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Spuriously precise results from meta-analysis. Is better statistical
correction or a more critical methodological assessment warranted?
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Meta-analysis has become the common method for
summarizing the results of studies on the same subject.
Meta-analyses are thought to produce valid summary esti-
mates of overall effects. However, summarizing all of the
information contained in a set of studies into an overall odds
ratio and corresponding confidence interval (or P-value)
might be an oversimplification of reality. Although for
randomized controlled trials (RCTs) this has already been ac-
knowledged by Lelorier et al. [1] in 1997 and more recent
findings [2], the number of meta-analyses has steadily in-
creased (the number of publications labeled as meta-analyses
in PubMed increased from 596 in 1997 to 2,696 in 2007) and
the interpretation of results of meta-analyses seems to be-
come ever less refuted.

In this issue of the JCE, Salanti and Ioannidis [3] took
the spuriously precise results, which are reported by
meta-analyses as starting point and devised a method to
come to a more valid estimate of evidence from observa-
tional research. We greatly welcome a more critical ap-
proach to meta-analysis. The paper addresses an
important problem and opens the debate on how to do
meta-analyses in observational studies and especially how
to prevent drawing false conclusions. In view of this, we
would like to raise three issues following the method pro-
posed by Salanti and Ioannidis [3].

A first issue that needs future attention is the fact that the
c value essentially constitutes a limit to the P-value for each
study included in the meta-analysis. To illustrate this point,
consider a caseecontrol study with 1,216 subjects, equally
split among cases and controls. Suppose 68 of the cases and
46 of the controls have been exposed to some risk factor,
yielding an odds ratio of 1.54. The corresponding log odds
ratio is yi 5 0.43 with sampling variance equal to vi 5

0.040. Following the reasoning of Salanti and Ioannidis,
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we can now calculate the ‘‘credibility’’ of this finding. As-
suming that the observed log odds ratio is equal to the true
risk, there is a 0.016 probability that the observed log odds
ratio would be smaller than zero (see top part of Fig. 1).
This corresponds to the one-sided P-value for the test of
H0 : qi<0, that is, whether the observed log odds ratio is
significantly greater than 0 (see bottom part of Fig. 1).
Therefore, using a credibility ceiling of ci 5 0.025 implies
each finding included in the meta-analysis is reduced to
nonsignificance (for a 5 0.05 two sided). Using c 5 0.25
(a value considered to be the best estimate for one of the
examples) therefore implies that the two-sided P-value
from each study cannot be lower than 0.50. Therefore, large
values of c induce a severe reduction in the power of
a meta-analysis to detect significant effects.

As an example, assume that the average true risk is equal
to m 5 0.20 (i.e., an average odds ratio of 1.22) with hetero-
geneity equal to t2 5 0.01, so that approximately 95% of the
true odds ratios fall between 1.0 and 1.5. Moreover, assume
that the average sample size of studies examining this risk
factor is 100. Then, approximately k 5 10 studies would be
sufficient to have 80% power to detect this effect in a standard
meta-analysis. On the other hand, approximately k 5 70 stud-
ies would be needed in a meta-analysis with c 5 0.25 to
achieve the same amount of power. We realize the impor-
tance of replications, especially in the context of observa-
tional research. And the use of the credibility ceiling
method, as described by Salanti and Ioannidis, would be a rel-
evant tool to address this issue. On the other hand, the use of
the credibility ceiling approach may reduce the overall power
of meta-analyses, especially when relatively few but large
studies are involved. This inevitably means that many more
studies, money, and time will be spent before reaching a final
conclusion and implementing the findings.

It is also worth pointing out that the proposed method
will as well reduce the power of meta-analyses when in fact
no heterogeneity is present in the true effects. However, it is
unlikely that biases, which may reduce our confidence in
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Fig. 1. Example to illustrate the relationship between the ‘‘credibility’’

and the one-sided P-value of a particular study.
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the validity of the observed effects, are operating in such
a way that their combined influence yields a relatively ho-
mogeneous set of studies. The large values of I2 observed in
the examples considered by the authors may indeed be a re-
flection of heterogeneity introduced by various biases.
However, when I2 is small, then this may actually
strengthen our confidence in the findings from any particu-
lar study, in which case we would be hesitant to apply the
proposed method.

Secondly, the method proposed by Salanti and Ioannidis
assumes that bias always results in an overestimation of the
true effect, which needs adjusting by the introduction of the
c value. But what if the observed effect is a valid estimate,
or even an underestimation of the true effect? Take for
example, the issue of adverse effects of methylmercury
exposure from fish and seafood, as described by Budtz-
Jørgensen et al. [4]. In this described case, studies with
poor control for the confounding factor, underestimate
the true effect. When attributing the same c value to all
studies, results from studies with a proper adjustment for
confounding on average receive relatively less weight than
studies without proper adjustment. This is because these
studies more quickly reach their ceiling value. The solution
would be to use a high c value for uncorrected studies and
a very low c value for corrected studies. Then corrected
studies will tend to receive their ‘‘full’’ weight, whereas
the weight of the uncorrected studies will be decreased to
some extent. Alternatively, one could examine the influ-
ence of correcting the size of the effect within a moderator
analysis. In either case, a careful consideration of the rela-
tionship between potential biases and the observed effects
is required.

Thirdly, we have a more fundamental concern regarding
the proposed method as it does not provide a solution for what
in our opinion is the most important problem when doing
meta-analyses on observational studies. Common confound-
ing factors, or improper adjustment for these factors, might
still be present whether a statistical adjustment like the one
proposed is applied or not. Therefore, a meta-analysis of ob-
servational studies should always include a careful consider-
ation concerning the contents of the included studies.

Take, for example, the effect of beta-carotene on lung
cancer and cardiovascular diseases. Meta-analyses of obser-
vational research on this subject revealed a plausible
preventive association [5,6], but large RCTs on this subject
could not confirm this association or even reported a more
worrying inverse association [5,7]. Discrepancies like these
would not have been resolved by applying the proposed
method of the c value to these meta-analyses. In fact, doing
so may have resulted in the conduct of even larger observa-
tional studies, with potentially even more lives lost. Most
vulnerable in this respect are studies where the factors
under study are part of a complex matrix of highly corre-
lated behaviors and demographic attributes such as
nutritional, lifestyle, and socioeconomic factors. In such
cases, meta-analyses can only provide valid estimates when
we are able to assess and accurately control for crucial
confounders.

On the other hand, it might be possible in some cases to
draw valid conclusions from a small number of valid obser-
vational studies. We therefore do not agree with the
statement made by Salanti and Ioannidis that just a few ob-
servational studies cannot be sufficient to provide evidence
for a causal effect. When the relationship between a unique
exposure and outcome is relatively homogeneous, then it is
unlikely that biases are operating and a few studies might
be sufficient to firmly establish the presence of a relation-
ship; for example, in the case of vinyl chloride monomer
and angiosarcoma [8].

We fully agree with Salanti and Ioannidis that statistical
adjustment to prevent spuriously precise estimates should
be a method to consider when doing a meta-analysis.
However, a critical view with both experts in the field of in-
terest and in statistics and methodology still remains, in our
view, the best option for aggregating findings from a set of
related studies. Or, to repeat a statement made by Bollen
et al. ‘‘In particular, in the meta-analysis of observational
research, just pooling of studies could lead to precise but
spurious results. In meta-analyses of observational
research, statistical pooling should not be a prominent
feature, whereas the investigation and critical appraisal of
potential sources of heterogeneity and bias should receive
principal attention’’ [9].

To conclude, we welcome the original and critical ap-
proach in improving the methodology of meta-analysis by
Salanti and Ioannidis. Although the introduction of a new
factor, the ‘‘credibility ceiling’’ or c value, will inevitably
introduce some new problems with the solution of old ones.
But the method and it’s related problems can be a starting
point for new research on this topic. For example, it
remains difficult to decide what c value or range of c values
one needs to consider. The authors state that the c value
might depend on the quality of the studies, but it is unclear
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how this would be objectively translated into a specific
c value (range) in practice. If one wants to base c values
on quality assessments, future studies need to address the
quantification of this relationship and the relation with
the interpretation of meta-analysis results.
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