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Abstract
Results of meta-analyses are regarded as the highest level of evidence. A statistically non-
significant effect size from a meta-analysis is typically considered true negative even in the
presence of a statistically significant signal in individual studies, presumed to be false positive.
Here we provide examples from neuroimaging, genetics and psychopharmacology of why meta-
analyses may frequently yield false negative results from true positive findings. This may
happen in situations when individual studies report findings in opposing directions, the sum of
which yields a non-significant overall effect size. Such non-significant meta-analyses, which
show statistical heterogeneity and include studies with opposing effect sizes do not provide an
accurate estimate of the overall effect and may have lower heuristic value than individual
studies. Over reliance on such meta-analyses may falsely identify certain potentially fruitful
research avenues as blind alleys.
& 2013 Elsevier B.V. and ECNP. All rights reserved.
1. Introduction

Meta-analytical tools are becoming increasingly popular in a
growing range of disciplines. Results of meta-analyses are
regarded as the highest level of evidence. A statistically
non-significant effect size from a meta-analysis is typically
considered true negative even in the presence of a
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statistically significant signal in individual studies, presumed
to be false positive (Kirsch et al., 2008; Ioannidis, 2011).
Here we provide examples of why meta-analyses may
frequently yield false negative results from true positive
findings. This may happen in situations when individual
studies report findings in opposing directions, the sum of
which yields a non-significant overall effect size.

2. False negative meta-analyses in
neuroimaging

Eight previous meta-analyses have reported comparable
hippocampal volumes in patients with bipolar disorders
reserved.
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(BD) relative to controls (Hajek et al., 2012b). The absence
of hippocampal volume changes in BD became the dominant
view of the field. Alternatively, there could be clinical or
treatment related variables, which exert opposing effects
on hippocampal volumes and cancel each other when
analyzed jointly. Hippocampal volumes are negatively asso-
ciated with duration of BD, but positively associated with Li
treatment (Hajek et al., 2012a). In a meta-analysis separ-
ating patients according to Li exposure, we found that BD
subjects who were currently not treated with Li had
significantly smaller bilateral hippocampal volumes than
healthy controls, who had significantly smaller hippocampal
volumes than Li-treated BD subjects (Hajek et al., 2012b).
In those meta-analyses where subjects with and without
current Li treatment were analyzed jointly, the larger
hippocampal volumes relative to controls in the Li-treated
subjects could have masked the smaller hippocampal
volumes relative to controls in the non-Li subgroups, thus
yielding false negative summary effect size.

Similarly, meta-analyses have reported comparable
amygdala volumes in patients with BD and controls
(McDonald et al., 2004; Kempton et al., 2008). A meta-
regression revealed that the mean amygdala volume differ-
ence between the BD and control subjects was significantly
associated with age (Hajek et al., 2009; Usher et al., 2010).
Whereas BD participants older than 20 years of age had a
trend for larger amygdala volumes, BD participants younger
than 20 years of age showed significantly smaller amygdala
volumes than controls (Hajek et al., 2009). The interpreta-
tion of this finding is not clear. It may reflect increased
likelihood of Li exposure in older subjects. Alternatively and
perhaps more likely this may pertain to neurobiological
differences between very early onset/pediatric BD and
more classical forms of the illness or to the high rates of
neurodevelopmental comorbid conditions associated with
smaller amygdala volumes in studies of children/adolescent
BD subjects (Hajek et al., 2009).

3. Mirror changes in genetics

This canceling of opposing effects may happen whenever
mirror changes exist, which may be often. For example in
genetics, environmental factors may reverse the effects of
an allele (gene environment (GxE) interactions). Carriers of
less active version of the monoamine oxidase A gene proved
most antisocial when they experienced maltreatment in
childhood, but scored lowest in antisocial behavior when
not exposed to childhood maltreatment (Belsky et al.,
2009). Similar crossed GxE interaction can be found for
serotonin-transporter-linked polymorphic region, stressful
life events and probability of suicide or major depression
(Belsky et al., 2009). Interestingly, genes with documented
GxE interaction for psychiatric disorders tend to show no
main effect, even though typically larger samples are
available for the direct association studies.

4. Opposing effects in psychopharmacology

The issues outlined above may be less problematic for
systematic reviews of interventions based on randomized
controlled trials. This is in part because methods to assess
the quality of randomized trials are more developed than
methods to assess the quality of other study designs.
However, there still continues to be a marked methodolo-
gical heterogeneity between randomized controlled studies
(Safer, 2002) and the effect size and direction of changes
may depend on the specifics of the research design (Geddes
et al., 2000; Woodward et al., 2007; Safer, 2002). Opposing
effects of the same treatment have frequently been docu-
mented in psychopharmacology. Antidepressants may show
both antidepressant or depressogenic effects (Sharma,
2001; Ruzickova and Alda, 2002; Fava, 2003), antipsychotics
may improve or worsen cognitive functions (MacQueen and
Young, 2003; Woodward et al., 2007), psychostimulants may
stimulate or sedate (Kratochvil et al., 2011).
5. Discussion

Non-significant results of meta-analyses, which also show
high statistical heterogeneity are always suspect of being
false negative, especially if individual included studies
reported findings in opposite directions. Such a meta-
analysis should be followed with attempts to investigate
the sources of the heterogeneity by either using subgroup
analyses for dichotomous moderators (Hajek et al., 2009,
2012b), or by utilizing meta-regression for continuous ones
(Hajek et al., 2009; Usher et al., 2010). These methods are
easy to implement. What is difficult is the selection of
moderators. Considering the wealth of replicated data
showing neuroprotective effects of Li, subdividing patients
based on exposure to Li was a relatively clear and a priori
choice in the above-mentioned example (Hajek et al.,
2012b). In many other situations, such as the amygdala
volumes (Hajek et al., 2009), the moderating variables may
not be as obvious. Post-hoc testing of multiple moderators
to explain differences between studies may not be optimal
or may not succeed in reducing the statistical heterogene-
ity. Non-significant meta-analyses, which even after a care-
ful investigation of moderators continue to show high levels
of statistical heterogeneity, need to be considered very
preliminary and of lower heuristic value than individual
studies. Such meta-analyses do not represent the highest
level of evidence and should not be utilized as a justification
to abandon a specific research direction.

To summarize, in all of the above-mentioned situations, a
non-significant effect size from a meta-analysis would be
misleading and would not provide a good estimate of the
real effect. Consequently, the over reliance on meta-
analyses may falsely identify certain potentially fruitful
research avenues as blind alleys.
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