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Abstract

Purpose Many areas of medicine have shown bias

towards the publication of studies with positive results.

To estimate publication bias in the anesthesia literature,

we reviewed all abstracts presented at the American

Society of Anesthesiologists (ASA) annual meetings over a

four-year period and compared study results (positive vs

negative) with publication outcomes.

Methods This review included all abstracts from the

2001-2004 ASA annual meetings performed as

randomized-controlled trials in humans. We scored their

outcome results as positive or negative and assessed

abstract quality using a 13-point scoring system. We then

performed a systematic literature search to identify any

subsequent publication of the studies and calculated the

relative risk (RR) for journal publication by comparing

positive vs negative studies.

Results Of 5,918 abstracts reviewed, 1,052 met inclusion

criteria, and 564 (53.6%) of the abstracts proceeded to

publication. The RR for abstracts with positive results

proceeding to journal publication was 1.42 (95%

confidence interval, 1.22 to 1.66; P\ 0.001). This result

did not change significantly after adjusting for study size

and abstract quality score during logistic regression

modelling. There was no significant difference in the

abstract quality score between positive vs negative studies

or between abstracts proceeding vs not proceeding to

publication.

Conclusions Approximately half of the ASA annual

meeting abstracts proceed to publication. After

adjustment for study quality and size, abstracts with

positive results were more likely to proceed to journal

publication than those with negative results, suggesting

publication bias in the anesthesia literature.

Résumé

Objectif De nombreux domaines de la médecine font

preuve d’un biais en faveur de la publication d’études

rapportant des résultats positifs. Afin d’estimer le biais de

publication dans la littérature anesthésique, nous avons

passé en revue tous les résumés présentés lors des congrès

annuels de l’American Society of Anesthesiologists (ASA)

sur une période de quatre ans et comparé les résultats des

études (positifs vs négatifs) avec la publication.
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Méthode Ce compte rendu a inclus tous les résumés

d’études randomisées contrôlées chez l’humain présentés

lors des congrès annuels de l’ASA de 2001 à 2004. Nous

avons noté les résultats des études en positif ou négatif et

évalué la qualité des résumés selon un système de notation

à 13 points. Nous avons ensuite effectué une recherche

méthodique de la littérature afin d’identifier toute

publication subséquente des études et calculé le risque

relatif (RR) de publication dans une revue en comparant

les études positives vs négatives.

Résultats Parmi les 5918 résumés passés en revue, 1052

respectaient nos critères d’inclusion, et 564 (53,6 %)

résumés ont été publiés. Le RR des résumés présentant des

résultats positifs d’être publiés dans une revue était de 1,42

(intervalle de confiance 95 %, 1,22 à 1,66; P\0,001). Ce

résultat n’a pas changé de façon significative après

ajustement pour tenir compte de la taille de l’étude et de

la note de qualité des résumés dans un modèle à régression

logistique. Aucune différence significative dans la note de

qualité des résumés entre les études positives vs négatives

ou entre les résumés étant publiés ou non n’a été observée.

Conclusion Environ la moitié des résumés présentés lors

des congrès annuels de l’ASA sont publiés. Après

ajustements pour tenir compte de la qualité et de la taille

des études, il était plus probable que les résumés

rapportant des résultats positifs soient publiés dans une

revue que les résumés présentant des résultats négatifs, ce

qui laisse à penser qu’il existe un biais de publication dans

la littérature d’anesthésie.

The relationship between study findings and publication

rates in the scientific literature has been a longstanding topic

of concern in medicine. The influence of publication bias –i.e.,

the selective submission and acceptance for publication of

studies with positive over those with negative results–1 on

this relationship has attracted particular attention. Studies

have shown that the preponderance of studies published

widely in medicine are those with positive findings.1-5 The

presence of publication bias can potentially lead to clinical

decision making on the basis of an incomplete and

unreliable evidence base and has been shown to influence

the findings in meta-analysis.6 There is also the potential for

unnecessary financial cost and risk of patient harm from

conducting clinical trials that are valid but do not progress to

publication because of their negative results.

In the field of anesthesia, there has been limited

investigation into the relationship between study findings

and publication rates or the potential influence of

publication bias on this relationship.7 To test our

hypothesis that significant publication bias exists in the

anesthesia literature, we first conducted a review of study

findings in all randomized-controlled trials (RCTs)

presented and published as conference abstracts at the

American Society of Anesthesiologists (ASA) annual

meeting over a four-year period. We then compared these

findings with subsequent publication outcome in peer-reviewed

journals. The ASA annual meeting is the largest worldwide

educational event in anesthesiology, currently attracting

over 15,000 attendees from 90 countries, and therefore, we

would expect the abstracts presented at these meetings to be

held to a high standard and reflect the wider community of

anesthesia research. The purpose of our study was to

compare the results of abstracts presented at the 2001-2004

ASA annual meetings and determine if those reporting

positive findings were published more frequently as full

manuscripts in journals indexed in the MEDLINE�

database than those that reported negative findings.

Methods

Ethics board approval was not required for this

retrospective observational study. All abstracts from the

2001-2004 ASA annual meeting were identified from the

ASA Abstract Archive (Fig. 1). We chose this time span to

allow at least a ten-year lapse pending subsequent

publication in the peer-reviewed literature, particularly as

it has been shown that studies with negative findings can

take an average of eight years to be published.8

All abstracts performed as RCTs in humans were

included in a database developed using Microsoft Excel

2010 (Microsoft Corporation, Redmond, WA, USA). A

trial was considered an RCT if the participants were

prospectively assigned to one of at least two alternative

forms of treatment using a random method of allocation.9

We first assessed the study findings as either ‘‘positive’’ or

‘‘negative’’. For the purposes of our study, we defined

positive studies as those showing a statistically significant

difference in the direction of the experimental treatment for

the primary outcome compared with the control treatment

in the abstract. Studies showing no difference in outcome

between treatment groups were counted as positive if the

stated objective was to show treatment equivalence or non-

inferiority. We defined negative studies as those that failed

to show either a statistically significant difference in the

direction of the experimental treatment compared with the

control treatment or equivalence or non-inferiority if that

was the stated aim. Some abstracts comparing interventions

had no clear ‘‘experimental’’ or ‘‘control’’ group, but their

findings were considered positive if a difference toward the

investigational treatment was shown between the groups.

Four co-authors (S.C., N.C., C.W., G.L.) reviewed and
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Conference abstracts iden�fied as RCTs in 
humans included into review

(n = 1061)

Non-RCT conference 
abstracts excluded

(n = 4857)

Abstract results defined as posi�ve or nega�ve

Consensus agreement made by two authors (SC & 
NC) on posi�ve or nega�ve result of abstract if any 

ini�al uncertainty

Ordered search strategy via PubMed/Medline to 
iden�fy publica�on of abstract

Total 5918 Conference Abstracts Iden�fied:

Year American Society of 
Anesthesiologists Annual Mee�ng

2001 1390
2002 1365
2003 1565
2004 1598

Abstract Quality Score (13 point scale) and Study Size 
Collected

9 Abstracts excluded due to incomplete data on 
Abstract Quality Score and Study Size

n = 1052 conference abstracts included into review

564 conference abstracts proceeded to publica�on
488 conference abstracts did not proceed to publica�on

Fig. 1 Flow diagram of review
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entered information about the abstracts into the database.

In cases of initial uncertainty over whether the abstract

findings were positive or negative, two authors (S.C. and

N.C.) discussed the findings and reached a consensus

decision guided by the above definitions.

A systematic literature search was then performed via

PubMed and MEDLINE to identify any subsequent

publication of the study. The search strategy involved

conducting seven separate searches in the order of the first

author’s name, the second 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.

The following baseline characteristics were recorded:

the month and year of abstract presentation at the ASA

meeting, the month and year of journal publication (if

published), author details, and reported study size. We

compared the sample sizes in the meeting abstract with

those in the subsequent publication to determine whether

the study had completed full recruitment at the time of

conference presentation. If the number of participants in

the final journal publication differed from that in the

conference abstract and this discrepancy was not explicitly

stated in the final study, we classified the abstract as

incomplete at the time of conference presentation.

We assessed the quality of the conference abstract using a

scoring system of 13 variables (see Appendix) which we

adapted from a checklist that Hopewell et al.10 had previously

devised according to existing reporting standards.11 For those

studies proceeding to journal publication, we also recorded

the period of time from the date of conference abstract

presentation to the date of publication.

Statistical analysis

Statistical analyses were performed using Microsoft Excel

2010 (Microsoft Corporation, Redmond, WA, USA) and

Stata� 12 (StataCorp LP, College Station, TX, USA).

Abstract scores, being ordinal data, were compared

between published and unpublished studies as well as

between positive and negative studies using ordered

logistic regression. This was also performed as a

multivariable analysis incorporating publication status

and positivity/negativity as well their interaction term. A

similar comparison was made for study size using Mood’s

Median Test, with difference and bias-corrected 95%

confidence intervals (CI) for medians calculated using a

bootstrap procedure.

The primary endpoint was the relative risk (RR) between

positive and negative studies for journal publication. This

was calculated as a raw RR and also as a RR adjusted for

study size and abstract score. We used a multivariable

logistic regression model for the calculation using the ratio

of predicted proportions for study findings with the

bias-corrected 95% CI obtained from bootstrapping. As

a secondary analysis, we compared times to publication

between positive and negative studies using Cox regression

modelling, including adjustments for the same covariates

and use of Kaplan-Meier survival curves.

We calculated our sample size on conservative

assumptions about the effect being measured and a

baseline publication rate of 50%.2 If the publication rate

for studies with positive findings is 50%, a sample size of

1,076 studies would provide 90% power to show a 20%

relative lower rate of publication for studies with negative

findings with an alpha of 5%.

Results

Of the 5,918 conference abstracts reviewed, 1,052 met

inclusion criteria as RCTs in humans. There were 564

(53.6%) abstracts that subsequently proceeded to

publication (Table 1). The RR for abstracts with positive

findings proceeding to journal publication was 1.42 (95%

Table 1 Data on publication outcomes (published in peer-reviewed journals or unpublished) and study findings (positive or negative) of

randomized-controlled studies presented as abstracts at the American Society of Anesthesiologists annual meetings in 2001-2004

All Published Unpublished

Positive Negative Positive Negative

Abstracts eligible n 1,052 449 115 322 166

Study size 44 [28-80] 49 [29-91] 53 [30-80] 40 [25-68] 40 [28-75]

Abstract quality score 8 [8-9] 8 [8-9] 9 [8-9] 8 [7-9] 8 [8-9]

Not completed at conference abstract n (%) 198 (44) 45 (39)

Study size difference (journal vs conference abstract) 13 [4-26] 19 [7-45]

Time to publication (months) 16 [8-31] 17 [8-35]

Abstract Quality Score (on a 13-point scale) and study size at time of presentation are shown as median [interquartile range]. For studies

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

from conference presentation to subsequent publication is shown as median [interquartile range]
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CI, 1.22 to 1.66; P \ 0.001). These data are shown in

Table 2.

Study sizes and abstract scores were not normally

distributed on the Shapiro-Wilk test. The median (95% CI)

study size for conference abstracts was larger for those

proceeding vs not proceeding to journal publication [50 (45

to 50) vs 40 (37 to 42), respectively; P = 0.001]. There was

no difference in median (95% CI) study size between

positive and negative studies [44 (40 to 48) vs 44 (40 to

50), respectively; P = 0.992].

The median [interquartile range (IQR)] abstract quality

scores for studies proceeding vs not proceeding to journal

publication were 8 (8 to 9) vs 8 (7 to 9), respectively; P =

0.084 (Table 1). Similarly, there was no difference in

median [IQR] abstract score between positive and negative

studies (8 [8 - 9] vs 9 [8 - 9], respectively; P = 0.226). Using

the 13-point abstract quality scoring system, scores of B 7

and C 10 were each collapsed into a single category due to

low numbers or empty cells for low and high scores. The

resultant four-level ordinal abstract score categories were

used for the purposes of all subsequent statistical analyses.

Logistic regression analysis of the primary endpoint was

performed with journal publication outcome as the binary

dependent variable and with the binary study findings, study

size (divided by 10) and abstract score category, as the

independent variables. On univariable analysis, study size

(divided by 10) was a statistically significant but weak

predictor of publication outcome [odds ratio (OR), 1.02;

95% CI, 1.00 to 1.03; P = 0.009]. The highest ranking

abstract quality score (10 or more out of 13) associated with

journal publication was compared with the lowest ranking

score (7 or less out of 13) (OR, 1.60; 95% CI, 1.05 to 2.48;

P = 0.029). Nevertheless, using a likelihood ratio test, the

overall abstract score was not associated with the overall

publication outcome (P = 0.146). In multivariable logistic

regression modelling, the RR for publication outcome

related to a positive study finding was largely unchanged

(RR, 1.42; 95% CI, 1.24 to 1.65; P \ 0.001) after

adjustment for these covariates, as was their significance

as predictors of publication outcome (Table 2).

On multivariable ordered logistic regression analysis

using publication status, study conclusions, and their

interaction term as covariates, neither interaction (OR,

0.85; 95% CI, 0.52 to 1.42; P = 0.533) nor study conclusions

(OR, 0.85; 95% CI, 0.62 to 1.18; P = 0.329) were significant

predictors of abstract score category. Publication outcome

was a marginally non-significant predictor of abstract score

category (OR, 1.47; 95% CI, 0.96 to 2.26; P = 0.076).

The time to publication ranged from one month to a

maximum of 131 months (Fig. 2). The median (95% CI)

time from the date of the conference abstract presentation

to publication for studies with positive findings was 16 (15

to 17) mth compared with 17 (13 to 20) mth for studies

with negative findings (P = 1.00 on Mood’s Median Test)

(Table 3). On Cox regression modelling, for each increase

in study size of ten patients, study size was a statistically

significant predictor of time to publication [hazard ratio

(HR), 1.003; 95% CI, 1.001 to 1.005; P = 0.011].

Nevertheless, study finding (HR, 1.10; 95% CI, 0.90 to

1.36; P = 0.351) and abstract score category (as determined

using a likelihood ratio test, P = 0.862) were not

statistically significant predictors of time to publication.

Table 2 Results of analysis of the relationships between publication

outcomes (published in peer-reviewed journals or unpublished) and

study findings (positive or negative), study size (divided by 10), and

abstract quality score (13-point scale collapsed to four levels) of

randomized-controlled studies presented as abstracts at the American

Society of Anesthesiologists annual meetings in 2001-2004

Endpoint Predictor Result 95% CI P[|z|

Published vs Unpublished studies

(univariable modelling)

Positive vs Negative study finding RR = 1.42 1.22 to 1.66 \0.001#

OR = 2.01 1.52 to 2.66 \0.001#

Study Size/10 OR = 1.02 1.00 to 1.03 0.009#

Abstract score = 8/13** OR = 1.09 0.79 to 1.51 0.602#

Abstract score = 9/13** OR = 1.21 0.85 to 1.71 0.285#

Abstract score C 10/13** OR = 1.60 1.05 to 2.48 0.029#

Abstract score overall 0.1461

Published vs Unpublished studies

(multivariable modelling)

Positive vs Negative study finding RR = 1.42 1.24 to 1.65 \0.001

OR = 2.01 1.52 to 2.67 \0.001#

Study Size/10 OR = 1.01 1.00 to 1.03 0.021#

Abstract score = 8/13** OR = 1.13 0.81 to 1.56 0.476#

Abstract score = 9/13** OR = 1.24 0.87 to 1.76 0.237#

Abstract score C 10/13** OR = 1.59 1.02 to 2.47 0.039#

Abstract score overall 0.2001

# logistic regression modelling; ? logistic regression modelling with likelihood ratio test;

** in comparison with Abstract score\ 7/13. CI = confidence interval; OR = odds ratio; RR = risk ratio
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Based on differences in sample size between the

conference abstract and the subsequent journal

publication, we classified 243 of 564 (43%) studies as

incomplete at the conference abstract phase (Table 1). This

figure was 39% for studies with negative findings and 44%

for studies with positive findings (RR, 0.85; 95% CI, 0.61

to 1.18; P = 0.337). The differences in median (95% CI)

study size between conference abstract and published study

were similar [19 (12 to 32) for studies published with

negative findings and 13 (10 to 15) for studies published

with positive findings; P = 0.253].

Discussion

From a review of 1,052 abstracts of RCTs presented at the

largest major international scientific meeting in anesthesia,

we found that approximately half eventually proceed to

publication (in the subsequent ten years) in peer-reviewed

journals. Studies with positive findings were significantly

more likely to proceed to journal publication than those

with negative findings. This result was unchanged by

adjustment for the relatively modest differences in study

size between published and unpublished studies and in

study quality as estimated by abstract quality score.

This result suggests the likelihood of significant positive

publication bias in the anesthesia literature during the

period we examined. Publication bias has been shown to

exist in many areas of medicine.1,2,4,5 A Cochrane review

in 200812 examined 79 reports on the publication of results

that were initially presented as abstracts at scientific

meetings in various disciplines.12 Abstracts that presented

positive results had a significantly higher publication rate,

with a risk ratio of 1.28 (95% CI, 1.15 to 1.42), compared

with an adjusted RR of 1.42 (95% CI, 1.24 to 1.65) in our

study. The authors concluded that there was clear evidence

Fig. 2 Time to publication in

years for the positive and

negative studies that proceeded

to publication. The number at

risk (remaining unpublished

studies in each group) is shown

Table 3 Results of analysis of the relationships between time to

publication (where published) and study findings (positive or

negative), study size (divided by 10), and abstract quality score

(13-point scale collapsed to four levels and compared with score B 7/

13) of randomized-controlled studies presented as abstracts at the

American Society of Anesthesiologists annual meetings in 2001-2004

Endpoint Comparison Result 95% CI P[|z|

Time to journal publication (multivariable modelling) Positive vs Negative finding HR = 1.10 0.89 to 1.36 0.351??

Study Size/10 HR = 1.1 1.00 to 1.01 0.011??

Abstract score = 8/13** HR = 1.01 0.81 to 1.27 0.928??

Abstract score = 9/13** HR = 0.93 0.73 to 1.18 0.563??

Abstract score C 10/13** HR = 0.94 0.71 to 1.25 0.677??

Abstract score overall 0.862?

?? Cox regression modelling; ? Cox regression modelling with likelihood ratio test;

** in comparison with Abstract score\ 7/13. CI = confidence interval; HR = hazard ratio
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of publication bias in the step between abstract presentation

at scientific meetings and subsequent full publication of

results, which is consistent with our findings.

De Oliveira et al. specifically investigated bias in the

publication of RCTs in anesthesia.7 The authors identified

1,163 RCTs in humans published in 14 anesthesia journals

during the period 2008-2009. They identified positive

findings in 72% of the articles in the four journals with the

highest impact factors compared with 53% in journals with

lower impact. If the article had positive results, the odds ratio

for publication in a high impact anesthesia journal was 2.28

(95% CI, 1.76 to 3.01), which is similar to the odds ratio

calculated from our data (OR, 2.01; 95% CI, 1.53 to 2.66).

Nevertheless, it is difficult to compare our findings directly

with theirs, as the discriminator used in their methodology

(journal impact factor) differed from ours. In addition, the

findings of De Oliveira et al. would more narrowly reflect

bias in the submission and review process.

Among studies in other disciplines looking for evidence of

bias earlier in the research process, Stern and Simes found

that, of 130 clinical trials submitted to the ethics committee at

a major hospital, those with positive results were much more

likely to be published than those with negative results (HR,

3.13), with median times to publication of 4.7 yr and 8.0 yr,

respectively, from the commencement date of the study.13 In

contrast to the findings of De Oliveira et al., van Lent et al.

reviewed over 15,000 RCTs that were submitted to eight

major medical journals to determine if trials with positive

results were more likely to be published than trials with

negative results.14 The authors found no difference, and they

concluded that, in the case of the journals studied, publication

bias occurred mainly prior to submission.

It is interesting, therefore, that we found no significant

difference in time to journal publication between studies with

positive vs negative findings, which suggests that any bias

occurred mainly prior to this stage. Indeed, positive

publication bias may occur at many points in the conduct of

a study, and previous authors have shown that failure by

researchers to pursue a study to completion and full publication

is common and heavily influenced by study findings. Dickersin

et al. surveyed 318 authors of published trials and asked

whether they had participated in any unpublished RCTs.1

From the responses gathered, non-publication was primarily

due to failure to submit the trial for publication as opposed to

rejection of submitted papers. The 156 respondents reported

278 unpublished RCTs; 204 of these studies were completed

and 74 were stopped early. In 102 of these studies, a report was

not submitted. The new therapy was favoured in 14% of the

completed unpublished RCTs compared with 55% of the

published RCTs. The findings of our study may reflect this

broader aspect of publication failure related to study findings;

however, our analysis cannot identify publication bias prior to

the conference abstract phase.

Our study has other limitations. While we found no

clinically significant difference in study quality between the

conference abstract and publication score, we could not

entirely rule out systematic differences in study power or

design quality between negative and positive study findings

that influenced publication success. It is likely, for instance,

that some research presented at conferences may not have been

intended for subsequent publication. Nevertheless, there are no

a priori reasons why this should be reflected in a different

distribution of positive and negative findings, other than those

contributing to publication bias which we have discussed.

Because of the heterogeneous nature of the studies in our

sample, we were able to use study size only as an indicator of

the relative adequacy of study power. The median study size

was almost 20% smaller in unpublished conference abstracts

compared with those that proceeded to journal publication.

Nevertheless, this modest difference is unlikely to explain our

results, and the relationship of study findings to publication rate

remained strong after adjustment for study size and abstract

quality using logistic regression. In addition, this difference in

study size could also be due to a lower study completion rate

among the unpublished studies. We classified 43% of studies

that went on to publication as incomplete at the conference

abstract phase, and it is unlikely that this proportion would be

higher among the unpublished studies. While we did not

attempt follow-up of studies that were never subsequently

published after conference presentation, it is possible that this

factor also influenced the size of these unpublished studies, but

there is no evidence that it explains the preponderance of

positive studies reaching publication.

We chose an arbitrary time span of 2001-2004 for

review of conference abstracts to allow an adequate time

period for studies to be published in the literature. For

example, some abstracts we reviewed proceeded to

publication as late as 2012 and 2013.15,16 Scherer et al.

showed that approximately 8% of abstracts of RCTs in

medicine that proceeded to publication were published five

to nine years after abstract presentation.12

The suggestion from our findings that positive publication

bias occurs prior to the journal submission and peer review

process indicates a degree of self-censorship in research,

which gives cause for concern. Chalmers has stated that

failure to report the findings of valid trials in the literature

constitutes a form of scientific misconduct.17 Over the past

few decades, many potential solutions have been put forward

to address the issue of publication bias, including the

development of compulsory clinical trial registries1 and

greater regulatory input from research and ethics boards and

journals.4,18 Early registration of clinical trials as a

prerequisite for acceptance by medical journals may have

become more prevalent since 2004. The International

Committee of Medical Journal Editors released a statement

in 2004 encouraging this practice.19 Nevertheless, in a recent
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study, Wager et al.20 revealed that a large number of journals,

especially smaller journals, still do not require prospective

registration of RCTs as a prerequisite for publication. We

await evidence of the effectiveness of these proposed

solutions in reducing publication bias. Furthermore,

literature reviews such as this one are warranted in all

disciplines to monitor this practice in the future.

In conclusion, data on publication outcomes of studies

presented at a major anesthesia meeting suggest that positive

publication bias may be a significant problem in anesthesia.

Regardless of trial outcome, investigators should strive to

complete and publish the results of valid trials. Despite

evidence that the quality of research published in anesthesia

journals has improved over the last 25-30 years,21,22

effective strategies for minimizing publication bias are

important to protect the quality of evidence in our field.
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