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A systematic review reveals that the credibility of subgroup claims in low
back pain trials was low
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Abstract
Objectives: To assess the credibility of subgroup claims in back pain randomized controlled trials.
Study Design and Setting: A sample of reports of back pain trials from 2000 to 2015 that provided a subgroup claim were included

(n5 38). Two reviewers independently assessed risk of bias and credibility of subgroup claims as well as the strength of the author’s claim.
The credibility of subgroup claims was assessed using a 10-criteria tool, and strength of the subgroup claims was assessed based on seven
criteria to categorize claims into a reasonably strong claim of a definitive subgroup effect or a more cautious claim of a possible effect.

Results: A total of 91 claims of a subgroup effect were reported in the 38 included trials, of which 28 were considered strong claims of
a definitive effect, and 63 were cautious claims of a possible effect. None of the subgroup claims met all 10 credibility criteria, and only
24% (22 claims) satisfied at least five criteria. The only criteria satisfied by more than 50% of the claims were if the subgroup variable was a
characteristic measured at baseline, and whether the test of interaction was significant. All other criteria were satisfied by less than 30% of
the claims. There was no association between the credibility of subgroup claims and the journal impact factor, risk of bias, sample size, or
year of publication.

Conclusion: The credibility of subgroup claims in back pain trials is usually low, irrespective of the strength of the authors’
claim. � 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Low back pain (LBP) is the leading cause of years lived
with disability worldwide [1]. The point prevalence of LBP
is estimated to be 9.4% [2], while the lifetime prevalence
can reach up to 39% [3]. The minority of people with
LBP seen in primary care receive a specific diagnosis for
the cause of their LBP (e.g., infection, tumor, ankylosing
spondylitis, fracture, radicular syndrome, or cauda equina
syndrome). For the great majority of people (about 90%),
the source of pain cannot be determined with conventional
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tests and they are classified as having nonspecific LBP. Ac-
cording to clinical practice guidelines, these people with
nonspecific LBP should be managed with generic treatments
such as analgesic medicines, physical therapies (e.g., exer-
cise, spinal manipulation), or psychological therapies [4,5].

It has been suggested that the large group of people with
nonspecific LBP could be divided into subgroups of people
who will respond better to one treatment than another [6,7].
This approach, based on subgroups, offers the possibility of
a larger treatment effect than applying generic treatments to
people with nonspecific LBP [8,9]. The identification of sub-
groups has been proposed as an important research priority
internationally [10,11], and subgroup analyses have been
included in several randomized controlled trials in the field
of LBP [8,12e15]. However, methodological limitations
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What is new?

Key findings
� The credibility of subgroup claims in back pain tri-

als is usually low, with the potential to mislead cli-
nicians. The strength of the author’s claim of a
subgroup effect is often overstated and not
tempered by the credibility of subgroup claims.

What this adds to what was known?
� This is the first study to investigate the credibility

of subgroup claims in low back pain using stan-
dardized criteria for assessing credibility and a
comprehensive search for the identification of
studies.

What is the implication and what should change
now?
� The credibility criteria used in this review can help

guide researchers to improve the conduct and re-
porting of subgroup analyses. Research authors
should include an overview of the credibility of
their subgroup analysis to avoid overstating the
strength of subgroup effects.

such as failing to prespecify the hypothesis of the subgroup
effect, performing a large number of post hoc subgroup an-
alyses, or statistical analysis performed inappropriately
make the findings susceptible to several biases [16,17].

The need for standards for the interpretation of subgroup
analyses is clear [18]. To guide interpretation of trial re-
ports claiming subgroup effects, explicit criteria have been
developed to judge their credibility: i.e. whether a reported
difference in a treatment effect between subgroups is likely
to be real or not [19,20]. Sun et al. [16] investigated the
credibility of subgroup claims in randomized controlled tri-
als of medical interventions published in 2007. The authors
found that the credibility of subgroup effects in most trials
was usually low, with insufficient evidence to support the
subgroup claims, statistical analysis performed inappropri-
ately, and current evidence contradictory with the author’s
claims (e.g., inconsistency of effect across external studies).
Mistaken claims of subgroup effects may result in people
being denied a beneficial treatment or even receiving a
potentially harmful or ineffective treatment.

While there are some review articles considering credi-
bility of subgroup analyses based on clinical prediction
rules [21,22], this represents only a subset of LBP trials that
undertake subgroup analyses. Accordingly, investigating
the credibility of treatment-based subgroup analyses in
LBP trials would represent an important advance in knowl-
edge [9]. The aim of this study was to assess the credibility
of subgroup claims in reports of randomized controlled

4 B.T. Saragiotto et al. / Journal of
trials evaluating treatments for nonspecific LBP. We also
investigated what importance authors placed on the sub-
groups they identify and relate the importance placed on
the findings to the credibility of the subgroup claims. We
hypothesized that the claims of subgroup effects in LBP tri-
als would be mostly of low credibility.
2. Methods

This review was registered in the international prospec-
tive register of systematic reviews (PROSPERO
2014:CRD42014013063).

2.1. Types of studies

Published reports of randomized controlled trials evalu-
ating treatment of LBP that make a subgroup claim for at
least one outcome were included. Using the definition from
a previous study [23], we considered a subgroup claim to
have been made when the investigators stated in the ab-
stract, results, or discussion that the effect of intervention
differed, or may have differed, according to the status of
a subgroup variable. We only included trial reports that
claimed a subgroup effect; trials that included a subgroup
analysis but did not claim an effect were not included.

We defined a subgroup analysis as ‘‘a statistical analysis
that explores whether effects of the intervention (i.e., exper-
imental vs. control) differ according to status of a subgroup
variable.’’ This includes post hoc or secondary analysis of
the main result or former trial. In addition, we defined a
subgroup effect as ‘‘a difference in the magnitude of a treat-
ment effect across subgroups of a study population’’ [23].

2.2. Types of participants

Inclusion criteria:
� Use of true randomization (trials that use methods
that are intended to be random, e.g., alternation, will
be excluded).

� Trials evaluating participants with acute, subacute,
chronic, or recurrent LBP or any combination.

� Trials that recruited participants from primary, sec-
ondary, or tertiary care, either seeking care for LBP
or recruited from the community.

� Trials that reported a claim of a subgroup effect.

Exclusion criteria
� Studies evaluating specific forms of back pain (e.g.,
cancer, fracture, cauda equina syndrome, and inflam-
matory diseases).
2.3. Types of interventions

We considered any type of intervention used for treating
LBP (including surgical, pharmacologic, psychological,
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physical, and alternative medicine). We also considered any
type of treatment comparison in the included studies.
2.4. Types of outcomes measures

We considered any type of outcome measure that could
be considered patient centered (e.g., pain, disability, quality
of life).
2.5. Search methods for identification of studies

Searches were conducted on the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), EMBASE, and
MEDLINE databases from 2000 to April 2015. We only
included published full-text articles, so conference ab-
stracts, theses, and other unpublished reports were
excluded. Trial reports written in English, Portuguese,
Spanish, Dutch, and Chinese were able to be included as
the review authors could read these languages. Reports
written in other languages were excluded.

After the screening of titles and abstracts, the full text of
potentially eligible studies was retrieved from three random
samples of the original search, each of 250 records, plus all
studies from an updated search. The records were imported
into Microsoft Excel, and then, the random number func-
tion was used to identify the three random samples. Pairs
of reviewers independently screened the full text of the
samples of potentially eligible studies for studies which re-
ported a subgroup effect and, where a subgroup claim was
reported, and recorded the variables used to form the sub-
groups (e.g., age, gender, pain level). Disagreements be-
tween the reviewers were resolved through discussion or
by arbitration of a third reviewer when consensus could
not be reached.
2.6. Data extraction

For the data extraction, we used additional sources refer-
enced in the included study (i.e., trial register, published
protocol, online supplements, and primary and secondary
trial reports). These documents were identified and ob-
tained by a single reviewer. The following data were ex-
tracted from the included studies by a single reviewer:

1. Bibliometric data (authors, year of publication,
language)

2. Sample size (number of individuals randomized)
3. Impact factor of the journal for 2014 (using the ISI

Journal Citation Report)
4. Characteristics of the participants (gender, age, and

duration of symptoms)
5. Broad description of the interventions and

cointerventions
6. Method of identifying subgroups and subgroups iden-

tified (number of subgroups, P values, tests of interac-
tion, studies cited for replication of subgroup effect).
The credibility of subgroup claims was assessed using
the 10 criteria developed by Sun et al. [16]. These criteria
have been widely used over the last 20 years
[16,19,20,24] and are recommended for assessing how
much confidence to place in the results of subgroup ana-
lyses [25]. To achieve a more consistent assessment, the
coding options were revised and approved by the original
author of the criteria. The coding options are listed in
Appendix A at www.jclinepi.com. Assessment of credi-
bility was done separately for each subgroup claim in each
included study. The strength of the claim of a subgroup ef-
fect (i.e., the author’s conviction) was determined based on
methods used in previous studies [16,23] with the subgroup
claim categorized as (1) reasonably strong claim of a defin-
itive subgroup effect (the authors convey a conviction that
the subgroup effect truly exists) or (2) cautious claim of a
possible effect (the authors suggest a subgroup effect but
convey uncertainty about whether such an effect exists).
The seven criteria for the classification of strength of claim
are in Appendix B at www.jclinepi.com. If the subgroup
claim had at least four criteria classified as a strong claim,
this subgroup claim was classified as a reasonably strong
claim of a definitive effect. Classification of the strength
of the subgroup effect claim was done separately for each
subgroup in each included study.

Pairs of reviewers performed the assessment of credi-
bility of subgroup effect and strength of claim. Any dis-
agreements were resolved by discussion or arbitration
from a third reviewer.
2.7. Assessment of risk of bias

Risk of bias was assessed using the Physiotherapy Evi-
dence Database (PEDro) scale. The PEDro scale is
composed by 10 items: random allocation, concealed allo-
cation, similarity at baseline, subject blinding, therapist
blinding, assessor blinding, O85% follow-up for at least
one key outcome, intention-to treat analysis, between-
group statistical comparison for at least one key outcome,
and point and variability measures for at least one key
outcome. Items are scored as either yes or no, and a score
out of 10 is obtained by summation. The PEDro scale has
been found to have acceptable reliability [26] and validity
[27,28]. If the included study was indexed on PEDro
(www.pedro.org.au), the total PEDro scores were down-
loaded from PEDro. If the included study was not indexed
on PEDro, two independent reviewers (B.T.S. and T.P.Y.)
performed the risk of bias assessment and possible dis-
agreements between reviewers were resolved by discussion
or arbitration by a third reviewer (A.M.M.) when consensus
could not be reached.
2.8. Data analysis

The interrater agreement for the assessment of credi-
bility of the subgroup claims was calculated using the
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prevalence and bias adjusted kappa (PABAK) for each
criteria. Interpretation of the PABAK coefficient has been
described as: !0, poor; 0.00e0.20, slight; 0.21e0.40, fair;
0.41e0.60, moderate; 0.61e0.80, substantial, and
0.81e1.00, almost perfect [29].

We calculated the proportion of claims meeting each of
the credibility criteria, and the number of credibility criteria
met by each claim. Chi-square test or Fisher’s exact test
was used to compare the proportions meeting each of the
criteria, and the number of criteria met by each subgroup.
We also examined whether stronger claims met more cred-
ibility criteria using the test for trend. In addition, we con-
ducted a multiple regression analysis to investigate the
association between the credibility of subgroup claims
(scores of the credibility items) and (1) risk of bias (total
PEDro score); (2) publication year; (3) sample size; and
(4) impact factor of the journal. The journal impact factor
was transformed to a five-point ordinal scale with journals
without an impact given a 0 score and those with an impact
factor stratified by quartiles (i.e., no impact factor available,
1st quartile, 2nd quartile, 3rd quartile, and 4th quartile).
Fig. 1. Flowchart of the inclusion process of the review.

Table 1. Characteristics of included studies (n5 38)

Variable
Median (interquartile range)

or frequency (%)

Sample size, median (IQR) 165.5 (113.5e270.8)
Age, median (IQR) 42.8 (40.8e47.9)
Total PEDro score, median (IQR) 7.0 (5.0e7.0)
Journal impact factor, median (IQR) 2.30 (1.76e2.78)
Duration of symptoms, n (%)

Acute 2 (5)
Subacute 6 (16)
Chronic 30 (79)

Funding (yes), n (%) 29 (76)

Abbreviation: IQR, interquartile range.
3. Results

The searches yielded 14,889 records, of which 2,451
were considered potentially eligible (i.e., randomized
controlled trials in LBP). Based on a previous study [23],
we anticipated in our protocol that about 20% of LBP trials
would report a subgroup effect, and therefore, two random
samples of 250 articles would be needed to reach our target
of 100 studies. However, we screened three random sam-
ples of 250 potentially eligible records (750 records) plus
636 records from the updated search 1 year after the initial
search, to accrue 66 trials that reported a subgroup analysis.
The decision to update the initial search was made based on
the assumption that the prevalence of subgroup analysis in
trials of LBP has increased over recent years; thus,
screening the update would improve the number of trials
included in this study. Of the 66 trials that reported a sub-
group analysis, 38 trials claimed a subgroup effect and were
included in this study (Fig. 1). The characteristics of the
included studies are presented in Table 1.

Among the 38 included studies, 14 made 1 claim of a
subgroup effect, 10 studies made 2 claims, 7 studies made
3 claims, 3 studies made 4 claims, and 4 studies made 5 or
more claims. Thus, a total of 91 claims of a subgroup effect
were reported in the included studies. All claims of sub-
group effects are listed in Appendix C at www.jclinepi.
com. The interrater agreement for the assessment of the
credibility of the subgroup claims ranged from 80% to
99%, and the PABAK values ranged from 0.61 to 0.98, rep-
resenting moderate to almost perfect agreement.

Twenty-eight subgroup claims were considered strong
claims of a definitive effect, and 63 were cautious claims
of a possible effect (Table 2). None of the subgroup claims
met all 10 credibility criteria, and only 22 (24%) claims
satisfied at least five criteria. In the 91 claims, the only
criteria satisfied by more than 50% of the included studies
were if the subgroup variable was a characteristic measured
at baseline, and whether the test of interaction was signifi-
cant. Two criteria (indirect evidence to support the effect
and if the subgroup effect was consistent across related out-
comes) were significantly more likely satisfied in reports
making strong claims compared to those with cautious
claims (Table 2). All other criteria were satisfied by less
than 30% of the included studies, irrespective of the
strength of the claim. None of the studies correctly prespe-
cified the subgroup hypotheses, and only six claims (7%)
met the criteria for prespecifying the subgroup hypotheses.
The median (interquartile range) number of criteria
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Table 2. Number (percentage) of claims meeting each quality criteria

Criteria

Strong claim of a
definitive effect (n[ 28)

Cautious claim of
possible effect (n[ 63)

P-valueYes No Yes No

1. Is the subgroup variable a characteristic measured at baseline? 27 (96.4) 1 (3.6) 60 (95.2) 3 (4.8) 0.798N.S.

2. Was the subgroup variable a stratification factor at randomization? 1 (3.6) 27 (96.4) 4 (6.3) 59 (93.7) 0.591N.S.

3. Was the hypothesis specified a priori? 0 (0) 28 (100) 6 (9.5) 57 (90.5) 0.091N.S.

4. Was the subgroup analysis one of small number of subgroup hypotheses
tested (�5)?

8 (28.6) 20 (71.4) 18 (28.6) 45 (71.4) 1.000N.S.

5. Was the test of interaction significant (interaction P ! 0.05)? 25 (89.3) 3 (10.7) 48 (76.2) 15 (23.8) 0.148N.S.

6. Was the significant interaction effect independent, if there were multiple
significant interactions?

1 (3.6) 27 (96.4) 2 (3.2) 61 (96.8) 0.922N.S.

7. Was the direction of subgroup effect correctly prespecified? 0 (0) 28 (100) 0 (0) 63 (100) d

8. Was the subgroup effect consistent with evidence from previous studies? 6 (21.4) 22 (78.6) 12 (19) 51 (81) 0.792N.S.

9. Was the subgroup effect consistent across related outcomes? 14 (50) 14 (50) 12 (19) 51 (81) 0.003*
10. Was there indirect evidence to support the apparent subgroup effect
(biological rationale, laboratory tests, animal studies)?

21 (75) 7 (25) 28 (44.4) 35 (55.6) 0.007*

Abbreviation: N.S., not statistically significant.
*P ! 0.01.
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satisfied by the studies making claims was 3 (2 to 4). In
addition, there was no significant association between the
credibility of a subgroup claim with the journal impact fac-
tor of the study, risk of bias, sample size, and year of pub-
lication (Table 3).
4. Discussion

The credibility of subgroup claims in LBP trials was
low. Of the 91 claims of a subgroup effect identified, 28
were strong claims yet only 10 of the 28 claims were able
to satisfy at least half of the credibility criteria and none
satisfied all criteria. Having the subgroup variable
measured at baseline and the use of an interaction test were
the only criteria satisfied by more than 50% of the claims.
Only two subgroup credibility criteria (subgroup effect
consistent across related outcomes and support the sub-
group claim with indirect evidence) were more commonly
positive in studies making a strong claim, and strong claims
seem more likely to find a subgroup effect consistent across
related outcomes and support the subgroup claim with indi-
rect evidence. All the included studies failed to prespecify
the correct direction of the subgroup hypotheses, and the
hypothesis was prespecified for only six claims. Further-
more, the credibility of the subgroup claims does not
appear to be associated with other study factors, such as
journal impact factor, risk of bias, sample size, or year of
publication.
Table 3. Regression analysis on factors associated with the credibility of su

Variables

Univariate analysis

Regression coefficient (95% CI)

Journal impact factor 0.25 (�0.07, 0.57) 0
Methodological quality �0.11 (�0.29, 0.08) 0
Sample size �0.0002 (�0.0006, 0.0002) 0
Year of publication 0.04 (�0.10, 0.17) 0

Abbreviations: N.S., not statistically significant; CI, confidence interval.
*P O 0.25.
The strengths of this review include the use of standard-
ized criteria for assessing credibility of subgroup claims
and a comprehensive search for the identification of studies.
The credibility criteria used in this review were first
described in 1992 [19], then restructured to address more
domains in recent publications [16,20]. The low number
of subgroup claims identified is the main limitation of this
study. Although we identified a large number of LBP trials,
only a small number of these trials reported a subgroup
analysis and consequently were eligible to make a subgroup
claim. It seems that while endorsement of treatment sub-
groups is common, there is only limited evidence in the
literature. In contrast to our prediction that about 20% of
LBP trials would report a subgroup analysis, only 3% re-
ported subgroup analyses. Because the low number of trials
identified in the three random samples of potentially
eligible trials from our first search, we decided to update
our literature search to identify additional eligible studies.
This decision, however, was not specified in our protocol
and needs to be acknowledged as a limitation of this study.

This low rating of credibility of subgroup claims in LBP
trials is consistent with pharmacologic studies. Sun et al.
[16] reported low credibility of subgroup claims in pharma-
cokinetic studies, in which most trials failed to prespecify
the hypotheses or present significant interaction tests. A
recent review [30] investigated the quality of subgroup an-
alyses in therapist-delivered interventions for LBP and
concluded that subgroup analyses in LBP are typically
bgroup claims

Multivariate analysis

P-value Regression coefficient (95% CI) P-value

.127* 0.23 (�0.10, 0.56) 0.169N.S.

.248* �0.09 (�0.27, 0.10) 0.363N.S.

.270N.S. d d

.595N.S. d d
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underpowered with poor quality of reporting. Both reviews
reported the failure to specify the subgroup hypotheses a
prior as a common problem in trials, which is also consis-
tent with our findings. Furthermore, Chan et al. [31] found
that some subgroup analyses reported to be prespecified
were not described in the trial protocols and registration
documents; thus, subgroup analyses with clear evidence
that they were prespecified appear to be even more rare.

In this study, we did not find any association between the
credibility of subgroup claims with journal impact factor, risk
of bias, sample size, and year of publication. It seems that
the credibility of subgroup claims is not influenced by these
variables. An alternate variable which may be related to the
credibility of subgroup claims is trial funding, with industry-
funded trials being more likely to report subgroup analyses
and less likely to prespecify subgroup hypotheses [32].
Althoughwedid not investigate the influence of funding in this
review, most of the included studies were funded (76%).

Subgroup analyses are potentially important and, when
performed correctly, could help individualize treatment
for heterogeneous conditions like nonspecific LBP. Howev-
er, the great majority of existing subgroup analyses in the
literature have the potential to mislead clinicians. If authors
do not provide an overview of the credibility of their own
analyses or alert clinicians on the exploratory nature of
the data, subgroup analyses could result in clinicians
changing their practice based on spurious data and the pos-
sibility of patients receiving potentially harmful treatments.
The credibility criteria used in this review can help guide
researchers to improve the conduct and reporting of better
subgroup analyses. Provision of a completed checklist as
a table or electronic supplement by trials undertaking sub-
group analyses would help clinicians and researchers to
judge whether the findings should be used for guiding clin-
ical practice or as hypothesis generation, making the results
from subgroup analyses less likely to be misinterpreted.

5. Conclusion

The credibility of subgroup claims in back pain trials is
usually low, irrespective of the strength of the authors’
claim. Future studies aiming to perform subgroup analyses
should follow specific guidelines to improve the credibility
of their findings. Clinicians should be aware of the problem
of spurious subgroup claims for clinical practice.
Supplementary data

Supplementary data related to this article can be found
online at http://dx.doi.org/10.1016/j.jclinepi.2016.06.003.
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