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Background
Subgroup analyses are common in randomised
controlled trials (RCTs). There are many easily
accessible guidelines on the selection and analysis
of subgroups but the key messages do not seem
to be universally accepted and inappropriate
analyses continue to appear in the literature.
This has potentially serious implications because
erroneous identification of differential subgroup
effects may lead to inappropriate provision or
withholding of treatment.

Objectives
• To quantify the extent to which subgroup
analyses may be misleading.
• To compare the relative merits and weaknesses
of the two most common approaches to subgroup analysis: separate (subgroup-specific)
analyses of treatment effect and formal
statistical tests of interaction.
• To establish what factors affect the performance
of the two approaches.
• To provide estimates of the increase in
sample size required to detect differential
subgroup effects.
• To provide recommendations on the analysis
and interpretation of subgroup analyses.

Methods
The performances of subgroup-specific and formal
interaction tests were assessed by simulating data
with no differential subgroup effects and determining the extent to which the two approaches
(incorrectly) identified such an effect, and simulating data with a differential subgroup effect
and determining the extent to which the two
approaches were able to (correctly) identify it.
Initially, data were simulated to represent the
‘simplest case’ of two equal-sized treatment
groups and two equal-sized subgroups. Data
were first simulated with no differential subgroup
effect and then with a range of types and magnitudes of subgroup effect with the sample size
determined by the nominal power (50–95%)

for the overall treatment effect. Additional
simulations were conducted to explore the
individual impact of the sample size, the magnitude of the overall treatment effect, the size
and number of treatment groups and subgroups
and, in the case of continuous data, the variability of the data.
The simulated data covered the types of outcomes
most commonly used in RCTs, namely continuous
(Gaussian) variables, binary outcomes and survival
times. All analyses were carried out using appropriate regression models, and subgroup effects
were identified on the basis of statistical
significance at the 5% level.

Results
While there was some variation for smaller sample
sizes, the results for the three types of outcome
were very similar for simulations with a total sample
size of ≥ 200.
With simulated simplest case data with no
differential subgroup effects, the formal tests
of interaction were significant in 5% of cases
as expected, while subgroup-specific tests were
less reliable and identified effects in 7–66% of
cases depending on whether there was an overall
treatment effect. The most common type of
subgroup effect identified in this way was where
the treatment effect was seen to be significant
in one subgroup only. When a simulated differential subgroup effect was included, the results
were dependent on the nominal power of the
simulated data and the type and magnitude
of the subgroup effect. However, the performance of the formal interaction test was generally
superior to that of the subgroup-specific
analyses, with more differential effects correctly
identified. In addition, the subgroup-specific
analyses often suggested the wrong type of
differential effect.
The ability of formal interaction tests to
(correctly) identify subgroup effects improved
as the size of the interaction increased relative to
the overall treatment effect. When the size of the
interaction was twice the overall effect or greater,
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the interaction tests had at least the same power
as the overall treatment effect. However, power
was considerably reduced for smaller interactions,
which are much more likely in practice. The inflation factor required to increase the sample size
to enable detection of the interaction with the
same power as the overall effect varied with the
size of the interaction. For an interaction of the
same magnitude as the overall effect, the inflation
factor was 4, and this increased dramatically to
≥ 100 for more subtle interactions of < 20% of
the overall effect.
Formal interaction tests were generally robust
to alterations in the number and size of the treatment and subgroups and, for continuous data,
the variance in the treatment groups, with the
only exception being a change in the variance in
one of the subgroups. In contrast, the performance
of the subgroup-specific tests was affected
by almost all of these factors with only a change
in the number of treatment groups having no
impact at all.

Conclusions
While it is generally recognised that subgroup
analyses can produce spurious results, the extent
of the problem is almost certainly under-estimated.
This is particularly true when subgroup-specific
analyses are used. In addition, the increase in
sample size required to identify differential subgroup effects may be substantial and the commonly
used ‘rule of four’ may not always be sufficient,
especially when interactions are relatively subtle,
as is often the case.

Recommendations for subgroup
analyses and their interpretation
• Subgroup analyses should, as far as possible,
be restricted to those proposed before data
collection. Any subgroups chosen after this
time should be clearly identified.

• Trials should ideally be powered with subgroup
analyses in mind. However, for modest interactions, this may not be feasible.
• Subgroup-specific analyses are particularly
unreliable and are affected by many factors.
Subgroup analyses should always be based
on formal tests of interaction although even
these should be interpreted with caution.
• The results from any subgroup analyses
should not be over-interpreted. Unless there
is strong supporting evidence, they are best
viewed as a hypothesis-generation exercise.
In particular, one should be wary of evidence
suggesting that treatment is effective in one
subgroup only.
• Any apparent lack of differential effect
should be regarded with caution unless the
study was specifically powered with interactions in mind.

Recommendations for research
• The implications of considering confidence
intervals rather than p-values could be
considered.
• The same approach as in this study could be
applied to contexts other than RCTs, such as
observational studies and meta-analyses.
• The scenarios used in this study could be
examined more comprehensively using other
statistical methods, incorporating clustering
effects, considering other types of outcome
variable and using other approaches, such
as Bootstrapping or Bayesian methods.
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