
Prevention is better than cure
Given the above considerations, plagiarism is better
dealt with by concentrating on an instructional system
of prevention. Many institutions have begun to imple-
ment courses on the responsible conduct of research,
exploring a range of research integrity issues.
Although this is a step in the right direction, such
instruction benefits mainly students. Legions of
seasoned researchers continue to operate without such
instruction. Clearly, research integrity needs to be
incorporated into continuing education targeted at this
group.

Training on responsible conduct of research must
go beyond the “high crimes” of fabrication, falsifica-
tion, and plagiarism, all three of which are thankfully
still relatively rare in science. Zigmond and Fischer
have argued that misdemeanours make up the bulk of
the ethical transgressions.10 Instruction on plagiarism
should focus on the principles of ethical writing.11 This
approach assumes that each of our written works rep-
resents an implicit contract between us and our readers
in which the reader assumes that, unless otherwise
noted, we are the sole authors of the work, the words
and ideas are our own, and the ideas, concepts and
theories described are accurately and objectively
represented to the best of our ability.

Since it is doubtful that we will ever eliminate
plagiarism or other forms of intentional misconduct,
we need to increase our ability to detect these
transgressions and effectively prosecute and punish

offenders. Instruction in ethical writing indirectly
touches on several other traditional forms of
misconduct. Consequently, I believe that when we
internalise and apply its basic principles they will
significantly reduce plagiarism and generalise to other
areas of scientific research and personal conduct.

I thank Maryellen Reardon for comments on an earlier draft of
this article.
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Evidence based medicine
The case of the misleading funnel plot
Joseph Lau, John P A Ioannidis, Norma Terrin, Christopher H Schmid, Ingram Olkin

Evidence based medicine insists on rigorous standards to appraise clinical interventions. Failure to
apply the same rules to its own tools could be equally damaging

The advent of evidence based medicine has generated
considerable interest in developing and applying
methods that can improve the appraisal and synthesis
of data from diverse studies. Some methods have
become an integral part of systematic reviews and
meta-analyses, with reviewers, editors, instructional
handbooks, and guidelines encouraging their routine
inclusion. However, the evidence for using these meth-
ods is sometimes lacking, as the reliance on funnel
plots shows.

What is a funnel plot?
The funnel plot is a scatter plot of the component
studies in a meta-analysis, with the treatment effect on
the horizontal axis and some measure of weight, such
as the inverse variance, the standard error, or the sam-
ple size, on the vertical axis. Light and Pillemer
proposed in 1984: “If all studies come from a single
underlying population, this graph should look like a
funnel, with the effect sizes homing in on the true

underlying value as n increases. [If there is publication
bias] there should be a bite out of the funnel.”1 Many
meta-analyses show funnel plots or perform various
tests that examine whether there is asymmetry in the
funnel plot and directly interpret the results as showing
evidence for or against the presence of publication
bias.

The plot’s wide popularity followed an article pub-
lished in the BMJ in 1997.2 That pivotal article has
already received over 800 citations (as of December
2005) in the Web of Science. With two exceptions, this
is more citations than for any other paper published by
the BMJ in the past decade. The authors were careful to
state many reasons why funnel plot asymmetry may
not necessarily reflect publication bias. However,
apparently many readers did not go beyond the title of
“Bias in meta-analysis detected by a simple, graphical
test.”

Details of BMJ systematic reviews mentioning funnel plots are
on bmj.com
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The influential Cochrane Handbook adopts a
relatively conservative view and acknowledges that
there are problems with the concept.3 Yet it devotes
more than four pages to this subject, far more than for
any other test of bias and heterogeneity in meta-
analysis. Whereas the widely accepted quality of
reporting of meta-analysis (QUOROM) statement
simply requires in its proposed checklist a description
of “any assessment for publication bias,”4 its equally
accepted counterpart for meta-analyses of observa-
tional studies in epidemiology (MOOSE) states that
“methods should be used to aid in the detection of
publication bias, eg, fail safe methods or funnel plots.”5

In an article on quantitative synthesis in systematic
reviews commissioned by the American College of
Physicians, even we advocated funnel plots and
devoted a figure and considerable text to them.6

Use and abuse
Hand searching of the BMJ from July 2003 to June
2005 shows that funnel plots were mentioned in 20 of
the 47 systematic reviews that included some quantita-
tive data synthesis (see bmj.com for full details). In all
20 cases, the plots were mentioned specifically as tests
for evaluating publication bias. Four of the 20
systematic reviews eventually did not perform these
tests because they felt too few studies were available
(maximum 3 to 10 per meta-analysis), one made no
further mention besides the methods, and only one
performed the tests and acknowledged that “the funnel
plot may not detect publication bias when the number
of studies is small.” The other 14 systematic reviews did
not question the inferences from these tests and
typically made categorical statements about conclu-
sively finding or excluding publication bias with these
methods.

A total of 34 meta-analyses had been evaluated
with these methods: 14 of them had nine or fewer

studies and 18 of them had significant between-study
heterogeneity; only five of the 34 meta-analyses had 10
or more studies and no significant between-study
heterogeneity. Although 10 studies is not an adequate
number for the funnel plot,7 we chose it as a cut-off to
show that systematic reviewers did not meet even this
liberal criterion.

Inconsistent interpretations were notable between
different tests in the same meta-analysis. For example,
in a meta-analysis of breastfeeding and blood pressure
in later life,w3 the results said: “evidence of such [publi-
cation bias] was provided by a funnel plot. The Egger
test was significant (P = 0.033), but not the Begg test
(P = 0.186)” and a figure shows “Begg’s funnel plot
(pseudo 95% confidence limits).” Inconsistent interpre-
tations were notable even for the same test between
results and discussion. For example, in a meta-analysis
of metformin for polycystic ovary syndromew4 the
results stated that, “the funnel plot implies publication
bias” whereas the discussion concluded that, “these
data seem robust with no evidence of major
publication bias.”

Accuracy of test
The evaluation of a methodological test is directly
analogous to the evaluation of a clinical diagnostic test.
Fryback and Thornbury have proposed a six level
model for evaluating a diagnostic test.8 This provides a
good discussion framework. The six expectations of a
clinical diagnostic test are technical feasibility, diagnos-
tic accuracy, diagnostic effect, treatment effect, effect on
patient outcome, and societal effect. If the conclusions
of evidence based medicine are based on poor tests,
the negative effect eventually may be considerable.
So we must examine closely at least the technical
feasibility and diagnostic accuracy of these methods.

An evaluation of the technical feasibility of the
funnel plot shows many problems that are difficult to
solve. Strong empirical evidence exists that the appear-
ance of the plot may be affected by the choice of the
coding of the outcome (binary versus continuous),9 the
choice of the metric (risk ratio, odds ratio, or
logarithms thereof), and the choice of the weight on
the vertical axis (inverse variance, inverse standard
error, sample size, etc).10 11 Figure 1 gives an example of
how these choices can make a difference.

Even in the unlikely event that agreement is
reached on what metric and what expression of weight
to use on the axes, enormous uncertainty and
subjectivity remains in the visual interpretation of the
same plot by different researchers. Our team recently
designed a survey to examine this question using
simulated plots with or without publication bias.12 The
ability of researchers to identify publication bias using
a funnel plot was practically identical to chance (53%
accuracy).

Formal statistical tests may eliminate the subjectiv-
ity in visual inspection of asymmetry. Investigators
commonly use the rank correlation test13 or one of
many tests based on regression.2 7 10 11 14 The validity of
these tests depends on assumptions often unmet in
practice, however, and the choice of test introduces fur-
ther subjectivity into the procedure. The methods
theoretically require a considerable number of
available studies, generally at least 30 for sufficient
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Fig 1 Effect of measure of precision (plotted on y axis) on
appearance of funnel plots. Redrawn from Tang and Liu11
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power. But the number needed depends on the size of
the studies and on the true treatment effect—for exam-
ple, for an odds ratio of 0.67, even 60 studies are not
adequate.7 Most meta-analyses of clinical trials,
however, have far fewer studies. For instance, the aver-
age Cochrane meta-analysis has fewer than 10.15 Thus
the tests typically have low power16 and may be
inappropriate.

Even ignoring statistical concerns of power and
choice of metric and weights, it is still unclear if funnel
plots really diagnose publication bias. Strictly speaking,
funnel plots probe whether studies with little precision
(small studies) give different results from studies with
greater precision (larger studies). Asymmetry in the
funnel plot may therefore result not from a systematic
under-reporting of negative trials but from an essential
difference between smaller and larger studies that
arises from inherent between-study heterogeneity. For
example, small studies may focus on high risk patients,
for whom the treatment is more effective because such
patients have more events that could potentially be
prevented17; or studies with small weight may generally
have shorter follow-up and differ because the
treatment effect decreases with time.18 Early studies
may target different populations (with different effect
sizes) than subsequent studies,19 and subsequent
studies may be much larger, trying to test the concept
on less selected patients. Variation in quality can affect

the shape of the funnel plot, with smaller, lower quality
studies showing greater benefit of treatment.20

Heterogeneity may sometimes be both statistically
and clinically obvious—that is, studies may be examin-
ing different questions.21 Yet the authors of a
meta-analysis, such as the one investigating the relation
between garlic consumption and cancer,21 may still
pool all studies together when it comes to the funnel
plot, even though they have analysed them separately
for the main analysis. In other cases, it may not be
possible to identify a source for the existing hetero-
geneity.22 Simulation studies of funnel plots have found
that bias may be incorrectly inferred if studies are
heterogeneous.21 23

For example, figure 2 shows the funnel plot for a
meta-analysis of inhaled disodium cromoglicate as
maintenance therapy in children with asthma.24 The
authors found both statistical and clinical hetero-
geneity, yet they published a funnel plot (fig 2, top),
stating: “Studies with low precision and negative
outcome are under-represented, indicating publication
bias.” Grouping the studies according to age of
participants (middle) and study design (bottom)
creates a different impression.

Finally, we have no gold standard against which to
compare the results of funnel plot tests. A true
standard measure of publication bias would require
prospective registries of trials with detailed knowledge
of which studies have been published and which are
unpublished. It would then be feasible to test whether
tests of publication bias capture accurately the
presence of unpublished studies and whether one vari-
ant performs better than others. Given that efforts for
study registration have only recently started,25 this
evaluation is currently difficult. Although a large
number of alternative tests for publication bias exist,26

none has been validated against a standard.

Prevention of bias
In conclusion, evidence based methods, including the
funnel plot, should be evidence based. If treatment
decisions are made on the basis of misleading
methodological tests, the costs to patients and society
could be high. Decisions guided by the easy assurance
of a symmetrical funnel plot may overlook serious
bias. Equally, it may be misleading to discredit and
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Fig 2 Effect of grouping of data on impression of funnel plot for
meta-analysis of inhaled disodium cromoglicate that found significant
heterogeneity24

Summary points

Methods used by evidence based medicine should
be evaluated with rigorous standards

The funnel plot is widely used in systematic
reviews and meta-analyses as a test for publication
bias

Asymmetry of the funnel plot, either visually
interpreted or statistically tested, does not
accurately predict publication bias

Inappropriate or misleading use of funnel plot
tests may do more harm than good
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abandon valid evidence simply because of an
asymmetrical funnel plot. The prevention of publica-
tion bias is much more desirable than any diagnostic
or corrective analysis.
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Everything bad is good for you

There is no shortage of complaints from doctors these
days about dumbing down. Consultants complain that
they can’t trust their registrars any more, and registrars
say that foundation year doctors don’t get enough
experience and don’t know what they’re doing. And
grumpy old men everywhere complain that exam
results don’t mean what they used to. But what
objective evidence do we have that medicine is being
dumbed down? The truth is that there is little such
evidence that doctors are better or worse than they
were a generation ago. Mowa and Alcolado have
shown a large increase in the number of final year
medical students being awarded honours, but this
could reflect either smarter students or lower
standards.1

The reason that we have such little evidence is that
the context in which doctors practise medicine has
changed. Early medical curriculums concentrated on
doctors’ retention of knowledge, but more recent ones
emphasise the importance of skills, attitudes, and
behaviours. But if we look beyond the world of
medicine then we see strong evidence that IQ scores of
the population at large are rising, a phenomenon
dubbed the Flynn effect. Because of the Flynn effect,
IQ tests are periodically readjusted, making them
harder.2 Why is this happening? Steven Johnson,
author of Everything Bad Is Good for You, attributes it to

the rise of the popular media and computer games.
Could it be that the hours we spend on the internet
and playing games are teaching us vital skills such as
understanding complex systems and spatial awareness?
Are more sophisticated games enabling us to learn
strategic thinking?

The interactive case histories presented by BMJ
Learning are designed to help you learn knowledge
and skills in a safe environment—without anyone
looking over your shoulder. One of the latest is on
acne: it starts by explaining the basics of diagnosis and
treatment and goes on to deal with more complex
clinical problems such as how drug induced acne
differs from acne vulgaris. It also looks at other issues
such as how to advise a patient with mild acne but who
is very distressed by it. To have a look, go to
www.bmjlearning.com.
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