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2: exploring the role of the comparator, 
diversity, risk of bias and confidence
Mervyn J Travers,‍ ‍ 1,2 Myles Calder Murphy,‍ ‍ 1,3 
James Robert Debenham,1 Paola Chivers,4 Max K Bulsara,4 
Matthew K Bagg,‍ ‍ 5,6 Thorvaldur Skulli Palsson,7 William Gibson1

Introduction
Systematic review and meta-analyses 
(SRMA) represent the highest quality of 
evidence of the effects of interventions 
and have the capacity to usefully inform 
clinical decisions, reduce research waste 
and direct policy making.1–4 Interven-
tional SRMA often amalgamate the results 
of multiple randomised controlled trials 
(RCTs) to determine the magnitude of 
the estimate of the effect for a chosen 
intervention and to examine variation 
among study outcomes (heterogeneity).5 
As such they represent the highest level 
of evidence to inform clinicians on the 
usefulness of a given treatment. Of course, 
the robustness of SRMA findings is depen-
dent on the quality of the trials that have 
been pooled. The aim of this two-part 
Educational Editorial Series is to outline a 
process of scrutiny and analysis for SRMA 
to facilitate answering the important ques-
tion ‘Should this SRMA change my prac-
tice?’. An understanding of key features 
of SRMA which have been outlined in 
related BJSM Educational Editorials is 
needed by clinicians in order to make this 
decision.2 6–10 Here, we present a worked 
example for clinicians illustrating some 

important considerations when reading 
an interventional SRMA. Specifically, 
we highlight the need to consider the 
pooling of comparators, clinical diversity, 
comparisons to active control, risk of bias 
and confidence in the results when inter-
preting interventional SRMA findings.

The example SRMA
The example SRMA investigated the 
efficacy of platelet-rich plasma (PRP) 
injections for tendinopathy.11 Based on 
data extracted from 16 RCTs (see online 
supplementary file 1 for a list of refer-
ences), the authors reported a moderate 
treatment effect in favour of PRP with a 
standard mean difference (SMD) of 0.47 
(95% CI 0.22 to 0.72, p<0.001). Part 1 
of this Educational Editorial series demon-
strated issues of methodological reporting, 
transparency and reproducibility which 
undermined the trustworthiness of this 
result and we presented a revised estimate 
of treatment effect of PRP for tendinop-
athy (figure  1). Our result was derived 
from an incomplete dataset. Nonethe-
less, it suggested a moderate treatment 
effect in favour of PRP injections similar 
to the original authors’. Next, we re-ex-
amine this result considering the choice of 
comparator(s).

Compared to what? Considering 
the role of the control 
intervention
The selection of an appropriate comparator 
is important in sports medicine research 
as we know that some interventions can 
negatively impact pain and function. 
Ideally, a SR with pairwise comparison 
MA (pairwise=single comparison between 
two interventions) would inform the 
clinician as to whether PRP is preferable 
to a single comparator (e.g. corticoste-
roid injection) for a given condition (e.g. 
Achilles tendinopathy) at a common time 
point of interest (e.g. 12 weeks post-injec-
tion). RCTs investigating PRP injections 

for tendinopathy commonly use a range 
of control injections (saline, local anaes-
thetic or glucocorticoid) as the compar-
ator. Accordingly, the treatment effect of 
PRP injections must be interpreted in light 
of the comparator employed in individual 
trials. The example SRMA included RCTs 
investigating PRP versus various control 
injections (saline, dry needling, local 
anaesthetic agents and corticosteroids) at 
multiple sites (Achilles, patella, shoulder 
and elbow) and at a range of time points 
post-intervention (3, 6 and 12 months).11 
For SRs using pairwise MA, homogeneity 
of the comparator across the included 
trials is a critical element of the study 
design. The above control injections most 
likely have differing underlying effect 
sizes based on their location and nature 
as well as differing temporal responses. 
Comparing PRP to such a heterogeneous 
group of interventions does not provide a 
clear estimate of the effect of PRP injection 
to any one of the comparators. On this 
basis alone, it is arguable that synthesis in 
a pairwise comparison is not appropriate 
at all because it falsely presumes homo-
geneity of the comparators. Network 
meta-analysis (NMA) is a more appro-
priate methodology in situations where 
multiple comparators are involved. NMA 
represents all comparisons between inter-
ventions (in this case, PRP and the various 
comparators) in a network and produces 
effect estimates for each of these compar-
isons, provided strong assumptions are 
justified.12–14

It is not surprising to observe significant 
statistical heterogeneity in the example 
pairwise comparison, given the difference 
in the comparator across trials. Hetero-
geneity may be defined as the proportion 
of variability in the results of individual 
studies (above that expected by chance) 
and is outlined in further detail in a recent 
BJSM Editorial.7 See box  1 for a brief 
description of evidence for heterogeneity 
reported in our forest plot and we refer 
the interested reader to the cited refer-
ences.15–17 We now comment on the other 
contributors to observed heterogeneity 
in pairwise meta-analysis, namely, clin-
ical diversity (differences in participant 
characteristics, interventions or outcomes 
between studies) or methodological diver-
sity (differences in design or risk of bias 
between studies).

Clinical diversity
Two arguments could be made regarding 
the clinical variability between the studies 
included in the example SRMA. If the 
SRMA only included studies where, for 
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example, female competitive middle-dis-
tance runners with a 3 month history of 
Achilles tendinopathy received either 
saline or PRP and were followed up at 12 
weeks post-intervention, then the clinician 
may be provided with a robust estimate of 
treatment effect that is only applicable 

to that specific population. However, 
including more varied RCTs in a SRMA 
yields a result that may be generalisable to 
a broader range of patients if it is plausible 
to believe that the outcomes of other wider 
patient populations would not be influ-
enced by the clinical diversity. Figure  2 
illustrates the clinical diversity of the 
example SRMA. We encourage clinicians 
to consider whether a pooled estimate 
of treatment effect from this clinically 
diverse set of RCTs can usefully inform 
their practice. Similarly, might pooling 
the outcomes from clinically diverse 
studies risk misinforming their practice? 
Further, among the clinical diversity in the 
example SRMA, there is a particular inter-
vention with a known treatment effect 
that warrants further examination.

Comparisons with active control
Of the control injections included in the 
example SRMA, corticosteroid injections 
have a known treatment effect which may 
bias the pooled estimate of effect. For 
example, PRP injections have previously 
outperformed corticosteroid injections 
for tendinopathy at the lateral elbow at 
6 months and 1 year follow-up points. 

However, such results should be consid-
ered in light of a known temporal effect 
of corticosteroids for this condition at 
those specific follow-up points.18–20 For 
example, while a short-term improve-
ment may be observed at 12 weeks, this 
is countered by a significant deteriora-
tion in pain and function at both 6 and 
12 months post-corticosteroid injection 
when compared with PRP in patients 
with lateral elbow tendinopathy (tennis 
elbow).18 This represents a 21% reduction 
in the relative risk of overall improve-
ment 1 year after corticosteroid injection 
in these patients when compared with no 
intervention (relative risk 0·79, 95% CI 
0·69 to 0·90).18 Clearly, this suboptimal 
medium to long-term outcome at the 
elbow may lead to erroneous conclusions 
and misguided management choices for 
people with that specific tendinopathy. 
Conversely, there appears to be positive 
treatment effects reported for corticoste-
roids for gluteal tendinopathy and plantar 
fascia pain.21 22

Pooling an active treatment intervention 
alongside the other control comparisons 
in a MA may yield confounded estimates 
of the effect. The example SRMA included 

Figure 1  Our reproduction of PRP versus control on tendinopathy pain with ‘Not Estimable’ comparisons removed. Not Estimable=insufficient data 
to generate standard mean difference; Total=sample size. Statistics reporting heterogeneity, see Box 1 for brief explanations. PRP, platelet-rich plasma; 
SMD, standardised mean difference.

Box 1 A brief definition of the 
evidence of heterogeneity reported 
on a forest plot

Statistical evidence of heterogeneity is 
represented by several values reported in 
the forest plot:
1.	 χ2 is a statistic that comes from a 

‘yes/no’ test for the presence of 
heterogeneity.16

2.	 I2 is derived from the χ2 test and 
represents the proportion of variability 
across studies that is not due to 
sampling error.15

3.	 Tau2 is the variance of the random-
effects distribution. Further discussion 
of Tau2 and the related implications 
for selection of fixed or random 
effects models for meta-analysis are 
out of the scope of this paper.17

P
rotected by copyright.

 on S
eptem

ber 6, 2019 at P
ublic H

ealth W
ales O

bservatory.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099959 on 8 A
pril 2019. D

ow
nloaded from

 

http://bjsm.bmj.com/


3Br J Sports Med Month 2019 Vol 0 No 0

Discussion

Figure 2  Pain outcomes included in example systematic review and meta-analysis. Reproduced from Miller LE, et al. BMJ Open Sport Exerc Med 
2017;3:e000237. doi:10.1136/bmjsem-2017–000237 (CC BY-NC 4.0). See: http:// creativecommons.org/licenses/by-nc/4.0/.

seven RCTs comparing PRP to corticoste-
roid injection at different anatomical loca-
tions and time points. Thus, we conducted 
a sensitivity analysis to explore the treat-
ment effect size for PRP when corti-
costeroid comparators were removed. 
This reduced the SMD to 0.25 (95% CI 
-0.16 to 0.65, p=0.23) which negates the 

reported treatment effect for PRP. Thus, 
when an active ‘control’ intervention was 
removed from the control comparator in 
the meta-analysis, we derive a markedly 
different conclusion than that reported 
in the original papers MA (figure 2). This 
exercise is not intended to suggest a true 
estimate of treatment effect of PRP for 

tendinopathy, rather it demonstrates the 
effect that an inappropriate control may 
have on the findings of an interventional 
SRMA. It may have been appropriate 
for the authors of the example paper to 
present subgroup analyses informed by 
the known effects of the different compar-
ators. A SRMA by Laudy et al (2015) 
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Figure 3  Our reproduction of PRP versus control on tendinopathy pain with corticosteroid comparators removed. Note: Not Estimable=insufficient 
data to generate standard mean difference; Total=sample size. Note: Risk of bias domains as evaluated by example paper authors presented for 
all studies included in the example paper; +=low risk of bias; ?=Some concerns re risk of bias; -=high risk of bias. PRP, platelet-rich plasma; SMD, 
standardised mean difference.

published within the BJSM on the efficacy 
of PRP for osteoarthritis is a nice example 
of how different comparators received 
separate analysis and were not pooled into 
one single control group.23

Risk of bias and confidence
Risk of Bias (RoB) represents the risk of 
over/underestimation of the true interven-
tion effect in study results. Thus, if a study 
is at high risk of bias, clinicians should 
consider its findings likely to be associated 
with an increased possibility of error in 
the estimate of effect. This extends to the 
effect estimate from MA when studies at 
high risk of bias are included in the anal-
ysis. Features of studies that may imply bias 
are usually formally assessed and reported 
in a SRMA and in the example paper these 
domains were assessed using the Cochrane 
Collaboration’s tool for assessing risk of 
bias.24 We encourage readers to familiarise 
themselves with these sources of bias to be 
better able to judge the quality of RCTs 
and subsequent SRMA.

Most of the included studies were 
judged by the original authors to be at 
uncertain or high RoB across multiple 
domains. In light of this, clinicians are 
encouraged to critically judge the effects 

reported in each RCT contributing to a 
MA. In this case, most of the treatment 
effects reported in the included RCTs are 
unlikely to represent the true effect of the 
intervention. The RoB assessment can be 
observed next to the estimate of the effect 
for treatment for each study in figure  3 
and may give greater insight into the 
confidence the reader should have in each 
individual treatment effect and in turn the 
pooled treatment effect.

Judgement of confidence in a pooled 
estimate of effect is a recommended meth-
odological step for SRMA. The Grading of 
Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) approach 
suggests downgrading the confidence 
in the estimate of treatment effect based 
on study limitations (including risk of 
bias), inconsistency of results (including 
heterogeneity), indirectness of evidence 
(including inappropriate comparator, 
varying time points and varying body 
parts), imprecision (including small sample 
sizes) and publication bias.25–27 Though 
not performed in the example SRMA, use 
of this approach would have enhanced 
the methodological rigour of the example 
SRMA and given greater clarity for clini-
cians regarding the confidence readers 

might have in the efficacy of PRP injec-
tions for tendinopathy. Thus, clinicians 
are encouraged to consider the above 
features of the body of evidence pooled in 
interventional SRMA before deciding on a 
treatment choice.

How should this be interpreted 
by the end user?
This two-part Educational Editorial series 
encourages clinicians to read systematic 
reviews and meta-analyses with a critical 
and forensic eye. Here, we provided a 
worked example to highlight for clinicians 
the need to consider pooling of compar-
ators, clinical diversity, comparisons to 
active control, risk of bias and confidence 
in the results when interpreting interven-
tional SRMA findings. Clinicians are well 
placed to make such judgements in the 
context of their specific patient(s) when 
deciding ‘Should this SRMA change my 
practice?’.
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