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Abstract

Results of subgroup analysis (SA) reported in randomized clinical
trials (RCT) cannot be adequately interpreted without information
about the methods used in the study design and the data analysis. Our
aim was to show how often inaccurate or incomplete reports occur.
First, we selected eight methodological aspects of SA on the basis of
their importance to a reader in determining the confidence that should
be placed in the author’s conclusions regarding such analysis. Then,
we reviewed the current practice of reporting these methodological
aspects of SA in clinical trials in four leading journals, i.e., the New
England Journal of Medicine, the Journal of the American Medical
Association, the Lancet, and the American Journal of Public Health.
Eight consecutive reports from each journal published after July 1,
1998 were included. Of the 32 trials surveyed, 17 (53%) had at least
one SA. Overall, the proportion of RCT reporting a particular method-
ological aspect ranged from 23 to 94%. Information on whether the
SA preceded/followed the analysis was reported in only 7 (41%) of the
studies. Of the total possible number of items to be reported, NEJM,
JAMA, Lancet and AJPH clearly mentioned 59, 67, 58 and 72%,
respectively. We conclude that current reporting of SA in RCT is
incomplete and inaccurate. The results of such SA may have harmful
effects on treatment recommendations if accepted without judicious
scrutiny. We recommend that editors improve the reporting of SA in
RCT by giving authors a list of the important items to be reported.
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Introduction

The randomized clinical trial (RCT) has
been increasingly accepted as a main source
of evidence for making clinical decisions
and basing new policies. RCT now have
more precise definitions of patients’ eligibil-
ity, treatment schedules, and outcome crite-

ria, appropriate blinding and objectivity in
assessments of patients, and better data col-
lection and processing. In addition, methods
of statistical analysis such as significance
testing and estimation techniques have be-
come essential features in the reporting of
trial findings (1-3). Despite the robustness of
this strategy, results of an RCT cannot be
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adequately interpreted without information
about the methods used in the study design
and the data analysis. Readers need these
specific data in order to make informed judg-
ments regarding the internal and external
validity of published reports of clinical tri-
als. Such reports, however, frequently omit
important features of design and analysis
(4,5). DerSimonian and colleagues (6) found
that investigators reported only 56% of eleven
methodological items in 67 trials published
in four general medical journals.

Subgroup analyses are frequently en-
countered in reports of clinical trials. In a
survey of three leading medical journals,
Pocock and co-workers (7) found that 23
out of 45 trials (51%) had at least one sub-
group analysis that compared the response to
treatment in different subsets of patients.
While there have been some reports on guide-
lines for assessing the strength of inferences
based on subgroup analyses, and assisting
clinicians in making decisions regarding
whether to base a treatment decision on the
results of such analyses (8-13), neither the
Consolidated Standards of Reporting Trials
(CONSORT) statement (a checklist of 21
items and a flow diagram), which identifies
key pieces of information necessary to evalu-
ate the validity of a trial report (14), nor the
Instructions for Authors in leading medical
journals include specific information on re-
porting subgroup analyses in RCT.

In this paper we review the current prac-
tice of reporting methodological aspects of
subgroup analysis in clinical trials in four
leading journals. Our aim here was to show
how often inaccurate and incomplete reports
are published. We also suggest a list of im-
portant items to be reported in subgroup
analysis of RCT.

Material and Methods

We examined 32 reports of randomized
controlled clinical trials published in the
New England Journal of Medicine (NEJM),

the Lancet, the Journal of the American
Medical Association (JAMA), and the Ameri-
can Journal of Public Health (AJPH). The
choice of journals was based on the size of
their audience and their wide international
acceptance. Therefore, two leading Ameri-
can medical journals (NEJM and JAMA),
and one leading British medical journal (Lan-
cet) were selected. The fourth journal cho-
sen is a leading journal in the field of Epide-
miology, since we wanted to have a sample
representative of both medically oriented
journals as well as an epidemiologically ori-
ented journal. Eight consecutive reports from
each journal published after July 1, 1998
were included. The reports were published
within two months in the NEJM and Lancet,
three months in JAMA, and 6 months in the
AJPH. The trials involved many diseases
(including 11 infectious, 3 cardiovascular, 2
respiratory, and 4 neurological disorders)
and were considered to be representative of
clinical trials reported in major medical jour-
nals.

We then surveyed the selected trials to
determine how frequently certain aspects of
design and analysis of subgroup analysis
were reported. We recorded whether a par-
ticular methodological aspect of a clinical
trial was mentioned and not whether a par-
ticular method was used. If the author said
that a specific test for interaction was not
performed, that was coded positively as a
report on the item, as was a statement that a
test for interaction had been carried out. We
selected eight items on the basis of their
importance to a reader in determining the
confidence that should be placed in the
author’s conclusions regarding the subgroup
analysis, their applicability across a variety
of medical specialty areas, and their ability
to be detected by the scientifically literate
general medical reader. We chose the fol-
lowing items: 1) a priori/post hoc subgroup
analysis (information on whether the sub-
group analysis preceded or followed the anal-
ysis); 2) number of subgroups examined (in-
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formation about how many subgroups were
examined); 3) justification for subset defini-
tion (information explaining how the sub-
groups were stratified); 4) when subgroups
were delineated (information on whether the
subgroups were defined after or before ran-
domization); 5) statistical methods (the names
of specific tests or techniques used for statis-
tical analyses); 6) power (information de-
scribing the determination of sample size or
the size of detectable differences); 7) clini-
cal significance (information on the clinical
significance of the interaction), and 8) over-
all treatment comparison (information about
the prominence of the comparison between
the main treatment groups) (Table 1).

For each trial, one of us (E.D.M.) com-
pleted a standardized evaluation of each item
to determine whether the item was reported,
not reported, or unclear (when the informa-
tion on the item was found to be incomplete
or ambiguous). If an item was clearly not
applicable to a particular study, it was re-
garded as reported.

Results

Of the 32 trials surveyed, 17 (53%) had at
least one subgroup analysis. Since our inter-

est was centered on subgroup analysis, hence-
forth the results presented will refer to this
subset of articles. The frequency of report-
ing each of the eight items included in our
list is shown in Table 2. The proportion of
clinical trials reporting a particular method-
ological aspect ranged from 23 to 94%. Only
7 (41%) of the studies presenting results of
subgroup analysis reported whether the anal-
ysis was planned a priori or not, and overall
the problem of subgroup analysis not planned
a priori was restricted to one quarter of the
32 papers evaluated. Among the 14 (82%)

Table 2. Frequency of reporting eight important aspects for planning and interpreting the results of subgroup analysis in randomized clinical trials
in four scientific journals.

Methodological aspect NEJM JAMA Lancet AJPH Total
 (N = 4)  (N = 3)  (N = 6)  (N = 4)  (N = 17)

R U O R U O R U O R U O R (%) U (%) O (%)

A priori/post hoc subgroup analysis 2 - 2 2 - 1 1 1 4 2 - 2 7 (41) 1 (6) 9 (53)
Number of subgroups examined 1 1 2 1 1 1 2 - 4 2 - 2 6 (35) 2 (12) 9 (53)
Justification for subset definition 2 1 1 2 - 1 3 1 2 4 - - 11 (65) 2 (12) 4 (23)
Subgroup delineated after/before 3 - 1 2 1 - 5 - 1 4 - - 14 (82) 1 (6) 2 (12)
 randomization
Statistical methods 4 - - 3 - - 4 - 2 4 - - 15 (88) - 2 (12)
Power estimation - - 4 1 - 2 2 - 4 1 - 3 4 (23) - 13 (77)
Clinical significance 3 1 - 2 1 - 4 1 1 3 - 1 12 (71) 3 (18) 2 (12)
Overall treatment comparison 4 - - 3 - - 6 - - 3 - 1 16 (94) - 1 (6)

NEJM = The New England Journal of Medicine; JAMA = The Journal of the American Medical Association; AJPH = American Journal of Public
Health. R = reported; U = unclear; O = omitted.

Table 1. List of important methodological items when reporting subgroup analysis in
randomized clinical trials.

- A priori /post hoc subgroup analysis (information on whether the subgroup analysis
preceded or followed the analysis)

- Number of subgroups examined (information about how many subgroups were
examined)

- Justification for subset definition (information explaining how the subgroups were
stratified)

- When subgroups were delineated (information on whether the subgroups were
defined after or before randomization)

- Statistical methods (the names of specific tests or techniques used for statistical
analyses)

- Power (information describing the determination of sample size or the size of
detectable differences)

- Clinical significance (information on the clinical significance of the interaction)
- Overall treatment comparison (information about the prominence of the comparison

between the main treatment groups)
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trials reporting when the subgroups were
delineated, 4 (29%) defined the subgroups
after randomization had been conducted.
Although 15 (88%) articles stated the statis-
tical methods used, only 6 (35%) carried out
specific tests or techniques for assessing the
presence of interaction. The remaining 9
(53%) inappropriately employed P values
for subgroups for assessing whether the treat-
ment effect varied between subgroups. Of
the 16 (94%) reports including the results of
the main comparison of treatment groups, 10
(63%) yielded either nonsignificant (N = 7)
or significantly worse (N = 3) results for the
treatment under investigation. Of the total
possible number of items to be reported,
NEJM, JAMA, Lancet and AJPH clearly
mentioned 59, 67, 58 and 72%, respectively.

Discussion

The frequency of reporting a particular
item varied widely from 23 to 94% in all four
journals combined. Although all items were
relevant, they were not deemed equally im-
portant. Information on whether the sub-
group analysis was intended in the trial pro-
tocol and the number of subgroups exam-
ined were thought to be essential. Approxi-
mately two thirds of the trials in this survey
either omitted or ambiguously mentioned
these items. This affects other methodologi-
cal issues, as it may increase the risk of a type
I error, and can make the interpretation of the
statistical tests used extremely difficult (15,
16). One should be particularly cautious about
analysis of a large number of subgroups,
even if investigators have clearly specified
their hypothesis in advance since the strength
of inference associated with the apparent
confirmation of any single hypothesis will
decrease if it is one of a large number that
have been tested. Unfortunately, as our data
indicate, the reader is quite often not sure
about the number of possible interactions
that were tested.

Because subgroup analysis always in-

cludes fewer patients than does the overall
analysis, they carry a greater risk of making
a type II error, falsely concluding that there
is no difference. Thus, just as it is possible to
observe spurious interactions, chance is likely
to lead to some studies in which even a real
difference in treatment effect is not appar-
ent. Statistical power estimations were omit-
ted in 13 (76%) of the articles. Therefore, we
are commonly left with a limited knowledge
of the probability of missing a real differ-
ence in the trials reported. Moreover, this
finding might indicate that a high proportion
of the subgroup analyses were not intended
when the trial protocol was planned. We
surveyed whether a particular methodologi-
cal aspect of a subgroup analysis was men-
tioned, not whether a particular method was
appropriately used (i.e., whether the method
was valid and did not violate the specific
assumptions required). Hence, our finding
that the vast majority of the trials reported
the statistical methods employed in their
analysis does not mean that these methods
were adequate. In fact, only one third of the
articles (6 of 17) utilized appropriate statisti-
cal techniques for assessing whether the treat-
ment difference varied between subgroups.
Instead, more than half of the trials (9 of 17)
inadequately focused on subgroup P values.

Differences in the effect of treatment are
likely to occur due to biological variability.
However, it is only when these differences
are practically important (that is, when they
are large enough that they would lead to
different clinical decisions for different sub-
sets) that there is any point in considering
them further. Twelve (71%) of the reports
went beyond the appraisal of the statistical
significance of the treatment differences ob-
served, to address the clinical significance of
the findings.

Our findings suggest that there is a wide
chasm between what a subgroup analysis of
a trial should report, and what is actually
published in the literature. In response to
increasing evidence that reporting of RCT is
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imperfect, there has been a concerted effort
to set standards for reporting RCT (1,6,7,14-
16). Among these different proposals, none
specifically addressed the problems of re-
porting subgroup analysis. In this regard, the
CONSORT statement (14) included in their
list of recommendations just one of our sug-
gestions, precisely, reporting whether or not
the subgroup analysis was included in the
trial protocol.

Although the items included in our check-
list have been long recognized as important
and necessary information for interpreting
evidence based on subgroup analysis, none
of the journals surveyed included in their
respective instructions for authors specific
recommendations for reporting subgroup
analysis. We intended to perform a formal
compilation of the most relevant method-
ological aspects involved in this type of anal-
ysis and then review the current practice for
reporting them in a sample of major scien-
tific journals. We hope that such checklist
may be used to improve the reporting of
subgroup analysis of RCT. In this way, al-
ready existing guidelines for assisting clini-
cians in making decisions regarding whether
to base a treatment decision on the results of
a subgroup analysis could be better used (8-
11,17-20).

We conclude that the current reporting of
subgroup analysis in RCT is incomplete and
inaccurate. In view of their prodigality in
reported trials, the results of such subgroup
analysis may have harmful effects on treat-

ment recommendations if accepted without
judicious scrutiny. Ideally, the report of such
an evaluation needs to convey to the reader
relevant information regarding the design,
conduct and analysis of the trial’s subgroup
analysis. This should permit the reader to
make informed judgments concerning the
validity of the subgroup analysis of the trial.
Accurate and complete reporting would also
be of benefit to editors and reviewers in their
deliberations regarding submitted manu-
scripts.

We recommend that editors improve the
reporting of subgroup analysis in RCT by
giving authors a list of the important items to
be reported. This list will ultimately lead to
more comprehensive and complete report-
ing of RCT. We recognize that this list of
recommendations will need revision as it is
disseminated and made available to wider
audiences. We invite all interested editors
and readers to join us in using and perfecting
this checklist.
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