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Clinicians and patients who face treatment choices want to know
whether the results of randomised trials are clinically important,
as well as statistically significant. The result is considered
statistically significant if the probability that it is a chance
finding is less than one in 20 (P value is less than 0.05). But the
P value does not measure the size of the difference between
treatment and comparator and therefore is not sufficient to assess
clinical importance. The next question is: does the treatment
make enough difference in outcome to be worth using?
The minimum important difference (MID) is the least change
in a measurement that is judged to matter to the person being
treated and is best assessed by patients themselves. For outcomes
such as quality of life, which are measured as scores on a
continuous scale, the MID is the minimum change in score
required for the patient to decide that their treatment has been
effective.1 The MID can be used to evaluate the clinical
importance of treatments, but there are different ways to do
this.2 3

In this article we consider how to assess whether statistically
significant results are also clinically important. We show that
when the mean difference is statistically significant, clinical
importance can be better judged using a combination of the size
of the mean difference and the spread of individual responses
to treatment.

More than just the mean difference
NICE guideline groups (among others), currently use the
GRADE (grading of recommendations assessment, development,
and evaluation) approach to evaluate continuous outcomes in
clinical trials. The GRADE approach uses the estimate of the
mean difference and its 95% confidence interval (CI) to assess
whether there is a statistically significant difference between
the treatment and its comparator.4

In large trials or meta-analyses the 95% CI can be very narrow,
so a small mean difference may be statistically significant, but

is it also clinically important? To answer this question the mean
difference is compared with the MID. When the 95% CI of a
mean difference does not reach the MID threshold, guideline
writers using GRADE may conclude that the treatment is not
clinically worthwhile, even if the result is statistically significant.
The 95% CI around a mean difference is where we are 95%
sure that the average treatment effect in the population is
located—it does not describe the range of results that we would
expect for individual participants. The 95% CI of the mean
difference is 3.92 times as wide as the standard error of the
mean. By contrast, individual patient results are spread more
widely, with 95% of patients having results within an interval
that is 3.92 times the standard deviation. So, although the 95%
CI of the mean difference may be less than the MID, this does
not mean that 95% of individual patients fail to achieve theMID
threshold.
We need more information about the distribution of individual
responses to determine the clinical relevance of the treatment.
One way is to look at how many people on treatment and on
placebo had a response at least as great as the MID. Such
individuals have been described as “responders,” and this
approach as a “responder analysis.”2 3

Worked example
We compared the two approaches (95% CI of a pooled mean
difference and responder analysis) using data obtained for a
Cochrane systematic review of tiotropium versus placebo in
randomised controlled trials of patients with chronic obstructive
pulmonary disease (COPD).5

In 11 672 participants from nine trials in the review quality of
life was measured with the St George’s Respiratory
Questionnaire. This scale runs from zero to 100, with higher
scores representing a lower quality of life. The MID is a
reduction of four units from baseline, which has previously been
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shown to be clinically important on the basis that it was the
average change in score from the patients who judged that their
treatment had been “slightly effective.”6

Mean difference
The trials in this review found an average reduction of 2.89
units on the St George’s scale for tiotropium compared with
placebo. The large numbers of participants in the trials led to a
narrow 95% CI around this estimate of the mean. The authors
said, “Compared to placebo, tiotropium treatment significantly
improved the mean quality of life (mean difference of −2.89;
95% CI −3.35 to −2.44).” The forest plot shows that the 95%
CI of the estimated mean from all the trials (shown as the width
of the diamond) is clearly statistically significant (P<0.00001),
but it does not reach the MID threshold of a four unit reduction
(shown as a dotted vertical line) (fig 1⇓).
It is tempting to conclude that the treatment has no clinically
significant effect.6 7 To assess whether this is correct, we looked
at the number of responders—those who showed a reduction of
at least four units—on tiotropium and on placebo.

Responder analysis
The results from each patient are rarely included in trial reports,8
but one of the authors (CK) was able to obtain unpublished
information from the trial sponsors about the number of
responders in each arm.
The risk ratio of responders on tiotropium compared with
placebo was 1.25 (95% CI 1.20 to 1.31) (fig 2⇓), which means
that the chance of being a responder is between 20% and 31%
higher in patients given tiotropium than in those given placebo.
Interpreting the clinical importance of this treatment effect using
ratios alone is not possible; we also need to know how many
people responded to tiotropium or placebo to establish the
absolute difference that the treatment makes.
Overall, 1988 of 5108 patients given placebo (39%) were
responders. These are shown as 39 green faces in a Cates plot
(fig 3⇓). We applied the pooled risk ratio (and its 95% CI) to
this average risk on placebo to demonstrate the expected benefit
of the treatment. The 10 yellow faces in the Cates plot show
that for every 100 people with COPD given tiotropium for an
average of a year, 10 more people (95% CI 8 to 12) would
respond. The 51 red faces represent people who would not
respond on either placebo or tiotropium.
The responder analysis shows that around one in 10 more
participants had a noticeable benefit of treatment with tiotropium
than with placebo. The number needed to treat for one additional
patient on tiotropium to achieve the MID is 11 (95% CI 9 to
13). This can be used to assess the clinical relevance of the
treatment, even if the mean difference does not reach the MID.
In another example, responder analysis was reported alongside
the mean difference for a trial of high frequency oscillation in
neonates born before 29 weeks of gestation.9 Despite a
seemingly small mean difference in lung function, responder
analysis showed a clinically important difference—high
frequency oscillation was associated with a lower proportion
of children whose lung function results were below the 10th
centile in later life (37%) than conventional ventilation (47%).9

We are not proposing that responder analyses should be used
instead of the mean difference, as there would be considerable
loss of statistical power.3 Rather, we think that clinical
importance should not be assessed using the 95%CI of the mean
difference alone, but in combination with responder analysis or

other methods of presenting individual responses, such as dot
plots.8

Individual patient responses
In the tiotropium trials each participant was randomised to
receive either active treatment or placebo, meaning that we
cannot directly compare the response to each intervention in
the same person. The mean difference between tiotropium and
placebo in individual patients can only be calculated in studies
in which patients are given the active treatment and placebo in
random order in succession; such studies have been called “n
of 1” studies.10 This would allow us to gauge whether tiotropium
was consistently better or worse than placebo for individual
patients with COPD, as Senn has previously pointed out.2 11 12

So, even though we can see that there are more responders in
the population given tiotropium, we cannot tell which patients
would benefit more on tiotropium than they would have done
on placebo.

Implications for practice
Guideline writers cannot fully evaluate the clinical importance
of treatments without looking at both the mean difference and
individual responses of participants in trials. Statistical
significance should be calculated for continuous outcomes using
the mean difference, but clinical importance needs further
information about individual responses. Population benefit of
a treatment cannot be ruled out in guidelines or systematic
reviews just because the 95% CI of the mean difference fails to
reach the MID.

Implications for research
Clinical trials should specify in their protocol that they will
report the distribution of results in individual participants as
well as the mean difference. Researchers should publish plots
of individual results and responder analyses in clinical trial
reports. Then guideline writers, systematic reviewers, and
clinicians could use this information, as well as the mean
difference, to assess the clinical importance of treatment effects
measured as continuous outcomes in randomised trials.
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Key messages

Mean difference is the most powerful way to measure statistical significance of continuous outcomes
But mean difference alone is not suitable for assessing clinical importance of treatments
Responder analyses are also needed to interpret the clinical importance of treatment effects
Researchers should be encouraged to publish both mean differences and details of individual responses from their clinical trials
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Figures

Fig 1 Forest plot of quality of life (total score on St George’s Respiratory Questionnaire) for tiotropium versus placebo.5
SE=standard error of the mean, IV=inverse variance. The dotted line indicates the four unit threshold for minimum important
difference (MID).

Fig 2 Forest plot of the number of people who improved by at least four units in quality of life (total score on St George’s
Respiratory Questionnaire) for tiotropium versus placebo.5 M-H=Mantel-Haenszel.
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Fig 3Cates plot of responders measured by a four unit improvement in St George’s Respiratory Questionnaire on tiotropium
and placebo (created using Visual Rx at www.nntonline.net)
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