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INTRODUCTION
Chronic non-cancer pain (CNCP) refers to pain not due 
to cancer lasting more than three months [1]. CNCP is a 
disabling health condition which is highly prevalent and 
affects approximately 28% of people globally [2]. Random-
ized controlled trials (RCTs) aim to provide reliable evi-

dence on the efficacy and adverse effects of interventions 
in general patient populations [3]. However, clinical deci-
sions often depend on individual patient characteristics. 
Those conducting trials often perform subgroup analyses 
(SGAs), defined as evaluating the treatment effects in spe-
cific subgroups of patients or interventions, to indicate 
whether the observed treatment effect is altered by base-
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The quality of subgroup analyses (SGAs) in chronic non-cancer pain trials is uncer-
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in 2012. The associations between the quality of the SGAs and the studies’ charac-
teristics including risk of bias, funding sources, sample size, and the latest impact 
factor, were assessed using multivariable logistic regression. Our search retrieved 
3,401 articles of which 66 were eligible. The total number of SGAs was 177 of 
which 52 (29.4%) made a subgroup claim. Of these, only 15 (8.5%) were evaluated 
as being of high quality. Among the 30 SGAs that claimed subgroup effects us-
ing an appropriate method of performing interaction tests, the credibility of only 5 
were assessed as high. None of the subgroup claims met all the credibility criteria. 
No significant association was found between the quality of SGAs and the studies’ 
characteristics. The quality of the SGAs performed in chronic pain trials was poor. 
To enhance the quality of SGAs, scholars should consider the developed criteria 
when designing and conducting trials, particularly those which need to be specified 
a priori. 
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line characteristics of the study population [4,5]. SGAs thus 
play a significant role in suggesting the appropriateness 
of an intervention for a specific patient population and 
addresses the clinical need for individually based guide-
lines. They can also inform future studies by determining 
whether specific baseline prognostic factors may impact 
outcome measures of interest. However, the practical po-
tential of SGAs can only be realized if an SGA is rigorous in 
its design and interpretation, as its results may be mislead-
ing if incorrectly performed [6]. 

Numerous criteria have been developed to evaluate the 
quality of SGAs. Firstly, it is necessary to evaluate if the 
treatment effect varies across subgroup categories. Since 
appropriate statistical tests can only identify the extent 
to which chance explains a study’s results and not other 
factors, performing SGAs without testing for interactions 
is not a valid technique. More importantly, the lack of a 
priori subgroup hypotheses, and the direction of these in-
teractions can inflate type I error by allowing for multiple 
hypotheses testing and enhancing the chance of produc-
ing spurious subgroup effects [6,7]. 

Within the literature, it has been found that subgroup 
claims are often subsequently shown to be incorrect, and 
that the credibility of subgroup effects is usually low [4]. 
Notably, a methodological review conducted in the field of 
chronic back pain found the credibility of subgroup claims 
to be low [8]. 

Within the CNCP field, many RCTs have performed SGAs 
to assess the treatment effects across different subgroups. 
However, the quality of these analyses and the credibility 
of the claimed subgroup effects are relatively unknown [8]. 
There are explicit criteria to help determine the credibil-
ity of subgroup effects [4,9,10]. Applying these criteria to 
CNCP trials, that report SGAs, can help inform the quality 
of SGAs in this field. 

As such, the primary objective of this review was to de-
scribe the quality and the credibility of the SGAs conduct-
ed in CNCP trials through evaluating their satisfaction of 
the criteria developed by Sun et al. [4] for assessing the va-
lidity of SGAs. Our secondary objective was to explore the 
associations between studies’ characteristics, including 
risk of bias, funding sources, sample size, and the latest 
impact factor with the quality of SGAs. 

MATERIALS AND METHODS
1. Inclusion criteria

In this study, we included RCTs that were carried out in 
humans for the management of CNCP. We did not apply 
restrictions on the basis of study design (parallel, cross-

over, factorial), number of trial arms, unit of randomiza-
tion, type of study, study sample size, or category of out-
come. To meet inclusion criteria, the RCTs needed to have 
included one or more SGAs, with or without a subgroup 
claim. Conference abstracts and publications which were 
not in English were excluded. The included studies were 
indexed in MEDLINE and EMBASE from January 2012 to 
September 2018. 

2. Search strategy 

An extensive and predefined search strategy (Appendix 
1) of MEDLINE and EMBASE was conducted from Janu-
ary 2012 to September 2018, using the OVID platform. The 
strategy’s search terms included both MeSH headings and 
free texts for “subgroup analysis”, “chronic pain”, “ neuro-
pathic pain ”, “intervention”, “treatment”, “management”, 
and “randomized controlled trials”.

3. Selection of the eligible studies

Two reviewers (MA and VA), independently and in du-
plicate, screened titles, and abstracts in the field of pain 
management to detect citations that were RCTs in humans 
that performed at least one SGA. For the purposes of this 
study, we defined an SGA as a statistical analysis that 
explored whether the effects of an intervention differed 
according to a sub-group variable. Subsequently, the re-
viewers, independently and in duplicate, screened the full 
text of all potentially eligible trials to determine if they met 
the study’s inclusion criteria such as reporting at least one 
SGA, claiming a subgroup effect using an interaction test, 
reporting a P value for a subgroup effect, and the magni-
tude of difference in the effect between patient subgroups. 

4. Data extraction and management

The data extraction form was created and developed by the 
principal investigator. At the stage of full text screening, 
the principal investigator, along with two other reviewers 
trained in research methodology (MA&VA-MA&YR), ex-
tracted information independently and in duplicate from 
the eligible RCTs. The extracted data included 1) the year 
of publication, 2) the funding sources, 3) the journal name 
and latest impact factor (mostly the Thomson Reuters Im-
pact Factor), 4) the trial design, 5) the trial type, 6) the type 
of participants, 7) the type of intervention and its compar-
ator, 8) the primary outcome(s) and secondary outcome(s), 
9) the follow-up duration, 10) the sample size, and 11) the 
treatment effect for the primary outcome prior to perform-
ing the SGA. In the studies that were published as post-
hoc analyses of trials, we used additional resources cited 
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in the included studies, such as published or registered 
protocols and main trials, to make a more rigorous judg-
ment regarding the quality of the SGAs and the risk of bias 
assessments.

5. Quality of SGAs 

Two pairs of reviewers recorded the number of SGAs per-
formed in each RCT. We assessed the quality and cred-
ibility of the SGAs reported using the 10 criteria mentioned 
above [4]. We assessed the quality of SGAs when the trial 
performed an SGA but concluded a negative result, and 
when the trial performed an SGA using an interaction test 
and claimed a subgroup effect. Due to the various condi-
tions encountered, the following guidelines were devel-
oped for the number of criteria considered to evaluate the 
SGAs:

1)  When the trial performed an interaction test and the 
result was positive (subgroup effect was reported or 
claimed), all 10 criteria were assessed (credibility).

2)  When the trial performed an interaction test and the 
result was negative (no subgroup effect claimed), 6 
criteria were assessed (criteria # 1 to #5 and #7 were 
applicable).

3)  When the trial did not perform an interaction test 
but reported a positive result (subgroup effect was 
reported, or the authors reported that the effect ap-
peared larger in one subgroup than another, but ac-
knowledged the fact that they didn’t have the power 
to detect an interaction effect, and therefore these 
results were considered to be hypothesis generating), 
8 criteria were assessed (criteria #5 and #6 were not 
applicable).

4)  When the trial did not perform an interaction test 
and reported a negative result (no subgroup effect), 
only the first 4 criteria were assessed.

It should be noted that the first item reflects “credibility”, 
and the next three items reflect the “quality” of SGAs. The 
quality of all SGAs reported in each study was coded based 
on the detailed instructions established by Sun et al. [4], 
which were used in previous studies (Appendix 2). Each 
criterion was scored as 1 if the answer to the item was “yes” 
(criterion met) and 0 if the answer was “no” (criterion not 
met). We only assessed the SGA for the pain-related pri-
mary outcome and the last follow-up time. If pain was not 
the primary outcome, we considered the SGA for the pri-
mary outcome in addition to the SGA for the most relevant 
outcome to pain among the secondary outcomes.

Depending on the number of criteria assessed, we 
scored each SGA between 0 to 10, 0 to 8, 0 to 6, or 0 to 4. We 
conventionally classified the quality of each SGA based 
on the proportion of criteria met as high-quality (60% or 

more) or low quality (less than 60%). 
We specifically assessed the credibility of SGAs for those 

studies which claimed a subgroup effect after performing 
an interaction test.

6. Risk of bias

Reviewers assessed the risk of bias for included RCTs, in-
dependently and in duplicate, using a modified Cochrane 
risk of bias instrument [11,12]. All disagreements in differ-
ent stages were resolved by reaching a consensus or con-
sulting with a third reviewer (LM).

7. Data analysis 

We used descriptive statistics to summarize and calculate 
the proportion of trials reporting at least one SGA or claim-
ing a subgroup effect. We also calculated the proportion 
of SGAs (those which claimed a subgroup effect) meeting 
each credibility criterion and the number of criteria met 
by each SGA. 

The normality and homogeneity of variance assump-
tions for continuous outcomes (e.g., functional scores) 
was verified using the Shapiro–Wilk test and Levene’s test, 
respectively. We performed multivariable linear regres-
sion models to assess the potential associations between 
the quality of the SGAs (as a continues variable) and pre-
specified study characteristics including the risk of bias 
(low-risk vs. high-risk based on the overall judgment of the 
reviewers), funding sources (industry and non-industry), 
sample size (small vs. large), and the latest impact factor 
(as a continues variable). A theory-driven approach was 
used to build the final multivariable regression model 
and select the most influential predictor variables. We di-
chotomized the studies’ sample sizes based on the median 
of this variable into two groups: above and below the me-
dian. 

To control for the impact of potential multicollinearity 
issues between the covariates, we calculated the variance 
inflation factor (VIF) of all variables included in the final 
models. A VIF of 10 or above (a tolerance of 0.1) was con-
sidered as multicollinearity. 

To run the regression models, since some of the stud-
ies had performed more than one SGA with the same ap-
proach to analyzing subgroup effects, we included only 
one SGA with the highest score in the quality assessment 
from each study in the regression model. Through apply-
ing this approach we limited our analysis to including 66 
SGAs, which was equal to the number of studies included. 
The goodness of fit for the models was also evaluated us-
ing the Hosmer–Lemeshow test [13]. Agreement between 
reviewers regarding: 1) the quality of SGAs, 2) the use of 
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the interaction test, and 3) the risk of bias assessment was 
calculated using the Cohen’s Kappa statistic. We consid-
ered the kappa values of 0-0.20, 0.21-0.40, 0.41-0.60, and 
0.61-0.80 as indicating slight, fair, moderate, and substan-
tial agreement, respectively. Values of more than 0.80 were 
regarded as almost perfect agreement [14]. All analyses 
were performed using SPSS software version 24 (IBM Co., 
Armonk, NY).

8. Sample size

To perform the linear regression analysis, we calculated 
the total number of RCTs that would need to be included. 
According to Harris and Quade [15], as the rule of thumb 
for multivariable linear regression analyses, for five or 
less predictors, the number of subjects should exceed the 
number of independent variables by 50. For equations in-
volving six or more predictors, an absolute number of 10 
subjects per predictor is recommended. Based on these 
recommendations, a total sample size of at least 60 RCTs 
was calculated to be included in this study. Considering 4 
independent variables for running linear regression mod-
els, this study, with 66 RCTs, has sufficient power to pro-
duce reliable results. 

RESULTS
Two reviewers screened 3,401 titles and abstracts. Of these, 

106 publications were potentially identified as eligible. 
However, 33 articles were conference abstracts, and were 
thus excluded (Fig. 1). The full texts of the remaining 73 
studies were retrieved and screened. Sixty-six RCTs were 
included in the final review, based on the study’s eligibility 
criteria. The descriptions of included studies are reported 
in Table 1, Appendix 3. 

Table 1. Characteristics of 66 included studies 

Study characteristic Category Frequency

Trial type Single center 30 (45.5)
Multi-center 36 (54.5)

Source of funding Industry 37 (56.1)
Non-industry 25 (37.9)
Both 1 (1.5)
Not reported 3 (4.5)

Primary outcome (pain) Yes 43 (65.2)
No 23 (34.8)

Post-hoc analysis Yes 37 (56.1)
No 29 (43.9)

Treatment effect of primary outcome  
   (main trial)

Positive 24 (36.4)
Negative 42 (63.6)

Risk of bias Higha 38 (57.6)
Lowb 28 (42.4)

Values are presented as number (%).
aHigh risk of bias: risk of bias evaluated as “High” independently and in 
duplicate, using a modified Cochrane risk of bias instrument, bLow risk of 
bias: risk of bias evaluated as “Low” independently and in duplicate, us-
ing a modified Cochrane risk of bias instrument.
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(n = 3,295)
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database searching (MEDLINE)
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Full-text articles excluded,
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Not randomized trials (n = 3)
Pooled data of similar trials
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SGA reported in the abstract
but not reported in the text
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Conference abstracts excluded
(n = 33)

Fig. 1. Study flow diagram. SGA: sub-
group analysis.
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The inter-rater agreements (Kappa values) for the assess-
ment of the quality of SGAs, the determinant of subgroup 
claims, and the risk of bias assessment were 0.72 (95% 
confidence interval [CI]: 0.57-0.87), 0.76 (95% CI: 0.60-0.92), 
and 0.70 (95% CI: 0.51-0.89), respectively, representing sub-
stantial agreement.

Thirty seven out of 66 studies (56.1%) were industry-
funded, and 36 (54.5%) were multi-center trials. Within 
the 66 included studies in the final review, the total num-
ber of SGAs reported was 177 (range = 51), and 68.8% of 
the included studies performed only one SGA. Of these, 
52 (29.4%) claimed a subgroup effect. Thirty-two studies 
(48.5%) performed SGAs using a statistical test for interac-
tion, and the remaining 34 studies (51.5%) performed sta-
tistical tests within individual subgroups and compared 
the results without an interaction test. The frequency of 
the SGAs, based on the performance of an interaction test 
(yes or no), is presented in Table 2. Among all SGAs, the 
quality of only 15 (8.5%) was evaluated as high (score ≥ 6 

out of 10), and none of the SGAs met all the credibility cri-
teria. 

Table 2 also presents the frequency of the SGAs that re-
ported subgroup interactions, which were either positive 
or negative. Among the 30 (16.9%) SGAs that reported posi-
tive results (claimed subgroup effects) using an appropri-
ate method of performing interaction tests, the credibility 
of only 5 of these SGAs was assessed as high. 

Table 3 further indicates the proportion of the above-
mentioned 30 SGAs that met each credibility criteria. In 
3 SGAs, the subgroup variable was not a characteristic 
measured at baseline. Additionally, only 1 SGA reported 
the subgroup variable as a stratification factor at random-
ization, and only 11 SGAs clearly indicated an a priori 
hypothesis regarding a subgroup effect. Of the 30 claims, 
only 5 (16.7%) correctly pre-specified the direction of the 
subgroup effect.

1. Statistical analyses

1) Regression analyses of study variables

We did not find any significant associations using univari-
ate and multivariable regression analyses evaluating the 
association between the quality of SGAs and the study 
characteristics (risk of bias, funding sources, sample size, 
and latest impact factor). The summary of the analyses is 
presented in Table 4.

We assessed the goodness of fit for the final model us-
ing the Homer and Lemeshow test. The statistical analy-
sis showed that the Chi-square of 2.241 with 8 degrees of 
freedom was not significant (P value = 0.973). Therefore, 
the null hypothesis (H0: The model is appropriate) was re-
jected and this indicated that the model is appropriate.

Table 2. Frequency of SGAs categorized based on the result, and per-
forming interaction testa 

Test of interaction 
(yes or no)/SGA result  
(positive or negative)

Frequency 
Quality of 

SGAs
Frequency

Yes/Positive 30 (16.9) High 5 (16.7)
Low 25 (83.3)

Yes/Negative 96 (54.2) High 3 (3.1)
Low 93 (96.9)

No/Positive 22 (12.4) High 1 (4.5)
Low 21 (95.5)

No/Negative 29 (16.4) High 6 (20.7)
Low 23 (79.3)

Values are presented as number (%).
SGAs: subgroup analyses.
aThe 117 SGAs are categorized based on performing an interaction test 
(yes or no) and the SGA result (positive or negative). 

Table 3. Proportion of 30 subgroup analyses claiming a subgroup effect which met each criterion

Criteria No (criterion not met) Yes (criterion met)

1. Is the subgroup variable a characteristic measured at baseline? 3 (10.0) 27 (90.0)
2. Was the subgroup variable a stratification factor at randomisation? 29 (96.7) 1 (3.3)
3. Was the hypothesis specified a priori? 19 (63.3) 11 (36.7)
4. Was the subgroup analysis one of small number of subgroup hypotheses tested (≤ 5)? 10 (33.3) 20 (66.7)
5. Was the test of interaction significant (interaction P < 0.05)? 0 30 (100)
6. Was the significant interaction effect independent, if there were multiple significant interactions? 16 (53.3) 14 (46.7)
7. Was the direction of subgroup effect correctly pre-specified? 25 (83.3) 5 (16.7)
8. Was the subgroup effect consistent with evidence from previous studies? 20 (66.7) 10 (33.3)
9. Was the subgroup effect consistent across related outcomes? 20 (66.7) 10 (33.3)

10. Was there indirect evidence to support the apparent subgroup effect (biological rationale, laboratory 
tests, animal studies)?

28 (93.3) 2 (6.7)

Values are presented as number (%).
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DISCUSSION
1. Summary and interpretation of findings

In this methodological study, we assessed the quality and 
credibility of SGAs performed in CNCP trials published 
between 2012 and 2018. SGAs aim to detect a subset of the 
patient population with improved efficacy when com-
pared to the whole trial population, based on specific 
patients or intervention characteristics. Of the 66 included 
studies that reported at least one SGA, a higher proportion 
of the included studies was industry-funded, indicating 
that a higher proportion of industry-funded trials reported 
an SGA compared to non-industry funded trials. 

Another variable inf luencing the quality of SGAs is 
sample size. Lachenbruch [16] suggested a simple method 
of calculating a trial’s sample size for it to be eligible to 
test for subgroup interactions using the contrast(s) for the 
interaction and a normal distribution. A required sample 
size of approximately 500 has also suggested by previous 
studies [17]. Based on these two rationales, 79% of the in-
cluded studies did not meet the requirements and were 
considerably underpowered to detect any significant sub-
group effects. This issue highlights the lack of power for 
performing SGAs. 

The quality of SGAs is also influenced by the number of 
the subgroup hypotheses that were tested. In this study, ap-
proximately two-thirds of the included studies performed 
only one SGA and 7.5% of the studies performed more than 
5 SGAs, leading them to exceed the quality criterion that 
less than 5 subgroup hypotheses should be tested. Per-
forming many interaction tests in one study could suggest 
a significant inflation of type I error, which could enhance 
the probability of reporting spurious results.

Additionally, in slightly less than 50% of the studies, 
the authors expressed that they undertook an interaction 
test for analyzing subgroups, and reported a P value for 
interaction. A test for interaction, which examines if the 
treatment effect varies across subgroup categories, is the 
only reliable statistical approach to claim that the exist-
ing difference between subgroups cannot be explained by 

chance [10,18]. 
Overall, the quality of SGAs performed in the 66 in-

cluded studies was low. Among the 177 SGAs identified, 
the quality of only 15 (8.5%) was high. Of the 30 SGAs that 
claimed a subgroup effect using an appropriate test for 
interaction, the credibility of only 5 SGAs was evaluated 
as high. According to Table 3, approximately two-thirds 
of the SGAs claiming a subgroup effect failed to clearly in-
dicate an a priori hypothesis for the subgroup effect. Even 
when subgroup effects were hypothesized a priori, the 
direction of a majority of subgroup effects (83%) was not 
correctly hypothesized a priori. One reason for this could 
be about that 56% of the included studies were post-hoc 
analyses of RCTs. This result may be explained by the fact 
that these SGAs were carried out to find significant dif-
ferences in primary outcome measures in specific patient 
subgroups when one was not found in an analysis of the 
whole study population. However, this study did not cor-
relate this parameter of SGA quality with the primary out-
come results for the whole study populations of the 44% of 
studies that did not generate a priori hypotheses. As such, 
this remains a hypothesis that warrants further study. 

Nevertheless, of the studies which performed a test for 
interaction between subgroups, 90% of them satisfied this 
criterion that “the subgroup variable was a characteristic 
that was measured at baseline”. This indicates that most of 
the SGAs were selected based on characteristics at base-
line. 

Overall, the results of this study indicate that a total of 52 
SGAs reported a subgroup effect. However, in 22 of these 
subgroup effects, the authors concluded that there was a 
subgroup effect by reporting a significant treatment effect 
in one subgroup or by looking for significance in each sub-
group separately which cannot be considered as a correct 
method of claiming a subgroup effect [18].

Independence of the interaction is an important criteri-
on whose fulfillment in performing SGAs can increase the 
credibility of subgroup effects. When a study tests multiple 
hypotheses, the analyses might produce more than one 
significant interaction which might be associated with 
each other and explained by a common factor [10]. This is-

Table 4. Association between quality of SGAs with studies’ characteristics using multiple linear regression models

Variable   
Univariable analysis Multivariable analysis

B (95% CI) P value B (95% CI) P value

Risk of bias 0.33 (–0.24, 0.91) 0.258 0.16 (–0.45, 0.78) 0.591
Source of funding –0.005 (–0.61, 0.60) 0.986 –0.05 (–0.71, 0.61) 0.880
Sample size 0.15 (–0.41, 0.73) 0.586 –1.81 (–0.99, 0.63) 0.658
Journal impact factor 0.33 (–0.24, 0.91) 0.258 0.23 (–0.39, 0.85) 0.461

SGAs: subgroup analyses, CI: confidence interval.
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sue can be addressed by including all significant and non-
significant interactions in the regression model to see if 
the interaction terms are still significant. In our study, of 
the 30 claims, 14 (46.7%) met this criterion by performing 
regression models to check if the interaction term was in-
dependent.

2. Strengths and limitations of the study

To our knowledge, the current study is the first method-
ological review conducted to assess the quality of SGAs 
among all non-cancer chronic pain trials after the publi-
cation of the 10 criteria to assess SGA validity in 2012 [4]. 
There is just one similar review [8]; however, our study dif-
fers in two important regards. Firstly, our study evaluated 
the quality of SGAs reported in all non-cancer chronic 
pain trials while the scope of the previous review was nar-
rower and included specifically low back pain trials with 
SGAs. Secondly, our study assessed the quality and the 
credibility of all SGAs reported (positive and negative) 
rather than just looking at those with a claim of a subgroup 
effect. As such, we deem our review of the literature to be 
more robust.

Furthermore, given the variety of studies with differ-
ent forms of SGAs, we divided the SGAs into 4 categories 
based on the test of interaction performed and the result of 
the SGAs (positive-negative) and evaluated the quality or 
credibility of each subgroup based on the number of crite-
ria applied in each category. The previously available tools 
were designed to assess the credibility of subgroup effects 
claimed in the RCTs; however, there was no standard tool 
to take into consideration the quality of performing all 
SGAs rather than only those which reported a claim. As 
such, our approach allowed for a more stratified and ap-
propriate evaluation of the SGAs performed. 

Our study is also presented with two limitations. Firstly, 
based on the initial study protocol, we searched MED-
LINE starting with 2013. Due to not obtaining the required 
sample size (60), we expanded our search to EMBASE and 
to the year 2012 to obtain more eligible studies. Since we 
limited the literature search to studies published in or af-
ter 2012 to coincide with the publication of the guidelines 
created by Sun et al. [4] and for it to thus have been pos-
sible for the SGAs to have been designed in accordance to 
those guidelines, we were only able to include 66 RCTs. 

The results of our study are consistent with the findings 
of previous studies conducted on this issue [8]. Previous 
searches of the literature have also demonstrated the poor 
quality of SGAs and the low credibility of subgroup claims. 

Contrary to what we expected, no significant associa-
tion was found between the quality of SGAs, and the risk of 
bias, the source of funding, the sample size, or the journal 

impact factor. This finding indicates that the quality of 
SGAs might not be affected by study characteristics. One 
reason for this could be the small sample size which might 
have made our study underpowered to reach actual asso-
ciations between study variables. Other studies have also 
reported a lack of association between study characteris-
tics and SGA quality [8,17]. However, the source of funding 
was not a study characteristic included in the previous 
multivariable regressions published in the literature. 

The results of the current study, in keeping with the 
results of previous studies [19,20] show that a larger pro-
portion of included trials were funded by industry. It is 
possible that this result indicates that, in the presence of 
non-significant results (73% vs. 27% in our study), industry 
funded trials may be more likely to attempt to seek statisti-
cally significant findings in patient subgroups. However, 
our multiple regression analyses did not prove this claim. 

3. Conclusion 

The findings of this study indicated that the overall quality 
of SGAs and the credibility of subgroup effects in CNCP tri-
als is low. This study emphasizes the importance of utiliz-
ing appropriate scientific methodology to investigate sub-
group effects and highlights the following issues: Those 
conducting trials should utilize the standardized criteria, 
specifically in the process of trial planning. Utilizing expe-
rienced statisticians to include SGAs in the analyses plan-
ning is highly recommended. Journal editors should also 
consider the developed criteria to assess the credibility of 
subgroup claims reported in the submitted manuscripts. 
Finally, knowledge users should also take caution in their 
interpretation of the results of SGAs and their application 
of the treatment in question to specific subpopulations. 
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