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Pitfalls of subgroup analysis in randomized multicentre
intervention trials
B. v. DALVI, D. R. KARNAD

ABSTRACT
Results of randomized multicentre trials in patients with
acute myocardial infarction form the basis of day-to-day
therapy in intensive coronary care units all over the world.
The results of subgroup analysis from these trials are applied
by physicians to individual patients and hence, it is important
to understand the limitations of subgroup analysis as per-
formed in many of the trials. Performing multiple analyses
increases the chance of making a type I error. Small sizes of
subgroups increase the chance of a type II error. The use of
univariate methods may show that patients with inferior wall
infarction may not benefit from thrombolysis. A closer look
may show that the number of patients with diabetes, hyper-
tension, both or neither in the two subgroups are different,
and the difference in response to thrombolysis may have
been a reflection of this inequality rather than the site of
infarction. TD minimize this fallacy we suggest an alternative
strategy for subgroup analyses using prognostic scores which
could assess cumulative risk of death resulting from the
interactions of various risk factors for each patient. Compari-
son of subgroups with identical prognostic scores can rescue
subgroup analysis from confounding bias ah~ make it more
meaningful. This could cut down the size and administrative
costs incurred in conducting such multicentre intervention
trials and also facilitate extrapolation of the results to
individual patients.

INTRODUCTION
Randomized, double-blind, placebo-controlled multi-
centre trials have gained widespread acceptance.
Randomization and blinding prevent a selection bias, and
studying large numbers of patients ensures that even small
differences in outcome are detected.' Having proved that
the active drug is superior to a placebo, many investigators
perform subgroup analysis.e+ For example, from the
entire study group of patients with acute myocardial
infarction (AMI) studied, the outcome in smokers who
received an active drug is compared with the outcome in
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smokers who received a placebo. A similar analysis is then
performed for other baseline characteristics that influ-
ence prognosis, such as diabetes, hypertension, site of
myocardial infarction and other variables in order to
identify subsets of patients who may not benefit from the
intervention. Most trials are not designed with the inten-
tion of subgroup analysis. Such retrospective analysis
from a study that contains patients with remarkably
different distribution of baseline prognostic factors may,
therefore, yield fallacious results. We have tried to
identify the deficiencies of subgroup analysis and suggest
that prognostic scoring may increase its accuracy.

MULTIPLE ANALYSES
In the Gruppo Italiano per 10 Studio delIa Streptochinasi
Nell Infarto Miocardico (GISSI) trial, patients with
AMI were randomly given a placebo or intravenous
streptokinase and their mortality compared.l While
thrombolysis produced an overall reduction in mortality,
this benefit was not demonstrated in patients over 65 years
of age and in those with inferior wall infarction. Sub-
group analysis of this nature, if valid and reliable, is
extremely useful as it prevents such patients from being
exposed to the complications of the intervention, which
may be fatal itself. However, the limitations of the statistical
methods used may complicate the interpretation of such
analyses. The difference in mortality between the treat-
ment and placebo groups is considered significant if the
probability of this being a chance observation is less than
5% (p<0.05). This means for every 20 subgroup analyses,
one of the comparisons is going to reach statistical signi-
ficance only as a matter of chance-a type I error. 7 In the
GISSI trial, 8 prognostic factors were noted in each
patient at the time of randomization. Considering these
factors one at a time, 28 subgroups were identified and the
mortality with and without streptokinase in each of these
was compared using the chi-square test. This analysis was
claimed to 'confirm previous suspicion' that patients with
inferior infarction did not benefit from thrombolysis. This
was later disputed by the larger Second International
Study of Infarct Survival (ISIS-2). 4

That subgroup analysis can at times be meaningless in
spite of a large sample size is exemplified by the ISIS-2
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trial, which had a 2x2 factorial design." In this study,
17 187patients were randomized to receive either aspirin,
streptokinase, both or neither. On subgroup analysis, it
was observed that for patients born under the astrological
signs Gemini or Libra, aspirin increased mortality by 9%
(p>0.05) but for patients born under any other sign,
aspirin reduced mortality by 28% (2p<0.00001)-a result
which could not be explained by any physiological differ-
ence between patients born during different months of the
year. This example was deliberately cited by the authors
of the ISIS-2 report to emphasize the limitation of multiple
subgroup analyses. Incidentally, contrary to the GISSI
trial, ISIS-2 showed that streptokinase reduced mortality
after AMI in patients of all ages, and in those with inferior
infarction as well.

The reliability of multiple analyses can be improved by
selecting a higher level of significance (e. g. 1% instead of
5%), but this may increase the risk of a type II error. The
exact level of significance which could minimize a type I
error in a study wherek-subgroup analyses are to be per-
formed is given by 0.05/k.8 Nevertheless, this kind of
operation where large numbers of subgroups are analysed
to find significant results which were not thought of
initially (also termed data dredging) should be avoided as
far as possible. 9Such retrospective subgroup analysis can
only generate a data-derived hypothesis which can form
the basis of stratified randomization in another prospec-
tive randomized trial." In such stratified randomized
studies, subgroup analysis should be restricted to the
variables identified a priori! because only patients from
these subgroups had been randomly allocated at entry
into the two treatment groups. However, even in a very
large trial, the numbers of previously identified variables
to be stratified cannot be too many because the numbers
of patients in each subgroup will become smaller as the
number of strata increases, and the problem of multiple
analyses crops up again.

POWER OF SUBGROUP ANALYSIS
The second problem related to subgroup analysis is the
reduction in the power of the comparisons which results
from splitting the study group into smaller groups based
on individual baseline characteristics. This leads to an
increase in the likelihood of making a type II error-a
mistaken failure to reject the null hypothesis when there
is a real difference between the groups being compared. 7,9-11

The probability of making a type II error is referred to as
~. The power of a study is the probability of not making a
type II error, and is calculated as 1 - ~. This decreases if
the magnitude of the difference between the groups being
compared is small, or if the sample size decreases.P

In all large trials, the number of patients that will be
studied is predetermined on the basis of expected mortality
in the treatment groups, the level of significance, and the
desired power of the study. In the GISSI trial, 12000
patients were to be studied in order to detect a 20% reduc-
tion in mortality with streptokinase if the mortality in the
placebo group was 12%, level of significance was 1% and
power was 95%.3 When subgroups were made on the
basis of the interval between onset of symptoms of AMI
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and admission to the hospital, in the subgroup where this
interval ranged from 9 to 12 hours, there was no signific-
ant difference in mortality between the 292 patients who
received streptokinase and the 302 patients who received
a placebo. If the mortality in the placebo group was 12%
and streptokinase caused a 20% reduction in mortality
(as expected in the overall treatment groups), at a 5%
significance level, the power of this subgroup analysis
with this sample size works out to 13%.9 In other words,
there was an 87% chance of not finding a significant
difference in spite of a 20% reduction in mortality with
streptokinase! Not surprisingly, ISIS-2 showed that
patients with AMI presenting between 9 and 12 hours too
benefited from streptokinase." Although there is no
solution to this problem, if authors indicate the value of ~
for each of their subgroups, a reader may realize the
chance of finding a difference if it did exist, although none
is found. When the power of subgroup analysis is small,
and no difference is found in this analysis, that result is
best ignored and the overall result should be presumed to
apply to this subgroup too.

A possible answer to the problem of subgroup analysis
may be meta-analysis (overview) where data from many
similar trials are pooled in order to increase sample size.

CONFOUNDING EFFECTS OF PROGNOSTIC
VARIABLES
The major problem in interpreting results of subgroup
analysis pertains to the methods used to compare baseline
characteristics in the treatment subgroups." When the
main treatment effects are being compared, one has to be
certain that the treatment and placebo groups are properly
matched in terms of baseline patient characteristics which.
are of prognostic significance. A group of 25 hyperten-
sives and 25 diabetics with AMI and another group of
50 patients with AMI where 25 patients are hypertensive
and diabetic, and 25 patients have neither, appear com-
parable when univariate methods are used in spite of
differences in composition and prognosis. Univariate
methods are therefore inappropriate for this purpose.
Multiple logistic regression is to be preferred.s-' A few
large multicentre trials still continue to use univariate
statistics under such circumstances. 12

Similarly, it is essential that the subgroups too are
matched in terms of other baseline characteristics before
subgroup analysis is performed, but this has not been
done in many trials. 2-5 If three baseline characteristics are
to be matched in a subgroup of diabetes with AMI-age
(4 categories), sex (2 categories) and site of infarction
(3 categories)-and every patient has to fall into one
category for each of these characteristics, then a patient
may belong to one of 4x2x3=24 possible combinations
of prognostic factors." Only if these 24 combinations are
equally represented in the subgroups of diabetics receiving
placebo and diabetics receiving the active drug can one
attribute differences in outcome to the effect of the active
drug.

Multiple-logistic regression can also be used in the
subgroups to compare the cumulative effects of combina-
tions of confounding variables on mortality. Of the many
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TABLE I. Factors and methods used in subgroup analysis in some large randomized
intervention trials

Trial Groups (n patients) Number of
prognostic
factors
analysed

Stratification Number
before of
randomization subgroups

Number
of
interactions
possible

Method
of
subgroup
analysis

NMSG2 Timolol (945) 12
Placebo (939)

3 levels: 33 139968 Univariate
low-risk
high-risk
previousMI
4 levels: 28 15552 Univariate
According to
hours of pain
None 26 3360 Univariate

9 None 20 1152 Done,
method not
mentioned

10 None 32 73728 Multiple
logistic
regression

11 2 levels: 20 1024 Not done
low-risk
not low-risk

GISSP Streptokinase (5860) 8
Placebo (5852)

ISIS-24 Aspirin (4295) 7
Streptokinase (4300)
Both (4292)
None (4300)

ASSET5 rt-PA+Heparin (2516)
rt-PA + Placebo (2495)

OPHS6 Aspirin (11 037)
Placebo (11 034)

TIMI-I115 Invasive (1636)
Conservative (1626)

rt-PA tissue plasminogen activator

recently concluded multicentre trials, the Physicians'
Health Study is one where the baseline variables in
subgroups were adjusted by multiple-logistic regression.s
In this trial, 22 071 physicians were randomized to receive
aspirin, beta-carotene, both, or neither and the number
of cardiovascular or cerebrovascular events in each group
noted. Although there were 10 prognostic factors with
two to four levels for each, these interactions were
accounted for in subgroup analysis because the sample
size was massive. At this point it would be worthwhile to
consider if similar methods could also be applicable to
some of the smaller trials (Table I) like the Norwegian
Multicentre Study Group Trial. 2 In this trial 1884patients
were randomized to receive either timolol or a placebo.
There were 139 968 possible combinations of prognostic
factors and it is extremely unlikely that all these combina-
tions were equally represented in the various smaller
subgroups. This is particularly so since the patients in
these subgroups were not randomly allocated to the treat-
ment groups. Yet, it was assumed that subgroups were
comparable in terms of baseline characteristics without
employing any statistical tests!

AN ALTERNATIVE APPROACH: USE OF
PROGNOSTIC SCORES
Thus it is evident that with a combination of so many
interacting baseline prognostic factors, subgroups
may not be comparable even in a trial involving a few
thousand patients. There is no perfect solution to this
non-comparability of subgroups, although a very large
trial may be a possible answer. It should, however, be
appreciated that in a trial where the outcome being
compared is death, subgroups should be identical in terms

of expected mortality if any real difference in their
mortality is to be attributed to intervention. It is not
necessary that the number of patients with different
combinations of poor prognostic factors be similar as long
as the cumulative risks for death are identical in the two
groups being compared. The use of prognostic scores may
help the comparison of expected mortality. Factors that
predict in-hospital and long term outcome after AMI
have been identified, although based on smaller
databases.P'" and some attempts have been made to
develop prognostic scores. 13,16

The use of such scores may make subgroup analysis less
unreliable. For example, in the Norwegian timolol trial,
203 hypertensive patients with AMI received timolol and
172 a placebo.? Provided both groups had similar pro-
gnostic scores, the expected mortality in either group
would have been the same if they received the same
treatment. If mortality was significantly lower in the
timolol group, one could be sure that hypertensives with
AMI benefited from the drug. It does not matter in this
situation if there were more male smokers with diabetes
in one group and more females with left ventricular failure
in the other provided their prognostic scores were the
same. As mortality is the only end-point being studied, we
would still be comparing like with like although the two
groups differ in terms of combinations of other prognostic
factors.

Besides adjusting for differences in baseline character-
istics in subgroups, scoring may have either benefits too.
Patients are often stratified into high-risk and low-risk
categories in some trials, as in the Norwegian timolol trial?
and the TIMI -II study. 17 However, the definitions of
'high-risk' differ from trial to trial. Moreover, no such
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stratification is done in some trials," yet their results are
interpreted to suggest that the impact of the intervention
was greater in individuals at higher risk. 18 Use of a standard
prognostic score to define high-risk will confer a degree of
uniformity and help compare results of various trials.
Another advantage is that while interaction of confound-
ing variables should be compared by multivariate
methods like mutiple or conditioned logistic regression ,7-9

scores can be compared by simpler univariate statistics.
The biggest advantage, however, is that one could find
that even small subgroups would be comparable. There
were 139968 possible combinations of prognostic factors
in the above example. 2 If scores ranging from 0 to 24 had
been assigned to these patients, then the subgroups of
203 and 172hypertensives were more likely to be matched
as patients could now belong to one of 25 score categories
rather than to one of 139 968 combinations of prognostic
factors.

CONCLUSIONS
While well-designed randomized trials have made
important contributions to the management of AMI, sub-
group analysis, often by univariate methods, has serious
limitations and should not be carried out in ongoing
multicentre trials. Instead, multiple-logistic regression
should be used, whenever the sample size permits,
because multiple univariate comparisons alone may not
reveal baseline differences in prognostic factors between
the treatment groups. Multivariate analysis may show
that the observed differences in outcome in the two
groups may be due to the combined effects of several
statistically 'insignificant' prognostic variables. 8 When the
sample size is small and multivariate techniques may not
be feasible, using prognostic scores will enhance the
accuracy of subgroup analysis. A prognostic scoring
system for AMI will first have to be devised from a large
database along the lines of APACHE II, using a minimum
number of variables that are universally available. This
score will then have to be validated to confirm that the
different groups of patients with the same scores in the
same coronary care unit, and receiving the same therapy
have comparable mortality. Use of such a score will
permit meaningful subgroup analysis by excluding a
confounding bias that may inadvertently arise during
univariate comparisons. Although we have cited trials in
patients with AMI to identify these problems, the same
arguments also apply to similar trials with other disease
states. Finally, it should be remembered that subgroup
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analysis does not provide answers, but asks new questions
that form the basis for other trials.
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