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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."™ 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).’
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.” °'° Here, we present a worked
example for clinicians illustrating some
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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.!' 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)."!
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.'>*

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.” 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.””™"” 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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Control PRP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Behara, 2015 411 11.7 9 127 13.9 15 3.9% 2.09 [1.04, 3.14] E—
De Jonge, 2011 224 172 27 218 259 27 7.1% 0.03 [-0.51, 0.56] I
Dragoo, 2014 0.3 05 9 1.7 15 8 3.9% -1.22 [-2.28, -0.16] ¢
Gautam, 2015 29 12 15 16 05 15 5.2% 1.38[0.57, 2.18] —
Gosens, 2011 488 27 49 259 30.6 51 8.1% 0.79[0.38, 1.19] -
Kesikburun, 2013 (1) 329 36.1 20 18 23.6 20 6.4% 0.48 [-0.15, 1.11]
Krogh, 2013a (2) 217 98 20 215 938 20 6.5% 0.02 [-0.60, 0.64] I —
Krogh, 2013b (3) 209 9.8 20 215 938 20 6.5% -0.06 [-0.68, 0.56] I E—
Krogh, 2016 (4) 0 0 0 0 0 0 Not estimable
Lebiedzinski, 2015 144 252 46 9.9 171 53 8.2% 0.21[-0.19, 0.61] T
Mishra, 2013 (5) 0 0 0 0 0 0 Not estimable
Montalvan, 2016 1.8 2.1 25 1.7 15 25 7.0% 0.05 [-0.50, 0.61] N R
Palacio, 2016a 155 174 20 13 21 20 6.5% 0.13[-0.49, 0.75] I R —
Palacio, 2016b 21.8 24.6 20 13 21 20 6.4% 0.38 [-0.25, 1.00] -1
Rha, 2013 109 56 14 6.2 5.6 16 5.6% 0.82[0.07, 1.57]
Shams, 2016 211 13.2 20 16.6 16.1 20 6.4% 0.30 [-0.32, 0.92] R
Stenhouse, 2013 45 28 12 42 28 13 5.3% 0.10 [-0.68, 0.89] |
Yadav, 2015 (6) 28 1.1 30 16 1.1 30 7.0% 1.08 [0.53, 1.62] —
Total (95% Cl) 356 373 100.0% 0.40 [0.13, 0.67] <@
Heterogeneity: Tau? = 0.19; Chi2 = 44.37, df = 15 (P < 0.0001); I? = 66% =_2 1 S 1 2=

Test for overall effect: Z =2.94 (P = 0.003)

Footnotes

(1) Received additional data from author

(2) Baseline variance carried forward

(3) Baseline variance carried forward

(4) Unclear on pain outcome measure reported
(5) No raw pain data provided

(6) Calculated variance from p-value

Figure 1

Favours Control Favours PRP

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.

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

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. x*is a statistic that comes from a
‘yes/no’ test for the presence of
heterogeneity.'®

2. 1% is derived from the * test and
represents the proportion of variability
across studies that is not due to
sampling error.”®

3. Tau’is the variance of the random-
effects distribution. Further discussion
of Tau® and the related implications
for selection of fixed or random
effects models for meta-analysis are
out of the scope of this paper."”

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 #f 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."2° 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).'® 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).® 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.*'

Pooling an active treatment intervention
alongside the other control comparisons
in a MA may yield confounded estimates
of the effect. The example SRMA included
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Table 1 Patient and study design characteristics

Female Minimum
Sample size gender (%) Age (year) symptom Follow-
Treatment duration  Pain up

Study period PRP Control PRP Control PRP Control Tendinopathy (month) outcome (month)

Beheraetal”®>  2011-2011 15 10 80 50 38 37 Lateral & VAS 12
epicondylar

de Jonge 2008-2009 27 27 52 52 49 50 Achilles 2 VISA-A 12

etal'

Dragooetal'® 2009-2012 A10 13 11 0 28 40 Patellar 1.5% VAS 6

Gautametal'® 2011-2012 15 15 - - - = Lateral 6 VAS 6
epicondylar

Gosensetal'”  2006-2008 51 49 52 56 47 47 Lateral 6 VAS 247
epicondylar

Kesikburun 2011-2011 20 20 65 70 46 51 Rotator cuff 3 VAS 12

etal'®

Krogh et ali1 = 2009-2010 20 20 55 55 48 45 Lateral 3 PRTEE 3
epicondylar

Krogh et alf*®® 2009-2010 20 20 55 45 48 44 Lateral 3 PRTEE 3
epicondylar

Krogh et al*® 2009-2011 12 12 42 50 47 52 Achilles 6 VAS 3

Lebiedzinski 2009-2011 64 56 47 74 47 54 Lateral 1.5 DASH 12

etal’’ epicondylar

Mishra et al** 2006-2011 112 113 — — 48 47 Lateral & VAS 6
epicondylar

Montalvan 2010-2014 25 25 32 32 47 46 Lateral —8 VAS 12

etal® epicondylar

Palacio et al{**  2012-2014 20 20 — — 47 48 Lateral — PRTEE 69
epicondylar

Palacio et alt>*  2012-2014 20 20 — — 47 46 Lateral — PRTEE 61
epicondylar

Rha et al*® 2010-2011 20 19 55 58 52 54 Rotator cuff 6 SPADI 6

pain

Shams et al*® 2013-2015 20 20 50 45 52 50 Rotator cuff 3 ASES 6

Stenhouse 2010-2012 15 13 47 62 53 48 Lateral 6 VAS 6

etal’’ epicondylar

Yadav et al”® 2012-2014 30 30 67 7 37 37 Lateral 1 VAS 3
epicondylar

‘—’ indicates missing data.

*Patients failed to respond to >6 weeks physical therapy; total symptom duration not reported.
fData extracted through 12 months only for meta-analysis per systematic review methods (ie, data extraction at 3, 6 and 12 months);
however, total symptom duration not reported.
1Study includes same PRP group and different control groups. PRP group sample size adjusted in meta-analysis based on number of

groups.

§Maximum symptom duration was 3 months.
{|Data extracted through 3 months only for meta-analysis due to implausible reported 6-month outcomes.

ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the Arm, Shoulder and Hand score; PRP, platelet-rich plasma; PRTEE,
Patient-Rated Tennis Elbow Evaluation; SPADI, Shoulder Pain and Disability Index; VAS, visual analogue scale; VISA-A, Victorian Institute of
Sport Assessment-Achilles questionnaire.

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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Control PRP Std. Mean Difference Std. Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
Behara, 2015 411 117 9 127 139 15 8.0% 2.09 [1.04, 3.14] — 2222200
De Jonge, 2011 224 172 27 218 259 27 13.3% 0.03 [-0.51, 0.56] — 0000020
Dragoo, 2014 03 05 9 17 15 8 79%  -1.22[228,-0.16] +—————— ®000:00
Gautam, 2015 29 12 15 16 05 15 0.0% 1.38[0.57, 2.18] 2222200
Gosens, 2011 488 27 49 259 306 51 0.0% 0.79[0.38, 1.19] @0e®27272
Kesikburun, 2013 (1) 329 361 20 18 236 20 12.2% 0.48 [-0.15, 1.11] T 000000
Krogh, 2013a (2) 217 98 20 215 98 20 0.0% 0.02 [-0.60, 0.64] 22 CEX )
Krogh, 2013b (3) 209 98 20 215 98 20 12.3% -0.06 [-0.68, 0.56] — 27 @20
Krogh, 2016 (4) 0 0 0 0 0 0 Not estimable 27200020
Lebiedzinski, 2015 144 252 46 99 171 53  0.0% 0.21[-0.19, 0.61] 200
Mishra, 2013 (5) 0 0 0 0 0 0 Not estimable

Montalvan, 2016 18 21 25 17 15 25 13.0% 0.05 [-0.50, 0.61]

Palacio, 2016a 155 174 20 13 21 20 12.3% 0.13 [-0.49, 0.75]

Palacio, 2016b 218 246 20 13 21 20 0.0% 0.38 [-0.25, 1.00]

Rha, 2013 109 56 14 62 56 16 10.8% 0.82 [0.07, 1.57]

Shams, 2016 211 132 20 166 161 20 0.0% 0.30 [-0.32, 0.92]

Stenhouse, 2013 45 28 12 42 28 13 104% 0.10 [-0.68, 0.89]

Yadav, 2015 (6) 28 11 30 16 11 30 00% 1.08 [0.53, 1.62]

Total (95% CI) 156 164 100.0% 0.25 [0.16, 0.65] ?

Heterogeneity: Tau? = 0.24; Chi? = 24.12, df = 8 (P = 0.002); I = 67% -

Test for overall effect: Z = 1.20 (P = 0.23)

Footnotes

(1) Received additional data from author

(2) Baseline variance carried forward

(3) Baseline variance carried forward

(4) Unclear on pain outcome measure reported
(5) No raw pain data provided

(6) Calculated variance from p-value

-2

R
Favours Control

0 1 2
Favours PRP

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance...
(D) Blinding of personnel

(E) Blinding of outcome assessment (detection bias)

(F) Incomplete outcome data (attrition bias)

(G) Selective reporting (reporting bias)

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.”

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.** 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.**’ 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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