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Medical research is often dogmatically classified as ‘positive’ or ‘nega
tive’ based on whether or not a P-value for the main comparison 
achieves a value of less than 0.05.1 For many years, P-values have 
been misinterpreted and misused.

What is a P-value?
The majority of statistical analyses involve comparisons, most obviously 
between treatments or between groups of subjects. The numerical va
lue corresponding to the comparison of interest is often called the ef
fect, or association. In the null hypothesis, we state that the effect (or 
association) of interest is zero (e.g. cardiovascular mortality is the 
same for men and women). This statistical null hypothesis is commonly 
the negation of the research hypothesis (the alternative hypothesis usu
ally is formulated as an effect or association different than zero).2

Following the same example, the alternative hypothesis is that cardio
vascular mortality is not the same for men and women.

The P-value is the probability of obtaining a difference as great as that 
actually observed if the null hypothesis were true.3 In the previous ex
ample, this refers to the observed difference in cardiovascular mortality 
between men and women. By having a sample and not the entire popu
lation of men and women, we might observe some differences by 
chance. In interpreting P-values, we relate our data to the likely variation 
in a sample due to chance when the null hypothesis is true in the popu
lation. So the P-value is the probability of observing such a difference in 
cardiovascular mortality between men and women, or even larger, 
when there is actually no difference. Importantly, the smaller the 
P-value, the stronger the evidence against the null hypothesis (e.g. the 
more convincing the evidence is that a truly difference might exist).

Why is medical literature so 
obsessed with P-values?
Hypothesis tests are a means to make decisions with an acceptance or 
rejection of the null hypothesis based on the P-value. A cut-off is there
fore chosen to decide whether the null hypothesis is rejected (if smaller 
than the cut-off).4 Some medical research is indeed concerned with de
cision making (e.g. randomized controlled trials to evaluate treatment 
efficacy). However, much medical research is not. If we evaluate the 
risk of a particular disease with regard to a given condition (e.g. sex 
and history of myocardial infarction), we put the focus on the 

aetiological path of the disease. Let’s put this in plain English. In a rando
mized controlled trial to evaluate treatment efficacy, we test the hy
pothesis about whether treatment A reduces outcomes compared 
with treatment B (so we need an unambiguous decision rule to decide 
when treatment A would be considered different than treatment B). 
However, in an observational study, we might want to test how likely 
is for a risk factor (e.g. sex and history of myocardial infarction) to cause 
a disease.5 In the first scenario, we need a tool with a pre-specified 
threshold to make a decision about efficacy, to then subsequently gen
eralize the use of the treatment. In the second scenario, we are rather 
interested in using a P-value as a measure of the strength of evidence 
against the null hypothesis, rather than as an aid to decision-making. 
We cannot change our biological sex or previous history of myocardial 
in order to reduce the risk of the disease (the focus is rather on under
standing the disease, on how likely some factors to influence it).

How did we get here: a historical 
and contemporary perspective
The idea of significance testing was introduced by RA Fisher, who saw 
the P-value as an index measuring the strength of evidence against the 
null hypothesis. Neyman and Pearson introduced the hypothesis testing 
formulation and proposed a more dogmatic view of the P-value, which 
was focused on a decision rule for interpreting the results of an experi
ment (e.g. randomized controlled trial) in advance.4

Because of the current requirements of regulatory bodies, and the 
historical appetite of medical journals and readers for positive news, 
the use of the P-value became dominated by a division of results into 
significant and non-significant, regardless of the original research ques
tion (e.g. testing an intervention vs. assessing a risk factor).

P-values are (many times) 
misinterpreted and misused
(1) A P-value does not represent the probability that the alternative hy

pothesis is true. A P-value of 0.01 (1%) does not mean that the null 
hypothesis is 1% likely to be true (a drug is as effective as placebo), 
and the alternative hypothesis is 99% likely to be correct (a drug is 
more effective than placebo).

(2) A P-value >0.05 means that there is insufficient evidence that the null 
hypothesis is true. However, it is incorrect to infer that there is 
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evidence that the null hypothesis is true since the ‘absence of evidence’ 
is not the same as ‘evidence of absence’.

(3) P-values are often used for hypothesis testing (to evaluate whether it is 
below a pre-specified bar), whereas sometimes we are rather inter
ested in the strength of the evidence against the null hypothesis.

(4) A P-value <0.05 does not necessarily translate into clinically meaning
ful differences, which are worth acting on.

Conclusions
The goal of medical statistics should be to provide an evaluation of cer
tainty or uncertainty regarding the size of an association. A slavish focus 
on whether or not a P-value is above or below 0.05 is a rather simplistic 
approach to the interpretation of the results of an analysis. Some recom
mendations about what to do, and what not to do are shown in Figure 1.
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Figure 1 What to do and what not to do when interpreting P-values.
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