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Abstract
Background: Subgroup analyses are frequently used to assess heterogeneity of treatment effects in randomised clinical
trials. Inconsistent, improper and incomplete implementation, reporting and interpretation have been identified as ongoing
challenges. Further, subgroup analyses were frequently criticised because of unreliable or potentially misleading results.
More recently, recommendations and guidelines have been provided to improve the reporting of data in this regard.
Methods: This systematic review was based on a literature search within the digital archives of three selected medical
journals, The New England Journal of Medicine, The Lancet and Circulation. We reviewed articles of randomised clinical trials
in the domain of cardiovascular disease which were published in 2015 and 2016. We screened and evaluated the selected
articles for the mode of implementation and reporting of subgroup analyses.
Results: We were able to identify a total of 130 eligible publications of randomised clinical trials. In 89/130 (68%) arti-
cles, results of at least one subgroup analysis were presented. This was dependent on the considered journal (p
\ 0.001), the number of included patients (p \ 0.001) and the lack of statistical significance of a trial’s primary analysis
(p \ 0.001). The number of reported subgroup analyses ranged from 1 to 101 (median = 13). We were able to com-
prehend the specification time of reported subgroup analyses for 71/89 (80%) articles, with 55/89 (62%) articles present-
ing exclusively pre-specified analyses. This information was not always traceable on the basis of provided trial protocols
and often did not include the pre-definition of cut-off values for the categorization of subgroups. The use of interaction
tests was reported in 84/89 (94%) articles, with 36/89 (40%) articles reporting heterogeneity of the treatment effect for
at least one primary or secondary trial outcome. Subgroup analyses were reported more frequently for larger rando-
mised clinical trials, and if primary analyses did not reach statistical significance. Information about the implementation of
subgroup analyses was reported most consistently for articles from The New England Journal of Medicine, since it was also
traceable on the basis of provided trial protocols. We were able to comprehend whether subgroup analyses were pre-
specified in a majority of the reviewed publications. Even though results of multiple subgroup analyses were reported for
most published trials, a corresponding adjustment for multiple testing was rarely considered.
Conclusion: Compared to previous reviews in this context, we observed improvements in the reporting of subgroup
analyses of cardiovascular randomised clinical trials. Nonetheless, critical shortcomings, such as inconsistent reporting of
the implementation and insufficient pre-specification, persist.
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Introduction

Background

Randomised clinical trials (RCTs) in cardiovascular
disease often include subgroup analyses.1–3 These are
used to assess heterogeneity of treatment effects, concern-
ing primary, secondary or adverse trial outcomes.4–6

Corresponding investigations are generally based on the
assumption that certain subgroups of patients may bene-
fit more or less from a studied intervention.5,7 Subgroup
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analyses are particularly useful when patient characteris-
tics are associated with treatment effects and to define
patients with increased risk profiles.5,8,9 Subgroup analy-
ses represent a valuable source of information, but imple-
mentation in (R)CTs may lead to challenges as well, such
as the pre-specification of relevant patient characteristics
and respective cut-off values for the definition of sub-
groups.10–12

Previous knowledge

Subgroup analyses were often criticised for spurious,
meaningless or potentially misleading results.2,5,13–15

Previous reviews showed that reported information
regarding the implementation of subgroup analyses in
(R)CTs was not consistent or complete.1,2,5,14,16–18

Further, performing numerous subgroup analyses may
lead to a multiple testing problem and therefore a
higher chance for false-positive findings.10,19–22

Reported (R)CTs did often not include the recom-
mended test of interaction between treatment and the
subgroup defining variables.2,5,18,21 Recommendations
and clear guidelines for the implementation and publi-
cation of subgroup analyses in the context of RCTs are
available, which aim at increasing the comparability,
generalizability and error control of results.23–27 As
major outcomes of previous reviews, it was shown that
subgroup analyses have been published more frequently
for large (R)CTs and in the case of non-significant pri-
mary analyses.1,2,5,16,17 Results of at least one subgroup
analysis were reported from 61% to 70% of reviewed
(R)CTs,2,5,14,21 with a median of up to four reported
subgroup analyses per trial.14,15,21 Information about
the specification time of published subgroup analyses
was available for 32%–41% published (R)CTs,5,16,21

with 28%–46% of articles reporting results from corre-
sponding interaction tests.2,5,18,21 In contrast to this
current report, not all summarised results of previous
reviews did specifically refer to cardiovascular RCTs.

Objective

This systematic review is based on a literature search
that was conducted within the digital archives of three
high-impact medical journals, covering articles pub-
lished between 2015 and 2016. We selected relevant
articles in the domain of cardiovascular RCTs and
compared the implementation and reporting of sub-
group analyses between the journals The New England
Journal of Medicine (NEJM), The Lancet and
Circulation. Relying on reported data, we examined the
relation between the frequency of reported subgroup
analyses and various trial characteristics, such as the
statistical significance of the primary analysis, the type
of intervention under study and the number of included
patients. This was followed by an assessment of the
pre-specification of subgroups, the use of interaction

tests, the presence of significant results and the number
of reported subgroup analyses per article. Based on a
comparison to previous reviews,1,2,5,14,16,18,21 our inves-
tigation aimed to detect trends and improvements
regarding the implementation and reporting of sub-
group analyses within the last two decades which could
be attributable to official recommendations and guide-
lines for subgroup analyses, which have been published
in between.

Methods

Information sources

We investigated official guidelines and recommenda-
tions for the implementation and reporting of
subgroup analyses in (R)CTs. Reference applies to the
European Medicines Agency, the International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use and the Consolidated
Standards of Reporting Trials (CONSORT)
Statement.25–27 Relevant information about the imple-
mentation of subgroup analyses should always be indi-
cated clearly, such as the time of specification or the
investigated outcome.25–27 Ideally, this should also be
traceable on the basis of provided trial protocols.17,25–
27 Subgroup analyses should be pre-specified whenever
possible, and it should be clearly marked if this was not
the case.25,27 In the case of confirmatory analyses, pre-
specification is a mandatory requirement and should,
for continuous variables, also include a determination
of cut-off values for the definition of subgroups.25,27

Further, interaction tests are recommended to assess
heterogeneous treatment effects.4,25,27 Potential sus-
ceptibilities to false-positive findings because of multi-
ple testing should be considered.25,27 Even though
results were often shown to be questionable, not inves-
tigating subgroup analyses might also cause misleading
therapeutic recommendations.25 Because of this, fur-
ther efforts should be undertaken to improve the imple-
mentation and reporting of subgroup analyses within
(R)CTs. In general, it can be assumed that working in
accordance with the mentioned guidelines also contri-
butes to a qualitative improvement in this regard.5,23,24

In addition, author guidelines for selected journals
were examined in regard to explicit requirements or
instructions for the presentation of subgroup analyses
(see journal websites for references). Providing informa-
tion about the implementation of subgroup analyses in
(R)CTs, such as the pre-specification or methods used
for hypothesis testing, should be seen as a mandatory
requirement for authors according to these guidelines.

In preparation of the present article, we followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement where appropriate,
which provide a summary of requirements and recom-
mendations for systematic reviews.28 The Clinical
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Trials (CT) and EudraCT registration (www.clinical-
trials.gov, www.clinicaltrialsregister.eu) of the reviewed
RCTs were checked to acquire more information about
planned subgroup analyses, but these registries did not
provide any relevant information in this regard.
Finally, we explored results from previous systematic
reviews of subgroup analyses in (R)CTs and compared
our findings to these.1,2,5,14,16,18,21

Search within journal archives

We conducted a systematic literature search within the
digital archives of three selected medical journals,
NEJM, The Lancet and Circulation (initial search date:
October 2017). The journals’ online tools ‘Advanced
Search’ were used to identify ‘original research’ articles
with reference to cardiovascular RCTs, published dur-
ing the years 2015 and 2016. We searched the whole
accessible content and used the term ‘random*’, to
cover the search terms ‘randomly’, ‘randomised’, ‘ran-
domized’ and similar, and to narrow down numbers of
indicated results. In addition, we chose the option ‘filter
by article category’ to limit our research to published
articles of clinical trials only. Finally, our research was
restricted to articles from original journals only, so that
no publications from subtitle journals were taken in
account.

Eligibility criteria and article selection

We made a thematic reference to issues related to
human cardiovascular and circulatory disease accord-
ing to chapter IX of the International Classification of
Diseases and Related Health Problems (ICD-10) of the
World Health Organisation.29 Correspondingly, all
identified full-text articles on clinical trials were
searched and checked for eligibility. It was also ensured
that no publications from follow-up or post hoc analy-
ses of studies that have been published before were
included. If a selected article relied on data from more
than one RCT, we still considered this as a single case
during the process of our analysis. If several articles
referred to the same RCT, we also considered them as
one case.

Data collection and synthesis of results

The full texts of all selected articles about RCTs were
screened for at least one reported subgroup analysis.
Any comparison of treatment groups with regard to
defined trial outcomes, such as primary efficacy end-
points, secondary endpoints or safety endpoints with
stratification of patients according to baseline charac-
teristics, and the optional use of an interaction test were

considered as a subgroup analysis even if not described
as such. We also screened the trial protocols, if avail-
able, and data supplements for more information.

Based on the collected data, we examined frequen-
cies of reported subgroup analyses, the size of trials, the
statistical significance of the trials’ analyses of the pri-
mary outcome, the type of hypothesis (superiority or
non-inferiority) and the kind of evaluated therapeutic
intervention.

We also checked whether information about the time
of specification was provided. If so, we continued to
distinguish between publications that present results
from pre-specified subgroup analyses only, contrary to
results from subgroup analyses with unclear, inconsis-
tent or post hoc specification. We concluded a pre-
specification of the subgroup analyses if they were
stated in the respective trial protocols, analysis plans or
if described as such in the provided full-text article. The
number of reported subgroup analyses per publication
was counted as the number of characteristics that were
used for subgroup definition or a multiple thereof if
subgroup analyses were performed for the evaluation of
various outcomes or more than two treatment groups.
For all selected cases, we tried to comprehend from the
description of the analysis methods or from the presen-
tation if results were adjusted for multiple testing,
whether interaction tests were used and whether results
achieved statistical significance.

Each article was assessed independently by two
raters, and discrepancies were solved by a consensus
discussion. Data were collected in tabular form, and
statistical analysis was carried out using R (The R
Foundation for Statistical Computing, Vienna,
Austria) and IBM SPSS Statistics, version 24.0 (IBM
Corporation, Armonk, New York, USA). Categorical
data are presented by absolute and relative frequencies.
Continuous data are summarized by mean, median,
minimum, maximum and first and third quartile. The
relation of the outcome ‘reporting of at least one sub-
group analysis in an article’ to categorical variables was
assessed by x2 tests. A multivariable logistic regression
model was used to explore the effects of multiple vari-
ables simultaneously, including the number of subjects,
the significance of primary trial results and the featur-
ing journal. To further assess the association between
the number of performed subgroup analyses and num-
ber of included patients in a trial in articles with at least
one reported subgroup analysis, Spearman’s rank cor-
relation coefficient was computed. All statistical tests
were performed two-sided at a significance level of
a = 5%. Performed analyses were conducted in an
exploratory manner, and consequently, p values were
not adjusted for multiple testing.
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Results

Reviewed articles and frequency of subgroup
analyses

During the literature search, a total of 1462 records
from the journals’ digital archives were screened, with
671 records referring to publications of (R)CTs, and
175 eligible articles from cardiovascular RCTs. We
excluded 43 articles, as they were based on follow-up
or post hoc analyses from RCTs. Three articles published
data from the same trial and were considered as one.30–32

Thus, we explored a total of 130 selected original articles
from cardiovascular RCTs (Figure 1, Table 1).

At least one subgroup analysis was reported in 89/
130 (68%) articles, with 59/69 (86%) from NEJM, 17/
28 (61%) from The Lancet and 13/33 (39%) from
Circulation (p \ 0.001, x2 test, Table 1). The likelihood
of reporting subgroup analyses was also dependent on
the number of patients included in the primary analyses
(p \ 0.001, x2 test, Table 1), which ranged from 14 to
24,081 patients with a median of 1136 patients (mean
of 2787, Table 2), while larger trials have more often
been published by NEJM (Table 2). Only 31/89 (31%)
included articles presented at least one subgroup analy-
sis with results about a secondary trial outcome.

In total, 80/130 (62%) articles reported significant
results from primary trial analyses. These included less
often subgroup analyses (46/80 = 58%) than articles
from trials with a respective non-significant result (43/
50 = 86%, p \ 0.001, x2 test, Table 1).

There was no relevant difference regarding the fre-
quency of reporting subgroup analyses, when compar-
ing selected articles of superiority and non-inferiority
trials (Table 1). Also, we found no relevant difference
between articles of trials for the evaluation of pharma-
ceutical, surgical, endovascular or remaining interven-
tions under study (Table 1).

We used multivariable logistic regression for a
simultaneous analysis of considered factors and to
adjust the analysis for the apparent relation between
the journals and the size of the trials. Results showed
that the likelihood of reporting subgroup analyses
increased with the number of patients (odds ratio
(OR) = 1.41 per 500 pts, 95% confidence interval (CI)
1.11–1.77, p = 0.004), with the lack of significance of
the primary trial analysis (OR = 4.42, 95% CI 1.55–
12.6, p = 0.005) and with the featuring journal
(p = 0.020, NEJM versus Circulation: OR = 4.76,
95% CI 1.57–14.4; The Lancet versus Circulation:
OR = 1.83, 95% CI 0.56–6.01).

Number of reported subgroup analyses

If subgroup analyses were reported for a trial, the num-
ber ranged from 1 to 101 with a median of 13 and a

mean of 17 (Table 3). This was dependent on the fea-
turing journal, with a mean of 20 for NEJM, 16 for
The Lancet and 8 for Circulation (Table 3). Referring to
size, more subgroup analyses were reported for larger
trials (Spearman correlation: r = 0.41, 95% CI 0.24–
0.59, p \ 0.001). The multiple testing problem was
addressed in only two publications.33,34

Specification of subgroup analyses

Overall, a total of 55/89 (62%) reviewed articles pre-
sented results of exclusively pre-specified subgroup
analyses. This included 42/59 (71%) articles from
NEJM, 8/17 (47%) articles from The Lancet and 5/13
(38%) articles from Circulation. Further, 14/89 (16%)
articles reported results from both, a priori and post
hoc defined subgroup analyses. Information about the
pre-specification of these subgroup analyses was not
traceable in the trials’ online registration (CT and
EudraCT). A small amount of 2/89 (2%) articles
reported results of only post hoc specified subgroup

Figure 1. Flow chart – literature search and article selection.
CVD: cardiovascular disease; NEJM: The New England Journal of Medicine;

RCTs: randomised clinical trials.

Research within journal archives and article selection for the covered

date range (January 2015–December 2016). [N] Indicates overall

numbers of eligible search results according to defined search criteria.

Smaller boxes aside indicate numbers of excluded cases. The number of

corresponding records was counted at the date of our literature search

(results from October 2017 are shown).
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analyses. It was not possible to determine the specifica-
tion time of reported subgroup analyses for a total of
18/89 (20%) articles.

Considering articles from the journal NEJM only,
trial protocols of 48/59 (81%) articles contained infor-
mation regarding the pre-specification of reported sub-
group analyses. However, this did not always include a
pre-definition of cut-off values used for the categoriza-
tion of subgroups according to continuously scaled
characteristics. Trial protocols were not provided by
the other two journals.

A relevant number of the respective articles reported
results from subgroup analyses with regard to

quantitative variables, such as patients’ age (66/89;
74%), body mass index (19/89; 21%) or estimated glo-
merular filtration rate (17/89; 19%). Based on the body
mass index or estimated glomerular filtration rate, sub-
groups were most often defined by clinically established
cut-off values. For the estimated glomerular filtration
rate, a cut-off value of 60 mL/min was used in 14/17
(82%) analyses, and in seven studies, multiple cut-off
values were considered. Categories defined as \30 kg/
m2 versus .30 kg/m2 were used for the body mass
index in 12/19 (63%) analyses. More heterogeneous
cut-off values were used for the categorisation of sub-
groups according to patients’ age, where in 29/66

Table 1. Articles reporting at least one subgroup analysis, n (%).

NEJM The Lancet Circulation Total p value

Year of publication
2015 33/42 (78) 7/15 (47) 7/17 (41) 47/74 (64) 0.163
2016 26/27 (96) 10/13 (77) 6/16 (38) 42/56 (75)

Subjects (n)
<259 4/8 (50) 3/7 (43) 2/17 (12) 9/32 (28) \0.001
260–1136 13/16 (81) 4/9 (44) 5/8 (63) 22/33 (67)
1137–2890 19/21 (90) 5/6 (83) 4/6 (67) 28/33 (85)
�2891 23/24 (96) 5/6 (83) 2/2 (100) 30/32 (94)

Trial design
Superiority 48/55 (87) 11/20 (55) 12/29 (41) 71/104 (68) 0.925
Non-inferiority 11/14 (78) 6/8 (75) 1/4 (25) 18/26 (69)

Primary analysis
Significant 28/37 (76) 11/20 (55) 7/23 (30) 46/80 (58) \0.001
Not significant 31/32 (97) 6/8 (75) 6/10 (60) 43/50 (86)

Intervention type
Pharmaceutical 32/36 (89) 8/14 (57) 4/14 (29) 44/64 (69) 0.675
Surgical 6/7 (86) 0/2 (0) 0/0 (-) 6/9 (67)
Endovascular 13/16 (81) 7/8 (88) 2/5 (40) 22/29 (76)
Others 8/10 (80) 2/4 (50) 7/14 (50) 17/28 (61)

Total 59/69 (86) 17/28 (61) 13/33 (39) 89/130 (68)

NEJM: The New England Journal of Medicine.

Comparison of trial characteristics and likelihood of reporting subgroup analyses from cardiovascular randomised trials. x2 tests were used to test

for an association between the trial characteristics and frequency of at least one subgroup analysis. No multiplicity adjustment was considered.

Table 2. Patients included for statistical analyses per trial (n).

Journal Report of SGA Articles (N) Mean Min. 1st quartile Median 3rd quartile Max.

NEJM Yes: 59 4722 110 970 2032 7020 24,081
No: 10 912 14 93 278 1561 4465
Total: 69 4170 14 616 1905 5361 24,081

The Lancet Yes: 17 2109 168 454 1215 3116 8404
No: 11 829 47 109 399 501 4146
Total: 28 1606 47 261 564 2578 8404

Circulation Yes: 13 1753 60 332 617 1729 7402
No: 20 340 22 119 203 290 2291
Total: 33 897 22 151 253 908 7402

Overall Yes: 89 3789 60 622 1905 4265 24,081
No: 41 611 14 107 246 438 4465
Total: 130 2787 14 260 1136 2890 24,081

SGA: subgroup analysis; NEJM: The New England Journal of Medicine; Min.: minimum, Max.: maximum.

Journal comparison: The number of patients that was included in the primary analysis of cardiovascular randomised trials.
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(44%) trials, an age of 65 years was used, a cut-off
value of 75 years in 16/66 (24%), of 60 years in 9/66
(14%) and of 70 years in 8/66 (12%) trials. For 5/66
(8%) trials, a median split for subgroup division was
reported. More than two age subgroups were defined
in 14/66 (21%) trials. An overview of defined cut-off
values for the categorisation of subgroups according to
these quantitative variables can be found in Figure S1
(Supplementary Appendix).

Testing for interaction and heterogenous treatment
effects

The use of a test for interaction or treatment effect het-
erogeneity was reported in 84/89 (94%) articles. This
included 59/59 (100%) articles from NEJM, 15/17
(88%) articles from The Lancet and 10/13 (77%) arti-
cles from Circulation.

Significant heterogeneity of treatment effects for at
least one primary, secondary or safety endpoint was
described for a total of 36/89 (40%) articles. This refers
to a total of 26/59 (44%) articles published by NEJM,
6/17 (35%) articles published by The Lancet and 4/13
(31%) articles published by Circulation.

Discussion

Factors related to subgroup analyses

A majority of the selected original articles of RCTs in
cardiovascular disease reported data of subgroup anal-
yses (68%), which corresponds to demands of provided
author guidelines for the three journals at the time of
analysis. Previous reviews have shown that subgroup
analyses were carried out more frequently in clinical
trials with larger patient collectives.2,5,16 We were able
to reproduce this finding for the publications of RCTs
from the years 2015 and 2016 (p \ 0.001). Beside this,

subgroup analyses seemed to be reported more fre-
quently if the primary analysis did not reach statistical
significance (p \ 0.001), raising the question to what
extent significant results were sought within the scope
of subgroup analyses. Barraclough and Govindan
described a possible ‘fishing trip’ for positive results in
the context of subgroup analyses to value results of
overall non-significant trials.35 Similar findings were
described by Sun et al., who conducted a review about
subgroup analyses in a total of 469 RCTs published in
2007.1,21,36 They found that subgroup analyses were
reported more frequently if industrial funded RCTs
achieved non-significant results for the primary out-
come.1,21 According to Gabler et al.,18 this also applied
to 416 articles of RCTs that were published in the years
2007, 2010 and 2013.21

We were also able to confirm these findings with the
applied logistic regression model, which was primarily
used to assess the independent effects of the examined
variables with an apparent relation to the likelihood of
reporting subgroup analyses in cardiovascular RCT(s).
Further, it was of particular interest to adjust for possi-
ble confounding introduced by these variables with
regard to a comparison of the investigated journals.

Subgroup analyses and multiple testing

When comparing our findings to previous reviews, a
slight increase in the frequency of subgroup analyses
may be worth mentioning. For example, Wang et al.
were able to identify the use of subgroup analyses in a
total of 59/97 (61%) clinical trials, published by NEJM
from July 2005 to June 2006.5 In addition, the authors
Hernandez et al. found that 39/63 (62%) articles pre-
sented results of subgroup analyses, when considering
reports of cardiovascular RCTs published by a total of
eight selected journals in 2002 and 2004.2 Assmann
et al.14 compared articles for the publication of clinical

Table 3. Number of reported subgroup analyses (n).

Articles (N) Mean Min. 1st quartile Median 3rd quartile Max.

Journal
NEJM 59/69 20 3 10 14 24 101
The Lancet 17/28 16 1 5 11 27 46
Circulation 13/33 8 1 2 7 11 21

Subjects (No.)
<269 9/32 10 2 3 8 16 20
260–1136 22/33 11 1 7 10 15 30
1137–2890 28/33 18 1 7 13 24 84
�2891 30/32 24 2 11 17 32 101

Primary trial result
Significant 46/80 17 1 7 13 22 84
Not significant 43/50 18 2 7 13 24 101

Total 89/130 17 1 7 13 22 101

NEJM: The New England Journal of Medicine; Min.: minimum, Max.: maximum.

The number of published subgroup analyses in articles of cardiovascular randomised trials with the report of at least one subgroup analysis.
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trials from the journals NEJM, Journal of the American
Medical Association and The Lancet from July to
September 1997. At least one subgroup analysis was
reported in 35/50 (70%) of these articles, which is com-
parable to our overall finding of 89/130 (68%).

Articles published by the journal Circulation
included fewer subgroup analyses per case than articles
published by NEJM and The Lancet. This may be due
to the inclusion of trials with smaller patient numbers,
whereby subgroup analyses are known to require larger
numbers of patients for a useful evaluation of treat-
ment effects.37,38 Consistent therewith, the number of
reported subgroup analyses from RCT(s) was depen-
dent on the number of included patients, as publica-
tions of larger trials presented results of more subgroup
analyses (Spearman correlation: r = 0.41, 95% CI
0.24–0.59).

In comparison with results from previous reviews,
the number of reported subgroup analyses per article
tended to be much higher. To be specific, Wang et al.
showed that only 17/59 (29%) of the included articles
reported results of more than eight subgroup analyses,5

compared to 59/89 (66%) articles considered for the
present review. Hernandez et al. found that 26/39
(67%) articles reported data of more than five sub-
group analyses,2 while this was the case in 79/89 (88%)
articles considered for this review. Based on results
from Assmann et al., the number of reported subgroup
analyses from 35 clinical trials in 1997 ranged from 1 to
24 with a median of 4,14 compared to a range from 1 to
101 and a median of 13 in the present review.

Susceptibility to false-positive findings from sub-
group analyses has been pointed out several times in
the scientific literature.5,19,22,35 Whenever a large num-
ber of subgroup analyses are performed, the probability
of a false-positive finding increases relevantly beyond
the nominal level.5,27,35 The risk of false-positive con-
clusions about heterogeneous treatment effects
increases even more when separate analyses for pair-
wise comparisons of treatment effects are carried out
without considering multiplicity issues. Accordingly,
results of subgroup analyses should always be inter-
preted with caution, especially as adjustment for multi-
ple comparisons is rarely made.5,10,39 Only two trials
were found to correct results of subgroup analyses for
the multiple testing problem in the present review.

Specification of subgroup analyses

In summary, we were able to clearly distinguish
between the reporting of a priori or post hoc specified
subgroup analyses in most reviewed cases (80%), while
the correctness of information given in the articles had
to be assumed for trials with no published protocol. A
majority of the articles presented results of pre-specified

subgroup analyses only (62%), or in combination with
results from post hoc analyses (16%). However, the
specification time of reported subgroup analyses
remained unclear in a considerably large number or
reviewed publications (20%).

Nonetheless, authors of the reviewed articles gener-
ally seemed to put greater emphasis on reporting infor-
mation about the specification time of presented
subgroup analyses, than seen in findings from previous
reviews. This may relate to the increasing number of
official guidelines and recommendations for the con-
duct of subgroup analyses in clinical trials.21,25,27 Wang
et al.5 showed that the specification time of reported
subgroup analyses could be reproduced only for 19/59
(32%) reviewed articles of clinical trials published dur-
ing 2005 and 2006, compared to 71/89 (80%) in the
present study. According to Moreira et al.,16 7/17
(41%) articles of clinical trials from the year 1998 con-
tained information about whether reported subgroup
analyses were planned a priori or post hoc. This was
based on a comparison of four scientific journals,
NEJM, Journal of the American Medical Association,
American Journal of Public Health and The Lancet.16

For all mentioned reviews, collected data were solely
based on information that was reported within the
reviewed articles.

In general, subgroup analyses should be pre-specified
in trial protocols.17,25–27 These were available exclu-
sively for articles published by NEJM, with most proto-
cols actually including a pre-definition of published
subgroup analyses (81%). Viewed in more detail, this
did not always include a pre-definition of cut-off values
for the categorisation of subgroups according to con-
tinuously scaled characteristics. Based on official rec-
ommendations, a priori definition of subgroup analyses
should always include examined subgroup characteris-
tics and cut-off values which should be reasoned with
clinical evidence or concrete assumptions.10,17,25,27,40 A
post hoc variation of cut-off values may produce biased
results and increase the probability of false-positive
findings.12,35

Although investigated subgroups were often strati-
fied according to the same characteristics in the
reviewed clinical trials, comparability of results has
been limited by the use of different cut-off values for
the definition of subgroups. We observed a more uni-
form definition of cut-off values to be established for
some of the respective variables, such as patients’ body
mass index or estimated glomerular filtration rate,
whereas this was more heterogeneous for the definition
of subgroups according to patients’ age. This problem
could be tackled by choosing statistical methods which
do not rely on fixed categorizations of investigated vari-
ables.40–44 In a recently published simulation study, we
could show that the probability to detect heterogeneous
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treatment effects regarding continuous variables can be
increased when data are not split into categories.45

Subgroup interaction tests

Most of the reviewed articles reported the use of inter-
action tests for the comparison of measured treatment
effects between subgroups (94%), which almost
appeared to be standard in this respect. Especially, this
refers to all articles presenting results of subgroup anal-
yses from the journal NEJM. In comparison, Wang
et al. showed that the use of interaction tests was
reported in 27/59 (46%) articles of clinical trials pub-
lished by NEJM in 2005 and 2006.5 According to find-
ings of the authors Hernandez et al., this was the case
in only 11/39 (28%) reviewed cardiovascular RCTs
published by a total of eight selected journals in 2002
and 2004.2 Gabler et al. reviewed a total of 416 articles
from RCTs that were published by five journals in the
years 2007, 2010 and 2013, NEJM, The Lancet, Journal
of the American Medical Association, British Medical
Journal and Annals of Internal Medicine.18 In this
review, 91/270 (34%) of the included trial publications
presenting results of at least one subgroup analysis
reported the use of interaction tests.

Conclusion

According to our results, subgroup analyses were
reported more frequently in reviewed articles of larger
RCTs. In comparison with previous reviews, greater
emphasis was put on providing information about the
specification and conduct of reported subgroup analy-
ses. We were able to comprehend the pre-specification
of subgroup analyses in most reviewed cases and sub-
group analyses were performed almost as standard in
combination with interaction tests. Nonetheless, we
also detected some remaining shortcomings. A critical
finding is the increased likelihood of reporting sub-
group analyses in case of overall non-significant pri-
mary analyses, as this might refer to a ‘fishing for
significance’ issue that carries the risk of false-positive
results. It is difficult to verify the pre-specification of
subgroup analyses since trial protocols have not been
provided for publications outside NEJM. Therefore, we
believe that the publication of a trial protocol should be
seen as a prerequisite. In addition, a documentation of
planned subgroup analyses should be enabled for the
online registration of trials. Besides that, it is worth
paying greater attention to a full pre-specification of
both subgroup characteristics and cut-off values for the
categorization of subgroups according to continuously
scaled characteristics. A more uniform stratification of
patients could increase the comparability between
results of subgroup analyses from different clinical

trials. Further reviews could also focus on cut-off values
that were used for the definition of subgroups to guide
and streamline respective decisions in upcoming clinical
trials. However, more powerful statistical analyses do
even refrain from using cut-off values. According to
previous recommendations, it would be also reasonable
to limit the number of subgroup analyses for clinical
trials in future, especially as results from subgroup anal-
yses are prone to errors caused by multiplicity issues
and rarely are adjusted for multiple testing. To increase
reliability, results of such subgroup analyses should be
confirmed by further independent clinical trials.
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