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Abstract

Previously, we reviewed 1052 randomized-controlled trial abstracts presented at the Ameri-

can Society of Anesthesiologists annual meetings from 2001–2004. We found significant

positive publication bias in the period examined, with the odds ratio for abstracts with posi-

tive results proceeding to journal publication over those with null results being 2.01 [95%

confidence interval: 1.52, 2.66; P < 0.001]. Mandatory trial registration was introduced in

2005 as a required standard for publication. We sought to examine whether mandatory trial

registration has decreased publication bias in the anesthesia and perioperative medicine lit-

erature. We reviewed all abstracts from the 2010–2016 American Society of Anesthesiolo-

gists meetings that reported on randomized-controlled trials in humans. We scored the

result of each abstract as positive or null according to a priori definitions. We systematically

searched for any subsequent publication of the studies and calculated the odds ratio for jour-

nal publication, comparing positive vs null studies. We compared the odds ratio from the

2010–2016 abstracts (post-mandatory trial registration) with the odds ratio from the 2001–

2004 abstracts (pre-mandatory trial registration) as a ratio of odds ratios. We defined a 33%

decrease in the odds ratio as significant, corresponding to a new odds ratio of 1.33. We

reviewed 9789 abstracts; 1049 met inclusion criteria as randomized-controlled trials, with

542 (51.7%) of the abstracts going on to publication. The odds ratio for abstracts with posi-

tive results proceeding to journal publication was 1.28 [95% CI: 0.97, 1.67; P = 0.076]. With

adjustment for sample size and abstract quality, the difference in publication rate between

positive and null abstracts was statistically significant (odds ratio 1.34; 95% CI: 1.02, 1.76; P

= 0.037). The ratio of odds ratios, comparing the odds ratio from the 2010–2016 abstracts

(post-mandatory trial registration) to the odds ratio from the 2001–2004 abstracts (pre-
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mandatory trial registration), was 0.63 (95% CI: 0.43, 0.93); P = 0.021). We present the first

study in the anesthesia and perioperative medicine literature that examines and compares

publication bias over two discrete periods of time, prior to and after the implementation of

mandatory trial registration. Our results suggest that the amount of publication bias has

decreased markedly following implementation of mandatory trial registration. However,

some positive publication bias in the anesthesia and perioperative medicine literature

remains.

Introduction

Systematic reviews with meta-analyses are often used to guide evidence-based clinical practice.

There are many sources of error in the conclusions of meta-analyses. Positive publication bias,

being the selective submission and acceptance for publication of studies with positive over

those with null results [1], is an important source of systematic error that is difficult to quantify

and adjust for, leading to unreliable conclusions and the potential to misinform clinical

practice.

To address publication bias, and also selective outcome reporting, the International Com-

mittee of Medical Journal Editors (ICMJE) in 2005 introduced mandatory prospective trial

registration of clinical trials as a pre-requisite for acceptance for publication [2]. Unfortu-

nately, a large number of journals were still publishing randomized-controlled trials (RCTs)

without prospective registration almost a decade after the introduction of mandatory trial reg-

istration [3]. Previous studies have demonstrated a low proportion of prospective trial registra-

tion in recent times across multiple fields of medicine [4–6].

Previously, we conducted a review of 1052 RCT abstracts presented at the American Society

of Anesthesiologists (ASA) annual meetings between 2001 and 2004 [7]. We found an odds

ratio (OR) for abstracts with positive results proceeding to journal publication over those with

null results of 2.01 [95% confidence interval (CI): 1.52, 2.66; P< 0.001], demonstrating the

presence of significant positive publication bias in the anesthesia and perioperative medicine

literature over the period examined.

In the current study, we sought to examine whether mandatory prospective trial registra-

tion has decreased publication bias in the anesthesia and perioperative medicine literature,

despite evidence suggestive of low proportions of trial registration. We measured the publica-

tion bias present in the anesthesia and perioperative medicine literature 5 years after the intro-

duction of mandatory prospective trial registration, by undertaking a review of trial findings

and subsequent publication outcome in peer-reviewed journals of all RCTs presented and pub-

lished as conference abstracts at the ASA annual meetings over the period 2010–2016. After

calculating our estimate of publication bias for this post-mandatory trial registration sample,

we then tested for a significant difference to our previous pre-mandatory trial registration

sample from 2001–2004 [7].

Methods

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

bourne Minerva database on the 21 February 2018 (http://hdl.handle.net/11343/198340). Eth-

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

PRISMA guidelines [8] were adhered to.
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Utilising the ASA Abstracts website (www.asaabstracts.com), all listed abstracts describing

RCTs in humans and presented at the ASA Annual Meetings between 2010–2016 were identi-

fied (Fig 1) and included in a Microsoft Excel 2019 database (Microsoft Corporation, Red-

mond, WA, USA). This timeline was chosen as it corresponds to a period five years after the

implementation of mandatory trial registration. It also allowed five years to have elapsed for

any subsequent publication of studies in the peer reviewed literature to occur. Findings from

Fig 1. Flow diagram of review.

https://doi.org/10.1371/journal.pone.0282839.g001
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our previous review [7] demonstrated that at 5 years post abstract presentation, 94% of the

positive abstracts and 92% of the null abstracts that eventually went on to publication, had

been published.

Initially, data collection was performed for all abstracts from the 2010–2013 ASA Meetings.

However, a lower than expected number of conference abstracts met our inclusion criteria as

RCTs in humans. In order to reach the estimated required sample size, additional data collec-

tion through the review of all abstracts from the 2014–2016 ASA Meetings was then conducted.

The methods used from our previous review [7] were used for this study. A trial was consid-

ered to be an RCT if the individuals in the trial were prospectively assigned to one of two or

more alternative healthcare interventions using a random method of allocation [9]. Positive

studies were defined as studies showing a statistically significant treatment effect in the direc-

tion of the experimental treatment for the primary outcome compared to the control treat-

ment, in the conference abstract. If there was no clear definition of the primary outcome, the

first reported outcome was considered as the primary outcome. If the stated objective was to

show treatment equivalence or non-inferiority, then studies showing no difference in outcome

between treatment groups were counted as positive. Null studies were defined as studies that

failed to show a statistically significant treatment effect in the direction of the experimental

treatment for the primary outcome compared to the control treatment, or failed to show

equivalence or non-inferiority if that was the stated aim, in the conference abstract. If there

was any uncertainty over the result of the abstract, two authors reviewed the abstract and

made a consensus decision guided by the above definitions.

We searched PubMed and Medline to identify any subsequent publication of the study. The

search strategy included seven separate searches in the order of the first author’s name, the sec-

ond author’s name, the last author’s name, the first author’s name AND keywords, the second

author’s name AND keywords, the last author’s name AND keywords, and keywords alone.

A comparison of the sample size in the conference abstract to any subsequent journal publi-

cation was performed to elicit if full recruitment had been completed by the time of conference

abstract presentation. If there was a discrepancy between the two values, the study was classi-

fied as incomplete at time of conference presentation, unless explicitly stated in the abstract as

having completed full recruitment.

We utilised a scoring system consisting of 13 variables (S1 Table) adapted from a checklist

created by Hopewell et al. [10], based on existing reporting standards [11], in order to assess

the quality of the conference abstracts. Each variable was scored as “one” if present, or “zero” if

absent, to provide a total score out of 13. Time to publication from conference abstract presen-

tation date of those studies that proceeded to journal publication was also calculated. This was

determined by calculating the number of months from the abstract presentation at the ASA

conference (October of the relevant year) through to the month of the journal issue in which

the associated publication appeared.

Sample size

Using the database from our previous review [7], a simulation was run which determined that

a sample size of 1052 abstracts would be required for the new sample to detect an estimated

33% decrease in OR, with 80% power.

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).
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To estimate the association between study outcome (positive/null) and whether the abstract

was subsequently published (yes/no), we fitted univariable and multivariable logistic regres-

sion models to estimate the OR. The multivariable logistic regression model included sample

size and abstract quality score. The primary endpoint was then a comparison between the

unadjusted ORs for study outcome (positive/null and publication [yes/no]) for the period

2001–2004 (pre-mandatory trial registration) [7] versus the period 2010–2016 (post-manda-

tory trial registration), by fitting an interaction term in the model (i.e. a ratio of ORs). We

defined a 33% decrease from this value in OR to be of significant importance, corresponding

to a new OR of 1.33. The threshold of a one-third reduction in the OR was achievable with our

projected sample size, and we deemed this to represent a substantial change in publication

bias.

Next, we fitted separate univariable and multivariable linear regression models to estimate

the association between publication (yes/no) and outcome (positive/null), with abstract quality

scores and sample size on the log scale. The multivariable models included sample size and

abstract score. As a post-hoc analysis, we fitted a poisson regression model with robust stan-

dard error (Appendix 2) to estimate the risk ratio (RR) for the association between study out-

come (positive/null) and whether the abstract was subsequently published (yes/no).

Time to publication (for abstracts that were published) was compared between positive and

null studies by fitting Cox regression models with years since publication as the time metric.

The multivariable model included abstract score and sample size.

Finally, we assessed how the number of RCT abstracts presented at the ASA meetings has

changed from 2010 to 2016 by presenting a scatter plot of number of abstracts by year and fit-

ting a linear regression model.

Results

We reviewed 9789 abstracts presented at the ASA Meetings between 2010–2016. 1049 abstracts

met the inclusion criteria as RCTs in humans. From the 1049 included abstracts, 542 (51.7%)

subsequently went on to publication (Table 1).

Using the univariate model, without any adjustments for sample size and quality of the

abstracts, the OR for abstracts with positive results proceeding to journal publication com-

pared to those with null results was 1.28 [95% confidence interval (CI): 0.97, 1.67; P = 0.076]

(Table 2) (the equivalent RR is presented in S2 Table). The ratio of ORs comparing this OR

from the 2010–2016 period to the unadjusted OR from the 2001–2004 period was 0.63 (95%

CI: 0.43, 0.93); P = 0.021).

Table 1. Data on publication outcomes (published in peer-reviewed journals or unpublished) and study findings (positive or null) of randomized-controlled trials

presented as abstracts at the American Society of Anesthesiologists annual meetings in 2010–2016.

All Published Not published

Positive Null Positive Null

Abstracts eligible (n) 1049 402 140 351 156

Study size* 60 [37, 100] 62 [40, 110] 75 [46, 148] 50 [31, 80] 50 [36, 79]

Abstract quality score* 8 [7, 9] 8 [7, 9] 8 [7, 9] 8 [7, 9] 8 [7, 9]

Not completed at conference abstract n (%) ** 283 (70.4) 103 (73.6)

Study size difference (journal vs conference abstract)* 0 [0, 4] 0 [0, 5]

Time to publication (months)* 16 [7, 29] 18 [8, 27]

* Summary statistics presented as median (25th, 75th percentiles).

**For studies proceeding to journal publication, the number (%) of studies that were not completed at the time of conference presentation is shown.

https://doi.org/10.1371/journal.pone.0282839.t001
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With adjustment for sample size and abstract quality, the OR for publication outcome

related to a positive study result was slightly higher and statistically significant (OR 1.34; 95%

CI: 1.02 to 1.76; P = 0.037) (Table 2).

When we compared the abstract quality directly, there was no difference in mean abstract

quality scores [SD] between studies proceeding to journal publication and studies which did

not (7.9[1.20] vs. 7.9[1.14]; mean difference from multivariable model = 0.05 (95% CI: -0.09,

0.19); P = 0.499) (Table 3). Similarly, mean abstract quality scores [SD] did not differ between

positive and null studies (7.9[1.14] vs 8.0[1.24]; mean difference from multivariable model =

-0.13 (95% CI: -0.29, 0.02); P = 0.096).

The median (25th, 75th percentiles) sample size for abstracts proceeding to journal publica-

tion was 65 (40, 120) compared to 50 (32, 80) for conference abstracts that did not (Table 3).

The estimated relative change in geometric mean sample size from the multivariable model

was 1.38 (95% CI: 1.24, 1.53; P < 0.001) comparing published abstracts to those that weren’t

published. The median (25th, 75th percentiles) sample size for abstracts with positive results

was 60 (36, 99) compared to 60 (39.5, 107) for those with null results. The estimated relative

change in geometric mean sample size from the multivariable model was 0.87 (95% CI: 0.77,

0.98; P = 0.021) comparing positive results to those with a null result.

The time to publication of abstracts ranged from -15 months (published 15 months prior to

presentation at the ASA Meeting) to 92 months (Fig 2). When comparing positive and null

studies, there was no difference between the median time in years (25th, 75th percentiles) to

publication, (positive studies: 1.3 (0.6–2.4) years and null studies: 1.5 (0.7–2.3) years) respec-

tively. The hazard ratio comparing time to publication for positive vs null studies was 1.05

(95% CI: 0.87, 1.28; P = 0.597).

From the 542 studies that went on to publication, 283 (70.4%) of the positive studies and

103 (73.6%) of the null studies were classified on review as not completed at the conference

Table 2. Analysis of the relationships between publication outcomes (published in peer-reviewed journals or unpublished) and study findings (positive or null) of

randomized-controlled trials presented as abstracts at the American Society of Anesthesiologists annual meetings 2001–2004 versus 2010–2016.

Pre-Mandatory Trial Registration Period (2001–2004)

Not published

(n = 488)

Published

(n = 564)

Univariable model Multivariable model*

Conclusion n % n % Odds

ratio

95% CI—

lower

limit

95% CI—

upper

limit

p-value Odds

ratio

95% CI—

lower

limit

95% CI—

upper

limit

p-value

Null 166 34.0 115 20.4

Positive 322 66.0 449 79.6 2.01 1.52 2.66 <0.001 2.02 1.53 2.67 <0.001

Post-Mandatory Trial Registration Period (2010–2016)

Not published

(n = 507)

Published

(n = 542)

Univariable model Multivariable model*

Conclusion n % n % Odds

ratio

95% CI—

lower

limit

95% CI—

upper

limit

p-value Odds

ratio

95% CI—

lower

limit

95% CI—

upper

limit

p-value

Null 156 30.8 140 25.8

Positive 351 69.2 402 74.2 1.28 0.97 1.67 0.076 1.34 1.02 1.76 0.037

*Multivariable model adjusted for sample size and abstract quality score.

• The ratio of ORs for the univariable model comparing the OR from the 2010–2016 period to the OR from the 2001–2004 period was 0.63 (95% CI: 0.43, 093);

P = 0.021.

• The ratio of ORs for the multivariable model comparing the OR from the 2010–2016 period to the OR from the 2001–2004 period was 0.67 (95% CI: 0.45,

0.99); P = 0.043.

https://doi.org/10.1371/journal.pone.0282839.t002
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Table 3. Analysis of the relationships between publication outcomes (published in peer-reviewed journals or unpublished) and study findings (positive or null),

sample size, and abstract quality score, of randomized-controlled trials presented as abstracts at the American Society of Anesthesiologists annual meetings 2010–

2016.

Outcome = Abstract score (out of 13)

Univariable model Multivariable model*
Published N Mean (SD) Mean

difference

95% CI—

lower limit

95% CI—

upper limit

p-value Mean

difference

95% CI—

lower limit

95% CI—

upper limit

p-value

No 507 7.9 (1.14) Ref Ref

Yes 542 7.9 (1.20) 0.04 -0.10 0.18 0.559 0.05 -0.09 0.19 0.499

Conclusion

Null 296 8.0 (1.24) Ref Ref

Positive 753 7.9 (1.14) -0.13 -0.29 0.03 0.103 -0.13 -0.29 0.02 0.096

Outcome = sample size

Univariable model Multivariable model*
N Median (25th, 75th

percentiles)

Geometric

mean ratio

95% CI—

lower limit

95% CI—

upper limit

p-value Geometric

mean ratio

95% CI—

lower limit

95% CI—

upper limit

p-value

Published

No 507 50.0 (32.00, 80.00) Ref Ref

Yes 542 65.0 (40.00, 120.00) 1.37 1.23 1.52 <0.001 1.38 1.24 1.53 <0.001

Conclusion

Null 296 60.0 (39.5, 107.0) Ref Ref

Positive 753 60.0 (36.0, 99.0) 0.89 0.79 1.00 0.052 0.87 0.77 0.98 0.021

*Multivariable model adjusted for publication (no/yes) and conclusion (null/positive).

https://doi.org/10.1371/journal.pone.0282839.t003

Fig 2. Time to publication in years for the positive and null studies that proceeded to publication. The number at

risk (remaining unpublished studies in each group) is shown.

https://doi.org/10.1371/journal.pone.0282839.g002
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abstract phase. This was due to the sample size of the conference abstract differing to the final

sample size in the corresponding journal publication. The median (25th, 75th percentiles) dif-

ference in sample size was minor for both positive 0 (0, 4) and null 0 (0, 5) studies.

Fig 3 shows the number of RCT abstracts presented each year at the ASA meetings, which

has decreased from 2010 to 2016, with a gradient of -14.1 RCTs per subsequent year (95% CI:

-19.5, -8.7; P = 0.001).

Discussion

From a review of 1049 RCT abstracts presented at the largest annual scientific conference in

anesthesia and perioperative medicine, greater than five years after the introduction of manda-

tory prospective trial registration, we found that studies with a positive result were 1.28 times

more likely to be published than those with null results (OR [95% CI] 1.28 [0.97, 1.67]). This

contrasts significantly (P = 0.021) to our previous findings from a review of 1052 RCT

abstracts examining a period of time prior to the introduction of mandatory prospective trial

registration, when publication bias was greater (OR for studies with positive results proceeding

to publication: 2.01; 95% CI: 1.52, 2.66) [7].

The OR [95% CI] of 1.28 [0.97, 1.67] was modified to 1.34 [1.02, 1.76] when adjustment

was made for sample size and abstract quality score. Consequently, our results suggest the

presence of ongoing significant, albeit markedly less, positive publication bias in the anesthesia

and perioperative medicine literature over the period 2010–2016 when compared to the period

2001–2004.

Publication bias occurs in all fields of health research [12–15]. However, the ability to mea-

sure publication bias in a prospective manner is limited by the availability and access to

unpublished manuscripts. In the setting of anesthesia, De Oliveira et al. [16] found that 72% of

Fig 3. Number of randomized-controlled trials presented at the American Society of Anesthesiologists annual

meetings from 2010–2016.

https://doi.org/10.1371/journal.pone.0282839.g003
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publications in four high impact journals had positive conclusions, compared with 53% in

lower impact journals, and that the odds ratio [95% CI] for publication in a high impact anes-

thesia journal if the article had positive results was 2.28 [1.76, 3.01]. This was an indirect

method of measurement, focusing on potential bias in the submission and review process of

journals. Sources of publication bias, however, can occur earlier in the research process,

including the failure to complete a study or to submit for publication. Understanding and

quantifying all the contributors to publication bias is necessary to mitigate the associated

effects.

Consequently, due to the presence of the carefully maintained ASA abstracts website, we

were able to utilise a full source of studies presented at the ASA annual meetings, regardless of

their future publication status, for our investigation. This provided us with the ability to effec-

tively quantify publication bias in a selected large sample of anesthesia and perioperative medi-

cine literature. Our methodology of defining the population on the basis of conference

abstracts instead of published papers, thus provided a window into an earlier phase of the

research process, and provided a discriminator that was otherwise not available from the con-

sideration of published work only.

The data in Table 2 show that there was a large majority of positive studies at both the pre-

and post-publication stages of the research process, and this was present during both time win-

dows that we compared. While it may be expected that the process of hypothesis driven trials

might naturally lead to a predominance of positive findings (e.g. investigators’ clinical experi-

ence leading more often to investigation of correct hypotheses), nevertheless we showed that

the publication phase of the process increased this predominance, without evidence of justifi-

cation in the form of demonstrably better study size or quality. However, the magnitude of this

increase was substantially smaller in the later window, indicating a decrease in publication bias

after the introduction of mandatory trial registration.

Our findings did, however, pose the question whether it was the introduction of mandatory

prospective trial registration that has resulted in the reduction of publication bias. Rates of

compliance with this policy by authors and journals are central to this question. Multiple stud-

ies, in various settings, have measured persistently low rates of trial registration in the years

after it became mandatory [4–6,17].

In the setting of anesthesia, De Oliveira et al’s review of RCTs published in 2013 in the five

highest impact factor anesthesia journals [17] found that 64% of the trials were not prospec-

tively registered. In a similar time period, Jones et al found only 12% of the RCTs adequately

prospectively registered in the top six general anesthesia journals by impact factor [4]. This

was similar to our own findings from a review of RCT abstracts presented at the ASA meetings

from 2010–2016 [18], from which only 21% had undergone prospective trial registration.

Consequently, our findings of decreased publication bias cannot be explained by high rates

of compliance with mandatory prospective trial registration. It may be that the introduction of

mandatory prospective trial registration, and other changes aimed at improving the quality of

RCTs, could have provided an effective deterrent from performing small-sized, underpowered

or low quality RCTs [19]. If low-quality trials are more likely to be published based on being

positive than a negative high-quality trial, then a reduction of low-quality trials due to manda-

tory prospective trial registration would decrease publication bias, independent of the actual

rates of prospective registration.

There is empirical support for this argument. In the study by Jones et al., as a post hoc sec-

ondary outcome, the authors noted a “large decline in the absolute number of RCTs being

reported in the anesthesia literature” [4]. Whilst this finding could be related to increasing dif-

ficulty or costs related to performing RCTs, shifting of publications to smaller journals, or

favouring of less onerous observational study designs [4], it could also be the result of
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researchers collaborating on larger, well designed multi-centre RCTs, albeit with fewer trials in

total number.

Data from our study supports this argument as well, with a post-hoc analysis revealing an

average decline of -14.1 (95% CI: -19.5, -8.7; P = 0.001) RCTs being presented over each suc-

cessive year at the ASA meetings from 2010–2016 (Fig 3).

Our study has several limitations. This trend of decreased RCTs forced a change to our

study protocol. We initially planned to review 4 years of RCT abstracts from the 2010–2013

ASA meetings (similar to our previous study [7]). However, we needed a further 3 years to

reach our sample size. Importantly, there was still a minimum period of 5 years in which publi-

cation could occur. Our previous review [7] demonstrated that almost all studies had been

published at 5 years post abstract presentation (94% of positive abstracts and 92% of negative

abstracts). So this extension was unlikely to compromise the validity of our findings.

As with our previous review [7], there was no evidence from the abstract scores to support

a systemic difference in the quality of abstracts presented at the 2010–2016 ASA meetings,

when comparing studies with positive versus null results. In addition, the abstract scores were

similar between the different periods of time examined (2001–2004 vs 2010–2016). However,

widespread differences in protocol, trial design and study power influencing publication can-

not be ruled out, given the varied assortment of RCTs presented at the ASA meetings.

When examining the influence of sample size on publication outcome, abstracts not pro-

ceeding to publication had a 23% smaller median sample size. Reassuringly there was no differ-

ence in sample size between positive and null studies. In addition, in similar fashion to our

previous study, we found no difference in time to publication between positive and null stud-

ies, thereby making it unlikely that there was any significant bias arising from differences in

the stages of the research and publication process between positive or null studies.

Our findings offer some encouragement that publication bias has reduced in the setting of

anesthesia and perioperative medicine. Publication bias is still present but it has improved

since the introduction of mandatory prospective trial registration. As compliance with manda-

tory prospective trial registration remains low, it is not clear what has caused publication bias

to improve.

Conclusions

We compared publication bias over two discrete periods of time, prior to and after the imple-

mentation of mandatory prospective trial registration, in the setting of anesthesia and periop-

erative medicine. Our results suggest that the rate of publication of studies with positive results

over those with null results, and thus publication bias, has decreased markedly in the period

following the implementation of mandatory prospective trial registration. However, there is

still an ongoing presence of positive publication bias and the maintenance and introduction of

new effective strategies for minimising this remains important. In particular, increased com-

pliance with mandatory prospective trial registration will lead to further improvements.
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