
Introduction

Many psychopharmacological and psychological
treatments seemingly effective in preclinical
models have been found to be ineffective in
clinical trials (Ray et al., 2018). This may be partly
due to a lack of prospective power in the
preclinical literature. Underpowered studies are
more likely to yield false negatives, false positives
and inflated effect sizes (or Small-Study Effect,
SSE).

We examined the prospective power, the
observed effect sizes and the False Discovery Rate
(FDR) (Szucs & Ioannidis, 2017) in articles
assessing the efficacy of treatments against ADE
in rodents.

Methods

A literature search on PubMed yielded 154 titles
that were also used in a distinct project dealing
with the reporting quality of this literature.
Twenty of them were excluded due to insufficient
statistical information. The 48 remaining studies
contained 93 between-group statistical tests (73 F
tests and 20 t tests).

Effect sizes (Hedges’ g) and related standard
errors were extracted and synthesized with a
Random Effect Meta-Analysis (REMA). Between-
study heterogeneity was estimated with the
restricted maximum likelihood method. We used
the Knapp-Hartung adjustment to calculate the
confidence interval of the Pooled Effect Size
(PES). The PES obtained with the REMA was
corrected with the Trim-and-Fill (Duval &
Tweedie, 2000), the PET-PEESE (Stanley &
Doucouliagos, 2014) and the limit meta-analysis
(Rücker et al., 2011) methods.

We used these four PESs as hypothetical effect
sizes to calculate the prospective power of
individual studies. These prospective powers
were then used to generate FDR curves (Szucs &
Ioannidis, 2017).

Results

The PES obtained with the REMA was statistically
significant, whereas its values corrected for the
SSE were not significant. They ranged from a very
small negative effect (PET-PEESE) to an almost
large effect (Trim-and-Fill), none being
statistically significant (Table 1).

Table 1: Pooled effect sizes

Method
Effect

size

95% CI

lower

95% CI

upper

REMA 1.51 0.47 2.55

Trim-and-
Fill

0.77 -0.35 1.90

PET-PEESE -0.05 -2.99 2.89

Limit 0.36 -0.24 0.96

Median statistical powers computed from these
four PESs ranged from 0.11 to 0.88 (Table 2 and
Figure 1).

Table 2: Median prospective powers derived from
the pooled effect sizes

Effect size Median Q1 Q3

REMA (g = 1.51) 0.88 0.80 0.94

Trim-and-fill (g = 0.77) 0.34 0.29 0.41

PET-PEESE (g = -0.05) 0.05 0.05 0.05

Limit (g = 0.36) 0.11 0.10 0.12

The median sample size (n = 8) calculated from
the 93 tests telled us that the smallest effect size
detectable with a statistical power of 0.80 for a
two-sided two-sample t test was g = 1.5.

Figure 1: Histograms of statistical powers for the four effect sizes.
The dashed line corresponds to the recommended minimal level
of power (80%). Top left panel: prospective powers using the PES
found with REMA (g = 1.51). Top right panel: prospective
powers using the PES corrected with the Trim-and-Fill method (g
= 0.77). Bottom left panel: prospective powers using the PES
corrected with the PET-PEESE method (g = -0.05). Bottom right
panel: prospective powers using the PES corrected with the limit
method (g = 0.36).

The FDRs computed with our four PESs and a 
prior probability (plausibility) of 0.1 ranged from
0.339 to 0.898. With a  prior probability of 0.5
the FDRs ranged from 0.054 to 0.495 (Figure 2)

Discussion

The REMA yielded a promising and statistically
significant effect of the treatments against the
ADE (g = 1.51). When the Trim-and-Fill method
was used, this PES was merely divided by two (g
= 0.77) and became statistically non-significant.
The PES obtained with the PET-PEESE and limit
methods were even smaller. The use of the
methods correcting for a SSE pointed out that
effect sizes of treatments against ADE are
probably smaller than those reported in most of
research papers.

After correcting for the SSE at least 95.7% of the
tests assessing the efficacy of the treatments
against ADE appeared to be underpowered (1-
bêta< 80%). This is a problem because low power
increases the risk of inflated effect sizes.

The PET-PEESE method gives probably an
underestimated PES, which is much smaller than
the other estimated PESs. This likely results from

a high between-study heterogeneity and a large
number of small sample sizes.

One possibility to diminish the waste in effort and
animals in the search of an effecatious ADE
counteracting treatment is to conduct high-
powered studies to achieve a clinically useful
effect size.

Figure 2: Relationship between the False Discovery Rate (FDR)
and the prior probability of H1 (green area indicates the
interquartile range). The orange curves concen FDR values
derived from a statistical power of 0.99.Top left panel: FDR curve
derived from the median prospective power using the PES of the
REMA. Top right panel: FDR curve derived from the median
prospective power calculated with the PES of the Trim-and-Fill
method. Bottom left panel: FDR curve derived from the median
prospective power calculated with the PES of the PET-PEESE
method. Bottom right panel: FDR curve derived from the median
prospective power calculated with the PES of the limit method.
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