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Abstract

Objectives: To present the contour-enhanced funnel plot as an aid to differentiating asymmetry due to publication bias from that due to
other factors.

Study Design and Setting: An enhancement to the usual funnel plot is proposed that allows the statistical significance of study esti-
mates to be considered. Contour lines indicating conventional milestones in levels of statistical significance (e.g., !0.01, !0.05, !0.1) are
added to funnel plots.

Results: This contour overlay aids the interpretation of the funnel plot. For example, if studies appear to be missing in areas of statis-
tical nonsignificance, then this adds credence to the possibility that the asymmetry is due to publication bias. Conversely, if the supposed
missing studies are in areas of higher statistical significance, this would suggest the cause of the asymmetry may be more likely to be due to
factors other than publication bias, such as variable study quality.

Conclusions: We believe this enhancement to funnel plots (i) is simple to implement, (ii) is widely applicable, (iii) greatly improves
interpretability, and (iv) should be used routinely. � 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Publication bias describes the tendency for studies re-
porting uninteresting or unfavorable results to be less likely
to be published [1]. Meta-analysis of published papers is
likely to be affected by publication bias [2]. Although the
precise mechanisms of publication bias are unknown, evi-
dence suggests that statistical significance of the main out-
come in a study is the most important factor; nonsignificant
studies are less likely to be published [3e5]. Absence of
statistical significance has also been identified as a factor
in a related bias, outcome reporting bias: where multiple
outcomes are investigated in a study, but only the outcomes
with interesting or statistically significant results are
reported in the paper [6e8].

The funnel plot is the simplest of all techniques to help
assess possible publication bias. The effect estimate from
each study in the meta-analysis is plotted against some
measure of precision from that study [1]. Estimates of
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effect from smaller studies are more variable than those
from the larger studies and so scatter more widely at the
base of the plot creating, in the absence of bias, a symmet-
rical funnel shape. If smaller, nonstatistically significant
studies tend to remain unpublished then an asymmetrical
shape may be observed [9].

However, publication bias is not the only possible cause of
asymmetry observed in a funnel plot [10]. Any factor which
is associated with both study effect and study size could con-
found the true association and cause an asymmetric funnel.
For example, if there is an indication of poorer study design
in smaller studies [10] and this poor study design leads to sys-
tematic exaggeration of effect [11], this could manifest itself
as asymmetry on a funnel plot because studies near the top of
the plot (small bias) will have smaller effect sizes, on aver-
age, than those at the bottom (large bias). We introduce
a graphical aid for the interpretation of funnel plots to help
differentiate asymmetry caused by statistical significance
related publication bias from that caused by other factors.

2. Funnel plots and contour-enhanced funnel plots

Contour-enhanced funnel plots display areas of statisti-
cal significance on a funnel plot. If it is assumed that the
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treatment effect in each study is normally distributed, then
the significance of any effect size can be calculated from
the effect size and the standard error. Because effect size
and standard error (or some functions of it) are the two
axes of a funnel plot, the (two-sided) statistical significance
of any point on a funnel plot can be calculated. Thus,
contours representing conventional ‘‘milestone’’ levels of
statistical significance (e.g., !0.01, !0.05, !0.1) can be
defined and regions associated with these significance
levels plotted.

In a review of 48 meta-analyses from the Cochrane Li-
brary [12], Sutton et al. [13] assessed evidence of publica-
tion bias using the trim and fill method [14,15]. Trim and
fill is an iterative nonparametric method used to investigate
the number of ‘‘missing’’ studies in a meta-analysis due to
funnel plot asymmetry and offers an ‘‘adjusted’’ pooled
estimate as a sensitivity analysis: its ability to detect publi-
cation bias has been found to be variable [14,16,17]. The
funnel plots of these 48 meta-analyses are available on
the BMJ web site. Assessment of publication bias using
standard funnel plots and the trim-and-fill method makes
no explicit consideration of the levels of statistical signifi-
cance of the observed study estimates or the significance
levels of regions in which studies are suspected to be miss-
ing in a funnel plot. In Fig. 1, the contour-enhanced funnel
plots of the 48 meta-analyses used in Sutton et al. [13] are
presented (using the same identifying number for each
meta-analysis as in previous articles [13,18]).

Because assessment of Fig. 1 allows consideration of the
statistical significance of the studies in the 48 meta-analyses,
this in turn aids interpretation of any observed asymmetry
within a meta-analysis. (Note that for 12 meta-analyses in
Fig. 1 [plots 7, 12, 15, 17, 23, 32e36, and 42] the ‘‘desir-
able’’ results [e.g., that a treatment is better than control] is
on the right-hand side of the funnel plot. For the remaining
meta-analyses the ‘‘desirable’’ result is on the left-hand side
of the funnel plot.) More specifically, consider meta-analysis
11, which investigates the effectiveness of injected cholera
vaccines against placebo in terms of the number of cases of
cholera up to seven months after administration [19]. The
usual funnel plot of the 18 trials (Fig. 2a) suggests asymme-
try, but more interestingly, assessment of the contour-
enhanced funnel plot (Fig. 2b) indicates that the areas
where studies seem to be ‘‘missing’’ (as indicated by the
ellipse) are areas where nonsignificant studies would be
plotted (i.e., the area without shading). This adds further
credence to the possibility that the asymmetry observed in
Fig. 2a,b is caused by publication bias based on statistical
significance.

If, however, the ‘‘missing’’ studies were in areas of sta-
tistical significance (those with darker shading), this would
lead one to suggest that the observed asymmetry is more
likely to be due to factors other than publication bias based
on statistical significance (e.g., variable study quality or even
nonstatistical significance based publication bias mecha-
nisms). Such an example is apparent with meta-analysis
38, which investigates the acceptability of chlorpromazine
for treatment of schizophrenia as measured by the length
of stay in the study for patients on chlorpromazine com-
pared to placebo in 18 trials [20]. In Fig. 3a, the usual
funnel plot is shown for meta-analysis 38 suggesting
evidence of asymmetry. However, the contour-enhanced
funnel plot (Fig. 3b) shows that the ‘‘missing’’ studies are
expected to lie in areas of high statistical significance
(whereas the majority of available studies are nonsignifi-
cant), indicating that the observed asymmetry may not be
due to publication bias based on statistical significance.
Had the contour-enhanced funnel plot not been considered,
it is likely that publication bias would have been suspected.
Instead, other factors need to be considered as possible ex-
planations unmeasured or unknown confounding factor.

Visual assessment of these 48 contour-enhanced funnel
plots has highlighted a further interesting feature in some
of these meta-analysesda ‘‘tunnel’’ effect, where the ma-
jority of studies in the meta-analysis appear to have statis-
tically significant effect sizes in either direction, whereas
few studies exist in the nonsignificant central core of the
funnel. This is inconsistent with the expected distribution
of study estimates. A potential example of this can be seen
with meta-analysis 41 in Fig. 1. Here, a number of the stud-
ies in the meta-analysis lie on the margins of the regions of
conventional statistical significance (5% level) on both
sides of the funnel plot, indicating that several studies
may be missing from the central core. This ‘‘tunnel’’ effect
suggests that the nonsignificant studies are suppressed, re-
gardless of their direction, whereas statistically significant
studies, whether they indicate harms or benefits are being
published and incorporated in systematic reviews. The
‘‘tunnel’’ effect could also arise, if, in a study, an outcome,
which is marginally statistically significant, has been se-
lected from several possible outcomes or analysis methods,
or if data are ‘‘manipulated’’ until a significant result is ob-
tained. A meta-analysis with a ‘‘tunnel’’ effect is unlikely
to lead to a very biased pooled estimate because studies
are approximately symmetrical in the funnel plot, but esti-
mation of between-study heterogeneity will be affected.
Thus, one should be cautious about interpretations of the
variability of a pooled effect from a meta-analysis display-
ing this effect because of its impact on the between-study
heterogeneity estimate. Jackson has discussed further the
effect of publication bias on estimation of the between-
study heterogeneity parameter [21]. However, this ‘‘tunnel’’
effect could just be due to sampling error, so one must be
cautious about overinterpreting this effect.

Pseudo 95% confidence interval (CI) guidelines have
also been suggested as an enhancement to the funnel plot
[24]. These pseudo 95% CI guidelines illustrate the ex-
pected 95% CI around the fixed effects pooled estimate
from the meta-analysis for different standard errors (i.e.,
pooled estimate 6 1.96 � standard error). A clear distinc-
tion should be made between the pseudo 95% CIs and the
contours of statistical significance presented in this paper.
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Fig. 1. Contour-enhanced funnel plots of 48 meta-analyses from the Cochrane Library.
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The 95% CIs are used to indicate the extent of between-
study heterogeneity in addition to assessing funnel
asymmetry [24] and are determined by the studies in the
meta-analysis and the pooled estimate. Since the pseudo
95% CIs are based on the observed fixed effects pooled
estimate they may be misleading if the meta-analysis is
subject to publication bias (as the observed pooled esti-
mate forming the basis for these 95% CIs will be biased).
The contours displayed on funnel plots indicate levels of
statistical significance for the primary studies in the meta-
analysis and are independent of the pooled estimate, there-
fore, if the pooled estimate is biased, the contours are not
affected.

A further difference between the pseudo 95% CIs and
the contour lines is in interpretation: for the pseudo 95%
CIs we are judging whether a study lies within expected
limits on the funnel plot to help assess and interpret asym-
metry and between-study heterogeneity; for the contour-
funnel plot, we are interested in the distribution of the
studies to assess whether observed asymmetry is likely to
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ies are expected).
be due to publication bias based on statistical significance.
It is worthwhile noting that the pseudo 95% CIs and
P 5 0.05 contour lines will coincide if and only if the fixed
effects pooled estimate in a meta-analysis is exactly the null
(e.g., Odds Ratio 5 1). Although the traditional 95% CI
guidelines can help to assess heterogeneity and funnel
asymmetry, they do not help to identify the cause of any
funnel asymmetry. In Fig. 4 the pseudo 95% CIs are dis-
played on the contour-enhanced funnel plot for meta-
analysis 38.

2. Discussion

Tools to aid interpretation of funnel plots are clearly
needed [22]. A recent study suggests that correct identi-
fication of the presence or absence of publication bias
using funnel plots is poor [23] with only 52.5% of funnel
plots correctly assessed for publication bias in simulated
meta-analysis data sets. We believe contour-enhanced
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funnel plots greatly help interpretation of funnel plot
asymmetry.

A number of points need consideration regarding the
contour-enhanced funnel plots presented here:

1 Publication bias may be induced by mechanisms
other than those based exclusively on statistical sig-
nificance (e.g., sample size [25,26] and effect size
[27]). This possibility should be considered when
interpreting the contour-enhanced funnel plot.

2 The P-value determining the publication (or suppres-
sion) of a primary study may be based on a different
measurement outcome to that used in the funnel plot,
although this is likely to have little impact in practice
on the conclusions made from assessment of the con-
tour-enhanced funnel plot.

3 The contour-enhanced funnel plots presented here
assume a two-sided significance test is used in
the original studies and study suppression is assumed
to be based on this P-value. A contour-enhanced
funnel plot could also be constructed to display
contours on one side of the funnel plot, if it was be-
lieved that suppression was based only on one-sided
P-values.

4 Alternative choices of y-axis scales for funnel plots
have received some discussion [24,28], and the use of
other scales (i.e., standard error and variance) is shown
at http://www2.le.ac.uk/Members/drj/supplementary-
materials-for-papers. Sample size, or a function of
sample size, cannot be used as the y-axis because
unique P-values cannot be defined using a sample
size scale.

5 As with all methods for detecting publication bias,
observed asymmetry may be some artifact of sam-
pling variation and nothing more.

While the plots presented in this paper display contours
for multiple levels of statistical significants, for the purpose
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Fig. 4. Contour-funnel plot of meta-analysis 38 with 95% pseudo CIs

displayed.
of assessing publication bias, it may be sufficient just to
distinguish between the significant (at the traditional 5%
level) and nonsignificant regions of the plot.

Neither statistical tests [10,29e32], nor the trim-and-fill
method [14,15] consider asymmetry in the context of statis-
tical significance, but rather should strictly be seen as
methods to address asymmetry, and not necessarily publi-
cation bias [33]. The contour-funnel plot should comple-
ment their use. For example, the contour-funnel plot
could be used naturally in conjunction with the trim-and-
fill method because the latter informs the likely location
of missing studies. In contrast, selection-modeling tech-
niques [34e36] model study selection as a function of
P-value; the contour-enhanced funnel plot goes some
way to reconciling such an approach with a visual
inspection of the data.

We believe the contour-enhanced funnel plot is a signif-
icant advancement in methods to address publication bias
in meta-analyses of comparative effects, as it can aid as-
sessment of publication bias due to statistical significance.
Because it can enhance interpretation of a funnel plot, it
should be used routinely for assessing possible publication
bias (and complimentary to existing methods). We encour-
age its implementation in common statistical software
used to carry out meta-analysis, and a Stata macro is
available from the corresponding author to construct such
plots.
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