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i g h l i g h t s

Statistical analysis of data must be carefully planned before a clinical trial is initiated.
Expected effect size and estimates of necessary sample size are important parts of trial-planning.
p-values do not assess the size of an effect.
p-values do not tell us whether a statistically significant result is of any clinical relevance.
Effect estimates and corresponding 95% confidence intervals should always be reported.

r t i c l e i n f o

rticle history:
eceived 19 July 2013
ccepted 19 July 2013

eywords:
tatistical analyses
linical trials
-values
ffect estimates
onfidence intervals

a b s t r a c t

Background: Statistical analyses are used to help understand the practical significance of the findings in a
clinical study. Many clinical researchers appear to have limited knowledge on how to perform appropriate
statistical analysis as well as understanding what the results in fact mean.
Methods: This focal review is based on long experience in supervising clinicians on statistical analysis
and advising editors of scientific journals on the quality of statistical analysis applied in scientific reports
evaluated for publication.
Results: Basic facts on elementary statistical analyses are presented, and common misunderstandings
are elucidated. Efficacy estimates, the effect of sample size, and confidence intervals for effect estimates
are reviewed, and the difference between statistical significance and clinical relevance is highlighted. The
weaknesses of p-values and misunderstandings in how to interpret them are illustrated with practical
examples.

Conclusions and recommendations: Some very important questions need to be answered before initi-
ating a clinical trial. What is the research question? To which patients should the result be generalised?
Is the number of patients sufficient to draw a valid conclusion? When data are analysed the number of
(preplanned) significance tests should be kept small and post hoc analyses should be avoided. It should
also be remembered that the clinical relevance of a finding cannot be assessed by the p-value. Thus effect

estimates and corresponding 95% confidence intervals should always be reported.

© 2013 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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Table 1
Worked example of number of responders on two different treatments (n = 400).

Response No response Total

New treatment 156 44 200
Control group 132 68 200

variability. If the confidence interval is wide, the effect is not pre-
cisely estimated. To obtain higher precision, the sample size must
be increased.

Table 2
Worked example of number of responders on two different treatments (n = 100).

Response No response Total
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Introduction

In the medical literature significance tests are extensively used
s a method of comparing the effect of different treatments or
roups based on patient characteristics. Traditionally a low p-value
p < 0.05) is interpreted as proof of an interesting effect, whereas
higher p-value is interpreted as no effect of the variable under

tudy. That might be a valid conclusion, but it is not necessarily so,
nd one might question whether this is actually sound practice.

. Methods

This is a mini-review of common, but often not well understood
hallenges clinicians meet when analyzing data and assessing both
tatistical significance and clinical relevance. The review is based
n long experience in conducting clinical research and broad expe-
ience as a consultant in medical statistics for medical journals.
xplanations and advice to novices as well as experienced authors
f health science manuscripts will follow.

. Significance tests, confidence intervals, effect size,
ample size, and p-values

First of all, the p-value is the result of a significance test and
nswers a specific question: What is the probability of observing
he actual estimated effect or an even larger one if the null hypoth-
sis is true? Since the most common null hypothesis is that two
roups or treatments are not different, the question could be sim-
lified as follows: What is the probability that the observed (or a

arger) effect is observed just by chance?
The general formula of a (parametric) test statistic t is

= O − E

S

here O is the observed value of the outcome variable (for instance
proportion or mean), E the expected outcome under the null

ypothesis, and S a measure of random variation (standard error).
utting it simple, if there is no effect of treatment, the difference
− E and hence t, should be close to 0.

As can be seen, the size of the effect (O − E) is measured rela-
ive to random variation. The random variation will decrease with
n increasing number of observations (n). Given that the effect
s unchanged, increasing n would lead to a larger value of t. The
est statistic t is converted to a p-value. Generally, the larger the
bsolute value of t, the lower the p-value and correspondingly the
robability that an effect is due to chance. Thus, a p-value does
either assess the size of an effect as such nor whether a statistically
ignificant result is of any clinical relevance. In order to obtain clin-
cally relevant information, the size of the effect as well as a 95%
onfidence interval needs to be estimated.

.1. Examples

Table 1 gives a very simplified example of the result of a ran-

omised trial comparing two different treatments measuring the
ffect of treatment dichotomously. The reason to conduct a trial
ould normally be the belief or hope that the new treatment has a

etter effect than the standard treatment. Nevertheless, one-sided
Total 288 112 400

tests are not recommended, and the (two-sided) hypothesis will be
that the effect of two treatments differs.

Since the hypothesis to be tested must be the opposite of what
we hope to demonstrate, the null hypothesis (H0) will be that the
two treatments do not differ. Testing this null hypothesis with a chi-
square test leads to p = 0.008. In other words, it is highly unlikely to
see such a large difference in the proportion of responders just by
chance. Since p < 0.05 H0 is rejected.

An obvious question is whether the observed difference is large
enough to be of clinical relevance. The proportion of responders in
the group receiving the new treatment is 156/200 = 0.78, compared
to a response rate of 132/200 = 0.66 in the control group. The con-
clusion with regard to clinical benefit of a 12% absolute difference
would depend on the actual clinical setting and perhaps the uncer-
tainty with which this difference is estimated. The corresponding
95% confidence interval is [0.03 to 0.21], so the true difference might
indeed be quite small and close to 0. Importantly, the confidence
interval does not cover the value 0, so the true effect is not likely to
be 0. This corresponds to the result of the significance test (p < 0.05)
where the null hypothesis of no difference was rejected.

3.2. Effect estimate

The p-value is closely linked to sample size. This can be illus-
trated by reducing the sample size while keeping the proportion of
responders constant. In Table 2, the proportions are 0.78 and 0.66,
as before, but the sample size is ¼ of that in Table 1. With exactly
the same difference in effect, the p-value now becomes p = 0.18 and
the null hypothesis cannot be rejected. Correspondingly, the 95%
confidence interval is now estimated to [−0.06 to 0.29] and a 0
difference cannot be excluded. This neatly illustrates that no con-
clusion should be drawn on the basis of a p-value only. A small trial
will rarely detect even large effects of obvious clinical relevance.
On the other hand inclusion of a very large number of patients may
easily lead to small p-values even if the difference in effect is of no
or marginal relevance. In order to assess whether a statistically sig-
nificant finding is of clinical relevance an estimate of the effect and
a 95% confidence interval for the true effect is therefore needed.
The width of the confidence interval is linked to sample size and
New treatment 39 11 50
Control group 33 17 50

Total 72 28 100
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Table 3
Examples of number of patients needed to detect differences.

Proportion of responders Clinically relevant difference Total number of patients

Control group New treatment Power 80% Power 90%

0.40 0.70 0.30 64 86
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0.40 0.60 0.20
0.40 0.50 0.10
0.40 0.45 0.05

.3. Sample size

The examples in Tables 1 and 2 also illustrate the need for sam-
le size estimation before initiation of a trial. A trial should be large
nough to detect effects considered to be of clinical relevance, i.e. if
here is a true difference in effect, the probability that the trial leads
o p < 0.05 should be high. The larger the number of patients, the
igher is the power of the trial. Usually trials are planned with 80%
r 90% power to detect a predefined difference. Table 3 shows the
umber of patients to be included for some examples of effect dif-

erences in a parallel group trial with a binomial (yes/no) response
ariable. It is clearly demonstrated that trials need to include a large
umber of patients in order to obtain an acceptable probability of
etecting small differences, which might be of clinical relevance.
onsequently, it is very important to preplan sample size and to
nsure that a trial is large enough to lead to a valid conclusion.
mall trials should be avoided, primarily because the probability of
rawing a valid conclusion is low. Also, there will be low precision

n the estimate of the treatment effect. On top of that, small trials
ncrease the risk of publication bias whereby trials with significant
esults are more likely to be published than inconclusive ones. That
s not the way to bring science forward.

.4. Randomisation and blinding

An important assumption for p-values to be directly inter-
retable is that a trial is randomised, i.e. that patients are randomly
llocated to treatment groups. In order to avoid bias the trial should
lso be double blind if at all possible, implying that neither the
atient nor the treating physician knows which treatment the
atient receives. In many cases comparisons are made based on
bservational rather than experimental data. That calls for cau-
ion when attempting to draw conclusions about causality. As a

inimum, all relevant confounding factors, which might affect
rognosis must be taken into account in the statistical analysis.

.5. Non-inferiority

Not all trials are performed to demonstrate superiority of one
reatment over another. The prerequisite for a marketing authorisa-
ion to be granted is that the benefit of a drug is shown to outweigh
he risks. Hence it is sufficient to demonstrate non-inferiority of a
ew medicinal product compared to one that can be considered
reatment of choice. In this situation, the null hypothesis to be
ested would be that the new treatment is inferior to the standard
reatment, and the alternative is that it is as good or superior (one-
ided hypothesis test). As identical effect can never be proven, it
ust be accepted that the new treatment could be slightly infe-

ior to the standard treatment, but this difference (usually called
elta – ı) must be so small that it can be regarded not to be of

mportance to patients. In practice decisions are made based on
he 95% confidence interval for the difference in treatment effect

new – standard). If the interval includes the pre-defined value ı,
he effect of the new treatment is not non-inferior. If the lower limit
f the confidence interval is larger than ı, however, the new treat-
ent is considered as non-inferior to the standard treatment and
142 190
576 770

2164 2896

could have a marketing authorisation if the quality and safety of
the medicinal product were considered acceptable.

3.6. Multiple testing

One of the important weaknesses of using p-values (or indeed
confidence intervals) as a means of assessing efficacy is the risk
of drawing wrong conclusions. Applying a significance level of 5%
implies that the risk of wrongly concluding that there is a differ-
ence between groups is 5% for each p-value calculated. This is often
referred to as the type I error rate. If we perform a number of signif-
icance tests, the risk that one or more will become significant just
by chance increases with the number of tests performed. The most
common way of avoiding inflation of the probability of a type I error
is to define one primary endpoint or outcome variable of a trial and
to restrict the number of secondary endpoints and to regard these
as supportive evidence only. That implies that if no difference in
effect can be demonstrated on the primary endpoint, one should
be extremely cautious to claim efficacy based on a statistically sig-
nificant finding on one of several secondary variables. A very simple
way to adjust for so called multiple tests is to apply a Bonferroni
correction, i.e. multiplying all p-values with the number of tests
performed. This reduces the risk of a false positive conclusion, but
at the same time reduces power.

Multiplicity problems do not only arise with assessment of
multiple endpoints or outcome variables. Also subgroup analyses,
based on biomarkers or other patient characteristics, pairwise com-
parisons of more than two groups, as well as the use of different
cut-offs of a continuous variable to minimise the p-value, will lead
to inflation of the type I error rate. So will interim analyses and
analyses of repeated measurements over time if an appropriate
analysis method is not applied. Mills [1] correctly stated “if you tor-
ture your data long enough, they will tell you whatever you want
to hear”. The best advice is to regard any post hoc or data driven
analyses as exploratory rather than confirmatory. Since even rare
events may occur by chance, unexpected findings need to be tested
in independent data sets or future trials.

3.7. Missing values

The majority of clinical studies will not succeed in having all
information on all variables registered for all patients and a plan for
the handling of missing values is needed. In principle there are two
different strategies that can be followed. One is to analyse complete
data only, often referred to as per-protocol analysis in the clinical
trial setting. At first sight, that seems to be practical, but such a
strategy carries a large risk of bias. In order to obtain an unbiased
estimate of effect, all missing values must be plausibly assumed to
be missing at random which is rarely the case. If patients withdraw
from a clinical trial due to lack of efficacy but are not included in the
statistical analysis, the efficacy estimate could obviously be biased.
3.7.1. Intention-to-treat analysis
The recommended strategy is therefore a so-called intention-

to-treat analysis whereby all patients are included in the analysis
whether or not they received treatment as planned and have all
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ariables of interest registered (see for instance the ICH E9 guide-
ine [2]). Such an analysis strategy requires imputation of missing
alues by making assumptions on what the plausible value would
e. A commonly used method is carrying the last registered value
orward (LOCF). Others include carrying the baseline value forward
BOCF) or imputing the worst possible value. More sophisticated

ethods like multiple imputation techniques usually improve the
esults. In any case, all imputation strategies have weaknesses and
set of sensitivity analyses applying different methods should be
erformed to demonstrate that the result is robust and does not
epend heavily on the way missing values are handled.

. Summary and recommendations for clinical scientists
Some very important questions need to be answered before ini-
iating a clinical trial. What is the research question? To which
atients should the result be generalised? Is the number of patients

[
[
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sufficient to draw a valid conclusion? When data are analysed the
number of (preplanned) significance tests should be kept small and
post hoc analyses should be avoided. It should also be remembered
that the clinical relevance of a finding cannot be assessed by the
p-value. Thus effect estimates and corresponding 95% confidence
intervals should always be reported.
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