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Research participants often do not represent the general population.
Systematic exclusion of particular groups from research limits the
generalizability of research findings and perpetuates health inequalities.
Groups considered underserved by research include those whose inclusion
islower than expected based on population estimates, those with a high
healthcare burden but limited research participation opportunities and
those whose healthcare engagement is less than others. The REP-EQUITY
toolkit guides representative and equitable inclusionin research. The
toolkit was developed through a methodological systematic review and
synthesis and finalized in a consensus workshop with 24 participants. The
REP-EQUITY toolkit describes seven steps for investigators to consider in
facilitating representative and equitable sample selection. This includes
clearly defining (1) the relevant underserved groups, (2) the aims relating
to equity and representativeness, (3) the sample proportion of individuals
with characteristics associated with being underserved by research,

(4) therecruitment goals, (5) the strategies by which external factors will

be managed, (6) the methods by which representationin the final sample
will be evaluated and (7) the legacy of having used the toolkit. Using the
REP-EQUITY toolkit could promote trust between communities and
researchinstitutions, increase diverse participationin research and improve
the generalizability of health research. National Institute for Health and Care
Research PROSPERO identifier: CRD42022355391.

Several characteristics could contribute to individuals and groups  livinglocation, educational attainment), disease-specific (for example,
beingunderserved by researchin context- and study-specific circum-  having rare diseases) and health status-related (for example, having
stances. Theseinclude demographic (for example, age, ethnicity,gen- mental health conditions, having multimorbidities, being pregnant)
der identity), social and economic (for example, employment status,  characteristics’. Failure to include research participants who represent
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target populations limits the generalizability of research findings®.
Different groups might respond differently to an intervention for a
range of reasons. Without representative participation, clinical tri-
als cannot capture differences in interventional response’. This can
introduce bias and affect research quality, resulting in a reluctance
to offer interventions to specific groups’ and contributing to health
inequality and inequity*.

Although improving the diversity of clinical trial participants is
increasingly prioritized, the coronavirus disease (COVID-19) pandemic
accelerated the need to generalize research findings to groups experi-
encing the greatest health burdens’®. Minoritized populations, such as
Black African and Caribbean and Southeast Asian groupsin the UK®, as
wellas Black, Hispanic and Native American communitiesin the United
States’, experienced disproportionate risks of severe COVID-19 com-
plications and death yet are generally underrepresented in COVID-19
research®. Underrepresentationis endemicin healthresearch (forexam-
ple, for groups marginalized by ethnic and racial status’, gender'®",
age'?and having comorbidities” or severe mentalillness™), limiting the
value of research evidence when applied in broader clinical contexts.

Initiatives toimprove research representativeness have emerged
through an increased understanding of structural inequities result-
ing from historical and ongoing discriminatory practices® and their
continued impact on individual and group outcomes. Equity focus
in a healthcare context means deliberately considering the impact of
research design and implementation, policies and practice on under-
served groups to identify and address complex and multifactorial
barriers'. The US National Institutes of Health Revitalization Act of
1993 acknowledged the underrepresentation of women and minority
groups and addressed clinical research equity by requiringjustification
for their exclusion”. Subsequently, the US Food and Drug Administra-
tion encouraged the inclusion of underserved groups, including older
adults'®, women'® and minority racial and ethnic groups®, through
interrogating inclusion criteria, promoting accessibility? and adopt-
ing an equity focus in specific clinical areas®. In the UK, efforts have
beenled by the National Institute for Health and Care Research (NIHR),
including through guidance development®?*.

However, with growing emphasis placed on representative
inclusion in research by the public and research funders, a practical,
evidence-based approach to capture inclusive and representative
research samples, minimize bias and promote equity is required®. This
would avoid a mechanistic approach that neglects generalizability and
further underminesinformed consent® and trust between underserved
groups and research institutions®. This study aimed to develop such
guidance through a systematic review of existing methodology, syn-
thesis of the REP-EQUITY toolkit, and a consensus workshop to finalize
the toolkit and formulate implementation considerations. The terms
used are defined in Fig. 1.

Results

Patient and publicinvolvement

Four patients and public members of diverse backgrounds ensured that
project aims, conduct and outputs reflected their interests. Based on
their advice, the toolkit was developed centered on the researchinclu-
sion of underserved groups, focusing on equity rather than equality.

Systematic review

MEDLINE and Embase were searched until September 2022 and Octo-
ber2022, respectively, yielding 2,209 studies. Reference and citation
searchingyielded four studies. Gray literature databases were searched
until August 2022 (Google Search, Google Images and Google Scholar)
and September 2022 (Trip database, National Grey Literature Collection
database, BASE database), which yielded one document. A total of 356
duplicates were removed. Fifty-four full-text articles were retrieved for
screening. Seven academic papers®** and one gray literature docu-
ment** were included in the review (Supplementary Fig. 1).

The characteristics of theincluded documents are summarizedin
Supplementary Table 1. One document was developed in Australia”,
oneintheRepublicofIreland®, two in the UK**** and four in the United
States®**, Of those developed in the United States, two were formu-
lated in the context of the US National Institutes of Health guidelines
on the inclusion of minority groups in research®*”'. Five documents
are related to including individuals from minority ethnic and racial
groups®?%31323 and three were developed with a specific interest in
transgender and nonbinary individuals®, women®, and undocumented
migrants, refugees, people seeking protection (asylum seekers) and
low-income economic migrants®. One paper is related to older adults®,
onetounderrepresented groups’’, and one to groups considered mar-
ginalized or vulnerable in high-income and lower- and middle-income
countries”. Two papers are related to socioeconomic status and rural
populations®***, Two papers are related to cancer clinical trials?**°, one
to health and social care research’, one to clinical research®, one to
humanimmunodeficiency virus (HIV)*?, one to global health research?,
oneto primary healthcare research®®and one to Alzheimer’s disease®.

Four documents describe frameworks”>%***, and four describe
methods used to capture a representative sample inclusive of under-
served groups®***>*, Of the four frameworks, three have an equity
focus, two of which guide how to establish scope and aims in relation
to equity®*** and one guides how to formulate an equitable proposal®.
Ofthe four papers describing methods, oneisrelated to the design and
implementation of a participant recruitment registry for clinical stud-
ies®, two describe participant enrichment strategies in trial settings®***
and one describes recruitment into trials”. Four documents used a
literature review design, three to formulate a framework?**** and one
to inform trial design®2. All documents refer to using prevalence and
populationdata, with the four frameworks advising on using such data
to inform proposal development. Of the articles reporting methods,
three used these data to establish criteriain advance and one to verify
representativeness”. Two articles describe ascertaining target groups
using prevalence data or particular study aims and recruiting patient
and publicadvisors representative of these?®*?. The authors of one paper
convened a stakeholder panel that included patients and the public®.

Quality appraisal and risk-of-bias assessment were planned but not
possible due to the unavailability of relevant appraisal tools.

Consensus workshop

The patient and public panel advised on the workshop format and
venue. A preparation session was attended by three public contributors
and the publicinvolvement manager. The 2-h hybrid-format workshop
took place on November 14,2022. The 24 participantsincluded 4 pub-
lic contributors, 1 public involvement manager, 17 researchers from
the Birmingham Biomedical Research Centre (BRC) research areas
(inflammatory arthritis; sarcopenia and multimorbidity; inflamma-
tory liver disease; cancer inflammation; patient-reported outcomes;
data, diagnostics and decision tools; infection and acute care; meta-
bolic health in women; thrombo-inflammation; oral, intestinal and
systemic health; and next-generation therapies) and 2 operational team
members. Twelve participants convened in person at the University
of Birmingham, and 12 joined through videoconferencing software.

REP-EQUITY toolkit
The seven-part draft REP-EQUITY toolkit reflected the research
design pathway, identifying (1) relevant groups, (2) aims, (3) sample
requirements, (4) recruitment goal considerations, (5) external factor
management, (6) evaluation and (7) legacy. Workshop participants
unanimously agreed on the toolkit’s content and utility in informing
the selection of representative research samples.

Analgorithmic description of the REP-EQUITY toolkitis shownin
Fig. 2. A checklist for its use by research teams during protocol devel-
opment and final trial reporting is presented in Table 1. Users can use
the checklisttorecord how each consideration has been addressed or
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Equity and equality—acknowledging and

Diversity—respecting and valuing all
forms of difference in individuals®

allowing for case-specific resource
allocation for different individuals to

reach the same outcomes®

Underserved group—a group of
individuals whose inclusion in
research falls lower than expected from
population estimates, whose high
healthcare burden is not matched by the
volume of research designed for them, or
whose response to or engagement with
healthcare interventions is neglected
compared to other groups

Representative sample—subgroups of
people that contain all the elements of
interest from a target population®

Fig.1|Key definitions. Definitions were adapted from °Calvert et al.°®, "Morris et al.” and “Enticott et al.”’.

justify where this was not possible. The REP-EQUITY toolkit consists
of seven questions that may be considered sequentially, although ele-
ments willinteract and influence decisions at earlier and later stages.
The questions, options and considerations guide the user through
the process of formulating a strategy to capture a representative and
equitable sampleina particular research context and consider poten-
tial limitations during study design, facilitating transparent reporting.
The process was iterated and is exemplified through the development
of aretrospective case-study (Table 2).

What are the relevant underserved groups? An understanding of
which underserved groups are relevant to a research topic can be
established through reviewing available data (for example, prevalence
estimates, surveillance data, primary and secondary care data, aca-
demicevidence base and gray literature)****, seeking additional exper-
tise (for example, by engaging with advocates, scientists, community
representatives, policymakers, patients and public members*??, and
through participatory research) and considering available research
sites and sites of interest (in terms of prevalence of disease, experi-
ence of site personnel® and promotion of equity depending on the
differential health burden?). Use of these data will interact with the
clarification of aims, the definition of the proportion of individuals
with underserved characteristics (including, but not limited to, social
andstructural factors (for example, sociopolitical, economic and his-
torical)), the considerations for recruitment goals and the evaluation
ofthe final sample. For equitable researchsite partnership, thegapin
health and well-being between the lead institution and potential sites
and the generalizability of research findings should be considered?.
This willinform and justify the choice of personal data to be collected
from participants to monitor and report sample characteristics.

What is the aim in relation to representativeness and equity?
Researchers should decide whether the aim in relation to representa-
tiveness and equity is to test hypotheses about possible differences
by underserved characteristic(s), generate hypotheses about pos-
sible differences by underserved characteristic(s), or ensure a just
and equitable distribution of the risks and benefits of participation
in research’. Depending on the aim, researchers may either ensure
adequate statistical power to test hypotheses on differences, conduct
exploratory analyses to generate hypotheses, or select study partici-
pants such that results can be generalized to relevant populations®.

How will the sample proportion of individuals with underserved
characteristics be defined? The sample proportions can be defined
as decided by the researchers, based on populations with a specific

disease or clinical indication, based on the geographic proportion
of underserved groups (nationally, locally or institutionally), or by
adjusting for disease prevalence or mortality, where required, using
published literature or health data sources™. In doing so, researchers
should consider choosing the sample proportion in terms of com-
parability across studies, generalizability to populations of interest,
distribution of the risks and benefits of research participation and how
this affects equity, and the feasibility of the approach™.

What are the recruitment goals? Recruitment goals will depend on
whether they are defined by statistical power calculations, exploratory
analyses or generalizability considerations®>'. Upon confirmation of
therecruitmentgoals, researchers should consider how their fulfillment
interacts with the communities’ disposition toward research, the potential
for furtheralienation and the conduct of upholding informed consent™.
Casesinwhichrecruitmentgoals are not formulated through sample size
calculations require consideration of how the intended sample propor-
tions will be managed within the available study design. The approach
may be determined by the nature of the study (for example, experimental
medicine versus later-phase trials). Smaller studies may require a matrix
approachthatimprovesrepresentation. This may be developed pragmati-
cally in collaboration with trialists, advocates, researchers, community
representatives, policymakers, patients and public members.

How will external factors be managed? External factors are those
that might affect the ability torecruit an equitable and representative
sample. These factorsinclude, butare not limited to, underreporting or
availability of data pertaining toindicators of inequality and disadvan-
tage, researchstudy timeline,independent review boards, participant
retention, disease-specific factors (for example, the requirement for
representation of different clinical characteristics or etiology)***° and
preexistinginstitutional collaboration agreements that may limit site
selection. Once external factors are identified, corresponding strate-
gies to counter these barriers should be generated.

How will representation be evaluated? The final sample’s representa-
tiveness can be evaluated by matching withapriorirecruitment goals®*,
verifying against available population-level demographic data adjusted
for disease prevalence” and comparing to available data to establish
the impact on equity in terms of the burdens and benefits of research
participation®**, Transparent reporting of these methods allows for
assessing across-study comparability, generalizability and equity™.

What will be the legacy? Efforts to capture a representative and
equitable sample can have lasting outputs that further promote good
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REP- Review available data, Establish aims Confirm Consider the equity
o . . : Evaluate .
EQUITY seek additional expertise and confirm recruitment goal the final impact and
toolkit and consider site sample and manage report
steps : ; . sample
information proportions external factors transparently
Did the researcher review
Are proportions the literature and available
set arbitrarily by datg; engage with trialists, Compare to
the researcher? stat_lstl(:lans, researchers, available data to
policymakers, advocates, || evaluate
community . representativeness.
representatives, patients
Are sample and public members; or
. . use participatory research
Erzgﬁ;sg?s disease methods to formulate a
gZographically justifiable recruitment
specific? goal? Undertake and report
) analyses; report
Does the final t—>| limitations and
Is the intended sample sample meet the a implications for equity.
Start: Are there proportion possible prlor; recruitment
underserved groups Is there a hypothesis to realize within the goal?
to consider? relating to underserved available study
groups to inform | design?
statistical power
calculations?
Report justification.
Key
Yes —
No —_—

Next step =—>

Fig.2| Algorithmic description of the REP-EQUITY toolkit. The process to follow based on the toolkit is presented as questions and pathways posed to the
researcher. These ascertain researcher intentions and navigate to options to enable representative and equitable sample selection, indicated by differently
colored arrows.

Table 1| REP-EQUITY toolkit checklist

Section REP-EQUITY question Explanation How this has been
considered and addressed
by the research team

Participant and site 1. What are the relevant Identify relevant groups and/or characteristics using available data®**
sampling underserved groups? and additional expertise’®*, depending on sites of interest or availability

of sites?**. Use this to inform and justify the choice of personal data to be
collected from participants.

Objectives 2. What is the aim in relation  Define the aim in terms of whether it is to test hypotheses about possible
to representativeness and differences by underserved characteristic(s), generate hypotheses about
equity? possible differences by underserved characteristic(s), or ensure a just and

equitable distribution of the risks and benefits of participation in research®.

Participant and site 3. How will the sample Justify the chosen proportion in terms of comparability across studies,

sampling proportion of individuals generalizability to population(s) of interest, distribution and equity impact
with underserved of the risks and benefits of research participation, and feasibility of
characteristics be defined?  approach®°.

Participant and site 4. What are the recruitment  Define recruitment goals in terms of requirements for statistical power

sampling goals? calculations, exploratory analyses, generalizability***' and how they might

be practically and ethically realized*°.

Participant and site 5. How will external factors Formulate strategies to mediate external factors that may influence

sampling be managed? whether efforts to capture an equitable and representative sample can be

realized™.

Analyses 6. How will representation State the means for evaluation (for example, match with a priori
be evaluated? recruitment goal®**' or available data, compare to available data to

establish the impact on equity in terms of burdens and benefits of research
participation®>®").

Impact and 7. What will be the legacy? Plan for lasting outputs (for example, advisory groups®, participant

dissemination registries®, relationships with communities®**?); transparently report the

use of the toolkit and data and/or findings relating to underserved groups.

practiceand informand direct future efforts. Theseinclude theforma- ~ data availability, research area and study design, and availability of
tion of advisory groups®, participant registries®and relationshipswith  practical guidance for use, all of which have implications for the even-
communities®** during the research course, aswell as the contribution  tual utility and implementation of the toolkit (Fig. 3).
to the evidence base upon completion, which will inform and direct
future efforts and further research. Discussion

Workshop participants highlighted the barriers and facilitatorsto  The REP-EQUITY toolkit provides an evidence-based approach to
using the REP-EQUITY toolkit, relating to the research environment, recruiting a representative and equitable research cohort, including
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Table 2| REP-EQUITY worked case study example

REP-EQUITY question

Retrospective response

1. What are the relevant
underserved groups?

A literature review identified a range of potentially underserved groups, including individuals with cirrhosis and associated
conditions®°¢, specific racial and/or ethnic groups (Hispanic/Latinx, white*, Japanese®®, Bangladeshi®'), groups by gender (men, varying
risk in women®?) and sexual minority groups (men who have sex with men and transgender women (relating to hepatitis risk)®**%). A team
in Birmingham, UK, led the trial; trial participants were recruited from the UK population. Trial initiation predated currently available
epidemiological datasets such as CPRD®® and novel specialized software such as DExtER (data extraction for epidemiological research)®®,
but information identified from the literature review is available and could now be used in combination with these resources.

2. What is the

aim in relation to
representativeness
and equity?

No specific hypotheses relating to underserved groups were made; thus, the aim could have been to attain a just and equitable
distribution of the risks and benefits of research or to undertake exploratory analyses.

3. How will the
sample proportion
of individuals

with underserved
characteristics be
defined?

The trial was funded by the NIHR and a UK charity; thus, proportions may reasonably be derived from UK populations, adjusted for
disease prevalence. The most common causes of liver cirrhosis are alcohol consumption, diet and hepatitis; thus, proportions could be
established based on the resulting health burden.

4. What are the
recruitment goals?

The trial sample size (n=81) was derived from power calculations to detect clinically important effects on liver function. The trial
eligibility criteria were comprehensive and included alcohol-related liver disease (ARLD), hepatitis C, hepatitis B, primary biliary
cholangitis, hemochromatosis, cryptogenic cirrhosis, nonalcoholic fatty liver disease and/or a,-antitrypsin deficiency as the liver disease
etiology. Stratification was not used. No particular recruitment goals were set except for recruitment to reflect health burden by etiology,
which would influence recruitment goals related to underserved groups. Etiology interacts with underserved characteristics in the
population (for example, hepatitis and alcohol consumption). If stratification was used, it may be reasonable to formulate recruitment
goals relating to alcohol consumption, diet and hepatitis.

5. How will external
factors be managed?

Stem cell research is limited by the availability of facilities required for storage; thus, sites were selected on this basis and under
preexisting collaborative arrangements. Depending on the intended etiological proportions, the selected sites (Birmingham,
Nottingham, Edinburgh (UK)) and their expertise relating to specific groups may be assessed for the extent to which recruitment goals
are viable. Exclusion criteria relating to hepatitis C infection and antiviral time present barriers to trial entry for certain groups.

6. How will
representation be
evaluated?

The final sample included 53 men and 28 women. Age was reported, whereas ethnicity was not reported. The causes of liver disease
were ARLD (n=38), hepatitis C (n=10) and others (n=33). The final sample could have been evaluated against available data to evaluate
representativeness in the context of trial aims and monitored during the trial to allow adjustments as required. The proportion of those
with ARLD may be representative of the disease burden.

7. What will be the
legacy?

Rationale and methods to formulate sample proportions were not reported, but the sample characteristics reported allow for appraisal
of the applicability of results and meta-analyses. Retrospective use of tools for equality impact assessment will enable consideration of
equity implications.

Case study—"Granulocyte colony-stimulating factor and autologous CD133-positive stem-cell therapy in liver cirrhosis (REALISTIC): an open-label, randomised, controlled phase 2 trial” (ref. 67).

those underserved. It was developed through the identification and
synthesis of eight methodological documents and finalized during a
consensus workshop. The REP-EQUITY toolkit consists of seven dis-
tinct steps forming stages of the research design pathway, facilitating
consideration of (1) relevant groups, (2) aims, (3) sample requirements,
(4) recruitment goals, (5) external factors, (6) evaluation and (7) legacy.

Presented as a checklist, the REP-EQUITY toolkit enables investi-
gatorstorecord how theresearch teamhas addressed each considera-
tion or justify where this was not possible. The REP-EQUITY toolkit is
intended to guide the user through areflective process of formulating
astrategy and the potential limitations during study design and con-
duct. This facilitates transparency, promotes trust and directs future
efforts for representative and equitable research. This complements
the substantial existing literature on engaging, retaining® > and con-
ceptualizing underserved groups®*’ and assessing equity?. Unless
these are operationalized alongside the REP-EQUITY toolkit, equity
andrepresentativeness inresearch cannot be achieved. Resources such
as the Clinical Practice Research Datalink (CPRD) Aurum database are
increasingly used to facilitate the enrollment of research participants
representative of the real-world population through phenotype speci-
fication, systematic code searching, iterative and clinical review, and
analysis of prevalence and validation*’. Technological advances of
this kind, used in combination with and informed by literature review
and engagement with experts (including those with lived experience
to identify underserved groups in particular contexts), maximize the
potential utility and impact of the REP-EQUITY toolkit. Using a range of
complementary resources to determine sample characteristics and pro-
portions permits acomprehensive, transparentand inclusive approach,
with eachresource offsetting any potential shortcomings of the others.

For example, resources such as CPRD Aurum are not informative of
the wide range of characteristics that may result in individuals being
underserved. Meanwhile, published literature and topic experts may
notbe able to provide easily quantifiable information. Although there
are practical difficulties when aiming for representative samples (due
to the challenge of defining groups and nomenclature, the intersec-
tionality of identity, the context-specific nature of being underserved
and theissue of missing data), using the REP-EQUITY toolkit will allow
the generation of case studies describing how these can be managed.
This study has some methodological strengths and limitations
that should be considered. Pertinent articles may have been missed in
the literature search. Although this was mitigated through backward
and forward citation searching, extensive searching of gray literature
sources and developing strategies from previous systematic reviews,
non-English-language literature was excluded. In addition, although sev-
eralgray literature databases were used, searches through Google would
be geotagged and linked with UK sources. Therefore, the documents
includedin this study may be unrepresentative of theinternational non-
academicliterature. Theresearch undertakenin Birmingham BRCis rep-
resentative of abroad range of research areas affecting adiverse range
of individuals and patient groups, and all researchers have experience
inresearchrelating to populations residing in Birmingham, UK, asuper-
diverse city*'. However, as workshop participants were recruited from
ahigh-resourceresearch center, their recruitment only related to their
involvementinthe NIHR Birmingham BRC research themes rather than
their personal and sociocultural characteristics or the experience of
low-and middle-income countries and resource-limited settings (these
data were also not collected). The degree of bias presented by this is
unknown. Therefore, future workshops withinternational stakeholders
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Implementation of the REP-EQUITY
toolkit requires a receptive
research environment.

Funders, as key stakeholders,
should support implementation as
additional time and costs inherent
to such activities may make grant
applications uncompetitive and
recruitment timelines more
protracted.

Equitable research practice
requires resource and capacity
allocation and may be challenging
within restrictive timeframes.
Endorsement and adoption of the
REP-EQUITY toolkit by funders
would promote its use. Lessons
may be learned from how funders
have previously engaged with
such initiatives and the results

« The REP-EQUITY toolkit advises use
of available data. For those working
in basic and fundamental science,
there was a perception that
population and prevalence data
would not be readily available such
as it would be in applied health and
data research.

Mechanisms may be needed to
increase the accessibility of
relevant data (for example, through
collaboration between research
areas).

In the UK, the availability of CPRD
Aurum? allows for rapid and cost-
effective screening of a diverse
and representative proportion of
the population, and the DEXtER®
software program has been
implemented as a validated public

« Use of the REP-EQUITY toolkit
could vary depending on available
research designs; for example, in
early-phase trials with small sample
sizes, representativeness may not
be possible in a single trial.
Pragmatism is needed, and the
toolkit could be used to formulate
what would be ideal in a trial.
Reporting subsequent sample
limitations can direct future
recruitment efforts.
* For those working in translational
science, using the toolkit may

promote public trust and confidence

and ultimately enhance research
sustainability from a public support
perspective.

« Instructions on how to use the
toolkit and case study examples
would promote its use as
intended.

« Application may vary depending
on the research area or the stage
at which it was used (for example,
use at an early stage by those
designing and leading trials).

« A 'tick-box' approach should be
discouraged, as this may lead to
tokenism or recruitment efforts
that are not justifiable in terms
of evidence-based rationale.

health surveillance tool for
epidemiology. These are powerful
tools facilitating representative
sampling.

of doing so.

Locality may affect access to
groups and selection of sites.

Collecting data from groups
underserved by research is intended
to facilitate and monitor equitable
access to research, yet some are wary
of reporting their demographic data,
including protected characteristics,
due to concerns that it may negatively
affect their care.

Collection and use of data should be
undertaken with input and agreement
from the public, as part of wider efforts
to promote public trust.

Fig. 3| Implementation considerations. *CPRD Aurum’®, "DExtER®°.

representing these perspectives and interests are recommended as the
next step to enhance the output and expand the REP-EQUITY toolkit
to global applicability. Quality appraisal was not possible due to the
unavailability of relevant appraisal tools, although the methodological
approaches of the documents included in the systematic review were
extracted and reported. The limited guidance available for methodo-
logical systematic reviews is an ongoing challenge*.

Assessing the acceptability and usability of amethodological guid-
ance canallow further iteration to promoteitsimplementation®. Stand-
ards for methodological guidance development advise seeking feedback
and criticism after publication**, an important step to understanding
the usability and value of a tool**. Exploring implementation during
toolkit development, such as in this research, is novel. Using a consen-
sus workshop to explore the facilitators and barriers to implement-
ing the toolkit permitted reflection on how its use may be promoted.
Although these findings were drawn from participants from abiomedical
research setting, the use of the toolkit should be considered throughout
health research. Workshop participants discussed differences in how
the REP-EQUITY toolkit may be used in applied health research and
health data science. Documenting the use of the REP-EQUITY toolkit
in other fields of health research, such as applied health research and
global health, will facilitate the generation of practical case studies and
the continued iteration of the toolkit. Future iterations could include
sources of contemporary discourse in equity-centered research, such
asreflexive exercises on the positionality of the research teams* using
the toolkit and exploring the addition of adherence levels to the items.
Weaimfor the toolkit to evolve asrelated standards become established.
Further validation and piloting of the REP-EQUITY toolkit and tracking
of its use will further maximize its potential utility. The final step of the
toolkitreferring to legacy is particularly important.

In studies with small sample sizes, such as in experimental med-
icine, the extent to which the sample can meaningfully represent a
population may be limited. In these cases, the toolkit can support the
formulation of aims and the transparent reporting of evaluation, which
will be crucial to directing future efforts to enable the generation of rep-
resentative research outputs. This represents ashiftinresearch practice
inwhich theburden foronestudy tobe representative of all is consider-
ably minimized. Consideration of whether asingle study may capturea
representative sample that includes underserved groups, paired with
ongoing interrogation of who remains underserved by research and
whois yetto be considered, willinform continued use of the toolkit.

With agreater understanding of how research practicesinteract
with health outcomes and the perpetuation of health inequality
and inequity, the REP-EQUITY toolkit facilitates an evidence-based
approach that integrates lived experience to formulate a rationale
for the inclusion of underserved groups. Many groups remain skep-
tical and wary of research, particularly relating to the collection
of their personal, socioeconomic and cultural data that regularly
form the basis for discriminatory practice*® and are associated with
poor health outcomes*. Using the REP-EQUITY toolkit may build
trust with those underserved and wary of participation in research
and the use of research outputs, as well as direct efforts to groups
for which there will be the greatest benefit in specific health areas
from an equity standpoint. Examples of this include the COVID-19
vaccination hesitancy experienced by minority ethnic and racial
groups*®, particularly intersecting with health status (for example,
HIV infection* or pregnancy*®®) and in prior cases such as polio vac-
cination internationally®, which unevenly distributed the benefits
of vaccination research. For some, legacies of historical atrocities,
such as the Tuskegee Syphilis Study, and ongoing discrimination
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contribute to continued mistrust of health and researchinstitutions,
adversely affecting participation®.

Theworkshopidentified arange of factors (relating to the research
environment, data availability, research area and study design, and
practice guidance development) that might serve as barriers and levers
to the use of the toolkit. Formal adoption of the REP-EQUITY toolkit
by the research community requires support from funders as its use
affects resources in terms of finances, time, capacity and effort; as
attaining equity requires this support for differentindividualstoreach
the same outcomes®*. This might mean making decisions about deliver-
ing fewer but higher-quality studies. However, without methodological
intervention, such as through the use of this toolkit, research samples
willremainbiased due to limited generalizability, further contributing
to research waste® and continued exacerbation of health disparity
and burden. Use can be further promoted through the adoption and
championing of the REP-EQUITY toolkit by policymakers, national
fundingbodies, ethics committees and public contributorstoresearch.
Furthermore, integration with other existing mechanisms to uphold
methodological rigor could be explored.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability areavailable at https://doi.org/10.1038/541591-023-02665-1.
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Methods

The REP-EQUITY toolkit was formulated and finalized in two stages: a
comprehensive literature search informed by systematic review meth-
odology®® and a consensus workshop involving researchers and theme
leads from the NIHR Birmingham BRC and members of the patient
and public involvement and engagement (PPIE) panel. Methods are
reported in accordance with accepted guidelines’® 7>,

Ethical approval

This study has undergone ethical review by the Research Ethics Com-
mittee at the University of Birmingham and was granted full approval
in October 2022 (ERN_22-1182).

PPIE

The NIHR Birmingham BRC convened an equity, diversity and inclu-
sion PPIE panel for the purposes of this study. Panel members had
personal and professional links with communities that are underserved
by research. Although personal data were collected from panel mem-
bers, including age, self-reported gender and ethnicity, educational
attainment, and previous research involvement and participation, their
selection for the panel was not based on these characteristics. During
the study, the panel met with the research team monthly in dedicated
meetings. They advised on conducting and delivering the research,
refining the project scope and aims, selecting the gray literature search
terms, including public participants in the consensus workshop and
formulating key messages for dissemination. Panel members were
invited tojoin the consensus workshop as participants.

Systematic review search strategies
Our aim was to identify methodological frameworks and approaches
used to guide the capture of a representative participant sample in
healthresearch, inclusive of groups underserved by research.
Embase and MEDLINE were searched, without date limitation,
to identify academic literature. The search strategy included MeSH
(Medical Subject Headings) terms, broad search terms, and phrases and
keywordsrelated to equity, diversity and inclusionin health research,
accounting for variationin terminology used in this area (Supplemen-
tary Tables 2 and 3). These were refined through scoping searches,
informed by strategies used in comparable systematic reviews””*,
Forward and backward citation searching was used. Google (Google
Search, Google Images and Google Scholar), Trip database”, National
Grey Literature Collection database’ and BASE database”” were used to
search gray literature. Search terms and keywords were derived from
the academic literature review search strategy and refined iteratively
in consultation with search specialists and the PPIE panel. Search terms
were pilotedineach databaseinaprocessinwhich theretrieved records
were checked for sensitivity, terms were reworded and reentered, and
itemsrelated to ouraimwereretrieved (Supplementary Table 4). Upon
advice from the PPIE panel, new terms were introduced based on those
commonly used in the UK relating to ethnicity, reflecting categories
used in census data.

Document selection and eligibility criteria
Academic literature records were downloaded into Endnote (version
X9), and duplicates wereremoved. Titles, abstracts and full texts were
screened by two independent investigators (B.C., F.K.). The first 100
results from searches of gray literature databases were screened inde-
pendently by aresearcher, and a10% sample of these was screened by
a second researcher using a minimum agreement threshold of 90%.
Disagreements on the eligibility of academic and gray literature docu-
ments were resolved through discussion, including a third reviewer
(A.R.)whenrequired.

Paperswereeligibleif they were published in the English language,
included guidelines and/or toolkits, or reported methods for captur-
ing a representative sample including underserved groups. Primary

research and systematic reviews were included. Guidelines and/or
toolkits wereincludedifthey were applicable to the healthresearch dis-
cipline without modification. Studies were excluded ifthey presented
existing (unchanged) guidelines and/or toolkits previously identified
elsewhere, did not explicitly describe a comprehensive framework
and/or toolkitbut rather reported on asingle study area (for example,
qualitative researchwithaspecificunderserved group), were published
asabstracts only, identified underrepresented groupsinresearchand/
or emphasized the need for further research relating to underrepre-
sented groups, or described frameworks and guidelines intended to
support the engagement and retention of underrepresented groups
inresearch but not the process of ascertaining who should beincluded
inthe sample.

Data extraction, synthesis and draft toolkit development

Data were extracted from documents meeting the eligibility criteria
using abespoke predesigned formin Microsoft Excel. Quality appraisal
and risk-of-bias assessment were planned but not possible due to
the unavailability of relevant appraisal tools. Two researchers (A.R.,
F.K.) independently extracted data on document authorship, origin,
date and characteristics of the methods described in the document,
including target population and components of the methods used.
Aframework’was developed according to the stages of research pro-
posal development (namely, conceptualizing aims, methods, analysis
and reporting), forming the basis of the draft REP-EQUITY toolkit. The
extracted systematic review data were categorized into the stages of
the framework, formulated into a series of methodological steps and
descriptively presented (Supplementary Fig. 2). The draft toolkit was
shared during the consensus workshop, andits contents and presenta-
tion were iteratively amended based on participant feedback.

Consensus workshop sample selection and recruitment
Purposive sampling was used to recruit participants. The NIHR Bir-
mingham BRC convened an equity, diversity and inclusion PPIE panel
andsenior academicsinleadership roles across the breadth of research
undertaken in Birmingham BRC (namely, early-phase, translational
research in inflammatory arthritis; sarcopenia and multimorbidity;
inflammatory liver disease; cancer inflammation; patient-reported out-
comes; data, diagnostics and decision tools; infection and acute care;
metabolic health in women; thrombo-inflammation; oral, intestinal
and systemic health; and next-generation therapies). Approaches were
made by email by the BRC operations team and the public involvement
advisor overseeing public contribution. Recruitment continued on a
rolling basis until each research theme was represented. Participants
were not recruited on the basis of their personal characteristics, such
as gender identity or ethnicity, and these data were not collected for
workshop participants. The sample was determined through estima-
tions of feasibility based on the experience of carrying out similar
hybrid workshops to maximize interaction and data generation””*°.,

Individuals indicating interest in participating in the workshop
were provided witha participantinformation sheet and consent form.
Accessibility was promoted by offering participants arange of consent-
ing options (electronic Word document, online Microsoft form, verbal
consent by telephone) and the opportunity to discuss the research
before providing consent. Consent was obtained before the workshop.
Public contributor participants were offered honorariafor their time,
and expenses incurred during the workshop and the preparation ses-
sion were recompensated.

Data collection during the consensus workshop

Workshop discussions were led by a female researcher with postdoc-
toral experience in qualitative methodology (A.R.), and afemale quali-
tative doctoral researcher served as ascribe (B.C.); both of them were
assisted by afemaleresearch associate (F.K.). One participant was well
known to the lead researcher, whereas others had limited or no prior
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relationship to the research team except by what was disclosed in the
recruitment material and available in the public domain. Only the
research team and participants were present during the workshop.
The research team members were not blinded to the study aims and
hypotheses. Attendance of the workshop was offered in person at the
University of Birmingham and remotely through Zoom videoconfer-
encing software (version 5.16). The workshop consisted of a series of
presentations and facilitated discussions to draw upon the group’s
expertise. Discussions were conducted using a semistructured topic
guide consisting of open-ended questions to allow exploration of
novel topics (Supplementary Appendix 1). Data collection was not
informed by datasaturation® due to the one-off, time-limited nature of
the workshop. Thresholds for consensus were planned whereby deci-
sions proceeded if ratified by >70% of the group. In the case of <100%
consensus, decisions were discussed until those in disagreement were
satisfied that their views had been considered.

Discussion topics included the utility of the proposed toolkit, its
applicability to the participants’ work, any gaps or required changes,
and perceived potential barriers and facilitators toits use. Participants
were divided into three groups (two in-person groups and oneremote
group), and discussions were facilitated by ateam member, after which
discussions were shared with the main group. Participants were divided
for the focus group discussions pragmatically whereby remote par-
ticipants were placed together in a discussion group. In-person par-
ticipants were each placed alternately in groups1and2intheorderin
whichthey were seated. The workshop was recorded using encrypted
equipment, and detailed notes, including direct quotes, were taken
describing discussions and observations of how the participantsinter-
preted the REP-EQUITY toolkit. Discussions were summarized, and the
recordings were used for verification. After the meeting, the presen-
tations and draft REP-EQUITY toolkit were reshared with those who
wished to contribute further. Public contributor participants shared
feedback ontheir participation experience following the workshop.

Qualitative analysis and synthesis
Based on the participants’ comments and the research team’s obser-
vations of how the participants interpreted the toolkit contents, the
researchteamiteratively amended and further refined the presentation
and wording of the toolkit by developing a retrospective case study.
Adeductive rapid analysis approach was used® whereby, immedi-
ately after the workshop, the scribe reviewed the notes, indicating when
additionalinformation or atimestamp was needed. Thelead researcher
thenreviewed and edited the notes while listening to the audio record-
ings, building upon the scribe’s notes. After reading the notes, the
research team developed an initial coding framework based on the
workshop aims to explore the utility of the proposed REP-EQUITY
toolkit and the barriers and facilitators toits use. Additional codes were
developed andincluded as the analysis progressed, and the framework
was modified accordingly to ensure that new themes were captured®.
The coding frame and sample codes were generated independently by
thelead researcher and discussed within the research team. Disagree-
ments were discussed until resolved. Proposals for implementation
and eventual use were formulated.

Statistical analysis
Statistical analyses were not performed in this study.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Embase, MEDLINE, Google (Google Search, Google Images and
Google Scholar), Trip, National Grey Literature Collection and BASE
databases were searched. Study data will be retained and securely

stored by the University of Birmingham for 10 years from collec-
tion, after which time they will be securely destroyed. The unedited
workshop recordings containidentifiable dataand cannot be shared.
The anonymized detailed workshop summaries are available in Sup-
plementary Appendix 2.
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AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X X X
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Embase, MEDLINE, Google (Google search, Google images and Google scholar), Trip, National Grey Literature Collection and BASE databases were searched. Study
data will be retained and securely stored by the University of Birmingham for 10 years post-collection, after which time it will be securely destroyed. The unedited
workshop recordings contain identifiable data and cannot be shared. The anonymised detailed workshop summaries are available in Supplementary Appendix 2.
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender These data have not been collected.

Reporting on race, ethnicity, or These data have not been collected.
other socially relevant
groupings

Population characteristics See above.

Recruitment Individuals were recruited form the National Institute for Health and Care Research (NIHR) Birmingham Biomedical Research
Centre (BRC) senior research team and the NIHR Birmingham BRC Equity, Diversity and Inclusion (EDI) public and patient
involvement panel. Approaches were via email by the BRC operations team and the public involvement advisor overseeing
public contribution. Recruitment continued on a rolling basis until each research theme was represented. Individuals
indicating interest in participating in the workshop were provided with a participant information sheet and consent form. To
promote accessibility, participants were offered a range of consenting options (electronic Word document, online Microsoft
form, verbal consent via telephone) and the opportunity to discuss the research in advance of giving consent. Consent was
taken prior to the workshop. Public contributor participants were remunerated for their time and expenses incurred during
the workshop and preparation session. Self-selection bias was possible as participants were those likely to be interested in
the topic, however, recruitment material did not indicated experience of EDI methodology was at all necessary but stated
recruitment was on the basis of their own research experience. Participants were not recruited on the basis of personal
characteristics, such as gender identity or ethnicity, and these data were not collected for workshop participants.
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Ethics oversight This study has undergone ethical review by the Research Ethics Committee at the University of Birmingham and was granted
full approval in October 2022 (ERN_22-1182).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.
Study description This was a mixed methods study involving a methodological systematic review and synthesis and a qualitative consensus workshop.

Research sample Participants were: (1) senior researchers from across the breadth of research undertaken in the Birmingham BRC, namely early
phase, translational research in inflammatory arthritis, sarcopenia and multimorbidity; inflammatory liver disease; cancer
inflammation; patient-reported outcomes; data, diagnostics and decision tools; infection and acute care; metabolic health in women;
thrombo-inflammation; oral, intestinal and systemic health; and next generation therapies; and (2) patient and members of the
public that formed the NIHR Birmingham EDI public and patient advisory panel. Demographic information was not collected but
participants were recruited on the basis of their experience leading research and/or providing public contribution. This pool of
participants was chosen because the research undertaken in the Birmingham BRC is representative of a broad range of research
areas, impacting a diverse range of individuals and patient groups, and all have experience of research relating to populations
residing in Birmingham, UK, a super-diverse city. However, the participants' experience relates to early phase and translational
research and as such, their insights may not represent those in other areas of health research such as applied health research and
data science. However, members of the research team are experienced in applied health research, mediating this to a degree.
Participants were not recruited on the basis of their personal characteristics, such as gender identity or ethnicity, and these data
were not collected for workshop participants.

To identify academic and grey literature, Embase and MEDLINE, Google (Google search, Google images and Google scholar), Trip
database, National Grey Literature Collection database and BASE databases were searched. Pertinent articles may have been missed
in the literature search due to the decision to restrict to two academic databases. While this was mitigated through backward and
forward citation searching; extensive grey literature searches; and developing strategies from previous systematic reviews, non-
English language literature was excluded and though several grey literature databases were used, searches via Google would be geo-
tagged and linked with UK sources, so unrepresentative of international non-academic literature.

Sampling strategy Purposive sampling was used to recruit workshop participants. The workshop was a one-off qualitative exercise with a fixed period of
time, so seeking data saturation was not possible in this case. The sample was determined through estimations of feasibility based on
experience of carrying out similar hybrid workshops to maximise interaction and data generation (doi: 10.1093/noajnl/vdad096, doi:
10.1371/journal.pone.0240518). Participants were given the opportunity to contribute further through review of workshop
summaries and the study team's interpretation of their data.




Literature databases were searched without date limitation. The search strategy included Medical Subject Headings (MeSH) terms,
broad search terms, phrases and keywords related to equity, diversity and inclusion in health research, accounting for variation in
terminology used in this area (Supplementary Tables 2 and 3). These were refined through scoping searches, informed by strategies
used in comparable systematic reviews. Forward and backward citation searching were used. Search terms and keywords were
derived from the academic literature review search strategy and refined iteratively in consultation with search specialists and the
patient and public involvement and engagement panel. Search terms were piloted in each database in a process where the retrieved
records were checked for sensitivity and the terms re-worked and re-entered items that related to our aim were retrieved
(Supplementary Table 4). Upon advice from the patient and public involvement panel, new terms were introduced based on those
commonly used in the United Kingdom relating to ethnicity, reflecting categories used in census data.

Data collection The workshop consisted of a series of presentations and facilitated discussions to draw upon the expertise of the group. Discussion
topics related to the utility of the proposed Toolkit and any gaps or required changes, and potential barriers and facilitators for its
use. The workshop was recorded using encrypted equipment and notes were taken. Discussions were summarised and the
recordings used for verification. The presentations and draft Toolkit were re-shared with participants following the meeting for those
who wished to contribute further. Those present were only the research team and participants. The research team were not blinded
to the study aims and hypotheses.

Timing The two-hour hybrid format workshop took place on November 14 2022.
Data exclusions No data were excluded from analyses.
Non-participation Two individuals declined participation due to diary conflicts, two individuals intending to participate did not do so due to

unanticipated diary conflicts.

Randomization Randomization was not used for participant sampling for the consensus workshop, which was purposive. Participants were divided
for the focus group discussions pragmatically, whereby those joining remotely were placed in a discussion together. Participants
joining the workshop in person were each placed alternatively by the research team in groups 1 and 2 in the order in which they
were seated.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
X Antibodies [] chip-seq
X Eukaryotic cell lines |:| Flow cytometry
X Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
Dual use research of concern

Plants
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedtres foreach seed stock tised-ornovel genotype generated—Describe-any-experiments-tsed-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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