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What is new

● An extensive list of potential checks for assessing study trustworthiness was assessed via an 
application to 95 randomised controlled trials (RCTs) in 50 Cochrane Reviews.

● Following application of the checks, assessors had concerns about the authenticity of 32% of 
the RCTs.

● If these RCTs were excluded, 22% of meta-analyses would have no remaining RCTs.
● However, the study showed that some checks were frequently infeasible, and others could be 

easily misunderstood or misinterpreted.
● The study restricted assessment to meta-analyses including five or fewer RCTs, which might 

distort the impact of applying the checks.

Abstract

Background
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The aim of the INSPECT-SR project is to develop a tool to identify problematic RCTs in 
systematic reviews. In Stage 1 of the project, a list of potential trustworthiness checks was  
created. The checks on this list must be evaluated to determine which should be included in 
the INSPECT-SR tool. 

Methods

We attempted to apply 72 trustworthiness checks to RCTs in 50 Cochrane Reviews. For each, 
we recorded whether the check was passed, failed or possibly failed, or whether it was not 
feasible to complete the check. Following application of the checks, we recorded whether we 
had concerns  about  the  authenticity  of  each  RCT.  We repeated  each meta-analysis  after 
removing  RCTs  flagged  by  each  check,  and  again  after  removing  RCTs  where  we  had 
concerns  about  authenticity,  to  estimate  the  impact  of  trustworthiness  assessment. 
Trustworthiness assessments were compared to Risk of Bias and GRADE assessments in the 
reviews.

Results 

95 RCTs were assessed. Following application of the checks, assessors had some or serious 
concerns about the authenticity of 25% and 6% of the RCTs, respectively. Removing RCTs 
with either some or serious concerns resulted in 22% of meta-analyses having no remaining 
RCTs. However, many checks proved difficult to understand or implement, which may have 
led to unwarranted scepticism in some instances. Furthermore, we restricted assessment to 
meta-analyses  with  no  more  than  5  RCTs,  which  will  distort  the  impact  on  results.  No 
relationship was identified between trustworthiness assessment and Risk of Bias or GRADE.

Conclusions

This study supports the case for routine trustworthiness assessment in systematic reviews, as 
problematic  studies  do  not  appear  to  be  flagged by Risk  of  Bias  assessment.  The  study 
produced evidence on the feasibility and impact of trustworthiness checks. These results will 
be used, in conjunction with those from a subsequent Delphi process, to determine which 
checks should be included in the INSPECT-SR tool. 

Plain language summary 

Systematic reviews collate evidence from randomised controlled trials (RCTs) to find out 
whether health interventions are safe and effective. However, it is now recognised that the 
findings of  some RCTs are not  genuine,  and some of these studies appear to have been 
fabricated.  Various  checks  for  these  “problematic”  RCTs  have  been  proposed,  but  it  is 
necessary to evaluate these checks to find out which are useful and which are feasible. We 
applied  a  comprehensive  list  of  “trustworthiness  checks”  to  95  RCTs  in  50  systematic 
reviews to learn more about them, and to see how often performing the checks would lead us 
to classify RCTs as being potentially inauthentic. We found that applying the checks led to 
concerns about the authenticity of around 1 in 3 RCTs. However, we found that many of the 

111
112
113
114

115

116
117
118
119
120
121
122
123

124

125

126
127
128
129
130
131
132

133

134

135
136
137
138
139

140

141

142
143
144
145
146
147
148
149
150

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted January 6, 2025. ; https://doi.org/10.1101/2024.11.25.24316905doi: medRxiv preprint 

https://doi.org/10.1101/2024.11.25.24316905
http://creativecommons.org/licenses/by/4.0/


checks were difficult to perform and could have been misinterpreted. This might have led us 
to be overly sceptical in some cases. The findings from this study will be used, alongside 
other evidence,  to decide which of  these checks should be performed routinely to try to 
identify  problematic  RCTs,  to  stop  them  from  being  mistaken  for  genuine  studies  and 
potentially being used to inform healthcare decisions.

MAIN TEXT

Background

Systematic  reviews  of  randomised  controlled  trials  (RCTs)  aim to  include  all  trials  that  
address  the  review  question  and  meet  the  prespecified  eligibility  criteria.  There  is  an 
understanding that  RCTs included in  a  systematic  review should be  scrutinised for  their 
internal validity, for example, using Risk of Bias tools (1, 2). These assessments require that 
the reviewer can trust what is written in a trial report to be an authentic account of what took 
place. However, this no longer appears to be tenable as a default assumption, as recent large-
scale assessments have cast doubt on the veracity of many RCTs submitted to journals (3) or 
published in systematic reviews (4). Recent examples, such as ivermectin for COVID-19, 
illustrate  how  the  failure  to  routinely  interrogate  the  authenticity  of  eligible  RCTs  in 
systematic reviews allows fake studies to influence patient care (5).

Cochrane defines ‘problematic studies’  as studies where there are ‘serious questions about 
the trustworthiness of the data or findings’ (6). Problematic studies could represent instances 
of academic misconduct such as research fraud, or could be the result of critical errors in trial 
processes.  Cochrane policy,  introduced in 2021,  states  that  potentially  problematic  RCTs 
should not be included in a systematic review (6,  7).  This prompts the question of what 
criteria could be used to identify problematic studies, which may appear to be high-quality on 
the basis of traditional Risk of Bias assessment (8).  Cochrane’s implementation guidance 
recognises that a number of methods for identifying problematic studies have been proposed, 
but does not recommend a method at this time.

The  aim  of  the  INSPECT-SR  (INveStigating  ProblEmatic  Clinical  Trials  in  Systematic 
Reviews) project is to develop a tool that can be used by systematic reviewers to assess the 
trustworthiness of RCTs (9). Several tools have recently been proposed for this purpose (10-
14).  However,  none  of  these  have  involved  a  comprehensive  evaluation  and  subsequent 
selection of  potential  trustworthiness  checks.  In  Stage 1 of  the development  process,  we 
identified an extensive list of potential trustworthiness checks (15). A tool including all of  
these checks would not be practicable, and we anticipate that many of the checks will turn out 
to be infeasible or otherwise not useful. In Stages 2 (application to Cochrane Reviews) and 3 
(Delphi  survey),  the  checks  on  this  list  will  be  evaluated  to  determine  which  should  be 
included in the final tool. These results will then feed into a series of consensus meetings 
(Stage 4) which will be used to develop a draft version of the INSPECT-SR tool. The draft  
tool will then be tested in the assessment of RCTs (Stage 5). Feedback from Stage 5 will be 
used to finalise the tool. The current study describes Stage 2 of the project, in which the 
identified checks were applied to RCTs included in a sample of Cochrane Reviews, in order 
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to evaluate their feasibility and impact on review results, and to evaluate how often assessors 
had concerns about the authenticity of RCTs after applying the checks. 

Methods

A protocol describing the INSPECT-SR project methods has previously been published (9). 
We  undertook  a  large,  collaborative  project  in  which  assessors  applied  a  series  of  72 
trustworthiness  checks  to  RCTs  included  in  50  Cochrane  Reviews.  The  University  of 
Manchester Ethics tool was used to determine that ethical approval was not required for this 
study (30th Sept 2022). 

Description of trustworthiness checks

Prior to this exercise, a list of trustworthiness checks was assembled using a scoping review 
(16),  qualitative  study  (17)  and  survey  of  experts  (15).  This  list  contained  116  checks 
arranged into five domains: Inspecting results in the paper, Inspecting the research team and 
their work, Inspecting conduct, governance and transparency, Inspecting text and publication 
details,  and Inspecting individual participant data. In the current study we only considered 
the  first  four  domains,  as  individual  participant  data  are  not  generally  available  during 
systematic reviews and meta-analyses based on aggregate data; nor were they available to us. 
An extension to the INSPECT-SR tool based on the checks in the fifth domain, which can be 
applied when individual participant data are available, ‘INSPECT-IPD’, has been funded for 
development (Reference: NIHR30355). The first four domains included 76 checks (Tables 1 
and 2).  We made some modifications  to  the  list  in  preparation for  the  current  study,  in 
consultation with the project expert advisory panel. This included refining the language of 
some items to improve clarity. To assist assessors in applying the checks, we drafted brief  
explanations for each check (S Tables 1 to 4). Four checks (checks 45, 66, 67, 72, Tables 1 
and 2) were not assessed as they were not considered practicable in the context of the present 
study. Consequently, 72 checks were assessed.

Description of assessors

The INSPECT-SR working group includes a core management group and an expert advisory 
panel. Members of both were invited to act as assessors for the current study. We also invited 
additional collaborators who had expressed an interest in contributing to the development 
process.  Collaborators were identified from a variety of sources.  We invited attendees at  
presentations relating to the project  to contact  us to express an interest,  and also invited 
individuals who had expressed an interest in the topic to JW using personalised emails and 
via  social  media.  All  assessors  were  considered  to  have  sufficient  expertise  in  research 
methods (specifically, to evaluate RCTs) to enable them to undertake the assessment. We did 
not  require  assessors  to  hold  any  particular  qualification  however.  We  did  not  require 
assessors  to  have  specialist  expertise  relating  to  research  integrity  (for  example,  use  of  
forensic statistical methods or investigation of misconduct cases), as a key objective was to 
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learn about the usefulness and feasibility of the checks when applied by potential users of the 
INSPECT-SR tool (i.e. systematic reviewers, researchers, peer reviewers) who would not be 
expected to possess this specialist knowledge. Assessors who were considered to have made a 
substantial  contribution to data acquisition and critical  review of manuscript  drafts,  were 
given the option to co-author the manuscript.

Selection of Cochrane Reviews and RCTs

The sample size of 50 Cochrane reviews represented a number that was considered feasible to 
complete, while facilitating the evaluation of feasibility and impact of applying the checks 
across different topic areas. A preliminary pilot was conducted on a small number of RCTs to  
confirm this. The 50 reviews were purposefully selected from the Cochrane Library. To be 
eligible, a review could not be authored or co-authored by the assessor, and could not contain 
RCTs  authored  or  co-authored  by  the  assessor,  to  prevent  any  conflict  of  interest  in 
conducting the assessment. As a feasibility requirement, we also required that the review 
contained at least one (meta-) analysis containing one to five RCTs. For brevity, we use the  
term ‘meta-analysis’ in this article to describe an analysis which produces a pooled average 
estimate and confidence interval for a treatment effect on an outcome based on the included 
studies, recognising that, when there is only one study, this involves reporting the estimate 
and confidence interval from that study. The RCTs in the first eligible meta-analysis in the 
review were subjected to the trustworthiness assessment, as a feasibility constraint. We also 
required that the review had not already undergone a trustworthiness assessment as part of the 
review process, since this could have resulted in the prior removal of problematic studies, 
distorting our assessment. Assessors were asked to suggest a topic with which they were 
broadly familiar. We attempted to match assessors to review topics, to replicate a typical  
scenario  in  which  INSPECT-SR  would  be  used  (a  systematic  review  would  often  be 
undertaken by someone with some relevant subject-matter knowledge). We then selected the 
most recent Cochrane Review relating to the topic suggested by the assessor that met the 
eligibility criteria. Assessors did not always have subject-matter knowledge relating to the 
review(s)  they  assessed,  however.   For  example,  some  assessors  were  primarily 
methodologists, with limited clinical knowledge of the subject matter. For these people, we 
attempted to select review topics to cover a broad range of health areas.  We asked each 
assessor to record their familiarity with the review topic during data extraction (little or no 
familiarity, some familiarity, or high familiarity).

Data extraction and trustworthiness assessment

A bespoke data extraction form was produced, and was revised following piloting on a small 
number of RCTs, and can be accessed at https://osf.io/9pyw2/ . Assessors were informed of 
software that could be used to implement some of the statistical checks. Examples include the 
scrutiny package in R (18), online applications created to implement some checks e.g. (19, 
20), or Microsoft Excel  (21) for basic statistical checks, but it was not a requirement to use  
any particular software to undertake the assessment. For each Cochrane Review, the assessor 
extracted data and applied the list of checks to each RCT in the meta-analysis. An exception  
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was check 26 -  Is  there heterogeneity  across studies in degree of  imbalance in baseline 
characteristics (in meta-analysis), which was assessed only once per review. The assessor 
extracted  the  year  of  publication  for  each  RCT,  the  summary  data  entered  in  the  meta-
analysis,  and  Risk  of  Bias  and  GRADE  (Grading  of  Recommendations  Assessment, 
Development and Evaluation) (22) assessments as presented in the Cochrane Review. 

A second assessor  checked the  accuracy and completeness  of  this  information following 
extraction. Any disagreements were resolved by discussion between assessors and a third 
team member  (JW).  The assessor  attempted to  apply each of  the  72 checks  to  the  trial,  
selecting one of four response options: not feasible; passed the check; possible fail; fail.  For  
each check, assessors were asked to supply free text to explain their assessment. The country 
or countries in which the RCT was conducted was also recorded. After applying the checks, 
assessors recorded their answer to the question ‘’Do you have concerns about the authenticity 
of this study?” using one of four response options: no; some concerns; serious concerns; 
don’t know.  Assessors were asked if they had performed any additional checks (not included 
on the list) and if so, to describe both the checks and the results of applying them.  There was 
space for the assessor to add any additional information, and to provide an estimate of how 
many hours it took them to assess the RCT. The intention had been for one assessor to assess 
all  of  the  RCTs  in  the  review,  before  checking  by  a  second  assessor.  However,  some 
assessors failed to complete the assessment of all RCTs in their allocated review, and so for 
several reviews the RCTs were split between two assessors, before being checked by a third 
assessor.

Statistical analysis

We summarised trial and Cochrane Review characteristics, and the responses for each check. 
We calculated how often assessors had concerns about study authenticity. We evaluated the 
impact of applying each check by comparing the analysis/ meta-analysis including all trials as 
per the review to a version in which any RCTs flagged by the check were removed, in terms 
of the numbers of trials,  sample size,  change in effect  estimate,  95% confidence interval 
width, heterogeneity, and change in inference. 

The first  two of these metrics were assessed over all  reviews,  while  the remainder were 
assessed separately for binary and continuous outcomes. We used the metafor package (23) in 
R to perform all meta-analyses, using odds ratios to summarise treatment effects with binary 
outcomes, and standardised mean differences to summarise treatment effects with continuous 
outcomes. Random effects meta-analyses using the DerSimonian and Laird (24) method were 
performed, as the most typical method employed in systematic reviews (25, 26). 

We assessed potential  redundancies among the checks by plotting the responses for each 
check for each RCT in an array. We made the post-hoc decision to undertake a hierarchical 
cluster analysis, using complete agglomeration based on Gower dissimilarity, as implemented 
in the cluster package in R (27).  We used multinomial regression to assess the relationship 
between trustworthiness assessment and each Risk of Bias domain, and ordinal regression 
(proportional  odds  logistic  regression)  to  consider  the  relationship  between  the  GRADE 
assessment and the number of trials flagged for concerns. We used likelihood ratio tests for 
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inference following regression model fits. We conducted an additional analysis which had not 
been specified in the protocol, where we evaluated the relationship between the assessment 
for each check and the overall assessment of the trial using the N-1 chi-squared test (28), to  
determine which checks were influential in reaching an overall  assessment.  The N-1 chi-
squared  test  was  used  in  anticipation  of  small  expected  counts  (29).  This  analysis  was 
performed in trials where the check was considered to be feasible, and the assessments were 
analysed as ‘passed’ vs ‘fail or possible fail’. We used a post-hoc significance threshold of 
1% to highlight checks associated with the overall assessment, creating contingency tables 
(outcome of check vs overall assessment) for these checks to determine whether failing the 
check was associated with an assessor having overall concerns. We categorised the free-text 
responses to the question asking how long it took to complete the assessment in a post-hoc 
fashion (less than 90 minutes, 90 minutes to 3 hours, more than 3 hours). The dataset and  
analysis code for this study are available at https://osf.io/9pyw2/  .

Results

We included a total of 95 RCTs from 50 Cochrane Reviews. The reviews were from 24 
different  Cochrane  Groups  (S  Table  5).  Assessors  considered  themselves  to  have  high 
familiarity with the review topic for 7/50 (14%) reviews, some familiarity for 20/50 (40%) of 
reviews, and little or no familiarity for 23/50 (46%). The characteristics of included Cochrane 
Reviews are shown in Table 3. The median (IQR) number of participants in the assessed 
RCTs was  71  (40  to  174).  15/95  (16%) were  conducted  in  multiple  countries,  with  the 
remaining 80 taking place in one of 21 different countries (S Table 6). Twenty-four (26%) 
RCTs took less than 90 minutes to assess, 29 (31%) took between 90 minutes and 3 hours,  
and 40 (42%) took more than 3 hours. 

Responses to individual trustworthiness checks

Figure 1 and S Table 7 summarise the responses for each check, and S Figure 1 shows the  
study-level responses for each check. S Figure 2 shows how the checks are clustered in the 
dataset. Missing data for trustworthiness checks were infrequent, with only one check having 
missing data for as many as five RCTs (check 42). Check 26 is ‘missing’ for 10 RCTs, as it  
was only assessed once per review. A number of checks were considered to have ‘failed’ or 
‘possibly failed’ often. The five checks most often receiving an assessment of ‘failed’ or 
‘possibly failed’ were check 61 -  Are the data publically available? (81%), check 30 -  Are 
contributorship  statements  present? (69%),  check  31  -  Are  contributorship  statements 
complete? (57%), check 64 - Has the study been prospectively registered? (56%), check 49 – 
Is a funding source reported? (40%). Some statistical checks frequently resulted in responses 
of ‘failed’ or ‘possibly failed’. Examples include check 12 - Are differences in variances in 
baseline variables between randomised groups plausible? (28%), check 11 – Are statistical 
test [results] of outcomes correct? (21%). 

A  number  of  checks  were  considered  to  be  infeasible  in  most  cases.  The  checks  most 
frequently  considered  infeasible  were  check  40  -  Is  the  standard  deviation  of  summary 
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statistics  in  multiple  studies  by  same authors  plausible  (when compared to  simulated or 
bootstrapped data?) (99%), check 62 - Are additional patient data recorded in patient case 
records beyond what is reported in the paper? (98%), check 38 - Is the distribution of non-
first digits in manuscripts from one author compatible with a genuine measurement process? 
(90%), check 35 - Is any duplicate reporting acknowledged or explained? (89%), and check 
29 -  Are withdrawal and loss to follow-up in multiple trials by the same author consistent  
with the expected (random) binomial distribution? (84%).

Overall assessment and relationship to individual checks

Overall,  responses  to  the  question “Do you have concerns  about  the  authenticity  of  this 
study?” were:  no (60/95, 64%); some concerns (24/95, 25%); serious concerns (6/95, 6%). 
P-values from chi-squared tests looking at the outcome of each check against the overall  
trustworthiness assessment of the study are shown in S Table 8. Noting that these analyses 
were post-hoc and exploratory, 19 checks were associated with overall assessment using a 
1% significance level.  Contingency tables were inspected to examine the nature of  these 
associations (specifically to confirm that failing or possibly failing, rather than passing, a 
check was associated with the presence of concerns). 

Of  these  19,  there  were  11  checks  for  which  failing  (as  opposed  to  passing)  the  check 
appeared  to  correlate  with  an  assessment  of  overall  concern:  1.  Are  any  baseline  data 
implausible  with  respect  to  magnitude,  frequency,  or  variance? (p=0.00001);  2. Is  the 
number of participant withdrawals compatible with the disease, age and timeline?  (p=0.005); 
8.  Are  there  any  discrepancies  between  data  reported  in  figures,  tables  and  text? (p  = 
0.00006), 9. Are any outcome data, including estimated treatment effects, implausible? (p = 
0.000002), 19. Are results internally consistent? (p=0.00008), 37. Does the statistics methods 
section use generic language, suggesting lack of expert statistical input? (p=0.003), 51. Is the 
reported  staffing  adequate  for  the  study  conduct  as  reported? (p=0.009),  52.  Is  the 
recruitment  of  participants  plausible  within  the  stated  time  frame  for  the  research? 
(p=0.0005), 53. Is the recruitment of participants plausible considering the epidemiology of 
the disease in the area of the study location? (p=0.0004), 56. Are there any concerns about 
unethical practice? (p=0.001), 64. Has the study been prospectively registered? (p=0.004).

Impact of applying the trustworthiness assessments on systematic review results

S Table  9  and  S  Table  10  show the  impact  of  removing  RCTs  flagged  by  each  check 
(considered  individually)  from  meta-analysis,  for  binary  and  continuous  outcomes 
respectively. In continuous outcome meta-analyses,  removal of RCTs flagged by a check 
resulted in a median of 4% (IQR 0% to 12.5%, range 0% to 67%) of meta-analyses having no 
remaining trials. In binary outcome meta-analysis, the corresponding values were 4% (IQR 
0% to 8%, range 0% to 73%). The sample size of reviews would be reduced to a median (of 
means) of 93% (IQR 87% to 97%, range 27% to 100%) of the original size. The median (of 
means) number of trials that would be removed from meta-analysis was 0.14 (IQR 0.06 to 
0.24, range 0 to 1.52). 
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When RCTs were removed on the basis of the overall assessment (some or serious concerns),  
33% of continuous outcome meta-analyses and 12% of binary outcome meta-analyses had no 
remaining  trials.  Amongst  meta-analyses  with  at  least  one  RCT  remaining,  for  binary 
outcome meta-analyses, the mean ROR was 0.98; SE increased by 19% on average; none 
changed in terms of statistical significance (using a 5% significance threshold); and the mean 
ratio of confidence interval widths (width expressed as the ratio of upper to lower limit on 
OR scale) was 4.52. For continuous outcome meta-analyses with at least one RCT remaining, 
the average change in estimate was -0.02 SDs; SE (and, equivalently, CI width) increased by 
a mean of 5%; and none of the meta-analyses changed in terms of statistical significance.

Relationship between trustworthiness assessments, Risk of Bias and GRADE

We only investigated the relationship between overall trustworthiness assessment and risk of 
bias for reviews using the first version of the Cochrane RoB tool since there were only 10 
reviews applying RoB 2. Multinomial regression did not indicate associations between any 
risk  of  bias  domain  and  overall  concern,  with  the  exception  of  allocation  concealment. 
However, this was not in the expected direction, with concerns expressed more often for 
studies with unclear or low bias assessment compared to high bias assessment (p=0.01). The 
estimated relationship between number of trials flagged for concerns and GRADE assessment 
was imprecise (OR = 0.68, 95% CI = (0.39 to 1.17)). 

New checks used by assessors

Assessors described eight checks which they used and which they felt were additional to the 
list  of  checks  assessed  in  the  study.  Two of  these  –  checking  for  trial  registration,  and 
checking  the  author  list  –  were  already  covered  by  the  primary  list.  Three  others  were 
variations of existing checks – checking the certification status of the ethical committee or 
institutional review board, looking at a related publication of a subgroup, and checking for 
consistency  with  the  main  article.  Three  were  new:  looking  to  see  whether  the  authors 
exclusively worked together, checking whether the first author’s department had participated 
in other RCTs, and looking into the reported funder.

Discussion

An extensive list of trustworthiness checks was assessed for their feasibility and impact by 
application  to  95  RCTs in  a  sample  of  50  Cochrane  Reviews.  The  study allowed us  to 
estimate how often each of the checks would be considered infeasible for routine use in 
systematic reviews, how often each would fail, and what the impact of applying the check 
would be on the estimates from meta-analysis. We found that, in the context of conducting a 
systematic review, the checks can be applied to identify problematic studies.  Furthermore, 
the  findings  suggest  that  a  substantial  portion  of  meta-analyses  would  be  left  with  no 
remaining RCTs if  failed  checks  were  used to  identify  and exclude problematic  studies.  
Amongst those with remaining RCTs, there was a larger impact on precision than on the 
magnitude of effect estimates. The study also found that, following application of the checks, 
assessors  frequently  had  concerns  about  the  RCTs  included  in  Cochrane  Reviews,  with 
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“some concerns” being reported for 25% of studies, and ‘“serious concerns’” for a further 
6%.

Feasibility of the checks

A number  of  checks  were  deemed generally  infeasible.  For  example,  assessments  which 
involved taking an author-wide view have been successfully implemented in particular cases 
(e.g. (8, 30, 31)), but were not considered feasible by assessors in the context of the current 
study. One possible reason is that these checks require additional data collection to find out 
more  about  the  authors  of  a  study,  their  research team,  or  their  other  publications.  In  a  
previous survey of experts, the need for a trustworthiness tool to be practical and not too 
burdensome was emphasised (15), and therefore checks which require the identification and 
comparison of additional studies are unlikely to be palatable. Other checks that were deemed 
infeasible  include  checking  for  evidence  of  copied  work,  including  copied  sample 
characteristics and results tables. Unless the copying is identified between RCTs that both 
happen to be included in the review, it is difficult to see how this sort of check would be  
practicable in the absence of automated solutions. Clearly, the results indicate that it would 
not be feasible to apply such a long list of checks routinely, as this took more than 3 hours for 
42% of the trials. 

Identification of problematic studies

Failed checks are potential indicators of a problematic trial.  Some checks failed for most 
RCTs.  For  example,  the  study  agreed  with  previous  work  suggesting  that  many  (in  the 
present  study,  most)  RCTs  are  not  prospectively  registered  (32-34),  and  few  make  the 
underlying data available (35). In relation to registration, assessors were much more likely to 
have concerns about authenticity for studies that were not prospectively registered compared 
to those that were. This could indicate that lack of registration was influential in reaching an  
overall judgement, or rather that studies with other problematic features were less likely to be 
prospectively  registered.  Prospective  registration  is  routinely  considered  in  relation  to 
reporting bias, and an important question to be resolved in the INSPECT-SR development 
process is  whether there is  additional value in considering prospective registration in the 
assessment of trustworthiness. 

Our  findings  also  indicate  that  some  checks  may  be  prone  to  misinterpretation  or 
misapplication, which was suggested by high failure rates. In particular, several statistical  
checks proved challenging. For example, 20% of RCTs were considered to have ‘failed’ or 
‘possibly failed’ a check looking to see whether results of statistical tests of outcomes were 
correct. Some of these failures might be attributable to the rounding of continuous variables 
in  published articles;  p-values  obtained from rounded summary statistics  can differ  from 
those  obtained  from analysis  of  the  underlying  data,  meaning  the  question  of  assessing 
consistency cannot just be assessed reproducing the test and looking for an exact match (36). 
Another  example  was  checking  differences  in  baseline  variance  between  groups,  which 
‘“failed’” or ‘“possibly failed’” for 28% of RCTs. Assessors were directed to use an F test 
here. However, this test has an inflated type 1 error rate for skewed variables (37), such that 
rejection of  the test  assumptions may have been frequently mistaken for rejection of the 
hypothesis of equality of variances. Instances such as these may have led to unwarranted 

440
441

442

443
444
445
446
447
448
449
450
451
452
453
454
455
456

457

458

459
460
461
462
463
464
465
466
467
468
469

470
471
472
473
474
475
476
477
478
479
480
481
482

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted January 6, 2025. ; https://doi.org/10.1101/2024.11.25.24316905doi: medRxiv preprint 

https://doi.org/10.1101/2024.11.25.24316905
http://creativecommons.org/licenses/by/4.0/


skepticism  about  a  study’s  authenticity  in  some  instances.  Although  we  did  not  detect 
associations between failure of these checks and concerns in post-hoc analyses, it remains 
possible that errors of this nature did sometimes occur, and may have influenced the overall  
assessment of a trial’s authenticity. 

Impact of identifying problematic studies on systematic reviews

The impact  of  removing RCTs flagged by these  checks  from meta-analyses  may appear 
alarming; for example, removing RCTs for which assessors expressed concerns would result 
in 11 of 50 meta-analyses with no RCTs remaining. However, caution is needed here due to  
limitations introduced by our study design. We only assessed meta-analyses containing five 
or fewer trials  in this study. Consequently,  more than half  contained only a single RCT, 
which is  fewer than is  typical  (38).  This will  exaggerate the number of reviews with no 
remaining  studies  following  trustworthiness  assessment.  Moreover,  several  other  metrics, 
such as the change in point estimate and associated uncertainty, could only be evaluated in 
meta-analyses with at least one trial remaining following assessment. Due to the fact that 
many meta-analyses only included one trial initially, this subset will omit many of the meta-
analyses with any trials flagged at all, causing the impact of the checks on these metrics to be 
understated. 

In line with our expectations, there did not appear to be a clear association between Risk of 
Bias  domains  and  overall  trustworthiness  assessment,  reinforcing  the  premise  that  these 
frameworks are evaluating different aspects of trials.  Many problematic studies appear to 
frequently describe perfectly sound methods (8). We were unable to ascertain whether there 
is  any  link  between  GRADE  and  trustworthiness  assessment,  as  our  estimate  of  the 
relationship  was  too  imprecise.  We  suggest  that  trustworthiness  assessment  should  be 
performed prior to Risk of Bias and GRADE assessments, because the value of assessing the 
internal or external validity of a problematic study is doubtful. 

Implications for development of INSPECT-SR and future directions

These  observations  have  informed  the  development  of  the  INSPECT-SR  tool  and 
accompanying guidance.  The findings highlight the need for careful curation of the checks 
included in INSPECT-SR, and suggest that any statistical checks included in the tool would 
have to be accompanied by detailed guidance to enable their application, as well as to prevent 
misuse and misinterpretation. As technological solutions become available to facilitate some 
useful but difficult checks, they can become part of the tool implementation. As the role of 
automation, including artificial intelligence, is likely to expand in evidence synthesis, it will 
be important to examine how it might enable or hinder detection of problematic RCTs (39).  
For example, some checks, such as statistical checks, may be more amenable to automation 
than  checks  that  require  more  content  knowledge,  such  as  the  plausibility  of  participant 
recruitment or effect sizes.
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Additional  future  directions  informed  by  this  study  will  be  development  of  training  for 
INSPECT-SR and tools that can be applied to individual patient data or observational study 
designs.   Creating  a  searchable,  open  archive  of  trials  that  have  been  evaluated  with 
INSPECT-SR  will  aid  all  systematic  reviewers  and  users  of  trials.   Lastly,  although 
INSPECT-SR is being developed for use by systematic reviewers, adaptations of the tool 
could also be useful to journal editors or publishers who screen trials for research integrity  
problems.

Conclusion

The study appears  to  reinforce the need for  routine trustworthiness  assessment  in  RCTs, 
suggesting that problematic studies in systematic reviews may not be infrequent, and are not 
detected by Risk of Bias assessment. Only two of the studies judged to be concerning had 
associated retraction or expression of concern notices at the point of assessment, highlighting 
the need to evaluate other features in order to identify these untrustworthy trials. The time 
taken to complete the full barrage of checks for each RCT was long, and would likely not be  
practicable in the context of a typical systematic review. The goal of subsequent stages of the  
INSPECT-SR project will be to identify a subset of these checks that are both feasible and 
useful, and to implement these in the form of a tool that can be implemented by systematic  
reviewers. The results from this study will be used to select checks for this purpose, alongside 
a  Delphi  study  of  experts  and  potential  users  of  the  tool.   Both  sets  of  results  will  be 
presented to experts at a series of consensus meetings, which will be used to determine the 
content of a draft version of INSPECT-SR. The draft version of the tool will then be tested in 
the assessment of RCTs, and feedback will be used to finalise the tool in early 2025.
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Figure legends

Figure 1: Responses to trustworthiness checks in four domains

S Figure 1: Study-level responses to trustworthiness checks

S  Figure  2:  Dendrogram  displaying  hierarchical  clustering  of  checks  using  complete 
agglomeration based on Gower dissimilarity
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Inspecting results in the paper (28 checks) Inspecting the research team and their work (19 checks)
1. Are any baseline data implausible with respect to magnitude, frequency, or variance?
2. Is the number of participant withdrawals compatible with the disease, age and timeline?
3. Are subgroup means incompatible with those for the whole cohort?
4. Are the reported summary data compatible with the reported range?
5. Are correct units reported?
6. Are calculations of proportions and percentages correct?
7. Are numbers of participants correct and consistent throughout the publication?
8. Are there any discrepancies between data reported in figures, tables and text?
9. Are any outcome data, including estimated treatment effects, implausible?
10. Are baseline statistical tests correct?
11. Are statistical tests of outcomes correct?
12. Are differences in variances in baseline variables between randomised groups plausible?
13. Are any of the baseline data excessively similar between randomized groups?
14. Are any of the baseline data excessively different between randomised groups?
15. Are the summary outcome data identical or nearly identical across study groups?
16. Are there any discrepancies between the values for percentage and absolute change?
17. Are there any discrepancies between reported data and participant inclusion criteria?
18. Are the variances in biological variables surprisingly consistent over time?
19. Are results internally consistent?
20. Are coefficients of variation unusually similar when calculated across variables reported in the paper?
21. Is the amount of missing data plausible?
22. Are the results substantially divergent from the results of multiple other studies in meta-analysis?
23. Are non-first digits compatible with a genuine measurement process?
24. Are the variances of integer data possible?
25. Are the means of integer data possible?
26. Is there heterogeneity across studies in degree of imbalance in baseline characteristics (in meta-analysis) – only once 
per review
27. Are integer data simulated from reported summary statistics plausible?
28. Are important features missing from the paper?

29. Check whether withdrawal and loss to follow-up in multiple trials by the same author are 
consistent with the expected (random) binomial distribution
30. Are contributorship statements present?
31. Are contributorship statements complete?
32. Have the data been published elsewhere by the research team in an illegitimate fashion?
33. Are duplicate-reported data consistent between publications?
34. Are relevant methods consistent between publications?
35. Is any duplicate reporting acknowledged or explained?
36. Is there evidence of duplication of figures?
37. Does the statistics methods section use generic language, suggesting lack of expert 
statistical input?
38. Is the distribution of non-first digits in manuscripts from one author compatible with a 
genuine measurement process?
39. Does consideration of other studies from members of the research team highlight causes 
for concern (including expressions of concern, relevant post-publication amendment, or 
critical retraction)?
40. Is the standard deviation of summary statistics in multiple studies by same authors 
plausible (when compared to simulated or bootstrapped data?)
41. Do all authors meet criteria for authorship?
42.  Is authorship of related papers consistent?
43. Are the authors on staff of institutions they list?
44. Do any authors have a professorial title but no other publications on PubMed?
45. Can co-authors attest to the reliability of the paper?
46. Given the nature of the study, does the author list make sense? - e.g.does a simple study 
have dozens of authors from different institutions and with diverse expertise?
47. In which country was the study conducted?

Table 1: Trustworthiness checks in the first and second domains of the assessed list
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Inspecting conduct, governance, and transparency (22 checks) Inspecting text and publication details (7 checks)

48. Is the grant funding number identical to the number in unrelated studies?
49. Is a funding source reported?
50. Is the volume of work reported by research group plausible, including that indicated by concurrent studies from the same group?
51. Is the reported staffing adequate for the study conduct as reported?
52. Is the recruitment of participants plausible within the stated time frame for the research?
53. Is the recruitment of participants plausible considering the epidemiology of the disease in the area of the study location?
54. Is the interval between study completion and manuscript submission plausible?
55. Is there evidence that the work has been approved by a specific, recognized committee? (ethics)
56. Are there any concerns about unethical practice?
57. Could the study plausibly be completed as described?
58. Are the study methods plausible, at the location specified?
59. Are the locations where the research took place specified, and is this information plausible?
60. Do the authors agree to share individual participant data?
61. Are the data publically available?
62. Are additional patient data recorded in patient case records beyond what is reported in the paper?
63. Does the trial registration number refer to other studies?
64. Has the study been prospectively registered?
65. Are details such as dates and study methods in the publication consistent with those in the registration documents?
66. Do authors cooperate with requests for information?
67. Do authors provide satisfactory responses to requests?
68. Was the time between submission to acceptance reasonable?
69. Is the procedure of the study aligned with local legislations?

70. Are there typographical errors?
71. Has the study been retracted or does it have an expression of concern, a relevant post-publication 
amendment, a critical Retraction Watch or PubPeer comment or has been previously excluded from a 
systematic review?
72. Is there evidence of copied work, such as duplicated or partially duplicated tables?
73. Is there evidence of text reuse (cutting and pasting text between papers), including text that is 
inconsistent with the study?
74. Is there evidence of automatically-generated text?
75. Was the study published in journal from a list of predatory/ low quality journals?
76. Is there evidence of manipulation or duplication of images?

Table 2: Trustworthiness checks in the third and fourth domains of the assessed list
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Review-level summary (n = 50)

Number of RCTs in assessed meta-analysis 1 27 (54%)

2 10 (20%)

3 8 (16%)

4 2 (4%)

5 2 (4%)

6* 1 (2%)

Number of participants in assessed meta-analysis Median (IQR) 147 (53 to 341)

Outcome Type Binary 26 (52%)

Continuous 24 (48%)

Year of publication 2023 27 (54%)

2022 10 (20%)

2021 3 (6%)

2020 5 (10%)

2019 4 (8%)

2014 1 (2%)

GRADE assessment High 3 (6%)

Moderate 7 (14%)

Low 25 (50%)

Very low 15 (30%)
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Table 3: Characteristics for 50 Cochrane Reviews assessed in the study. Frequency (%) or median (1st quartile to 3rd quartile)

*Assessed in error, included in analysis.
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