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The interpretation of medical science is going through a fundamental change. This change will have
considerable impact because it will change the way we report medical science and transform the
way clinicians think'and respond to statistical information. It will be a difficult transition, but the

rewards areggreat. The change is nothing to do with genes or cellular activity or new discoveries.
The change is simply getting rid of the phrase “statistical significance”.

For years we_have;known that using a P value of 0.05 as a threshold for statistical significance is an
arbitrary chaicé. There is no scientific or philosophical basis for choosing 0.05. It almost certainly
originates from a 1926 paper by Fisher describing an experiment involving manure. He stated no
logic for this'¢éhoice apart from saying “personally, the writer prefers to set a low standard of
significance(at the 5 percent point”.! Prominent groups have previously cautioned against its use,
but it has persisted.? Recently the American Statistical Association again called for it to be
abandoned,/and in'a single issue published 43 articles exploring ways to move to a world without

P<0.05.3

Some have suggested replacing 0.05 with 0.005 . This may help reduce false assumptions of truth
but it ignoresithe'underlying fundamental problem. The problem is the whole concept of “statistical
significance”. ANY choice of a P value which is “statistically significant” is flawed. Such choices force
researchersjauthors and commentators to declare whether there is a meaningful effect or not. Such
binary decision rules mean studies and findings are categorised as positive or negative; with us or
against us. Evidence was either found, or it was not. It is easy to see the problem with this. If we take
0.05 as statistically significant then a finding with 0.05 will be reported as finding evidence which
should drive change. A similar study with the same effect size, but a P value of 0.06 would be
reported as not finding evidence and hence not drive change. This is ludicrous. An editorial in NEJM
stated “the notion that a treatment is effective for a particular outcome if P<0.05 and ineffective if
that threshold is.not reached is a reductionist view of medicine that does not always reflect reality” .
Switching 0:05 to 0.005 doesn’t fix the problem. If we decide 0.005 is meaningful, then does that

then mean that 0.006 isn’t?

Nature has recently published a call for the end of the term “statistical significance”. ® The call has
been signed by more than 800 senior medical researchers, biologists and statisticians. The

commentary is succinct and convincing; just two pages long. It should be read by all medical
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researchers and clinicians. The crux of their argument is to “never conclude there is ‘no difference’ or
‘no association’ just because a P value is larger than a threshold such as 0.05, or equivalently,
because a confidence interval includes zero. Neither should we conclude that two studies conflict

because one had a statistically significant result and the other did not.”
In such a world without statistical significance, there will always be uncertainty.

How should our journal, Pediatric Anesthesia, deal with this new uncertainty? Currently journals are

unsure how to"do'this. Most are likely to embrace uncertainty in stages.

Moving away from a dichotomous finding and embracing uncertainty requires a greater appreciation
of the principles underlying the reporting results. This inevitably requires a greater focus on
confidence intervals. In any study comparing two groups there will almost inevitably be a difference
between the'means or medians of the two groups. Similarly risk or odds ratios will almost never be
1. There is nearly always “a difference”. When interpreting what this means for changing practice,
we first consider two things; the effect size and the degree of precision of the estimate. The effect
size is simply how big the difference is; or how large or small the risk or odds ratio. The degree of
precision is reflected in the P value or the 95% confidence intervals. The P value indicates the
probability of the results (or more extreme results) in the sample if the null hypothesis is true. The
95% confidenceintervals are preferred (and indeed mandated in our journal) as they give the reader
a better idea of theeffect size and the power of the study. But the 95% confidence interval still
tempts the authoerto say the difference is significant or not depending on whether or not zero falls
within the interval when comparing means (or 1 falls within the interval if computing a ratio).

Insisting that authors report the 95% confidence intervals only partly fixes the problem.

A crucial step is to ask authors not to conclude a result is “positive” or “negative” purely around a P
value threshold; or bound of a 95% confidence interval. This is going to be a hard habit to break. In
some circumstances readers may still want some terminology to describe the size of a P value or
strength of evidence for any effect. The optimal terminology to express these levels evidence has yet
to be agreeda=Seme have suggested a P value around 0.05 shows “weak evidence”, while a P value
less than 0.01.shows “strong evidence” and a P value less than 0.001 shows “very strong evidence”.
This terminology’should not be fixed, and merely provides an example of how authors might provide

a qualitativerassessment of the strength of evidence.

Another step is to ask the author to address the actual difference between means or medians (or
size of the odds or risk ratio), and also highlight the upper and lower bounds of the confidence
interval and discuss the implications of these. In other words, the author will have to directly

address not only the strength of evidence for any effect (the size of the P value), but also the actual
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effect size and the precision of the estimated effect. This is important. It will reduce the risk of
unwarranted conclusions and make authors and readers think more about what the study actually

found.

Thus the conclusions drawn about the overall relevance of the results must be based on the P value
(if they report a P value), the effect size, and the bounds of the 95% confidence intervals, rather than
simply whether or not the P value is greater or smaller than 0.05. Conclusions will tend to fall into
the following. Studies with larger P values and confidence intervals that are wide and span both
what may orimay not be clinically or scientifically important effects will more likely require
tempered conclusions. Studies with confidence intervals that fall largely within a range that may be
regarded as clinically or scientifically irrelevant are more likely to conclude there is no meaningful
effect, regardless of the size of the P value. Studies whose P values are smaller and 95% confidence
intervals span effect sizes that are largely greater than the minimally important clinical or scientific
effect size may warnrant more definitive conclusions that there is a clinically or scientifically relevant
effect. Having to discuss the actual data, rather than focus on the P value, will have the indirect
benefit of encouraging researchers to report data that are more easily understood. For example the

absolute risk.reduction is more easily understood than a risk or odds ratio.

These steps are going to require subjective, honest, judgement on the part of authors and greater

vigilance by‘editors and readers.

Some fear that;removing the “gatekeeper” of 0.05 will increase the number of authors or
commentators that make claims of certainty when the evidence is particularly weak. This may

indeed happen,.but such claims are easily refuted by looking at the actual numbers.

Less dichotomous certainty about the relevance of an individual study will also prompt authors to
consider their results in a wider context. Good papers already do this. Instead of summarising their
results with'statements of fact, authors will have to put more emphasis on how their results fit with

previous knowledge and hence the overall shift in evidence.

The greatest objection to removing “statistical significance” is the fear that clinicians will not be able
to interpret studies. Proponents of “statistical significance” think clinicians need yes-no directives. |
think this.shows a poor understanding of clinical medicine. Clinicians deal with uncertainty on a daily
basis. Biology is camplex and clinical medicine is rarely precise. Clinicians are already wary of claims
that x causes y. As the medical literature abandons “statistical significance” clinicians will trust that

literature to a greater extent because uncertainty is recognised.
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Some fear removing “statistical significance” will simply lead to chaos. | think this underestimates
the intelligence of our readers. There will inevitably be some initial confusion as we all adjust to an
era without dichotomous statements, but the rewards of moving to a more accurate and rational
interpretation of data far outweigh the risks of causing some initial confusion. Removing “statistical
significance” willeertainly spur a whole new area of investigation into how we report and interpret

data. That isdong overdue.

In summary, Pediatric Anesthesia already requires authors to report 95% confidence intervals. We
will begin to'encourage authors to embrace uncertainty and phase out the concept of dichotomous
“statistical significance”. Authors are encouraged to comply with the following recommendations. At
this stage they,are’not mandatory, but authors and papers that embrace uncertainty will be greatly

appreciated:;
1) SpecifiesPwvalue thresholds such as 0.05 should not drive dichotomous interpretations.

2) If qualitative language is used to describe the strength of evidence for an effect based simply

on the size of a P value, the terminology should be justifiable and reasonable.

3) Authors'should specifically address the clinical or scientific relevance of the bounds of the

95% confidence intervals.

4) Authorsishould be appropriately tempered in their conclusions, using language that
acknowledges uncertainty where appropriate. The conclusions should be influenced by not

only the P value but also the effect size and bounds of the 95% confidence intervals.

Pediatric Anesthesia reports the science behind caring for our most vulnerable cohort, children, at
their most vulnerable time, during anaesthesia and critical illness. As such it behoves us to lead and

adopt the most'rigorous approach to the interpretation of the data we publish.

The way we report and interpret data will evolve substantially over the next decade. We are indeed

entering exciting:;times; albeit somewhat uncertain.
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