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To adjust or not to adjust: it is not the tests performed that
count, but how they are reported and interpreted
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There has been growing realisation that the relia-
bility and credibility of research findings in medicine
and in many other disciplines is severely impaired
by the selective reporting of the most notable and
significant results arising from a multiplicity of anal-
yses. Indeed, performing a large number of tests will
in many cases lead to findings that reflect nothing
but lucky fluctuations. If you perform enough tests,
you will obtain a P value that is smaller than the
magical 0.05 threshold even if there are actually no
real effects in your data, just in the same way as you
will find someone who is taller than the g5th centile
if you measure enough individuals from a represent-
ative sample.

A common solution to make valid statistical infer-
ence when multiple tests are performed is to use an
adjustment procedure, such as Bonferroni, which
aims to control the probability of obtaining at least
one false positive result. Much has been said on how
to adjust for multiple testing, but guidance on when
to adjust is comparably scarce and often contradic-
tory, which can lead to considerable uncertainty and
confusion among researchers. In a few simple cases,
there is general agreement on whether one should
adjust for multiple testing or not. In many other
cases, however, there are almost as many opinions
given as there are tests to be performed. Researchers
can find a vast spectrum of recommendations in the
literature that range from clear theoretical arguments
in favour of multiple testing’ to forceful assertions
against it.? For some, adjustment is "at best, unnec-
essary and, at worst, deleterious to sound statistical
inference."”> Between these two extremes, you can
find authors urging for adjustment only in explan-
atory settings but never in confirmatory settings,
while you might find just as many authors urging for
adjustment only in confirmatory settings but never in
exploratory settings.

Contradictory recommendations and uncertainty
on how to interpret them make the question of when
to adjust for multiple testing a source of frustration
in the communication between medical researchers
and consulting statisticians. Both parties seem to
be either convinced that they are more qualified to
decide on whether and which analyses should be
adjusted for or they are convinced that it is entirely
the responsibility of the other party (or of the
reviewers) to decide on this question. This uncer-
tainty opens the door to questionable research prac-
tices, ranging from the omission of analyses that did
not yield significant results to the salami slicing of
research projects into multiple papers of low quality.
Multiple testing issues are thus hidden behind fancy

terms such as "fishing for significance" and "cherry
picking" that contribute to a distortion of the medical
literature, undermining the paradigm of evidence
based decision making.

Here, we suggest a unique approach that has
the advantage of being easily understandable for
both medical researchers and statisticians, thereby
enabling efficient communication concerning the
question of whether to adjust for multiple testing. It
is not a complex set of rules, but one approach that is
valid in all situations and includes many previously
proposed rules as special cases:

Multiple testing should be adjusted for only where
authors use the significance of statistical tests to
weight the reporting, discussion, and interpretation
of their findings.

The decision to adjust thus does not depend on a
subjective label classifying the study as exploratory
or confirmatory, nor does it rely on theoretical math-
ematical concepts. Instead, the decision depends on
how the results of the multiplicity of performed tests
are reported and interpreted. If significant results
are used to hide the multiplicity of non-significant
results in the interpretation of a study, adjusting
for multiple testing would then be necessary. If, on
the other hand, the results of all performed tests are
transparently reported with equal emphasis, regard-
less of the significance of the findings, adjustment
would not be necessary.

For example, if a clinical trial is declared successful
when only one among three co-primary endpoints
shows a significant difference between treatment
and control group, this significant result is given
more weight in the interpretation. According to our
approach, the three corresponding tests form a set
of tests over which adjustment is needed, which
matches standard practice. On the other hand, the
results of tests for secondary efficacy endpoints do
not influence the reporting of primary endpoints
and are usually reported on equal footing, no matter
whether the respective null hypothesis was rejected
or not. As a consequence, according to our approach,
the tests on secondary efficacy endpoints do not form
a set over which adjustment is necessary. In more
general situations, the sets among which selective
reporting dependent on significance occurs do not
arise naturally from the research question but they are
a deliberate decision in the reporting of results. Our
approach can also support the choice for or against
adjustment in these more complex situations. Finally,
the approach is meaningful regardless which adjust-
ment procedure (eg, Bonferroni or a more complex
method) is used, if adjustment is chosen.
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However, humans are not infallible.* After results
are known, it is often easy for authors to convince
themselves that they were planning to report only
the results of some of the performed tests in the first
place (and these often happen to be significant).
In this sense, the approach we propose is not a
universal remedy, and will be most useful in combi-
nation with pre-registration. But confusion is much
more likely if authors find that the rules to be applied
are unreasonably strict or that the recommendations
on whether to adjust for multiple testing or not are
contradictory.

In this article, we have proposed a simple approach
that aims to dispel this impression and to create a
common understanding for medical researchers and
statisticians alike, ultimately making the decision to
adjust for multiple testing more transparent and less
prone to bias. While this approach deals with misun-
derstandings in the decision on whether to adjust for
multiple testing, it does not resolve other issues that
arise when research conclusions are based on signif-
icance.’ © In this sense, we do not mean to favour the
sustained focus on P values in the medical literature
and, in principle, the approach can also apply to
other statistical inference approaches such as confi-
dence intervals and Bayes factors, which have been
increasingly put forward as meaningful alternatives
to P values.’
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