor sensitisation). Coherence will be documented 
across scientific tests where studies used multiple tests. 
The evidence table will distinguish experimental and 
analogue evidence.

KQ F (interventions) will document evaluations of 
interventions, for example, those that aim to alter the 
course of the condition or that propose management 
strategies and treatment. We will abstract the country and 
study design. We will document the sample, definition or 
measure of MCS used, the number of participants with 
MCS and the clinical setting. We will categorise the type of 
intervention (eg, desensitisation), and provide detail on 
the intervention content and components, duration and 
intensity and intervention personnel. In addition, we will 
describe the comparator type that was used to evaluate the 
effect of the intervention. We will facilitate the compar-
ison across studies by calculating measure-independent 
effect sizes and converting absolute numbers to propor-
tions. We will abstract outcome measures used to assess 
the effect of the intervention in terms of effectiveness and 
safety, and the reported results for the intervention and 
the comparator group. The draft evidence table in the 
online supplemental appendix shows how the results will 
be documented.

In addition to the displayed information, we will 
abstract the number of studies in the intervention and 
control or comparator group, the central tendency (eg, 
mean) and a measure of dispersion (eg, SD) or counts 
(eg, proportion of people) for the intervention and the 
comparator group to prepare data for meta-analysis (see 
Synthesis section).

Where publications are ambiguous or unclear, we may 
contact individual authors for clarification. We will export 
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data into summary tables and figures or data files for 
further analysis.

Critical appraisal
The critical appraisal of individual studies will focus on 
domains relevant to the study type and review question. 
We will summarise the results across studies for each KQ, 
but a detailed table will show the results for each study 
and criterion (see online supplemental appendix for 
draft tables).

For KQ A (definition), we will assess the source (eg, 
evidence of endorsement by a professional organisation). 
We will assess the processes used to develop the definition 
by assessing the domain stakeholder involvement (eg, 
workgroup to establish a definition, panel composition) 
and whether the definition is evidence-based (eg, based 
on a systematic review to identify domains, developed 
in an empirical study comparing prevalence of different 
definitions). Finally, we will evaluate the validity testing 
and use (eg, is the definition used in practice by other 
authors, has it been empirically used since the develop-
ment). These domains have been applied previously to 
conceptual work publications.55–60

For the tools relevant to KQ B (diagnosis), we will eval-
uate four domains: patient selection, index test charac-
teristics, reference standard quality as well as flow and 
timing.61 For psychometric measurement instruments, 
we will adapt the Consensus-based Standards for the 
selection of health Measurement Instruments: reliability, 
validity, responsiveness, interpretability criteria.62

For KQ C (prevalence and incidence), we will adapt 
Joanna Briggs Institute (JBI) criteria for critical appraisal 
of prevalence studies.63 64 The criteria address multiple 
aspects of study conduct (Was the sample frame appro-
priate to address the target population? Were study partic-
ipants sampled in an appropriate way? Was the sample 
size adequate? Were the study subjects and the setting 
described in detail? Was the data analysis conducted with 
sufficient coverage of the identified sample? Were valid 
methods used for the identification of the condition? Was 
the condition measured in a standard, reliable way for all 
participants? Was there appropriate statistical analysis? 
Was the response rate adequate, and if not, was the low 
response rate managed appropriately?).

For KQ D (MCS as a distinct disorder), we will assess 
dimensions of applicability, including regarding partic-
ipants, intervention/exposure, comparison, measures, 
setting and study design features.65

For KQ E (underlying mechanism), we will adapt the 
JBI critical appraisal checklist for analytical cross-sectional 
studies66 in addition to study design-specific domains. 
The mechanism of action has been addressed in diverse 
studies. Nonetheless, it is critical that studies are assessed 
using common sources of bias such as selection bias and 
detection bias. We will adapt the following questions: Were 
the criteria for inclusion in the sample clearly defined? 
Were the study subjects and the setting described in 
detail? Was the exposure measured in a valid and reliable 

way? Were objective, standard criteria used for measure-
ment of the condition? Were confounding factors iden-
tified? Were strategies to deal with confounding factors 
stated? Were the outcomes measured in a valid and reli-
able way? Was appropriate statistical analysis used?

For KQ F (interventions), critical appraisal will focus on 
risk of bias, that is, potential distortions of the reported 
results. We will assess common sources of bias applicable 
across study designs: selection bias, performance bias, detec-
tion bias, attrition bias and reporting bias; compatible with 
the latest revision of the Cochrane risk of bias tool (RoB2 
assessing the randomisation process, deviation from 
intended interventions, missing outcome data, measure-
ment of outcomes and selection of the reported results).66 
We will summarise the results across studies in an overview 
figure and document results for each study and criterion 
(see online supplemental appendix for draft).

Synthesis
The synthesis method will be tailored to each key ques-
tion to ensure that the question can be answered. For 
all key questions, we will support the comparison and 
summary across studies by transposing study-specific 
reported results into units that allow comparison across 
studies. For this, we will convert raw numbers and abso-
lute values reported in individual studies to rates and 
proportions (using the numerator and denominator) to 
make results across studies easier to compare. Further-
more, we will translate effects into measure-independent 
units (eg, relative risks, standardised mean differences) to 
facilitate comparisons across studies. In particular for KQ 
E (underlying mechanism), in addition to the study-level 
data abstraction, information will be collated for the data 
integration across studies and type of evidence outlined 
in the strength of association section of the data abstrac-
tion section.

All studies meeting inclusion criteria will be docu-
mented in evidence tables. Tables will allow a compre-
hensive overview of the included studies for each key 
question, documenting all variables abstracted during 
data extraction. The evidence tables will be organised by 
study and will provide sufficient but not overwhelming 
detail to achieve a concise overview. The results for each 
key question will be summarised in a narrative synthesis, 
supported by illustrative figures and tables.

As outlined, for KQ A (definition), structured tables 
will organise the existing definitions. This will include 
a component table, which uses the most common 
published criteria as a reference standard to compare and 
contrast definitions (see draft in the online supplemental 
appendix).

KQ B (diagnosis) will document the performance of 
diagnostic tools. In the absence of sufficient data to calcu-
late diagnostic performance, we will abstract common 
measures such as sensitivity and specificity as reported 
by the authors. Given that the measures are not indepen-
dent from each other, we will plot the sensitivity and spec-
ificity in one figure.
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Prevalence and incidence data for KQ C (prevalence 
and incidence) will be documented in figures showing 
the estimate and CIs based on the SE for each identified 
study. The figures will provide an overview of the estimate 
for each study and the size of the study, the range of esti-
mates across studies, the central tendency across studies 
and any outliers. The figure will be grouped by country. 
The US studies are a prespecified subgroup. Depending 
on the number of identified studies, a summary figure or 
table will order the estimate by publication year. Where 
estimates differ across studies for the same setting, we will 
explore potential sources of heterogeneity and document 
these together with the estimate.

KQ D (MCS as a distinct disorder) will document the 
results of research assessing MCS as a distinct disorder 
in a comprehensive table. In addition, we will provide 
a summary table that documents the aim and approach 
together with the authors’ conclusion of the study. To 
the extent possible, the table will highlight whether the 
authors concluded that MCS is a distinct disorder or not. 
The online supplemental appendix shows a draft summary 
table. The summary of findings table will summarise the 
approaches and results of studies that concluded MCS is 
a distinct disorder, those that concluded that MCS is not 
a distinct disorder and those that did not come to a defin-
itive conclusion.

The summary of findings table for KQ E will be organ-
ised by the evaluated mechanism potentially underlying 
MCS and collate the existing research evidence for each 
mechanism. The synthesis may need to be further strati-
fied by MCS symptom.

For KQ F (interventions), effect sizes will be statisti-
cally pooled to provide a numerical estimate of the size 
of the treatment effect where possible. Meta-analysis is 
a key data aggregation method, which will allow small 
studies to meaningfully contribute to the evidence base 
even when the individual study was originally too small 
to show a statistically significant effect on its own. Meta-
analysis will also be sensitive to small effects of interven-
tions (small effects can occur when not everyone in a 
sample is affected or everyone experiences only a small 
change). Analyses will be conducted in the statistical 
program R, applying current and appropriate methods 
such as Hartung-Knapp corrections when only a small 
number of studies overall or within intervention catego-
ries is available.67 Individual and pooled results will be 
documented in forest plots allowing a clear overview of 
the effects, study size and uncertainty surrounding the 
treatment effect, as well as the general tendency, outliers 
and variation across studies. Heterogeneity will be docu-
mented with the I2 statistic. We will explore sources of 
heterogeneity in meta-regressions and subgroup analyses. 
A prespecified subgroup is whether the study addresses 
management (eg, coping with MCS) or treatment (eg, 
addressing the underlying mechanism). The code and 
the results will be generated in an R Markdown file to 
allow complete transparency of the synthesis methods. 
We will start with an overall effect before drilling deeper 

(first lumping, then splitting). Results may be presented 
in multiple forest plots or in stratified forest plots by 
broad intervention categories to organise the research 
studies depending on the identified research volume.

We will aim to come to a summary rating for studies that 
captures multiple outcomes to facilitate the use of the 
critical appraisal results. The assessment will inform the 
interpretation of the results of the identified studies. The 
ratings and other study limitations will be incorporated 
into the quality of evidence assessment across studies. 
The rating will be drafted by one reviewer and discussed 
in the review team to ensure transparency and consis-
tency. The summary of findings table will be organised by 
key question and outcome. It will show the study design 
and number of studies, any reasons for downgrading the 
quality of evidence, the findings across publications and 
the overall Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) category. The 
draft summary of findings table in the online supple-
mental appendix provides a broad outline.

The review team will synthesise evidence across studies, 
assess the certainty of evidence and clearly communicate 
the team’s confidence in the summary results. We will 
first establish a hierarchy of outcomes for each topic area 
to ensure that evidence is summarised objectively and 
comprehensively. In line with GRADE methodology, we 
may limit outcomes per key question to ensure clear and 
transparent results. The outcomes will be informed by 
the TEP, published reviews, identified studies and clinical 
expertise. The outcomes will be selected before the results 
of the studies are known to ensure an unbiased analysis. 
Any statistically significant effects will be translated from 
relative effects to absolute effects, and standardised mean 
differences into mean differences on a known scale, to 
support the interpretation of the results.

The certainty of evidence assessment across studies will 
use transparent criteria to downgrade (study limitations, 
inconsistency, indirectness, imprecision, publication 
bias) or upgrade (large effect, dose-response relation-
ship, confounding reduces effect) the quality of evidence. 
We will use published certainty of evidence criteria and 
select the most appropriate guidance for the available 
data relevant to each key question.68 69 For example, the 
GRADE adaptation for prognostic studies also considers 
the phase of investigation.70 For KQ A to E, we will not use 
randomised controlled trials (RCTs) as the starting point 
from which the quality of evidence is either upgraded or 
downgraded, given that an RCT is an unlikely study design 
to address these key questions. The study design of iden-
tified research initially determines a hierarchical grade 
of the evidence. In studies assessing clinical interven-
tions, RCTs are initially considered high-quality evidence, 
whereas other study designs are initially classified as low-
quality evidence. Applying standard clinical research 
evidence hierarchies to research files where key study 
designs are missing or considered inappropriate reduces 
the ability to differentiate the certainty of evidence. It 
creates an artificial floor effect because initially high 
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quality of evidence does not exist and evidence is likely to 
be systematically rated low or very low.71 Standard criteria 
will be applied to KQ F (interventions) to adhere to inter-
vention research standards. For each evidence statement, 
we will communicate our confidence in the summary esti-
mates using internationally recognised categories:

	► High indicates that we are very confident that an 
effect estimate lies close to the true effect for a given 
outcome, as the body of evidence has few or no defi-
ciencies. As such, we believe the findings are stable: 
that is, further research is very unlikely to change 
confidence in the effect estimate.

	► Moderate indicates that we are moderately confident 
that an effect estimate lies close to the true effect for 
a given outcome, as the body of evidence has some 
deficiencies. As such, we believe that the findings are 
likely to be stable, but further research may change 
confidence in the effect estimate and may even 
change the estimate.

	► Low indicates that we have limited confidence that 
an effect estimate lies close to the true effect for a 
given outcome, as the body of evidence has major or 
numerous (or both) deficiencies. As such, we believe 
that additional evidence is needed before concluding 
either that the findings are stable or that the effect 
estimate lies close to the true effect.

	► Very low indicates that we have very little confidence 
that an effect estimate lies close to the true effect for a 
given outcome, as the body of evidence has very major 
deficiencies. As such, the true effect is likely to be 
substantially different from the estimated effect; thus, 
any estimate of effect is very uncertain.

Throughout the review, results will be interpreted with 
caution and in the light of the existing research. For 
comparative effectiveness, statements that do not show 
a statistically significant effect, we will take evidence of 
statistical power to detect differences into account before 
making non-inferiority statements for interventions. Simi-
larly, the interpretation of adverse events will take into 
account that frequentist approaches are problematic for 
rare adverse events (rare events require large samples to 
detect effects). The findings will be summarised in struc-
tured narratives, highlighting research results that have 
been replicated in more than one study.
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