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Abstract

Background: Randomized controlled trials (RCTs) are often complex and expensive to perform. Less than one third
achieve planned recruitment targets, follow-up can be labor-intensive, and many have limited real-world generalizability.
Designs for RCTs conducted using cohorts and routinely collected health data, including registries, electronic health
records, and administrative databases, have been proposed to address these challenges and are being rapidly adopted.
These designs, however, are relatively recent innovations, and published RCT reports often do not describe important
aspects of their methodology in a standardized way. Our objective is to extend the Consolidated Standards of Reporting
Trials (CONSORT) statement with a consensus-driven reporting guideline for RCTs using cohorts and routinely collected
health data.

Methods: The development of this CONSORT extension will consist of five phases. Phase 1 (completed) consisted of the
project launch, including fundraising, the establishment of a research team, and development of a conceptual framework.
In phase 2, a systematic review will be performed to identify publications (1) that describe methods or reporting
considerations for RCTs conducted using cohorts and routinely collected health data or (2) that are protocols or report
results from such RCTs. An initial “long list" of possible modifications to CONSORT checklist items and possible new
items for the reporting guideline will be generated based on the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) and The REporting of studies Conducted using Observational Routinely-collected health
Data (RECORD) statements. Additional possible modifications and new items will be identified based on the results of
the systematic review. Phase 3 will consist of a three-round Delphi exercise with methods and content experts to
evaluate the “long list” and generate a “short list” of key items. In phase 4, these items will serve as the basis for an in-
person consensus meeting to finalize a core set of items to be included in the reporting guideline and checklist. Phase
5 will involve drafting the checklist and elaboration-explanation documents, and dissemination and implementation of
the guideline.

Discussion: Development of this CONSORT extension will contribute to more transparent reporting of RCTs conducted
using cohorts and routinely collected health data.
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Background

The healthcare system is most effective when it is able to
provide evidence-based care that is informed by research
on the benefits and harms of interventions, as well as pa-
tients’ values and preferences. Randomized controlled trials
(RCTs), when well-designed and conducted, are widely
acknowledged to be the best design for providing such
evidence [1-3]. However, important concerns about RCTs
remain, including incomplete recruitment, small size, com-
plex consent procedures, limited real-world generalizability,
lack of relevant or long-term outcomes, and prohibitive
costs [4—12].

The prohibitively high costs of conventional RCTs [13]
have led to a declining number of them being conducted,
and the majority of RCTs are conducted by industry with
fewer investigator-initiated RCTs being performed [14]. At
the same time, many interventions are adopted into prac-
tice despite a poor evidence base [15]. In response to these
concerns, new approaches to RCTs have evolved that
attempt to address issues related to logistics, cost, and
relevance. These include RCT designs that utilize cohorts
[5] and routinely collected health data to facilitate recruit-
ment of participants and evaluate outcomes [16]. Rou-
tinely collected health data have been defined as data
collected without specific a priori research questions de-
veloped prior to using the data for research [17]. Sources
of routinely collected health data include registries [18,
19], electronic health records [20], and administrative da-
tabases [21]. Registries are set up for multiple purposes,
including research, but most typically transfer routinely
collected health data into a registry framework.

Cohorts and sources of routinely collected health data
may differ in how participants are enrolled, how data are
collected, and the degree of control that trial investigators
have in determining available outcome measures. Nonethe-
less, the methodological principles of RCTs that are embed-
ded in cohorts, registries, electronic health records, and
administrative databases are similar. In cohorts, a group of
individuals is gathered for the purpose of conducting re-
search. Cohort-embedded RCTs use observational cohorts
from which participants are subsequently enrolled in RCTs
[22] or cohorts that are designed from inception to provide
a framework for RCTs, as in the cohort multiple RCT
(cmRCT) design [5]. In the cmRCT design, patients enroll
in an observational cohort with regular outcome measure-
ment. For each RCT embedded in the cohort, a random se-
lection of RCT-eligible patients is contacted and offered
access to the intervention. Outcomes of patients randomly
allocated to the intervention group are compared to out-
comes of RCT-eligible patients not randomly allocated to
the intervention, who receive only usual care. Patients not
selected are not notified that they are involved in the RCT
usual care group, but their regularly collected cohort data
are used to evaluate outcomes [5, 23]. A key aspect of the
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c¢cmRCT design is that it replicates, as far as possible, con-
sent practices that would be applied in clinical care, where
patients are only notified about interventions that they can
actually access. The number of studies that have imple-
mented the cmRCT design is growing rapidly [24]. Exam-
ples include a recently completed RCT that involved
treatment of patients with depressive symptoms from the
UK South Yorkshire Cohort [25, 26]; a cohort of patients
with the rare disease scleroderma, which will support RCTs
of online rehabilitation, self-management, and psycho-
logical intervention programs [27]; a cohort for testing early
interventions to prevent severe mental illness [28]; and co-
horts of patients with cancer that will facilitate the conduct
of RCTs of an exercise program [29, 30], radiation therapy
[31, 32], and surgical interventions [33].

Disease or therapy registries are organized systems used
to routinely collect patients’ health information for clinical,
research, administration, or policy-related purposes [34].
Types of registries may include those that collect patient
characteristics and outcome data for all patients with a spe-
cific disease or condition, all patients in a geographical re-
gion, or all patients who are treated within a health care
service, or with a device or product. The type of data col-
lected in registries varies, but may include a combination of
data reported by patients, data recorded by health care pro-
viders, and data extracted from medical charts, institutional
or organizational databases, biomaterial, and imaging data
[35]. In registry-based RCTs, registries can be used for col-
lection of baseline characteristics, to identify eligible pa-
tients for a RCT, and as the source of outcome data; with
interactive methodology, they can also actively flag patients
for enrollment in a RCT as patient data are entered in the
registry [18, 19]. For example, the Swedish Coronary Angi-
ography and Angioplasty Registry was used to enroll pa-
tients with ST-elevation myocardial infarction for an RCT
of two different revascularization strategies [36]. Using the
same registry, RCTs on invasive diagnostic strategies in cor-
onary artery disease [37], different anticoagulation regimens
in acute coronary syndrome [38], and the effect of oxygen
therapy for patients with suspected myocardial infarction
[39] have been conducted. In the USA, an RCT comparing
post-procedure bleeding in percutaneous coronary inter-
vention via radial versus femoral access was conducted
within the National Institutes of Health National Cardio-
vascular Data Registry Cath-PCI Registry platform [40].

Electronic health records are electronic versions of a pa-
tient’s medical history in which data about all health care
episodes are routinely collected. They can provide a
method for comprehensive, often cross-institutional, lon-
gitudinal collection of patient health and health care data
[41]. Electronic health records have been used previously
to supplement data collection in RCTs [42], but are in-
creasingly used to identify patients for RCT participation,
assess them for eligibility, and assess outcomes using
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routinely collected data [43]. Electronic information sys-
tems in health care are becoming more common, and the
richness and completeness of electronic health research
databases have increased over time as more information is
being shared electronically between different parts of the
health-care system. An example of a RCT embedded in
electronic health records involved a comparison of simva-
statin and atorvastatin in patients with hypercholesterol-
emia and at high risk of cardiovascular disease [20].
Another example is an RCT that compared prophylactic
with deferred or non-use of antibiotics in patients with
mild to moderate exacerbation of chronic obstructive pul-
monary disease. Both were conducted in the UK using
routinely collected health records from general practi-
tioners [20]. Electronic health records can also form part
of an intervention to be tested in a clinical trial. For
example, one RCT tested an intervention to reduce anti-
biotic prescribing by feeding back personalized antibiotic
prescription data to primary care physicians [44]. Hence,
clinical trials can incorporate electronic health record
systems in multiple ways, at multiple stages and to very
different degrees.

Health system administrative databases include informa-
tion collected for administration or billing purposes (e.g.,
Medicare data in the USA). These data are routinely col-
lected during clinic, hospital, laboratory, or pharmacy
visits [45] and can provide easy and relatively inexpensive
access to large numbers of patients over expansive geo-
graphic regions. They are increasingly being used for epi-
demiological, effectiveness, and safety outcomes research
[45, 46]. As an example, in a cluster RCT that assessed
whether printed educational messages would increase the
use of thiazides as first-line medication for hypertension, a
Canadian provincial administrative database was used to
identify physicians with active general or family practices,
and patient administrative data were used to assess patient
outcomes [47]. Similar to electronic patient record sys-
tems, administrative databases can be used in RCTs at
multiple points from recruitment, to forming part of the
intervention, to data collection, and follow-up.

Because designs in which RCTs are embedded within
cohorts and routinely collected health data reflect rela-
tively recent innovations, published reports may not ad-
equately describe important aspects of these RCTs.
Reporting guidelines have been shown to improve the
quality of reports [48—52], but there is currently no
guideline for RCTs using cohorts and routinely col-
lected health data. The CONsolidated Standards of
Reporting Trials (CONSORT) reporting guideline,
which includes a 25-item checklist and flow diagram,
was developed to improve the quality of reporting of
parallel group RCTs [53]. In recent years, several exten-
sions of the CONSORT Statement have been developed
to encourage better reporting of other types of trial
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designs, including, for instance, cluster trials [54], pilot
and feasibility trials [55], and pragmatic trials [56].

RCTs embedded in cohorts and routinely collected
health data share certain elements with “standard” RCTs
covered in the CONSORT statement, but there are also
aspects that differ and that may be important to report,
including, for example:

e How participants were identified or selected and
enrolled into the cohort or other external data
collection system

e Details of information that was provided or not
provided to participants about the potential for RCT
participation upon entry

e How ethical approval and consent were handled at
the observational data collection and RCT levels

e How RCT-eligible participants were identified and
allocated to RCT arms

e Description of the host data collection system and
markers of its quality or suitability for hosting a RCT

e Whether the availability of potential outcome
measures in the external data collection system may
have influenced the choice of RCT outcomes

e Whether definitions for data extraction were
determined a priori

e How supplemental information such as the study
protocol, raw data, or programming code can be
obtained

Thus, it is possible that some items in the general CON-
SORT checklist may not be appropriate for reporting on
RCTs using cohorts and routinely collected health data
and may require modification; there may be other items
that are essential for these types of RCTs, but are not in-
cluded in the standard CONSORT statement.

Given the relative novelty of RCTs using cohorts and
routinely collected health data, and the rapid pace at
which these designs are being adopted, an extension of
the CONSORT statement for these types of RCTs would
be a timely means of improving long-term reporting qual-
ity by setting standards early in the process of uptake. This
article describes the project plan for the development,
testing, and dissemination of an extension of a CONSORT
statement for RCTs conducted using cohorts and rou-
tinely collected health data.

Methods

The project has been registered with the Enhancing the
QUAIity and Transparency Of health Research (EQUA-
TOR) network [57]. This CONSORT extension will be
developed using a sequential approach, consistent with
previously published reporting guidelines created using
the EQUATOR Network’s guidance [58]. It will consist of
five phases. In phase 1, a research team and conceptual
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framework was established (completed in February 2018).
In phase 2, we will generate a long list of items for this
CONSORT extension from other key reporting guidelines
and via a systematic review. In phase 3, this list will be pri-
oritized using a Delphi exercise to assess appropriateness
and importance of each potential item and to generate a
shortlist of key items for consideration for inclusion. In
phase 4, the shortlist of items will serve as the basis for an
in-person consensus meeting to finalize a core set of items
for inclusion in the reporting guideline and checklist.
Phase 5 will involve write-up of the checklist and explan-
ation and elaboration document, dissemination, and im-
plementation. Figure 1 illustrates the planned process,
timeline, and integrated knowledge translation approach.

Phase 1: Research team and conceptual framework

To ensure project success, an organizational structure
with a Project Team, a Steering Committee, and a group
of key stakeholders has been defined.

Project team and steering committee

The project team is comprised of international experts in
RCT methodology, including members who have designed
and conducted RCTs using cohorts and routinely col-
lected health data; experts in the development of reporting
guidelines; experts in the conduct of systematic reviews;
and experts in statistical methods for health research. A
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Steering Commiittee has been formed from team members
to oversee aspects of the project, including database
searching, study selection, data extraction, and data ana-
lysis, as well as the Delphi process, consensus meeting,
write-up of the resultant guideline documents, and the
implementation strategy. All team members will advise at
each project stage and will help draft and disseminate the
final guideline documents, help recruit stakeholders, and
aid dissemination of the reporting guideline.

Knowledge users and stakeholders

Key stakeholders who will be involved throughout the
process include guideline experts who disseminate guide-
lines to improve research (e.g, CONSORT, EQUATOR
Network, Society for Clinical Trials); funders, health ser-
vice decision-makers, journal editors; peer reviewers; trial-
ists; and a patient representative who has been involved in
engaging participants in RCTs embedded in a cohort.
Knowledge users will advise the project team and be in-
volved in dissemination and implementation.

Phase 2: Systematic review and generation of long list of
items

Preliminary “long list” generation

An initial “long list” of items will be formulated by review-
ing the original CONSORT 2010 statement items [53].
We will then identify items for adaptation and areas where
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Fig. 1 Summary of process, timeline, and knowledge translation strategy
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additional items may be needed by reviewing the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [59] and REporting of studies
Conducted using Observational Routinely collected Data
(RECORD) [17] statements. These statements are consid-
ered the most relevant to this project because of their
focus on reporting of observational studies and non-inter-
ventional studies using routinely collected health data.
Additional “long list” items identified will be identified by
our evidence review.

Registration of systematic review protocol

We will complete and publish our review protocol and
describe the rationale, hypothesis, and planned
methods according to the Preferred Reporting Items
for Systematic reviews and Meta-Analyses for Proto-
cols statement [60] and register it in PROSPERO
(International Prospective Register of Ongoing Sys-
tematic Reviews, http://www.crd.york.ac.uk/prospero).

Database searches

Typically, reviews conducted for the development of
reporting guidelines focus on articles about methods and
reporting. Because of the novelty of RCTs using cohorts
and routinely collected health data, we anticipate that we
will identify only a small number of methods and report-
ing articles; thus, we will also review primary RCT proto-
cols and reports of RCTs using these designs. We will
review primary RCT reports to attempt to identify areas
where reporting could be improved that may not be iden-
tified in the small number of existing methods articles that
we anticipate being able to review.

In separate searches, we will seek publications that de-
scribe aspects of methods or reporting or that describe
protocols or results from RCTs embedded in (1) cohorts;
(2) registries; (3) electronic health records; and (4) admin-
istrative databases. MEDLINE strategies for the searches
will be developed by a research librarian with input from
the team and peer reviewed using the Peer Review of the
Electronic Search Strategy standard [61]. The MEDLINE
strategy will then be adapted for the Cochrane Library
Methodology Register, which includes RCTs available up
to its last update in July 2012. Search strategies will com-
ply with Institute of Medicine standards and will not be
limited by language [62]. We will search for examples of
RCTs published in the last 10 years, which will allow us to
identify relatively recent reporting practices and focus on
challenging aspects of reporting. References of included
studies will be hand-searched for additional eligible stud-
ies, and experts in the field will be consulted.

Study selection
For each search, separately, the search results will be down-
loaded into the citation management database RefWorks,
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and duplicate references will be removed. Following this,
references will be transferred into the systematic review
software DistillerSR®. A coding manual based on eligibility
criteria will be developed, and a pilot test of the coding
manual will be performed. Using the coding manual, we
will assess the eligibility of each publication through a two-
stage process. First, using a liberal accelerated approach
[63], we will screen titles and abstracts. Articles will be in-
cluded in the full-text review stage if one reviewer deems
them potentially eligible, but two reviewers will be needed
to exclude an article. Then a full-text review will be com-
pleted, with two investigators independently reviewing each
article. Disagreements after full-text review will be resolved
by consensus, with a third investigator consulted as neces-
sary. If the number of eligible articles identified is large, we
will select a random sample for review and data extraction.

Data extraction and verification

Eligible articles will be reviewed by the team to create
a “long list” of items as follows: for publications that
describe aspects of methods or reporting of RCTs con-
ducted using cohorts and routinely collected health
data, we will review the publications and identify ele-
ments of RCT design that are important to report. Po-
tential items should clarify or modify an existing
CONSORT 2010, STROBE, or RECORD item or if
they suggest a new element that should be reported as
a separate item. Elements will be checked for redun-
dancy between investigators, and if either investigator
or both deem it important to report, the item will be
included in the long list. For publications describing
protocols or results from RCTs using cohorts and rou-
tinely collected health data, two investigators will in-
dependently review publications to identify potential
modifications or clarifications of CONSORT 2010,
STROBE, and RECORD items and to identify potential
additional items. All identified items will be added to
the initial long list of items (with removal of dupli-
cates). Data will be collected in DistillerSR® using a
standardized data extraction form.

Long list verification

Members of the Steering Committee will assess each
item on the long list to exclude items that are clearly
not relevant, prior to starting the Delphi process. Each
assessor will independently evaluate the long-list of
items and will score potential items as “potentially
relevant” or “clearly not relevant.” Items that are
assessed as “clearly not relevant” by all members of
the Steering Committee will be removed. Items identi-
fied as potentially relevant by any of the members will
be included on the long list of items for evaluation in
the Delphi exercise.
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Phase 3: Delphi exercise and generation of “short list”
The “long list” created in phase 2 will serve as a base for a
three-round Delphi exercise that will be conducted using
established guidance for health care applications [64, 65].
This Delphi process has been used previously for similar
work in development of reporting guidelines [66].

The aim of this process is to achieve consensus on es-
sential items to be included in this CONSORT extension.
The Delphi process will be facilitated by team member
with experience in the Delphi process and in guideline
development. The Delphi participants will include all pro-
ject team members and knowledge users; additional par-
ticipants may be added if they are identified as potential
experts during the systematic review phase (e.g., authors
of published RCTs using cohorts and routinely collected
health data). There is no agreement on the minimum or
“ideal” panel size for Delphi studies, but we will aim for a
minimum of 20 participants, as this has been suggested to
provide stable results [67].

For each survey round, participants will be invited by
email, and they will have 2 weeks to complete each survey
online (with a reminder 1 week prior to survey closure).
All participants will be invited to each round of the survey
regardless of whether they completed the previous round.

Starting with the long list of potential items from
phase 2, during the survey, participants will be asked to
rank items based on how essential they are for report-
ing of RCTs embedded in cohorts and routinely
collected health data on a 1-5 Likert scale (1 = not es-
sential; 5 = essential). Likert scores will be categorized
as follows: 1-2 = low score (item should not be part of
CONSORT extension checklist), 3 =moderate (item
should be discussed), 4—5 = high score (item should be
part of CONSORT extension checklist). Participants
who rank items will also be able to provide comments
via an open-comment box. When any item is ranked in
the same category (i.e., low, moderate, or high) by more
than 2/3 of the Delphi respondents it will be deemed to
meet “consensus”; items that reach consensus in a Del-
phi round will be removed from the following Delphi
round [67]. Participants will also be asked to suggest
any additional potentially relevant items and provide a
brief rationale and clarification for the item.

The second round of the survey will include any items
that did not reach consensus in the first round and any
new items suggested by respondents in the first round. Re-
sults of the first round will be summarized (i.e., for each
item, the number of participants who have scored the item
and the distribution of scores, as well as a synthesis of
comments on the item) and will be fed back anonymously
to Delphi respondents. Respondents will be invited to re-
view their initial responses, considering the responses
from other Delphi respondents, and to re-score the item
on those tasks not achieving consensus.
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As with the second round, the third round will involve
items that did not reach consensus in the first or second
round and any newly suggested items. In the third round,
the results from the second round will again be fed back to
all respondents, who will again be asked to rate each item.

Following the three rounds, the mean and median
scores for each item will be tabulated, and items will be
categorized as follows: no consensus (< 2/3 participants
rate the item in the category); consensus is reached for a
rating of moderate (3); consensus is reached for an item
rated as low (1, 2); consensus is reached for an item rated
as high (4, 5). Results of the Delphi exercise will be pre-
sented during the face-to-face meeting to help inform the
selection of checklist items.

Phase 4: Face-to-face consensus meeting and finalization
of list of essential items

A 2-day consensus meeting will be organized, and members
of the project team as well as key stakeholders will be invited
to participate. The main aim of this meeting will be to reach
consensus on items, informed by the Delphi survey, and to
arrive at a final list of essential items to report on RCTs
using cohorts and routinely collected health data. The
process will involve presentation of items by attendees with
key expertise followed by discussion. Items that reached
consensus in the Delphi survey will be considered first in
order to ratify those results. Each remaining item will then
be considered, and meeting participants will be given an op-
portunity to discuss each item, followed by anonymous scor-
ing by those at the consensus meeting. Meeting participants
will also be able to bring forward items excluded during the
Delphi process for reconsideration if they believe that a
clearer articulation or better explanation of the item might
alter the team’s conclusion. We will attempt to arrive at con-
sensus among meeting participants, and voting will be im-
plemented if no consensus can be reached.

It is anticipated that some items will be applicable for all
types of RCTs conducted via cohorts and routinely col-
lected health data, whereas some may not apply to all de-
signs, and this will be clarified. Additional aims of this
meeting include reviewing the CONSORT flow diagram to
determine if any revisions are necessary, discussing an out-
line of the checklist and elaboration-explanation document,
and planning the publication and dissemination strategy.

Phase 5: Knowledge translation

Checklist pilot, revision of checklist based on feedback, and
guidance statements

After finalizing the checklist at the consensus meeting, the
team will apply the checklist to a random sample of pub-
lished reports that describe results from relevant RCTs in
order to identify practical challenges and to inform writing
of the statement and explanation and elaboration. The
piloting phase will include testing by members of the
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research team, other trialists who will be invited to pilot
the checklist, and graduate students from participating in-
stitutions who are enrolled in trial-related courses.

Steering committee members will lead the writing of the
final version of the checklist and the associated guidance
statement. This will be circulated to the broader project
team for input prior to submission for publication. Mem-
bers of the steering committee will also lead the writing of
the explanation and elaboration document, which will serve
as a “user guide” for the checklist and will include an
item-by-item explanation plus examples of good reporting
practice to aid interpretation. This explanatory document
will also be circulated to the broader research team for in-
put prior to submission for publication.

Baseline assessment

A study with the aim to provide a baseline assessment of
completeness of reporting of RCTs using cohorts and
routinely collected health data prior to publication of
the reporting guideline, as measured by this CONSORT
extension checklist, will be conducted in order to track
change in reporting quality over time.

Dissemination

A detailed knowledge transfer plan will be developed at
the face-to-face meeting in phase 4 using strategies that
have been successfully implemented by EQUATOR for
similar reporting guidelines. Multiple simultaneous publi-
cations of the CONSORT extension checklist and the ex-
planation and elaboration document will be sought in
journals that may publish RCTs that use cohorts and rou-
tinely collected health data. Further dissemination will in-
clude presentation at major medical, health care policy
and trial-related conferences, presentation at editorial for-
ums and to major funders of RCTs, publication on the
CONSORT and EQUATOR websites, and dissemination
through relevant social media channels.

Implementation

Activities aimed at user training and encouraging uptake of
this CONSORT extension will include implementation
through strategies that have been used successfully previ-
ously in similar projects by knowledge user partners from
CONSORT and EQUATOR (e.g., workshops and lectures),
guided by members of the project team. We will also reach
out to journal editors to encourage endorsement and im-
plementation of this CONSORT extension for RCTs using
cohorts and routinely collected health data. This could be
in the form of including this CONSORT extension in the
instructions for authors as a source of guidance and sub-
mission of the CONSORT extension checklist with the
manuscript. Other endorsement and implementation strat-
egies, as well as a strategy for evaluating effectiveness will
be discussed during the face-to-face meeting.
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Discussion

Development of this CONSORT extension for RCTs con-
ducted using cohorts and routinely collected health data is
being done with the goals of contributing to transparent
reporting of these types of RCTs, reducing research waste,
and facilitating their reproducibility.

Abbreviations

¢mRCT: Cohort multiple randomized controlled trial; CONSORT: COnsolidated
Standards of Reporting Trials statement; EQUATOR: Enhancing the QUAlity
and Transparency Of health Research; PROSPERO: International Prospective
Register of Ongoing Systematic Reviews; RCT: Randomized controlled trial;
RECORD: REporting of studies Conducted using Observational Routinely-
collected health Data statement; STROBE: Strengthening the Reporting of
Observational Studies in Epidemiology statement

Funding

The development of this CONSORT extension has been funded by grants
from the Canadian Institutes of Health Research (Pls = BDT, OF, EJ, LK, CR;
grant #PJT-156172) and from the United Kingdom National Institute of
Health Research (NIHR) Clinical Trials Unit Support Funding-Supporting
efficient/innovative delivery of NIHR research (Pl EJ, co-applicant CG). Dr.
Thombs is supported by a Fonds de recherche du Québec-Santé researcher
salary award. Dr. Gale is supported by the United Kingdom Medical Research
Council through a Clinician Scientist Fellowship. Dr. Langan is supported by
a Wellcome Senior Clinical Fellowship in Science (205039/2/16/Z). Dr. Uher is
supported by the Canada Research Chairs Program (Award #231397). The
views expressed are those of the authors and not necessarily those of the
NHS, the NIHR, or the Department of Health and Social Care.

Authors’ contributions

LK, EJ, LGH, OF, CR, CG, MZ, SML, DM, and BDT held regular meetings to
develop the conceptual framework and project process, and all other team
members provided feedback. LK and BDT were responsible for the first draft
of the manuscript. All authors made contributions to previous drafts of the
manuscript and approved the final version.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Behavioural Science Institute, Clinical Psychology, Radboud University,
Nijmegen, the Netherlands. >NPEU Clinical Trials Unit, National Perinatal
Epidemiology Unit, Nuffield Department of Population Health, University of
Oxford, Oxford, UK. *Basel Institute for Clinical Epidemiology and Biostatistics,
Department of Clinical Research, University Hospital Basel, University of Basel,
Basel, Switzerland. “Library Services, Children’s Hospital of Eastern Ontario,
Ottawa, Canada. 5Departr‘ment of Cardiology, Faculty of Health, Orebro
University, Orebro, Sweden. °Centre for Clinical Trials and Methodology, Barts
Institute of Population Health Science, Queen Mary University, London, UK.
’Section of Neonatal Medicine, Department of Medicine, Imperial College
London, Chelsea and Westminster Campus, London, UK. 8Departmem of
Family Medicine, Western University, London, Canada. “Institute for Clinical
Evaluative Sciences, Toronto, Canada. '°Faculty of Epidemiology and
Population Health, London School of Hygiene and Tropical Medicine,
London, UK. "'Centre for Journalology, Clinical Epidemiology Program,
Ottawa Hospital Research Institute, Ottawa, Canada. '“INSERM, UMR1153,
Paris, France. "*Centre d'Epidémiologie Clinique, Hopital Hotel Dieu,
Assistance Publique-Hopitaux de Paris, Paris, France. '*Faculté de Médecine,



Kwakkenbos et al. Research Integrity and Peer Review (2018) 3:9

Université Paris Descartes, Sorbonne Paris Cité, Paris, France. '°Health Services
Research Unit, University of Aberdeen, Aberdeen, UK. ®Health e-Research
Centre, School of Health Sciences, Faculty of Biology, Medicine and Health,
University of Manchester, Manchester, UK. 17IEacuIty of Science, Division of
Pharmacoepidemiology and Clinical Pharmacology, Utrecht University,
Utrecht, the Netherlands. wsDepartment of Health Research Methods,
Evidence, and Impact, McMaster University, Hamilton, Canada. '*Department
of Psychiatry, Dalhousie University, Halifax, Canada. 20University Medical
Center Utrecht, Utrecht, the Netherlands. 2'University of Utrecht, Utrecht, the
Netherlands. >’Department of Pediatrics and School of Epidemiology and
Public Health, University of Ottawa, Ottawa, Canada. “’Institute for Clinical
Evaluative Sciences, Ottawa, Canada. **Division of Gastroenterology,
Hepatology and Nutrition, Children’s Hospital of Eastern Ontario, Ottawa,
Canada. *Department of Cardiology, Clinical Sciences, Lund University, Lund,
Sweden. **Scleroderma Society of Ontario, Hamilton, Canada. 2’Scleroderma
Canada, Hamilton, Canada. 2®York Trials Unit, Department of Health Sciences,
University of York, York, UK. ’Lady Davis Institute for Medical Research,
Jewish General Hospital, 4333 Cote Ste Catherine Road, Montreal, QC H3T
1E4, Canada. *°Department of Psychiatry, McGill University, Montreal, Canada.
*'Department of Epidemiology, Biostatistics and Occupational Health, McGill
University, Montreal, Canada. >’Department of Medicine, McGill University,
Montreal, Canada. **Department of Psychology, McGill University, Montreal,
Canada. **Department of Educational and Counselling Psychology, McGill
University, Montreal, Canada.

Received: 1 July 2018 Accepted: 21 September 2018
Published online: 29 October 2018

References

1. Torgerson D, Torgerson C. Designing randomised trials. Basingstoke:
Palgrave; 2008.

2. Schwartz D, Lellouch J. Explanatory and pragmatic attitudes in therapeutical
trials. J Chronic Dis. 1967,20:637-48.

3. Evans |, Thornton H, Chalmers |, Glasziou P. Testing treatments: better
research for better healthcare. London: Pinter and Martin Ltd; 2011.

4. McDonald AM, Knight RC, Campbell MK, Entwistle VA, Grant AM, Cook JA,
et al. What influences recruitment to randomized controlled trials? A review
of trials funded by two UK funding agencies. Trials. 2006;7:9.

5. Relton C, Torgerson D, O'Cathain A, Nicholl J. Rethinking pragmatic
randomised controlled trials: introducing the “cohort multiple randomised
controlled trial” design. BMJ. 2010;340:2.

6. Treweek S, Mitchell E, Pitkethly M, Cook J, Kjeldstram M, Taskila T, et al.
Strategies to improve recruitment to randomised controlled trials. Cochrane
Database Syst Rev. 2010;4:MRMR000013.

7. Watson J, Torgerson D. Increasing recruitment to randomised trials: a review
of randomised controlled trials. BMC Med Res Methodol. 2006;6:34.

8. Campbell M, Snowdon C, Francis D, Elbourne D, McDonald AM, Knight R, et al.
Recruitment to randomised trials: strategies for trial enrolment and participation
study: the STEPS study. Health Technol Assess. 2007;11(48)iii—x 105.

9. Treweek S, Lockhart P, Pitkethly M, Cook JA, Kjeldstram M, Johansen M, et
al. Methods to improve recruitment to randomised controlled trials:
Cochrane systematic review and meta-analysis. BMJ Open. 2013;3:2002360.

10. Sully BG, Julious SA, Nicholl J. A reinvestigation of recruitment to
randomised, controlled, multicenter trials: a review of trials funded by two
UK funding agencies. Trials. 2013;14:166.

11. McDonald AM, Treweek S, Shakur H, Free C, Knight R, Speed C, et al. Using
a business model approach and marketing techniques for recruitment to
clinical trials. Trials. 2011;12:74.

12. Donovan JL, Paramasivan S, De Salis |, Toerien M. Clear obstacles and
hidden challenges: understanding recruiter perspectives in six pragmatic
randomised controlled trials. Trials. 2014;15:5.

13. Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC, Munis BH, Lindborg SR,
et al. How to improve R&D productivity: the pharmaceutical industry’s
grand challenge. Nat Rev Drug Discov. 2010,9:203-14.

14.  Klijn CJ, Sandercock PA. The forecast for future clinical trials and clinical
trialists - storms or sunshine? Int J Stroke. 2016;11:738-40.

15. Tricoci P, Allen JM, Kramer JM, Califf RM, Smith SC Jr. Scientific evidence
underlying the ACC/AHA clinical practice guidelines. JAMA. 2009;301:831-41.

16. Mc Cord KA, Al-Shahi Salman R, Treweek S, Gardner H, Strech D, Whiteley
W, et al. Routinely collected data for randomized trials: promises, barriers,
and implications. Trials. 2018;19:29.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 8 of 9

Benchimol El, Smeeth L, Guttmann A, Harron K, Moher D, Petersen |, et al.
The REporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) Statement. PLoS Med. 2015;12:21001885.
James S, Frobert O, Lagerqvist B. Cardiovascular registries: a novel platform
for randomised clinical trials. Heart. 2012,98:1329-31.

James S, Rao SV, Granger CB. Registry-based randomized clinical trials - a
new clinical trial paradigm. Nat Rev Cardiol. 2015;12:312-6.

van Staa TP, Dyson L, McCann G, Padmanabhan S, Belatri R, Goldacre B, et
al. The opportunities and challenges of pragmatic point-of-care randomised
trials using routinely collected electronic records: evaluations of two
exemplar trials. Health Technol Assess. 2014;18:1-146.

Anderson GL, Burns CJ, Larsen J, Shaw PA. Use of administrative data to
increase the practicality of clinical trials: insights from the Women's Health
Initiative. Clin Trials. 2016;13:519-26.

Bastiaenen CH, de Bie RA, Wolters PM, Vlaeyen JW, Bastiaanssen JM, Klabbers
AB, et al. Treatment of pregnancy-related pelvic girdle and/or low back pain
after delivery design of a randomized clinical trial within a comprehensive
prognostic cohort study [ISRCTN08477490]. BMC Public Health. 2004;4:67.
Young-Afat DA, Verkooijen HM, Van Gils CH, van der Velden JM, Burbach JP,
Elias SG, et al. Staged-informed consent in the cohort multiple randomized
controlled trial design. Epidemiology. 2016,27:389-92.

Relton C, Burbach M, Collett C, Flory J, Gerlich S, Holm S, et al. The Ethics of
Trials within Cohorts’ (TwiCs): 2nd International Symposium: London, UK. 7-
8 November 2016. Trials. 2017;18(Suppl 2):244.

Viksveen P, Relton C, Nicholl J. Depressed patients treated by homeopaths:
a randomised controlled trial using the “cohort multiple randomised
controlled trial” (cmRCT) design. Trials. 2017;18:299.

Viksveen P, Relton C, Nicholl J. Benefits and challenges of using the cohort
multiple randomised controlled trial design for testing an intervention for
depression. Trials. 2017;18:308.

Kwakkenbos L, Jewett LR, Baron M, Bartlett SJ, Furst D, Gottesman K; et al.
The scleroderma patient-centered intervention network (SPIN) cohort:
protocol for a cohort multiple randomized controlled trial (cmRCT) design
to support trials of psychosocial and rehabilitation interventions in a rare
disease context. BMJ Open. 2013;3:e003563.

Uher R, Cumby J, MacKenzie LE, Morash-Conway J, Glover JM, Aylott A, et
al. A familial risk enriched cohort as a platform for testing early
interventions to prevent serious mental illness. BMC Psychiatry. 2014;14:344.
Young-Afat DA, van Gils CH, van den Bongard DHJG, Verkooijen HM,
UMBRELLA Study Group. The Utrecht Cohort for Multiple BREast cancer
Intervention Studies and Long-Term evaLuAtion (UMBRELLA): objectives,
design, and baseline results. Breast Cancer Res Treat. 2017;164:445-50.

Gal R, Monninkhof EM, Groenwold RHH, van Gils CH, van den Bongard
DHJG, Peeters PHM, et al. The effects of exercise on the quality of life of
patients with breast cancer (the UMBRELLA Fit study): study protocol for a
randomized controlled trial. Trials. 2017;18:504.

Van der Velden JM, Verkooijen HM, Seravalli E, Hes J, Gerlich AS, Kasperts N,
et al. Comparing conVEntional RadioTherapy with stereotact|C body
radiotherapy in patients with spinAL metastases: study protocol for an
randomized controlled trial following the cohort multiple randomized
controlled trial design. BMC Cancer. 2016;16:909.

Burbach JP, Verkooijen HM, Intven M, Kleijen JP, Bosman ME, Raaymakers
BW, et al. RandomizEd Controlled Trial for Pre-operAtive Dose-escalation
BOOST in Locally Advanced rectal cancer (RECTAL BOOST Study): study
protocol for a randomized controlled trial. Trials. 2015;16:58.

Couwenberg AM, Burbach MJP, Smits AB, van Vulpen M, van Grevenstein
WM, Noordzij PG, et al. The Impact of Retractor SPONGE-Assisted
Laparoscopic Surgery on Duration of Hospital Stay and Postoperative
Complications in Patients with Colorectal cancer (SPONGE Trial): study
protocol for a randomized controlled trial. Trials. 2016;17:132.

Li G, Sajobi TT, Menon BK, Korngut L, Lowerison M, James M, et al. 2016
registry-based randomized controlled trials- what are the advantages,
challenges, and areas for future research? J Clin Epidemiol. 2016;80:16-24.
Gliklich RE, Dreyer NA, Leavy MB, editors. Registries for Evaluating Patient
Outcomes: A User's Guide [Internet]. 3rd ed. Rockville: Agency for
Healthcare Research and Quality (US); 2014. Data Sources for Registries.
Available at http://www.ncbi.nlm.nih.gov/books/NBK208611/. Accessed 27
Sept 2018.

Frébert O, Lagerquist B, Olivecrona GK, Omerovic E, Gudnason T, Maeng M,
et al. Thrombus aspiration during ST-segment elevation myocardial
infarction. N Engl J Med. 2013,369:1587-97.


http://www.ncbi.nlm.nih.gov/books/NBK208611/

Kwakkenbos et al. Research Integrity and Peer Review (2018) 3:9

37. Gotberg M, Christiansen EH, Gudmundsdottir IJ, Sandhall L, Danielewicz M,
Jakobsen L, et al. Instantaneous wave-free ratio versus fractional flow
reserve to guide PCl. N Engl J Med. 2017,376:1813-23.

38. Erlinge D, Omerovic E, Frobert O, Linder R, Danielewicz M, Hamid M, et al.
Bivalirudin versus heparin monotherapy in myocardial infarction. N Engl J
Med. 2017;377:1132-42.

39. Hofmann R, James SK, Jernberg T, Lindahl B, Erlinge D, Witt N, et al. Oxygen
therapy in suspected acute myocardial infarction. N Engl J Med. 2017,377:
1240-9.

40. Rao SV, Hess CN, Barham B, Aberle LH, Anstrom KJ, Patel TB, et al. A registry-
based randomized trial comparing radial and femoral approaches in
women undergoing percutaneous coronary intervention: the SAFE-PCI for
women (study of access site for enhancement of PCl for women) trial. JACC
Cardiovasc Interv. 2014;7:857-67.

41. Hoerbst A, Ammenwerth E. Electronic health records. A systematic review
on quality requirements. Methods Inf Med. 2010;49:320-36.

42. Lewsey JD, Leyland AH, Murray GD, Boddy FA. Using routine data to
complement and enhance the results of randomised controlled trials.
Health Technol Assess. 2000;4:1-55.

43, Liore LD, Lavori PW. Integrating randomized comparative effectiveness
research with patient care. N Engl J Med. 2016;374:2152-8.

44.  Hemkens LG, Saccilotto R, Reyes SL, Glinz D, Zumbrunn T, Grolimund O, et
al. Personalized prescription feedback using routinely collected data to
reduce antibiotic use in primary care: a randomized clinical trial. JAMA
Intern Med. 2017;177:176-83.

45.  Hashimoto RE, Brodt ED, Skelly AC, Dettori JR. Administrative database
studies: goldmine or goose chase? Evid Based Spine Care J. 2014;5:74-6.

46. Cadarette SM, Wong L. An introduction to health care administrative data.
Can J Hosp Pharm. 2015,68:232-7.

47.  Zwarenstein M, Grimshaw JM, Presseau J, Francis JJ, Godin G, Johnston M,
et al. Printed educational messages fail to increase use of thiazides as first-
line medication for hypertension in primary care: a cluster randomized
controlled trial. Implement Sci. 2016;11:124.

48. Cobo E, Cortés J, Ribera JM, Cardellach F, Selva-O'Callaghan A, Kostov B, et
al. Effect of using reporting guidelines during peer review on quality of final
manuscripts submitted to a biomedical journal: masked randomised trial.
BMJ. 2011;343:d6783.

49.  Glasziou P, Altman DG, Bossuyt P, Boutron I, Clarke M, Julious S, et al.
Reducing waste from incomplete or unusable reports of biomedical
research. Lancet. 2014,383:267-76.

50.  Tunis AS, Mclnnes MD, Hanna R, Esmail K. Association of study quality with
completeness of reporting: have completeness of reporting and quality of
systematic reviews and meta-analyses in major radiology journals changed
since publication of the PRISMA statement? Radiology. 2013;269:413-26.

51. Willis BH, Quigley M. The assessment of the quality of reporting of meta-
analyses in diagnostic research: a systematic review. BMC Med Res
Methodol. 2011;11:163.

52. Turner L, Shamseer L, Altman DG, Weeks L, Peters J, Kober T, et al.
COnsolidated Standards of Reporting Trials (CONSORT) and the
completeness of reporting of randomised controlled trials (RCTs) published
in medical journals. Cochrane Database Syst Rev. 2012;11:MR000030.

53. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010
statement: updated guidelines for reporting parallel group randomised
trials. BMJ. 2010;340:c332.

54.  Campbell MK, Piaggio G, Elbourne DR, Altman DG. CONSORT Group.
CONSORT 2010 statement: extension to cluster randomised trials. BMJ. 2012;
345:25661.

55. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al.
CONSORT 2010 statement: extension to randomised pilot and feasibility
trials. BMJ. 2016;355:15239.

56. Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, et al.
Improving the reporting of pragmatic trials: an extension of the CONSORT
statement. BMJ. 2008;337:a2390.

57.  Equator Network. http://www.equator-network.org/library/reporting-
guidelines-under-development/. Accessed 27 Sept 2018.

58.  Moher D, Schulz KF, Simera I, Altman DG. Guidance for developers of health
research reporting guidelines. PLoS Med. 2010;7:¢1000217.

59. von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP, et al. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. Lancet. 2007,370:1453-7.

60.

62.

63.

64.

65.

66.

67.

Page 9 of 9

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) 2015 statement. Syst Rev. 20154:1.

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C.
PRESS peer review of electronic search strategies: 2015 guideline statement.
J Clin Epidemiol. 2016;75:40-6.

Institute of Medicine. Finding What Works in Health Care: Standards for
Systematic Reviews. Standard 3.1 Conduct a comprehensive systematic
search for evidence. Washington DC: Institute of Medicine; 2011. Available
at https//www.nihlibrary.nih.gov/sites/default/files/Finding_What_Works_
in_Health_Care_Standards_for_Systematic_Reviews_IOM_2011.pd. Accessed
27 Sept 2018.

Khangura S, Konnyu K, Cushman R, Grimshaw J, Moher D. Evidence
summaries: the evolution of a rapid review approach. Syst Rev. 2012;1:10.
Trevelyan E, Robinson N. Delphi methodology in health research: how to do
it? Eur J Intern Med. 2015;7:423-8.

Boulkedid R, Abdoul H, Loustau M, Sibony O, Alberti C. Using and reporting
the Delphi method for selecting healthcare quality indicators: a systematic
review. PLoS One. 2011;6:¢20476.

Mclnnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, the PRISMA-
DTA Group, et al. Preferred Reporting Items for a Systematic Review and
Meta-analysis of Diagnostic Test Accuracy Studies: The PRISMA-DTA
Statement. JAMA. 2018;319:388-96.

Atkins RB, Tolson H, Cole BR. Stability of response characteristics of a Delphi
panel: application of bootstrap data expansion. BMC Med Res Methodol.
2005;5:37.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://www.equator-network.org/library/reporting-guidelines-under-development/
http://www.equator-network.org/library/reporting-guidelines-under-development/
https://www.nihlibrary.nih.gov/sites/default/files/Finding_What_Works_in_Health_Care_Standards_for_Systematic_Reviews_IOM_2011.pd
https://www.nihlibrary.nih.gov/sites/default/files/Finding_What_Works_in_Health_Care_Standards_for_Systematic_Reviews_IOM_2011.pd

	Abstract
	Background
	Methods
	Discussion

	Background
	Methods
	Phase 1: Research team and conceptual framework
	Project team and steering committee
	Knowledge users and stakeholders

	Phase 2: Systematic review and generation of long list of items
	Preliminary “long list” generation
	Registration of systematic review protocol
	Database searches
	Study selection
	Data extraction and verification
	Long list verification

	Phase 3: Delphi exercise and generation of “short list”
	Phase 4: Face-to-face consensus meeting and finalization of list of essential items
	Phase 5: Knowledge translation
	Checklist pilot, revision of checklist based on feedback, and guidance statements
	Baseline assessment
	Dissemination
	Implementation


	Discussion
	Abbreviations
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

