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Abstract

Mandatory prospective trial registration was introduced in 2005 to reduce publication bias

and selective outcome reporting. In this study, we measured the proportion of prospective

trial registration in randomized controlled trials in the anesthesia literature after this introduc-

tion, discrepancies between these trial protocols and subsequent publications, the associa-

tion between being prospectively registered and reporting positive or negative results, and

between being prospectively registered and achieving publication. We reviewed all

abstracts from the American Society of Anesthesiologists annual meetings between 2010–

2016 and included randomized controlled trials in humans. The abstract conclusions were

scored as positive or negative according to predetermined definitions. We conducted a sys-

tematic search for trial registration and subsequent publication. Of the 9789 abstracts

reviewed, 1070 abstracts were included. 222 (21%) of these abstracts had undergone pro-

spective trial registration. 168/222 (76%) had a corresponding journal publication. 81(48%)

had a major discrepancy between registration and publication. 149 (67%) of the abstracts

with registration had positive outcomes compared with 616 (73%) of those without (Odds

Ratio 0.77; 95% CI: 0.56 to 1.06; P = 0.105). Abstracts that had been registered were more

likely to proceed to publication than those that had not (Odds Ratio 3.82; 95% CI 2.73 to

5.35; P < 0.001). The proportion of randomized controlled trials being prospectively regis-

tered in anesthesia remains low. Discrepancies between registry entries and corresponding

journal publications are common. There was no association between prospective trial regis-

tration and subsequent positive outcomes. There was a strong association between pro-

spective trial registration and the likelihood of progression to journal publication.
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Introduction

Positive publication bias occurs when studies with positive results are selectively submitted

and accepted for publication over those with negative results [1]. Selective outcome reporting,

the selection for publication of only a subset of outcomes from those that were planned, is

inherently related to publication bias [2]. Publication bias and selective outcome reporting are

significant issues in medical research [3–10], with Glasziou et al. noting in their Lancet Reward

campaign publication that “unless research is adequately reported, the time and resources

invested in the conduct of research is wasted” [11].

In 2005, the International Committee of Medical Journal Editors (ICMJE), on behalf of the

major medical journals, attempted to address the issues of publication bias and selective out-

come reporting by making prospective registration of clinical trials mandatory [12], stating

that ICMJE journals would consider trials beginning on or after July 1, 2005 only if registration

occurred before the first patient was enrolled. Unfortunately, despite this statement, many

smaller journals have continued to publish randomized controlled trials (RCTs) that have not

been prospectively registered [13].

When studies are prospectively registered, there are still often major discrepancies between

protocols and the corresponding published papers [3,4,6,10,14]. Discrepancies include trial

registration occurring retrospectively and changes to primary outcomes, sample sizes, and

study interventions. In the anesthesia literature, two reviews have revealed very low rates of

prospective trial registration in RCTs published in high impact journals and high rates of dis-

crepancies between journal publications and corresponding trial registry entries [15,16].

Our study expanded on this previous work, using the abstracts presented at the American

Society of Anesthesiologists (ASA) annual meetings, being the largest annual worldwide edu-

cational event in anesthesiology, as our ‘population’ of studies. This allowed inclusion of stud-

ies outside high impact journals and a broader understanding of how bodies of evidence are

being affected by publication bias and selective outcome reporting. We measured the propor-

tion of prospective trial registration in RCT abstracts presented, and assessed whether being

registered was associated with a subsequent published trial result being positive or negative.

Our hypothesis was that abstracts that were not prospectively registered were more likely to

report a positive outcome in a subsequent publication. In addition, we also sought to quantify

the proportion of major discrepancies between abstract trial registration entries and their cor-

responding journal publications.

Methods

This study was prospectively registered and the protocol uploaded on The University of Mel-

bourne Minerva database on the 21 February 2018 (http://hdl.handle.net/11343/198339). Eth-

ics board approval was not required for this retrospective observational study. The applicable

PRISMA guidelines [17] were adhered to.

We conducted a review of all listed abstracts presented at the ASA Annual Meetings

between 2010 and 2016 (Fig 1), using the ASA Abstracts website (www.asaabstracts.com). We

used Microsoft Excel 2019 (Microsoft Corporation, Redmond, WA, USA) to construct a data-

base including all abstracts that described RCTs in human participants. The timeline of 2010

to 2016 was selected for two reasons. First, this timeline allowed five years to have passed since

the implementation of mandatory trial registration. Secondly, it allowed five years for abstracts

to get published after being presented at the ASA meetings. When examining the data from

our previous review [18], we noted that 94% (425 out of 454) of the positive abstracts and 92%

(107 out of 117) of the negative abstracts reviewed that went on to publication, had been
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Fig 1. Flow diagram of review.

https://doi.org/10.1371/journal.pone.0270841.g001
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published by five years after being presented at the ASA meeting. We had no additional exclu-

sion criteria.

Initially, as described prior in our protocol, abstracts were screened from ASA Meetings

between 2010 to 2013. Fewer eligible abstracts were present in this timeframe than we had

anticipated from our previous study [18] so abstracts from the ASA Meetings between 2014 to

2016 were included in order to meet our estimated required sample size.

An RCT was defined as a study in which prospective assignment of individuals via random

allocation to one of two or more alternative healthcare interventions occurred [19]. An assess-

ment of the primary outcome, or first reported outcome when there was no clear definition of

the primary outcome, was made to determine if the abstract was “positive” or “negative”.

Abstracts with a statistically significant result in favour of the experimental treatment for the

primary outcome compared with the control treatment, were defined as positive. The excep-

tion to this was when the stated objective was to show treatment equivalence or non-inferior-

ity. Studies that failed to show a statistically significant difference in the direction of the

experimental treatment over the control treatment for the primary outcome, or failed to show

equivalence or non-inferiority if that was the stated aim, were defined as negative. Any uncer-

tainty over whether the primary outcome of the abstract was positive or negative was able to be

resolved after two authors discussed and made a consensus decision guided by the above stipu-

lated definitions.

We conducted a systematic search using PubMed and Medline to identify any subsequent

publication of each included abstract. The search strategy included seven separate searches

involving the use of the first author’s name, the second author’s name, the last author’s name,

keywords, and a combination of different author’s names and keywords.

We then performed a systematic search for trial registration of all the RCT abstracts. If the

trial registration number was available, this was used to examine the corresponding trial regis-

try entry. If trial registration was not quoted in the abstract, we searched the clinicaltrials.gov

website (United States Trial Registry website), the International Standard Randomised Con-

trolled Trial Number Register (ISRCTN), and the World Health Organization International

Clinical Trials Registry Platform. We searched the trial registry databases using multiple sepa-

rate searches, again involving the use of the first author’s name, the second author’s name, the

last author’s name, keywords, and a combination of different author’s names and keywords.

The following characteristics were recorded from each trial registration that was identified:

date of registration, date of first patient enrolment or date of study commencement, primary

and secondary outcomes, sample size estimation, study population, study intervention, inclu-

sion and exclusion criteria, and country of origin. Trial registration was considered prospec-

tive when the date of registration was prior to the date of first patient enrolment. If the date of

first patient enrolment was not specified, the date of study commencement (study start date)

was used in its place.

The trial registration entries and corresponding journal publications were then examined

for any major discrepancies. Major discrepancies were defined as primary outcome discrepan-

cies, sample size changes of greater than 10%, or changes to the study intervention, without

reporting or explanation of these changes. Primary outcome discrepancies included: the addi-

tion or omission of any primary outcome, changes in the definition of a primary outcome, or

reclassification of a primary outcome to a secondary outcome and vice versa. As a secondary

analysis, minor discrepancies were also examined, being defined as differences in secondary

outcomes or inclusion and exclusion criteria, between the trial registration entries and corre-

sponding journal publications.

The primary endpoint was a comparison between the proportion of positive outcomes in

abstracts which had prospective registration and the proportion of positive outcomes in
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abstracts which did not have prospective registration. We defined a 20% difference in the pro-

portion of positive outcomes to be of significant importance when comparing conference

abstracts without prospective registration to conference abstracts with prospective

registration.

Sample size

Using the database from our previous review into publication bias in the anesthesia literature

[18], it was noted that 1052 RCT abstracts were identified for inclusion from the ASA meetings

between 2001 and 2004, of which 73% (n = 771) had positive outcomes. In addition, based on

pilot data collected, the proportion of prospective trial registration was estimated to be approx-

imately 20–25%. From this, a sample size of 223 in each group (total = 446) would have 90%

power to show a 20% difference in the proportion of positive outcomes (73% versus 58%)

overall.

Statistical analysis

Statistical analyses were performed using Microsoft Excel 2019 (Microsoft Corporation, Red-

mond, WA, USA) and Stata version 16.1 (StataCorp. 2019. Stata Statistical Software: Release
16. College Station, TX: StataCorp LLC).

The proportion of abstracts with prospective trial registration was measured, along with the

proportion of abstracts with prospective trial registration and a positive primary finding. A

logistic regression model was fitted to compare studies with and without prospective trial reg-

istration. In addition, the proportion of prospectively registered trials with a major discrepancy

between their trial registration entry and their corresponding journal publication was calcu-

lated. Finally, we quantified the types of major discrepancies that were found: primary out-

come changes, sample size changes, or study intervention changes, and the types of minor

discrepancies: secondary outcome changes and inclusion and exclusion criteria alterations.

To assess if the proportion of RCTs presented at the ASA meetings undergoing prospective

trial registration increased over time, we fitted a general linear model with a logit link and

binomial distribution, and used robust standard errors.

To estimate the association between prospective registration (yes/no) and publication (yes/

no), we fitted a univariable logistic regression model. As a post hoc analysis, we also fitted a

logistic regression model to estimate the association between registration (yes/no) and publica-

tion (yes/no) in the subgroup of abstracts with a positive primary finding.

Results

From the ASA Meetings between 2010 to 2016, 9789 abstracts were presented and subse-

quently reviewed, with 1070 meeting our inclusion criteria as RCTs in humans.

Of the 1070 RCT abstracts, 222 (21%) underwent prospective trial registration. Of the

abstracts that underwent prospective trial registration, 67% (149/222) had positive outcomes,

whereas 73% (616/848) of those without prospective trial registration had positive outcomes

(OR 0.77; 95% CI: 0.56 to 1.06; P = 0.105) (Table 1). Retrospective trial registration occurred

in 268 out of 848 (32%) abstracts without prospective trial registration, i.e., trial registration

occurred after the start of patient enrolment or study commencement date.

Overall, 52% of the 1070 abstracts progressed to journal publication within the five years

after conference presentation. From the 222 abstracts that were prospectively registered, 168

(76%) went on to publication. In comparison, 386 of the 848 (46%) abstracts that did not

undergo prospective registration, proceeded to publication. There was a strong association

between abstracts that underwent prospective trial registration and proceeding to journal
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publication (OR 3.82; 95% CI 2.73 to 5.35; P < 0.001) (Table 2). This association remained

strong when examining the subgroup of abstracts with a positive primary finding (OR 4.08;

95% CI 2.68 to 6.23; P< 0.001) (Table 3).

Of the 168 prospectively registered abstracts that went on to publication, 81 (48%) had a

major discrepancy between their registry entry and corresponding published paper. The types

and number of major discrepancies are displayed in Table 4. Minor discrepancies in secondary

outcomes or inclusion and exclusion criteria were frequent (Table 4), with 109 (65%) second-

ary outcome discrepancies and 69 (41%) inclusion/exclusion criteria alterations noted.

Fig 2 displays a trend towards increasing proportions of RCTs presented at the ASA annual

meetings undergoing prospective trial registration over the progressive years examined (mean

change in proportion of prospectively registered abstracts per year 0.21; 95% CI: 0.16 to 0.27;

P< 0.001).

Discussion

Mandatory trial registration did not lead to a large proportion of trials being prospectively reg-

istered in anesthesia research during our seven year sampling period, although there was a pro-

gressive increase in the proportion of prospective registration during that time. Mandatory

trial registration was implemented in 2005 [12]. In 1070 RCT abstracts presented between

2010 and 2016 at the largest annual scientific conference in anesthesia, only 21% of trials had

been prospectively registered.

Moreover, prospective registration did not prevent researchers from altering their methods.

From the abstracts with prospective trial registration, almost half (48%) had a major discrep-

ancy between their trial registry entry and subsequent corresponding publication, demonstrat-

ing the presence of significant selective outcome reporting and associated bias. We found no

evidence, however, for our hypothesis that there was a relationship between prospective regis-

tration non-compliance and reporting of positive trial outcomes.

Our results are consistent with previous studies. De Oliveira et al reviewed RCTs published

in 2013 in the five highest impact factor anesthesia journals [15] and found that 64% of the tri-

als were not prospectively registered and 48% of the registered trials had a major discrepancy

compared with their trial registry entry. Jones et al reviewed RCTs published during four dis-

crete years (2007, 2010, 2013, 2015) in high impact factor anesthesia journals, reporting that

Table 1. Analysis of the relationship between prospective trial registration and study findings (positive or negative) of randomized controlled studies presented as

abstracts at the American Society of Anesthesiologists Annual Meetings 2010–2016.

Negative conclusion
(n = 305)

Positive conclusion
(n = 765)

Univariable model

Prospectively registered n % n % Odds ratio 95% CI -lower limit 95% CI -upper limit p-value

No 232 76.1 616 80.5

Yes 73 23.9 149 19.5 0.77 0.56 1.06 0.105

https://doi.org/10.1371/journal.pone.0270841.t001

Table 2. Analysis of the relationship between prospective trial registration and publication outcomes (published or not published) of randomized controlled studies

presented as abstracts at the American Society of Anesthesiologists Annual Meetings 2010–2016.

Not published Published Univariable model
Prospectively registered n % n % Odds ratio (95% CI) p-value

No 462 89.7 386 69.5

Yes 54 10.3 168 30.5 3.82 (2.73, 5.35) <0.001

https://doi.org/10.1371/journal.pone.0270841.t002
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only 12% of the RCTs were adequately prospectively registered and 92% had an outcome dis-

crepancy [16]. Notably, Jones et al employed a broader definition for discrepancies, defining

this as at least 1 primary or secondary outcome discrepancy. The broader definition employed

by Jones et al may have been due to the difference in populations examined, with their study

sample focused solely on published RCTs, thus providing a potential explanation for their

higher discrepancy rate of 92% [16].

De Oliveira et al. [15] and Jones et al. [16] both defined their ‘population’ of studies as

RCTs published in high impact factor anesthesia journals. Our study methodology differs and

expands on their work, by examining publication outcomes and selective outcome reporting

earlier in the research and publication process, from the conference abstract presentation

stage, through to the journal submission, review and publication endpoint. We found a strong

association between prospective trial registration and progression to publication of RCTs pre-

sented as conference abstracts (OR 3.82; 95% CI 2.73 to 5.35; P< 0.001). Only 52% of abstracts

achieved publication within the five year time window in our study, a similar proportion to

that we found in our previous review of conference abstracts presented between 2001–2004

[18]. Given the substantial proportion of RCTs that go unpublished, prospective trial registra-

tion appears to be strongly associated with a successful publication outcome. This raises the

question of whether this finding reflects a higher quality of trials that are prospectively regis-

tered, or higher rate of journal submission among prospectively registered RCTs, or a selective

publication of prospectively registered RCTs by journals. In view of the low rate of prospec-

tively registered abstracts and the equivalent abstract quality scores between published and

unpublished abstracts demonstrated in our previous review [18], our finding supports the sug-

gestion of selective publication by journals of prospectively registered trials.

Table 3. Analysis of the relationship between prospective trial registration and publication outcomes (published or not published) of randomized controlled studies

with a positive primary finding, presented as abstracts at the American Society of Anesthesiologists Annual Meetings 2010–2016.

Studies that had a positive primary outcome (n = 765)
Prospectively registered Not published (n = 488) Published (n = 564) Univariable model

n % n % Odds ratio (95% CI) p-value

No 325 52.8 291 47.2

Yes 32 21.5 117 78.5 4.08 (2.68, 6.23) <0.001

https://doi.org/10.1371/journal.pone.0270841.t003

Table 4. Breakdown of types of discrepancies between trial registration entries and corresponding journal

publications.

Prospectively registered trials (N = 168) presented at the ASA
Meetings 2010–2016 with corresponding journal publication for
comparison with trial registry data

Major Discrepancy Type

Primary Outcome Downgrade or Upgrade 19

Primary Outcome Omission or Addition 23

Primary Outcome Change in Definition 30

Significant Sample Size Discrepancy 35

Intervention Group Change 11

Study Group Design Discrepancy 7

Minor Discrepancy Type

Secondary Outcome Omission or Addition 89

Secondary Outcome Change in Definition 20

Inclusion/Exclusion Criteria Discrepancy 69

https://doi.org/10.1371/journal.pone.0270841.t004
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Journal policies regarding trial registration do not protect against “retrospective trial regis-

tration”, whereby trials are registered after commencement of patient enrolment. The inability

to prevent such retrospective data entry occurring is also a shortcoming of the clinical trial reg-

istry websites. In our sample, 268 abstracts (25%) underwent retrospective registration. Retro-

spective registration may conceal alterations to methods after commencement or completion

of data collection, reducing the ability of registration to identify bias, and improved enforce-

ment by journal editors is needed to reduce it.

Our study has several limitations. Consistent with Jones et al’s findings [16], our data collec-

tion revealed a significant decline in RCTs being presented over each successive year at the

ASA meetings between 2010 to 2016. We initially planned to review four years of RCT

abstracts from the ASA meetings between 2010 to 2013. The decline in RCT abstracts caused

us to alter our study protocol, with an inclusion of three extra years, from 2014 to 2016, in

order to achieve our desired sample size. As such, our overall sample of 222 abstracts that were

prospectively registered and 848 abstracts that were not, provided greater power than origi-

nally planned. There was still a minimum period of five years post presentation, in order for

publication to occur. Our previous review [18] found that at five years post abstract presenta-

tion, almost all studies that went on to subsequent publication, had been published (94% of

positive abstracts and 92% of negative abstracts).

When evaluating for sample size discrepancies, we considered any change greater than 10%

without explanation as a discrepancy. Some may argue the need for a more conservative defi-

nition, so we may have underestimated the presence of discrepancies. A further related limita-

tion was that we did not explore the reasons why major discrepancies were occurring.

We also considered examining for discrepancies between the conference abstracts pre-

sented at the ASA meetings and their corresponding trial registration entries. However, a large

proportion of the conference abstracts lacked sufficient detailed information on primary out-

comes, study interventions and sample size calculations, rendering it difficult to make any

meaningful comparison with the corresponding trial registry entries.

There are significant challenges to implementing a change such as the introduction of man-

datory prospective trial registration. We have demonstrated that making prospective registra-

tion mandatory has not resulted in high rates of published studies actually having been

Fig 2. Proportion of Randomized-controlled trials presented at the American Society of Anesthesiologists Annual

Meetings undergoing prospective trial registration over time.

https://doi.org/10.1371/journal.pone.0270841.g002
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prospectively registered in the anesthesia literature, and as demonstrated by related studies, in

many other areas of medicine [20,21]. More time may still be required for prospective registra-

tion rates to increase, with the enforcement of trial registration by the major anesthesia jour-

nals having commenced over a wide range of dates from 2009–2015 onwards [16]. Our study

supports this argument, as a post hoc analysis showed an increasing proportion of prospective

trial registration by year, from 2010–2016 (Fig 2).

Even if adherence to mandatory prospective trial registration is improving, our findings

reveal that almost half the studies that were prospectively registered still went on to have major

discrepancies between their registry entries and corresponding journal publications. Until this

issue is addressed, prospective registration cannot be considered as a solution for selective out-

come reporting in the literature. A greater emphasis is still required for researchers to strive to

undertake higher quality scientific work with the appropriate study design and power.

Our results, together with those of Jones et al. and De Oliveira et al. [15,16] have important

clinical practice implications. The presence of significant selective outcome reporting, similar

to positive publication bias, can spuriously skew bodies of evidence towards positive results,

reducing the accuracy of summaries of that evidence. Benefits and treatment effects of inter-

ventions may be over-estimated by this bias and caution is necessary when interpretating pub-

lished findings, particularly with small trials.

In conclusion, from a review of all RCTs presented at the ASA annual meetings from 2010

to 2016, we found a low proportion of prospective trial registration and a significant amount

of major discrepancies between trial registry entries and corresponding journal publications.

There was also a strong relationship between prospective trial registration and the likelihood

of progression to journal publication. Improved enforcement of accurate and reliable prospec-

tive trial registration of RCTs is required. The contribution of non-compliance with prospec-

tive trial registration to selective outcome reporting in the anesthesia literature needs to be

explicitly considered by reviewers, editors, and readers.
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