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Defining clinical vs. statistical significance

June 25 2015, by Sean Sinden

The problem with P values

The practice of null hypothesis testing has traditionally been used to
interpret the results of studies in a wide variety of scientific fields.
Briefly, significance testing involves the calculation of an outcome
statistic, known as the P value. The P value represents the probability of
finding a difference, by chance, between two sets of values larger than
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that which was observed, assuming no difference between the two sets of
values. Conventionally, if that probability is less than 0.05 the outcome
is deemed "statistically significant". If this sounds confusing, it's because
it is!

P values are commonly misinterpreted and misused to answer research
questions, but in actuality they fail to provide much information to the
reader (1). This method of statistical analysis has been met with criticism
throughout its history and increasingly so in the past few decades. The
shortcomings of significance testing have been identified in both the
academic and non-academic literature. I encourage anyone interested in
the mechanistic limitations of significance testing to seek out such
resources.

The P value doesn't begin to explain the importance of a study's outcome
or the amount of the effect observed, though many researchers
mistakenly believe it to.

Null hypothesis significance testing does not explain how much better —
or worse — a group of individuals did compared with another group, just
that there was a difference between the two groups (2). In short,
significance testing only gives us statistical significance and says nothing
about a study's practical significance or clinical applicability. There are
numerous examples of a statistically significance result having no
practical significance and vice-versa, two of which I have included
below:

A primary HIV prevention medication known as Truvada — a
combination of tenofovir and emtricitabine — was approved by the US
Food and Drug Administration (FDA) in 2012. The two major side
effects of this drug, taken as a daily oral dose, are a mild, non-
progressive decrease in kidney function and a small decrease in bone
mineral density (3). The effect on kidney function was found to be
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statistically significant (P = 0.02), but was considered to be "sub-
clinical" by the authors (4). In a separate study, the same drug caused a
small, but statistically significant decrease in bone mineral density from
baseline, the clinical significance of which was unknown but was not
associated with an increased occurrence of bone fracture during the
study (5). Hence, Truvada does not appear to have any significant
clinical side effects (see the Table below). However, in a cohort of 1603
at-risk individuals in the US, 185 people — roughly 12% of respondents —
cited concern about side effects as their reason for not taking the
medication (6). This is an alarming misconception for a disease that
infects approximately 50,000 Americans and 2 million people globally
per year (12,13), highlighting the need for better knowledge translation
to improve public understanding of research outcomes.

Table. Statistical and clinical significance of Truvada side effects

Side effect

Reduced kidney

function (4)

Decreased bone
mineral density

(5)
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Statistically
significant?

Yes: P=o.02

Yes: P=o.o02fora
2% decrease in
bone mineral
density

Clinically

significant?

No: the ‘sub-
clinical’ effects on
kidney function
were reversible
and manageable

[Tnclear: no
increase in
fractures
associated with
loss of bone
mineral density in
the study
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On the other hand, research results that are not found to be statistically
significant may have clinical applications. In the field of exercise
physiology, a 1% change in performance might be considered clinically
applicable.

To put this in perspective, a difference of 1% in the 100m sprint is the
difference between Donovan Bailey's 1996 Olympic record of 9.84
seconds, and Asafa Powell's 2007 world record of 9.74 seconds.

Such a difference might not be deemed statistically significant in a
typical research study, due to the difficulty of obtaining precision around
such a small difference as a result of limited sample size or large
variability in measurement (7). Another good example is from a study
where researchers found a 2.9-minute improvement in a cycling time
trial lasting 160 minutes with a supplement intervention. This difference
was not statistically significant (8). However, if the researchers were to
look at the results from an application standpoint, their conclusion may
have been different: the 2.9 minute time improvement translated into a
1.8% increase in performance, suggesting that competitive athletes
would probably benefit from the supplement intervention and that
further investigation is warranted (7).

In recent years there has been a move away from using null hypothesis
significance testing alone, or at all, in many scientific fields. Making
inferences using magnitude-based measures such as confidence intervals,
which is becoming increasingly popular, allows researchers to estimate
the size of an effect in relation to clinical and practical importance
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(1,9,10). P-values may still have a place in our statistical assessment of
study outcomes, but not should be the defining value for accepting or
rejecting an outcome (11). Researchers, scientific writers, and the public
need to look at the outcomes of research from a practical standpoint, and
not only use the outdated and dichotomous view of statistical
significance. Do not make conclusions about research outcomes solely
based on significance testing without considering the practical
significance and applicability of the observed effect.

This story is republished courtesy of PLOS Blogs: blogs.plos.org.
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