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Abstract

Aims This study aimed to investigate the reporting of subgroup analyses in heart failure (HF) randomized controlled trials
(RCTs) and to determine the strength and credibility of subgroup claims.
Methods and results All primary HF RCTs published in nine high‐impact journals from 1 January 2008 to 31 December 2017
were included. Multivariable regression analysis was used to identify factors that may favour the reporting of results in specific
subgroups. Strength of the subgroup effect claimed was classified into (i) strong, (ii) likely, or (iii) suggestive. Credibility of sub-
group claim was scored using a pre‐specified 10 pointer criteria. Of the 261 HF RCTs studied, 107 (41%) reported subgroup
analyses. Twenty‐five (23%) RCTs claimed a subgroup effect for the primary outcome of which six (24%) made a strong claim,
eight (32%) claimed a likely effect, and 11 (44%) suggested a possible subgroup effect. Seven of the 25 RCTs did not employ
interaction testing for subgroup claims of the primary outcome. Three out of 10 pre‐specified credibility criteria were satisfied
by half of the trials. Fourteen trials justified the choice of subgroups, and 10 explicitly stated they were underpowered to de-
tect differences within subgroups. Source of funding did not influence the frequency of reporting subgroup analyses (OR 0.53,
95% CI 0.78–3.62, P = 0.52).
Conclusions Appropriate credibility criteria were rarely met even by HF RCTs that held strong subgroup claims. Subgroup
analyses should be pre‐specified, be adequately powered, present interaction terms, and be replicated in independent data
before being integrated into clinical decision making.
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Introduction

Subgroup analyses in randomized controlled trials (RCTs) are
frequently conducted with almost 50% of RCTs reporting
them.1,2 Subgroup analysis aims to determine whether the
overall treatment effect varies across different patient
characteristics.3,4 Subgroup analyses may offer valuable in-
sights; however, they are prone to yield false positives results
owing to multiple comparisons and false negatives owing to

inadequate power. Moreover, subgroup analyses can be con-
founded. Thus, credible reporting and interpretation of sub-
group analyses are critical. This is especially true in several
noted circumstances, for example, statistically borderline
positive or neutral results, unexpected subgroup analysis,
when an a priori clinical belief system exists, or sometimes
payers using data to streamline payment decisions. A noted
example may include the claim that amlodipine reduces the
risk of death in patients with heart failure (HF) owing to
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non‐ischaemic cardiomyopathy.5 However, this claim was
later disproven by an RCT.6

Subgroup analyses are especially important for RCTs in
diseases like HF owing to the heterogeneity of the patient
population. Apart from age, sex, and ethnicity, patients with
HF may differ in their aetiology (HF with reduced ejection
fraction or HF with preserved ejection fraction), severity,
co‐morbidities, and medications. These differences are
multiplied in global trials. It is difficult for investigators to in-
clude a homogenous set of patients as stringent criteria
would result in insurmountable recruitment challenges and
related exorbitant costs and trial duration and would affect
the generalizability of results.7 However, misguided claims
from subgroup analyses can result in potentially beneficial
therapies being overlooked, potentially harmful treatments
being administered, and most importantly ineffective treat-
ments being based on spurious subgroup findings. Indeed,
many subgroup results have proven to be subsequently false
in the past.8 Therefore, it is critical that clinicians and health
policymakers make appropriate inferences from subgroup
analyses.

There has been no study that has systematically assessed
the credibility claims of subgroup analyses and their credibil-
ity claims comprehensively in patients with HF. In this study,
we sought to study the characteristics that influence the
reporting of subgroup analyses in HF clinical trials and to as-
sess the credibility and strength of the claims of subgroup
effect.

Methods

This systematic review was conducted in accordance with the
American Heart Association guidelines9 and the Preferred
Reporting Items for Systematic Reviews and Meta‐Analyses
(PRISMA) guidelines.10 Our study follows the detailed proto-
col outlined by Sun and colleagues.11 Because this is a review
of publicly accessible information, no approval from institu-
tional review board was acquired.

Sources, search, and eligibility of studies

We searched PubMed using the Cochrane highly sensitive
search strategy for HF RCTs published from 1 January 2008
to 31 December 2017 in nine high‐impact journals [New
England Journal of Medicine (NEJM), The Lancet, Journal of
the American Medical Association (JAMA), Journal of the
American College of Cardiology (JACC), JACC: Heart Failure,
Circulation, Circulation: Heart Failure, European Heart Journal,
and European Journal of Heart Failure]. A detailed search
strategy is provided in Table S1. Studies that published the
primary results of an HF RCT were included in our analysis.

We excluded any reports published after the primary re-
port of an RCT (i.e. secondary publications), studies compris-
ing non‐human subjects, research letters, pharmacokinetic
studies, and Phase 1 RCTs. RCTs investigating diagnostic test
accuracy and economic evaluations were also not included.
The articles retrieved from the systematic search were
exported to EndNote reference library, Version X8.1
(Clarivate Analytics), where two independent reviewers
(M. A. A. K. and S. I.) assessed the remaining articles, and only
those that met the predefined criteria were selected. In case
of any inconsistencies in agreement, a third investigator
(M. S. K.) was consulted.

Data extraction

For each of the selected RCTs, the following study character-
istics were extracted: total number of patients enrolled; type
of primary outcome reported as ‘time to event’, ‘continuous’,
‘binary’, or ‘others’; main effect of primary outcome, which
was classified as ‘significant’ (when the primary outcome re-
ported a value of P < 0.05) or ‘non‐significant’ (P > 0.05);
study design (‘parallel’, ‘factorial’, or ‘crossover’); unit of ran-
domization (‘individual’ or ‘cluster’); and funding source,
which categorized as ‘industry’ (where RCTs received total
or partial funding from industry) or ‘other’ (RCTs funded by
non‐profit organizations, hospitals, or those that received
no external funding). The sources of funding were deter-
mined according to their specification in the methods, ac-
knowledgements, and the funding section of the studies.
Area of study was classified as ‘surgical’ (studies that focused
on surgical interventions) and ‘non‐surgical’ (drug and behav-
ioural interventions).

Subgroup definition

The RCTs reporting subgroup analyses were further surveyed
to extract more information. In cases where a claim of sub-
group effect was made, the strength and credibility of the
claim were evaluated. A subgroup within an RCT was defined
as a subset of the enrolled population that shared a common
trait among patients or an intervention measured at either
baseline or after randomization. Subgroup analysis was de-
fined as a statistical analysis conducted to investigate
whether the effects of the intervention (experimental vs.
control) varied according to the status of a subgroup variable.
A study was considered to have conducted a subgroup anal-
ysis if the study had reported: a P‐value for one or more sub-
groups, a magnitude of difference in the effect between
patient subgroups, the result of an interaction test, or men-
tioned an explicit statement that a subgroup analysis had
been done. Pre‐specification of subgroup analyses was deter-
mined by searching original trial reports and their
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supplementary materials. Study protocols were also searched
if they were referred to or provided in the supplementary
materials.

Subgroup effects claim and credibility

Strength of a subgroup claim was determined by using the
criterion utilized by previous studies.12,13 According to that
criterion based on 7 points, claims were categorized into
strong effect, likely effect, and suggestion of an effect. The
details are provided in Table S2. They were categorized ac-
cording to strong claim (authors are confident about the
claim of the subgroup effect), claim of likely effect (authors
believe that a subgroup effect might exist), and claim of a
suggestion of possible effect (authors propose that there is
a subgroup effect but are dubious about the claim). Credibil-
ity of subgroup effect claimed for a primary outcome by an
individual study was assessed using the 10‐point criteria de-
veloped by Sun et al.14 These criteria are an updated version
of the original 7‐point criteria authored by Sun et al.13 It was
devised to help clinicians assess the credibility of a subgroup
claim and was later improved upon by Sun et al. Four of these
criteria were pertinent to design, two looked at analyses, and
four explored the context (Table S3). If one RCT claimed more
than one subgroup effect for the primary outcome, the sub-
group effect with the strongest claim was selected. In cases
where the strength of two or more claims was the same,
the claim mentioned first was preferred over the others. This
was done to avoid a possible clustering effect.11

Statistical analysis

To determine the association of study characteristics on the
reporting of subgroup analyses in frequency tables, we used
χ2 tests. Furthermore, multivariable regression analyses were
conducted to examine the predictors of subgroup reporting.
Study area (non‐surgical vs. surgical), statistical significance
of the primary outcome (significant vs. non‐significant), mean
sample size per arm (calculated by dividing total number of
patients enrolled by number of arms), funding source
(industry vs. non‐industry), and the number of primary
outcomes were included in a logistic regression model for
subgroup reporting (yes vs. no). To evaluate the joint effect
of funding source and statistical significance of the primary
outcome on the reporting of subgroup analyses, the interac-
tion term (funding source × statistical significance) was also in-
cluded in our regression model. If this interaction term was
statistically significant, the role of funding source in reporting
of subgroup analysis was further investigated in the following
two groups: significance and non‐significance of the primary
outcome. Assessment of subgroup credibility was done by
calculating the proportions of claims that met each criterion

and the number of trials met by each criteria. A test of trend
using one‐way ANOVA was done to investigate if stronger
claims met more criteria. The κ coefficient measures the de-
gree of agreement between the two independent investiga-
tors. Landis and Koch’s novel methodological criteria15 were
used to classify the coefficient. Kappa calculator by Statistics
Solutions was utilized to calculate the κ statistics with the
respective 95% confidence intervals (CIs) for each outcome
by entering the frequency of agreements and disagreements
between the reviewers. All analyses were performed using
Statistical Package for the Social Sciences (SPSS) software
Version 23 (International Business Machines Corporation,
New York, USA). All comparisons were two‐tailed, and
P < 0.05 was considered statistically significant.

Results

Literature search

After initial screening, 1271 potentially relevant articles were
identified, of which 261 met the criteria to be included (Table
S4). The PRISMA flow chart (Figure 1) summarizes the litera-
ture search. There was substantial agreement in reproducibil-
ity for subgroup reporting (κ = 0.72; 95% CI 0.49–0.85) and a
priori subgroup hypothesis (κ = 0.77; 95% CI 0.52–0.87).

Trial characteristics

A total of 107 (41%) RCTs reported subgroup analyses. Table
1 outlines the study characteristics of the included RCTs that
did and did not report subgroup analyses. Of the 107 RCTs
reporting subgroup analyses, 38 (36%) had claimed subgroup
effects, of which 25 (23%) had claimed effects for the primary
outcomes. Of the 107 RCTs that conducted subgroup analy-
ses, 72 (67%) RCTs had pre‐specified them. The most fre-
quently reported subgroup analysis was sex (56%), age
(55%), race (23%), severity of disease (64%), aetiology of HF
(50%), and co‐morbidities (53%). Fourteen trials justified the
choice of the subgroups, and 10 trials explicitly stated that
they were underpowered to detect the differences within
subgroups. Seven trials reemphasized their claim at the end
of the study.

Effect of study characteristics on subgroup
reporting

Table S5 shows the results of the logistic regression examin-
ing the relation between‐study characteristics and subgroup
analysis. Multivariable regression showed that only sample
size (OR 14.1, 95% CI 5.2–38.3 P = 0.003) was statistically sig-
nificant in the association of study characteristics and
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subgroup reporting with larger mean sample size per arm tri-
als being more likely to report subgroup analyses. The inter-
action term (funding source statistical significance) was not
statistically significant (OR 1.84, 95% CI 0.57–5.92, P = 0.30).

Characteristics of subgroup claims

Of the 38 trials that claimed subgroup effects, 28 (74%) trials
made one claim, eight (21%) made two claims, and two (5%)
made three or more claims. Eleven (29%) made strong claims,
nine (24%) claimed a likely effect, and 18 (47%) suggested a
possible effect. Thirteen trials made 20 claims for secondary
endpoints. Twenty‐five (23%) trials claimed a subgroup effect
for the primary outcome of which six (24%) made a strong
claim (1/6 hypothesized an effect a priori), eight (32%)
claimed a likely effect (1/8 hypothesized an effect a priori),

and 11 (44%) suggested a possible subgroup effect (1/11 hy-
pothesized an effect a priori). Table 2 outlines the strengths
of subgroup claims for primary endpoints.

Trends in credibility

In the 25 trials that reported subgroup effects for primary
outcomes, the criteria satisfied most often (23; 92%) was
measurement of the subgroup variable at baseline (Table
2). Only three criteria among the 10 were met by more than
half (13; 50%) of the studies, including enrolment stratified
by subgroup variable, significant test of interaction, and sub-
group variable being a baseline characteristic, regardless of
the strength of subgroup claim (Figure 2). There was a total
of 34 subgroup effects claimed for the primary outcome by
25 RCTs (Table 4), and only four trials satisfied five or more

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) flow chart summarizes the literature search process. A total
of 1271 potentially relevant articles were identified, of which 261 met the criteria to be included.
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than five of the 10‐point criteria. One trial correctly
pre‐specified the direction of the subgroup effect; however,
three trials pre‐specified subgroup hypotheses in total. The
median number of criteria met by trials was as follows:
strong claim, 2.5 (1.75–3.25); claim of likely effect, 4 (3–5);
and suggestion of a possible effect, 3 (2–4). Test of trend re-
vealed no significant differences between any of the three
groups.

Discussion

In this analysis of contemporary HF RCTs, we found that the
credibility of subgroup claims was generally low across all
strengths of claims. One‐third of all RCTs claiming subgroup
effects failed to report a test of interaction. Only one trial
pre‐specified the direction of the subgroup hypothesis. We
also found no association between industry funding and

Table 1 Study characteristics of randomized controlled trials reporting subgroup analyses

Study characteristics
RCTs reporting subgroup analyses

(n = 107) (%)
RCTs not reporting subgroup analyses

(n = 154) (%)

Median (inter‐quartile
range) sample size per
study arm

188 (76–687) 41.3 (18.5–123)

Source of funding: P = 0.001
Industry 68 (63.8) 68 (55.8)
Other 39 (36.2) 86 (44.2)

Study area: P = 0.003
Non‐surgical 80 (74.3) 130 (84.6)
Surgical 27 (25.7) 24 (15.4)

Main effect for primary outcome: P = 0.018
Statistically significant 40 (37.4) 89 (57.7)
Statistically non‐

significant
67 (62.6) 65 (42.3)

Study design: P < 0.001
Parallel 103 (99.4) 139 (90.8)
Factorial 1 (0.1) 1 (0.6)
Crossover 2 (0.4) 12 (7.5)
Single group 1 (0.1) 2 (1.1)

Unit of randomization: P < 0.001
Individual participant 106 (98.9) 154 (100)
Cluster of

participants
1 (1.1) 0 (0)

Type of selected primary outcome: P = 0.05
Time to event 13 (11.4) 7 (5.2)
Binary 20 (19) 8 (5.1)
Continuous 43 (40) 107 (69.2)
Others 31 (29.5) 32 (20.5)

Table 2 Proportion of claims meeting subgroup criteria for primary outcomes

Criteria
Strong claim

(n = 6)
Claim of likely effect

(n = 8)
Suggestion of possible effect

(n = 11)
Total

(n = 25)

Subgroup variable as a baseline characteristic 5 (83) 8 (100) 10 (91) 23 (92)
Subgroup variable a stratification factor at
randomization

4 (67) 8 (100) 7 (64) 19 (76)

Subgroup hypothesis specified a priori 1 (17) 1 (13) 1 (9) 3 (12)
A small number (≤5) of subgroup hypotheses
tested

0 (0) 0 (0) 1 (9) 1 (4)

Significant interaction test (P < 0.05) 4 (67) 6 (75) 8 (73) 18 (72)
Independence of interaction 0 (0) (n = 3a) 0 (0) (n = 4a) 1 (9) (n = 1a) 1 (4)

(n = 8a)
Direction of subgroup effect correctly pre‐
specified

0 (0) 0 (0) 1 (9) 1 (4)

Subgroup effect consistency across studies 1 (17) 4 (50) 0 (0) 5 (20)
Subgroup effect consistent across related
outcomes

1 (17) 1 (13) 0 (0) 2 (8)

Compelling indirect evidence 0 (0) 2 (25) 1 (10) 3 (12)

aNumber of trials having two or more subgroup claims
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reporting of subgroup analyses. These results have important
clinical implications as misguided claims from subgroup anal-
yses can result in potentially beneficial therapies being
overlooked and potentially harmful treatments or less effica-
cious treatments being administered to the patient.

Our results show that widely accepted and preferred
methods of subgroup reporting are infrequently followed.16–
18 These findings are consistent with studies published in
other fields as well.19 Pre‐specifying subgroup analyses is an
integral part of analyses, as it reflects that the investigators
expected a certain subgroup effect beforehand. Not
pre‐specifying subgroup analyses is analogous to betting on
a sports team after the match has concluded, lessening the
credibility of subgroup claims. Such findings should be
interpreted with caution until they can be replicated in subse-
quent studies. Moreover, authors should consider providing a
subgroup analyses credibility criteria list and referencing rele-
vant sections of the protocol and/or statistical analysis plan.

Around one‐third of the RCTs did not report a test of inter-
action value. Test of interaction represents an important cri-
terion in establishing the eligibility of claimed subgroup
effect. The P‐value of interaction test aims to assess the prob-
ability that if true diverging effects exist between two groups,
they can be explained by chance or an accidental finding
rather than an actual effect. A previous study showed that

about 30% of cardiovascular RCTs from 2002 to 2004 re-
ported interaction testing in subgroup analyses1; however,
our results showed that approximately three‐fourths (72%)
of HF RCTs had reported interaction testing, indicating that
trends are getting more favourable.

Direction of subgroup hypothesis was reported seldom,
which is also consistent with previous reviews.11 It is impera-
tive to specify the correct direction of subgroup hypotheses
in addition to a priori specification of subgroup hypothesis
as illustrated by the following example: in a trial investigating
vasopressin and norepinephrine in septic shock patients, in-
vestigators pre‐specified the hypothesis and direction; in pa-
tients with more severe septic shock, reduced mortality will
be observed to be attributable to vasopressin over
norepinephrine.20 However, vasopressin was only found to
reduce mortality in patients with less severe septic shock.
This failure to correctly identify the hypothesis direction con-
siderably lessened the inference that vasopressin was supe-
rior to norepinephrine in less severely ill patients.

We did not find any association between industry funding
and subgroup reporting, contrary to previous studies.11,15

Industry‐funded trials usually involve multiple centres, nu-
merous researchers, and analysts over an expansive setting,
reflecting the substantial energy and resources dispensed to
successfully execute a trial. In cases where the outcome is

Figure 2 The bar chart summarizes the proportion of trials meeting the 10‐point criteria across all three strengths of claims. Blue colour represents
strong claim, orange colour represents claim of a likely effect, and grey colour represents suggestion of a possible effect.
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not statistically significant, researchers may be inclined to
look for a statistically significant result in a subset of the pop-
ulation, which may lead to spurious outcomes. However, our
results showed that while two‐thirds of all RCTs that reported
subgroup analyses were funded by industry and 60% of these
had non‐significant primary outcomes, the difference in
reporting of subgroup analyses between industry and non‐
industry‐funded trials was not significant.

It is important to note that subgroup analyses might be
conducted for a myriad of reasons. Subgroup analyses may
assist in generating important hypotheses, and if conducted
appropriately, such exploration can help with better informed
clinical decision making and improved patient care.21 This can
lead to the identification of baseline factors that show an in-
creased efficacy among certain patient subgroups. Similarly,
subgroup analysis can shed light on specific subgroups that
show more deleterious side effects. There have been quite
a few studies outlining steps to help clinicians differentiate
between true and false subgroup effects.20–24 Suggestions in-
cluded following a stringent criteria to assess credibility of the
claims outlined by Sun et al.22 and Burke et al.23 The criteria
include the following: whether chance explains the subgroup
effect, if the subgroup effect is consistent across studies,
whether the subgroup hypothesis developed a priori with di-
rection specified, whether there is strong biological support,
whether evidence supporting the effect based on
within‐study or between‐study comparisons is present,
whether the subgroup effect being investigated had a prior
probability of at least 20% (preferably >50%), and whether
more than one subgroup analysis is performed. Others aim
at documentation of all planned subgroup analyses in RCT
registries such as clinicaltrials.gov and strongly adhering to
protocols of RCTs such as those described in the SPIRIT

(Standard Protocol Items: Recommendations for Interven-
tional Trials) statement.24,25

Subgroup results may be interpreted in two ways: re-
searchers may only wish to demonstrate the presence of a
heterogenic effect in a particular subgroup (known simply
as effect heterogeneity), or they may use it to entirely attri-
bute that effect to the secondary factor that defines that sub-
group, that is, age, sex, and race. This latter interpretation
would be termed as establishing a causal relationship be-
tween the secondary subgroup factor and subgroup effect,
and it would only be appropriate to establish this relationship
if other confounding variables within that subgroup have
been controlled for during their analysis. For example, con-
sider a treatment effect that was more prominent in the fe-
male subgroup. If the men were generally older than
women and the treatment effect was more prominent in
younger individuals, therefore, age might be the confounding
factor responsible for the heterogeneity. Furthermore, the
precise interpretation of the results of a positive subgroup ef-
fect can be masked by the heterogeneity of HF population,
particularly when employing multiple variables.

In summary, researchers should be careful when undertak-
ing subgroup analyses. All‐subgroup analyses should be
pre‐specified to a few variables and confined only to the pri-
mary outcome. Moreover, while interpreting subgroup analy-
ses, results should be considered exploratory and should
rarely be mentioned in conclusion. Interaction test should
be used instead of the P‐values in each subgroup, and re-
searchers should clearly mention whether the RCT was
powered enough to detect these subgroup differences to
avoid false‐negative results. Table 3 provides a checklist for
best practices of reporting and interpretation of subgroup
analyses in HF RCTs. The current Consolidated Standards of

Table 3 Checklist for reporting and interpreting subgroup analyses in heart failure trials

# Checklist item Reported

1 Was P‐interaction used to evaluate differences in subgroup?
2 Was the subgroup variable tested pre‐specified with correct direction?
3 Was the selection of all pre‐specified subgroups justified?
4 Was the subgroup effect tested only for primary outcome?
5 Was the subgroup claim mentioned in the conclusion?
6 If possible and where appropriate, was pre‐specified subgroup analyses performed based on

A. Sex
B. Age

C. Left ventricular ejection fraction
D. Any other clinically important variable pertaining to the topic

7 Was the subgroup effect being tested?
8 Was the RCT powered enough to detect the subgroup differences?
9 Was there more than one subgroup analysis reported?
10 Were study characteristics (length of follow‐up, type of patients enrolled, clinical setting, and study design) and patient

characteristics (type of HF, baseline medication usage, doses, age range, differing interventions, different comparators,
different definition of outcomes, and varying baseline risk) of the included studies described in detail and accounted as

possible sources of heterogeneity
11 Was the subgroup effect claimed congruous with other studies?
12 Was there a compelling biological evidence to support the claim?
13 Was a satisfactory explanation of the heterogeneity observed and resultant impact on study findings reported in the

discussion section? (e.g. exploratory and/or chance findings)
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Table 4 List of subgroup claims for only the primary outcomes and their corresponding level of strength

Trial PMID Claim Claim strength

Ivabradine and outcomes in chronic heart
failure (SHIFT): a randomised
placebo‐controlled study.

20801500 (1) A significant treatment effect observed in
subgroup with baseline heart rate higher
than the median 77 b.p.m.

Strong claim

(2) A significant improvement observed in
NYHA class subgroupa

Strong claim

Impact of oxypurinol in patients with
symptomatic heart failure. Results of the
OPT‐CHF study.

18549913 Elevated SUA responded favourably to
oxypurinol

Strong claim

Short‐Term Effects of Tolvaptan in Patients
With Acute Heart Failure and Volume
Overload.

28302292 (1) Patients without elevated jugular venous
pressure showed directional favourability of
tolvaptan

Strong claim

(2) Patients without ascites showed
directional favourability of tolvaptan

Strong claim

Targeted left ventricular lead placement to
guide cardiac resynchronization therapy:
the TARGET study: a randomized,
controlled trial.

22405632 Greatest clinical response is seen in patients
with a concordant LV lead

Strong claim

A randomized study of haemodynamic
effects and left ventricular dyssynchrony
in right ventricular apical vs. high
posterior septal pacing in cardiac
resynchronization therapy.

22286156 Concordant LV leads provided superior LV
reverse remodelling and LV reverse dys‐
synchrony

Strong claim

Cardiac‐Resynchronization Therapy for the
Prevention of Heart‐Failure Events

19723701 (1) CRT–ICD therapy was associated with a
greater benefit in women

Strong claim

(2) CRT–ICD therapy was associated with a
greater benefit in patients with a QRS
duration of 150 ms or more

Strong claim

Results of a non‐specific
immunomodulation therapy in chronic
heart failure (ACCLAIM trial): a
placebo‐controlled randomised trial.

18207018 (1) In NYHA Class II patients, IMT was
associated with greater reduction

Claim of likely effect

(2) In patients with no history of myocardial
infarction, IMT was associated with greater
reduction

Claim of likely effect

Chronic kidney disease and cardiac
remodelling in patients with mild heart
failure: results from the
REsynchronization reVErses Remodeling
in Systolic Left vEntricular Dysfunction
(REVERSE) study.

22956574 In participants assigned to CRT, those
without CKD had significantly greater
improvements in LV structural parameters

Claim of likely effect

Low‐dose dopamine or low‐dose nesiritide
in acute heart failure with renal
dysfunction: the ROSE acute heart failure
randomized trial.

24247300 (1) The treatment effect was significant with
low‐dose dopamine in subgroups of
patients with higher ejection fraction

Claim of likely effect

(2) The treatment effect was significant with
low‐dose dopamine of patients with higher
baseline blood pressure

Claim of likely effect

Spironolactone for heart failure with
preserved ejection fraction.

24716680 Significant treatment effect observed among
patients enrolled on the basis of an elevated
natriuretic peptide level

Claim of likely effect

Tailored telemonitoring in patients with
heart failure: results of a multicentre
randomized controlled trial.

22588319 (1) Subgroup analysis showed greater effects
in patients with a heart failure
duration < 18 months

Claim of likely effect

(2) Subgroup analysis showed greater effects
in patients having a pacemaker

Claim of likely effect

(3) Subgroup analysis showed greater effects
in patients not living alone

Claim of likely effect

Assessment of long‐term effects of
irbesartan on heart failure with preserved
ejection fraction as measured by the
Minnesota living with heart failure
questionnaire in the irbesartan in heart
failure with preserved systolic function (I‐
PRESERVE) trial.

22267751 Significant outcomes observed in subgroups
that had only slightly better or worse
symptoms of heart failure or a change in
one NYHA class

Claim of likely effect

Cardiac‐resynchronization therapy for
mild‐to‐moderate heart failure.

21073365 Claim of likely effect

(Continues)
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Table 4 (continued)

Trial PMID Claim Claim strength

(1) There was a significant interaction
between treatment and QRS duration of
150 ms or more
(2) Patients with left bundle branch block
appeared to have a greater benefit than
patients with non‐specific intra‐ventricular
conduction delay

Claim of likely effect

Cardiovascular Outcomes with Minute
Ventilation‐Targeted Adaptive
Servo‐Ventilation Therapy in Heart
Failure: The CAT‐HF Trial.

28335841 A positive effect of ASV observed in patients
with HF with preserved ejection fraction

Claim of likely effect

Effect of Ularitide on Cardiovascular
Mortality in Acute Heart Failure.

28402745 A significant treatment effect observed for
geographical region

Suggestion of a
possible effect

A prospective comparison of
alginate‐hydrogel with standard medical
therapy to determine impact on
functional capacity and clinical outcomes
in patients with advanced heart failure
(AUGMENT‐HF trial).

26082085 A significant treatment effect observed in
subgroups of patients split by median
6MWT distance

Suggestion of a
possible effect

Increased mortality after dronedarone
therapy for severe heart failure.

18565860 The risk of death associated with
dronedarone was increased among patients
who had a lower wall‐motion index as
compared with those who had a higher
wall‐motion index

Suggestion of a
possible effect

Short‐ and long‐term treatment of
dilutional hyponatraemia with
satavaptan, a selective arginine
vasopressin V2‐receptor antagonist: the
DILIPO study.

21199833 A significantly higher response rates seen
with both 25 and 50 mg/day in the
subgroup of CHF patients

Suggestion of a
possible effect

The angiotensin receptor neprilysin
inhibitor LCZ696 in heart failure with
preserved ejection fraction: a phase 2
double‐blind randomised controlled trial.

22932717 A significant treatment effect seen in patients
with diabetes

Suggestion of a
possible effect

Vagus Nerve Stimulation for the
Treatment of Heart Failure: The
INOVATE‐HF Trial.

27058909 The significant treatment effect observed
among women

Suggestion of a
possible effect

Defibrillator Implantation in Patients with
Nonischemic Systolic Heart Failure.

27571011 A significant treatment‐by‐subgroup
interaction observed in subgroup differing
by age

Suggestion of a
possible effect

Early eplerenone treatment in patients
with acute ST elevation myocardial
infarction without heart failure: the
Randomized Double‐Blind Reminder
Study.

24780614 (1) A significant subgroup observed in the
subgroup split by heart rate

Suggestion of a
possible effect

(2) A significant subgroup observed in the
subgroup split by timing of acute reperfusion

Suggestion of a
possible effect

Effect of Aldosterone Antagonism on
Exercise Tolerance in Heart Failure With
Preserved Ejection Fraction.

27765184 A significant improvement with
spironolactone in subgroups above and
below an RER of 1

Suggestion of a
possible effect

Primary results from the SmartDelay
determined AV optimization: a
comparison to other AV delay methods
used in cardiac resynchronization therapy
(SMART‐AV) trial: a randomized trial
comparing empirical, echocardiography‐
guided, and algorithmic atrioventricular
delay programming in cardiac
resynchronization therapy.

21098426 Women optimized with SD and echo
responded more favourably to the
treatment effect

Suggestion of a
possible effect

Effects of high‐dose versus low‐dose
losartan on clinical outcomes in patients
with heart failure (HEAAL study): a
randomised, double‐blind trial.

19922995 Patients without a history of hypertension
had greater treatment benefit

Suggestion of a
possible effect

6MWT, 6‐min walk test; ASV, adaptive servo‐ventilation; CHF, chronic heart failure; CKD, chronic kidney disease; CRT, cardiac
resynchronization therapy; ICD, implantable cardioverter–defibrillator; IMT, immunomodulation therapy; LV, left ventricle; NYHA, New
York Heart Association; RER, respiratory exchange ratio; SD, smart delay; SUA, serum uric acid.
aSome trials made more than one claim.
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Reporting Trials (CONSORT) guidelines offer minimal recom-
mendation and guidance about subgroup analyses.

Several limitations need to be considered. First, we only in-
cluded RCTs published in high‐impact factor journals from
2008 to 2017, and therefore, our study does not adequately
represent the RCTs from lower‐impact journals and those
published outside this time period. However, we anticipate
that the quality of subgroup analysis reporting will be even
lower for other trials published in lower‐impact factor
journals. Second, authors most often do not describe the
conduct and results of subgroup analyses in adequate detail,
especially regarding biological rationale; therefore, our re-
sults cannot take into account the data that were not re-
ported in the RCTs. However, we argue that for readers to
judge the credibility of subgroup analyses and interpret it ap-
propriately, authors must provide sufficient information at
least in the appendix. Third, the 10‐point criteria utilized to
assess the credibility of subgroup effect may vary in impor-
tance, and not all 10 points may be equally important. For ex-
ample, pre‐specification of subgroup analyses and utilizing
statistical significance of interaction tests may be more im-
portant than other points. Lastly, we did not include second-
ary publications based on analyses of subgroups. However,
we expect that these secondary publications will have even
more frequent claiming of subgroup effect claim with lower
credibility.

In conclusion, the credibility of subgroup effect claims
was low across all strengths of claims including strong
claims. Clinicians should be aware that even strong claims
from subgroup analyses are often inconsistent and, there-
fore, must exercise caution when using subgroup effect
claims to guide clinical decision making. Additionally,
reporting of primary outcome subgroup analyses should
follow a strict standardized criterion. Subgroup analyses
should be pre‐specified with direction hypothesized, tested
only for primary outcome, P‐interaction reported, and their
selection justified.
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