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Abstract Evidence-based medicine (EBM) is becoming
the guiding principle for clinical treatment decisions. But
evidence remains a loosely defined term. Multiple criteria
for evidence criteria have been proposed. Most influential
evidence criteria give priority to meta-analyses because
they promise an objective procedure to combine the out-
comes of all informative, putatively conflicting studies on
the same issue in an overall score. However, we claim that
meta-analyses are of limited informative value for the
following six reasons: (1) meta-analyses are often “over-
powered” with clinically irrelevant results that might
emerge as highly significant; (2) there is serious concern of
publication biases with “negative” studies not being pub-
lished; (3) meta-analyses consider the variation in the
results of the empirical studies included to be random
noise, however, the variability of results across studies can
be informative; (4) the result of a meta-analysis depends on
the strategy used to identify the included empirical studies;
(5) the quality of conclusions from meta-analyses depends
on the statistical tests used to combine the results of the
separate studies; (6) the qualitative conclusions drawn from
the meta-analytical combination of individual studies may
depend on specific design aspects of the individual studies.
Thus, meta-analyses are primarily a method to generate
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Introduction

It is widely accepted that treatment recommendations and
decisions should be evidence-based although experience-
based clinical practice is needed too for many occasions
[30, 34]. Evidence relies on empirical studies but is an
otherwise only loosely defined term; yet, it claims objec-
tivity. The basis of evidence-based medicine (EBM) is the
combination of findings from different studies to give a
global conclusion.

Different individual studies on the same issue (hypoth-
esis) often reach different conclusions. Evidence-based
conclusions therefore require that the separate pieces of
evidence are cumulated in order to come to an overall
conclusion; but, of course, the rules for this approach do
not exist naturally but have to be defined through con-
ventions. To date, there are no generally accepted defini-
tions for evidence criteria; in fact, different evaluation
criteria have been proposed [26].

In principle, there are two basic approaches to system-
atically obtaining and presenting evidence:

(1) Comparative and cumulative assessment of individual
studies in narrative reviews. The various studies are
considered separately; their results are compared in a
qualitative manner taking the peculiarities of each
study into account. The result is a balanced conclu-
sion. There is no specific statistical method for
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combining evidence from different studies. The
methodologically most advanced type is the system-
atic review, which aims to collect all available
studies. It does so by critically evaluating the design
of the individual studies (with respect to their internal
and external validity [18]), weighting their special
features (e.g. related to setting, treatment objective)
and finally deducing qualitative conclusions (e.g.
about effect/efficacy). Such conclusions are normally
accompanied by caveats (e.g. there is still not enough
evidence available, etc.). The subjective nature of this
procedure is often critically discussed, particularly
with regard to the final conclusion. Yet, drug
authorities are working along those procedures and
demonstrate continuously that the strategy works well
in consensus processes [26].

(2) Cumulative evaluation of individual studies in meta-
analyses, in which statistical tests are used to combine
the respective evidence. Meta-analyses are preceded
by a systematic search for informative studies. The
methodological quality of studies can be assessed
using evaluation instruments (scales). The final
cumulative evaluation only includes studies of suffi-
cient quality. Selected studies are summarized by the
resulting quantitative effect size. An overall effect
size is subsequently derived by weighing each
individual effect size and combining the weighted
effects into an overall effect size. This procedure
allows derivation of the overall effect sizes, confi-
dence-intervals and -values.

Yet, the strategy to select studies for meta-analyses has
to be considered: the adequacy of the study quality is not
a yes—no phenomenon but reveals a broader multifaceted
variation which cannot be represented in a categorical
decision; furthermore, incomplete and inaccurate report-
ing of randomized controlled trials (RCTs) is common
with biased estimates of treatment effects as a conse-
quence [1].

There is a growing tendency to prioritise meta-analyses.
Thus, “evidence from meta-analyses of randomized con-
trolled studies” is the highest level of evidence in the
influential Agency of Health Care Policy and Research
[28]. Because of the formalised way in which they are
performed and the (apparently) clear statistical result,
meta-analyses increasingly form the basis for treatment
recommendations in guidelines. Despite the high level of
acceptance there is a risk, through misconceptions about
the limitations of their informative value, of incorrect
application or use of meta-analyses. Later on, we will
present seven critical points about the limited informative
value of meta-analyses.
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Methodological procedure in meta-analyses

Meta-analyses combine the quantitative results of different
studies on the same topic and sum the results to give a
global value (e.g. efficacy of A compared with efficacy of
placebo in a defined timeframe). Individual studies com-
paring two or more treatment conditions test a priori
specified hypotheses and should have sufficient statistical
power (in the form of sample sizes) to do so. The statistical
analysis calculates p values, which can prove or disprove
hypotheses. But p values depend to a large degree on the
characteristics of a study (above all on the formulation of
the hypothesis and the sample sizes): for example “assay
sensitivity” can fail and false negative results might be the
consequence. But a properly designed and powered com-
parative study might become a “false negative” just
because of random effects. Meta-analyses combine the
results of individual studies in order to come to conclusions
in case of divergent results of similarly designed studies on
the same hypothesis.

Comparability between studies to be combined is needed,
although it is frequently not granted. For e.g., the placebo
response widely varies across RCT-efficacy trials of anti-
depressants [33] and the antidepressants trial outcome is
affected by definition of inclusion criteria and by handling of
dosages [19, 20]. Despite these differences various studies
are compiled in meta-analyse (e.g. [21]). Available hetero-
geneity tests exploring the impact of differential study
characteristics are underpowered (see below).

The main summary measure for meta-analyses is the
overall effect size resulting from the combination of indi-
vidual effect sizes. A confidence interval can be ascer-
tained that also allows statements to be made about the
statistical significance of the effects. Thus, even for an
inconsistent set of results, a comprehensive, quantitative
global evaluation can be derived which integrates all rel-
evant statements from the individual studies. An alternative
summary measure is the number needed to treat (NNT)
(see below in more detail).

This in principle plausible strategy to summarise empir-
ical evidence requires the study question to be specified
a priori; the consistency of the questions being investigated
is, however, sometimes not unambiguously determinable, so
that a meta-analysis may include studies that consider a
similar but not the same question. An example of such a case
is the frequently cited meta-analysis on relapse prevention
with antipsychotics by Leucht et al. [22]. This analysis
combined studies on maintenance treatment and on relapse
prevention, although these are related but distinct questions;
studies on maintenance treatment require a different design
than studies on relapse prevention.
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Unresolved methodological insufficiencies

Despite these methodological advancements, several
unresolved problems remain; e.g. results are limited by the
following discrepancies:

(a) Clinically irrelevant effects can become highly sig-
nificant. Meaningful comparative studies of clinical effi-
cacy aim to test a qualitative hypothesis (A is superior to B)
and are planned accordingly (including power analyses to
estimate the required sample sizes); thus, these results can
stand alone. On the other hand, meta-analyses extract
quantitative effect sizes from individual studies that actu-
ally investigated a qualitative question (hypothesis) with-
out being powered to answer a specific question properly.
In other words, meta-analyses use a retrospective design,
while the studies they include were prospective. For this
reason, the method of ‘meta-analysis’ has been the subject
of harsh criticism from leading biometricians [10].

While effect sizes usually do not increase with sample
size their confidence intervals are getting smaller and
empirical p values are becoming increasingly significant.
The meta-analyses are regularly ‘overpowered’, i.e. it is
highly probable that also clinically irrelevant differences in
efficacy will be shown to be significant. For this reason,
when applied to clinical practice meta-analyses can cause
confusion [27].

One example is the effect of memantine on cognition in
probable Alzheimer’s disease. A meta-analysis by Winblad
et al. 2007 [35] combined placebo-controlled RCTs funded
by drug companies. Each of the trials was designed to be
powerful enough to come to distinct conclusions with the
following results: four studies were negative, two reveal a
very small positive effect. The meta-analysis comes to a
significant effect in favour of memantine with an effect size
of 0.2 (ranging between 0.3 and 0.1). This effect size is
below the level of clinical relevance (0.25) according to the
criteria by Cohen.

On the other hand, the reverse can also occur; studies
with inadequate methodology can hide verum-—placebo
differences so that the size of a true effect is underesti-
mated in meta-analyses [1].

(b) Publication bias is difficult to be detected. The vast
majority of meta-analyses refer to published studies. A
precondition for meta-analyses is the unbiased selection of
studies. Preferential selection of positive studies apparently
enhances the positive effects of a specific substance. The
identification of the included studies through a systematic
literature search is insufficient. Publications are potentially
dependent on the study outcome and, therefore, might not
define an appropriate basis for an unbiased meta-analysis.
Early concerns, e.g. voiced by Williams [34] and Melander
[24] were countered by test statistic control of presence of a
bias. Current state of the art is to perform an indirect

control through statistical tests comparing the observed
outcomes across the selected studies to a theoretically
derived random outcome distribution across studies: the
funnel plot and the heterogeneity test are the most com-
monly used instruments to “rule out” putative publication
biases. Unfortunately, the discriminative power of those
tests to uncover deviations between observation and
expectation is seriously limited, and absence of signifi-
cance is falsely interpreted as absence of “publication
bias” [16, 17]. Therefore, relevant biases might remain
undetected by these means; those can only be identified
through direct exploration of all available data.

Indeed, although most of the meta-analyses include
funnel plots and conclude no relevant deviations from the
unbiased distribution, direct comparisons between con-
ducted and published reports tell another story, e.g. Turner
et al. [32] compared reviews from the FDA for placebo-
controlled RCTs of 12 antidepressant substances for short-
term treatment to the corresponding publications by
cumulated outcomes and effect sizes: first, 31% of the
studies in the FDA files were not published; second, a
strong bias favouring the preferential publication of posi-
tive studies was observed; 94% of the trials conducted
appeared to be positive according to publications; yet,
according to the FDA files only 51% were definitely
positive. Their derived combined effect size was overesti-
mated for each of these drugs (which all received FDA
approval) through the published reports ranging from 69%
for nefazodone and 64% for sertraline to 11% for paroxe-
tine: the overall effect size (across all 12 drugs) was,
however, only 41% on the basis of FDA files (32% over-
estimation). These tendencies were consistently demon-
strated across all fields of clinical studies [8, 29].

But even if unpublished studies are systematically
included in the analysis considerable discrepancies remain
still possible, because there is no unique comprehensive
strategy to recruit all informative unpublished studies. This
was shown by a recent analysis of the effects of selective
serotonin reuptake inhibitors (SSRIs) and placebo on the
number of suicide attempts. Two meta-analyses on this
question were independently performed and simulta-
neously published. Gunnell et al. [15] identified all pla-
cebo-controlled studies in Medline and the Cochrane
register, while Fergusson et al. [11] used all relevant
studies reported to the Medicines and Health Care Pro-
duction Regulation Agency. The different search strategies
of the two meta-analyses generated different results and
different qualitative conclusions: Gunnell et al. [15] found
no significant difference in the frequency of suicide
attempts with SSRIs and placebo, while Fergusson et al.
reported significantly more suicide attempts with SSRIs.
Although focus of meta-analysis on RCTs might fit meth-
odological requirements, it does not guarantee a realistic

@ Springer



20

Eur Arch Psychiatry Clin Neurosci (2010) 260:17-23

view on clinical practice. For example, an extensive “real
world” study (on an observational basis) on the same topic
clearly derived totally different conclusions: SSRIs reduce
suicidality [14].

(c) Meta-analysis combines individual trials by ignoring
relevant sources of variation within individual studies.
Current diagnostic systems are far from identifying groups
of patients with homogeneous response to specific treat-
ments. Sometimes, there is the fortunate situation that the
broad variation of inter-individual responses in a hetero-
geneous class is substantially reduced in specific subtypes.
Whereas the mean placebo-verum difference for antide-
pressants in the whole group of unipolar depressed patients
is very modest, the same difference is substantially higher
for moderate and severe cases [21]. This observation is
practically highly relevant and should be incorporated in
guidelines and recommendations. While systematic
reviews are always keen to detect factors accounting for the
inter-individual differences in magnitude of drug response,
meta-analyses are prone to merge all available studies
together and to miss the patterns of variation in single
studies. However, this concern can partly be circumvented
by careful sensitivity analyses in the context of meta-
analyses as it was recently performed by Kirsch et al. [21].

(d) Effect sizes instead of testing hypothesis: are those
overall effect sizes of any practical use? Are these effects
sizes in danger of misuse? The quantitative, overall effect
sizes for a specific drug derived from placebo-controlled
RCTs can be used to create a ranking scale which propose
priorities for the choice of the most appropriate drug. Yet,
this procedure is not justified, as long as it is not validated
through an equal ranking emerging from comparisons
between pairs of drugs in RCTs. SSRIs are the only group
of psychotropic drugs with available substance-specific
meta-analyses for placebo-controlled RCTs as well as for
head to head RCTs [9, 32]. The priority lists which can be
derived from both groups of RCTs are quite different, e.g.
sertraline is recommended as the drug of first choice and
turns out to be together with escitalopram the most effi-
cacious among six investigated SSRIs when relying on
direct comparisons between substances; on the contrary, on
the basis of the effect sizes emerging from comparisons to
placebo (FDA files) sertraline together with citalopram and
fluoxetine turns out to be least efficacious among the six
examined SSRIs. Thus, evidence-based psychiatry cannot
be based on effect sizes.

Another type of misuse of overall effect sizes obtained
by meta-analyses occurs in discussion on the relative effi-
cacy of pharmacotherapy and psychotherapy [21]. The
underlying individual studies evaluating psychotropic
drugs follow in the vast majority other more rigid design
paradigms than studies in the psychotherapy research:
blinding as well as the application of inert drugs for control
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of “unspecific” therapeutic effects are standards in clinical
psychopharmacology, but not implemented in psychother-
apy research. Consequently, effects sizes for a specific
treatment—despite of their persuasive quantitative
appearance—can only be used in relation to the study
context they were derived from, and to the selection and
statistical meta-analytic strategy. A generalization or
ignorance of differences of the study context is not justified
and might induce wrong conclusions.

An alternative summary measure in meta-analyses
derives from subdividing the sample into responders and
non-responders (remitters and non-remitters) by applying
specific categorical cutoff rules to the quantitative outcome
measures: the number of patients needed to treat (abbre-
viation: NNT) in order to increase the number of
responders (remitters) by 1. The responder analysis is
usually considered to demonstrate clinical relevance in a
more evident manner [7]; yet, this indicator is strongly
dependent on the placebo-response rate which varies
broadly across studies and is dependent on multiple influ-
encing factors [7]. Thus, this summary measure cannot be
interpreted in an unambiguous manner.

(e) The qualitative conclusions from the meta-analytical
combination of separate studies may depend on the design
of the studies. Meta-analyses combine studies with differ-
ent designs. The conclusions of meta-analyses may there-
fore depend on the relative weight of the evaluation
approaches most often chosen. Jiini et al. [18] considered
meta-analytical comparisons for several methodological
conditions (e.g. adequacy of the generation and blinding of
randomization codes, the way in which study dropouts are
dealt with) and found that shortcomings in the handling of
these design criteria led to a falsification of the respective
results. There are no clear solutions as to how meta-anal-
yses should evaluate studies with such deficits. In any case,
the shortcomings of each specific study should be evalu-
ated individually from a qualitative and quantitative point
of view (for which checklists are available). Meta-analyses
can only deal with those insufficiencies by exclusion of
studies failing minimal quality standards. Yet, methodo-
logical quality is not a yes—no phenomenon but a multi-
faceted, multidimensional phenomenon which requires
study-specific consideration [18].

(f) Are meta-analyses robust? Dependency of statistical
tests used to combine the results of the single studies. From
the methodological point of view, meta-analyses represent
a group of procedures to summarise statistically quantita-
tive study results. The various procedures are inter-
changeable, although they are not sufficiently robust in this
respect: different meta-analytical procedures reach differ-
ent qualitative results from the same set of data. A striking
example of this is the comparison of meta-analyses on the
efficacy of different classes of antipsychotics: Leucht et al.
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[23] compared the clinical efficacy of second generation
antipsychotics (SGAs) with that of first generation anti-
psychotics (FGA). The authors found superior efficacy of
the SGAs and concluded that the possibly better efficacy of
SGAs should be considered in clinical treatment decisions
and that they should rather be used than FGAs. This con-
clusion contradicts the results of a meta-analysis by Geddes
et al. [12] on the same subject. A possible explanation for
this discrepancy could be the more extensive study base
used by Leucht et al. For this reason, Geddes et al. [13] re-
analysed the study material used by Leucht et al.; they did
so by applying the statistical analysis technique they had
chosen in an earlier evaluation. However, surprisingly their
results were not identical to those of Leucht et al.; again,
they were not able to find a difference in the efficacy of the
two substance classes. The only critical difference between
the two contradictory meta-analyses was the statistical test
used: risk-difference quotient versus log-odds ratio. This
technical difference between the two analyses of the same
material resulted in qualitatively different conclusions.
Thus, the validity of the statistical methods of meta-anal-
ysis must be doubted and are not robust enough to draw
valid conclusions.

(g) Meta-analyses treat the variation in the results of the
included empirical studies as random noise. However, the
variability of results across studies can be informative.
Meta-analyses consider the included studies to be repeats
of the same evaluation of the same hypothesis. Yet, this
assumption is usually not appropriate. Qualitatively dif-
ferent results of empirical studies may be caused by dif-
ferent clinical conditions and might not present a random
event. Knowledge about this source of variance can have
significant practical consequences and should not be
ignored. The meta-analysis comparing the antidepressant
effects of SSRIs and tricyclics by Anderson [2] is a good
example of such a case. Despite the apparently quite
inconsistent findings across the different studies, a slight
advantage for the tricyclics was concluded. The same
group re-analysed the study data 2 years later by per-
forming separate meta-analyses for the different study
settings [3]: they found that each of the two substance
classes showed a different relative efficacy in outpatient
and inpatient treatment settings. Tricyclics were superior in
inpatient, SSRIs in outpatient settings. The original anal-
ysis had included more inpatient than outpatient studies.
Thus, a meta-analysis alone cannot guarantee evidence.
Therefore, sensitivity analyses exploring the impact of
defined subgroups of studies are an essential supplement
for meta-analyses.

Thus, there are good reasons that expert panels advising
the approval of drugs or the development of clinical
guidelines are not relying on the meta-analyses method.
They refer to the strategy of systematic review; they stick

to the view that each properly designed study is informa-
tive by itself and requires detailed consideration [6, 7, 25].
Conflicting evidence between studies requires explanation.
The final conclusions have to weight evidence and coun-
terevidence in a rational manner (which is not necessarily
quantitative by nature), and the weighting process should
be guided by predefined rules (e.g. guidelines by the World
Federation of Biological Psychiatry [4-6]. Hence, it does
not come as a surprise that meta-analytic reviews of the
available compiled evidence may come to qualitatively
different conclusions than reviews of the same evidence
through regulatory authorities; e.g. for selected SSRIs [7,
21].

These discrepancies in grading evidence for efficacy can
create substantial confusion when conclusion from meta-
analyses is compared to the decision of drug authorities.
Inclusion of all the studies including those with failed
“assay sensitivity” and other serious methodological
weakness to the meta-analyses delivers only very modest
overall effect sizes and call the efficacy of antidepressants
into question. Those results are at variance to the admission
practice of drug authorities and to the acceptance of those
drugs by patients and physicians.

The terms ‘evidence’ or ‘empirical evidence’ suggest
conclusiveness and clearness. As described above, how-
ever, there are different rational approaches to generating
empirical evidence from different empirical studies.
Inconsistent results of individual studies may lead to dif-
fering conclusions. Which of these two pragmatic
approaches is the most convincing with respect to practical
conclusions? It is not possible to give a clear answer to this
question. It is possible, however, to present different
arguments as to why meta-analyses are only of limited
informative value.

Conclusions from these arguments

Empirical evidence clearly has to be based on controlled
studies. Yet, the arguments (a—g) advocate not to consider
meta-analyses automatically as the highest level of
empirical evidence. Clinical trials which create evidence
have to be designed suitably and powered for the detection
of clinically relevant effects, interpreted in the framework
of the statistical theory applied. The methodological
foundations for this approach have been consistently
developed over a century and have contributed to the
central role of biostatistics in medicine. The amount or
certainty of evidence available on a certain question
(hypothesis) is determined by the quality and number of
known, relevant and properly designed studies. Results
from individual informative trials can only be generalized
and transferred to clinical practice if they are replicated.
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The minimal requirement is at least one replication of an
initial positive study (practiced as minimal criterion by the
FDA). A more detailed, still qualitative graduation of the
degree of evidence was proposed by other expert groups [4,
6]. The diversity of those qualitative criteria is needed and
rationale in order to serve different pragmatic purposes.
Replicability cannot be quantified in a straightforward
manner; particularly not through the overall effect sizes
obtained by meta-analyses. In any case, the emphasis on
meta-analyses oversimplify the complexity of individual
informative studies. This is also true if conclusions from
meta-analyses are transferred to clinical practice.

Meta-analyses, however, might serve other purposes
beyond the derivation of evidence.

How can meta-analyses contribute to create clinical
evidence?

The main use of differentiated meta-analyses is the sys-
tematic post hoc exploration of the source of variation of
results across different studies on a certain question. Such
‘moderator’ variables can be identified in sensitivity anal-
yses, either according to the hypotheses or empirically. For
the latter purpose, meta-regression models are available
that can determine clinically relevant influencing factors
[32]. Subsequent studies can be performed with the specific
aim of testing the hypotheses obtained a posteriori. Thus,
meta-analyses can be used to derive differential indicators
for specific treatment procedures (see the example above
on the comparison of SSRIs and tricyclics).

Thus, meta-analyses are primarily a useful way to derive
hypotheses but not so much a method to maximise evi-
dence or to present a measure for reproducibility. The test
of hypotheses (e.g. a specific substance is superior to pla-
cebo or not inferior to another drug) still require suitable,
prospectively planned, randomized controlled studies to
test efficacy and a sufficient number of replications to
validate results. The global evaluation of the available
empirical data for the benefits of a treatment option should
not ignore the special features and limitations, weaknesses
and strengths of the individual studies.
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