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Abstract
Background and Objective: Randomized controlled trials (RCTs) inform health-care decisions. Unfortunately, some published RCTs
contain false data, and some appear to have been entirely fabricated. Systematic reviews are performed to identify and synthesize all RCTs
which have been conducted on a given topic. This means that any of these ‘problematic studies’ are likely to be included, but there are no
agreed methods for identifying them. The INveStigating ProblEmatic Clinical Trials in Systematic Reviews (INSPECT-SR) project is
developing a tool to identify problematic RCTs in systematic reviews of health care-related interventions. The tool will guide the user
through a series of ‘checks’ to determine a study’s authenticity. The first objective in the development process is to assemble a compre-
hensive list of checks to consider for inclusion.

Methods: We assembled an initial list of checks for assessing the authenticity of research studies, with no restriction to RCTs, and
categorized these into five domains: Inspecting results in the paper; Inspecting the research team; Inspecting conduct, governance, and
transparency; Inspecting text and publication details; Inspecting the individual participant data. We implemented this list as an online sur-
vey, and invited people with expertise and experience of assessing potentially problematic studies to participate through professional net-
works and online forums. Participants were invited to provide feedback on the checks on the list, and were asked to describe any additional
checks they knew of, which were not featured in the list.

Results: Extensive feedback on an initial list of 102 checks was provided by 71 participants based in 16 countries across five continents.
Fourteen new checks were proposed across the five domains, and suggestions were made to reword checks on the initial list. An updated list
of checks was constructed, comprising 116 checks. Many participants expressed a lack of familiarity with statistical checks, and empha-
sized the importance of feasibility of the tool.

Conclusion: A comprehensive list of trustworthiness checks has been produced. The checks will be evaluated to determine which
should be included in the INSPECT-SR tool.

Plain Language Summary: Systematic reviews draw upon evidence from randomized controlled trials (RCTs) to find out whether
treatments are safe and effective. The conclusions from systematic reviews are often very influential, and inform both health-care policy
and individual treatment decisions. However, it is now clear that the results of many published RCTs are not genuine. In some cases, the
entire study may have been fabricated. It is not usual for the veracity of RCTs to be questioned during the process of compiling a systematic
review. As a consequence, these ‘‘problematic studies’’ go unnoticed, and are allowed to contribute to the conclusions of influential sys-
tematic reviews, thereby influencing patient care. This prompts the question of how these problematic studies could be identified. In this
study, we created an extensive list of checks that could be performed to try to identify these studies. We started by assembling a list of
checks identified in previous research, and conducting a survey of experts to ask whether they were aware of any additional methods,
and to give feedback on the list. As a result, a list of 116 potential ‘‘trustworthiness checks’’ was created. In subsequent research, we will
evaluate these checks to see which should be included in a tool, INveStigating ProblEmatic Clinical Trials in Systematic Reviews, which
can be used to detect problematic studies. � 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
Keywords: Research integrity; Fraud; Fabrication; Misconduct; Trustworthiness; Randomised controlled trials; Systematic reviews; Forensic analysis; Evi-

dence synthesis; Critical appraisal
1. Background

Randomized controlled trials (RCTs) are performed to
investigate whether treatments are safe and effective. System-
atic reviews exploring health interventions aim to include all
relevant RCTs, appraising and synthesizing this evidence to
arrive at an overall conclusion about whether an intervention
works and whether it causes harm. Problematic studies pose a
threat to the evidence synthesis paradigm. These are defined
by Cochrane as ‘‘any published or unpublished study where
there are serious questions about the trustworthiness of the
data or findings, regardless of whether the study has been
formally retracted’’ [1,2]. Studies may be problematic
because they include some false data or results, or may be
entirely fabricated. Research misconduct is just one possible
explanation for false data. Another possibility would be the
presence of catastrophic failures in the conduct of the study,
such as miscoding of patient conditions (eg, inverting active
treatment and placebo conditions), failure in the computerized
randomization service, or severe errors in the analysis code.
Whether they are the result of deliberate malpractice or honest
error, these issues may not be immediately apparent to journal
editors and peer reviewers. Consequently, problematic studies
may be published, and subsequently included in systematic
reviews. Studies are routinely appraised on the basis of their
methodological validity during the systematic review process.
However, these assessments are predicated on the assumption
that the studies and the data they are based on are authentic,
and also that the authors did not make any major errors during
data collection, analysis or reporting. In fact, many reports of
problematic studies describe sound methodology, and so are
not flagged by critical appraisal tools. At present, there are
no agreed methods for identifying problematic RCTs, and it
is typical for no assessment of authenticity to be undertaken
at all. This means that there are no processes for preventing
problematic RCTs from being included in systematic reviews,
distorting the clinical evidence base, and potentially leading
to harm.

http://creativecommons.org/licenses/by/4.0/
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What is new?

Key findings
� An extensive list of potential checks for assessing

study trustworthiness was assembled using a sur-
vey of experts.

What this adds to what was known?
� Checks were categorized into five conceptual do-

mains, and feedback was obtained.

� The checks on this list will be evaluated in terms of
usefulness and feasibility to determine which should
be included in a tool (INSPECT-SR) for identifying
problematic randomized controlled trials.

What is the implication and what should change
now?
� Barriers to implementing checks were identified,

including challenges in implementing statistical
checks of study results.

� Feedback emphasized the importance of the tool
being feasible to implement.
This prompts the question of how we can systematically
detect problematic studies. The overall aim of the INveSti-
gating ProblEmatic Clinical Trials in Systematic Reviews
(INSPECT-SR) project is to develop and evaluate a tool
for identifying problematic studies in the context of system-
atic reviews of RCTs of health interventions [3]. The
INSPECT-SR tool will guide the user through a series of
‘checks’ for study trustworthiness. The development
approach involves identifying a comprehensive list of
checks for trustworthiness, and subjecting these to evalua-
tion to determine which to include in the tool. The first
objective in this process is generation of a comprehensive
list of possible trustworthiness checks for evaluation in sub-
sequent stages of the project. In addition to its use in the
development of INSPECT-SR, we anticipate that this
comprehensive list of trustworthiness checks will be a use-
ful contribution to the research integrity literature.

The aim of Stage 1 of the INSPECT-SR process, re-
ported here, was to assemble a comprehensive list of checks
for potentially problematic studies, using a survey of ex-
perts and people with relevant experience. Specific objec-
tives were to identify hitherto unidentified checks and to
obtain feedback on previously identified ones.
2. Methods

The methods used in this study have been described in
an online protocol (https://osf.io/6pmx5/) and in a protocol
paper describing the INSPECT-SR project [3]. We give an
overview here.
2.1. Assembling an initial list of checks for problematic
studies

We assembled an initial list of trustworthiness checks of
research studies, using several sources. Although our long-
term goals in the INSPECT-SR project are to develop a tool
for assessing RCTs in particular, at this stage we did not
restrict the list to checks which had been proposed specif-
ically in an RCT context. This was to ensure that we did
not miss checks which could potentially be of use for as-
sessing RCTs. However, some checks were considered as
being out of scope (eg, they referred to purchasing of ani-
mals in animal studies, or related to risk of bias [4]).
Excluded checks are shown in the Supplementary
Material. We included checks which appeared in a recent
scoping review [5] and qualitative study of experts [6].
We located and read the original studies or reports
described by the scoping review to ensure that no checks
were omitted. For example, the scoping review included
the REAPPRAISED checklist [7] and we extracted the in-
dividual items from that checklist and included them in our
list. We added additional checks which were known to the
research team. For example, JW has a background in under-
taking integrity investigations for journals and publishers,
and he added checks used in this work. We started by
including the checks from the papers included in the
scoping review before adding any additional checks
included in the qualitative study, and finally any additional
checks known to the author team. If the same check was
encountered multiple times during this process, it was
added to the list only once. Some checks were considered
redundant given other checks, and were excluded on this
basis (see excluded checks in Supplementary Material,
[5,6,8e10]). We defined five preliminary domains and cate-
gorized each check into one of these domains. The domains
used were Inspecting results in the paper, Inspecting the
research team, Inspecting conduct, governance and trans-
parency, Inspecting text and publication details, and In-
specting individual participant data. The wording and
categorization of the checks was reviewed by the project
Expert Panel [3] and revised accordingly. The majority
were rephrased as questions for consistency.
2.2. Online survey

The initial list of checks was implemented as an online
survey in Qualtrics [11]. The survey can be viewed at
https://osf.io/s34hx. Participants were informed about the
motivation for the study and the content of the survey
should they choose to participate. The survey then asked
participants about their experience in assessing potentially
problematic studies (with these questions being used to
confirm eligibility), and presented participants with the list

https://osf.io/6pmx5/
https://osf.io/s34hx
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of checks that could be used to assess potentially problem-
atic studies. The checks were presented in their preliminary
domains, and both the order of domains and the order of
checks within each domain were randomized, to minimize
the impact of potential sequence effects. Each check was
presented alongside a free-text box, and participants were
advised to comment on any aspect if they wished to do
so. At the end of the list, participants were asked whether
they were aware of any other checks which had not featured
on the list, and were presented with a free text box to
describe these. The survey was piloted by members of the
research team and colleagues prior to launch. The survey
opened on 14th November 2022 and closed on 25th January
2023. The survey was anonymous e we did not collect any
identifying information in the survey. Ethical approval was
not required for this study, since it involved asking experts
for their professional opinion.
2.3. Participants

People with expertise or experience of assessing poten-
tially problematic studies, either prior to or postpublication,
were eligible to participate in the survey. This included ed-
itors of health journals, research integrity professionals, and
researchers with experience of conducting research integ-
rity investigations, or of undertaking related methodolog-
ical research.

We implemented a multifaceted recruitment strategy.
We promoted the project via conferences (International
Clinical Trials Methodology Conference 2022, Interna-
tional Congress on Peer review and Scientific Publication
2022), social media (Twitter account of JW), and via a
group of researchers and publishing representatives estab-
lished to discuss problems posed by paper mills [12],
inviting potential participants to contact JW. We identified
and contacted individuals involved in relevant research
integrity activities, including researchers, journal editors,
and research integrity professionals. Additionally, the
INSPECT-SR working group includes a Steering Group
and an Expert Advisory Panel [3], and members of both
of these were invited to participate if they met the eligibility
criteria (the authors of the present article represent mem-
bers of both groups). We invited eligible individuals by
personalized email, and asked whether they could suggest
any other potential participants. We aimed for a geograph-
ically diverse sample, and monitored responses to the ques-
tion ‘In which country do you primarily work?’ as
responses accrued. We made efforts to identify and invite
potential participants based in nations which were not rep-
resented by reaching out to professional contacts in those
regions and asking for suggestions for potential partici-
pants, and also by asking for suggestions from the orga-
nizers of recent and upcoming World Conferences on
Research Integrity. We also identified international research
integrity networks and contacted them to request details of
the project to be shared with their members (African
Research Integrity Network, Association for the Promotion
of Research Integrity), again with a request for potential
participants to contact JW.
2.4. Sample size

We targeted a minimum sample size of 50 participants,
and did not end recruitment once this target was met, first
because our goal was to obtain feedback from as many ex-
perts as possible within the available timeframe, and second
because we did not perform any inferential statistical ana-
lyses. The sample size was largely based on pragmatic con-
siderations e we believed 50 participants were realistic
based on previous research in similar populations, for
example, [13] while representing a sufficient number of re-
sponses to obtain thorough feedback on the list of the
checks.
2.5. Statistical analysis

We examined survey results, including participant char-
acteristics, using descriptive statistics. Additional items
suggested by respondents, and comments made on existing
items, were summarized. The survey responses were used
to add further items to the list, and to amend the wording
of existing items, subject to review by Steering Group
and Expert Advisory panel members.
3. Results

The initial list entered into the survey contained 102
checks (76 from papers referenced by the scoping review,
14 from the qualitative study, and 12 additional checks sug-
gested by the author team). Figure 1 shows the distribution
of the checks across the five domains. Eighty individuals
accessed the survey. Nine individuals did not meet the eligi-
bility criteria (insufficient experience in assessing problem-
atic studies). Consequently, responses were obtained from
71 participants; 12 did not complete the survey. The study
dataset is available at https://osf.io/6pmx5/.
3.1. Characteristics of participants

Table 1 shows the characteristics of participants. Re-
sponses were obtained from participants based in 16 coun-
tries across five continents, although the majority (55%) of
participants was based in Europe (Table 1). The experience
of the included participants is also outlined in Table 1. The
majority had assessed potentially problematic studies as an
independent researcher (85%) with around half having done
so as a peer reviewer (49%). Most had been involved in
methodological research into identifying problematic
studies (58%), noting that this could have referred to
involvement in the INSPECT-SR project. Fewer partici-
pants had investigated potentially problematic studies as a

https://osf.io/6pmx5/
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journal editor (28%) or research integrity professional
(27%).
3.2. Feedback on existing checks

The full list of comments by item on the list can be
found in the Supplementary Material. Many suggestions
revolved around specific wording changes to checks to
clarify their purpose and differentiate them from each other.
Feedback indicated that some checks were not well under-
stood by participants. As an example, one check included in
the domain Inspecting individual participant data was to
‘make star plots for each group’ [10,14]. This check
received eight separate comments detailing participants’
unfamiliarity with this concept. Similar comments were
made in relation to many of the statistical checks included
on the list, both in the aforementioned domain and also in
the domain Inspecting results in the paper. Some comments
indicated that the domain name Inspecting the research
team did not clearly correspond to some of the checks con-
tained in the domain, which referred to checking other
work conducted by the research team of the index study.
3.3. Proposal of new checks

There were 38 suggestions of checks to add to the list.
We were unable to interpret the meaning of four sugges-
tions. Of the remainder, 19 suggestions, describing 14
distinct checks, were considered novel, that is, not suffi-
ciently similar to existing checks to be considered a dupli-
cation (Table 2, with wordings edited for clarity). We
categorized the proposed checks. We considered seven
(50%) of the novel checks to fall within the Inspecting in-
dividual participant data domain. It was proposed that the
country in which the study was conducted be included as a
check. We have included this in Table 2 for completeness,
and discuss the implications of this check in the discussion.

3.4. General feedback

Finally, participants were offered the chance to comment
on the survey, or on the topic more generally. Redacted ver-
sions of these comments are included in the Supplementary
Material. Redaction has been performed to conceal the
identities of the participants and of the subjects of their
comments. Desire for a practical, short tool was a common
theme, with several participants suggesting it should be
structured so that easier checks are performed first. If the
outcome of these checks proved definitive (eg, identifying
or assuaging serious concerns), this would avoid the use
of more burdensome or complex methods appearing later
in the tool.

3.5. Updated list of checks

Based on the responses to the survey, an updated list of
possible checks for potentially problematic studies was
developed, incorporating the new suggestions and updating
the wording of items in response to feedback. One hundred
and sixteen checks were included following the survey, as
shown in Figure 1. The updated list is shown in the
Supplementary Material [7,9,10,14e43]. Figure 2 shows
the origin of checks included in the final list. In response
to survey feedback, we changed the second domain name
to Inspecting the research team and their work.
4. Discussion

We conducted a survey of experts to elaborate an exten-
sive list of potential checks for identifying problematic



Table 1. Characteristics of participants. Frequency (%)

Characteristic N (%)

Primary location of work

Europe 39 (55%)

Australia/Oceania 15 (21%)

North America 10 (14%)

Africa 5 (7%)

South America 1 (1%)

Missing 1 (1%)

Experiencea

Have you assessed potentially
problematic studies as an
independent researcher
(postpublication)?

60 (85%)

Have you conducted methodological
research into the issue of identifying
problematic studies?

41 (58%)

Have you assessed potentially
problematic studies as a peer
reviewer (prepublication)?

35 (49%)

Have you assessed potentially
problematic studies as a journal
editor?

20 (28%)

Have you assessed potentially
problematic studies in any other
capacity not listed here?

20 (28%)

Have you assessed potentially
problematic studies as a research
integrity professional?

19 (27%)

Have you assessed potentially
problematic studies at the request of
a journal or publisher?

17 (24%)

Have you assessed potentially
problematic studies you have been
involved in (e.g., possible
misconduct by collaborators)?

10 (14%)

a Multiple responses permitted.
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studies. We believe this is the most comprehensive collec-
tion of checks assembled to date, as we were able to supple-
ment methods identified in a previous scoping review by
returning to the original papers and extracting individual
items (rather than tools aggregating items), including find-
ings from a qualitative study, and performing a new survey
of experts. The items on the list will be evaluated for their
usefulness and feasibility to determine which checks should
be included in the INSPECT-SR tool and any implications
for the tool’s structure [3]. It should be emphasized that a
check’s inclusion on the list does not amount to an endorse-
ment by the research team. We anticipate that many of
these checks will ultimately be found to be infeasible or
simply not informative.

Participant responses highlighted a number of important
considerations for the development of a tool for assessing
potentially problematic studies. Despite representing a
cohort of individuals with experience and expertise in
problematic studies, many respondents expressed a lack
of familiarity with items included on the list, particularly
those relating to statistical methods. Given that the
INSPECT-SR tool is intended for use by researchers
without this level of expertise, our findings suggest that
these checks would need to be accompanied by clear guid-
ance to facilitate use and prevent misapplication and misin-
terpretation, similar to explanation and elaboration
documents created to accompany reporting guidelines
[44,45], or that application of these checks might need
input from a statistician. This may also need to be accom-
panied by software to facilitate the implementation of more
complex checks. In addition, this suggests that clear expla-
nations would be needed to allow the checks to be evalu-
ated as part of a subsequently planned consensus process
[3]. Another clear theme among the survey responses
related to the need for a tool to be feasible in terms of
the time required to implement it. Some respondents ex-
pressed concern about the prospect of a tool involving too
many checks; some had mistaken the list to represent the
proposed tool, noting that it would not be workable. These
concerns highlight the importance of evaluating not only
the feasibility of individual items but also the practicality
of the resulting tool. To this end, a draft version of the tool
will be extensively tested in the production of new system-
atic reviews of RCTs, and revised accordingly. One pro-
posal to increase the viability of the tool was to arrange
the checks in a hierarchical format, with initial, less burden-
some checks being performed first, potentially obviating
more difficult checks should clear problems be apparent.

We included some checks which can only be applied
when the underlying individual participant data are avail-
able in the survey. Often, these data will not be available
to researchers, and so these checks will not be possible.
This suggests that the core INSPECT-SR tool should not
include checks requiring individual participant data.
Accordingly, we will develop an extension to the core tool
(working title INSPECT-IPD) which may be applied when
the underlying dataset is available. Checks in the individual
participant data domain were also unfamiliar to many par-
ticipants, suggesting that the development of this extension
would require input from subspecialists in forensic
statistics.

One check which was proposed in response to the survey
was to consider the country in which the study was per-
formed. The introduction of this check would be conten-
tious. From an empirical standpoint, while it is plausible
that research misconduct would be more likely to occur
in settings with limited research governance and oversight,
robust evidence relating to the geographical variation in
prevalence of problematic studies is relatively limited (with
some exceptions, e.g., [46,47]). From an ethical standpoint,
using the country of origin as an indicator of study prove-
nance in its own right would discriminate against honest re-
searchers based in these locations. This check will be
subjected to evaluation as part of the development process.



Table 2. Novel suggestions for checks for problematic studies

Inspecting the results in the paper (2 checks proposed)

Are statistical tests internally consistent? (example: paper reports both P value and t statistic, but these are not consistent with each other)

Are important features missing from the paper?

Inspecting the research team (2 checks proposed)

Are withdrawal and loss to follow-up in multiple trials by the same author consistent with the expected (random) binomial distribution?

Given the nature of the study, does the author list make sense? - i.e., does a simple study have dozens of authors from different institutions and
with diverse expertise.

Inspecting conduct, governance, and transparency (2 checks proposed)

In which country was the study conducted?

Is the procedure of the study aligned with local legislations?

Inspecting text and publication details (1 check proposed)

Was the time between submission to acceptance reasonable?

Inspecting individual participant data (7 checks proposed)

If authors provide an excel spreadsheet, then you could check the meta-data in the sheet, including things like when it was created, by whom,
and the number of hours it’s been opened. This will not be as useful if the excel is just an export from REDCap or similar.

Reorder rows by different column values: sometimes patterns become apparent, which the authors obscure by ’reshuffling’ on another column
value after fabricating data.

Check that when the dataset is ordered by participant ID or randomization timestamp, the Nþ1st participant has the same condition as the Nth
1/k of the time, where there are k conditions. If the condition assignment has been fabricated "by hand", the condition will often change too
frequently as the faker tries to avoid "excessively long identical sequences.

Data fields missing from the IPD i.e., the paper reports data subgrouped by sex but sex is not available in the IPD.

Test whether a variable is a subset of a second variable within a data set.

The plausibility of the number of duplicated values (cases) across numeric variables within a data set.

An interaction test to assess the subgroup homogeneity to detect data manipulation to achieve implausible consistency (the P value of the
Tarone-adjusted Breslow-Day test).

IPD, individual participant data.

15 checks from 
qualitaƟve study

1 excluded:
- 1 out of scope

14 checks included in 
survey of experts

102 checks included in survey of experts

12 checks included in 
survey of experts

12 checks suggested 
by review team

24 excluded:
- 4 unclear
- 15 duplicate of survey 

items
- 5 duplicated suggesƟons

38 checks suggested in 
survey of experts

14 checks included in final list

116 checks included in final list

15 excluded:
- 9 redundant
- 4 out of scope
- 2 not applicable 

in this context

91 checks from papers 
included in a scoping 

review 

76 checks included in 
survey of experts

Figure 2. Flow chart showing origin of checks included in final list.

7J. Wilkinson et al. / Journal of Clinical Epidemiology 175 (2024) 111512



8 J. Wilkinson et al. / Journal of Clinical Epidemiology 175 (2024) 111512
A considerable limitation of the present study is the fail-
ure to recruit many participants situated outside of Europe,
Australia, and North America. Improving geographical rep-
resentation in subsequent stages of the project will be
necessary to ensure that the tool is both equitable and use-
ful for the assessment of research globally. Some responses
described concerns that some checks could not be reliably
performed without knowledge of the local context. We also
acknowledge that it is possible some checks have not been
identified, and so we will ask participants in a subsequent
Delphi exercise to propose any additional suggestions for
evaluation to minimize the likelihood anything important
is missed. We did not collect career stage or sex of the
participants.
5. Conclusion

The items on the list will be evaluated via an application
of the items on the list to RCTs in 50 Cochrane Systematic
Reviews, an online Delphi survey, and consensus meetings,
to produce a draft version of the INSPECT-SR tool. The
draft version will then be subject to testing by users, and
feedback from this testing will be used to improve and
finalize the tool [3]. The final version will represent a
feasible tool, backed by empirical evidence and broad
expert consensus, for evaluating potentially problematic
studies in health-related systematic reviews.
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