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Comparisons within randomised groups can be very
misleading
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When we randomise trial participants into two or more
intervention groups, we do this to remove bias; the groups will,
on average, be comparable in every respect except the treatment
which they receive. Provided the trial is well conducted, without
other sources of bias, any difference in the outcome of the
groups can then reasonably be attributed to the different
interventions received. In a previous note we discussed the
analysis of those trials in which the primary outcome measure
is also measured at baseline. We discussed several valid
analyses, observing that “analysis of covariance” (a regression
method) is the method of choice.1

Rather than comparing the randomised groups directly, however,
researchers sometimes look at the change in the measurement
between baseline and the end of the trial; they test whether there
was a significant change from baseline, separately in each
randomised group. They may then report that this difference is
significant in one group but not in the other, and conclude that
this is evidence that the groups, and hence the treatments, are
different. One such example was a recent trial in which
participants were randomised to receive either an “anti-ageing”
cream or the vehicle as a placebo.2 Awrinkle score was recorded
at baseline and after six months. The authors gave the results
of significance tests comparing the score with baseline for each
group separately, reporting the active treatment group to have
a significant difference (P=0.013) and the vehicle group not
(P=0.11). Their interpretation was that the cosmetic cream
resulted in significant clinical improvement in facial wrinkles.
But we cannot validly draw this conclusion, because the lack
of a significant difference in the vehicle group does not provide
good evidence that the anti-ageing product is superior.3

The essential feature of a randomised trial is the comparison
between groups. Within group analyses do not address a
meaningful question: the question is not whether there is a
change from baseline, but whether any change is greater in one
group than the other. It is not possible to draw valid inferences
by comparing P values. In particular, there is an inflated risk of
a false positive result, which we shall illustrate with a simulation.

The table shows simulated data for a randomised trial with two
groups of 30 participants. Data were drawn from the same
population, so there is no systematic difference between the two
groups. The true baseline measurements had a mean of 10.0
with standard deviation (SD) 2.0, and the outcomemeasurement
was equal to the baseline plus an increase of 0.5 and a random
element with SD 1.0. The difference between mean outcomes
is 0.22 (95% confidence interval –0.75 to 0.34, P=0.5), adjusting
for the baseline by analysis of covariance.1 The difference is
not statistically significant, which is not surprising because we
know that the null hypothesis of no difference in the population
is true. If we compare baseline with outcome for each group
using a paired t test, however, for group A the difference is
statistically significant, P=0.03, for group B it is not significant,
P = 0.2. These results are quite similar to those of the anti-ageing
cream trial.2

We would not wish to draw any conclusions from one
simulation. In 1000 runs, the difference between groups had
P<0.05 in the analysis of covariance 47 times, or for 4.7% of
samples, very close to the 5% we expect. Of the 2000
comparisons between baseline and outcome, 1500 (75%) had
P<0.05. In this simulation, where there is no difference
whatsoever between the two “treatments,” the probability of a
significant difference in one group but not the other was 38%,
not 5%. Hence a significant difference in one group but not the
other is not good evidence of a significant difference between
the groups. Even when there is a clear benefit of one treatment
over the other, separate P values are not the way to analyse such
studies.4

How many pairs of tests will have one significant and one
non-significant difference depends on the size of the change
from baseline to final measurement. If the population difference
from baseline is very large, nearly all the within group tests will
be significant, and if the population difference is small, nearly
all tests will be not significant, so there will be few samples
with only one significant difference. If the difference is such
that half the samples would show a significant change from
baseline, as it would be in our simulation if the underlying
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difference were 0.37 rather than 0.5, we would expect 50% of
samples to have just one significant difference.
The anti-ageing trial is not the only one where we have seen
this misleading approach applied to randomised trial data.3 We
even found it once in the BMJ!5
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Table

Table 1| Simulated data from a randomised trial comparing two groups of 30 patients, with a true change from baseline but no difference
between groups (sorted by baseline values within each group)

Group BGroup A

Change6 monthsBaselineChange6 monthsBaseline

1.17.96.810.77.16.41

0.37.57.22-1.05.66.62

-0.36.97.231.08.37.33

-0.56.97.441.49.17.74

0.88.37.551.89.57.75

1.99.47.561.79.67.96

0.79.08.370.58.58.07

0.48.88.480.58.58.08

-0.78.08.791.09.18.19

-1.87.29.0100.49.69.210

-2.17.19.211-0.68.79.311

1.010.69.6121.110.79.612

1.111.09.913-0.79.09.713

1.411.510.114-0.89.09.814

0.210.410.215-1.88.09.815

0.711.010.3160.911.110.216

-0.59.910.4171.211.510.317

0.811.310.518-1.59.110.618

-0.89.910.7191.412.010.619

-0.110.710.8202.513.210.720

1.011.810.821-1.29.710.921

-1.110.011.1221.112.211.122

2.113.211.123-0.410.811.223

0.411.811.4240.111.911.824

0.512.111.625-0.112.212.325

-0.211.511.7260.212.612.426

0.712.712.0271.915.013.127

1.413.712.3280.613.813.228

-1.112.613.7290.814.113.329

-0.213.713.9300.514.213.730

0.2410.219.98Mean0.4410.4610.02Mean

1.022.091.90SD1.062.292.06SD

Reprints: http://journals.bmj.com/cgi/reprintform Subscribe: http://resources.bmj.com/bmj/subscribers/how-to-subscribe

BMJ 2011;342:d561 doi: 10.1136/bmj.d561 Page 3 of 3

RESEARCH METHODS & REPORTING


