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How significant are your data? The need for a culture shift
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There is growing concern about a lack of reproducibility of
findings from experimental studies in the life sciences. For
example, investigators at Bayer Healthcare found only a quar-
ter of 67 seminal studies to be reproducible (Prinz et al. 2011).
Similarly, investigators at Amgen attempted to replicate 53
studies in basic cancer biology but were able to reproduce
only 6 despite often cooperating with the original investigators
(Begley and Ellis 2012). Many academic researchers have
made the same experience, and lack of reproducibility appar-
ently does not depend on the origin of the lab reporting the
finding, i.e., academia vs. pharmaceutical industry, or the
reputation of the journal publishing them. Mathematical
models propose explanations why a large fraction of pub-
lished results are false (Ioannidis 2005).

The lack of reproducibility of a relevant percentage of
seminal findings is worrisome as it will lead to a major waste
in time and resources for those basing their own research on
published findings which may turn out to be false. In acade-
mia, it may derail the early career of young scientists who
waste time chasing irreproducible findings and end up empty-
handed. For more senior scientists, it may cause problems in
obtaining future grants which can be particularly painful in
times where research funding becomes ever harder to obtain.
Where academic research is funded by governments or char-
ities, it also constitutes a waste of taxpayer money or that
donated for charitable purposes and, in the long run, will
undermine the willingness of governments and charities to
support research.

In the pharmaceutical industry, lack of reproducibility also
leads to a waste of resources as invalid targets may be pursued,
which further drives up the already escalating costs of drug

discovery and development (Prinz et al. 2011). For example, a
number of major drug companies have stopped or significant-
ly reduced their investment into central nervous system drug
research; in many cases, the main argument was that preclin-
ical data failed to translate into clinical efficacy. Among many
factors potentially implicated in the failed translation (includ-
ing poor or no target engagement), irreproducible data are a
major contributor. For example, there were a number of com-
pounds reported to be effective in a mouse model of the
amyotrophic lateral sclerosis but, when these findings were
rigorously re-tested under very well-defined conditions, none
of the original compounds showed any benefit (Scott et al.
2008).

Lack of reproducibility also raises ethical problems as it
may lead to unnecessary use of experimental animals. On an
even broader scale, it undermines the public trust in science.
At times of an ever increasing complexity of our world, re-
gaining trust in science is important for a rational discussion of
societal decisions, e.g., related to climate change or the use of
genetically modified organisms in the food chain. The prob-
lem of lack of reproducibility has gained attention for instance
of the US National Institutes of Health (Collins and Tabak
2014) which are looking into new policies to yield more
reproducible data. Even outside the research community, lack
of reproducibility of scientific findings is seen as a major
problem as highlighted by a recent title story in the magazine
The Economist (Anonymous 2013).

It is generally felt that outright fraud accounts for only a
minor fraction of irreproducible data. In contrast, insufficient
understanding of statistical concepts and inappropriate use of
statistical tests are likely to account for a major fraction of the
problem. To address this problem, several pharmacology
journals have published review articles attempting to educate
the community on proper study design, data analysis, and
reporting. Examples include a 2011–2013 virtual theme issue
published in the British Journal of Pharmacology (http://
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onlinelibrary.wiley.com/journal/10.1111/(ISSN)1476-5381/
homepage/statistical_reporting.htm) or the January 2014 issue
of Biochemical Pharmacology (http://www.sciencedirect.
com/science/journal/00062952/87/1). This issue of Naunyn-
Schmiedeberg’s Archives of Pharmacology contains a related
article by Dr. Harvey J. Motulsky (Motulsky 2014). Dr.
Motulsky is the author of a statistics textbook (Motulsky
2013), but may be even better known as the creator of
Graphpad Prism, a program commonly used by
pharmacologists to analyze and graph data. While the article
represents the personal opinion of Dr. Motulsky, it is
simultaneously published by four different pharmacology
journals coming from three different publishers, indicating
that the editors of all of these journals and their publishers
consider it an important step in the right direction.

Reading the Motulsky article, which I strongly recom-
mend, may be shocking. All of his recommendations are
based on sound and convincing analysis and make perfect
sense once you read them; they are shared by other profes-
sionals in this field (Drummond and Vowler 2011; Marino
2014). Nonetheless, you will realize that hardly any of the
studies previously published in leading pharmacology
journals have adhered to them, i.e., contain flawed study
design, data analysis, and/or reporting. Looking back, I must
plead guilty that even very recent studies from my own lab
apparently have been at least partly flawed in this regard
(Böhmer et al. 2014; Igawa et al. 2012; Michel 2014;
Michel-Reher and Michel 2013; Sand and Michel 2014).

Realizing this problem and its importance, several major
pharmacology journals in collaboration with the International
Union of Pharmacology are currently working on recommen-
dations for proper study design, data analysis, and reporting of
experimental data in the life sciences. We expect that these
recommendations will be implemented in many pharmacolo-
gy journals as part of the instructions to authors in early 2015.
While these instructions will not be a simple copy of the
Motulsky recommendations (Motulsky 2014), most likely
many of them make their way into the new guideline. For
the time being, I can only recommend to carefully look into
the issues raised by Motulsky as well as in the
abovementioned theme issues of the British Journal of

Pharmacology and Biochemical Pharmacology. Properly
using and reporting statistical methods and results will be a
painful shift of culture for many but will lead to more repro-
ducible (and correct!) finding in the studies you report and in
those you read.
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