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Risk of bias and problematic trials: characterising the
research integrity of trials submitted to Anaesthesia

Paul Bramley' (©) Joshua Hulman' and Helen Wanstall®

1 Department of Anaesthesia, 3 Emergency Department, Sheffield Teaching Hospitals NHS Foundation Trust,
Sheffield, UK
2 School of Medicine and Population Health, University of Sheffield, Sheffield, UK

Summary

Background There is some evidence for systematic biases and failures of research integrity in the anaesthesia
literature. However, the features of problematic trials and effect of editorial selection on these issues have not
been well quantified.

Methods We analysed 209 randomised controlled trials submitted to Anaesthesia between 8 March 2019 and
31 March 2020. We evaluated the submitted manuscript, registry data and the results of investigations into the
integrity of the trial undertaken at the time of submission. Trials were labelled ‘concerning’if failures of research
integrity were found, and “problematic” if identified issues would have warranted retraction if they had been
found after publication. We investigated how ‘problematic” trials were detected, the distribution of p values and
the risk of outcome reporting bias and p-hacking. We also investigated whether there were any factors that
differed in problematic trials.

Results We found that false data was the most common reason for a trial to be labelled as ‘concerning’,
which occurred in 51/62 (82%) cases. We also found that while 195/209 (93%) trials were preregistered, we
found adequate registration for only 166/209 (79%) primary outcomes, 100/209 (48%) secondary outcomes
and 11/209 (5%) analysis plans. We also found evidence for a step decrease in the frequency of p values
> 0.05 compared with p values < 0.05. "Problematic” trials were all single-centre and appeared to have
fewer authors (incident risk ratio (95%Cl) 0.8 (0.7-0.9)), but could not otherwise be distinguished reliably
from other trials.

Conclusions |dentification of ‘problematic” trials is frequently dependent on individual patient data, which is
often unavailable after publication. Additionally, there is evidence of a risk of outcome reporting bias and
p-hacking in submitted trials. Implementation of alternative research and editorial practices could reduce the
risk of bias and make identification of problematic trials easier.
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Introduction They provide the best causal evidence for an effect, are
Randomised controlled trials are a key component of synthesised into meta-analyses and used to form clinical
evidence-based medicine and can provide high quality guidelines. However, there are growing concerns about the
evidence to assess the efficacy and safety of interventions. replicability of research across scientific disciplines [1, 2].
©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 1
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There are multiple potential mechanisms for poor rates of
replication, including well-described issues such as
publication bias [3], outcome reporting bias [4], p-hacking
[5, 6] and fraud or fabrication [7]. Randomised controlled
trials are vulnerable to each of these to varying degrees.
Accordingly, there has been interest in designing tools and
processes to limit failures of research integrity and to detect
them when they occur pre- and post-publication [8].

The fallibility of randomised controlled trials should not
be surprising, given there have been several high profile
cases of anaesthetists having multiple published trials
retracted [9]. Additionally, we know that trials submitted to
journals contain false results [10]; however, it has not been
explored how these trials are detected, and whether they
differ from other submitted trials. Additionally, most of the
evidence regarding bias in the anaesthetic literature
examines articles already published and those included in
systematic reviews. We are therefore limited in our ability to
assess the impact biases from trials submitted, but
ultimately not published, could have had. This in turn
constrains our ability to determine the mechanism(s) driving
the risk of various biases and the potential benefits of
introducing new research processes to detect them.

To address this problem, we aimed to analyse an
existing cohort of randomised controlled trials submitted
for publication to Anaesthesia to quantify how trials with
failures of research integrity were identified and to quantify
the risk of outcome reporting bias, p-hacking and evidence
for selection based on statistical significance. Furthermore,
we aimed to investigate whether there were any common
features of trials which were associated with failures of
research integrity and determine if they could be used to
detect problematic trials.

Methods
As detailed previously [10], for a period between 8 March
2019 and 31 March 2020, all randomised controlled trials
submitted to Anaesthesia, which were not subject to a desk
rejection, were evaluated for potentially problematic
features. Summary baseline data were assessed for
excessive group similarity or difference. Presented results
were assessed for implausible or impossible results.
Additionally, individual participant data (IPD) was requested
routinely for all trials which were submitted from the
countries with the highest rates of submission during this
period, as well as all trials which were accepted provisionally
for publication.

After evaluating available documents, trials were either
labelled as ‘not concerning” or “concerning’, where there

was evidence of problems with research integrity. The

‘concerning’ trials were subclassified as “problematic” (if it
was felt the findings were so compromised as to have
warranted retraction had the paper been published, also
known as a ‘zombie’ trial) or ‘questionable” (if there were
substantial problems with research integrity, but not so
egregious as to warrant retraction). While the categorisation
was subjective, ‘questionable” trials tended to have fewer
concerns, and those concerns had plausible benign
explanations, particularly where key results in the trial were
not at risk of being invalidated. "Problematic”trials tended to
have convincing evidence of fraud or fabrication in the IPD,
failures of research integrity without plausible benign
explanations or large portions of results which were highly
likely to be false.

For all ‘concerning”trials, we reviewed the results of the
original investigation to categorise the type of research
integrity failures found. The categories used were: false data
(problems detected within the IPD), which were typically
issues such as repeated patient data, impossible values and
patterns suggestive of falsified data; false results (presented
results were incorrect), which was based on re-analysing IPD
or by finding impossible results in the manuscript;
plagiarism; discrepancies between manuscript and other
materials, such as finding that the IPD was incompatible with
the reported methods or important and unexplained
differences between pre-registration and manuscript; and
evidence of changes when resubmitted (either to
Anaesthesia or elsewhere).

We extracted further information about all submitted
trials by reviewing the first submitted manuscript for each
trial before revision, and any public trial registration, but not
IPD. To investigate the risk of outcome reporting bias and
p-hacking (performing multiple statistical analyses and
reporting only those which are statistically significant), we
checked whether trials were preregistered on a public
registry. Specifically, we reviewed the manuscript for any
mention of registration, then also searched the World
Health Organization clinical trials registry (which draws from
all major national trials registries) with an additional search
of clinicaltrials.gov since it is the most widely used and has
better search functionality. We then compared whether
outcomes and analyses reported in the manuscript matched
registration. Secondary outcomes were coded as matching
if all registered outcomes were reported, with no additional
outcomes added. We summarised these variables and
quantified their association with “problematic” trials and
publication.

To investigate trends in statistical significance we
extracted the p value for the primary outcome in each trial (if

a logical statement such as < 0.07" was reported, we

2 ©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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recorded this as '0.01°), as well as the direction of the
outcome with reference to the hypothesis (adjudicated by
the study team based on registration, hypothesis framework
and further trial information). Additionally, we extracted the
date of the end of recruitment (as reported either in the
manuscript or registration) and date of submission for
publication. We also extracted if there was any statement
made about availability of IPD, code or other research
documents. These variables were also summarised and
assessed for their association with “problematic” trials and
publication.

We examined several additional variables for their
association with ‘problematic” trials, chosen as they are
widely reported and have a plausible association with
fraudulent studies. These included: study size (number of
patients randomised to all groups); number of centres in
which the trial was conducted; number of authors; reported
funding source; presence of a clear conflict of interest;
whether the trial was clinical or laboratory-based; and if any
authors had any papers retracted previously. If the
manuscript listed more than seven authors, only the first,
second, last authors and any author listed as having
contributed to data handling were checked. We chose to
compare the differences between “problematic” and ‘not
problematic” (the combination of ‘not concerning” and
‘questionable’) trials as we felt that identifying studies that
would have been retracted (and therefore added minimal
information to the literature) was of more value than
combining these with trials with less severe issues with
potentially benign explanations. Additionally, for all trials
labelled as ‘concerning” we undertook a risk of bias
assessment using the Cochrane Risk of Bias-2 tool [11]. The
author undertaking risk of bias assessment was blinded to
whether the trial being assessed was listed as "questionable’
or ‘problematic”.

Data were assessed using summary statistics and
statistical tests were undertaken using linear regression for
data where residuals were approximately normal; logistic
regression for binary variables; Cox proportional hazards
modelling for survival data; zero-truncated Poisson
regression for number of authors; x° tests (with Yates'
continuity correction) for independence tests with
categorical data and where there were no events in one arm
to do logistic regression; and Mann-Whitney U tests for p
value distributions and number of centres. All tests were
exploratory in nature and no measures were taken to control
for multiple testing. Data cleaning and analysis was
performed in Rversion 4.3.1 (R Foundation, Vienna, Austria).

After reviewing the project protocol, this project was
approved by the Editorial Board of Anaesthesia, and the

host institution confirmed that ethical approval was not

required as IPD were not available to us.

Results

Between 8 March 2019 and 31 March 2020, 212
randomised controlled trials were submitted to Anaesthesia
that were not desk rejected. One row appeared to be
duplicated in the analysis dataset and for two papers the
original manuscript was not available leaving 209 trials with
manuscripts and analysis results available. Of 209 trials, 138
(66%) had IPD available, 62 (30%) were categorised as
“concerning”and 35 (17%) were classified as “problematic”.

Of the 62 trials identified as “concerning’, false data was
the issue identified most frequently (Table 1). There were 22
‘concerning’ trials in which false data was the only problem
identified, of which 14 were found to be ‘problematic”.
Fourteen trials were identified as ‘concerning” with false
data and false results only, of which seven were identified as
“problematic’. No ‘concerning’ trials were identified using
plagiarism or discrepancies between manuscript and
protocol alone. All 35 “problematic” trials had IPD available;
only two trials were found to have false results without IPD
available.

The quality of preregistration appeared to differ
between groups (Table 2). Primary outcomes in manuscripts
matched registration more in ‘not problematic” trials, where
a test for independence was not significant when including
failure to register a primary outcome as a category (df = 2
p = 0.11) with an odds ratio (95%Cl) of 0.5 (0.2-1.1) for
successful primary outcome registration (vs. not registered)

Table 1 Findings of investigations into “concerning’” trials,
splitinto ‘questionable”trials and “problematic”trials. Values
are number (proportion).

Questionable Problematic Concerning

n =27 n =35 n =62

Discrepancies 4(15%) 5(14%) 9(15%)
False results 15(56%) 14 (40%) 29 (47%)
False data 18(67%) 33(94%) 51(82%)
Changed submission

No 8(30%) 17 (49%) 25(40%)

Yes 5(19%) 6(17%) 11(18%)

Not 14.(52%) 12(34%) 26(42%)

resubmitted
Plagiarism 1(4%) 6(17%) 7(11%)
Overall risk of bias

High 12 (44%) 2(34%) 24.(39%)

Some 15(56%) 21(60%) 36(58%)

Low 0(0%) 2(6%) 2(3%)

©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 3
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Table 2 Registration and study document availability of
submitted trials split by ‘problematic” and ‘not problematic’
(‘concerning” and ‘questionable’) groups. Values are
number (proportion).

Not Problematic Overall
problematic
n=174 n=35 n = 209
Pre-registered 162(93%) 33(94%) 195(93%)
Registered primary outcome
Yes 142 (82%) 24(69%) 166 (79%)
No 21(12%) 9(26%) 30(14%)
Missing 11(6%) 2(6%) 13(6%)
Registered secondary outcomes
Yes 86(49%) 14(40%) 100(48%)
No 60(35%) 13(37%) 73(35%)
Missing 28(16%) 8(23%) 36(17%)
Registered analysis
Yes 11(6%) 0(0%) 11(5%)
No 1(1%) 0(0%) 1(0%)

Notenough 162 (93%) 35(100%) 197 (94%)
detail

Data availability

No 150 (86%) 25(71%) 175 (84%)
Open 4(2%) 2(6%) 6(3%)
On request 20(11%) 8(23%) 28(13%)
Code not 174(100%) 35(100%) 209 (100%)
available
Study documents available
No 162(93%) 31(89%) 193(92%)
Open 1(1%) 1(3%) 2(1%)
Onrequest 11(6%) 3(9%) 14(7%)

with “problematic” trials. A similar pattern was seen in
registration of secondary outcomes, which were registered
less in ‘problematic”trials (df = 2, p = 0.50); OR(95%Cl) 0.7
(0.3-1.4) for “problematic” trials registering secondary
outcomes successfully vs. not. Successful preregistration of
primary and secondary outcomes occurred in 13/65 (20%)
‘problematic” trials and 83/174 (48%) ‘non-problematic’
trials (OR 0.6 (95%Cl) 0.3-1.4). Successful registration was
more common in accepted studies (online Supporting
Information Table S1) and 10/18 accepted trials had
successfully registered primary and secondary outcomes.
No “problematic” trial had a pre-registered analysis with
enough detail to match to their presented analysis, though
162/174 (93%) ‘not problematic” trials also did not provide
enough detail. A test for independence was not significant
when including ‘missing” as a category (df = 3, p = 0.28),
and when comparing successful analysis registration to not
(df = 1,p = 0.27).

p Values were reported for the primary outcome in 204/
209 (98%) manuscripts. The median p value for the primary
outcome was < 0.05 in all trials (Table 3), with no clear
difference in p value distribution between "problematic”and
‘not problematic” trials (Fig. 1 and online Supporting
Information Figure S1). Figure 1 shows that p values
immediately > 0.05 were substantially less frequent than
those immediately < 0.05 in all submitted trials, where this
was a step change rather than part of a trend. This is
suggestive of biases which select for statistically significant
results, including p-hacking and outcome reporting bias.

Being categorised as ‘problematic’ was associated
with a lower rate of having a p value < 0.05 (OR 0.7 (95%Cl)
(0.3-1.6)). The rate of publication for trials was 13/133 (10%)
for p values < 0.05, compared with 5/71 (7%) for those with
p values > 0.05. This gives an odds ratio of publication with
apvalue< 0.050f 1.4((95%Cl1 0.5-4.6);, p = 0.51). However,
the rate of having the expected primary outcome was
lower for published trials (10/18, 56%) than for unpublished
(129/191, 68%) (online Supporting Information Table S1).
There did not appear to be a relationship between trial
outcome being expected or not based on problematic or
non-problematic groups (df = 2, p = 0.73). However, eight
trials which declared a significant result was found (which
was expected) only stated a p value of '< 0.05", which we
encoded as not significant in our other analysis. After
excluding trials which listed end dates of recruitment after
submission, the delay between end of recruitment and
submission was shorter for trials with a p value < 0.05
(hazard ratio (95%Cl) 1.2 (0.8-1.6)), and there was a shorter
delay to submission for “problematic” vs. ‘not problematic’
trials (hazard ratio (95%Cl) 1.7 (1.1-2.6)). However, there
was a substantial amount of missing data; 9/35 problematic
trials did not provide enough information about recruitment
to calculate the delay in submission.

The median sample size was similar between
‘problematic” and ‘not problematic” studies (difference
(95%Cl)-10(-70-49) participants). However, there were zero
‘problematic” studies with > 500 participants, while there
were four in the ‘not problematic” group. ‘Problematic’
studies also had fewer authors (incident risk ratio (95%Cl)
0.8 (0.7-0.9)). No trial found to be ‘problematic” was
conducted in more than one centre, though the distribution
of number of centres was not significantly different
(p = 0.27). The rate of possible conflicts of interest reported
was higher in “non-problematic” trials (df = 1, p = 0.05).
Less ‘problematic” trials were grant funded, but an overall
test for independence was non-significant (df = 2,
p = 0.53). Risk of bias assessment showed that

‘problematic” trials and ‘questionable” trials were scored

4 ©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Table 3 Reported characteristics of submitted trials split by ‘problematic” and ‘not problematic” groups. Values are median (IQR

[range]) or number (proportion).

Primary outcome p value

Missing
Results significant
Yes
No
Missing

Primary outcome direction

Expected
Null
Unexpected
Missing
Number of centres
>2
1
Number of authors
Days delay in submission
Missing
Reported funding
Grant
Industry
None
Conflict of interest

Study size; n

Not problematic
n =174

0.017(0.001-0.189
[0.0001-1.000])
4(2%)

113(65%)
57 (33%)
4(2%)

115(66%)
54(31%)
3(2%)
2(1%)

6(3%)

168(97%)

7(5-8[2-15])
309(146-582[14-3850])
29(17%)

67(39%)

5(3%)

102 (59%)

22(13%)
89(56-143[16-1930])

Problematic
n =35

0.0235(0.001-0.109
[0.0007-0.990])
1(3%)

20(57%)
14 (40%)
1(3%)

24(69%)
11(31%)
0(0%)
0(0%)

0(0%)

35(100%)
5(4-7[1-10])

149 (79-360[10-1050])
10(29%)

10(29%)

1(3%)

24(69%)

0(0%)
80(63-147[24-398))

Overall
n = 209

0.0195(0.001-0.168
[0.0001-1.0001])
5(2%)

133(64%)
71(34%)
5(2%)

139(67%)
65(31%)
3(1%)
2(1%)

6(3%)

203 (97%)

6(5-8[1-15])
298(124-565[10-3850])
39(19%)

77 (37%)

6(3%)

126(60%)

22(11%)
88(59-144[16-1930])

approximately equally (Table 1 and online Supporting
Information Table S2), though ‘problematic” trials were
rated as high risk overall less frequently than “questionable’

trials.

Discussion

We performed an analysis of a cohort of randomised
controlled trials submitted for publication to Anaesthesia
and made two broad findings. First, ‘problematic’
clinical trials differ in some ways from "not problematic’
studies, but not consistently or substantially enough to
identify them, which normally requires IPD. This is of
concern given the low rate of data availability stated in
submissions. Second, trials appear to be at risk of biases
which affect the literature systematically; lack of adequate
preregistration of outcomes introduces a risk of outcome
reporting bias and lack of preregistration of analysis
plans introduces a risk of p-hacking. Additionally, we

found longer submission times for results which were not

significant, which is a mechanism that can introduce
publication bias.

The academic anaesthesia community has been active
in investigating failures of research integrity [12-14], and
there have also been attempts to assess the anaesthesia
literature for risk of bias systematically. Jones et al. found
that the majority of randomised controlled trials published
in six anaesthesia journals were not preregistered
adequately, and of those that were, approximately 40%
showed discrepancies between the registered and
reported primary outcome, and approximately 90% showed
discrepancies between the registered and reported
secondary outcomes [15]. We have shown substantial
improvements in these rates, even in submitted rather than
published studies, which is likely due to the increased
uptake of preregistration since 2015 the last year studied by
Jones et al. Okonya et al. found similarly low levels of
statements of data, code and study documentation

availability in a sample of published studies in anaesthesia

©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 5
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Figure 1 Cumulative frequency of primary outcome p values, split between “problematic”trials (blue) and “not problematic

trials (red). Dashed line represents a p value of 0.05.

journals [16], though different rates of preregistration, likely
due to not studying randomised controlled trials
exclusively. Chuang et al. also found a discontinuity in the
frequency of p values greater and less than 0.05 in
published randomised controlled trials, which supports our
evidence for selection based on statistical significance [17].
In addition, some statistical evidence of publication bias has
been found in the majority of analysed reviews [ 18], which is
not an effect we could assess directly. Together these
findings suggest that trials are likely to have a degree of
bias, which reduces the replicability of results.

Alternative editorial methods have been proposed
which better align the incentives of journals and authors to
reduce the risk of bias. Registered reports (where
submissions to journals are made based on a study
proposal before data are collected and accepted or
rejected on this basis) in other fields have been found to be
associated with less significant results [19] but papers being
rated as higher quality [20].

By examining trials at the point of submission to a
journal, we were able to investigate the effects of editorial
selection on bias; we found there was no strong evidence
for editorial preference for significant results, which is

consistent with results outside of the anaesthesia literature

[21, 22]. The higher rate of registration in published, rather
than submitted, randomised controlled trials is also a novel
finding within anaesthesia, though the cause for this cannot
be identified.

There has been no previous systematic investigation
in the anaesthesia literature (or, to our knowledge,
elsewhere in the clinical literature) about the ways in
which problematic randomised controlled trials are
detected, whether they differ from those with no concerns
about their results, and if these differences could be used
to distinguish between the two. Our results highlight the
importance of making IPD available to identify potentially
problematic trial results. While most trials in this cohort
had no statement about data availability, work in other
fields has shown that even accessing data that is labelled
‘available on request” can be challenging [23]. In this
context identifying problematic trials may be impossible
in many cases after publication. The BMJ has recently
changed its editorial policy to require data and statistical
code and both are made available in a public repository
for all research it publishes [24]. It would be possible for
anaesthesia journals to consider implementing similar
policies for IPD or even statistical code, given the history

of retractions in the field.

6 ©2024 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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This analysis is limited by the fact that it only examines a
snapshot of submissions from a single journal, in a single
academic domain. We could speculate that there are
common features of untrustworthy trials across fields and
over time, but these data cannot provide evidence for
this. The categorisation of trials as ‘questionable” or
‘problematic” is entirely dependent on previous analysis,
with no further checking provided as part of this work. This
categorisation was a subjective one, and it s likely that some
concerning trials were not detected, and possible that some
trustworthy trials were categorised falsely as such. For
example, the focus on countries which were the most
prolific in rates of submission likely increased the yield of
detecting false data but may have resulted in missing
‘problematic” studies from other countries. There are also
several variables in this analysis which are at least partially
subjective, and itis possible that an alternative set of authors
could have categorised values differently, which limits the
robustness of our results. Additionally, we can offer no
insight into the mechanisms which incentivise questionable
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