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Abstract

Abstract

Decisions about the use of medical interventioesft@quently based on results from meta-
analyses of randomised clinical trials. Inadequa¢¢hodology in randomised trials, selective
reporting of trials and results, and data extractrom published reports, however, may bias

results of meta-analyses.

The objective of this thesis was to examine facassociated with bias and variation in meta-
analyses of randomised clinical trials. These factaclude methodological characteristics at
the level of individual trials and problems withtal@xtraction at the level of meta-analyses.
This thesis is based on series of meta-epidemicdbgtudies in component trials of different

meta-analyses and on two clinical examples.

The first three articles report on a meta-epideogigal study including 21 meta-analyses
with 190 trials that compared therapeutic interierg with placebo or non-intervention
control in patients with hip or knee osteoarthrétil used patient reported pain as an
outcome. Treatment effects tended to be less lmealaf trials with adequate allocation
concealment, adequate blinding of patients, inb@Atd-treat analysis and in large trials with
at least 100 patients per arm. Article 4 providesracal example of a systematic review and
meta-analysis illustrating how dimensions of metilodical quality of included trials and
small study effects affect pooled results. Artickeand 6 are based on randomly selected
Cochrane reviews that presented a result as astiised mean difference, and the
corresponding protocols and component trials. Featly, trials reported multiple
intervention groups, multiple time points and omeodata from multiple measurement
scales. Multiplicity of data in trial reports had inpact on the agreement between different
observers when extracting data from trial repont$ @n the variability of the pooled results in
meta-analyses. Article 7 discusses how differerthownlogical approaches including funnel
plots, stratified analyses accompanied by intevadiésts and heterogeneity-adjusted trial
sequential analysis contribute to our understandirigas and inconclusive results in meta-

analyses.

This thesis suggests that flaws in the conductdasiyn of randomised trials and meta-
analyses frequently result in biased estimategeatrment benefits and that the extent and
direction of bias might be unpredictable for a sfpesituation. Methodological
characteristics of randomised trials (allocationa@alment, patient blinding and intention-to-
treat analysis), small sample size, inter-obseraeation related to data extraction and

multiplicity of data in trial reports may affectsidts and impact on the validity of meta-
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Abstract

analyses. To avoid potential bias, trialists shamdure adequate concealment of allocation,
attempt blinding of patients and describe resutimfintention-to-treat analyses. In
systematic reviews and meta-analyses, a detaitgdqml and independent data extraction by
at least two investigators might improve the v#jidif results. Results of meta-analyses of
methodologically questionable trials should berdsted. Small study effects should be
examined and the influence of inadequate allocat@mrtealment, patient blinding and

exclusions from the analysis should be routinegeased.



Introduction

Introduction

Meta-analyses of randomised clinical trials

Synthesis of relevant evidence, which has accuredlater time, is essential for informed
decision making about the use of medical interastiby clinicians, researchers, and policy
makers. Randomised clinical trials are generallysaered the best study design for
obtaining evidence of effectiveness and safety edlical interventions. Systematic reviews
and meta-analyses are scientific rigorous appraaithgynthesise the available evidence from
randomised trials. Systematic reviews, a review llaa been prepared using a documented
and systematic approach, allow a more objectiveaaggd of the evidence than narrative
reviews or expert opiniorisMeta-analyses, statistical combinations of sevaradomised

trials, may enhance precision of estimated treatreféacts and allow the exploration of bias

and confounding as an explanation of variation keetwtrials.

To combine results from individual trials in a metaalysis, the treatment effects from
individual studies need to be expressed as apatepeifect estimates. Estimates of treatment
effects are usually expressed as risk ratios, oatatss or risk differences for trials with a
binary outcome, as rate ratios for trials with dodaita, as differences in means or
standardised mean differences for trials with @iooous outcome and as hazard ratios for
trials with a time-to-event outcoriélhe primary focus of this thesis is on outcomes
measured on continuous or numerical rating sc@lesrefore, effect estimates for continuous
outcomes are presented in more detail. Intheal, the mean response in the experimental
group of size g is denoted i with standard deviation Sf) and the mean response in the
control group of sizediis denoted g with standard deviation S If the outcome in all
individual trials is measured on the same scatefrimtment effect can be expressed as the

difference in means between experimental and chgtonips in the'! trial denoted as

(1) Mg — N
with variance SB?ng + SDei?/nc;

If the outcome in individual trials is measureddiffierent scales, however, it is necessary to
express the treatment effects on a uniform scdde.chlculation of effect sizes (or
standardised mean differences) allows that estsradteeatment effects are expressed in a
standardised way as standard deviation driieveral methods of standardisation are
available. The most frequently calculated effeze $6 Cohen’s d, where the difference in

means is divided by the pooled standard deviatlb@(ﬁd“
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(@) d = (M — ) / SDhooled

SDhooled = ((Me— 1) SO + (nc— 1) SR ) / (e + ne — 2)
The variance of Cohen’s d is calculated as folld{s:
3) (e + no)/(ne * ne) + F/(2*(ne + ne - 2))

An effect size of 0.20 standard deviation units lbarconsidered a small difference between
experimental and control group, an effect size.60@ moderate difference, and 0.80 a large
difference? Other standardisation methods include Hedgeshigwaccounts for
underestimations of standard deviations in smatliss> and Glassh, which uses the
standard deviation of the control group for thendtadisation rather than the pooled standard
deviation® The different methods of standardisation will proel similar results unless the

sample is very small or the standard deviationg sabstantially between the groubps.

In meta-analyses, effect estimates from individuals i (i = 1,...,k), denoted &g, are
combined across k trials to calculate a pooledregg of the treatment benefitGenerally,
the pooled effect estimate is a weighted averagleeoéffect estimates from each individual
trial §; with weights based on the variances $€ 0; of these estimatésTwo approaches
to combine effect estimates from individual trialgst: fixed-(or common) effect and
random-effects meta-analysis Fixed-effect meta-analysis usually uses inverseamae

weights w = 1/o;*, which gives a pooled effect estimate
(4) Jrixed = Z Wi i [ Z W

Fixed-effect meta-analytic models assume a comrnoed] effect that underlies each trial
and that the true varianceg are known, although in practice they are estimétd the

data. Random-effects meta-analytic models, howesgsyme that effects from individual
studies are from a common normal distribution vaithoverall average treatment effect y and
between-trial variance: y; ~ N(y, 7°).% An estimate of the between-trial variarnéés
incorporated into the weights; w 1/(c; + T°).>** This implies that ift® > 0, random-effects
weights w= 1/(c;* + t°) will be smaller and more similar across trialarttixed-effect

weights w = 1/6;%.2 Therefore, smaller and less precise trials witkiee more relative weight
in random-effects meta-analyses than in fixed-¢ffieeta-analyses. The variance of the
pooled effect estimatgis given by>w;. Confidence intervals for and z-statistics to test the

hypothesis of no difference between groups carebieat’
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Generally, results of meta-analyses are presentgast plots, where the pooled estimates
with their corresponding confidence intervals amespnted. Figure 1 shows an example of a
forest plot from a meta-analysis comparing opiaiith placebo or no control intervention in
patients with knee or hip osteoarthritisTreatment effects of 10 included randomised trials
are shown one below the other using red squardbdagstimated standardised mean
difference and horizontal lines for the correspagdd5% confidence intervals. The size of
the red square symbol is inversely related to Hreance of the individual trial. Diamonds
denote pooled estimated effects with the corresipgr@b% confidence intervals derived
from inverse-variance random effects meta-analy$iss example shows that opioid
treatment has a moderate effect on pain compargldd¢ebo with a pooled standardised mean
difference of -0.36 (95% CI -0.47 to -0.26). Thetpé stratified according to type of opioids
and display pooled standardised mean differencegedefrom random effects meta-analysis

between different types of opioids and placebo 1sepky.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Rand 05% Cl Year IV, Rand 95% Cl
1.1.1 Codeine
Kjaersgaard-Andersen 1990 -0.143 0.207 40 57 B1% -0.14 [-0.55,0.26] 1990 I
Quiding 1992 -0.844 0525 3 8 11% -0.84 [-1.87,0.18] 1992 EEE—
Peloso 2000 -0.783 0.256 3 35 42% -0.78 [-1.28,-0.28] 2000 e
Subtotal (95% CI) 70 100 11.3% -0.51 [-1.01, -0.01] -~

Heterogeneity Tau*= 010, Chi*=4.44, df= 2 (P=0.11}), F=55%
Testfor overall effect Z=2.00 (P = 0.05)

1.1.2 Fentanyl
Langfard 2006 0223 04 02 197 18.8%  -0.22[0.42,-0.03] 2006 —=—
Subtotal (95% CI) 202 197 18.8%  -0.22[0.42, 0.03] &

Heterogeneity: Mot applicable
Testfor overall effect Z= 223 (P =0.03)

1.1.3 Morphine

Caldwell 2002 -0.322 0136 222 73O122% -0.32[-0.59,-0.06] 2002 —
Subtotal {95% CI) 222 73 122% -0.32 [-0.59, -0.06] -

Heterogeneity: Mot applicahle
Testfor overall effect Z= 237 (P=0.02)

1.1.4 Oxycodone

Chindalore 2005 -0.316 0142 308 81 10.3% -0.32 [-0.61,-0.02] 2005 ]
Matsumoto 2005 -0.247 0154 120 59 9.6% -0.25[-0.56, 0.06] 2005 T
Markenson 2005 -0.431 0196 bl a1 6.7% -0.43[0.82,-0.05] 2005 -
Zautra 2005 -0.807 0.204 a5 49 B3% -0.81[1.21,-0.41] 2005 I
Subtotal {95% CI) 540 210 32.8% -0.42 [-0.65, -0.20] -

Heterogeneity: Tau®= 002, Chi*=5.23,df= 3 (P=0.16), F=43%
Test for averall effect Z= 3.66 (P =0.0003)

1.1.5 Oxymorphone

Matsumoto 2005 -0.395 0147 228 60 10.8% -0.40[-0.68, -0.11] 2005 —
Kivitz 2008 -0.391 0124 270 a7 14.0% -0.39[-0.63,-0.15] 2006 —
Subtotal {95% CI) 498 147 24.8% -0.39 [-0.58, -0.21] L 4

Heterogeneity: Tau®= 0.00; Chi®=0.00, df=1 (P=0.98), F=0%
Testfor averall effect Z=4.14 (P = 0.00013

Total (95% CI) 1541 727 100.0% -0.36 [-0.47, -0.26] ¢
Heterogeneity: Tau®*=0.01; Chi*=12.26, df=10{P=0.27), F=18%
Testfar averall effect Z£=6.68 (P = 0.00001)

-2 -1 0 1 2
Favours experimental  Favours cantrol

Figure 1: Forest plot of 10 trials comparing the effect@any type of opioids and control (placebo or no
intervention) on knee or hip pain. Values on x-alésote standardised mean differences. The pébtatified

according to type of opioid$.
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Introduction

Forest plots are a tool to visually examine theatem between trials. More elaborated
methods for visual inspection of the presence tdrogeneity between trials have been
proposed by Galbraithand L’Abbé!* Statistical heterogeneity can be assessed using
hypothesis tests of homogeneity of fheThe most commonly used test is based on the
Cochran’s Q statistit®

(5) Q =2 Wi (§’| —}A’fixed)z

that follows approximately g? distribution with k — 1 degrees of freedom undher null
hypothesis of homogeneit{*® The weights ware inverse-variance weights. However,
quantification of between-trial heterogeneity isigelly more informative than a formal test

of homogeneity. The test has often inappropriategg@nd makes it difficult to decide

whether heterogeneity is present and clinically mvegful 1° **

An important objective of random-effects meta-as@lys the estimation of the between-trial
variancet?including its uncertainty. The commonly used estevaf the variance?is based
on the method of moments originally proposed fombyj data by DerSimonian and Laiftl.
Several other methods for the estimation’afre available, including other non-iterative,
maximum-likelihood based or Bayes estimation pracest®2° Standard random-effects
meta-analyses ignore the imprecision inthestimate’.*” Special maximum likelihood
methods or Bayesian approaches allow for the inigitetoft? estimates and reflect more
accurately the uncertainty in the between-triabhmgeneity variancg?* A variance
estimater® < 0.06 might be interpreted as low ari¢- 0.06 as high heterogeneity between
trials in a random-effects meta-analysist%f 0.06 corresponds to a difference between
smallest and largest effect sizes of about 1 stardiaviation uni? Other measures to
quantify between-trial heterogeneity are also add’’ A widely used measure is the |
statistic, which describes the percentage of Vanacross trials that is attributable to
heterogeneity rather than to sampling erfocah be derived from Cochran’s Q statistic and
approximate confidence intervals can be calcul&té8n the absence of heterogenetty |
equals 0.3 values of 25%, 50%, and 75% may be interpretddvasmoderate, and high
between trial heterogeneity, although its integieth depends on the size and number of

trials included®

The variation between trials might arise from difieces in studied populations,
interventions, or outcomes and from differences@thodology and design between included
trials. Analyses stratified by characteristicsrafluded trials accompanied by appropriate

interaction tests can be used to explore sourcbstafeen-trial heterogeneity. Meta-
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regression analyses are widely used to exploressuwaf heterogeneity in meta-analyses:
weighted regression models to estimate the effietciad-level covariates pon the overall
effect, where trials with lower standard errorstabnite with higher weights to the regression
analysis. Random-effects meta-regression analysdsaged on hierarchical models with
normal error termg; and corresponding varianceg that vary between trials, and error terms

& with corresponding variana@assumed equal between trials.

(6) Y= XB g
W ~ N(0g)
& ~ N(O1)

It is unlikely that the covariates included in theta-regression models explain all of the
variation between trials and therefore, meta-reggoesmodels must allow for residual
heterogeneity® %’ Figure 2 shows an example of a random-effects-negfeession analysis to
explore the dose-response relationship betweemaists of treatment effects on pain and
daily morphine equivalence doses in trials comggpapioids with control interventions in
patients with knee or hip osteoarthritisSThe example shows no clear association between
treatment benefit and daily morphine dose; preditteatment effects from random-effects

meta-regression do not vary according daily morpliose.

Figure 2: Standardised mean differences
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represent the 95% confidence interVals.
The exploration of sources of heterogeneity betwgals using meta-regression will be
limited by the availability of data from trial rege and by the number of included trials in the
meta-analysis. Meta-regression analyses are basadgregate level data and may be
affected by the ‘ecological fallacy’, if the relatiship between the covariates and treatment

effects are not the same within and across tfdological fallacy can be interpreted as
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failure of associations seen at trial level to espond to associations at patient |&jélleta-
analyses based on individual patient data ratleer tim aggregate level data avoid these
problems. Finally, a naive use of meta-regressiodets to determine the association
between estimated treatment effects and underhigikgcan produce artefacts due to

measurement error in the covariate and regressitretmear’

Bayesian approaches to random-effects meta-anagdisneta-regression assuming
exchangeability of underlying effects are basethienarchical Bayesian models and allow to
obtain inferences for the parameters of intereshftheir posterior distributions simulated
using Markov Chain Monte Carlo method$? Meta-analyses methods so far presented only
considered pair-wise comparisons of treatments.d¥ew clinicians, researchers and policy
makers may be rather interested in the comparisarutiiple treatments for decision making.
In recent years, network meta-analyses for mixeattnent comparisons have been developed
that allow comparison of several treatments whily/fpreserving the randomised treatment
comparisons within trial¥ * An overview of Bayesian approaches to classicalrstwork

meta-analysis is provided elsewhere in more d&t&l.
Bias in randomised trials and meta-analyses

The objective of any randomised trial or meta-asialis to obtain a precise and valid
estimate of the effect of an intervention on thecome of interest. Reducing random error in
the data (sampling error) will result in more psecestimates of intervention effects, while
avoiding systematic error or bias will result idigastimates. Internal validity refers to
methodological rigour of a randomised trial or ratelysis, whereas external validity refers
to the extent to which results can be generalisadter circumstancés The focus of this
thesis is on internal validity of randomised triated meta-analyses. Bias might be defined as
“any process at any stage of inference which témgsoduce results or conclusions that
differ systematically from the trutt™* or more formally, the biagf an estimator T for the

parameteB is
(7) by (T) = B (T) -6,

where g (T) denotes the expected value of the estimatdhts, we estimaté without
bias if & (T) = 6. Different authors use different terminology foases occurring in
clinical trials. Throughout this thesis the followi classification of bias will be used,
which is explained below in more detail: selectimas (at study entry), performance bias,

detection bias and attrition bias. In randomise&ddy bias can occur at any stage during
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the trial® Figure 3 shows different stages of a randomisatand the measures that can
be taken to minimise bias at these different stages

Sample
Randomisation Concealment of allocation
Treatment A B Blinding (patients/therapists)
______________________________ v v T
Outcome assessment ? ? Blinding (assessors)

Analysis v v Intention-to-treat analysis

Figure 3: Measures to minimise bias at different stagesrahdomised trial.

Selection bias in randomised trials arises fronsdmlallocation of patients to comparison
groups, i.e. if not all patients have the same adly to be assigned to either group.
Minimisation of selection bias is obtained by twterrelated steps: The generation of a
random allocation sequence and the concealmehtso$équence to prevent personnel
assigning patients to treatment groups from foliegealocation. A random allocation
sequence can be generated for example by coimgpsice throwing or by using a computer
algorithm?3 Concealment of allocation is adequate if the itigasors responsible for patient
selection and inclusion are unable to know befdoeation which treatment was next, for
example, central randomisation; the use of seqalgntiumbered, sealed, and opaque
assignment envelopes; or coded drug patRerformance bias results from an unequal
provision of care apart from treatments under eatadn. Procedures that prevent therapists
and patients from knowing which intervention waseieed, i.e. blinding of therapists and
patients will minimise this type of bias. Blindicgn be achieved by using identically looking
placebo tablets or by using sham interventionsahaindistinguishable from the
experimental interventions. Detection bias redutisy biased assessment of outcomes, and
will be minimised by procedures that prevent oute@asessors from knowing which

intervention was received, i.e. blinding of outcoassessors. Outcome assessors can be
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blinded if they are independent (not therapists} or the case of therapist- or patient-
reported outcomes — if interventions are indistisgable. Attrition bias will result from
biased occurrence and handling of deviations fromtogol and losses to follow-up. This type
of bias will be minimised by procedures that prewerclusion of randomised patients from
the analyses and minimise protocol deviations asgds to follow-up. Adequate analyses
include all randomised patients in the group theyenoriginally allocated to, regardless of
their adherence to the study protocol accordinféantention-to-treat principle, avoiding

any selective exclusion of patients after randotiisa” *°

Meta-analyses results can be distorted by biaseslividual randomised trials as described
above, but also by bias across trials. For exanidés that do not show a significant benefit
of the experimental intervention are less likelyotopublished than trials that found a
significant result (publication biadj3’ Bias can result from incomplete and selective
reporting of outcomé8“° (outcome reporting bias). Failure to publish n@m#icant results
may distort meta-analyses resdftgublication and outcome reporting biases can rasul
overly optimistic estimates of treatment benefisg can affect the precision of effect

estimates from random-effects meta-analf/sfs.

Other potential threats to the validity meta-anadybased on aggregate data relate to
extraction of data from trial reports and multigycof data in trial reports. As meta-analyses
are usually based on data that have already beeegsed, interpreted, and summarised by
other researchers, data extraction can be compliGatd can lead to important errétdhere

is often a multiplicity of data in trial reportsathmakes it difficult to decide which ones to use
in a meta-analysis. Furthermore, data are ofteonimpdetely reported® **which makes it
necessary to perform calculations or impute misdatg, such as missing standard
deviations. Different observers may get differegguits, but previous studies on observer

variation have not been informative, because ofdbgervers, few trials, or few ddti*®
Empirical evidence of bias

The presence of different types of bias in randedhisials has been empirically assessed in
several studies. A classical study was publishe8dhulz et al, who examined dimensions of
methodological quality associated with estimatedtiment effects in 250 randomised trials
from 33 meta-analyses in pregnancy and childBirffhey found that estimates of treatment
effects were larger in trials were associated waftorting of allocation concealment and
double-blinding, but found no clear associationthweneration of allocation sequence and
exclusions from the analysiéUntil now, several additional studies have bedsliphed that
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examined associations between allocation concedlamehestimated treatment benefits in
binary outcome&®>3On average, trials with adequate allocation conoesat showed more
beneficial effects compared to trials without adeguconcealmenit. However, the different
studies employed slightly different definitionsaafequate allocation concealment, included
trials from different clinical areas and the reswiaried between different studies and the

associations were less pronounced in more recediest?

The association between blinding and estimatediniexat benefits has been assessed in
several studies using binary outcorfie¥’ Results in individual studies were less clear,ibut
a meta-analysis of all published meta-epidemiolaigitudies, estimated treatment effects
were more beneficial in trials with double-blindiogmpared to trials without double
blinding>? A pilot study including 35 randomised trials exaed the associations between
allocation concealment or blinding with estimatezhtment effects in non-binary outcomes,
but was underpowered to obtain conclusive restiif® my knowledge, a single
methodological study nested in a randomised cdattafial compared the effect of blinded
and unblinded outcome assessments on apparemémabenefits in a randomised trial and
found that unblinded physicians were more likelptovide a favourable rating of the

outcome in experimental group as compared witlctmerol group’”

The association of withdrawals, dropouts, and esichs after randomisation with estimated
treatment effects has been explored in four mei@eegological studies of binary
outcomed. 9 %033 pjrection and magnitude of attrition bias variezhieen different studies
according to different methods and definitions uaed different clinical areas addressed:
attrition bias may result in both overestimationl amderestimation of treatment effects, and

its magnitude is difficult to predicf.>® >’

Several studies reported evidence of within-treéstive reporting of outcomes. A
comparison between trial protocols and publishednts showed that reporting of outcomes
is frequently incomplete, i.e. with insufficienfammation to be included in a meta-analysis
and that statistically significant outcomes are erideely to be reported in trial
publications®®“*° Trials published in languages other than Engkstutto be of lower quality
and show more beneficial treatment effects thatstpublished in Englist.*® Broad

literature searches and inclusion of unpublishiadstand trials published in languages other
than English will increase precision and may misienbias* In addition, trials with more
beneficial results are more likely to be publislsdull reports and the time to publication is

shorter than for trials with less beneficial restft® ®*Meta-analyses including published
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trials only, are therefore likely to overestimatatment benefits. Funnel plots can be used as
a tool to identify small study effects. Funnel phsymmetry can arise from publication and
reporting bias, poor methodological quality of siexatrials or true underlying heterogeneity
due to differences in intensity of interventionsddferences in characteristics of included
patients between larger and smaller trfaE Figure 4 shows an example of a funnel plot,
where there is evidence of small study effé¢@&unnel plots are based on the fact that
precision of an estimated treatment effect wilkgase as the sample size of component trials
increases. Results from small trials with larged#ad errors will scatter widely at the bottom
of a plot of treatment effect against standardremwgh the spread narrowing among larger
trials. In the absence of small study effects tlo¢ \pill resemble a symmetrical inverted
funnel. Conversely, if small study effects are pregsfunnel plots will often be

asymmetricaf* The plot can be enhanced by lines of the predicesdment effect from
meta-regression using that standard error as exoignvariablé”® a regression test of
asymmetry' ®?and contours that divide the plot into areas afistical significance and non-

P 66 67
significance’

00 4 Figure 4: Funnel plot for effects
on knee pain showing evidence
of small study effects. Numbers
on x-axis refer to standardised

0.2 1

S o5l mean differences, on y-axis to
Li¥] 4
j= A ',-"“ standard errors of standardised
- S
S e .
§ mean difference¥
04 1 LA i
. '!.
L] . !
/ Egger's test:
o . p<0.001
06
T r T - 1 - r 1
-3.0 -2.0 -1.0 (U] 1.0 2.0 3.0 sMD
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Based on the presented empirical evidence of thasCochrane Collaboration recommends
assessing risk of bias in included trials whichoiwes the assessment and presentation of
individual components, such as allocation conceati#inding, incomplete outcome data

and selective reportirfg.

The presence and extent of different types of i@t be related to the type of outcome
assessed. In general, randomised controlled tr&ug) subjective outcomes are more
susceptible to bias than trials using objectiveontes such as overall mortality. In a

combined analysis of data from three meta-epideagioél studies of binary outcomes across
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different medical fields, the authors recently fduhat overestimations of treatment benefits
were more pronounced for subjective outcomes agpaoed with objective outcomes such as
overall mortality®® To my knowledge, no studies so far have systemigtiassessed different
types of bias in meta-analyses using patient-redastitcomes measured on continuous or

rating scale.
Meta-epidemiological research

Meta-epidemiological studies examine the associaifespecific characteristics of a trial,

such as concealment of allocation or blinding digrds, with estimated treatment effects in a
collection of meta-analyses and their componealstt? "° An early example of a meta-
epidemiological study using binary outcomes wadiphed by Schulz et al (see abot€).
Different meta-meta-analytic approaches to theysmabf meta-epidemiological studies for
binary outcomes expressed as odds ratios are peelserdetail by Sterne and co-auth@t&
general approach to the analysis of meta-epidegicdbstudies is to calculate effect
estimates (ratios of odds ratios or differencesfiact sizes) within each meta-analysis. These
effect estimates are then combined across metgsasalising fixed or random effects meta-
analysis’ In a first step, effect sizes are calculated sephy for trials with adequate
methodology and trials with inadequate methodoleging standard random-effects models
within each meta-analysis. This step yields amest of bias in each meta-analysis. In a
second step, differences in effect sizes betweéals twith and without adequate methodology
from individual meta-analyses are pooled acrosararalyses using fixed- or random-effects
models. If the effect of a trial characteristiciearbetween meta-analyses, then analyses based
on the fixed-effect approach will underestimateuheertainty in estimated differences in

effect size<?

Meta-epidemiological studies are observationalisgidy design and results might therefore
be affected by confounding. For example, trialdwaitlequate allocation concealment may be
more likely to use adequate blinding methods aed#sociation between allocation
concealment and estimated treatment benefits mapifeunded by blinding. One approach
is to control effect estimates for confounding dastseparately in each meta-analysis by
stratification in analogy to Mantel-Haenszel praoed or with random-effects meta-
regression and then combine these across metasarayg described above. This approach
allows the confounding effect to vary across metahmses” "* In meta-regression models
potential confounders can be added as regressims ter interactions can be modelled to
allow the average bias to vary according to anatharacteristic (e.g. type of outconi@).
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Objective

Objective

The overall objective of this thesis was to exanfaators associated with bias and variation
in meta-analyses of randomised clinical trials. Sehfactors include methodological
characteristics at the level of individual triatedgproblems with data extraction at the level of

meta-analyses.
Specifically, the objectives were to examine:

* Whether excluding patients from the analysis ofimanised trials is associated with

biased estimates of treatment effects and higherdgeneity between trials. (Article 1)

» The association of adequate allocation concealan@hipatient blinding with estimates of

treatment benefits in osteoarthritis trials. (Adi@)

* The presence and extent of small study effecttinical osteoarthritis research.
(Article 3)

« Whether potential variation between trials canX@aned by biases affecting individual
trials or by publication bias in a meta-analysimparing transcutaneous
electrostimulation with sham or no specific interiten in patients with knee

osteoarthritis. (Article 4)

* The inter-observer variation related to extractdrontinuous and numerical rating scale

data from trial reports for use in meta-analysAsi¢le 5)

* The scope for multiplicity in a sample of meta-gsak using the standardised mean
difference as an effect measure and the impacteoirultiplicity on the results.
(Article 6)

« How different methodological approaches such asdulplots, stratified analyses
accompanied by interaction tests and heterogeaditysted trial sequential analysis
contribute to our understanding of bias and inaasigk results in meta-analyses.
(Article 7)
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Abstract

Objective To examine whether excluding patients from the ysislof randomised trials is

associated with biased estimates of treatmenttsféex higher heterogeneity between trials.

DesignMeta-epidemiological study based on a collectiometa-analyses of randomised

trials.

Data sourcesl4 meta-analyses including 167 trials that comp#retapeutic interventions
with placebo or non intervention control in patentith osteoarthritis of the hip or knee and

used patient reported pain as an outcome.

Methods Effect sizes were calculated from differences irangeof pain intensity between
groups at the end of follow-up, divided by the mmbstandard deviation. Trials were
combined by using random effects metaanalysisirtaséis of treatment effects were
compared between trials with and trials withoutlesions from the analysis, and the impact
of restricting meta-analyses to trials without esabns was assessed.

Results39 trials (23%) had included all patients in thalgsis. In 128 trials (77%) some
patients were excluded from the analysis. Effessirom trials with exclusions tended to be
more beneficial than those from trials without estbns (difference —0.13, 95% confidence
interval —0.29 to 0.04). However, estimates of lwasveen individual meta-analyses varied
considerably®*=0.07). Tests of interaction between exclusionmftbe analysis and
estimates of treatment effects were positive ie fiveta-analyses. Stratified analyses
indicated that differences in effect sizes betweiats with and trials without exclusions were
more pronounced in meta-analyses with high betwr@eterogeneity, in meta-analyses
with large estimated treatment benefits, and iraragtalyses of complementary medicine.
Restriction of meta-analyses to trials without es@ns resulted in smaller estimated

treatment benefits, larger P values, and consiteeddrreases in between trial heterogeneity.

ConclusionExcluding patients from the analysis in randomis&ds often results in biased
estimates of treatment effects, but the extentdar@dtion of bias is unpredictable. Results
from intention to treat analyses should always ég&cdbed in reports of randomised trials. In
systematic reviews, the influence of exclusionsifitbe analysis on estimated treatment

effects should routinely be assessed.
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Introduction

In clinical trials, deviations from protocol andsk®es to follow-up often lead to the exclusion
of some randomised patients from the anaf{$Ratients excluded after randomisation are
unlikely to be representative of patients remainmthe trial. For example, patients may not
be available for follow-up because they have arteaexacerbation of their condition or
severe side effecfsand patients with protocol deviations may haveoase prognosis than
those adhering to the protodolhe selective occurrence and biased handlingaibpol
deviations and losses to follow-up may lead tolteghat differ systematically from the true
values. This is generally referred to as attritites” To ensure that intervention and control
groups are comparable and to prevent attrition, llhsandomised patients should be
included in the analysis and kept in their origigadups, regardless of their adherence to the
study protocol. In other words, the analysis shdadadlone according to the intention to treat

principle, avoiding any selective exclusion of pats after randomisaticr.

Meta-epidemiological studies examine the associaifespecific characteristics of a trial,
such as concealment of allocation or blinding dfgrds, with estimated treatment effects in a
collection of meta-analyses and their componealstti’ The association of withdrawals,
dropouts, and exclusions after randomisation wstineated treatment effects has been
explored in four meta-epidemiological studies afary outcome$®®*°The direction and
magnitude of attrition bias varied between différsgndies according to different methods
and definitions used and different clinical areddrassed: attrition bias may result in both
overestimation and underestimation of treatmermtot$f and its magnitude is difficult to
predict! ° ** *?In general, randomised controlled trials usingjective outcomes are more
susceptible to bias than trials using objectiveontes such as overall mortality. A recent
study found that bias associated with the lacKlotation concealment and lack of blinding
was restricted to trials using subjectively assgssgcomes? In trials of osteoarthritis,
treatment effects are often evaluated using subgeoutcomes, such as intensity of pain or
disability measured on visual analogue, numerigihg, or Likert scales, whereas objective
binary outcomes, such as mortality, are addressetyr Meta-analyses of osteoarthritis trials
may therefore be particularly prone to attritioasassociated with exclusions of patients

from the analysi$.

We carried out a meta-epidemiological study to ss#ee impact of attrition bias in meta-
analyses of non-binary patient reported outcomed) as pain intensity. We examined
whether excluding patients from the analysis wesmaiated with biased estimates of
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treatment effects and with increased heterogebeityeen trials in meta-analyses of

interventions used for the treatment of pain ireoatthritis.
Methods

Search and selection of meta-analyses and componeils

We searched the Cochrane Library, Medline, Emtase CINAHL using a combination of
keywords and text words related to osteoarthiiese were combined with validated filters
for systematic reviews and meta-analySeBhe last update was carried out on 20 November

2007 (see web extra appendix table 1 for detaiteafch strategy).

We included meta-analyses of randomised or quasieraised trials in patients with
osteoarthritis of the knee or hip. Trials usinguapredictable allocation sequence were
considered as randomised, trials using potentmtlgictable allocation mechanisms, such as
alternation or the allocation of patients accordmgheir date of birth, were considered as
guasi-randomised. Meta-analyses were eligibleay thssessed patient reported pain
comparing any intervention with placebo, sham, noma-intervention control. Two reviewers
independently evaluated the reports for eligibilapd disagreements were resolved by
discussion. If necessary a third reviewer was doedto reach consensus. Reports of all
component trials were obtained, and no languadaatisns were applied.

Data collection and quality assessment

Two reviewers used a standardised form to indepshdextract data from the original
reports of individual trials on interventions, fung, year of publication, publication
language, design, study size, blinding of patidotses to follow-up, exclusions, handling of
missing data, and results. When necessary we appaited means and measures of
dispersion from figures. For crossover trials weaoted data from the first period orify.

Disagreements were resolved by discussion witlrd tviewer and subsequent consensus.

Trials were classified to have had no exclusionsatients from the analysis if there was an
explicit statement that all randomised patientsewecluded in the analysis of the outcome
we extracted or if the reported numbers of patiesmisiomised and analysed on this outcome
were identical. We classified trials to have hadlesions if they explicitly reported

exclusions from the analysis, if the number ofgrat8 analysed was lower than the number of
patients randomised, or if it was unclear whethxefusions from the analysis had occurred.
Concealment of treatment allocation was considadedjuate if the investigators responsible

for patient inclusion were unable to suspect befticecation which treatment was next—
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central randomisation or the use of sequentiallylbered, sealed, and opaque randomisation
envelopes was deemed adequate, for example. Bjradipatients was considered adequate if
experimental and control interventions were desctias indistinguishable or if a double

dummy technique was uséd.
Outcome measures

The primary outcome was patient reported painifiént pain outcomes were reported we
extracted one outcome per study according to atly described previousty®If more
then one time point was reported we extractedatest time point up to three months after
the end of treatment for potentially structure nfiyidg agents and up to 12 months after the
end of treatment for behaviour changing intervergid-or all other interventions we

extracted the outcome at the end of treatment.
Statistical analysis

We expressed treatment effects as effect sizesvimird) the difference in mean values at the
end of follow-up by the pooled standard deviatidagative effect sizes indicate a beneficial
effect of the experimental intervention. If somguieed data were unavailable we used
approximations as previously describédf a trial was included in more than one meta-
analysis we inflated standard errors to avoid dewablunting of patients—for example, if the
control group of a trial with three arms was in@ddn two different metaanalyses, we
inflated the standard error of the estimate fordtwetrol group bw2. We used standard
inverse variance random effects meta-analysesnibice effect sizes across trials and

calculated the variance estimateas a measure of heterogenéity.

Within each meta-analysis we used random effecta-aealysis to estimate effect sizes
separately for trials with and trials without exaitins of patients from the analysis. Then we
derived differences between estimates from trialls @xclusions and trials without
exclusions for each meta-analysis and combinecthigerences using random effects meta-
analysis, which fully accounted for the variabilitybias between meta-analy<es.negative
difference in effect sizes indicates that trialwaxclusions show a more beneficial treatment
effect. Meta-analyses including only trials withcksions or only trials without exclusions
did not contribute to the analysis. Formal testmtd#raction between exclusions from the
analysis and estimated treatment benefits were sleparately for each meta-analysis based
on z scores for estimated differences in effe@sslzetween trials with and trials without
exclusions and the corresponding standard erroescaMied out stratified analyses

accompanied by interaction tests according toalewing characteristics: between trial
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heterogeneity in the overall meta-analysis (I6%0.06, v highg®>>0.06), treatment benefit in

the overall meta-analysis (small, effect sizes 5-0.large, effect sizes-0.5)° 12

and type

of intervention assessed in the meta-analysis (drther interventions, conventional v
complementary medicine). & of 0.06 corresponds to a difference between sstadled
largest effect sizes of about 1 standard deviatitn'® To control confounding by
concealment of allocation and by patient blindwg,used stratification by these factors to
derive differences between trials with and trialthaut exclusions adjusted for concealment

of allocation and adjusted for patient blinding.

Finally, we compared pooled effect sizes, betweahtieterogeneity, precision defined as the
inverse of the standard error, and P values folgubeffect sizes between overall random
effects meta-analyses including all trials andrretstd meta-analyses including trials without
exclusions only. Measures were compared usingesqatits and Wilcoxon rank tests for

paired observations. P values were two sided. #dlyses were done in STATA version 10.
Results

Characteristics of included meta-analyses

Overall, 354 reports of reviews of intervention®steoarthritis were identified (fig 1).
Seventeen reports including 21 meta-analyses vigible. Of these, 14 meta-analyses
included at least one trial with and one withoutlegion of patients from the analysis and
contributed to the study.?*=°

Reports of reviews of interventions for osteoarthritis (n=354)

Reports excluded (n=203):
- No systematic reviews (n=23)
No meta-analyses (n=180)

Reports of meta-analyses in osteoarthritis (n=151)

Reports excluded (n=134):

No continuous pain outcomes (n=43)
Duplicate topics (n=83)

Active control interventions (n=8)

Eligible reports of meta-analyses (n=17)

|

Eligible meta-analyses (n=21, including 190 trials)

Meta-analyses excluded (n=7):
No trials with exclusions (n=1)
No trials without exclusions (n=6)

Meta-analyses included in study (n=14, including 167 trials)
|

Trials with exclusions of Trials without exclusions of Figure 1: Identification of meta-analyses in
patients from analysis (n=128)| patients from analysis (n=39)

osteoarthritis
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Table 1 shows the characteristics of the includethranalyses. The metaanalyses included
167 trials in 41 170 patients. Eight meta-analyssessed the efficacy of drug interventions
and five assessed interventions in complementadiaime. The number of trials per
metaanalysis ranged from three to 24 (median 1d Yta&nnumber of patients contributing to
the meta-analysis from 278 to 13 659 (median 178319. pooled effect sizes derived from
random effects meta-analyses including all trialsged from —0.07, indicating essentially no
benefit, to —0.88, representing a large benefitdiare —0.40). All meta-analyses favoured the
experimental intervention and 11 of 14 showed stiatilly significant differences between
experimental and control intervention at the comieeral level of P=0.05. The varianceas a
measure of between trial heterogeneity varied batv@e00 and 0.52 (median 0.04, table 1).

Table 1| Characteristics of included meta-analyses

Drug Complementary Heterogeneity 12
Interventions intervention medicine No of trials* No of patients Effect size (95% Cl) (P value)
Exercise v control*® No No 16 2700 0.29 (-0.3810-0.21) 0.00 (0.41)
Viscosupplementation v placebo?* Yes No 22 3046 0.33 (-0.50t0 -0.17) 0.11 (£0.001)%
Self management v control*? No No 12 5812 0.07 (-0.15 to 0.02) 0.01 (0.15)
Glucosamine v placebo®® Yes Yes 15 1518 0.61 (-0.94 10 -0.28)} 0.35 (<0.001)1
Diacerein vplacebo25 Yes No 6 1613 0.24 (-0.35t0 -0.13) 0.00 (0.33)
Acetaminophen (paracetamol) v placebo® Yes No 5 1849 0.23 (-0.37 to -0.10) 0.01 (0.13)
Opioids v placebo®® Yes No 13 3713 0.39 (-0.47 t0 -0.31) 0.00 (0.26)
Oral NSAIDs v placebo? Yes No 24 13659 0.40 (-0.49t0 -0.31) 0.04 (0.001)
Topical NSAIDs v placebo® Yes No 9 1302 0.47 (-0.65 to —0.29) 0.04 (0.018)
Low-level laser therapy v placebo®® No Yes 8 347 0.47 (-0.98 to 0.04) 0.42 (0.001)t
TENS v sham?® No Yes 10 358 0.88(-1.36t0 -0.39); 0.52 (0.001)t
Weight reduction v control®” No No 3 278 0.12 (-0.33 to 0.09) 0.01 (0.34)
Acupuncture v control*® No Yes 6 1540 0.49 (-0.7810-0.19) 0.12 (<0.001)t
Chondroitin v p{acebolb Yes Yes 20 3833 0.72 (-0.95 to ~0.49)f 0.23 (<0.001)F

NSAIDs=non-steroidal anti-inflammatory drugs; TENS=transcutaneous electrical nerve stimulation. Effect sizes and corresponding 95% confidence intervals were derived from random effects
meta-analyses of all trials. Negative effect sizes indicate a beneficial effect of experimental intervention. Meta-analyses are ordered according to year of publication.

*Number of trials totals 169 as two trials were included each in two different meta-analyses.

+Meta-analyses considered to have high heterogeneity between trials (:*>0.06).

iMeta-analyses considered to have large estimated treatment benefit according to overall meta-analysis including all trials (pooled effect size <-0.50).

Characteristics of component trials

Table 2 shows the characteristics of includeddril total, 39 of the 167 trials (23%)
included all randomised patients in the analysisl14 trials (69%) there were exclusions,
and in 14 trials (8%) it was unclear whether exdus had occurred. Exclusions ranged from
0.1% to 40% (median 7.2%). Trials with exclusiorereviess likely to provide information on
losses to follow-up (P=0.002). Data imputationsigghe last observation carried forward
method were reported by 27% of trials with exclasiand 49% of trials without exclusions,
multiple imputation by 4% and 15%, and for 68% 4886 it was unclear how the trialists
dealt with missing data in the analysis. Trialswékclusions were published earlier (mean
1998, SD 6) than trials without exclusions (200,45 P=0.002) and tended to report
adequate concealment of allocation and samplecaizelations less often. No clear
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Table 2|Characteristics of component trials

No (%) of trials
No (%) of trials with ~ without exclusions
Characteristics exclusions (n=128) (n=39) Pvalue

Losses to follow-up:

None* 1(1) (23)

<10% 32 (26) 6 (15)

10-20% 26 (20) (15) 0.002

’20% 26 (20) 17 (44)

Information unavailable 43 (33) 1(3)
Imputation of missing data:

Last observation carried forward 35 (27) 19 (49)

Multiple imputation 5 (4) 6 (15)

Explicitly no losses to follow-up* 1(1) 8(21) .00

Information unavailable 87 (68) 6 (15)
Adequate concealment of allocation:

Yes 24(19) 15(38)

No orunclear 104 (81) 24 (62) 0.07
Described as double blind:

Yes 88(69) 28(72)

No 40 (31) 11 (28) 0.74
Adequate blinding of patients:

Yes 60 (46) 21 (54)

No orunclear 68 (54) 18 (46) 0.43
Primary outcome:

Reported 70 (55) 27 (69)

Not reported 58 (45) 12(31) 0-27
Sample size calculation:

Reported 50(39) 23 (59)

Not reported 78 (61) 16 (41) 0.12
No of patients randomly assigned:

»200 48 (38) 21(54)

<200 80 (62) 18 (46) 0-20
Drug intervention:

Yes 85 (66) 28(72)

No 43 (34) 11(28) 0-53
Complementary medicine:

Yes 44 (34) 15(38)

No 84 (66) 24/(62) 062
Funding by non-profit organisation:

Yes 30 (24) 9(23)

No orunclear 98 (76) 30(77) 0.96
Language of primary report:

English 120 (94) 38 (97)

Non-English 8 (6) 1(3) 0.49
Year of publication:

1980-9 17 (13) 0 ()

1990-9 49 (38) 10 (26) 0.003

2000-7 62 (49) 29 (74)

P values are derived from logistic regression models adjusted for clustering of trials within meta-analyses.
Comparisons of frequency of concealment of allocation, description of double blinding, adequate blinding of
patients, trial size, type of intervention, funding, language of publication, and publication year were preplanned.
*One trial reporting that no patient was lost to follow-up used the last observation carried forward approach to
impute some missing outcome data.
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differences were observed for blinding, reportih@ramary outcome, type of intervention,
source of funding, and language of publication.

Effect of exclusions on estimates of treatment effts

Figure 2 shows the forest plot of differences iie&fsizes between trials with and trials
without exclusions across the 14 meta-analyseaverage, treatment effects were more
beneficial in trials with exclusions than in trialgthout exclusions (difference in effect sizes
—-0.13, 95% confidence interval —0.29 to 0.04, P3)).lhut the variability in bias between
meta-analyses was considerahfe(.07, P<0.001). Differences in effect sizes rarfgeah
—-0.82 to 0.35. Tests of interaction between exohsirom the analysis and estimates of
treatment effects were positive at the conventitenadl of P=0.05 in five meta-analyses: in
four meta-analyses estimated effects were morefioeién trials with exclusions from the
analysis and in one meta-analysis estimated effeets more beneficial in trials without

exclusions (fig 2).

Intervention Difference in Difference in P for
effect sizes effect sizes  interaction
(95%Cl) (95% CI)

Exercise?® -0.11 (-0.40to 0.18)} 0.46
Viscosupplementation?®? —.—\ -0.37 (-0.62 to -0.12) 0.003
Self management?? -0.03 (-0.62to 0.11) 0.68
Glucosamine?’ — -0.72 (-1.38 t0 -0.05) 0.034
Diacerein?® —-— 0.16 (-0.07 to 0.39) 0.18
Acetaminophen (paracetamol) >4 -.— -0.22 (-0.41t0 -0.04) 0.018
Opioids®® ; 0.11 (-0.11to 0.34) 0.32
Oral NSAIDs™ f -0.03 (-0.22t0 0.17) 0.79
Topical NSAIDs™ I 0.35 (0.03 to 0.68) 0.034
Low level laser therapy®® T} -0.15 (-1.26 to 0.96) 0.79
TENS? & 0.15 (-1.00to 0.70) 0.73
Weight reduction®” i 0.28 (:0.19t0 0.75) 0.25
Acupuncture3® —— -0.36 (-0.80to 0.08) 0.11
Chondroitin'® R -0.82 (-1.08 to -0.57) <0.001
Overall: t?=0.07, P<0.001 q -0.13 (-0.29 to0 0.04})

-1.5 -1.0 -0.5 0 0.5 1.0 1:5

Trials with Trials without

exclusions exclusions

more beneficial more beneficial

Figure 2 Difference in effect sizes between 128 trials vaitfu 39 trials without exclusions of patients
from analysis. A negative difference in effect simedicates that trials with exclusions of patientsn
analysis show more beneficial treatment effectglBes are for interaction between exclusions from
analysis and effect sizes. Meta-analyses are atdareording to year of publication. NSAIDs=non-

steroidal anti-inflammatory drugs; TENS=transcutarseelectrical nerve stimulation
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Figure 3 presents results of stratified analysé$ef@nces between trials with and trials

without exclusions were evident in meta-analysdh wihigh degree of between trial

heterogeneity, but not in meta-analyses with lotwken trial heterogeneity (P for interaction

<0.001). Similarly, differences were more pronouhtemeta-analyses with large estimated

treatment benefits in the overall meta-analysisgamn®d with metaanalyses with small

estimated benefits (P for interaction <0.001) antheta-analyses of complementary

interventions compared with conventional mediciRdqr interaction <0.001). When

stratifying for these characteristics, the variépih bias decreased considerably. For

examplez® was 0.03 in meta-analyses of complementary meslminl 0.02 in meta-analyses

of conventional medicine. When adjusting for commest of allocation (-0.11, 95%
confidence interval —0.28 to 0.05, P=0.18) or puthdinding (-0.15, —0.30 to 0.00,

P=0.047), average differences between trials withtdals without exclusions of patients

were robust. In both adjusted analyses the vaitaml bias between meta-analyses was much

the same as in the primary analysis, with variastenates® of 0.08 (P<0.001) and 0.06

(P<0.001), respectively.

Comparison No of No of Difference in
meta- trials effect sizes
analyses (95% CI)
Overall 14 167 —.—-
Heterogeneity between trials in overall meta-analysis
Low 8 86 =
High 6 81 ——
Treatment benefitin overall meta-analysis
Small 11 122 =
Large 3 45 ——
Drug intervention
Yes 8 114 —iE—
No 6 53 =
Complementary medicine
Yes 5 58 —
No 9 109 :
-1.0 -0.5 0 0.5 1.0
Trials Trials
with without
exclusions exclusions
more more
beneficial beneficial

Difference in
effect sizes
(95% CI)

-0.13 (-0.29 t0 0.04)

0.03 (-0.09 to 0.15}

-0.52 (-0.76 to -0.27}

-0.03 (-0.16 t0 0.09)
-0.74 (-1.02 to -0.46)

-0.16 (-0.41 to 0.09)
-0.05 (-0.17 t0 0.07)

-0.59 (-0.87 to -0.31)
-0.01 (-0.14 t0 0.12)

Variability
in bias
(P value)

0.07 (<0.001)

0.01 (0.035)
0.03 (0.13)

0.02 (0.005)
0.01(0.33)

0.11 (<0.001)
0.00 (0.53)

0.03 (0.24)
0.02 (0.004)

P for
interaction

<0.001

<0.001

0.42

<0.001

Figure 3 Differences in effect sizes between 128 trialdwaihd 39 trials without exclusions of patients from

analysis stratified according to four characterstif meta-analyses. See table 1 for a descripfiometa-

analyses according to these characteristics. €%0.06 indicates low between trial heterogeneity arf >0.06

high between trial heterogeneity. An effect siz€.5-indicates a small benefit of the experimenttdrivention

and an effect size—0.5 a large benefit. A negative difference in effféizes indicates that trials with exclusions

of patients from analysis show a more beneficedttment effect. Variability in bias between-metalgses is

expressed as heterogeneity variarfce

35



Article 1: Excluding patients from the analysisamdomised controlled trials

Impact of restricting meta-analyses to trials withait exclusions

Figure 4 presents comparisons of overall meta-apalincluding all trials with restricted
meta-analyses including trials without exclusionk/oAfter the restriction the number of

trials included in a single meta-analysis decredised a median of 11 to a median of 2 and
the number of patients from a median of 1731 tcediam of 401. Estimates of treatment
benefits decreased in 10 meta-analyses and incr@agaur (P=0.10). Between trial
heterogeneity decreased in 12 meta-analyses arehsed in one (P=0.006). For one meta-
analysis only one trial had no exclusions fromdhalysis, and no between trial heterogeneity
could be estimated after the restrictf3fPrecisions of pooled effect size estimates deetkas
in nine meta-analyses and increased in five (P30R2Falues became larger in 10 meta-
analyses and smaller in four (P=0.016). After #riction to trials without exclusions only,

six meta-analyses lost statistical significanctihatconventional level of P=0.05.

Effect size Between trial heterogeneity (t°)
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oa Precision (1/standard error) Pvalue
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Overall meta-analyses including trials with and trials without exclusions of patients

Figure 4 Effect sizes, between trial heterogeneftyprecision, and P values of overall treatment bisne
compared between overall meta-analyses includialg tvith and without exclusions of patients (xspand
restricted meta-analyses including trials withowutlesions of patients only (y axis). Dashed lindidates that

estimates are identical. P values are derived f\dlooxon rank tests for paired observations.
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Discussion

In this meta-epidemiological study of 14 meta-asa$yand 167 trials we found that
excluding randomised patients from the analysisrofesulted in biased estimates of
treatment effects. The average estimate of biasdifference in effect size of —0.13 may
seem small (fig 2), however it corresponds to amarigr to one half of a typical treatment
effect found for interventions in osteoarthrifisThe impact of exclusions on estimates of
treatment effects seemed most pronounced in metigsms with large treatment benefits,
metaanalyses on complementary interventions, ardamalyses with a high degree of
heterogeneity between trials, but the extent arettion of bias may be unpredictable in a
specific situation. Tests of interaction betweealesions from the analysis and estimates of
treatment effects were statistically significanfiire meta-analyses; in four of these meta-

analyses, estimated treatment effects were lessfibehin trials without exclusions.

When restricting meta-analyses to trials withowtlgsions, P values increased in most cases
and six meta-analyses lost statistical significaatd@=0.05 (fig 4). This increase in P values
was not only due to a loss of statistical potiteks a result of the restriction the between trial
heterogeneity” decreased considerably. Therefore the averageiasatistical precision of
random effects meta-analyses was smaller than edédl be expected after the exclusion of
over half the trials. Only in five meta-analysess\tlaere a relevant loss of precision after the
restriction, in six meta-analyses the statisticatsion remained much the same, and in three

meta-analyses the precision increased.
Strengths and limitations of the study

In practice, various definitions of the intentiantteat principle are uséd?In our study we

did not rely on statements in the trial reportsanether an intention to treat analysis was
done or not. Rather we required explicit informatabout the flow of patients through the
study®® ** or clear statements that all randomised patierte wcluded in the analysis. Some
might argue that our distinction between trialshvand trials without exclusions from the
analysis was overly stringent. The exclusion ofy@ansmall proportion of patients from the
analysis, for example, may be considered unlikelgave any impact on estimated treatment
benefits. We would expect that any bias assocwatttdexclusions from the analysis will
increase with the number of exclusions. Therefbeeaverall estimate of bias might increase
with the selection of a less rigorous cut off. @gheay argue that our classification was not
stringent enough and that we should have requimeaffamative statement that no crossovers
had occurred and that all randomised patients wmeteded in the analysis in the group to
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which they were originally allocated. Only severtlod 167 included trials (4%) explicitly

provided this information, so we were unable toreixee this issue.

As with other meta-epidemiological studf@gur study is based on published information
and depends on the quality of the trial reporterEthough the quality of reporting is
generally low*® **we were able to determine in all but 14 trials thilee exclusions from the
analysis had occurred. Compared with previous repidemiological studies® #*°
misclassification of trials due to inadequate réipgt* is therefore less likely to have
introduced bias in our study. At least two thirdishe trials included in our study had
incomplete outcome data. Two approaches towardatatipn of missing data are generally
used to replace missing data and allow an intentidreat analysis: the last observation
carried forward method and multiple imputation. Were unable to examine whether the
approach used for data imputation influences estisnaf treatment effects because of the
strikingly low quality of reporting? ** *Other types of bias that may affect the results of
randomised trials include selection bias due tdegaate concealment of allocation, and
performance and assessor bias due to a lack afibjrof patients and therapists’ In our
study, the observed association between exclusibpatients from the analysis and estimates
of treatment effects could be confounded by comeeat of allocation: trials with exclusions
tended to report adequate concealment of allocéssoften than trials without exclusions.
This correlation may have resulted in spurious @asions. When accounting for
concealment of allocation in a sensitivity analybiswever, we found our results to be robust.
Finally, characteristics of meta-analyses were edscelated. For example, meta-analyses in
complementary medicine were likely to show largatment benefits and a high degree of
heterogeneity between trials. Our understanding@interplay of these characteristics is
incomplete. Therefore the results of our stratitalyses (fig 3) should to be interpreted
with caution. A detailed examination of that prablevould require a much larger set of meta-

analyses.
Context

As is the case for other types of bfashe extent of attrition bias might depend on getof
outcome. Ours is the first meta-epidemiologicatigtio investigate pain as a patient reported
outcome, a measure extensively used in researoltenarthritis> This outcome is more
prone to bias than objective binary outcomes ssamartality** Four studies have examined
the impact of attrition bias on estimates of treatirbenefits in randomised controlled trials

and meta-analyses on an odds ratio scafé°The direction and magnitude of attrition bias
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varied between different studies according to d#fé methods and definitions used, different
clinical areas addressed, and the potential foclassification of trials because of inadequate
reporting® ®*° A recent study used individual patient data anohébthat analyses with

patients excluded showed more beneficial effectb@kexperimental treatment than analyses
according to the intention to treat principl&nother study of placebo controlled trials of
serotonin reuptake inhibitors sponsored by themphaeutical industry found that the
experimental intervention was favoured less inntita to treat analyses than in per protocol
analyses. Many published reports of these triadengd the results of intention to treat
analyses and reported only the more favourabl@mocol analyse¥. Several authors
pointed out that attrition bias can go in eitheediion and is difficult to predict for a specific
situation® 2 which is in accordance with our findings of hightgriable effects between meta-
analyses. Previous meta-epidemiological studiegshwdxamined the effect of exclusions
from the analysi$? ®'°might be reanalysed in the light of our resultexamine the

variability in bias associated with exclusions.
Implications

The intention to treat principle aims to compargguds in the groups to which they were
originally allocated. The most stringent interptieta of intention to treat includes the
analysis of all patients, regardless of whethey there eligible, received treatment, and
adhered to the protocdln practice, various interpretations are used,esofrwhich allow for
exclusions after randomisation. Many trialists exle randomised patients who did not
receive at least one dose of the allocated intéi@rnwhereas others exclude patients found
retrospectively to be ineligibfe®® Both approaches to excluding patients from théyaisa
may produce unbiased estimates if patients antrigedoctors are unaware of the allocated
intervention and if the decision to exclude pasdatbased solely on information collected
before randomisation and unrelated to group assghand clinical outcom&.In addition,
exclusions from the analysis owing to randomly mg®utcome data may be less
problematic than the selective exclusion of pasienting to protocol violations. These
assumptions are hardly ever verifiable: detailshenflow of participants through the various
stages of a trial and descriptions of procedures ts determine whether patients should be
excluded from the analysis are often omitted frarblished reports of randomised triaf§.
Therefore it is difficult to determine from publesthinformation whether reported exclusions
from the analyses resulted in bfaand strict adherence to the intention to treatqipie

should be advocated
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The purpose of an intention to treat analysis gréserve an unbiased treatment allocation
and the prognostic balance between treatment grémpsntrast, per protocol analyses
include only those patients who received treatrasrdefined in the study protocol and
provided outcome data. Patients excluded from pmopol analyses are likely to be different
from those analysed: they may have had an acuteghation of the studied condition or
experienced side effects of the evaluated inteiweritTrials without exclusions more often
reported imputations of missing data than thosh exiclusions. The last observation carried
forward approach was used most often: missing galexe replaced by the last value
observed. This method is popular for imputatiomigsing data in musculoskeletal resedtch
“Ihut leads to overly precise estimates and potepitial'? *> Multiple imputation is more
difficult to carry out but avoids those problethgach missing value is replaced by multiple
simulated values, and the analysis of the resuttintiiple versions of the complete dataset
can account for the uncertainty about missing dta. CONSORT statement urges
transparent reporting of the flow of participariteotugh the various stages of a trial, including
a description of withdrawals and losses to follggvamd the reasons for exclusions from the
analysis® *°In our view a detailed description of strategisedito handle missing outcome

data is also essential.
Conclusions

The box summarises our recommendations for pradEceuding patients from the analysis
often results in biased estimates of treatmenttffiem randomised trials. To avoid potential
attrition bias, trialists should ensure low dropraies and high compliance rates and
minimise missing outcome data. Results of intentomtreat analyses, which are based on the
inclusion of all patients in the analysis in thewp to which they were originally allocated,
should always be reported. Sensitivity analyseschvare restricted to patients adhering to
the protocol, may be described in addition. Ineysttic reviews and meta-analyses, data
extraction should be based on results from analkykab randomised patients, whenever
possible. The influence of exclusions from analgsisstimated treatment benefits should be
routinely assessed in stratified analyses. This beagarticularly important in complementary
medicine, in the presence of high heterogeneitywéen trials, and when pooled effect sizes

indicate a large benefit of evaluated interventions
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Recommendations for practice

e Since excluding patients from the analysis oftesults in biased estimates of treatment
effects, trialists should ensure low dropout rated high compliance rates and minimise

missing outcome data

» Trialists should always report results of intentiortreat analyses, including all
randomised patients in the analysis in the groughich they were originally allocated.
If data imputations are necessary to carry ouhtantion to treat analysis, multiple
imputation should be used to replace missing data

* Those critically appraising trials should generaélly on results from intention to treat
analyses

* Authors of systematic reviews should routinely eiaathe influence of exclusions from
the analysis on estimated treatment effects. la o&sliscrepancies between trials with

and trials without exclusions, trials without exaitans should be given precedence
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Appendix Table 1Search strategy

Medline, Embase, Cinahl were searched via the Phatdorm (www.ovid.com) using the
search strategy below. The Cochrane Library wasked using the search strategy below
without the methodological filters for human stigdeand systematic reviews/meta-analyses.

The search was last updated November 20, 2007.

=

. osteoarthriti$.ti,ab,sh.
2. osteoarthro$.ti,ab,sh.
3. gonarthriti$.ti,ab,sh.
4. gonarthro$.ti,ab,sh.
5. coxarthriti$.ti,ab,sh.
6. coxarthro$.ti,ab,sh.
7. arthros$.ti,ab.

8. arthrot$.ti,ab.

[(e]

. ((knee$ or hip$ or joint$) adj3 (pain$ or achlscomfort$)).ti,ab.
10. ((knee$ or hip$ or joint$) adj3 stiff$).ti,ab.
11. or/1-10

12. animal.sh.

13. human.sh.

14.12 and 13

15. 12 not 14

16. Cochrane database of systematic reviews.jn.
17. search.tw.

18. meta-analysis.pt.

19. Medline.tw.

20. systematic review.tw.

21. or/16-20

22.11 not 15

23. 21 and 22

24. remove duplicates from 23
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Abstract

Objective To evaluate the association of adequate allocatoieealment and patient

blinding with estimates of treatment benefits iteosrthritis trials.

Methods We performed a meta-epidemiologic study of 16 naetakyses with 175 trials that
compared therapeutic interventions with placeboaor intervention control in patients with
hip or knee osteoarthritis. We calculated effepeésifrom the differences in means of pain
intensity between groups at the end of follow-uwgakd by the pooled SD and compared
effect sizes between trials with and trials withadequate methodology.

ResultsEffect sizes tended to be less beneficial in #&bstivith adequate allocation
concealment compared with 112 trials with inadeg@atunclear concealment of allocation
(difference -0.15; 95% confidence interval [95% @I]31, 0.02). Selection bias associated
with inadequate or unclear concealment of allocatvas most pronounced in meta-analyses
with large estimated treatment benefits (P < 0f@@1nteraction), meta-analyses with high
between-trial heterogeneity (P = 0.009), and matdyaes of complementary medicine (P =
0.019). Effect sizes tended to be less benefigiéMitrials with adequate blinding of patients
compared with 58 trials without (difference -0.85% CI -0.39, 0.09), but differences were
less consistent and disappeared after accountiralléxation concealment. Detection bias
associated with a lack of adequate patient blingdrag most pronounced for non-

pharmacologic interventions (P < 0.001 for intei@agt

ConclusionResults of osteoarthritis trials may be affectedgélgction and detection bias.
Adequate concealment of allocation and attempldina patients will minimize these biases.
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Introduction

Inadequate methodology may flaw the results of earided osteoarthritis triafsMeta-
epidemiologic studies examine the association etifig trial characteristics, such as
concealment of allocation or patient blinding, watstimated treatment effects in a collection
of meta-analyses and their component tfialén meta-analyses of these meta-epidemiologic
studies, inadequate concealment of allocation dadkaof double blinding were associated
with exaggerated estimates of treatment benkfits.a combined analysis of data from 3
meta-epidemiologic studies of binary outcomes acdi$erent medical fields, we recently
found that overestimations of treatment benefiteewrore pronounced for subjective
outcomes as compared with objective outcomes ssiohverall mortality* Subjective
outcomes, such as patient-reported pain intenséigsored on visual analog, numeric rating,
or Likert scales, are frequently used in osteosishrials, whereas objective binary

outcomes, such as mortality, are rarely addre§Sed.

We performed a meta-epidemiologic study in thelfw clinical osteoarthritis research to
determine whether components of methodologic quati¢é associated with overestimates of
treatment effects. We previously reported thatetkausion of randomized patients from the
analysis was associated with likely overestimafdseatment benefits in osteoarthritis trials,
but the extent and direction of this attrition biasulting from the biased exclusion of patients
after entry into the trial remained unpredictabl@ispecific situatioh Bias may also occur at
earlier stages of a trial: selection bias throdghliased allocation of patients to comparison
groups at trial entry if the allocation of patiergiot adequately concealed, and detection and
performance bias if blinding of patients is inadatg which may result in biased assessment
of self reported outcomes, differential placebmocebo effects across comparison groups,
and the unequal intake of analgesic cointerventapast from the treatment under

evaluation: Here we report on the association of estimatéseatment benefits with the

adequacy of concealment of allocation and patigntling in clinical osteoarthritis research.
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Materials and Methods

Searches and selection of meta-analys&¥e searched The Cochrane Library, Medline,
EMBase, and CINAHL using a combination of keywoaasl text words related to
osteoarthritis, which were combined with validatiéérs for controlled clinical trials and
meta-analyses. Details of the search strategyemerithed elsewhereThe last update was
performed on November 20, 2007.

Meta-analyses of randomized or quasi-randomizedtstim patients with osteoarthritis of the
knee or hip were eligible if they evaluated patiegorted pain in patients allocated to any
intervention compared with patients allocated #cpbo, a sham intervention, or a non-
intervention control group. If one topic was cowkby several reports, the most recent report
was included. Two reviewers independently evalugtiedeports for eligibility and
disagreements were resolved by discussion or hiemnent of a third reviewer. Reports of

all component trials were obtained and no languagkictions were applied.

Data extraction. Two reviewers independently extracted data frodividual trials regarding
interventions, funding, publication year, desigarttteristics, study size, and results on a
standardized form. The primary outcome was paensity. If different pain-related
outcomes were reported, we referred to a previalessgribed hierarchy of outconieé®and
extracted the outcome that was highest on thisGiktbal pain took precedence over pain on
walking and the Western Ontario and McMaster Ursitiers Osteoarthritis Index (WOMAC)
pain subscores, for example. If a trial report pted data on global pain scores and
WOMAC pain subscores, we only recorded data onajlphin scores. If more than one time
point was reported, we extracted the outcome abBtins after the end of treatment for
potentially structuremodifying agents, such as chottin, and at 12 months after the end of
treatment for behavior-changing interventions, sasleducation. For all other interventions,
we extracted the outcome at the end of treatmehenMmecessary, means and measures of
dispersion were approximated from figures. For soesr trials, we extracted data from the
first period only** Disagreements were discussed with a third reviemdrsubsequent

consensus was reached.

Quality assessmentConcealment of allocation was considered adedtitite investigators
responsible for patient selection and inclusionengrable to know before allocation which
treatment was next, e.g., central randomizatiaauge of sequentially numbered, sealed, and
opaque assignment envelopes; or coded drug paokse@lment of allocation of trials,

which lacked a specific statement, was classifeedreclear. Patient blinding was considered
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adequate if a placebo or sham control interventias used and experimental and control
interventions were described as indistinguishabkh® use of a double dummy technique
was reported. Analyses were considered to be peedadequately according to the intent-
to-treat principle if all of the randomized patiemtere included in the analysighe
definitions of different types of bias in randondzgials and measures to minimize them are
provided in Table 1.

Table 1. Definitions of the terminology used in this study

Type of bias Definition Measure to minimize bias
Selection bias Biased allocation to comparison Concealment of allocation: Procedures that prevent personnel
groups assigning patients to intervention groups from foreseeing

allocation. Adequate if the investigators responsible for
patient selection and inclusion were unable to know before
allocation which treatment was next, e.g., central
randomization; the use of sequentially numbered, sealed,
and opaque assignment envelopes; or coded drug packs.

Performance bias Unequal provision of care apart from Blinding: Procedures that prevent therapists and patients
intervention under evaluation from knowing which intervention was received. Adequate
if allocated interventions were indistinguishable.
Detection bias Biased assessment of outcome(s) Blinding: Procedures that prevent outcome assessors from

knowing which intervention was received. Adequate if
independent, blind outcome assessors evaluated outcomes
or, in the case of patient-reported outcomes, if allocated
interventions were indistinguishable.

Attrition bias Biased occurrence and handling of Procedures that prevent exclusion of randomized patients
deviations from protocol and from the analyses and minimize protocol deviations and
losses to followup losses to followup. Adequate if all randomized patients

were included in the analysis in the group they were
originally allocated to, regardless of their adherence to the
study protocol (intent-to-treat analysis).

Data synthesis.Treatment effects were expressed as effect 9% (lividing the difference

in mean values at the end of the trial by the pb&@B° A negative ES indicates a beneficial
effect of the experimental intervention. If somquieed data were unavailable, we used
approximations as previously descriddVe used standard random-effects meta-analyses to
combine ES across trials and calculated the Densisnaand Laird estimate of the variance

1% to determine heterogeneity between trfafs.

Within each meta-analysis, we estimated the E8al§twith and without adequate allocation
concealment separately using a random-effects aredbysis. For each meta-analysis, we
derived the difference between pooled estimaten fr@als with adequate allocation
concealment and trials without adequate allocatmcealment. Then we combined these
differences using a random-effects meta-analydi dllowing for heterogeneity between
meta-analyseSand measured the variability in bias estimateséen meta-analyses usitfy

as a measure of heterogenéftfzormal tests of interaction between concealmeatlotation
and estimated treatment benefits were performearatgy for each meta-analysis based on Z

scores for the estimated difference in ES betweals with and without adequate
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concealment of allocation and the correspondingli$Eensitivity analyses, we additionally
stratified by patient blinding and intent-to-tr@aualysis to account for potential confounding
by these factors. The same procedure was followettiéls with and without adequate
blinding of patients. A negative difference in Eicates that trials with adequate allocation
concealment or adequate patient blinding showsaldeseficial treatment effect. Then we
performed stratified analyses accompanied by iotenatests based on Z scores according to
the following prespecified characteristitgeatment benefit in overall meta-analysis (small
[ES greater than -0.5] versus large [ES less thagoal to-0.5]), between-trial heterogeneity
in overall metaanalysis (lowq <0.06] versus hightf >0.086]), and type of intervention
assessed (pharmacologic versus nonpharmacologrwémtions; conventional versus
complementary medicine). The prespecified cutoff’cf 0.06 corresponds to a difference
between the smallest and largest ES of approxisnatelS.

Finally, we compared pooled ES, between-trial logfeneity, precision defined as 1/SE, and
P values for pooled ES between random-effects mueddyyses including all trials and
restricted to meta-analyses including trials witleguate concealment of allocation or
adequate patient blinding only using Wilcoxon’sk&ests for paired observations. All P
values were 2-sided. All analyses were performet $iata statistical software, version 10.1
(StataCorp, College Station, TX).

Results

Selection and characteristics of meta-analyse#/e identified 151 reports of meta-analyses
of osteoarthritis trials. A total of 134 reportsreexcluded because they either included no
continuous pain outcome (n = 43), covered duplitaes (n = 83), or used only active
control interventions (n = 8§)One report described 4 meta-analyses and onet dgsuribed

2 meta-analyses. Therefore, 21 meta-analyses Heddri 17 reports were eligiblend 16
meta-analyses of 175 trials and 41,142 pattfts**contributed to the analyses.
Characteristics of the included meta-analysestarens in Supplementary Appendix A. The
median treatment benefit in the 16 included metyaes was an ES of -0.43 (range -0.88 to
-0.07) with a median between-trial heterogeneityarece of 0.04 (range 0.00-0.52). Four
meta-analyses showed a large treatment éff&ct'and 7 showed a high degree of between-
trial heterogeneity®*>'"?'Seven meta-analyses addressed pharmacologic
interventiond®'**>17?224nd 9 addressed nonpharmacologic treatnénts?*Nine were
related to conventional interventidfis’2>?**and 7 were related to complementary

medicinet®1>16:21

52



Article 2: Allocation concealment and patient blimglin osteoarthritis trials

Concealment of allocationFourteen meta-analyses with 158 trials and 40p&8iénts
included both trials with and without adequate @atment of allocation and contributed to
the analysis. Table 2 shows a comparison of theachexistics of these trials. Forty-six trials
(29%) reported adequate allocation concealmentlatdrials (70%) were unclear about
concealment of allocation. One trial (1%) was quasdomized using alternation, and
allocation concealment was considered inadequdteial® with adequate concealment, 26

Table 2. Comparison of characteristics belween trials
with and trials without adeguate concealment
of allocation

Inadequate
Adequate or unclear
(n=46), [n=112),

no. [%) no. [%) P
Adequate patient 0.008
blinding
Yes 33 (72) 42 (37)
Mo/unclear 13 (28) 70 (53]
Intent-to-treat analysis 0.07
Yes 15 (33) 17 (15]
Mo/unclear 31 (67 95 [85]
Mumber of allocated 0.021
patients
=200 27 (59) 40 [36)
=200 19 (41) 72 (64)
Pharmacologic 0.59
interventiont
Yes 30 (65) 79 (71)
No 16 (35) 34 (29)
Complementary 0.92
medicines
Yes 15 (33) 35 (31)
Mo 31 (G7) 77 (69)
Year of publication < 0.001
1980-19949 817 G1[54)
2000—2007 38 (83) 51 [46)

* Derived using logistic regression models adjusted for clustering of
trials within meta-analyses.

t Pharmacologic interventions include chondroitin, diacerein, glu-
cosamine, oral and topical nonstercidal antiinflammatory drugs
(MSAIDs], opicids, and viscosupplementation. and nonpharmaco-
logic interventions include acupuncture, aquatic exercise, exercise,
pulsed electromagnetic fields, self-management, static magnets, and
weight reduction.

¥ Interventions in complementary medicine include acupuncture,
chondroitin, glucosamine, pulsed electromagnetic fields, and static
magnets, and interventions in conventional medicine include
aquatic exercise, chondroitin, diacerein, exercise, glucosamine, oral
and topical NSAIDs, opioids, self-management, viscosupplementa-
tion, and weight reduction.

53



Article 2: Allocation concealment and patient blimglin osteoarthritis trials

(56%) used coded drug packs or devices; 15 (33%g aentral randomization; 4 (9%) used
sequentially numbered, sealed, and opaque assigmemeslopes; and 1 (2%) used an onsite
computer system with allocations kept in a lockadeadable computer file that could be
accessed only after the characteristics of an kedrphrticipant were entered into the
database. Four trials that reported the use afjassnt envelopes were not deemed to have
adequate concealment of allocation because theydlidpecify that the envelopes were
sequentially numbered, sealed, and opaque. Tridlsadequate allocation concealment were
more likely to report adequate blinding of patiefirs= 0.008) and to perform intent-to-treat
analyses (P = 0.07), were larger (P = 0.021), am@ \wublished more recently (P < 0.001)
than trials with inadequate or unclear concealméatlocation.

Figure 1A shows the forest plot of differences B lietween trials with and trials without
adequate concealment. Trials with adequate allmtaibncealment tended to show smaller
treatment benefits than trials with inadequateraiear concealment, with a difference in ES
of -0.15 (95% confidence interval [95% CI] -0.3102; P = 0.08). Differences in ES between
trials with and trials without adequate concealnranged from -1.07 to 0.46, and the
variability in bias estimates between meta-analyses moderate, with® estimate of 0.06.
Tests of interaction between allocation concealraentES were positive in 3 of 14 meta-
analyses at the conventional level of P = 0.05. rElsalts of stratified analyses are shown in
Figure 2. Differences in ES between trials with anthout adequate concealment were larger
in meta-analyses with a large treatment beneftbaspared with meta-analyses with a small
benefit (P for interaction < 0.001), meta-analyséhk a high degree of between-trial
heterogeneity (P for interaction = 0.009), and naetalyses of complementary medicine as
compared with conventional medicine (P for inteicact 0.019).

Figure 3A shows the comparisons of overall metdyses, including all trials with meta-
analyses restricted to trials with adequate comoesad of allocation. Estimates of treatment
benefits became smaller in 9 and larger in 5 metdyaes (P = 0.11). Between-trial
heterogeneity decreased in 12 meta-analyses arehsed in 2 (P = 0.003), and P values of
pooled effects increased in 11 meta-analyses arreased in 3 (P = 0.026). Statistical

precision decreased in 9 meta-analyses and increase(P = 0.36).
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Intervention Ditfference in effect sizes P value for
(Relarence) (95% Cly interaction
A} Allocation concealment
Exercise {18) 0.00 019 0.19) 1.00
Viscosupplementation (17) -0.07 =032 10 0305 0.95
Sel-managament (18} -0.04 -0.20 40 0.12) 0.60
Glucosamine (15) -1.07 {-1.79 1o -0.36) 0003
Diacerain (14} 005 {-0.45t0 0.34) 0.80
Opioids {24) 0.00 (0,17 to 0.18) 0.97
Aquatic exercise (23) A0.12 {-0.50 ta 0.26) 054
Oral NSAIDs (22) 0,00 (-0.27 to 0.28) 0.949
Topical MSAIDS (22 1011 {-0.51 ta 0.29) 0.59
Pulsed sleciromagnaiic fields (21) '_"_i"| .48 [-1.13 to DL1G) 0,14
Static magnets {21) e D46 (024 o 1.15) 0.2
Wieight reduction {20) i‘—'—' 0.32 (015t 0.78) 019
Acupunciure (18] |—-—§I'F -0.57 {-0.87 to -0.05) 0,031
Chondroitin {10 H- 0.80 {-1.06 10 -0.54) <0.001
i
Owerall {12 = 0.06, P = 0.001) L <145 (-0.31 1o 0.02)
T
15 A0 05 0 05 10 15
Teiale with sdeguals Tirigls wah adaguate
conoraiment ess hereioal Cirsaalmsan moke Bansizial
B) Patient blinding
Viscosupplemenlalsan (17) 0L06 (-0.40 1o 0.50) 083
Gluecosaming (15} — =1.071 (-2.01 to <001} 0047
Diacerein {14) .06 {-0.29 ta 0.18) 0.85
Oral MSAIDs {22) : 0.10 {-0.11 1o 0.30) 0.35
Topical MSAIDs (22) 0.0 (-0.30 o 0.51) (.81
Static magnets (21) i 146 (-1.15 10 D24) 0240
Low-laveal lasar tharapy {21) r 040123 10 1.03) 0.a7
TENS (21) b . 038 (1,38 0 0.62) 0.45
Acupunciure (18) —a— 0.98 {-1.47 to -0.50) <{, 001
Chondroitin {10 '1:“-"—' 026 {-0.22 1o 0.73) 0.29
Overall {2 = 0,07, P = 0.005) -:} -0.15 (-0.39 to 0.09)
15 4D 45 0 05 10 15

Trials with adequate pasen
blinding less benefclal

Triaks with adequale patient
tlinding mare beneficial

Figure 1 Forest plots of the differences in effect sizetsvieen A, 46 trials with and 112 trials without adatg
concealment of allocation, or B, 64 trials with &@g®ltrials without adequate patient blinding. Puesl are for
the interaction between A, adequate concealmem, patient blinding and effect sizes. 95% CI = 95%

confidence interval; NSAIDs = nonsteroidal antiamfimatory drugs; TENS = transcutaneous electriaalene

stimulation.
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Comparison T::,z 3:::?- ;I'r?at:: Differmt{:;si;; %f:'}act sizes Varl?;i::glj :]hlas ln;a::tl':;i:n
Overall 14 158 -0.16{-0.31 10 0.02) 1...; 0.06 (<0.001)
Treatment benefit in overall meta-analysis é =0.001
Small b 196 -0.02 {-0.10 to 0.06) = 0.00 (0.58)
Large 3 42 -0.79 (-1.02 to -0.50) - E 0.00 {0.48)
Heterogeneity between trials in overall meta-analysis % 0.009
Law 8 88 -0.01 (-0.08 to 0.08) = 0.00 (0.82)
High 5 7o -0.54 {-0.94 to -0.15) —— 0.14 (0.002)
Pharmacologic intervention E D.26
Yes 7 108 -0.24 (-0.53 10 0.04) ’—.—g‘ 0.12 {<0.001)
No 7 49 -0.05{-0.2210 0.12) ".I" 0.02 (0.17)
Complementary medicine E 0.019
Yes 5 50 -0.52 (-0.93 to -0.10} e i 0.15(0.012}
No 9 108 -0.071(-0.70 to 0.07) = 0.00 (0.95)
-

- 0.5 [ 0.5 1
Trials with adequats  Trials with adequate
© 1 laes beneficial  con. 1 more beneficial

Figure 2. The differences in effect sizes (ES) between 4fistrvith and 112 trials without adequate allocation
concealment are shown, stratified according tddhewing characteristics: treatment benefit in theerall
meta-analysis, degree of heterogeneity betweds tridhe overall meta-analysis, pharmacologicrirgation
(yes/no), and complementary medicine (yes/no). SrgEeater than -0.5 indicates a small benefit anB % less
than or equal to -0.5 indicates a large benefihefexperimental intervention. #<0.06 indicates low between-
trial heterogeneity and&>0.06 indicates high between-trial heterogeneityarRtacologic interventions include
chondroitin, diacerein, glucosamine, oral and tabionsteroidal antiinflammatory drugs, opioidsj an
viscosupplementation. Complementary medicine ire$uaicupuncture, chondroitin, glucosamine, pulsed
electromagnetic fields, and static magnets. A negalifference in ES indicates that trials with qdate
allocation concealment show a less beneficial tneat effect. Variability in bias is shown as théwsen—meta-

analysis heterogeneity varianceaccompanied by P values for heterogeneity betwesta-analyses. 95% Cl =
95% confidence interval.

Patient blinding. Ten meta-analyses in 122 trials and 27,452 patiectuded both trials

with and trials without adequate blinding of pateeand contributed to the analysis. The
characteristics of these trials are shown in T&bla 64 trials (52%) patients were adequately
blinded, in 51 trials (42%) a placebo or sham weation was used but adequacy of patient
blinding remained unclear, and in 7 trials (6%)ptacebo or sham intervention was used. Of
all of the trials with adequate patient blinding, 6%) reported indistinguishable
interventions and 9 (14%) reported the use of dadbimmy techniques. Trials with adequate
patient blinding were more likely to adequately oeal treatment allocation (P = 0.006) and

to evaluate complementary medical interventions (P023).
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Figure 3. Effect sizes, between-trial heterogeneity variaricand P values of overall treatment benefits are
compared between overall meta-analyses includirtgalk (x-axis) and restricted meta-analysesuduig A,

trials with adequate allocation concealment onhyB ptrials with adequate patient blinding onlydyis). Broken
lines indicate that the estimates are identicaklBes are derived using Wilcoxon'’s rank testgfaired
observations.

Figure 1B shows the forest plot of differences 8 tietween trials with and trials without
adequate blinding. Again, estimated treatment &ffectrials with adequate patient blinding
tended to be smaller compared with treatment effiectrials with inadequate or unclear
patient blinding, with a difference in ES of -0.1&it the corresponding Cl was wide (95% CI
-0.39, 0.09; P =0.22). In 2 of 10 meta-analyseststof interaction between patient blinding
and ES were positive. The variability in bias esties between meta-analyses was high, with
a1’ estimate of 0.07, and differences in ES rangeuh ffb.01 to 0.26 between individual
meta-analyses. Results of stratified analysesharersin Figure 4. Differences in ES
between trials with and without adequate patiemidaohg were similar in meta-analyses with

small and large treatment benefits (P for intecactt 0.75) and with high and low between-
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trial heterogeneity (P for interaction = 0.19), differences were more pronounced in meta-
analyses of nonpharmacologic interventions as comdpaith metaanalyses of
pharmacologic interventions (P for interaction 801) and in meta-analyses of
complementary medicine compared with conventiorediisine (P for interaction = 0.07).
Figure 3B shows the comparisons of overall metdyara including all trials with meta-
analyses restricted to trials with adequate pabéntling. Estimates of treatment benefits
decreased in 6 meta-analyses and increased ix 0.@8). Heterogeneity between trials
decreased in 5 meta-analyses and increased ix®.@1), and P values increased in 10
meta-analyses and decreased in none (P = 0.0@&sti8al precision decreased in 6 meta-
analyses and increased in 4 (P = 0.11).

Table 3. Comparison of characteristics between trials
with and trials without adequate patient blinding
Inadequate
Adequate  or unclear
(n = 64), (n = 58),
no. (%) no. (%) P*
Adequate allocation 0.006
concealment
Yes 23 (386) 3(5)
No/unclear 41 (64) 55 (95)

Intent-to-treat analysis 0.46
Yes 18 (28) 13 (22)
No/unclear 46 (72) 45 (78)

Number of allocated 0.13

patients
=200 27 (42) 20 [34)
=200 37 (58) 38 (66)
Pharmacologic 0.59
interventiont
Yes 49 (77) 47 (81)
No 15 (23] 11 (19)
Complementary 0.023
medicine#
Yes 38 (59) 23 (40)
No 26 (41) 35 (60)

Year of publication 0.74
1980-1999 31 (48] 30 (52)
2000-2007 33 (52) 28 [48)

* Derived using logistic regression models adjusted for clustering of

trials within meta-analyses.

t Pharmacologic interventions include chondreitin, diacerein, glu-

cosamine, oral and topical nonsteroidal antiinflammatory drugs

[NSAIDs), and viscosupplementation, and nonpharmacologic inter-

ventions include acupuncture, low-level laser therapy, static mag-

nets, and transcutaneous electrical nerve stimulation.

¥ Interventions in complementary medicine include acupuncture,

chondroitin, glucosamine, low-level laser therapy, static magnets,

and transcutaneous electrical nerve stimulation, and interventions
in conventional medicine include diacerein, oral and topical

NSAIDs, and viscosupplementation.
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- Total meta- Total Difference in effect sizes Variability in bias  Interaction
c
empansan analyses trials (95% CI) (P value) P value
Overall 10 122 -0.15 (-0.39 to 0.09) "." .07 {0.005)
Treatment benefit in overall meta-analysis : 0.75
Small 7 7 -0.15 (-0.41 t0 0.12) : 0.07 {0.008)
Large 3 45 -0.28 (-1.06 10 0.50) - 0.30 (C.061)
Heterogeneity between trials in overall meta-analysis r 0.19
r
Low 4 4 0.02 (-0.12 t0 0.16) = 0.00 (0.40)
High 6 a1 -0.32 (-0.83 10 0.17) ——— 0.25 (0.004)
Pharmacoiogic intervention 1 =<0.001
Yese 6 96 0.04 {-0.12 to 0.19) = 0.01 {0.29)
No 4 26 067 (-1.0410-029)  —fl— | 0.01 (0.35)
Complementary medicine .’ 0.07
L)
Yes B 61 -0.44 {-0.94 to 0.07) I—.—i—l 0.25(0.012)
No 4 61 0.04 (-0.10 10 0.18) = 0.60 (0.79)

T T 1 T k
-1 -0.5 o 0.3
Trials with adequale patiert  Trials with adequate patent
Hirding less bensficial — biinding more beneficial

Figure 4. The differences in effect sizes (ES) between ldstwith and 58 trials without adequate patient
blinding are shown, stratified according to thddaing characteristics: treatment benefit in thera meta-
analysis, degree of heterogeneity between triaflsaroverall meta-analysis, pharmacologic inteneent
(yes/no), and complementary medicine (yes/no). SrgEeater than -0.5 indicates a small benefit anB % less
than or equal to -0.5 indicates a large benefihefexperimental intervention. #<0.06 indicates low between-
trial heterogeneity and@>0.06 indicates high between-trial heterogeneityarRiacologic interventions include
chondroitin, diacerein, glucosamine, oral and tapimnsteroidal antiinflammatory drugs, and
viscosupplementation. Complementary medicine ireduacupuncture, chondroitin, glucosamine, low-level
laser therapy, static magnets, and transcutanéectsieal nerve stimulation. A negative differenneES
indicates that trials with adequate patient bligdshow a less beneficial treatment effect. Varighiih bias is
shown as the between—meta-analysis heterogeneigneat? accompanied by P values for heterogeneity

between meta-analyses. 95% Cl =95% confidencevaiter

Sensitivity analysesThe effects of allocation concealment became muvast after
accounting for the presence or absence of adega#ent blinding (difference in ES -0.24;
95% CI-0.41, -0.07), and more precise but attestiafter accounting for intent-to-treat
analyses (difference in ES -0.08; 95% CI -0.2140.The variability in bias estimates in
these analyses was similar after accounting faepiblinding ¢* = 0.07, P < 0.001), but
decreased after accounting for intent-to-treatyses > = 0.04, P = 0.002). The effects of
patient blinding entirely disappeared when accogntor allocation concealment (difference
in ES 0.01; 95% CI-0.18, 0.18) and were attenuataeh accounting for intent-to-treat
analyses (difference in ES -0.06; 95% CI -0.2090.The variability in bias estimates
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decreased after accounting for these characteristiestimates were 0.03 in both analyses (P

= 0.08 and 0.05 for heterogeneity, respectively).
Discussion

In this meta-epidemiologic study of osteoarthtitials, we found that trials with inadequate
or unclear concealment of allocation showed laegéimates of treatment benefits than trials
with adequate concealment. Evidence of bias waaslynsgen in meta-analyses with large
treatment effects, meta-analyses with high betwaahheterogeneity, and in meta-analyses
of complementary medicine, with a pattern and mtagei of effects similar to what we found
previously for bias associated with failure to pemi an intent-to-treat analysidhe average
bias associated with a lack of concealment of atioa corresponds to one-fourth to one-half
of a typical treatment effect found for intervemicin osteoarthriti8 Evidence of bias
associated with a lack of adequate patient blingiag found less consistently. Patients are
difficult to blind if allocation is not adequatetpncealed: if patients and investigators
enrolling patients are able to decipher the aliocaschedule, subsequent blinding will be
impossible. Unsurprisingly, the effects of blindiextirely disappeared after accounting for
concealment of allocation in the overall analysiswever, stratified analyses suggested that
adequate blinding of patients may be importannforpharmacologic interventions. The
average bias found for this group of interventiafas an ES of -0.67, which is larger than the
typical treatment effect found for most intervensaused for osteoarthritisThis effect was
robust to the adjustment for concealment of aliocain a post hoc analysis (difference in ES

after accounting for concealment -0.62; 95% CI191-0.16).

The assessment of the methodologic quality ofahisiintertwined with the quality of
reporting: the extent to which a report providesimation about the design, conduct, and
analysis of the trial.Unfortunately, reports often omit important metblgjic details?®
including who was actually blinded and whether dilng was successful at the time of
patient-reported assessments of pain inteAsfty>°A widely used approach to this problem
is to assume that the quality is inadequate unfessiformation to the contrary is provided.
This is often justified because faulty reportingigelly reflects faulty method<. A well-
conducted but badly reported trial will, howeveg,risclassified. Misclassification may have
been particularly prominent in the assessmenteftltequacy of patient blinding in drug
trials. Some of these trials could have adequdtiatgled patients using matching placebos
without describing it. The resulting misclassifioatwould explain the apparent lack of bias

associated with patient blinding in pharmacologils.
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The current study differs in 3 important aspeatsrfipreviously published meta-
epidemiologic studies that addressed the impaalieation concealment and blinding on
estimated treatment benefits>° =*First, we specifically estimated the extent ofhiatrials
using patient reported pain intensity as a subhjeautcome. Subjective outcomes are likely
to be more prone to bias due to unclear allocatamtealment and inadequate blinding than
objective outcomes such as mortafitgecond, almost all of the previous meta-epidergiolo
studies have considered binary outcomes. To ouvlatlye, only one pilot study including
35 trials addressed the association between treatmeaefits and allocation concealment or
blinding in continuous outcomes, but was underpedéo obtain conclusive resuftsThird,
we provide a comprehensive assessment of the eftentlear concealment of allocation
and the lack of patient blinding in randomized oatéhritis trials and the resulting biases.
Less than one-third of the trials reported adeqoateealment of allocation. On average,
these trials suggested less beneficial treatmésttefthan the remaining trials. Random
allocation of patients can be adequately concaaledy trial, irrespective of the types of
interventions compared. Admittedly, patient blirglis not possible for some interventions,
such as exercise or self-management. However,iaueals that evaluated interventions that
were amenable to blinding, only approximately hefforted adequate attempts to blind
patients.

Selection bias at trial entry might be the undedymechanism of an overestimation in trials
with inadequate or unclear allocation concealmehgreas selection bias after entry is the
likely mechanism resulting in overestimates of timent benefits in trials that exclude
randomized patients from the analysid.ack of adequate patient blinding might result in
exaggerated treatment effects due to detectionitbiaatient-reported outcomes and
performance bias introduced by the unequal intdkanalgesic cointerventions apart from the
treatment under evaluatidrDifferential placebo or nocebo effects may alsdnmegortant:
patients who know that they receive active treatmaay perceive less pain than patients in
the inactive control group. In our study, thesesfie sources of bias introduced by the
behavior and perception of patients appeared megertant than the selection biases

discussed above, which are mainly introduced bgstigators.

Only a combination of adequate allocation conceatraad adequate analysis according to
the intent-to-treat principle will avoid selectibrases and render trial results valid and
credible. Special caution should be taken wherrpnééing the results of meta-analyses
indicating large benefits of experimental intervens, a high degree of between-trial

heterogeneity, or in meta-analyses of complememtergicine. Here, stratified analyses
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according to the presence or absence of adequateament of allocation and intent-to-treat
analysis should be considered mandatdrnycase of discrepancies, trials that avoided

selection biases should be given precedence.

Trialists should always ensure adequate concealaofatiocation and take measures to
minimize dropout rates and maximize compliance wh#htrial protocol to allow an analysis
according to the intent-to-treat principle. Blingiof patients is desirable and should be
attempted. Authors of reports of osteoarthritiglsrishould painstakingly follow the
Consolidated Standards of Reporting Trials staté¢fhiétto ensure fully transparent reporting

of methods and results.
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Abstract

Objective To examine the presence and extent of small stiidgte in clinical osteoarthritis

research.
DesignMeta-epidemiological study.

Data sourcesl3 meta-analyses including 153 randomised tridls6@b patients) that
compared therapeutic interventions with placeboam-intervention control in patients with

osteoarthritis of the hip or knee and used patiembrted pain as an outcome.

Methods We compared estimated treatment benefits betwege taals of at least 100

patients per arm and small trials, explored fuphets supplemented with lines of predicted
effects and contours of statistical significancd ased three approaches to estimate treatment
effects: meta-analyses including all trials irretpe of sample size, meta-analyses restricted

to large trials and treatment effects predicteddaye trials.

ResultsOn average, treatment effects were more beneficghall than in large trials
(difference in effect sizes, -0.21, 95%-CI -0.34Qd8, P=0.001). Depending on criteria
used, six to eight funnel plots were suggestivenodll study effects. In 6 of 13 meta-
analyses, the overall pooled estimate suggestédieatly relevant, statistically significant
treatment benefit, whereas analyses restrictear ¢ Itrials and predicted effects in large

trials yielded smaller, non-significant estimates.

ConclusionsSmall study effects may frequently distort resoftsneta-analyses. The

influence of small trials on estimated treatmefé@s should be routinely assessed.
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Introduction

The methodological quality and unbiased dissenonatf clinical trials is crucial for the
validity of systematic reviews and meta-analyselsas been repetitively suggested that small
trials tend to report larger treatment benefitmitlaager trials.? Such small study effects may
result from a combination of lower methodologicahlity of small trials, publication and
other reporting bias&€€ but could also reflect clinical heterogeneityrifal trials were more
careful in selecting patients and implementingekperimental interventiohThe funnel plot

is a scatter plot of treatment effects againstdetesherror as a measure of statistical
precision’ ° Imprecision of estimated treatment effects willrisase as the sample size of
component trials increases. Thus, in the absensmali study effects, results from small
trials with large standard errors will scatter wydat the bottom of a funnel plot while the
spread narrows with increasing sample size ang@lttevill resemble a symmetrical inverted
funnel. Conversely, if small study effects are presfunnel plots will be asymmetrical he
plot can be enhanced by lines of the predictedrreat effect from meta-regression using the
standard error as explanatory variadl& and contours that divide the plot into areas of
statistical significance and non-significariéé? A recent study of anti-depressant trtals
found that these approaches increased the undéirggant the interplay of several biases
associated with small sample size, including pailbn bias, selective reporting of outcomes
and inadequate methodology and analysis of tffals.

Small study effects may be particularly prominenbsteoarthritis research, where several
recent meta-analyses found pronounced asymmefonoél plotst®*®We previously studied
the influence of methodological characteristiceestimated effects in a set of clinical
osteoarthritis trials using patient-reported paitcomes and found that deficiencies in
concealment of random allocation, patient blindang analyses may distort the results in
these trials? ?° Different components of inadequate trial methodwloften concur. A trial

with adequate allocation concealment for exampleyare likely to report analyses according
to the intention-to-treat principf€.>° Meta-epidemiological studies found that smalleisr

are less likely to use adequate random sequen@sagem, adequate allocation concealment
and double blinding2 *°and that different methodological components asoeiated with
exaggerated treatment benefifs:®23

Here, we explore the presence and extent of stualy £ffects in meta-analyses of
osteoarthritis trials and determine whether sengitanalyses based on a restriction of meta-
analyses to large, appropriately powered trialsased on a prediction of treatment effects in

large trials influences conclusions of meta-anayse
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Methods

Selection of meta-analyses and component trials

We included meta-analyses of randomised or quasieraised, controlled trials in patients
with osteoarthritis of the knee or hip. Meta-analysvere eligible, if they included a patient-
reported pain-related outcome for any interventompared to placebo, sham or no control
intervention. Two reviewers independently evaluatgmbrts of meta-analyses for eligibility.
Details of the search strategy and selection psoaesdescribed elsewhéPereports of all
component trials of included meta-analyses weraiobtl. No language restrictions were
applied.

Data extraction and quality assessment

Data of individual trials regarding design, intemtiens, publication year, trial size, sample
size calculation, exclusions, and results wereaetd independently by two reviewers on a
standardized form as previously describ®@ihe primary outcome was pain. If different pain-
related outcomes were reported, we extracted onerelated outcome per study according to
a pre-specified hierarchy.!®* *Concealment of treatment allocation was considacedjuate

if investigators responsible for patient selectimre unable to suspect before allocation
which treatment was next, e.g. central randomisairosequentially numbered, sealed,
opague envelopes. Blinding of patients was cons@ladequate if experimental and control
interventions were described as indistinguishabléadouble-dummy technique was used.
Handling of incomplete outcome data was considadedjuate if all randomised patients
were included in the analysis (intention-to-treanqple). A cut-off of 100 allocated patients
per treatment arm was used to distinguish betwead eind large trials. A sample size of
2x100 patients will yield more than 80% power tbedea small to moderate effect size of -
0.40 at a two-sided=0.05, which corresponds to a difference of 1 cnrad® cm visual

analogue scale between experimental and contexMviention in a two-arm trial.
Data synthesis

We expressed treatment effects as effect sizesvimird) the difference in mean values at the
end of follow-up by the pooled standard deviatidagative effect sizes indicate a beneficial
effect of the experimental intervention. If somquieed data were unavailable, we used
approximations as previously descridédleta-analyses including exclusively small or
exclusively large trials did not contribute to #@alysis. Within each meta-analysis, we

estimated effect sizes of largelQ0 patients per trial arm) and small trials (<pdfients per
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trial arm) separately using inverse-variance rangdiects meta-analysis, calculated the
DerSimonian and Laird estimate of the variarfcas a measure of between-trial
heterogeneity> *°and derived differences between pooled estimdtiesge and small trials.
We then combined these differences across metgsmsalising an inverse-variance random-
effects model, which fully allowed for heterogeydietween meta-analys&s’’ Negative
differences in effect sizes indicate that smadlisrishow more beneficial treatment effects than
large trials. The variability between meta-analysas expressed as the heterogeneity
variancet?. To account for the correlation between sample aiml methodological quality,
we used stratification by these components in @yalo Mantel-Haenszel procedut®and
derived differences between small and large tad|ssted for concealment of allocation,
patient blinding and intention-to-treat analysise Yerformed analyses of associations
between sample size and estimated treatment bes#htified according to the following
pre-specified characteristiésbetween trial heterogeneity in the overall metalygsis (low,
1°<0.06, v highg? >0.06), treatment benefit in the overall meta-arialg@mall, effect sizes

>-0.5, v large, effect sizes-0.5)2*%°

and type of intervention assessed in the metaysisal
(drug versus other interventions, conventional wemplementary medicine). These

stratified analyses were accompanied by interadaets.

We drew funnel plots (effect sizes of individuadlks plotted against their standard errors)
that were enhanced by contours that divide theiptotareas of statistical significance and
non-significance at the traditional levela£0.05 based on standard Wald tests as previously
described? *If trials seem to be missing in areas of stati$timn-significance, then this

adds to the notion of the presence of Bid8We added lines of the predicted treatment effect
to the funnel plots derived from univariable randeffects meta-regression models using the
standard error as explanatory variabl& Then, we assessed funnel plot asymmetry with
regression tests, a weighted linear regressioneoéftfect sizes on their standard errors, using

the inverse of the variance of effect sizes as htsfg’

We compared pooled effect sizes from overall ranafiects meta-analyses, pooled effect
sizes from random-effects meta-analyses restrictéatge trials only, and predicted effect
sizes from random-effects meta-regression modeéhg) lise standard error as explanatory
variable for trials with a standard error of &*1*A standard error of 0.1 is found in a large
two-arm trial with 200 randomised patients per grouhich will have more than 95% power
to detect an effect size of about -0.40 standavethtien units, which corresponds to the
median minimal clinically important difference fadim recent trials in patients with
osteoarthritis’ * Results were considered concordant if point eséméiffered by less than
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0.10 standard deviation unftsind if the status of statistical significance &va-sided

0=0.05 remained unchanged, as indicated by the mres® absence of an overlap of the
95% confidence interval with the null effect. Filyalve compared pooled effect sizes,
between-trial heterogeneity, precision definedhasiiverse of the standard error, and P
values for pooled effect sizes between random-efi@eta-analyses including all trials and
meta-analyses including large trials only, usindc@4on’s rank tests for paired observations.
All P values are two-sided. All data analysis wag@rmed in STATA version 10 (Stata

Corporation, College Station, Texas).
Results

The study sample and its origin were describedrisee™® ?° 21 eligible meta-analyses
described in 17 reports were eligible. Of thesemEBa-analyse&3°-*°(153 trials with 41,605
patients) included both, small and large trials emltributed to the analyses. The median
number of trials included per meta-analysis wagrd@ge 3 to 24) and the median number of
patients 1849 (347 to 13659). The pooled effe@ssranged from -0.07 to -1.11 and the
heterogeneity between trials front%of 0.00 to 0.47. Eight meta-analyses assessed drug
interventions and 5 meta-analyses non-drug intéimes Four assessed interventions in

complementary medicine and 9 interventions in catiseal medicine.

Table 1 describes the characteristics of the 153cment trials. 58 (38%) trials included at
least 100 patients per arm and 95 (62%)) trials weraller. The number of allocated patients
ranged from 201 to 2957 in large trials, and froto 862 in small trials. Large trials were
published more recently (P=0.002), were more likelyeport adequate concealment of
allocation (P=0.010) and to report a sample siteutation (P<0.001).

Figure 1 shows a forest plot of differences in @ffgzes between small and large trials across
the 13 meta-analyses. The average difference éctedfzes between large and small trials
across the 13 included meta-analyses was -0.2l motre beneficial effects found in small
trials (95%-CI -0.34 to -0.08, P=0.001). At thedewf individual meta-analyses, tests for
interaction between treatment benefits and trize siere positive in 4 meta-analyses (3196).
3739 %5The variability across meta-analyses was smatiaderate, with a* estimate of 0.03
(P=0.005).
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Number of
allocated patients

<100 per arm 2100 per arm

(n=95) (n=58) P value
Concealment of allocation 0.010
Adequate 19 (20%) 22 (38%)
Inadequate / unclear 76 (80%) 36 (62%)
Blinding of patients 0.25
Adequate 41 (43%) 30 (52%)
Inadequate / unclear 54 (57%) 28 (48%)
Intention-to-treat analysis 0.23
Yes 16 (17%) 16 (28%)
No / unclear 79 (83%) 42 (72%)
Sample size calculation <0.001
Reported 37 (39%) 38 (66%)
Not reported 58 (61%) 20 (34%)
Year of publication 0.002
1980 — 1999 55 (58%) 14 (24%)
2000 — 2007 40 (42%) 44 (76%)
Drug intervention 0.97
Yes 70 (74%) 43 (74%)
No 25 (26%) 15 (26%)
Complementary medicine 0.09
Yes 30 (32%) 11 (19%)
No 65 (68%) 47 (81%)

Table 1 Comparison of characteristics between small argel&rials P values are derived from logistic
regression models adjusted for clustering of twéthin meta-analyses. Drug interventions includleraroitin,
diacerein, glucosamine, NSAIDs, opioids, paracetand viscosupplementation. Interventions in

complementary medicine include acupuncture, balreapy, chondroitin, and glucosamine.
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. Difference in effect sizes P value for
Intervention

(95% CI) interaction

Acupuncture®® I—-.—Ei -0.63 (-1.10t0 -0.17) 0.007
Aquatic exercise*s |_§.|_' -0.10 (-0.63 to 0.43) 0.71
Balneotherapy®! I & : { -0.85 (-1.84 to 0.15) 0.10
Chondroitin26 I—-I-—l -0.66 (-1.06 to -0.26) 0.001
Diacerein® :ﬂ: -0.15 (-0.37 to 0.07) 0.18
Exercise*! -0.12 (-0.28 to 0.05) 0.15
Glucosamine* —— i -0.78 (-1.26 to -0.30) 0.001
Opioids*? i -0.12 (-0.29 to 0.05) 0.18
Oral NSAIDs#? I—I--I -0.19 (-0.49to 0.12) 0.23
Paracetamol#® li——l—| 0.28 (-0.26 to 0.82) 0.31
Self-management?3 i 0.05 (-0.13 to 0.23) 0.57
Topical NSAIDs*9 ] -0.10 (-0.32to 0.13) 0.40

-0.35 (-0.63 to -0.06) 0.018

Overall (12 = 0.03, p=0.005) -0.21 (-0.34 to -0.08)
T T T T | T I T
-20 -15 -10 -05 0 05 10 15

Small trials show Small trials show
more beneficial effects less beneficial effects

1
Viscosupplementation42 H—
1
'
1
o

Figure 1 Difference in effect sizes between 95 small trigith less than 100 patients per arm and 58 laigkstr
A negative difference in effect sizes indicateg #maall trials show more beneficial treatment efe® values

are for interaction between sample size and effiees. NSAIDs=non-steroidal anti-inflammatory drugs

Estimates of small study effects

Difference in effect sizes Yariability
CAES (95% CI) Pvalue = (P value)
Overall, crude -0.27(-0.34 to -0.08) 0.007 0.03 (P=0.005)
Adjusted for methodological compaonsnt:
Concealment of allocation -016(-027 to-0.06) 0002 0.02 (P=006)
Blinding of patients -0.21(-0.33 to -0.09} 0.001 0.03 (P=0.010)
Intention-to-treat analysis -0120-021 to -0.02) 0016 0.01 (P=018)

Table 295% CI: 95% confidence intervalES: difference in effect size between 95 small B®&darge trials;

™ between meta-analyses heterogeneity varianaeatsti
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Table 2 presents average difference in effect $izéseen large and small trials, crude (top)
and after adjustment for the methodological qualityrials (bottom). Differences in effect
sizes between small and large trials were robst afljustment for blinding of patients (-
0.21, 95% CI -0.33 to -0.09, P=0.001), slightleatiated after adjustment for concealment of
allocation (-0.16, 95% CI -0.27 to -0.06, P=0.008)t nearly halved after adjustment for
intention-to-treat analysis (-0.12, 95% CI -0.22@d2, P=0.016). The variability across

meta-analyses was similar between crude and adjastdyses.

Table 3 presents results from analyses stratiftedraling to the magnitude of treatment
effects, the between-trial heterogeneity foundverall meta-analyses, and according to type
of experimental intervention. Differences in effsdes between large and small trials were
most pronounced in meta-analyses with large tredtimenefits, meta-analyses with a high
degree of between-trial heterogeneity and metayaealof complementary interventions (P

for interaction all <0.001).

Figure 2 shows funnel plots of all 13 meta-analysekiding prediction lines from meta-
regression models with the standard error as alaexjory variable and 5% contour areas to
display areas of significance and non-significaae.six funnel plots, both, the scatter of
effect estimates and the prediction line indicategmmetry (Panels A, D, G, H, L, Mj3" %
42449501 another two funnel plots, mainly the predictimes suggested asymmetry (Panels
C and EY° “whereas the remaining 5 funnel plots appeared strival and prediction lines
nearly upright (Panels B, F, I, J, )41 %44 The regression test was statistically significant
at <0.05 in four meta-analyses (Panels D, G, H:°M)3® *%and showed a statistical trend in
another two (R0.10, Panels A, LJ?**In 5 funnel plots, the contours to distinguishwmzsn
areas of statistical significance and non-signif@@at P=0.05, suggested missing trials in

areas of non-significance (Panels A, C, D, H*%: 444¢
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Table 3 Stratified analyses

Comparison rl?lwgtg]i '2]? Diff_erence in effect Variability _ P for_
analyses trials sizes (95% CI) (P value) interaction
Overall 13 153 -0.21 (-0.34 to -0.08) 0.03 (0.005)
Treatment benefit in overall meta-analysis <0.001
Small 10 115 -0.13 (-0.22 to -0.03) 0.01 (0.17)
Large 3 38 -0.72 (-1.02 to -0.43) 0.00 (0.90)
Heterogeneity between trials in overall meta-analys <0.001
Low 8 87 -0.08 (-0.16 to -0.00) 0.00 (0.66)
High 5 66 -0.55 (-0.73 to -0.36) 0.00 (0.46)
Pharmacological intervention 0.67
Yes 113 -0.23 (-0.39 to -0.08) 0.03 (0.021)
No 5 40 -0.17 (-0.40 to 0.06) 0.03 (0.041)
Complementary medicine <0.001
Yes 41 -0.70 (-0.95 to -0.45) 0.00 (0.96)
No 112 -0.10 (-0.18 to -0.03) 0.00 (0.43)
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Figure 2 Funnel plots of 13 included meta-analyses
including prediction lines from univariable meta-
regression models with the standard error as
explanatory variable (red) and 5% contour areas to
display areas of significance (grey) and non-
significance (white). P-values were derived from
regression tests for asymmetry. NSAIDs=non-stetoida

anti-inflammatory drugs.
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Figure 3 presents a graphical summary of resultsdividual meta-analyses of all trials
(black), meta-analyses restricted to large trialsg) and predicted effect sizes for trials with
a standard error of 0.1 (red). Results of all ttmealytical approaches were concordant in 7
meta-analyses (Figure 3, Panels B, E, F, H, 1).3° 8 **n the remaining 6, both
approaches, the restricted analysis and the pestéeftect were discordant to the overall
analysis (Panels A, C, D, G, L, M)37 394449 3 of these, statistical significance at the
conventional level of 0.05 was lost when restrigtine analysis to large trials and when
predicting the effect (Panels D, G, M), in the otBgsignificance was lost when predicting
the effect, but not when restricting the analyBianels A, C, L}**® The median estimated
treatment benefit decreased from -0.39 (range b.20.06) in meta-analyses of all trials to -
0.23 (range -0.59 to -0.04) in meta-analyses wsttito large trials (P=0.005) and the median
between-trial heterogeneity decreased frorhaf 0.20 (range 0.00 to 0.69) ta‘aof 0.04
(range 0.00 to 0.31, P=0.030). P-values of pootstiesizes increased from a median of
<0.001 (range <0.001 to 0.13) to 0.007 (range <0t6®.61, P=0.016) in restricted meta-
analyses, whereas precisions of pooled effect siees much the same (median 13 [range 2
to 24] versus 14 [range 7 to 21], P=0.70).
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patients per arm (blue), and effect sizes for
trials with a standard error of 0.1 predicted
from random-effects meta-regression
models (red). NSAIDs = non-steroidal
anti-inflammatory drugs, SE = standard
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Discussion

In this meta-epidemiological study in 13 meta-asa$yof 153 osteoarthritis trials, we found
larger estimated treatment benefits in small trdless than 100 patients per trial arm as
compared with larger trials. The average differdoesveen small and large trials was about
half the magnitude of a typical treatment effectrfd for interventions in osteoarthrifs.

Small study effects were more prominent in 5 of1Bemeta-analyses, however. These
showed a large extent of statistical heterogenkitger pooled estimates of treatment benefit
than would typically be expected from effectiveemviention in osteoarthritis, and mainly
covered complementary medical interventions. Takibg account contours used to
distinguish between areas of statistical signifeeaand non-significance, and lines of
treatment effects predicted for different standardrs, we found 8 funnel plots suggestive of
small study effects. Finally, we used three différ@pproaches to estimate treatment effects
of the 13 interventions included in this study: fpog all trials irrespective of sample size,
restricting the analysis to large trials of morartii00 patients per trial arm, and predicting
treatment effects for large trials using the cqroesling standard error as independent
variable. Estimates from these three approaches aiscordant in 6 meta-analyses, with the
overall pooled estimate suggesting a clinicallgvaht, statistically significant treatment
benefit, which was not found in the other two aygttes aimed at estimating the effect in

large trials only.

Large trials tend to be of higher quality than drivédls and the observed association between
sample size and treatment effect could be confalibgenethodological quality® *’ When
accounting for patient blinding, we found the asstian between sample size and treatment
effect completely robust. Accounting for concealtn&mallocation resulted in a slight
attenuation, whereas adjusting for the presenedsence of an intention-to-treat analysis
nearly halved the association between sample sidéraatment effect. This suggests that
problems with exclusions from the analysis afted@misation may contribute to the
observed small study effects, which is in line watrecent study of anti-depressant thal.
This study suggested that, in addition to publaraand reporting biases, switching from an
intention-to-treat to a per protocol analysis citmired to discrepancies between published
and unpublished result§ The assessment of components of methodologicéityuail

depend strongly on reporting quafftyand may be affected by misclassification, whereas
sample size or standard error may be extracted aamily. Sample size or statistical
precision may therefore be the best single proxytfe cumulative effect of the different

sources of bias in randomised osteoarthritis taal$ probably also in other fields: selection,
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performance, detection and attrition bfasglective reporting of outconiésand publication

bias® >

The most important limitation of our study is ta cannot exclude alternative explanations
of small study effects other than bias: smallelsrmay have been more careful in
implementing the intervention or in including pati®who are particularly likely to benefit
from the intervention, which could result in largexatment effects and true clinical
heterogeneity.? **In addition, the selection of component trials Wwased on the literature
searches and selection criteria of published me#dyaes. Some of the searches in these
meta-analyses may have been too superficial ane sbtihe selection criteria too narrow to
include a large proportion of unpublished trialewéver, the meta-analyses included in our
study are likely to be representative of the fetdl we believe therefore that our results are
generalisable. Another limitation is that our as@yis based on published information only

and depends on the quality of reporting, whichfisrounsatisfactors?

To our knowledge, this is the first meta-epidemgital study to systematically assess small
study effects in a series of meta-analyses withigoaus clinical outcomes. In an analysis of
trials with binary outcomes, Kjaergard et 3ound more beneficial treatment effects in small
trials with inadequate methodology as compared laitlpe trials. Shang et al, in an analysis
of homeopathy trials, found smaller trials and thotlower quality to show more beneficial
treatment effects than larger and higher-qualiglsr* Moreno et al recently assessed the
performance of contour enhanced funnel plots aradjeession based adjustment method to
detect and adjust for small study effects in placetntrolled antidepressant trials previously
submitted to the US Food and Drug AdministratioDAf and matching journal

publications:* Applying the regression based adjustment methadetgournal data produced
a similar pooled effect to that observed by a nagtalysis of the complete unbiased FDA
data. In contrast to our study, they regressednrerat effects against their variance. In funnel
plots, treatment effects will typically be plottadainst their standard error, however, and
significance tests will be generally based on zv@lues, which again are calculated by
dividing treatment effects by their standard erfdrerefore, we deem it preferable to regress
treatment effects against the standard error raltlaer the variance. A second discrepancy is
that Moreno et al predicted effects for infinitédyge trials of a variance of zero. By
definition, such a trial would be overpowered tbedea minimally clinically relevant
difference between groups and we deem it prefetaljpeedict treatment effects for large
trials with adequate power to detect small, aliévant effects. The chosen standard error of

0.1 at which treatment effects will be found iraege two-arm trial with a continuous primary
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outcome including 200 randomised patients per gtowpeld more than 95% power to detect
an effect size of -0.40 standard deviation units stiil more than 80% power to detect an
effect size of about -0.30 standard deviation ufitils considerably larger than that will

hardly be needed in case of a continuous primaigooue.

The meta-regression model used to predict effactsrporates residual heterogeneity
unexplained by regressing treatment effect agatasidard error. In case of large unexplained
heterogeneity, it will appropriately indicate urteémty in the predicted estimate as reflected
by a wide 95% prediction interval, even though aalysis restricted to large trials may yield
precise estimates. This was observed in 5 metassambf our study *° ***®and taken as an
indication of residual uncertainty necessitatindiadnal explorations of sources of
heterogeneity or additional, appropriately desigiaege scale trials. For continuous
outcomes, definitions of large trials and method@e used for assessing funnel plot
asymmetry may be generally suitable as reporteel Aeials with an average of 100 patients
per trial arm will yield about 80% power to detactmall to moderate effect size of -0.40
standard deviation units, which corresponds tartbdian minimal clinically important
difference found in recent studies in patients wiskeoarthritis?>* For binary outcomes, the
definition of large trials will depend on contralogip event rates and a definition of what
constitutes a moderate, but clinically relevaneetf In addition, the regression test for funnel
plot asymmetry originally reportésnay be associated with an inappropriately higé odt
false positives if odds ratios or risk ratios asedr Therefore, a modification of the test
should be considered as reported by Harbord *etNn-parametric tests will result in lower
power than the regression tests discussed hermandbe less appropriate.

An inspection of funnel plots and stratified analysiccording to sample size accompanied by
appropriate interaction tests should be consideretine procedures in any meta-analysis,
possibly accompanied by a regression test for fiysloé asymmetry and prediction of effects

in large trials using meta-regressign the presence of asymmetry of funnel plots,
systematic reviewers should also report meta-aesalysstricted to large trials or effects
predicted for large trials. Readers and clinicisimsuld be careful in interpreting results of

small trials of low methodological quality and meat@alyses including mainly such trials.
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Abstract

Background Osteoarthritis is the most common form of jointegdise and the leading cause of
pain and physical disability in the elderly. Tramsmeous electrical nerve stimulation
(TENS), interferential current stimulation and mdselectrostimulation are used widely to
control both acute and chronic pain arising fromesal conditions, but some policy makers

regard efficacy evidence as insufficient.

Objectives To compare transcutaneous electrostimulation witlams or no specific
intervention in terms of effects on pain and withwlals due to adverse events in patients with

knee osteoarthritis.

Search strategyWe updated the search in CENTRAL, MEDLINE, EMBASHNAHL and
PEDro up to 5 August 2008, checked conference pabogs and reference lists, and

contacted authors.

Selection criteriaRandomised or quasi-randomised controlled trted$ tompared
transcutaneously applied electrostimulation wiham intervention or no intervention in

patients with osteoarthritis of the knee.

Data collection and analysisNe extracted data using standardised forms anhcieal
investigators to obtain missing outcome informatidiain outcomes were pain and
withdrawals or dropouts due to adverse events. dirilated standardised mean differences
(SMDs) for pain and relative risks for safety outis and used inverse-variance random-
effects meta-analysis. The analysis of pain waedas predicted estimates from meta-

regression using the standard error as explanatorgble.

Main results In this update we identified 14 additional triedsulting in the inclusion of 18
small trials in 813 patients. Eleven trials usedNBE four interferential current stimulation,
one both TENS and interferential current stimulatiand two pulsed electrostimulation. The
methodological quality and the quality of reportings poor and a high degree of
heterogeneity among the trialé € 80%) was revealed. The funnel plot for pain was
asymmetrical (P < 0.001). The predicted SMD of paiansity in trials as large as the largest
trial was -0.07 (95% CI -0.46 to 0.32), correspogdio a difference in pain scores between
electrostimulation and control of 0.2 cm on a 10wswal analogue scale. There was little
evidence that SMDs differed on the type of elet¢inoglation (P = 0.94). The relative risk of
being withdrawn or dropping out due to adverse &/ems 0.97 (95% CI1 0.2 to 6.0).
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Authors’ conclusionsin this update, we could not confirm that tranacebus
electrostimulation is effective for pain relief. & lsurrent systematic review is inconclusive,

hampered by the inclusion of only small trials aegtionable quality. Appropriately designed
trials of adequate power are warranted.

89



Article 4: Transcutaneous electrical nerve stimatafor osteoarthritis of the knee

Background

Osteoatrthritis is an age-related condition, ocagrmore frequently in women than in men.
Its prevalence, causal associations and outcomgsnarkedly according to the joint site
affected! Osteoarthritis is characterised by focal aredessf of articular cartilage in synovial
joints, accompanied by subchondral bone changéspmisyte formation at the joint margins,
thickening of the joint capsule and mild synovitishe objectives of management of knee
osteoarthritis are to relieve pain and to maintairmprove function. Different modalities in
physiotherapy have been suggested to improve ithieallcourse of knee osteoarthritis, with
potentially fewer adverse effects than medicalttemt® * but some policymakers consider

the evidence for effectiveness to be insufficfent.

Transcutaneous electrostimulation, the applicaticeny electrical current through the skin
with the aim of pain modulation, is a frequentlydsnodality in knee osteoarthrifid It is
based on the 'Gate-Control Theory’ of pain peraeptis described by Melzack and Wall.
The theory suggests that the stimulation of laigendter, (A-beta) primary sensory afferent
cutaneous fibres activates inhibitory interneunonthe spinal cord dorsal horn and,
thereby,may attenuate the transmission of nocieesignals from small diameter A-delta
and C fibres. Other suggested mechanisms inclstienalation off endorphin productiof.

1 and even the potential for articular cartilagesieff **

Several types of electrostimulation are availaBlenventional transcutaneous electrical nerve
stimulation (TENS), in its narrow sense, uses matetio high frequency current of 40 to 150
Hz and 50 to 10@sec pulse width, typically at a low intensity, torailate sensory fibres.
Several other types of TENS were subsequently dpeel which differ in intensity, pulse
width or frequency. Acupuncture-like TENS (AL TEN&es a low frequency current of 0.5
to 10 Hz and a pulse width of > 1h6ec at a high intensity to stimulate both motor and
sensory fibres. The stimulation may be painful, Hredintensity of the current will depend on
the patient’s individual pain tolerance. Burst TEN&s developed to minimise patients’
discomfort, as experienced with AL TENS. It usesrshursts of high frequency current of
typically 80 to 100 Hz, which are repetitively ajgol at low intensity and a burst frequency of
around 5 Hz, to stimulate motor and sensory fibfé intensity used is slightly higher than
used with conventional TENS. Brief TENS uses a liigquency current of more than 100

Hz and 150 to 25Qsec pulse width at the maximal intensity tolerdigdhe patient to
stimulate not only motor and sensory, but also ceqtior fibres. Modulation TENS combines
several of the modalities above, typically usingrlations of low and high frequency
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currents™ > Classical interferential current stimulation sitaneously uses two non-
modulated biphasic pulsed currents applied with $ets of electrodes with four electrical
poles; one current is fixed at approximately 40Q0ad the other ranging typically from
4000 to 4100 Hz. The superimposition of the twaenis results in a new frequency with a
range from 1 to 100 HZ.Modulated interferential current stimulation usé@gcted currents
between two electrical poles and vectorially sumseants in the tissue, with a carrier
frequency typically set at 4000 Hz, a beat freqyeatd0 Hz, and a modulation frequency set
between 0 to 150 Hz. The effective frequency isngef by the sum of beat and modulation
frequency and varies between 80 and 230 Hz. THefhegiuency of the carrier currents in
inferential current stimulation leads to a consadhdy lower impedance of skin and
subcutaneous tissue as compared with conventidaidBSTand minimises patients’
discomfort. Lastly, pulsed electrostimulation applhigh frequency current of 100 Hz and a
pulse width of 640 to 180@sec, typically using knee garments with flexiblebedded
electrodes and a small battery-operated genegdlowing application times of several hours

rather than 15 to 60 minutes, as is the case fpo#rer of the modalities described above.
Objectives

We set out to compare transcutaneous electrostimmbaith sham or no specific
intervention in terms of effects on pain and fumetand safety outcomes in patients with
knee osteoarthritis and to explore whether potewéiaation between trials could be
explained by characteristics of the electrostimaigtby biases affecting individual trials or

by publication bias.
Methods

Criteria for considering studies for this review

Types of studiesRandomised or quasi-randomised controlled triath @wicontrolgroup
receiving a sham intervention or no intervention.

Types of participants Studies including at least 75% of patients withicklly and/or
radiologically confirmed osteoarthritis of the knee

Types of interventionsAny type of transcutaneous electrostimulation velgctrodes sdb
stimulate nerves supplying the knee joint arearagnait pain relief. We did not consider
transcutaneous electrostimulation aiming at mustcength enhancement, such as
neuromuscular electrostimulation, and electrostatioh not directly aimed at stimulating
nerves of the knee joint area, such as transcrapg@ications or transcutaneous spinal

electroanalgesia. There were no restrictions relatehe type of electrode used.
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Types of outcome measures

Main outcomesMain outcomes were pain intensity as the effecéssroutcom®é *and
withdrawals or drop-outs becausieadverse events as the safety outcome. If dataare
thanone pain scale were provided for a trial, we ref@mo a previouslgescribed hierarchy
of pain-related outcom&$’ and extracted data on the pain scale thiigisest on this
hierarchy:

. Global pain

. Pain on walking

. WOMAC osteoatrthritis index pain subscore

. Composite pain scores other than WOMAC

. Pain on activities other than walking

. Rest pain or pain during the night

. WOMAC global algofunctional score

. Lequesne osteoarthritis index global score

© 00 N OO O A W N P

. Other algofunctional scale

10. Patient’s global assessment

11. Physician’s global assessment

If pain outcomes were reported at several timetppime extractethe estimate at the end of

the treatment period.

Secondary outcomes$econdary outcomes were function, the number odmist
experiencingany adverse event and patients experiencing amgusadverse events. We
defined serious adverse events as events resuitimgspitalisation, prolongation of
hospitalisation, persistent significant disability, congenital abnormalityth defect of
offspring, life-threatening events or deathdata on more than one function scale were
provided for a trialye extracted data according to the hierarchy pteddrelow.

. Global disability score

. Walking disability

. WOMAC disability subscore

. Composite disability scores other than WOMAC

. Disability other than walking

. WOMAC global scale

. Lequesne osteoarthritis index global score

. Other algofunctional scale

© 00 N OO O A W N P

. Patient’s global assessment
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10. Physician’s global assessment
If function outcomes were reported at several fopomts, we extracted the estimate at the end

of the treatment period. For safety outcomes, wieeted end of trial data.
Search methods for identification of studies

Electronic searchesNe searched the Cochrane Central Register of Qtadrbrials
(CENTRAL) (The Cochrane Library 2008, issue 3), MENE and EMBASE through the
Ovid platform (www.ovid.com), CINAHL through EBSCOS$t, Physiotherapy
EvidenceDatabase (PEDro, http:/ / www.pedro.fhglleu.au/from 1929 onwards), all
from implementation to 5 August 20085ing a combination of keywords and text words
related to electrostimulatiacombined with keywords and text words relatedgteoarthritis
and a validated filter for controlled clinical ts&° The search strategy is presented in
Appendix land Appendix 2.

Searching other source®Ve manually searched conference proceedings, usedce
CitationIndex to retrieve reports citing relevant articlesntacted contemxperts and
trialists and screened reference lists of all oi@darticles, including related reviews. Finally,
we searched severdinical trial registries ( www.clinicaltrials.gov,
www.controlledtrials.com, www.actr.org.au, www.unao.jp/ ctr) to identifyongoing trials.

The last update of the manual search was on 2 &sb2009.
Data collection and analysis

Selection of studied'wo review authors evaluated independently akgitind abstracfer
eligibility (see Figure 1). We resolved disagreetdyy discussion/Ve applied no language
restrictions. If multiple reportdescribed the same trial, we considered all.

Data collection Two review authors (AR and EN, RS or LK) extracteal information
independently using a standardised, piloted dataeton form accompanied by a codebook.
We resolved disagreements by consensus or disousgioa third author (SR or PJ).We
extracted the type of electrostimulation, includihg mode of function (types of stimulator
and electrode), the pulse form (intensity, rate &itth), the electrode placement site and the
frequency and duration of treatment. Other dateaeted included the type of control
intervention used, patient characteristics (geraerage age, duration of symptoms, type of
joint), characteristics of pain, function and safetitcomes, design, trial size, trial duration
(defined as time from randomisation until end dioiw up), type and source of financial
support and publication status. When necessargppeoximated means and measures of

dispersion from figures in the reports. For crogerdrials, we extracted data from the first
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period only. Whenever possible, we used results fao intention-to-treat analysis. If effect
sizes could not be calculated, we contacted theoasifor additional data.

Quality assessmenfTwo review authors (AR and EN, RS or LK) indepemtieassessed
randomisation, blinding, selective outcome repgrind handling of incomplete outcome
data in the analysés**We resolved disagreements by consensus or discusith a third
author (SR or PJ). We assessed two componentaddmasation: generation of allocation
sequences and concealment of allocation. We caesidgeneration of sequences adequate if
it resulted in an unpredictable allocation scheduiechanisms considered adequate included
random-number tables, computer-generated randonbensrminimisation, coin tossing,
shuffling of cards and drawing of lots. Trials uwgisn unpredictable allocation sequence were
considered randomised,; trials using potentiallydmt@ble allocation mechanisms, such as
alternation or the allocation of patients accordimgate of birth, were considered quasi-
randomised. We considered allocation concealmesqate if the investigators responsible
for patient selection were unable to suspect bedthboeation which treatment was next;
methods considered adequate included central rasdtion and sequentially numbered,
sealed, opaque envelopes. We considered blindipgtants adequate if a sham intervention
was used that was identical in appearance fronedgh#&ol intervention. Transcutaneous
electrostimulation generally does not allow blirglof therapists, whereas pain as the main
effectiveness outcome is patient-reported by didimi Therefore, we did not assess blinding
of therapists and outcome assessors. We consitianelling of incomplete outcome data
adequate if all randomised patients were includatieé analysis (intention-to-treat principle).
Finally, we used GRADE to describe the qualityle overall body of evidené 2 defined

as the extent of confidence in the estimated treatrbenefits and harms.

Data synthesisWe summarised continuous outcomes using stanéardigan differences
(SMD), with the differences in mean values at the ef treatment across treatment groups
divided by the pooled standard deviation. If difieces in mean values at the end of the
treatment were unavailable, we used differenc@saan changes. If some of the required data
were unavailable, we used approximations as prsijalescribed® A SMD of -0.20

standard deviation units can be considered a stiffdtence between experimental and
control group, a SMD of -0.50 a moderate differersrel -0.80 a large differenté* SMDs

can also be interpreted in terms of the percenweflap of the experimental group’s scores
with the scores of the control group. A SMD of DiAdicates an overlap in the distributions
of pain or function scores in about 85% of cased\Vi® of -0.50 in approximately 67% and a
SMD of -0.80 in about 50% of cast%.On the basis of a median pooled SD of 2.5 cm found
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in large-scale osteoarthritis trials that assegs@u using a 10 cm visual analogue scale
(VAS),?® SMDs of -0.20, -0.50 and -0.80 correspond to axprate differences in pain
scores between experimental and control groupssefld25 and 2.0 cm on a 10 cm VAS.
SMDs for function were back transformed to a statisad WOMAC disability scofé

ranging from O to 10 on the basis of a median pb8&IB of 2.1 units observed in large-scale
osteoarthriti$> We expressed binary outcomes as relative risks.

We used standard inverse-variance random-effedis-amalysié’ to combine trials overall
and stratified according to gross categories aftedstimulation (TENS, interferential current
stimulation or pulsed electrostimulation).We quidi heterogeneity between trials using the
12 statistic?® which describes the percentage of variation adris that is attributable to
heterogeneity rather than to chance and the camekipgy” test. f values of 25%, 50% and
75% may be interpreted as low, moderate and highdam-trial heterogeneity, although the
interpretation of4 depends on the size and number of trials incldd@tie association
between trial size and treatment effects was inya®d in funnel plots, plotting effect sizes
on the vertical axis against their standard eroorthe horizontal axis. We assessed
asymmetry by the asymmetry coefficient: the diffeein effect size per unit increase in
standard errof® which is mainly a surrogate for sample size, asetiwni-variable meta-
regression analysis to predict treatment effectgails as large as the largest trials included in
the meta-analysis, using the standard error asxplanatory variablé' In view of the biased
nature of the predominantly small trials includedhe meta-analysis of pain intensity, we
considered the predicted estimates of effectivenese reliable than the pooled estimates.
For the analysis on the effectiveness outcomesagrairfunction, we differentiated between
TENS, interferential current stimulation and puleéectrostimulation. Then, we performed
effectiveness analyses stratified by the followting characteristics: concealment of
allocation, use of a sham intervention in the adrgroup, blinding of patients, analysis in
accordance with the intention-to-treat principteltsize, difference in the use of analgesic
cointerventions, specific type of electrostimulatiduration of stimulation per session,
number of sessions per week, duration of electragétion per week as an overall measure
of treatment intensity, and duration of treatmesriq. A cut-off of 200 patients was used to
distinguish between small and large trials; a sarspe of 100 patients per group will yield
more than 80% power to detect a small to modersi® 8f -0.40 at a two-sided P of 0.05.
For the analysis according to specific type of station, we distinguished between high
frequency TENS, burst TENS, modulation TENS, loggfrency TENS, interferential current
stimulation or pulsed electrostimulation. We clasdiconventional TENS and brief TENS as
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high frequency TENS. Cut-offs of 20 and 60minutesewsed for the duration of
electrostimulation per session, corresponding éaypical treatment duration in physical
therapy, and the optimum stimulation duration ssggge by Cheing 2003. A cut-off of four
weeks was used for the overall duration of thetineat period (time from randomisation to
last session), in line with the previous versiortlue review. Cut-offs of three and seven were
used for the number of sessions per week; oneiaeadhdurs for the duration of
electrostimulation per week, corresponding to tis&riution of tertiles. We used uni-

variable random-effects meta-regression modelgterchine whether treatment effects were
affected by these factoté Then, we converted SMDs of pain intensity and fiomcto odds
ratios”® to derive numbers needed to treat (NNT) to causeanlditional treatment response
on pain or function as compared with control, anthhers needed to harm (NNH) to cause
one additional adverse outcome. We defined tredatnesponse as a 50% improvement in
scores* which corresponds to an average decrease ofdn@astd deviation units. Based on
the median standardised pain intensity at basefi@e4 standard deviation units and the
median standardised decrease in pain scores ostaidard deviation units observed in large
osteoarthritis trial§> we calculated that a median of 31% of patientkiéncontrol group

would achieve an improvement of pain scores of ®@%hore. This percentage was used as
the control group response rate to calculate NNT $réatment response on pain. Based on
the median standardised WOMAC function score atlbesof 2.7 standard deviation units
and the median standardised decrease in functamesof 0.58 standard deviation urfits,

26% of patients in the control group would achiaweduction in function of 50% or more.
Again, this percentage was used as the controlpgresponse rate to calculate NNTSs for
treatment response on function. We used medias ak50 patients with adverse events per
1000 patient-years, four patients with serious esk/events per 1000 patient-years and 17
drop-outs due to adverse events per 1000 patiemsydserved in placebo groups in large
osteoarthritis triafS to calculate NNHs for safety outcomes. We perfatmealyses in
RevMan version 5 (RevMan 2008) and STATA versiorLi&tataCorp, College

Station,Texas). All P values are two-sided.
Results

Description of studiesWe identified 1697 references to articles and aered 85 to be
potentially eligible (Figure 1). Twenty-two repodescribing 1&ompleted trials in 813

33 met our inclusion criterisSix

patients and two protocols describing uncomplétieds*
trials evaluated high frequency TENS'® onehigh frequency and burst TENSone high
frequencyTENS and interferential current stimulatipne low frequency, high frequency
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and modulation TEN®ith alternating low and high frequency curréhtneburst TENS®
two low frequency TENS' “®four interferential current stimulatidfi??and threevaluated
pulsed electrostimulatioli.>® **The protocol of Palmer 2007 did not specify whighe of
TENS would be used.

1697 potentially relevant references identified
MEDLINE: 253 EMBASE: 443
Central: I35 Cinahl: 541 1612 Studies excluded based on title and abstract
PEDro: 122 Trial register: 2 - Duplicate reference  n= 384
Conference proceedings: O Expert contact: 1 - Mot relevant to knee or hip ostecarthritis n=436
- Postoperative intervention  n=27
- Mot relevant to selected interventionst n=258
»| - Combined intervention or active contral  n=18
- Mo relevant outcorme n=0
- Review, editorial or guideline n=433
v - Animal study or absence of randomigation n=21

85 Eligible studies
bagsed on the titlefabstract

61 Studies excluded based on full text screening
- Mot relevant to knee or hip osteoarthritiss n=13

4

- Mot relevant to selected interventionst n=18

¥ - Combined intervention or active contral  n=08
24 reports on 20 RCTs included - Review, editorial or guideline n=7
Transcutaneous electrical stimulation n=13% - Animal study or absence of randomisation n=0
Interferential current stirnulation n=5% - Mo relevant outcome  n=2
Fulsed electrostimulation n=3* - Data presentation prohibiting meta-analyses n= 5"~

Figure 1 Flow chart. T interventions: any type of transaetaus applied electrical stimulation primarily aigi

at pain relief, with electrode placement involviagee innervation,  described in 17 reports, incgé

protocol of an ongoing trial, *one trial includifpth interferential current stimulation and TENS$sus control,
** including a protocol of an ongoing trial, *** pmary authors of 5 reports on 4 cross-over trizdsenunable to
provide data before cross-over

The description of the uncompleted trials can hébin the 'Characteristics of ongoing
studies’ table. Of the completed trials, 17 trizded a parallel group and one a 2 x 2 factorial
design®* Twelve trials used a sham intervention in the dmroup, five used no
interventiori’ ***” ®! >%and one trial had both a shamd a no intervention contrdi:*°
Standardised cointerventionspvided in both experimental and control growpste used in
five trials with no intervention contrai§* ** 4’ *and intwo trials with a sham interventid.

“9 Cetin 2008 used hot packs and exercise, Adedoyig Betaryadvice and exercise, Quirk
1985,Cheing 2002 and Adedoyin 20&kercise, Bal 2007 used infra-red therapy and Ngg20
an educationgbamphlet. In addition, Itoh 2008 assigned 50% oiepésto acupuncture

using a factorial design.
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Characteristics of the currents varied considerablgn within apecific type of
electrostimulation. In the three trials evaluatiogy frequency TENS, pulse width and pulse
frequency rangeftom 200usec and 2 Hz to 10QGsec and 4 Hz, with intensitisgt to reach
a comfortable level in on®,and resultingn muscle contraction in two triaf$*®In trials of
high frequency TENS, pulse width and pulse frequeanged from 8Qisec and 32 HZ to
200psec andLO0 Hz** with the majority of intensities described as strdut comfortable. In
trials of burst TENS, Fargas-Babjak 1989 used aegfiequency of 200 Hz, a train length of
125usec and a repetition frequency of 4 Hz with intgnisicreased up to the patients’ limits
of tolerability, while Grimmer 1992 used a pulsedquency of 80 Hz, an unclear train length
and pulse width and a repetition frequency of 3 Wit the intensity resulting in a strong,
tolerable tingling sensation and visible, but cort#ble muscle contraction. In the five trials
of interferential current stimulation, the beaency ranged from30 to 130 Hz and
intensities resulted typically in tingling sensasan four trials!* *° *! *%and pain in on&’ The
two trials of pulsed electrostimulation were théyamnes to use intensities below the sensory
threshold?® ** The trials used the same device, which producemptmsic, spike-shaped
pulses in a frequency of 100 Hz. The intensityhef ¢urrent was initially increased until a
tingling sensation was felt and subsequently redlueil this sensation disappeared.

The trials differed in type, number and localisataf electrodes used (see 'Characteristics of
included studies’). The median duration of eledtroslation per session was 25 minutes
(range 15 minutes to 8.2 hours), with a duratiof®fo 20 minutes in 10 triaf§* 43444752

30 to 40 minutes in siX; % ** %24 4Gnd 60 minutes or more in 4 tridfs* > >**The median
number of treatment sessions per week was 3.5€ramng 14), with up to three sessions per
week in eight trial$! 37 434449 330yr to six in sever® 342447 4%{nd seven or more in three
trials *° >3 **This resulted in a median duration of electrostation of 1.5 hours per week
(range 15 minutes to 57.4 hours). The median leofjthe treatment period was four weeks
(range one day to 12 weeks). All but one trial exhy included patients with knee
osteoarthritis only, with the diagnosis based amadl and/or radiographic evidence. Fargas-
Babjak 1989 included patients with either kneeiprdsteoarthritis, and failed to report the
percentage of patients with knee osteoarthritisjtomas considered likely that this
percentage was above 75%. The majority of patiesdsa clinical severity requiring simple
non-surgical treatmentsin one trial of pulsed electrostimulation, the oty of patients (41
out of 58) were candidates for total knee arthrsiylchowever? The description of patient

248 53

characteristics was generally poor. Only four &4 reported the average disease

duration, which ranged from two to 8.4 years.
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Four cross-over trials could not be included beeaisncomplete reporting, which did not
allow the distinction between treatment phas&3All but Lewis 1985 were included in the
previous version of this reviefiThree other trials were excluded because of dneacontrol
intervention using another type of electrostimuaiafi® °° Detailed reasons for exclusion are

displayed in 'Characteristics of excluded studies’

Risk of bias in included studies=igure 2 summarises the methodological charaatesiand
sourceof funding of included trials. One trial reportedth adequateequence generation and
adequate concealment of allocatidiiive trials reported only adequate sequence
generatioti? ***° 4" >'and one trial reported adequate concealment, butded insufficient
detail on the generation of allocation sequeridavo trials were quasi-randomised, one used
alternationto allocate patients to experimental and contri@rirention?® the other allocated
patients according to hospit@gistration numbet In the remaining nine trials, loguality

of reporting hampered any judgement regarding sempgeneration and concealment of
allocation.

Six trials™ %4> %€ 33 >{yere described as double-blind. Thirteen trialdusham interventions,
all using identical devices in experimental andtomrgroups: 3¢ 3843446483053 3¢, 10 gut

of 13 trials, sham devices had broken leads sahaurrent could pass, whereas the
indicator light or digital display of intensity ctvol functioned normally. In the two pulsed
electrostimulation trials, all patients were instad to increase the intensity until a tingling
sensation was felt, after which they were aske@doce intensity just below the perception
(sensory) level. Pulsed electrostimulation shamagswvere adapted with an automatic shut-
off as soon as the amplitude was redutedOnly the sham device used in Defrin 2005 was
not considered to lead to adequate patient blindiaghe sham device was described as shut
off. Only the two trials of pulsed electrostimuéati however, which used currents below the
sensory threshold, were deemed to have fully ctedilnding of patients® >*

Sixteen out of 18 completed trials contributedh® analysis of pain outcomes. Of these, only

three trials'® 36 4°

which had analysed all randomly assigned patievese considered to have
an intention-to-treat analysis of pain outcomesrat of treatment. In three tridf$’ *it was
unclear whether exclusions of randomised patigota the analysis had occurred, in five
trials*? #° 4¢ 48 5%xclusions were reported, but their percentageired unclear and in the
remaining six trials the median reported exclusate was 7% in the experimental and 11.5%
in the control groups (range 0% to 25% in both expental and control groups). Two out of
nine trials contributing to the analysis of functioutcomes were considered to have an

intention-to-treat analys$.>?In one triaf’ it was unclear whether exclusions of randomised
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Figure 2. Methodological characteristics
and source of funding of included trials. (+)
indicates low risk of bias, (?) unclear and (-)

a high risk of bias on a specific item.
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patients from the analysis had occurred, in thrieést 48 >3

exclusions were reported, but
their percentage remained unclear and in the reangathree trials the median reported
exclusion rate was 11.5% in experimental and 12%eirirol groups (range 0% to 25% in
experimental, and 11% to 25% in control groupyeesvely).

Only three trials explicitly specified primary ootmes?® > >

although one of these specified
more than twg? Only one trial reported a sample size calculatfddone of the trials had a
sufficient sample size of at least 200 patientgall/éo achieve sufficient power for detecting
a small to moderate SMD. Only three trials repothtemir source of funding: one was
supported by a nonprofit organisation and a comiadoody® the other two by a
commercial body only? >*

For the effectiveness outcomes pain and functleguality of the evidend€ was classified
as very low in view of the risk of bias in the inded, predominantly small trials of
guestionable quality, the large heterogeneity behngals, the potential for selective
reporting of function outcomes and the exploratmajure of the model used to predict SMDs
of pain in trials as large as the largest triaButhmary of findings for the main comparison’).
For the safety outcomes, the quality of the eviéeheas classified as moderate to low, again
because of the predominantly small trials of questble quality, the small number of trials

reporting the outcomes and the small number oftswasulting in imprecise estimates.
Effects of interventions

Knee pain Sixteen trials with 18 comparisons (726 patientsjtributed to the meta-analysis
of pain outcomes (Figure 3). The analysis suggesteaverall large SMD of -0.86 (95% CI -
1.23 to -0.49), which corresponds to a differemcpain scores of 2.1 cm on a 10 cm VAS
between electrostimulation and control, favourifeg®ostimulation. Within the types of
electrostimulation, a very large effect was fouadihterferential current stimulation (SMD -
1.20, 95% CI-1.99 to -0.42), a large effect in TE($MD -0.85, 95%CI -1.36 to -0.34) and a
moderate effect in pulsed electrostimulation (SN21, 95% CI -0.77 to -0.05). However,
interaction tests provided little evidence for difnces between different types. Pooling all
types of electrostimulation, ahdf 80% indicated a high degree of between-trial
heterogeneity (P for heterogeneity < 0.001), whiels not substantially reduced when

pooling types of electrostimulation separately. Fnials* 42 4°>%s

howed unrealistically large
SMDs of twice to three times the magnitude of whkiatld be expected for total joint
replacement.The funnel plot appeared asymmetrical (Figure #rRsymmetry < 0.001)

and the corresponding asymmetry coefficient was (95% CI -10.6 to -4.5).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference  SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 TENS
Adedoyin 2005 0.6 046 14 ToA1% 0.60 [-0.30, 1.50] i
Bal 2007 -0.25 0327 28 28 B.3% -0.25[-0.78, 0.28] - T
Cetin 2008 0.0z 032 20 20 6.0% 0.02 [0.61, 0.65] -1
Cheing 2002 -013 037 15 15 57% -0.13[-0.86, 0.60] B
Cheing 2002 -0.23 0.3% 16 16  5.8% -0.23[-0.92, 0.48] T
Cheing 2003 -3.28 055 i g 45% -328[4.36,-220) ———
Fargas-Bahjak 1985 -0.87 034 19 18 549% -0.87 [-1.54,-0.20] -
Grimmer 1992 -0.65 0.28 40 20 B6.1% -0.65[-1.20,-0.10] —
Lawy 2004 -1.79 046 38 1m0 51% -1.79 [-2.69,-0.89] —
Lawe 20043 -2.87 046 21 15 51% -2.87 [-3.47,-1.67] —
Mg 2003 -1.1 054 a 8 45% -1.10[-2.16,-0.04] —
Yurtkuran 1999 -0.66 0.29 25 25 6.2% -0.66 [-1.23,-0.09] ]
Subtotal (95% CIy 275 190 66.2% -0.85 [-1.36, -0.34] <

Heterogeneity, Tau® = 0.64; Chi®= §4.90, df= 11 (P = 0.00001); F= 83%
Testfor overall effect 2= 330 (FP=00010)

1.1.2 Interferential current stimulation

Adedoyin 2002 -1.88 0.42 15 154  53% -1.68 [-2.40,-0.786] -
Adedoyin 2005 -012 0.44 16 g 531% -0.12 [-0.98, 0.74] T
Defrin 2005 -1.99 0.4 45 9 54% -1.89[-2.79,-1.19] _—

ltoh 2008 -1.08 0.44 12 12 5.1% -1.08 [-1.94,-0.22] -
Subtotal (95% CI) 88 4 21.1% -1.20 [-1.99, -0.42] i

Heterogeneity, Tau®= 0,46, Chif= 1061, df= 3 (P = 0.01); F=72%
Testfor overall effect 2= 299 (P =0.003)

1.1.3 Pulsed electrostimulation

Garland 2007 -0.38 028 39 19  B.2% -0.38[-0.93,0.17] T

Zizic 1995 -0.43 0.24 38 33 B65% -0.43[-0.90, 0.04] ]

Subtotal (95% CIy 77 52 12.7% -0.41[-0.77, -0.05] &

Heterageneity: Tau®= 0.00; Chi*=0.02 df=1 (P=089), *=0%

Testfor averall effect 2= 2.24 (P=0.02)

Total (95% CI) 440 286 100.0% -0.86 [-1.23, -0.49] L

Heterogeneity, Tau®= 0.50; Chi®= 84.34, df=17 (P = 0.00001);, F= 80% 54 52 b é ji
Test for overall effect 2= 4.54 (P = 0.00001) Favours experimental Favours conral

Figure 3. Forest plot of 16 trials comparing the effects wf &ype of transcutaneous electrostimulation and
control (sham or no intervention) on knee pain.u¢alon x-axis denote standardised mean differefitesplot
is stratified according to type of electrostimubati Law 2004 reported on knee level, we inflatexlgtandard
error with sqgrt(number knees)/sqrt(number patiett€orrect for clustering of knees within patiemigedoyin
2005 and Cheing 2002 contributed with two compasseach. In Adedoyin 2005, the standard error was
inflated and the number of patients in the corgroup was halved to avoid duplicate counting ofgrds when
including 2 both comparisons in the overall metabgsis. Data relating to the 3, 2, 3 and 4 actinterivention
arms in Cheing 2003, Grimmer 1992, Law 2004 andiB&005, respectively, were pooled.

Figure 4. Funnel plot for effects
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Variable N of N of patients N of patients Pain intensity Heterogen _ P for
trials (experimental) (control) eity interaction

n n n SMD (95% Cl) 1% (%)

Al trials 16 440 286 -0.86 (-1.23 to -0.49) 80%

Allocation concealment 0.47

Adequate 2 79 39 -0.52 (-0.91 t0 -0.13) 0%

Inadequate or unclear 14 361 247 -1.03 (-1.49 to -0.57) 84%

Type of control intervention* 0.12

Sham intervention 12 354 216 -1.13 (-1.59 to -0.67) 82%

No control intervention 5 86 70 -0.31 (-0.80 t0 0.19) 58%

Blinding of patients 0.37

Adequate 11 309 205 -1.05 (-1.52 to -0.59) 82%

Inadequate or unclear 6 131 79 -0.63 (-1.31 to 0.05) 81%

Use of analgesic cointerventions 0.36

Similar between groups 4 124 83 -0.57 (-1.16 to 0.02) 74%

Not similar or unclear 12 316 23 -1.10 (-1.60 to -0.59) 84%

Intention-to-treat analysis 0.73

Yes 3 83 63 -0.76 (-1.43 to -0.09) 2%

No or unclear 13 357 223 -1.00 (-1.48 to -0.53) 84%

Type of ES** 0.94

High frequency TENS 8 177 139 -0.82 (-1.51t0 -0.12) 86%

Burst TENS 2 39 38 -0.85 (-1.32 t0 -0.38) 0%

Modulation TENS 1 13 3 -1.41 (-2.92 to0 0.10) N/A

Low frequency TENS 3 46 40 -0.82 (-1.29 t0 -0.34) 0%

nterferential current 4 88 44 120 (1.99t0-0.42)  71%

Pulsed ES 2 77 52 -0.41 (-0.77 to -0.05) 0%

Duration of ES per sessiont 0.69%

< 20 minutes 8 166 112 -0.95 (-1.55 to -0.35) 78%

30 to 40 minutes 6 156 99 -1.45 (-2.28 to -0.62) 85%

= 60 minutes 4 118 91 -0.47 (-0.96 to 0.02) 58%

Number of sessions per week 0.90%

<3 6 163 91 -0.81 (-1.48 t0 -0.14) 82%

4t06 7 182 125 -1.33 (-2.11 to -0.54) 88%

27 3 96 70 -0.51 (-0.83 to -0.19) 0%

Duration of ES per week*** 0.74%

<1 hour 5 123 71 -0.85 (-1.72 t0 0.01) 86%

>1 to 5 hours 8 180 122 -1.42 (-2.11t0 -0.74) 81%

> 5 hours 5 137 109 -0.53 (-0.96 to -0.11) 55%

Duration of treatment period 0.14

< 4 weeks 7 190 114 -1.39 (-2.13 to -0.66) 86%

= 4 weeks 9 250 172 -0.64 (-1.06 to -0.22) 75%

Table 1 Results of stratified analyses of pain outcomesedi&:trostimulation; *In Cheing 2002, two
independent comparisons contributed in the twaedkffit strata. **Adedoyin 2005, Grimmer 1992 and Law
2004 contributed to two, two and three differenatst high-frequency TENS and interferential curren
stimulation, high-frequency TENS and burst, anchhi¢pw-frequency and modulation TENS, respectivéky
Cheing 2003 contributed to all three different tstravith the same 8 control patients displayedaichestratum.

1= p-values from test for trend.
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This coefficient indicates that the benefit of élestimulation increases by 7.6 standard
deviation units for each unit increase in the stadctrror of the SMD, which is mainly a
surrogate for sample size. The predicted SMD aldras large as the largest trial (Zizic 1995,
n =71, standard error = 0.24) was -0.07 (95%QCl16 @0 0.32), which corresponds to a
difference in pain scores of 0.2 cm on a 10 cm \b&8veen electrostimulation and control.
Referring to a median pain intensity of 6.1 cm licpbo groups at baseline, this corresponds
to a difference of 4% improvement (95% CI -13% R9%) between electrostimulation and
control (Summary of findings for the main company).

Table 1 presents results from stratified analy&stsmates of SMD varied to some degree
depending on concealment of allocation, adequa@abént blinding, use of analgesic
cointerventions and characteristics of electrostiimn, but 95% Cls of SMDs were wide
and tests of interaction and tests for trend raitssically significant. There was little
evidence to suggest that SMDs depended on theofyglectrostimulation used (P for
interaction = 0.94). Contrary to what would be eotpd in the presence of relevant placebo
effects, we found some evidence towards largerfiisrmé electrostimulation in trials with a
sham intervention as compared with trials withéutdr interaction = 0.12). In addition, there
was some evidence for larger benefits of electragaition associated with short durations of
the overall treatment period of less than four vgesek compared with four weeks or more (P
for interaction = 0.14). The analysis could nosbatified according to sample size, because
none of included trials reached the prespecifiedpda size of 200 patients to be considered

as adequately sized.

Withdrawals or drop-outs because of adverse eventsight trials (348 patients) contributed
to the meta-analysis of patients withdrawn or dempput because of adverse events (Figure
5). Of these, four TENS trials and one interfer@nturrent stimulation trial reported that no
withdrawals or drop-outs due to adverse eventeadrred, neither in experimental nor in
control groups, therefore relative risks could Inetestimated. In the remaining three trials,
there was no evidence that transcutaneous elantrdation is unsafe (relative risk 0.97), but
95% confidence intervals were wide and ranged f0ab6 to 6.00. Pooling all types of
electrostimulation, arf lof 20%indicated a low degree of between-trial fegjeneity (P for

heterogeneity = 0.29).

104



Article 4: Transcutaneous electrical nerve stimatafor osteoarthritis of the knee

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total BEvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 TENS
Cheing 2002 0 16 0 18 Mot estimable
Cheing 2003 0 30 1 10 282% 01z21[0.01,2.69] * &
Grimrmer 1992 0 40 0 20 Mot estimahle
Law 20043 0 22 0 17 Mot estimahle
Smith 1983 1 16 0 16 281% 3.00[0.13, 68.57] =
Yurtkuran 1999 0 24 0 24 Mot estimahle
Subtotal (95% CI) 149 106 56.3%  0.60[0.03, 14.15] — e R ——
Total events 1 1

Heterogeneity: Tau®= 2.68; Chi®= 2.05,df =1 (F=0158); F=51%
Testfor overall effect Z=0.32 (P=0.79)

1.2.2 Interferential current stimulation

Adedaoyin 2002 0 148 0 148 Mot estimable
Subtotal (95% Cl) 15 15 Mot estimable
Total events 0 0

Heterogeneity: Kot applicahle
Test for overall effect: Mot applicahle

1.2.3 Pulsed electrostimulation

Fizic 1995 s LY 1 ¥ 437% 1.80[017F, 1910 L
Subtotal (95% Cl) 4 37 437%  1.B0[0D.17,19.10] e ER—
Total events 2 1

Heterogeneity: Mot applicahle
Testfor overall effect Z= 043 (F=0.62)

Total (95% CI) 205 158 100.0% 0.97 [0.16, 6.00] ——eui—

Total events 3 2

Heterogeneity: Tau? = 0.84; Chif= 2.1, df= 2 (P = 0.249); F= 20% ID 0 D=1 110 100’
Testfor overall effect 2= 0.04 (F = 0.97) Favours experimental Fawours cantrol

Figure 5. Forest plot of 8 trials comparing patients witheneor dropped out because of adverse events between
any transcutaneous electrostimulation and congt@rf or no intervention). Values on x-axis denisfe natios.

Risk ratios could not been estimated in 5 triaés;ause no dropout occurred in either group. Theipktratified
according to type of electrostimulation. Data rielgto the 3 and 2 active intervention arms in @ge2003 and

Grimmer 1992, respectively, were pooled.
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Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Std. Mean Difference  SE Total Total Weight I, Random, 95% CI I, Random, 95% Cl
1.3.1 TENS

Adedoyin 2005 0 045 15 T 8.2% 0.00[-0.88, 0.88] 1
Bal 2007 -0.43 027 28 28 14.4% -0.43 [-0.86,010] — T
Cetin 2008 01a 032 20 20 10.2% 015048, 0.78] -1
Law 20048 -0.28 0.34 21 15 81% -0.28 [-0.85, 0.39] I
Yurtkuran 1939 -088 0.3 25 25 11.6% -0.88 [1.47,-0.29] —_
Subtotal (95% Cly 109 95 50.5% -0.33 [-0.69, 0.03] o
Heterogeneity: Tau®= 0.06; Chi®= 630, df= 4 (P=0.18), F= 36%

Testfor overall effect Z=1.78 (P =0.07)

1.3.2 Interferential current stimulation

Adedayin 2005 -0.36 0.45 16 g 82% -0.36 [-1.24, 0.52] i
Itoh 2008 -0.86 0.42 12 12 58% -0.56 [-1.38, 0.26] -
Quirk 1985 004 039 12 14 BA% 0.04 072, 080 -
Subtotal (95% Cly 40 34  18.0% -0.27 [-0.75,0.20] <
Heterogeneity: Tau®= 0.00; Chi*=1.15,df= 2 (F=0.56), F=0%

Testfar averall effect Z=113 (P =026

1.3.3 Pulsed electrostimulation

Garland 2007 -0.29 0.28 39 19 13.4% -0.29[-0.84, 0.26] —T
Zizic 1995 -0.41 0.24 38 33 18.2% -0.41 [-0.88, 0.08] —
Subtotal (95% Cly T 52  31.5% -0.36 [-0.72, -0.00] e 2
Heterogeneity: Tau®=0.00; Chi*=011,df=1 (F=0.74); F=0%

Test far averall effect Z=1 .87 (P =0.05)

Total (95% CI) 226 181 100.0% -0.34 [-0.54, -0.14] [ ]
Heterogeneity: Tau®= 0.00; Chi*= 7 64, df= 9 (P =0.57); F= 0% _54 52 1 152 i

Testfor overall effect £=3.29 (P =0.001)

Favours experimental  Fawvaurs cantral

Figure 6. Forest plot of 9 trials comparing the effects 0§ &ype of transcutaneous electrostimulation and

control (sham or no intervention) on function. &won x-axis denote standardised mean differefitesplot

is stratified according to type of electrostimubati In Adedoyin 2005, the standard error was iaflaand the

number of patients in the control group was haleedvoid duplicate counting of patients when inahgdboth

comparisons in the overall meta-analysis.
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Function Nine trials (407 patients) contributed to the raalysis of function. The analysis
suggested a small SMD of -0.34 (95% CI -0.54 t&é40Figure 6), which corresponds to a
difference in function scores of 0.7 units on aade@dised WOMAC disability scale ranging
from O to 10, favouring electrostimulation. Refagito a median function score of 5.6 units
in placebo groups at baseline, this correspondgdifference of 20% improvement (95% CI
+11% to +29%) between electrostimulation and corftBummary of findings for the main
comparison’). The estimated difference in the patiage of treatment responders between
patients allocated to electrostimulation and p#i@atocated to placebo of 3% translated into
an NNT to cause one additional treatment respongaretion of 29 (95% CI 19 to 69)
(Summary of findings for the main comparison’).feiffences between types of
electrostimulation were not statistically signifitaAn 12 of 0% suggested no between-trial
heterogeneity (P for heterogeneity = 0.57). Than&hplot did not appear asymmetrical (
Figure 7, P for asymmetry = 0.52). The correspopdsymmetry coefficient was 1.4 (95%
Cl, -3.510 6.3).

Table 2 presents results from stratified analyGstimates of SMD varied to some degree
depending on type of control intervention, adequatqyatient blinding, characteristics of
electrostimulation and overall treatment period, 320Cls of SMDs were wide and tests for
interaction and tests for trend not statisticaiggngicant. There was little evidence to suggest
that SMDs depended on the type of electrostimulaiged (P for interaction = 0.32). Again,
the analysis could not be stratified accordingaimgle size, because none of included trials

reached the pre-specified sample size of 200 gatterbe considered as adequately sized.

Other safety outcomesThree trials (175 patients) contributed to thearaatalysis of patients
experiencing any adverse event (Figure 8) andtftals (195 patients) to the meta-analysis
of patients experiencing any serious adverse d¥mire 9). In general, there was no
evidence to suggest that electrostimulation is fengat 95% Cls were wide and results

inconclusive.
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Variable t’r\ilacl)sf ((le\lngeﬁ;“eer:l:) pa,::e?]fts Function Heterogeneity inteFr’afc?tEon
(control)
SMD (95% Cl) 1% (%)
Al trials 9 226 181 -0.34 (-0.54 to -0.14) 0%
Allocation concealment 0.88
adequate 1 39 19 -0.29 (-0.85 t0 0.26) N/A
inadequate or unclear 8 187 162 -0.34 (-0.56 t0 -0.12) 5%
Type of control intervention 0.14
sham intervention 5 151 120 -0.46 (-0.70 to -0.21) 0%
no control intervention 4 75 61 -0.10 (-0.45 t0 0.24) 0%
Blinding of patients 0.14
adequate 5 151 120 -0.46 (-0.70 to -0.21) 0%
inadequate or unclear 4 75 61 -0.10 (-0.45t0 0.24) 0%
Use of analgesic cointerventions 0.95
similar between groups 2 69 48 -0.33 (-0.70 to 0.05) 0%
not similar or unclear 7 157 133 -0.34 (-0.60 to -0.08) 15%
Intention-to-treat analysis 0.76
Yes 2 40 42 -0.28 (-0.71 t0 0.16) 0%
No or unclear 7 186 139 -0.35 (-0.58 t0 -0.12) 5%
Type of ES** 0.32
High frequency TENS 4 84 70 -0.18 (-0.50 to 0.14) 0%
Burst TENS 0
Modulation TENS 0
Low frequency TENS 1 25 25 -0.88 (-1.46 to -0.30) N/A
L’:}ﬁ{:‘f;ﬁgﬂa' current 3 40 34 -0.27 (-0.75 t0 0.20) 0%
Pulsed ES 2 77 52 -0.36 (-0.72 to -0.00) 0%
Duration of ES per session 0.80%
< 20 minutes 5 100 86 -0.29 (-0.69 t0 0.11) 44%
30 to 40 minutes 2 49 43 -0.37 (-0.79 to 0.04) 0%
2 60 minutes 2 77 52 -0.36 (-0.72 to -0.00) 0%
Number of sessions per week 0.32%
<3 4 75 61 -0.10 (-0.45 t0 0.24) 0%
4t06 3 74 68 -0.54 (-0.88 to -0.20) 2%
27 2 77 52 -0.36 (-0.72 to -0.00) 0%
Duration of ES per week 0.32%
<1 hour 4 75 61 -0.10 (-0.45 t0 0.24) 0%
> 1to 5 hours 3 74 68 -0.54 (-0.88 to -0.20) 2%
> 5 hours 2 77 52 -0.36 (-0.72 to -0.00) 0%
Duration of treatment period 0.18
< 4 weeks 3 74 68 -0.54 (-0.88 to -0.20) 2%
> 4 weeks 6 152 113 -0.23 (-0.47 t0 0.02) 0%

Table 2. Results of stratified analyses of function. E®clostimulation; **Adedoyin 2005 contributed todw

different strata: high-frequency TENS and intenfeii@ current stimulation; = p-values from test fiend.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Evenits Total Evenis Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.4.1 TENS
Law 20043 0 22 0 17 Mot estimable
Subtotal (95% Cl) 22 17 Mot estimable
Total events 0 0

Heterogeneity, Mot applicahle
Test for overall effect: Mot applicahle

1.4.2 Pulsed electrostimulation

Garland 2007 7 34 4 19 356% 0.85[0.28, 2.56]
Zizic 19495 10 41 g T B4.4% 1.13[0.50, 2.55]
Subtotal (95% Cl) 80 56 100.0% 1.02 [0.53, 1.97]
Total events 17 12

Heterogeneity: Tau®=0.00; Chi*= 016, df=1 (P =069); F=0%
Test for overall effect: £= 0.06 (P = 0.99)

Total (95% CI) 102 73 100.0% 1.02 [0.53, 1.97] -
Total events 17 12

Heterogeneity: Tau*= 0.00; Chi®= 016, df=1 (P =0.69); F= 0%
Test for overall effect Z= 0.06 (P = 0.99)

oot 0 10 100
Favours experimental Fawours cantrol

Figure 8 Forest plot of 3 trials comparing patients expagirg any adverse event between any transcutaneous
electrostimulation and control (sham or no intetig). Values on x-axis denote risks ratios. Tls& ratio in
one TENS trial could not be estimated because werad event occurred in either group. The plotriified

according to type of electrostimulation.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Fvents Total Weight I, Random, 95% Cl I, Random, 95% CI
1.5.1 TENS
Cheing 2003 a 10 1 10 100.0% 0.33[0.02 7.23] .
Law 20043 a 22 1] 17 Mot estimakble
Subtotal {95% CI) 32 27 100.0% 0.33 [0.02, 7.32] — e ——
Total events 0 1

Heterogeneity: Mot applicahle
Test for overall effect Z2=0.70 (P = 0.48)

1.5.2 Pulsed electrostimulation

Garland 2007 0 41 i ar Mot estimable
Zizic 1984 0 39 ] 19 Mot estimahle
Subtotal (95% CI) 80 ] Mot estimable
Total events 0 il

Heterogeneity: Mot applicahle
Test for overall effect; Mot applicable

Total {95% Cly 112 83 100.0% 0.33[0.02,7.32] ————

Total events 0 1
Heterogeneity: Mot applicahle
Test for overall effect Z2=0.70 (P = 0.48)

0ol 0 10 100
Favours experimental Favours contral

Figure 9 Forest plot of 4 trials comparing patients expaieg any serious adverse event between any
transcutaneous electrostimulation and control (sbano intervention). Values on x-axis denote resfos. Risk
ratios could not been estimated in 3 trials, begaugsserious adverse event occurred in either gt plot is
stratified according to type of electrostimulati®ata relating to the 3 active intervention arm&€heing 2003

were pooled.

109



Article 4: Transcutaneous electrical nerve stimatafor osteoarthritis of the knee

Discussion

Summary of main resultsOur systematic review of trials comparing any tgpe
transcutaneouslectrostimulation with a sham or non-interventoamtrolrevealed a lack of
adequately sized, methodologically soamdl appropriately reported trials and a moderate to
high degre®f heterogeneity between trials, which made therpretation ofesults difficult,
particularly for joint pain as the primary therapetarget of transcutaneous
electrostimulation. In an attempttainimise biases associated with small trials of
guestionable qualityye used meta-regression to predict effects of tralaseous
electrostimulation on pain and found the predi@#dct sizes fopain negligibly small. The
rates of withdrawals or drop-outs diseadverse events were comparable in experimendal a

controlgroups, but 95% Cls were wide and therefore inasieé.

Quality of the evidenceAn inspection of funnel plots and a formal analydissymmetry
indicated asymmetry for knee pain, but not for fiorg whichsuggested the presence of
biases associated with small sample paricularly when estimating the effects of
electrostimulation oknee pain. Asymmetrical funnel plots should be sesronly asan
indication of publication bias, but as a generm for examinatiorof small study effects: the
tendency for the smaller studiesshow larger treatment effects, possibly due to a
combination opublication bias, selective reporting of outcomed methodological
problems particularly in small triafé °?If reporting is inadequate, as was the case in our
systematiageview, then the standard error as a proxy foryssige may be enore precise
measure of trial quality than formal assessmenisathodological quality. When modelling
effects expected in trialss large as the largest trial included in our syate review, we
found effects on pain near null -0.07 (95% CI -0td®.32),which were clearly smaller than
the pooled SMD actually fourfdr pain in the meta-analysis -0.86 (95% CI -1.@3(1.49).
Theeffect of electrostimulation on function was smhllf potentiallyclinically relevant, and
the accumulated evidence appeared less affbgtbthses associated with small sample size.
The methodological quality and the quality of reépwy was poorlnsufficient information

was noted in several randomised controtles about the treatment assignment procedure
and concealmerdf allocation. Primary outcomes were specifiedniydhree trials. Although
several studies reported blinding of patientsnplete blinding is difficult to achieve due to
the sensory differencégtween treatment and placebo, as well as unindecml@munication
between patient and evaluaf3iOnly Grimmer 1992 and Bal 2007 mentioned the inclusion
of patients to be restricted to those without pfliBNS experience; another two trials were

likely to have achieved adequate blinding of pasiemth currents below the sensory
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threshold used in the experimental group, whichevii&ely to be indistinguishable from the
sham intervention also for patients with treatnegerience? >* The majority of papers did
not provide adequate information regarding withdaswdrop-outs and losses to follow up,
nor indicated whether patients with incompleteichhdata were included in the data

analysis. Several trials omitted to describe advexents, which is of concern.

Potential biases in the review procesSur review is based on a broad literature searuth, a
it seems unlikelghat we missed relevant trials. Trial selection dath extractionncluding
quality assessment, were done independdnytiyvo authors to minimise bias and
transcription errors. Componentsed for quality assessment are validated andtexptobe
associated with bigs.>

As with any systematic review, our study is limitedthe qualityof included trials. As
indicated above, trials generally suffefeaim poor methodological quality, inadequate

reporting and smalample size. Some tri&fg? *°

showed unrealistically large SMDs of
twice to three times the magnitudewhat would be expected for total joint replacette
Including these trials in the meta-analysis isliike result in an overestimation of the

benefits of transcutaneous electrostimulation.

Agreements and disagreements with other studies oeviews Interestingly, there are

nearly as many systematic reviews and meta-anabysganscutaneous electrostimulation in
osteoarthritis asandomised trials. Here, we will focus mainly oe timilaritiesand
differences between ours and the previous verdithioreview® which included seven
transcutaneous electricagrve stimulation (TENS) trials. We updated thed®and used
broader selection criteria, which resulted in 1diadnal trials;11 trials used TENS as the
experimental treatment, four interferentakrent stimulation, one both TENS and
interferentialcurrent stimulation, and two pulsed electrostimalatAs in thereview of Osiri
2000, both parallel group and cross-over R@&se included. For the cross-over studies, we
only collected datérom the first intervention phase in order to ehiaie carry-oveeffects,
whereas Osiri and colleagues included pooled dagaall phases. We excluded three
previously included cross-over trialscause the investigators were unable to provitke da
from the firstphase only. In this update, we performed a moraildetqualityassessment of
component trials, followed by a detailed explomatd sources of variation between trials,
including concealment d@llocation, blinding, intention-to-treat analysibaracteristics of
analyse continuous data, Osiri and colleagues wegghted mean differences or SMDs of the
change from baseline scores, whereas we used SM®&l @f treatment scores and based

our conclusions on treatment effects on pain ptedim uni-variable metaregression models
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by using the standard error as the explanatoralbai In addition, fixed-effect models were
used in the previous version unless there wasstatlly significant heterogeneity between
trials based o2 testing. Model selection based on the mecharagitication of
heterogeneity tests should be avoided, howevee,lex used random-effects models, which
will generally be more conservative in terms of éséimated precision, but will be more
affected by small study effects than a fixed-effacidel, which makes an exploration of
sources of variation, including different typesotds, mandatory. Results from the previous
and current versions are therefore not directlygarable. Nevertheless, pooled SMDs for
pain were favourable in our and the previous reyieuith us reporting a pooled SMD of -
0.86 (95% CI -1.23 to -0.49), whereas Osiri 20(fbreed a SMD of -0.45 (95% CI -0.70 to -
0.19), with confidence intervals overlapping wideiythough both Osiri and we
acknowledge the risk of bias in summary estima@ss;i concluded that transcutaneous
electrostimulation is “shown to be effective inmpabntrol over placebo”. We disagree with
these conclusions: when modelling effects expectdédals as large as the largest trial
included, we found the SMD of pain near null andichlly irrelevant (-0.07, 95% CI -0.46 to
0.32). Osiri 2000 recorded function separatelytifigroutcomes ’stiffness of the knee’, '50-
foot walking time’, 'quadriceps muscle strengthtaknee flection’ with only one trial
contributing to each of the categories. We choadiéf@rent approach, using a hierarchy
developed to minimise the impact of selective rapgrof outcomes and to allow for a
synthesis of evidence across different studieggudivergent definitions of function. Our
effect sizes and conclusion concerning functionless favourable compared to those made
by Osiri 2000. In this version, we also summarisafity data and found no evidence to
suggest that electrostimulation is unsafe. Finaihfike Osiri 2000, we also included trials of
interferential current stimulation and pulsed elestimulation. One of the two trials of pulsed
electrostimulatiorf is covered in another Cochrane Review by Hulme2280
electromagnetic fields, even though the device (BexhiCare BIO-1000) does not generate

electromagnetic fields, but electric currefits.
Authors’ conclusions

Implications for practice Despite more than 20 years of clinical researdtretls a lack of
adequate evidence to support the use of any typamdcutaneouslectrostimulation in
patients with knee osteoarthritis. The effemsboth knee pain and function are potentially

clinically relevantand deserve further clinical evaluation.
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Implications for research The current systematic review is inconclusive, harag by the
inclusionof only small trials of questionable qualf§.Adequately sized randomised parallel-
group trials in about 2 X00 patients with knee osteoarthritis are necedsasigtermine
whether a specific type of transcutaneous eledtnogition is indeedssociated with a
clinically relevant benefit on pain. A sam@ee of 2 x 100 patients will yield more than 80%
power to deteca small to moderate SMD of -0.40 at a two-sided ©.@b, which

corresponds to a difference of 1 cm on a 10 cmavignaloguescale (VAS) between
experimental and control intervention. Tiials should enrol patients without prior
experience of any type @fanscutaneous electrostimulation or evaluate sscotblindingat

the end of trial, use adequate concealment ofatilme, experimentadnd sham interventions
that are close to indistinguishalaled an intention-to-treat analysis. Transcutanetecgrical
nervestimulation (TENS) devices are marketed as smadkpensiveeasy-to-use home

units, but in the majority of trials TENS wadministered by a therapist in a practice or
hospital setting. Futunesearch may focus on the effectiveness of selfiaidtaredTENS,

with accurate recording of the duration of elediroalationper day to assess compliance and

enable the exploration pbssible dose-effect relationships.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Any type of electrosti i pared with sham or no intervention for osteoarthritis of the knee

Patient or population: patients with osteoarthritis

Settings: physical therapy practice of outpatient clinic
Intervention: any type of transcutaneous applied electrostimulation
Comparison: sham or no specific intervention

Outcomes lllustrative comparative risks* (95% CI) Relative effect No of participants Quality of the evidence ~ Comments
(95% Cl) (studies) (GRADE)
Assumed risk* Corresponding risk
Sham or no specific inter- Any type of transcuta-
vention neous electrostimulation
Pain -1.8 cm change on 10 cm -2.0 cm change SMD -0.07 (-0.46 t0 0.32) 726 +000 Little evidence of beneficial
Various pain scales VAS! (A -0.2 cm, -1.2 to 0.8 (16 studies) very low* effect (NNT: not statistically
Median follow-up: 4 weeks 29% improvement cm)? significant)
33% improvement The estimated paininthe in-
(A +4%, -13% to +20%)? tervention group of large tri-
als was derived from meta-
regression using the stan-
dard error as independent
variable
Function -1.2 units on WOMAC -2.3 units on WOMAC SMD -0.34 407 +000 NNT: 29 (95% CI 19 to 69)®
Various validated function (range 0 to 10)" (A-1.1,-1.6t0-0.6)° (-0.54 t0 -0.14) (9 studies) very low”
scales 21% improvement 41% improvement
Median follow-up: 4 weeks (A +20%, +11% to
+29%)°
Number of patients ex- 150 per 1000 patient- 153 per 1000 patient-years RR 1.02 (0.53 to 1.97) 175 ++00 No evidence of harmful ef-
periencing any adverse years' (80 to 296) (3 studies) low? fect
event (NNH: not statistically sig-
Median follow-up: 4 weeks nificant)
Number of patients with- 17 per 1000 patient-years' 16 per 1000 patient-years RR 0.97 (0.16 to 6.00) 363 +++0 No evidence of harmful ef-
drawn or dropped out be- (3t0 102) (8 studies) moderate'® fect
cause of adverse events (NNH: not statistically sig-
Median follow-up: 4 weeks nificant)
Number of patients expe- 4 per 1000 patient-years' 1 per 1000 patient-years ~ RR 0.33 (0.02 to 7.32) 195 ++00 No evidence of harmful ef-
riencing any serious ad- (0to 29) (4 studies) low!! fect

verse event
Median follow -up: 4 weeks

(NNH: not statistically sig-
nificant)

*The basis for the assumed risk in the safety outcomes (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based

on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; GRADE: GRADE Working Group grades of evidence (see explanations); NNT: number needed to treat; NNH: number needed to harm; RR: risk ratio; SMD: standardised mean

difference

GRADE Working Group grades of evidence

High quality (++++): Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality (+++0): Further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate.

Low quality (++00): Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely
to change the estimate.

Very low quality (+000): We are very uncertain about the estimate.

! Median reduction as observed across control groups in large osteoarthritis trials (Nuesch 2009).

2 Standardised mean differences (SMDs) were back-transformed onto a 10 cm visual analogue scale (VAS) on the basis of a typical
pooled SD of 2.5 cm in trials that assessed

pain using a VAS, and expressed as change based on an assumed standardised reduction of 0.72 standard deviation units in the control
group.

3 The median observed pain score at baseline across control groups in large osteoarthritis trials was 6.1 cm on a 10 cm VAS (Nuesch
2009).

“+ Downgraded (3 levels) because the effect was estimated from a meta-regression model using the standard error as independent variable
and because included trials were generally of low quality and small sample size: only 2 out of 16 trials used adequate concealment of
allocation, only 3 performed analyses according to the intention-to-treat principle, and the presence of large between trial heterogeneity.
> Standardised mean differences (SMDs) were back-transformed onto a 0 to 10 standardised WOMAGC function score on the basis of a
typical pooled SD of 2.1 in trials that

assessed function on WOMAC function scale and expressed as change based on an assumed standardised reduction of 0.58 standard
deviation units in the control group.

© The median observed standardised WOMAC function score at baseline across control groups in large osteoarthitis trials was 5.6 units
(Nuesch 2009).

7 Downgraded (3 levels) because included trials were generally of low quality and small sample size: 1 out of 9 studies used adequate
concealment of allocation methods, only 2 performed analyses according to the intention-to-treat principle, presence of moderate
between trial heterogeneity, 9 out of 18 studies reported this outcome, likely leading to selective outcome reporting bias.

8 Absolute response risks for function in the control groups were assumed 26% (see Methods section).

9 Downgraded (2 levels) because the confidence interval crosses no difference in the pooled estimate, 1 out of 3 studies included all
patients in this analysis, 3 out of 18 studies reported this outcome, likely leading to selective outcome reporting bias.

10 Downgraded (1 level) because the confidence interval of the pooled estimate is wide and crossed no difference, 8 out of 18 studies
reported this outcome, possibly leading to selective outcome reporting bias.

11 Downgraded (2 levels) because 4 out of 18 studies reported this outcome, possibly leading to selective outcome reporting bias, the
confidence interval of the pooled estimate is wide and crossed no difference.
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Characteristics of included studies

Adedoyin 2002

Methods

Quasi-randomised trial using alternation for the allocation of patients
2-arm parallel group design

Trial duration: 4 weeks

No power calculation reported

Participants

30 patients randomised

30 patients with knee OA reported at baseline
Study joints: 30 knees

Number of females: 20 of 30 (67%)

Average age: 59 years

Average BMI: 28 kg/m?

Interventions

Experimental intervention: interferential currentstimulation, dietary advice and exercise,
twice per week

Control intervention: Sham interferential current stimulation, dietary advice and exer-
cise, twice per week

Duration of treatment period: 4 weeks

Analgesics not allowed

Device: Enrat-Nonius Endomed 5921 (4 pole)

Self-administered: no

Waveform: interferential

Pulse width: not applicable

Pulse frequency: amplitude-modulated frequency of 100 Hz for 15 min (beat frequency),
80 Hz for last 5 min (beat frequency)

Amplitude: above sensory threshold, up to appreciable sensation

Duration of stimulation per session: 20 minutes

Electrodes: 4 electrodes covered with padding

Placement: 2 latero-medial, 2 antero-posterior

Qutcomes

Extracted pain outcome: global pain after 4 weeks, described as “Pain perception (VAS)”
No function outcome reported
Primary outcome: global pain (VAS)

Notes

All subjects from black Nigerian population

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

No Alternation
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Adedoyin 2002 (Continued)

Allocation concealment?

No Alternation

Free of selective reporting?

Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes

Adequate blinding of patients?

Yes Sham device: identical in appearance, nort increasing intensity,
flash light on, patient in position unable to read level of intensity

Incomplete outcome reporting: intention-
to-treat analysis performed?
Pain

Yes -

Incomplete outcome reporting: intention-
to-treat analysis performed?
Funcrion

Unclear Not applicable, no function outcome reported

Funding by commercial organisation
avoided?

Unclear No information provided

Funding by non-profit organisation?

Unclear No information provided

Adedoyin 2005

Methods

Randomised controlled trial
3-arm parallel group design
Trial duration: 4 weeks
Power calculation reported

Participants

51 patients randomised

46 patients with knee OA reported at baseline
Study joints: 46 knees

Number of females: 28 of 46 (61%)

Average age: 55 years

Average BMI: 28 kg/m2

Interventions

Comparison 1

Experimental intervention: TENS and exercise twice per week

Control intervention: exercise, twice per week

Comparison 2

Experimental intervention: interferential current stimulation and exercise, twice per
week

Control intervention: exercise, twice per week

Duration of treatment period: 4 weeks

Analgesics not allowed, patients confirmed not to take analgesics

TENS Device: Endomed 5921D
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Adedoyin 2005  (Continned)

Self-administered: no

Waveform: not reported

Pulse width: 200 ms

Pulse frequency: 80 Hz

Amplitude: above sensory threshold, strong but comfortable

Duration of stimulation per session: 20 minutes

Electrodes: 2 electrodes 8 x 6 cm

Placement: Each side of affected knee joint, aligned longitudinally along length of limb
Interferential Current Stimulation Device: Endomed 5921D (2 pole)

Waveform: interferential

Pulse width: not applicable

Pulse frequency: 80 Hz (beat)

Amplitude: above sensory threshold: strong but comfortable, strong tingling sensation
without muscle contraction

Duration of stimulation per session: 20 minutes

Electrodes: 2 electrodes 8 x 6 cm

Placement: each side of aftected knee joint, aligned longitudinally along length of limb

Outcomes Extracted pain outcome: pain on activities other than walking after 4 weeks, described as
“Pain recorded while standing (10-point pain rating scale with 0 “no pain”, 5 “moderate
- « - .-
pain” and 10 “worst pain imaginable”)
Extracted function outcome: WOMAC global scale after 4 weeks (Likert)
No primary outcome reported
Nores -
Risk of bias
Item Authors’ judgement Description

Adequate sequence generation? Unclear No information provided
Allocation concealment? Unclear No information provided
Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about

pre-specified outcomes

Adequate blinding of patients?

No No sham intervention

Incomplete outcome reporting: intention-
to-treat analysis performed?
Pain

No 15 out of 15 (100%) in TENS group, 16 out of 19 (84%) in
interferential current stimulation group, 15 our of 17 (88%) in
control group analysed
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Adedoyin 2005 (Continued)

Incomplete outcome reporting: intention- No See above
to-treat analysis performed?
Function

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided

Bal 2007

Methods Quasi-randomised single centre controlled trial with allocation according to hospital

registration number

2-arm parallel group design
Trial duration: 13 weeks

No power calculation reported

Participants 56 patients randomised
56 patients with knee OA reported at baseline
Study joints: 56 knees
Number of females: 50 of 56 (89%)
Average age: 57 years
Average BMI: 31 kg/m2
Average disease duration: 2 years

Interventions Experimental intervention: TENS and infra-red therapy, 5 times per week
Control intervention: sham TENS and infra-red therapy, 5 times per week
Duration of treatment period: 2 weeks
Unclear whether analgesics were allowed and the intake was assessed
Device: PlusMED 1-904
Self-administered: no
Waveform: not reported
Pulse width: 140 psec
Pulse frequency: 80 Hz
Amplitude: above sensory threshold, not up to maximum tolerance, no muscle contrac-
tons observed*

Duration of stimulation per session: 40 minutes
Electrodes: 4, type unclear
Placement: acupuncture points: ST36, GB34, SP10, SP9, ST34

Outcomes Extracted pain outcome: WOMAC pain subscore after 13 weeks (Likerr)
Extracted function outcome: WOMAC disability subscore after 13 weeks (Likert)
No primary outcome reported
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Bal 2007  (Continued)

Notes Article in Turkish, outcome assessment done by AR and RS assisted by a native Turkish
researcher. Serpil Bal verified all extracted data. *as indicated by Serpil Bal in personal
communication.

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? No The published report only stated that there was a random allo-
cation of patients to comparison groups. In personal communi-
cation, investigator Serpil Bal stated that the patients were allo-
cated according to last digit of their hospital registration num-
ber. Patients with even numbers were assigned to TENS group,
patients with odd numbers to a sham intervention.

Allocation concealment? No No, the same investigator responsible of randomisation was giv-
ing interventions, as indicated by Serpil Bal in personal com-
munication

Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes, we have been unable to sort out this
item with investigator Serpil Bal

Adequate blinding of patients? Yes Trial is described as single blind study using sham device
PlusMED 1-904, indistinguishable from real TENS unit. Sham
device had broken leads, no current passed but flashing light was
on. None of the patients had prior experience with TENS.

Incomplete outcome reporting: intention-  Yes All subjects were available for end of treatment measurements,

to-treat analysis performed? as indicated by Serpil Bal in personal communication

Pain

Incomplete outcome reporting: intention-  Yes All subjects were available for end of treatment measurements,

to-treat analysis performed? as indicated by Serpil Bal in personal communication

Function

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided
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Cetin 2008

Methods

Randomised controlled trial
S-arm parallel group design
Trial duration: 8 weeks

No power calculation reporred

Participants

100 patients randomised

100 patients with knee OA reported at baseline
Study joints: 100 knees

Number of females: 100 of 100 (100%)
Average age: 00 years

Average BMI: 28 kg/m2

Intervenrions

Experimental intervention: TENS + hot packs + isokinetic exercise, 3 times per week
Control intervention: hot packs + isokinetic exercise, 3 times per week

Duration of treatment period: 8 weeks

Analgesics allowed, unclear whether intake was similar between groups

Device: MED911

Self-administered: no

Waveform: not reported

Puls width: 60 msecs

Pulse frequency: 60-100 Hz

Amplitude: above sensory threshold, increased to point of seeing no contraction, while
patient felt comfortable

Duration of stimulation per session: 20 minutes

Electrodes: not reported

Electrode placement: around painful areas

Qutcomes

Extracted pain outcome: pain on walking after 8 weeks, described as “Knee pain severity
after a 50-m walk (VAS)”
Extracted function outcome: Lequesne OA index global score after 8 weeks (Likert)

No primary outcome reported

Notes

Only 2 arms qualified for inclusion in this review

Risk of bias

Item

Authors’ judgement  Description

Adequate sequence generation? Unclear No information provided
Allocation concealment? Unclear No information provided
Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about

pre-specified outcomes
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Cetin 2008 (Continued)

Adequate blinding of patients? No No sham intervention
Incomplete outcome reporting: intention-  Unclear No information provided
to-treat analysis performed?

Pain

Incomplete outcome reporting: intention-  Unclear No information provided
to-treat analysis performed?

Function

Funding by commercial organisation Unclear No informarion provided
avoided?

Funding by non-profit organisation? Unclear No information provided

Cheing 2002

Methods

Randomised controlled trial

4-arm parallel group design

Trial duration: 8 weeks

Randomisation stratified according to age, gender, BMI
No power calculation reported

Parricipants

66 patients randomised

62 patients with knee OA reported at baseline
Study joints: 62 knees

Number of females: 53 of 62 (85%)

Average age: 64 years

Average BMI: 28 kg/m?

Interventions

Comparison 1

Experimental intervention: 60 min TENS, 5 times per week
Control intervention: sham TENS, 5 times per week

Comparison 2

Experimental intervention: TENS plus exercise, 5 times per week
Control intervention: exercise alone, 5 times per week

Duration of treatment period: 4 weeks

Analgesics allowed, unclear whether intake was similar between groups
Device: MAXIMA III (dual channel)

Self-administered: unclear, most likely not

Waveform: square

Pulse width: 140 psec

Pulse frequency: 80 Hz

Amplitude: above sensory threshold, tingling sensation, 3 to 4 times above sensory

threshold
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Cheing 2002 (Continued)
Duration of stimulation per session: 60 minutes
Electrodes: 4 electrodes of 4 x 4 cm
Placement: at acupuncture points: ST335, SP9, GB34, extra 31,32 (one electrode covering
both extra 32 and ST35)

Outcomes Extracted pain outcome: global pain after 8 weeks, described as “Intensity of subjective
pain sensation (Baseline score on 0-10 cm VAS was standardised to be 100% in each of
F
the groups. Follow up values were expressed as mean decrease in % from baseline)”.
No function outcome reported
No primary outcome reported

Notes -

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear No information provided

Allocation concealment? Unclear No information provided

Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes

Adequate blinding of patients? Yes Comparison 1: Yes, sham device identical in appearance to real
TENS unit, no current passed but indicator light was lit up
Comparison 2: No, no sham intervention

Incomplete outcome reporting: intention- No Comparison 1: 16 out of 16 (100%) randomised to experimental

to-treat analysis performed? and 16 our of 18 (89%) randomised to control group were

Pain analysed
Comparison 2: 15 out of 17 (88%) randomised to experimental
and 15 out of 15 (100%) randomised to control group were
analysed

Incomplete outcome reporting: intention- Unclear Nor applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided
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Cheing 2003

Methods Randomised controlled trial
4-arm parallel group design
Trial duration: 4 weeks
Randomisation stratified according to gender
No power calculation reported

Parricipants 40 patients randomised
38 patients with knee OA reported at baseline
Study joints: 38 knees
Number of females: 34 of 38 (89%)
Average age: 06 years

Interventions Experimental intervention: 20 min TENS in group 1, 40 min TENS in group 2, 60
min TENS in group 4, 5 times per week
Control intervention: sham TENS, 5 times per week
Duration of treatment period: 2 weeks
Unclear whether analgesics were allowed and whether intake was similar between groups
Device: ITO 1207 TENS (dual channel)
Self-administered: no
Waveform: not reported
Pulse width: 200 psec
Pulse frequency: 100 Hz
Amplitude: above sensory threshold, strong but comfortable
Duration of stimulation per session: 20 minutes
Electrodes: 4 of 2 x 3 cm rubber electrodes
Placement: 4 acupuncture points extra 31,32, ST35, GB34, SP9

Outcomes Extracted pain outcome: pain on walking after 4 weeks, described as “pain during walking
(VAS)”
No function outcome reported

No primary outcome reported

Notes -

Risk of bias

Item Authors’ judgement  Description

Adequate sequence generation? Unclear No information provided

Allocation concealment? Unclear No information provided

Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes
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Cheing 2003 (Continued)

Adequate blinding of patients?

Yes Sham device: electronic circuit disconnected, no current passed,
but indicator light on

Incomplete outcome reporting: intention-
to-treat analysis performed?

No 30 out of 30 (100%) randomised to experimental and 8 out of
10 (80%) randomised to control group were analysed

Pain

Incomplete outcome reporting: intention- Unclear Not applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided
avoided?

Funding by non-profit organisation? Unclear No information provided

Defrin 2005

Methods

Randomised controlled trial
6-arm parallel group design
Trial duration: 4 weeks

No power calculation reported

Participants

62 patients randomised

62 patients with knee OA reported at baseline
Study joints: 62 knees

Average age: 67 years

Interventions

Experimental intervention: noxious adjusted interferential current stimulation in group
1, noxious unadjusted interferential current stimulation in group 2, innocuous adjusted
interferential current stimulation in group 3, innocuous unadjusted interferential current
stimulation in group 4, 3 times per week

Control intervention: sham interferential current stimulation, 3 times per week
Duration of treatment period: 4 weeks

Analgesics allowed, unclear whether intake was similar between groups.

Device: Uniphy: Phyaction electrical stimulator

Self-administered: no

Waveform: interferential

Pulse width: not applicable

Pulse frequency: 30 to 60 Hz (bear)

Amplitude: above sensory threshold, 2 groups 30% above pain threshold; 2 groups 30%
below pain threshold

Duration of stimulation per session: 20 minutes

Electrodes: 2 of 8 x 6 cm wet sponge electrodes

Placement: medial and lateral aspects of the knee, 2 cm from outer margins of patella
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Defrin 2005 (Continued)

Outcomes Extracted pain outcome: global pain after 4 weeks, described as “chronic pain intensirty
(VAS)”
No function outcome reported
No primary outcome reported
Notes 1 out of 6 trial arms, the no-intervention control group was excluded in the review
Risk of bias
Item Authors’ judgement Description

Adequate sequence generation? Unclear No information provided

Allocation concealment? Unclear No information provided

Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes

Adequate blinding of patients? Unclear Use of sham device: Uniphy-Phyaction electrical stimularor,
however the device described as shur-oft

Incomplete outcome reporting: intention- Unclear No information provided

to-treat analysis performed?

Pain

Incomplete outcome reporting: intention-  Unclear Not applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided

Fargas-Babjak 1989

Methods Randomised controlled trial
2-arm parallel group design
Trial duration: 13 weeks
No power calculation reported
Participants 56 partients randomised

56 partients with knee OA reported at baseline

Study joints: 56 joints, most likely > 75% knees
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Fargas-Babjak 1989  (Continued)

Average age; gender, BMI: not reported

Interventions Experimental intervention: burst TENS, twice per day
Control intervention: sham TENS, twice per day
Duration of treatment period: 6 weeks
Analgesics allowed, but change of dosage prohibited. Unclear whether analgesics were
assessed and whether intake was similar between groups.
Device: Codetron
Self-administered: yes
Waveform: square
Pulse width: 1000 psec
Pulse frequency: 200 Hz, train length of 125 ms, repetition frequency of 4 Hz (25 pulses
per train)
Amplitude: above sensory threshold, highest intensity that could be tolerated without
inducing frank pain
Duration of stimulation per session: 30 minutes
Electrodes: 7 carbon rubber (self-adhesive) Karaya Pads electrodes of 2 x 3 cm
Placement: 10 acupuncture points: GV14, GV4, GB30, GB34, SP13, B1 60, ST36, Bl
40, SP9, LI4 and 3 extra tender points

Outcomes Extracted pain outcome: global pain after 13 weeks described as “Pain improvement
(percentage pain improvement based on VAS)”
No function outcome reported
No primary outcome reported

Notes *Investigators named their intervention AL-TENS, but we coded it burst TENS in the
analyses

Risk of bias

Item Authors’ judgement  Description

Adequate sequence generation? Unclear No information provided
Allocation concealment? Unclear No information provided
Free of selective reporting? No Quote: “Full details of this (Percent Improvement Pain Scale)

are reported elsewhere”. Investigators however failed to provide
reference.

Adequate blinding of patients?

Yes Use of sham device: Codetron, identical in appearance, set at
frequency of 0.2 Hz with a threshold electrical stimulus of 0.5
mA, which caused a sensation on the skin but failed causing the
deep muscle afferent stimulation
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Fargas-Babjak 1989  (Continued)

Incomplete outcome reporting: intention- No 56 patients randomised but only 19 analysed in the experimen-
to-treat analysis performed? tal, and 18 analysed in the control group

Pain

Incomplete outcome reporting: intention-  Unclear Not applicable

to-treat analysis performed?

Funcrion

Funding by commercial organisation No Sponsor: Electronic Health Machines

avoided?

Funding by non-profit organisation? Yes NRC grant no: 689

Garland 2007

Methods

Randomised multicentre controlled trial

2-arm parallel group design

Number of participating centres: 3

Trial duration: 12 weeks

Randomisation stratified according to study site
No power calculation reported

Participants

100 patients randomised

58 parients with knee OA reported at baseline; 41 out of 58 candidates for toral knee
arthroplasty

Study joints: 58 knees

Number of females: 38 of 58 (66%)

Average age: 66

Disease duration: 8.4 years

Interventions

Experimental intervention: pulsed electrical stimulation

Control intervention: sham intervention

Duration of treatment period: 12 weeks

Analgesics allowed and intake assessed, but unclear whether intake was similar.

Device: BIO-1000

Self-administered: yes

Waveform: unclear

Pulse width: unclear

Pulse frequency: 100 Hz

Amplitude: below sensory threshold, initial increase of amplitude up to 12 Volt until a
tingling sensation was felt then reduction of the amplitude until this sensation disap-
peared

Duration of stimulation per session: 8.2 hours in active group, 7.8 hours in sham group
(mean daily application time)

Electrodes: flexible electrodes embedded in garment, type not reported
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Garland 2007  (Continued)

Electrode placement: negative electrode at patella, positive over anterior distal thigh

Outcomes Extracted pain outcome: global pain after 12 weeks, described as “Considering your pain
and symptoms in your study joint how are you doing today? (VAS)”
Extracted funcrion outcome: WOMAC disability subscore after 12 weeks (VAS)
No primary outcome reported

Notes *Due to major protocol violations, all 42 randomised patient of one site were excluded
by Garland et al

Risk of bias

Item Authors’ judgement  Description

Adequate sequence generation? Yes Random number table
Allocation concealment? Yes Central randomisation
Free of selective reporting? Unclear Quote: “Total WOMAC scores were not a defined outcome in

the protocol, but are shown in Tables II(a)-(d).”

Adequate blinding of patients?

Yes Use of sham device: BIO-1000, indistinguishable from active
device, with automatic shut-oft as soon as amplitude is reduced
(all patients were instructed to reduce intensity just below per-
ception level). Further adjustments required all devices to be
restarted.

Incomplete outcome reporting: intention-
to-treat analysis performed?
Pain

No Due to major protocol violations, all 42 randomised patient of
1 site were excluded by original authors. From the other site, all
patients randomised were included in the analysis.

Incomplete outcome reporting: intention- No See above

to-treat analysis performed?

Function

Funding by commercial organisation No Sponsor: BioniCare Medical Technologies
avoided?

Funding by non-profit organisation? Unclear No information provided
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Grimmer 1992

Methods

Randomised controlled trial
3-arm parallel group design
Trial duration: 1 day

No power calculation reported

Participants

60 patients randomised

60 patients with knee OA reported at baseline
Study joints: 60 knees

Number of females: 37 of 60 (62%)

Average age: 66 years

Interventions

Experimental intervention: high frequency TENS, once only in group 1, burst TENS,
once only in group 2

Control intervention: sham TENS, once only

Duration of treatment period: 1 day

Analgesics not allowed

Device: Medtronic Neuromed Selectra (dual channel)

Self-administered: no

Waveform: unclear

Pulse width: unclear

Pulse frequency: 80 Hz in group 1, 3 Hz trains of 7 80 Hz pulses in group 2
Amplitude: above sensory threshold, strong tolerable tingling paraesthesia

Duration of stimulation per session: 30 minures

Electrodes: 4 carbon rubber silicone electrodes, 2 x 3 cm

Placement: 4 acupuncture points around the knee: medial (SP9), lateral (GB33), poste-
rior (UB40), anterior (SP10)

Outcomes

Extracted pain outcome: global pain immediately after first and only application, de-
scribed as “Immediate pain relief (VAS)”

No function outcome reporred

No primary outcome reported

Notes

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation? Unclear Quote: “randomly allocated (by dice) into three groups of 20”
Allocation concealment? Yes By a person independent of the study
Free of selective reporting? Unclear Insufficient information provided; no access to study protocol
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Grimmer 1992  (Continued)

Adequare blinding of patients? Yes Sham device: Medtronic Neuromed Selectra, with non-func-
tioning leads. Patient were told that a very high frequency cur-
rent was being tested and that no skin sensation would be felt.

Incomplete outcome reporting: intention-  Yes Degrees of freedom reported indicate that all randomised pa-

to-treat analysis performed? tients were included in the analysis

Pain

Incomplete outcome reporting: intention-  Unclear Nort applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided

Itoh 2008
Methods Randomised controlled trial
2 x 2 factorial design
Trial duration: 10 weeks
No power calculation reported
Participants 32 patients randomised
32 patients with knee OA reported at baseline
Study joints: 32 knees
Number of females: 21 of 32 (66%)
Interventions Experimental intervention: interferential current stimulation®, once per week

Control intervention: no intervention, optional use of poultice

16 outof 32 patients (50%) allocated to acupuncture using a factorial design; no evidence
for an interaction between treatments

Duration of treatment period: 5 weeks

Analgesics allowed and intake assessed, but unclear whether intake was similar.

Device: HV-F3000 (single channel, 2 pole)

Self-administered: no

Waveform: sinusoidal

Pulse width: not applicable

Pulse frequency: amplitude-modulated frequency of 122 Hz (beat frequency)
Amplitude: above sensory threshold, up to a tingling sensation, 2 to 3 times above sensory
threshold

Duration of stimulation per session: 15 minutes

Placement: site of tenderness and opposite site

Electrodes: 2 disposable electrodes different in size, 809 mm? and 5688 mm?
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Itoh 2008 (Continued)

Outcomes Extracted pain outcome: global pain after 10 weeks, described as “Pain intensity (VAS)”
Extracted function outcome: WOMAC global scale after 10 weeks (VAS)
Primary outcomes: pain intensity, WOMAC global scale

Notes *The investigators used the label TENS in their report, but from their description of the
intervention it was clear that interferential current stimulation was applied

Risk of bias

Item Authors’ judgement  Description

Adequate sequence generation? Yes Computer generated block randomisation. Quote “According
to a block randomised allocation table (generated by Sample
Size, version 2.0, Int), the enrolled patients were allocated to (1)
the control (CT) group, (2) the acupuncrure (ACP) group, (3)
the transcutaneous electrical nerve stimulaton (TENS) group
or (4) the acupuncture and TENS (A&T) group.”

Allocation concealment? Unclear No information provided

Free of selective reporting? Unclear Insufficient information provided, no access to study protocol

Adequate blinding of patients? No No sham intervention

Incomplete outcome reporting: intention- No 12 out of 16 (75%) randomised to experimental and 12 out of

to-treat analysis performed? 16 (75%) randomised to control group were analysed

Pain

Incomplete outcome reporting: intention- No See above

to-treat analysis performed?

Funcrion

Funding by commercial organisation Unclear No information provided

avoided?

Funding by non-profit organisation? Unclear No information provided
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Law 2004

Methods

Randomised controlled trial
4-arm parallel group design
Trial duration: 4 weeks

No power calculation reported

Participants

36 patients randomised

36 patients with knee OA reported at baseline
Study joints: 48 knees*

Number of females: 35 of 36 (97%)

Average age: 82 years

Interventions

Experimental intervention: 2 Hz TENS in group 1, 100 Hz TENS in group 2, modu-
lation TENS with alternations between 2 to 100 Hz in group 3, 5 times per week in all
groups

Control intervention: sham TENS, 5 times per week

Duration of treatment period: 2 weeks

Unclear whether analgesics were allowed and whether intake was similar between groups
Device: Han Acupoint Nerve Stimulation LH204H

Self-administered: no

Waveform: unclear

Pulse width and frequency: 576 psec and 2 Hz in group 1, 200 psec and 100 Hz in
group 2, 576/200 psec and 2/100 Hz alternation in group 3

Amplitude: above sensory threshold, up to comfortable level, range 25 to 35 mA
Duration of stimulation per session: 40 minutes

Electrodes: 4 rubber electrodes of 4.5 x 3.8 cm

Placement: 4 acupuncture points: ST35, LE4, SP9, GB34

Outcomes

Extracted pain outcome: pain on walking after 4 weeks, described as “intensity of pain
telc while walking (VAS)”

No function outcome reported

No primary outcome reported

Notes

Outcome data were reported on knee level.

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

Yes Quote: “Randomization was carried out by drawing lots from
the randomization envelope.”

Allocation concealment?

Unclear No information provided

Free of selective reporting?

Unclear Insuthcient information provided; no access to study protocol
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Law 2004  (Continued)

Adequate blinding of patients?

Yes Use of sham device: identical in appearance, internal circuit dis-
connected, no current passed, indicator light on, digital display
of intensity control functioned normally. Quote: “Only thera-
pists who administered treatment to the subjects knew the group
allocation, while the subjects and the assessor were not given this
information.”

Incomplete outcome reporting: intention-
to-treat analysis performed?

No In toral, 3 patients dropped out and were excluded from anal-
ysis, as indicated by Gladys Cheing and Pearl Law in personal

Pain communication
Incomplete outcome reporting: intention- Unclear Not applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided
avoided?

Funding by non-profit organisation? Unclear No information provided

Law 2004a

Methods

Randomised controlled trial
2-arm parallel group design
Trial duration: 2 weeks
Unstratified randomisation
Multicentre trial with 2 centres
No power calculation reported

Participants

39 patients randomised

39 patients with knee OA reported at baseline
Study joints: 39 knees

Number of females: 37 of 39 (95%)

Average age: 79 years

Average BMI: 27 kg/m2

Average disease duration: 7.6 years

Interventions

Experimental intervention: TENS, 5 times per week

Control intervention: sham TENS, 5 times per weel

Duration of treatment period: 2 weeks

Unclear whether analgesics were allowed and whether intake was similar between groups
Device: ITO model 120Z (dual channel)

Self-administered: no

Waveform: unclear

Pulse widch: 200 psec
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Law 2004a (Continued)
Pulse frequency: 100 Hz
Amplitude: above sensory threshold, up to a comfortable level, range 25-35 mA
Duration of stimulation per session: 40 minurtes
Electrodes: 4 rubber electrodes, 4.5 x 3.8 cm?
Placement: acupuncture points: ST35, LE4, SP9, GB34

Outcomes Extracted pain outcome: pain on walking after 2 weeks, described as “intensity of pain
felt while walking (VAS)™**
Extracted function outcome: walking disability after 2 weeks, described as “Timed-Up-
and-Go test over 3 meters (seconds)”
No primary outcome reported

Notes **Only baseline values reported in the report. Contact established with investigators Law
and Cheing, who provided end of treatment and follow-up data.

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Quote: “’by drawing lots from the randomization envelope with-
out replacement”

Allocation concealment? Unclear Quote : “(...) carried out by physiotherapists who performed the
treatment”

Free of selective reporting? No No results reported for some outcomes mentioned in the meth-
ods section, including pain intensity on VAS

Adequate blinding of patients? Yes Use of sham device: ITO model 120Z, no current delivered but
flashing light on. Quote: “The assessors and subjects were blind
to the group allocation. All subjects were told that when the
indicator light of the TENS was blinking, it meant the machine
was working properly. They might or might not feel any tingling
sensation during treatment because the intensity of the current
was small.”

Incomplete outcome reporting: intention- No In total, 3 patients dropped out and were excluded from anal-

to-treat analysis performed? ysis, as indicated by Gladys Cheing and Pearl Law in personal

Pain communication

Incomplete outcome reporting: intention- No See above

to-treat analysis performed?
Function
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Law 2004a (Continued)

Funding by commercial organisation Unclear No information provided
avoided?
Funding by non-profit organisation? Unclear No information provided

Ng 2003

Methods

Randomised controlled trial
3-arm parallel group design
Trial duration: 4 weeks
Unstratified randomisation
No power calculation reported

Parricipants

24 patients randomised

24 patients with knee OA reported at baseline
Study joints: 24 knees

Number of females: 23 of 24 (96%)

Average age: 85 years

Interventions

Experimental intervention: TENS, 4 times per week, with a total of 8 applications and
educational pamphlet

Control intervention: educational pamphlet

Duration of treatment period: 2 weeks

Unclear whether analgesics were allowed and whether intake was similar between groups
Device: ITO model F-2 (dual channel)

Self-administered: no

Waveform: unclear

Pulse width: 200 psec

Pulse frequency: 2 Hz

Amplitude: above sensory threshold, until strong, tolerable, stroking sensation, preferably
evoking phasic muscle contraction

Duration of stimulation per session: 20 minutes

Electrode placement: acupuncrure points ST35, EX-LE-4

Electrodes: 50 x 35 mm?

Outcomes

Extracted pain outcome: global pain after 4 weeks, described as “pain (Numeric rating
scale (NRS))”
No function outcome reported

No primary outcome reported

Notes

2 out of 3 trial arms qualified for inclusion in this review

Risk of bias
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Ng 2003 (Continued)

Item Authors’ judgement Description

Adequate sequence generation? Yes Drawing lots. Quote: “Subjects were randomly assigned by
drawing a piece of paper that designated each person to the EA,
TENS, and control groups”

Allocation concealment? Unclear No information provided

Free of selective reporting? Yes uote: “In each evaluation session, three outcome measures were
p=}
collected.” The authors present results of all these 3 outcomes.

Adequate blinding of patients? No No sham intervention
Incomplete outcome reporting: intention- Unclear No information provided
to-treat analysis performed?
Pain
Incomplete outcome reporting: intention- Unclear Not applicable
to-treat analysis performed?
Function
Funding by commercial organisation Unclear No information provided
avoided?
Funding by non-profit organisation? Unclear No information provided
Quirk 1985
Methods Randomised controlled trial
3-arm parallel group design*
Trial duration: 26 weeks
No power calculation reported
Participants 38 patients randomised
38 patients with knee OA reported at baseline
Study joints: 38 knees
Number of females: 29 of 38 (76%)
Average age: 63 years
Interventions Experimental intervention: interferential current + exercise, interferential current stim-

ulation: 3 times per week, exercise twice daily
Control intervention: exercise twice daily
Duration of treatment period: 4 weeks

Analgesics allowed, unclear whether intake was similar between groups
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Quirk 1985  (Contined)

Device: Endomed 433 and Vacutron 423 (unclear whether 2 or 4 pole)
Self-administered: no

Waveform: interferential

Pulse width: not applicable

Pulse frequency: 0 to 100 Hz 10 minutes, 130 Hz last 5 minutes
Amplitude: not reported

Duration of stimulation per session: 15 minutes

Electrodes: suction electrodes

Placement: not reported

QOutcomes

Extracted pain outcome: other after 26 weeks, described as “Pain composite score with
items rest, post-exercise and night pain (approach unclear; either VAS or verbal scoring
technique modified after Newland)™**

Extracted function outcome: other algofunctional scale after 26 weeks, described as
“Overall clinical condition scale developed by authors, which was based on 3 items for
pain; rest-, post-exercise-, night pain and 3 for function; gait, method of climbing stairs
and using walking aids (most likely Likert)”.

No primary outcome reported

Notes

*1 trial arm, in which shortwave diathermy was given, was excluded, **only baseline
values with standard error and P values for change from baseline per group reported. No
contact could be established with the investigators.

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation? Unclear No informarion provided

Allocation concealment? Unclear No information provided

Free of selective reporting? No No results reported for some outcomes mentioned in the meth-
ods section, including maximum knee girth

Adequate blinding of patients? No No sham intervention

Incomplete outcome reporting: intention-  Yes Quote: “All patients completed their therapy and the first two

to-treat analysis performed? assessments (baseline and end of treatment), while 92% com-

Pain pleted the final assessment (3-6 months after treatment)”

Incomplete outcome reporting;: intention-  Yes See above

to-treat analysis performed?
Function
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Quirk 1985

Funding by commercial Unclear No information provided
avoided?
Funding by non-profit organisation? Unclear No information provided

Smith 1983

Methods

Randomised sham controlled trial

2-arm parallel group design

Trial duration: 8 weeks

Randomisation stratified according to gender
Multicentre trial with 2 centres

No power calculation reported

Participants

32 patients randomised

30 patients with knee OA reported at baseline
Study joints: 30 knees

Number of females: 20 of 30 (67%)

Average age: 68 years

Interventions

Experimental intervention: TENS, twice per week®

Control intervention: sham TENS, twice per week®

Duration of treatment period: 4 weeks

Analgesics intake assessed and found to be similar between groups

Device: RDG Tiger Pulse

Self-administered: no

Waveform: square

Pulse width: 80 psec

Pulse frequency: 32 to 50 Hz

Amplitude: above sensory threshold, adjusted up to a comfortable tingling sensation
Duration of stimulation per session: 20 minutes

Electrodes: 4 Lec Tec pads applied with electrode jelly

Placement: tender knee points or acupuncture points (SP9, xiyan and UB40)

Outcomes

Extracted pain outcome: global pain after 8 weeks, described as “Weekly pain score
derived from daily pain recording (linear 7-point scale)™*
No function outcome reported

No primary outcome reported

Notes

*Preceded by 1 'standard’ week without any treatment, **No pain outcome data pre-
sented, investigators were contacted, but we did not receive any reply. This study only
contributed in safety analysis.

Risk of bias
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Smith 1983 (Continued)

Item

Authors’ judgement Description

Adequate sequence generation?

Yes Computer generated. Quote: “(...) assigned by random com-
puter programme and effected by using sealed envelopes con-
taining cards which defined the teatment (...)".

Allocation concealment?

Unclear Sealed assignment envelopes, but unclear whether these were
opaque and sequential

Free of selective reporting?

No No results reported for some outcomes mentioned in the meth-
ods section, including sleep disturbance

Adequate blinding of patients?

Yes Use of sham device: RDG Tiger Pulse with broken electrode
connection at jack point, no current passed but flashing light
on. Quote: “Exactly the same procedure were followed for both
the treatment and control groups”™.

Incomplete outcome reporting: intention-
to-treat analysis performed?

No 15 ourt of 16 (0.94) randomised to experimental and 15 out of
16 (0.94) randomised to control group were analysed

Pain

Incomplete outcome reporting: intention-  Unclear Not applicable

to-treat analysis performed?

Function

Funding by commercial organisation Unclear No information provided
avoided?

Funding by non-profit organisation? Unclear No information provided

Yurtkuran 1999

Methods Randomised controlled trial

4-arm parallel group design

Trial duration: 2 weeks

No power calculation reported
Participants 100 patients randomised, 235 per group

100 patients with knee OA reported at baseline
Study joints: 100 knees

Number of females: 91 of 100 (91%)

Average age: 58 years
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Yurtkuran 1999  (Continued)

Interventions Experimental intervention: TENS, 5 times per week
Control intervention: sham TENS, 5 times per week
Duration of treatment period: 2 weeks
Unclear whether analgesics were allowed and whether intake was similar between groups
Device: MEA-TENS (dual channel)
Self-administered: no
Waveform: rectangular
Pulse width: 1000 psec
Pulse frequency: 4 Hz*
Amplitude: above sensory threshold, up to muscle contraction, just below pain tolerance
threshold
Duration of stimulation per session: 20 minutes
Electrodes: 4 small MEA rubber electrodes
Placement: 4 acupuncture points SP-9, GB-34, ST-34, ST-35

Outcomes Extracred pain outcome: global pain after 2 weeks described as “Overall present pain
intensity at rest (Likert)”
Extracted function outcome: walking disability after 2 weeks, described as “50 foot
walking time (in minutes)”
No primary outcome reported

Notes Two out of 4 groups, the electroacupuncture and ice massage groups, were excluded
in this review. *Investigators named their intervention AL-TENS, but we coded it low
frequency TENS in our analysis.

Risk of bias

Item Authors’ judgement  Description

Adequate sequence generation? Unclear No information provided

Allocation concealment? Unclear No information provided

Free of selective reporting? Unclear Trial protocol not accessible, methods section not explicit about
pre-specified outcomes

Adequate blinding of patients? Yes Sham device: MEA-TENS with broken lead at jack plug, no
current passed but red indicator light on. Quote: “(...) treatment
appeared to be done in the same way as the other groups withour
the subjects suspecting the nature of the stimulation”.

Incomplete outcome reporting: intention- No Investigarors reported that “no subject was withdrawn either ac-

to-treat analysis performed?
Pain

tive or placebo groups”. However, the reported degrees of free-
dom indicate that 5 out of 100 patients were not included. It
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Yurtkuran 1999  (Continued)

remained unclear to which of the 4 groups the excluded patients

belonged.
Incomplete outcome reporting: intention- No See above
to-treat analysis performed?
Function
Funding by commercial organisation Unclear No information provided
avoided?
Funding by non-profit organisation? Unclear No information provided

Zizic 1995

Methods

Randomised controlled trial
2-arm parallel group design
Trial duration: 34 weeks
Multicentre trial wich 5 centres
No power calculation reported

Participants

78 patients randomised

71 patients with knee OA reported at baseline
Study joints: 71 knees

Number of females: 33 of 71 (46%)

Interventions

Experimental intervention: pulsed electrostimulation stimulation, daily application
Control intervention: sham pulsed electrostimulartion, daily application

Duration of treatment period: 4 weeks

Analgesics allowed, intake assessed and found to be similar between groups.
Device: Bionicare Stimulator BIO-1000

Self-administered: yes

Waveform: monophasic, spiked

Pulse width: unclear

Pulse frequency: 100 Hz

Amplitude: below sensory threshold, initial increase of amplitude until a tingling sensa-
tion was felt then reduction of the amplitude until this sensation disappeared
Duration of stimulation: 6 to 10 hours per day

Electrodes: 2, unclear whether positioned in knee garment

Placement: one on knee, other on thigh directly above that knee

QOutcomes

Extracted pain outcome: global pain after 34 weeks described as “Parient evaluation of
pain of treated knee (Baseline based on 0-10 VAS, follow-up based on % change from

baseline)”
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Zizic 1995  (Continued)
Extracted funcrion outcome: patient’s global assessment after 34 weeks, described as
“Parient evaluation of function of treated knee (Baseline based on 0-10 VAS, follow-up
based on % change from baseline)”
More than 2 primary outcomes reported (1 physician global evaluation; 2) VAS pain; 3)
VAS fiinction)
Nortes -
Risk of bias
Item Authors’ judgement  Description
Adequate sequence generation? Unclear No information provided
Allocation concealment? Unclear No information provided
Free of selective reporting? No No results reported for some outcomes mentioned in the meth-
ods, including walking time, tenderness and swelling
Adequarte blinding of patients? Yes Sham device: BIO-1000, identical in appearance to active device,
with automartic shut-oft as soon as amplitude is reduced (all
patients were instructed to reduce intensity just below perceprion
level)
Incomplete outcome reporting: intention- No 38 out of 41 (0.93) randomised to experimental and 33 out of
to-treat analysis performed? 37 (0.89) randomised to control group were analysed
Pain
Incomplete outcome reporting: intention- No See above
to-treat analysis performed?
Function
Funding by commercial organisation No Sponsor: Murray Electronics
avoided?
Funding by non-profit organisation? Unclear No information provided

BMI = body mass index
min = minures

OA = osteoarthritis

VAS = visual analogue scale
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Characteristics of excluded studies

Barr 2004

Less than 50% of patients diagnosed with osteoarthritis of the knee

Bernau 1981

Not a randomised controlled trial, use of active control groups. Additional description: comparing diadynamic
electrostimulation df, diadynamic electrostimulation cf and galvanic current

Burch 2008

Use of active control group. Additional description: randomised controlled trial comparing interferential
current stimulation followed by patterned muscle stimulation and low-current transcutaneous electrical nerve
stimulation (TENS).

Cauthen 1975

Nort concerning osteoarthritis

Commandre 1977

No randomised controlled trial (review)

Cottingham 1985a

Not transcutaneous but subcutaneous application

Cottingham 1985b

Not transcutaneous but subcutaneous application. Abstract referring to same RCT as described in Cottingham
1985a.

Durmus 2005

Use of active control group (exercise)

Gaines 2001

Neuromuscular electrostimulation primarily aiming at muscle strengthening

Gaines 2004

Neuromuscular electrostimulation primarily aiming at muscle strengthening

Gibson 1989

Most likely not a randomised controlled trial; percutancous electrostimulation primarily aiming at muscle
strengthening

Godfrey 1979

Faradic electrostimulation with parameters set to increase muscle strength and use of active control (exercise
t=}

plus low intensity (sham) faradic electrostimulation)

Grigor'eva 1992

No relevant pain or function outcomes

Guven 2003

High voltage galvanic electrostimulation for muscle strengthening

Hamilton 1959

Only 34% of patients suffered OA; use of active controls. Additional description: cross-over design evaluating

faradic electrostimulation.

Huang 2000

TENS as part of a combined experimental intervention. Additional description design: 3 groups, Group A
receiving auricular acupuncture, diet control and aerobic exercise, Group B like A with addition of TENS
and ultrasound, Group C receiving TENS and ultrasound; unclear whether allocation was at random.

Jensen 1991

Use of active control: high frequency TENS versus low frequency TENS
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(Continued)

Kang 2007

Percutaneous electrostimulation

Katsnelson 2004

Electrode placement not involving knee innervation: transcranial electrostimulation
g=}

Komarova 1998

Electrode placement not involving knee innervation: transcranial electrostimulation
p=}

Lewis 1984

Cross-over RCT reporting pooled results after completion of all phases. Conracr established with Daniel and
Beverly Lewis, who were unable to provide results for the first phase (before cross-over)

Lewis 1985

RCT reporting P values of effect only. Contact established with Daniel and Beverly Lewis, who could not
F 8 Y Y

provide any additional outcome data, nor could they indicate whether the design concerned a cross-over or

a parallel RCT

Lewis 1988

Published abstract addressing the same cross-over RCT reported by Lewis 1994

Lewis 1994

Cross-over RCT reporting pooled results after completion of all phases. Contact established with Daniel and
Beverly Lewis, who were unable to provide results for the first phase (before cross-over)

Lone 2003 Not a randomised controlled study. Additional description: before-after study design that was incorrectly
labelled as randomised study by original authors.
Lund 20035 Not concerning osteoarthritis

Macchione 1995

Not a randomised controlled trial (review)

Marti 1987

Not concerning osteoarthritis, not a randomised clinical trial. Tetanus-like faradisation electrostimulation
with exercise after surgical removal of meniscus, primarily aiming at muscle enhancement. Active control
with 10 Hz sinusoidal current application and exercise.

Miranda-Filloy 2005

Electrical muscle stimulation using sport400 (Complex), primarily aiming at muscle strengthening

Mont 2006

Not a randomised clinical trial. Description: comparative study with historical control evaluating pulsed
electrostimulation.

Oldham 1995

Neuromuscular electrostimulation primarily aiming at muscle strengthening

Oldham 1997

Electrostimulation primarily aiming at muscle strengthening

Qosterhof 2008

Mixed population, only 4 out of 163 patients reported to have knee, hip or ankle OA

Paillard 2005

Not concerning osteoarthritis (healthy volunteers)

Picaza 1975

Not concerning osteoarthritis and not a randomised controlled trial
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(Continued)

Salaj 2001

Not a randomised controlled trial, combined multiple interventions in both interventions and control group

Salim 1996

Not a randomised controlled trial (review)

Sluka 1998

Animal study

Sok 2007

Concerns chronic knee pain. First author was contacted by email to verify how many patients had osteoarthri-
tis. No response received. Additional description: article in Korean, using a TENS device, abstract however
suggests that parameters were set to strengthen muscles.

Svarcova 1988a

Use of active control groups. Additional description: controlled trial with groups receiving either galvanic
clectrostimulation or YES ultrasound or pulsed shortwaves. Within these groups, half of the patients received

ibuprofen, half received placebo ibuprofen. It was unclear whether allocation was at random.

Svarcova 1988b

See Svarcova 1988a. Double publication of the same study, including the same number of patient and outcome
data.

Svarcova 1990

Use of active control group. Additional description: galvanic electrostimulation versus electroacupuncture.

Talbot 2003

Neuromuscular electrostimulation primarily aiming at muscle strengthening

Tam 2004

No relevant pain or function outcomes used

Taylor 1981

Incomplete presentation of dara. Additional description: cross-over randomised clinical trial presenting pooled
results only. Contact established with Mark Hallett, who was unable to provide data concerning the first

phase, before cross-over. We were unable to contact the other authors.

Tulgar 1991

Not concerning osteoarthritis

Volklein 1990

Use of active control group. Additional description: random allocation of patients to 4 different types of
diadynamic current.

Weiner 2007

Not transcutaneous but periosteal (needle) application

Zivkovic 2005

Use of active control group. Additional description: the combination of low-energy laser, pulsed electromag-
netic field and kinesitherapy was compared to the combination of electrotherapy, pulsed electromagnetic field
and kinesitherapy.

OA = osteoarthritis

RCT = randomised controlled trial

TENS = transcutaneous electrical nerve stimulation
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Characteristics of ongoing studies

Fary 2008

Trial name or ritle

ACTRNI2607000492459

Methods

Double-blind, randomised placebo-controlled trial

Randomisation method: computer-generated block randomisation with stratification for gender, age and
intensity of pain

Concealment of allocation: by independent administrator

Blinding: patients, those administering treatment/s, those assessing outcomes, those analysing results/data
Sample size calculation: reported

Analyses based on intention-to-treat principle

Trial duration: 26 weeks

Sponsored by: non-profit organisation Arthritis Australia and Physiotherapy Research Foundation

Participants

70 patients with primary knee OA to be randomised
Study joints: 70 knees
Selection criteria: persistent, stable pain for minimum of 3 months, at least 25 mm on a 100 mm VAS

Interventions

Experimental intervention: pulsed electrostimulation, daily
Control intervention: sham pulsed electrostimulation, daily
Duration of treatment period: 26 weeks

Analgesics allowed and measured with diary

Device: Metron Digi-10s, adapted by engineer
Self-administered: yes

Waveform: pulsed, exponentially declining

Pulse width: not reported

Pulse frequency: 100 Hz

Amplitude: below sensory threshold

Duration of stimulation: minimally 7 hours per day
Electrodes: not reported

Electrode placement: not reported

Sham device: identical in appearance

Qutcomes

Primary outcomes: conflicting information reported in Australian/New Zealand clinical trial register
(ANZCTR) and subsequent publication in BMC. In ANZCR reported as pain on VAS, in BMC more than
2 primary outcomes are reported; pain (VAS and WOMAC), function (WOMAC), and parient global as-
sessment (VAS). Main time points of interest are reported consistently as baseline, 4, 16 and 26 weeks.
Secondary outcomes: in ANZCTR reported as funcrion (WOMAC) and parient global assessment (VAS):
in BMC reported as stiffness (WOMAC 3.1), quality of life (SF-36), global perceived effect scale (GPES),
physical activity (Human Activity Profile (HAP) questionnaire plus accelerometers

Safety outcomes: in BMC, the recording of adverse events was reported

Starting date

26th of September 2007
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Fary 2008  (Continued)

Contact information

Robyn E Fary

Curtin University of Technology, School of Physiotherapy,
Kent Street, Bentley, WA, 6102, Australia

Tel: 08 9266 3667

Email: R.Fary@curtin.edu.au

Notes

Status at 17 July 2009: open to recruitment

Palmer 2007

Trial name or title

ISRCTN12912789

Methods A randomised, sham-controlled trial with 3 parallel arms
Randomisation method: not reported
Concealment of allocation: not reported
Blinding: not reported
Sample size calculation: not reported
Analyses: not reported whether is based on intention-to-treat principle
Trial duration: 6 weeks
Sponsored by: not reported
Participants 261 (87 in each arm) patients with primary knee OA to be randomised
Study joints: knees
Selection criteria: knee pain, radiographic (X-ray) evidence of osteophytes, and at least 1 of the following 3
criteria: 50 years or older, morning stitfness that lasts for less than 30 minutes, crepitus on active movement
Interventions Experimental intervention: TENS, as much as needed and group education including self-efficacy and exercise

training, once per week

Control intervention 1: Sham TENS, as much as needed and group education once per week, as described
above

Control intervention 2: group education once per week, as described above

Duration of treatment period: 6 weeks

Analgesics: unclear wether analgesic intake is allowed and is measured

Device: not reported

Self-administered: yes

Waveform: not reported

Pulse width: not reported

Pulse frequency: not reported

Amplitude: “strong but comfortable” tingling sensation

Duration of stimulation: defined as “as much as needed”

Electrodes: not reported

Electrode placement: within or close to the site of pain

Sham device: identical in appearance, displays are active but there is no current output
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Palmer 2007  (Continued)

Outcomes Primary outcome: WOMAC function subscale (at baseline, 3, 6, 12 and 24 weeks)
Secondary outcomes:
1. Total WOMAC score and WOMAC pain and stiffness subscale scores (at baseline, 3, 6, 12 and 24 weeks)
2. Knee extensor torque (quadriceps strength) (at baseline, 3, 6, 12 and 24 weeks)

. Patient global assessment of change (at 3, 6, 12 and 24 weeks)

e

. Selt-efficacy for exercise (at baseline and 24 weeks)
. Selt-reported exercise adherence (at baseline, 3, 6, 12 and 24 weeks)
. Logged TENS usage time (at 6 weeks)

[« WY,

Starting date 1 October 2007

Contact information  Dr Shea Palmer
Faculty of Health and Social Care
University of the West of England
Blackberry Hill
Bristol
BS16 1DD
United Kingdom
Tel +44 (0)117 328 8919
Email Shea.Palmer@uwe.ac.uk

Notes Status at 17 July 2009: completed at 30 June 2009

OA = osteoarthritis
TENS = transcutaneous electrical nerve stimulation
VAS = visual analogue scale
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Appendix 1 MEDLINE, EMBASE and CINAHL search strategy

OVID MEDLINE

OVID EMBASE

CINAHL through EBSCOhost

search terms for design
1. randomized conrrolled trial.pt.
2. conrrolled clinical trial.pr.

L]

. randomized controlled trial.sh.

[I=8

. random allocation.sh.

. double blind method.sh.
. single blind method.sh.

. clinical trial.pr.

. exp clinical erial/

. (dlin$ adj25 trial$).ti,ab.
10. ((singl$ or doubl$ or trebl$ or
uipl$) adj25 (blind$ or
mask$)).ciab.

11. placebos.sh.

12. placebo$.ti,ab.

13. random$.ti,ab.

14. research design.sh.

[ e I R

]

15. comparative study.sh.

16. exp evaluation studies/

17. follow up studies.sh.

18. prospective studies.sh.

19. (control$ or prospectiv$ or
volunteer$).ti,ab.

search terms for design

1. randomized controlled trial.sh.
2. randomization.sh.

3. double blind procedure.sh.

4. single blind procedure.sh.

5. exp clinical trials/

6. (clin$ adj25 trial$).ti,ab.

7. ((singl$ or doubl$ or webl$ or
tripl$) adj25

(blind$ or mask$)).ti,ab.

8. placebo.sh.

9. placebo$.ti,ab.

10, random$.t,ab.

11. methodology.sh.

12. comparative study.sh.

13. exp evaluation studies/

14. follow up.sh.

15. prospective studv.sh.

16. (control$ or prospectiv$ or
volunteer$).ti,ab.

Search terms for design

1. (MH “Clinical Trials+")

2. (MH “Random Assignment”)
3. (MH *Double-Blind Studies™)
or

(MH “Single-Blind Studies”)

4. TX (clin$ n25 trial$)

5. TX (sing$ n25 blind$)

6. TX (sing$ n25 mask$)

7. TX (doubl$ n25 blind$)

8. TX (doubl$ n25 mask$)

9. TX (trebl$ n25 blind$)

10. TX (trebl$ n25 mask$)

11. TX (tripl$ n25 blind$)

12. TX (tripl$ n25 mask$)

13. (MH “Placebos”)

14, TX placebo$

15. TX random$

16. (MH “Study Design+")

17. (MH “Comparative Studies”)
18. (MH “Evaluation Research”)
19. (MH “Prospective Studies+”)
20. TX (control$ or prospectiv$ or
volunteer$)

21. 8lorS2or{..ciin ) or 520

Search terms for Osteoarthritis

20. osteoarthriti$.t.ab,sh.

21. osteoarthro$.t,ab,sh.

22. gonarthriti$.t,ab,sh.

23. gonarthro$.d,ab,sh.

24. coxarthriti%.ti,ab,sh.

25. coxarthro$.t,ab,sh.

26. arthros$.t,ab.

27. arthrot$.ti,ab.

28. ((knee$ or hip$ or joint$) adj3
(pain$ or ach$ or
discomfort$)).t,ab.

29. ((knee$ or hip$ or joint$) adj3
stiff$).ti,ab.

Search terms for Osteoarthritis

17. osteoarthriti$.ti,ab.sh.

18. osteoarthro$.ti,ab,sh.

19. gonarthrici$.t,ab,sh.

20. gonarthro$.ti,ab,sh.

21. coxarthriti$.ti,ab,sh.

22. coxarthro$.t,ab,sh.

23, arthros$.ti,ab.

24, arthrot$.ti,ab.

25. ((knee$ or hip$ or joint$) adj3
(pain$ or ach$ or
discomfort$)).ti,ab.

26. ((knee$ or hip$§ or joint$) adj3
saiff$).ti.ab.
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Search terms for Osteoarthritis
22. osteoarthriti$

23. (MH “Osteoarthritis”)
24, TX osteoarthro$

25. TX gonarthriti$

26. TX gonarthro$

27. TX coxarthrici$

28. TX coxarthro$

29, TX arthros$

30. TX arthrot$

31. TX knee$ n3 pain$
32. TX hip$ n3 pain$

33. TX joint$ n3 pain$
34. TX knee$ n3 ach$

35. TX hip$ n3 ach$
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Appendix 1. MEDLINE, EMBASE and CINAHL search strategy (conted)

36. TX joint$ n3 ach$

37. TX knee$ n3 discomfort$
38. TX hip$ n3 discomforc$
39. TX joint$ n3 discomfort$
40. TX knee$ n3 stiff$

41. TX hip§ n3 sff$

42. TX joint$ n3 sttty

43. S22 or 523 or 524....0r §42

Search terms for TENS

30. exp electric stimulation therapy/
31. (electric§$ adj (nerve or
therapy)).tw.

32. (electric$ adj (stimulation or
muscle)).ow.

33. electrostimulation.tw.

34, electroanal gesia.tw.

35. (tens or altens).ow.

36. electroacupuncture. tw.

37. neuromusc$ electric$.ow.
38. high volt.tw,

39. pulsed.tw:

40, (electric$ adj25 current).ow.
41, (electromagnetic or
electrotherap$).tw.

42. iontophoresis.tw.

43. transcutaneous nerve
stimulation. tw.

Search terms for TENS

27. exp electric stimulation therapy/

28. (elecrric$ adj (nerve or therapy).ow.
29. (electric$ adj (stimulation or mus-
cle)).ow.

30. electrostimulation. tw.

31. electroanalgesia.tw.

32. (tens or altens).tw.

33. electroacupuncture.tw.

34. neuromusc$ electric$.ow.

35. high volt.tw.

36. pulsed.tw,

37. electric current.sh.

38. (electric$ adj25 current).tw

39. (electromagnetic or electrotherap$).ow.
40. iontophoresis.tw.

41. transcutaneous nerve stimulation, ow.

Search rerms for TENS

44, (MH “Electric Stimulation+”)

45, TX (electric$ nl nerve)

46. TX (electric$ nl therapy)

47, TX (electric$ nl stimulation)

48. TX (electric$ nl muscle)

49, TX electrostimulation

50. TX elecrroanalgesia

51. TX tens

52. TX altens

53. TX electroacupuncture

54, TX neuromusc$ electrich

55. TX high volt

56. TX pulsed

57. TX (electric$ n25 current)

58. TX ( (electromagnetic or elec-
trotherap$) )

59. TX iontophoresis

60. TX transcutaneous nerve stimulation
61. 544 or 845 or ..., 560

Combining terms

44, or/1-19

45. or/20-29

46. or/30-40

47. and/44-46

48, animal/

49, animal/ and human/
50. 48 not 49

51. 47 not 50

Combining terms

42, or/1-16

43. or/17-26

44, or/27-37

45, and/42-44

46, animal/

47. animal/ and human/
48. 46 not 47

49, 45 not 48

Combining terms
521 and S43 and S61

151



Article 4: Transcutaneous electrical nerve stimatafor osteoarthritis of the knee

Appendix 2. CENTRAL and PEDro search strategy

CENTRAL

PEDro

Search terms for Osteoarthritis

#1. (osteoarthritis* OR osteoarthro* OR gonarthriti* OR go-
narthro*

OR coxarthriti* OR coxarthro* OR arthros* OR arthrot* OR
((knee* OR hip* OR joint*) near/3 (pain* OR ach* OR discom-
fort*))

OR ((knee* OR hip* OR joint*) near/3 stift*)) in Clinical Trials
#2. MeSH descriptor Osteoarthritis explode all trees

Search terms for TENS

#3. MeSH descriptor Electric Stimulation Therapy explode all
trees

#4,
#5. electric* near/ (stimulation or muscle) in Clinical Trials
#6. electrostimulation in Clinical Trials

#7.
#8.
#9. electroacupuncture in Clinical Trials

#10. neuromusc* electric* in Clinical Trials

#11. high volt in Clinical Trials

#12. pulsed in Clinical Trials

#13. (electric* near/25 current) in Clinical Trials

#14. (electromagnetic or electrotherap*) in Clinical Trials

electric* near/ (nerve or therapy) in Clinical Trials

electroanalgesia in Clinical Trials
tens or altens in Clinical Trials

#15. iontophoresis in Clinical Trials

#16. transcutaneous nerve stimulation in Clinical Trials
Combining terms

#17. (#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
OR

#11 OR #12 OR #13 OR #14 OR #15 OR #16)

#18. (#1 OR £2)

#19. (#17 AND #18) in Clinical Trials

1. Electro in title or abstract
2. Method: clinical trial

3. Body part: thigh or hip

4. Body part lower leg or knee
Combination 1. and 2. and 3.
Combination 1. and 2. and 4.
1. TENS in title or abstract

2. Method: clinical trial

3. Body part: thigh or hip

4. Body part lower leg or knee
Combination 1. and 2. and 3.
Combination 1. and 2. and 4.
Combine all
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Abstract

Objective To study the inter-observer variation relatedxtaetion of continuous and

numerical rating scale data from trial reportsuse in meta-analyses.
DesignObserver agreement study.

Data sourcesA random sample of 10 Cochrane reviews that ptedesnresult as a
standardised mean difference (SMD), the protoamishie reviews and the trial reports (n=45)

were retrieved.

Data extraction Five experienced methodologists and five PhD sttsd@dependently
extracted data from the trial reports for calcalatof the first SMD result in each review. The
observers did not have access to the reviews libietprotocols, where the relevant outcome
was highlighted. The agreement was analysed attbhatland meta-analysis level, pairing the
observers in all possible ways (45 pairs, yield0g5 pairs of trials and 450 pairs of meta-
analyses). Agreement was defined as SMDs thatrddfless than 0.1 in their point estimates

or confidence intervals.

ResultsThe agreement was 53% at trial level and 31% &h+aealysis level. Including all
pairs, the median disagreement was SMD=0.22 (intetde range 0.07-0.61). The experts
agreed somewhat more than the PhD students aletr&l(61%v 46%), but not at meta-
analysis level. Important reasons for disagreemené differences in selection of time
points, scales, control groups, and type of catmria; whether to include a trial in the meta-
analysis; and data extraction errors made by tkerwbrs. In 14 out of the 100 SMDs
calculated at the meta-analysis level, individuzdearvers reached different conclusions than

the originally published review.

ConclusionsDisagreements were common and often larger thaeftect of commonly used
treatments. Meta-analyses using SMDs are pronbdereer variation and should be
interpreted with caution. The reliability of metaadyses might be improved by having more

detailed review protocols, more than one obseeaued, statistical expertise.
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Introduction

Systematic reviews of clinical trials, with metaalyses if possible, are regarded as the most
reliable resource for decisions about preventiahtaeatment. They should be based on a
detailed protocol that aims to reduce bias by petdying methods and selection of studies
and datd. However, as meta-analyses are usually based arttdgthave already been
processed, interpreted, and summarised by otheanasers, data extraction can be

complicated and can lead to important erfors.

There is often a multiplicity of data in trial rep®that makes it difficult to decide which ones
to use in a meta-analysis. Furthermore, data &ee aicompletely reporte™ which makes it
necessary to perform calculations or impute misdetg, such as missing standard
deviations. Different observers may get differerguits, but previous studies on observer
variation have not been informative, because ofdbservers, few trials, or few ddtaWe
report here a detailed study of observer varidtiah explores the sources of disagreement

when extracting data for calculation of standamisean differences.
Methods

Using a computer generated list of random numbegsselected a random sample of 10
recent Cochrane reviews published in the Cochramety in issues 3 or 4 in 2006 or in
issues 1 or 2 in 2007. We also retrieved the repmfrthe randomised trials that were included
in the reviews and the protocols for each of thveergs. Only Cochrane reviews were

eligible, as they are required to have a pre-sgecgublished protocol.

We included reviews that reported at least oneltraswa standardised mean difference
(SMD). The SMD is used when trial authors have ws#fdrent scales for measuring the
same underlying outcome—for example, pain can besored on a visual analogue scale or
on a 10-point numeric rating scale. In such casesnecessary to standardise the
measurements on a uniform scale before they caodled in a meta-analysis. This is
typically achieved by calculating the SMD for edihl, which is the difference in means
between the two groups, divided by the pooled stehdeviation of the measuremeh®y

this transformation, the outcome becomes dimensssrind the scales become comparable,

as the results are expressed in standard deviatits

The first SMD result in each review that was natdzhon a subgroup result was selected as

our index result. The index result had to be basgetivo to 10 trials and on published data
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only (that is, there was no indication that thaeevauthors had received additional outcome
data from the trial authors).

Five methodologists with substantial experiencmeta-analysis and five PhD students
independently extracted the necessary data frortriti@eports for calculation of the SMDs.
The observers had access to the review protocolisdiuo the completed Cochrane reviews
and the SMD results. An additional researcher (Eghlighted the relevant outcome in the
protocols, along with other important issues suchra-specified time points of interest,
which intervention was the experimental one, anttlwivas the control. If information was
missing regarding any of these issues, the obsedemided by themselves what to select
from the trial reports. The observers receivedréveew protocols, trial reports, and a copy of

the Cochrane Handbook for Systematic RevfexssPDF files.

The data extraction was performed during one weskrvihe 10 observers worked
independently at the same location in separate sodhre observers were not allowed to
discuss the data extraction. If the data were abks| the observers extracted means, standard
deviations, and number of patients for each grotigerwise, they could calculate or impute
the missing data, such as from an exact P valueobkervers also interpreted the sign of the
SMD results—that is, whether a negative or a pasitesult indicated superiority of the
experimental intervention. If the observers wereauntain, the additional researcher retrieved
the paper that originally described the scale,thedlirection of the scale was based on this
information. All calculations were documented, dinel observers provided information about
any choices they made regarding multiple outconnma®, points, and data sources in the trial
reports. During the week of data extraction thaessf whether the observers could exclude
trials emerged, as there were instances whereddeneers were unable to locate any relevant
data in the trial reports or felt that the triadl diot meet the inclusion criteria in the Cochrane
protocol. It was decided that observers could edelnials, and the reasons for exclusion

were documented.

Based on the extracted data, the additional reseaoalculated trial and meta-analysis SMDs
for each observer using Comprehensive Meta-Analsision 2. To allow comparison with
the originally published meta-analyses, the samhode(random effects or fixed effect
model) was used as that in the published meta-sisaly cases where the observers had
extracted two sets of data from the same trial-ef@mple, because there were two control

groups—the data were combined so that only a siBNIB resulted from each tridl.
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Agreement between pairs of observers was assesbethaneta-analysis and trial level,
pairing the 10 observers in all possible ways (@%s). This provides an indication of the
likely agreement that might be expected in pracsagce two independent observers are
recommended when extracting data from papers $gs@matic review? > ° Agreement was
defined as SMDs that differed less than 0.1 inrtheint estimates and in their confidence
intervals. The cut point of 0.1 was chosen becausms®y commonly used treatments have an
effect of 0.1 to 0.5 compared with placebo2; fumhere, an error of 0.1 can be important
when two active treatments have been comparedhéoe is usually little difference between
active treatments. Confidence intervals were nloutated, as the data from the pairings were

not independent.

To determine the variation in meta-analysis regtuli$ could be obtained from the
multiplicity of different SMD estimates across obsas, we conducted a Monte Carlo
simulation for each meta-analysis. In each iteratibthe simulation, we randomly sampled
one observer for each trial and entered his oS (and standard error) for that trial into a
meta-analysis. Thus each sampled meta-analysiainedtSMD estimates from different
observers. If the sampled observer excluded theftam his or her meta-analysis, the
simulated meta-analysis also excluded that triad.a¥amined the distribution of meta-

analytic SMD estimates across 10 000 simulations.
Results

The flowchart for inclusion of meta-analyses iswhan figure 1. Out of 32 potentially
eligible meta-analyses, the final sample consiefekD.”® The 10 meta-analyses comprised

45 trials, which yielded 450 pairs of observerthatmeta-analysis level and 2025 pairs at the

trial level.
Potentially eligible meta-analyses (n=32)
Excluded (n=12):
Not based exclusively on randomised trials (n=6)
No pooled SMD (n=2)
e

SMD results based on unpublished data (n=2)
Only subgroup result (n=1)
No available protocol (n=1)

Eligible meta-analyses (n=20)

!

Random sample of eligible meta-analyses (n=10) ) )
Figure 1 Flowchart for selection of

SMD = standardised mean difference
meta-analyses
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The level of information in the review protocolsizen in table 1. None of the review
protocols contained information on which scalesusthde preferred. Three protocols gave
information about which time point to select andrfmentioned whether change from
baseline or values after treatment should be pexfeNine described which type of control
group to select, but none reported any hierarchgransimilar control groups or any

intentions to combine such groups.

Meta-analysis
Gava Woodford  Martinez  Orlando  Buckley Ipser Mistiaen  Afolabi Uman Moore
Information etalr ct als etaly et alwo etalin etalz etalis etalis etalis etalis
Possible control group(s) j j j j j j j j j
Hierarchy of control groups V* V*
Which time point to select ¥ ¥ J

Whethertouse c hange from baseline orvalues after treatment

Hierarchy of measuring methods orscales

*Only one possible control group stated

Table 1 Level of information provided in the 10 meta-arsidyprotocols used in this study for data extraxctio

The outcomes analysed in the 10 meta-analysesdiaise: in six, the outcome was a
clinician reported score (three symptom scores,gameral functioning score, one hepatic
density score, and one neonatal score); in om&stobjective (range of movement in ankle
joints); and in three, it was self reported (péimitus, and patient knowledge).

Agreement at trial level

In table 2 the different levels of agreement a@sh Across trials, the agreement was 53%
for the 2025 pairs (61% for the 450 pairs of metiodists, 46% for the 450 pairs of PhD
students, and 52% for the 1125 mixed pairs). Theeagent rates for the individual trials

ranged from 4% to 100%. Agreement between all elesswas found for four of the 45

trials.

Obsewer pairs Mo (%) of pairs in agreement

Trial level

All pairs (n=2025): 1068 (53)
Metho dologists (n=450) 37 3061)
PhD students (n=450) 209 (46)
Mixed pairs (n=1125) 586 (52)

Meta-analysis level

All pairs (n=450): 138 (31)
Metho dologists (n=100) 313 (33)
PhD students (n=100) 27 (27)
Mixed pairs (n=250) 7B (31)

*Agreement defined as SMDs that differed less than 0.1 in their point estimates and in their 5% confidence
intervals,

Table 2 Levels of overall agreement between observer |raifse calculated standardised

mean differences (SMDs)* from 10 meta-analysesvisomprised a total of 45 trials)

164



Article 5: Observer agreement in meta-analyses

Table 3 presents the reasons for disagreementhvglianto three broad categories: different
choices, exclusion of a trial, and data extracéoors. The different choices mainly
concerned cases with multiple groups to choose fuien selecting the experimental or the
control groups (15 trials), which time point toesal (nine trials), which scale to use (six
trials), and different ways of calculating or imjmgt missing numbers (six trials). The most
common reasons for deciding to exclude a trial thasthe trial did not meet the inclusion
criteria described in the protocol for the revieM (rials) and that the reporting was so
unclear that data extraction was not possibleria#s). Data extraction errors were less

common but involved misinterpretation of the directof the effect in four trials.

Reason for disagreement No of trials*

Different choices regarding:

[y
W

Groups, pooling, splitting

Timing 2
Scales &
Different calculations orimputations &
Dropouts 4
Use of change from baseline or values ]
after treatment
Individual patient data 1
Exclusion of frials because:
Did not meet protocol inclusien criteria 14
Eeporting unclear 14
Missing data 7
Could not orwould not calculate 2
Only change from baseline or only 2
values after treatment
Errors due to:
Misreading ortyping emor 4
Direction of effect &
deiit:;n”:r” error taken a5 standard 2 Table 3 Reasons for disagreement among the 41
Rounding 1 trials on which the observer pairs disagreed in the
Caloulation emor 1 calculated standardised mean differences

*There may be more than one reason for disagreement per trial,

The importance of which standard deviation to uas underpinned in a trial that did not
report standard deviatiod§The only reported data on variability were F tedties and P
values from a repeated measure, analysis of vajgesformed on changes from baseline.
The five PhD students excluded the trial becausheomissing data, whereas the five
experienced methodologists imputed five differéahdard deviations. One used a standard
deviation from the report originally describing theale, another used the average standard
deviation reported in the other trials in the matalysis, and the other three observers

calculated standard deviations based on the repddt, using three different methods. In

165



Article 5: Observer agreement in meta-analyses

addition, one observer selected a different timatdoom the others. The different standard
deviations resulted in different trial SMDs rangingm —1.82 to 0.34 in their point estimates.

Agreement at meta-analysis level

Across the meta-analyses, the agreement was 31#tefdi50 pairs (33% for the 100 pairs of
methodologists, 27% for the 100 pairs of PhD sttejeand 31% for the 250 mixed pairs)
(table 2). The agreement rates for the individualaranalyses ranged from 11% to 80%

(table 4). Agreement between all observers wasountd for any of the 10 meta-analyses.

Mo (%) of pairs in agreement

All pairs Mixed pairs

Meta-analysis (n=45) Methodologist (n=10) Students (n=10) (n=25)
Gava et al’ 6(13) 1(10) o o) 5 (20)
Woodford et al® 11 (24) 2 (20) 1(10) 8(37)
Martinez et al® 716 3 (30) 1(10) 113)
Odando et al*” 5011) 1 (10} 2 (20) 2 (8

Buckley et al™* 6(13) 1(10) 1 (10} i (16)
Ipseret alt? 13 (24) & () 2 (20) 7 (28)
Mistiaen et al*? 16 (36) & (60) 7 (20) 8(37)
Afolabi et al* 28 (63) & (60) & (50) 16 (B4
Uman et al*® 36 (BO) & (60) 10 (100) 20 (B0)
Moore et al'® 10 (232) 3 (30) 2 (20) 5 (20)

*Agreement defined as SMDs that differed less than 0.1 in their point estimates and in their 95% confidence
intervals.

Table 4 Levels of agreement at the meta-analysis levevd@t observer pairs in the calculated

standardised mean differences (SMDs) from 10 me#dyaes*
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Size of disagreement in calculated SMD

Figure 2 Sizes of the disagreements between observeripdhs calculated standardised
mean differences (SMDs) from 10 meta-analyses. @oisgns are at the meta-analysis

level. (*All the underlying trials were excluded)

The distribution of the disagreements is showngare 2. Ten per cent agreed completely,

21% had a disagreement below our cut point of 8% had a disagreement between 0.1 and

166



Article 5: Observer agreement in meta-analyses

0.49, and 28% disagreed by at least 0.50 (includld®g that had disagreements>dj). The
last 18 pairs (4%) were not quantifiable since obgerver excluded all the trials from two
meta-analyses. The median disagreement was SMD#d). #2e 432 quantifiable pairs with
an interquartile range from 0.07 to 0.61. Thereewes differences between the
methodologists and the PhD students (table 2).

Figure 3 shows the SMDs calculated by each of €heldkervers for the 10 meta-analyses,
and the results from the originally published matalyses. Out of the total of 100 calculated
SMDs, seven values corresponding to significaniltesn the originally published meta-
analyses were now non-significant, three valuesesponding to non-significant results were
now significant, and four values, which were raftie the same published meta-analysis,
showed a significantly beneficial effect for thentol group whereas the original publication
reported a significantly beneficial effect for teveperimental group’ The SMDs for this
meta-analysis had particularly large disagreemeatsly because only two trials were
included, leaving less possibility for the pooledult to average out. The reasons for the large
disagreements were diverse and included selectidifferent time points, control groups,

intervention groups, measurement scales, and whietlexclude one of the trials.

—8— Experienced methodologists —0— PhD students - Result from published meta-analysis
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Figure 3 Forest plots of standardised mean differences (§MIDd 95% confidence intervals calculated from
data from each of the 10 observers for the 10 raptdyses
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The results of the Monte Carlo investigation amspnted in figure 4. For four of the 10
meta-analysés' *® there was considerable variation in the pote®MDs, allowing for
differences in SMDs of up to 3. In two of theseguard half of the distribution extended
beyond even the confidence interval for the publisfesult of the meta-analysis.711 The
other meta-analyses had three and two trials réspBg and the distributions reflect the
wide scatter of SMDs from these trials.

- Result from published meta-analysis
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Figure 4 Histograms of standardised mean differences (Sktfijnated in the Monte Carlo simulations for

each of 10 meta-analyses
Discussion

We found that disagreements between observersasermon and often large. Ten per cent
of the disagreements at the meta-analysis levelatad to an SMD of at least 1, which is far
greater than the effect of most of the treatmemsise compared with no treatment. As an
example, the effect of inhaled corticosteroids sthi@ma symptoms, which is generally
regarded as substantial, is 0*49mportant reasons for disagreement were differeite
selection of time points, scales, control groupsl, iype of calculations, whether to include a

trial in the meta-analysis, and finally data exti@at errors made by the observers.

The disagreement depended on the reporting ofidldite trial reports and on how much
room was left for decision in the review protoc@e of the reviews exemplified the
variation arising from a high degree of multipljcit the trial reports combined with a review

protocol leaving much room for choitkln the review protocol, the time point was deserib
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as “long term (more than 26 weeks),” but in the twi@s included in the meta-analysis there
were several options. For one triathere were two: end of treatment (which lastedo@tins)

or three month follow up. For the otH@*there were three: 6, 12, and 18 month follow-up
(treatment lasted 3 weeks). The observers usédeatlifferent time points, and all had a
plausible reason for their choice: in concordanié the time point used in the other trial, the
maximum period of observation, and the least duatpob patients.

Strengths and weaknesses

The primary strength of our study is that we todk@ad approach and showed that there are
other important sources of variation in meta-analyssults than simple errors. Furthermore,
we included a considerable number of experiencedetisas inexperienced observers and a
large number of trials to elucidate the sourcegaoifation and their magnitude. Finally, the
study setup ensured independent observations aegdaithe blueprint laid out in the review
protocols and likely mirrored the independent dattiaction that ideally should happen in
practice.

The experimental setting also had limitations. &imata extraction produces more errors
than double data extractidnn real life, some of the errors we made wouldefare

probably have been detected before the data werkfas meta-analyses, as it is
recommended for Cochrane reviews that there sHmuklt least two independent observers
and that any disagreement should be resolved lbysifn and, if necessary, arbitration by a
third persort. We did not perform a consensus step, as the peigfasur study was to

explore how much variation would occur when dat@aestion was performed by different
observers. However, given the amount of multipfiait the trial reports and the uncertainties
in the protocols, it is likely that even pairs diservers would disagree considerably with

other pairs.

Other limitations were that the observers were utide pressure, although only one person
needed more time, as he fell ill during the asgigneek. The observers were presented with
protocols they had not developed themselves, basedsearch questions they had not asked,
and in disease areas where they were mostly netresxg\nother limitation is that, even
though one of the exclusion criteria was that ters of the Cochrane review had not
obtained unpublished data from the trial autharsecame apparent during data extraction
that some of the trial reports did not containdata needed for the calculation of an SMD. It

would therefore have been helpful to contact aighors.
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Other similar research

The SMD is intended to give clinicians and polick®is the most reliable summary of the
available trial evidence when the outcomes have besasured on different continuous or
numeric rating scales. Surprisingly, the methodr@reviously been examined in any
detail for its own reliability. Previous researdcisibeen sparse and has focused on errors in
data extractioi. °In one study, the authors found errors in 20 o€84hrane reviews, but,
as they gave no numerical data, it is not possibjadge how often these were importain.

a previous study of 27 meta-analyses, of which &6vCochrane reviewsye could not
replicate the SMD result for at least one of the trials we selected for checking from each
meta-analysis within our cut point of 0.1 in 10tlé meta-analyses. When we tried to
replicate these 10 meta-analyses, including altribks, we found that seven of them were
erroneous; one was subsequently retracted, amgbim significant difference disappeared or
appeared.The present study adds to the previous researalfsbyhighlighting the

importance of different choices when selecting ootes for meta-analysis. The results of our
study apply more broadly than to meta-analysegusia SMD, as many of the reasons for
disagreement were not related to the SMD methodvbutd be important also when
analysing data using the weighted mean differenegad, which is the method of choice
when the outcome data have been measured on tleessaie.

Conclusions

Disagreements were common and often larger thaefteet of commonly used treatments.
Meta-analyses using SMDs are prone to observeati@niand should be interpreted with
caution. The reliability of meta-analyses mightin@roved by having more detailed review
protocols, more than one observer, and statistiqaértise. Review protocols should be more
detailed and made permanently available, also #ftereview is published, to allow other
researchers to check that the review was done @iogoto the protocol. In February 2008, the
Cochrane Collaboration updated its guidelines asdmmended that researchers in their
protocols list possible ways of measuring the omes—such as using different scales or
time points—and specify which ones to use. Ourysfrdvides strong support for such
precautions. Reports of meta-analyses should alkmf published guidelinés>to allow for
sufficient critical appraisal. Finally the repodinf trials needs to be improved, according to
the recommendations in the CONSORT staterfferetiucing the need for calculations and

imputation of missing data.
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Abstract

Context: Authors performing meta-analyses of clinical siaften face a multiplicity of data
in the trial reports. There may be several possdilew-up times, and the same outcome can
be measured on different, but similar scales. Tradlenge of data multiplicity has not yet

been examined in relation to meta-analyses.

Objectives: To examine the scope for multiplicity in a sampleneta-analyses using the
standardised mean difference (SMD) as an effecsareaand to examine the impact of the

multiplicity on the results.

Data source and study selectioriVe selected all Cochrane reviews published in The
Cochrane Library in the issues 3, 2006 to 2, 20@7 presented a result as an SMD. We
retrieved the trial reports that corresponded &ofittst SMD result in each review and
retrieved the review protocols. These index SMDeewsed to identify a specific outcome
for each meta-analysis from its protocol.

Data extraction: Based on the protocols and the index outcome, tigermvers independently
extracted the data necessary to calculate SMDs tinertrial reports for any outcome
measures or time points compatible with the prdto&oy information on which control
groups to select was also used. Based on the tedrdata, all possible SMDs were

calculated in Monte Carlo simulations.

Results: Nineteen meta-analyses (83 trials) were includée. rfEview protocols in many
instances lacked information about which data wosk. Twenty-four (29%) trials reported
data on multiple intervention groups, 30 (36%) ed data on multiple time points and 28
(34%)) trials reported the index outcome measurecholtiple scales. In 18 out of 19 meta-
analyses, we found multiplicity of data in triapoets in at least one trial. Pooled SMD results
were affected in 17 of 19 (89%) meta-analyses8imeéta-analyses including trials with
multiple data, the median variability across metalgses was a median difference between
two randomly selected SMDs within the same metdyaisof 0.11 standard deviation units
(range 0.03 to 0.41).

Conclusions:Multiplicity can impact importantly on meta-analgsdo reduce the risk of
bias in reviews, protocols should pre-specify wiresults are preferred in relation to time

points, intervention groups and scales.
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Introduction

Meta-analyses of randomized controlled trials avetpl for making evidence-based
decisions. Multiple eligible data in reports ofluded trials is a challenge to systematic
reviewers, but has not yet received much attenfibere is often multiplicity of data in trial
reports regarding multiple outcomes, multiple tipzénts, multiple treatment groups, and
subgroup analysésThe choice of the outcome of interest is genetadised on clinical
judgement. However, a fundamentally similar outcarae be measured on several different
scales and standardization to a common metrigisined before the outcome can be
combined in the meta-analysis. This is typicalliziaged by calculating the standardized
mean difference (SMD) for each trial, which is thterence in means between the two
groups, divided by the pooled standard deviatiothefmeasurementsBy this

transformation, the outcome becomes dimensionleds$hee scales become comparable, as
the results are expressed in standard deviatids. or example, a meta-analysis addressing
the pain as an outcome might include some tri@srieasured pain on a visual analogue
scale and some trials that measured pain on a @@+mameric rating scaleThis possibility

of combining outcomes measured on different sqadésntially adds a layer of multiplicity,
as the outcome of interest may be measured on thaneone scale not only across trials but
also within the same trial. Multiplicity of data frial reports might lead to data driven
decisions about what data are included in the raeédysis and hence is a potential threat to

the validity of meta-analysis results.

In this study, we empirically assessed the efféanaltiple time points, multiple scales and
multiple treatment groups on SMD results in a ranlycselected sample of Cochrane

reviews.
Methods

Material: We selected all new Cochrane reviews, publishéithenCochrane Library during
one year (Issues 3, 2006 to 2, 2007) that presentegult as an SMD. We retrieved the
reports of all randomised trials that contributedtte first SMD result in each review, and
retrieved the latest protocols for all reviews (adoaded in June 2007). Reviews were

eligible if they reported at least one result asamdardized mean difference (SMD), if the
SMD result were based on two to ten randomizedrobed trials and if the outcome was
included in the review protocol. Reviews were egleld if only subgroup results were
presented. The first pooled SMD result in eachawwhat was not based on a subgroup result

was selected as our index SMD result. The index $&Molt had to be based on published

176



Article 6: Multiplicity of data in trial reports

data only, i.e. there was no indication in the @avthat the review authors had received
additional outcome data from the trial authors.sEnmdex SMD results identified a single
outcome for each meta-analysis. Following the @hield protocol, two observers (BT, EN)
independently extracted all possible and reasorddikefrom the trial reports that could be
used to calculate the desired SMD for this outcdireome required data were unavailable,
we used approximations as previously describieterim analyses were not included.
Disagreements were resolved by discussige did not contact trial authors for unpublished

data.

Data synthesis:For each meta-analysis, we assessed the extebhsefv@d multiplicity by
calculating absolute numbers and percentagesatd that reported more than one
experimental or control group, more than one tilat and more than one measurement
scale that were specified for the outcome of tliexnSMD result.

We conducted Monte Carlo simulations for each na@tysis: To estimate the impact of
overall multiplicity, in each trial we randomly salad one SMD and its corresponding
standard error from all possible SMDs generatedlbyultiple reported data to calculate
pooled SMDs using fixed- or random-effects modassoriginally done in the published
reviews. In each meta-analysis we examined thallision of pooled SMDs across 10,000
simulations using histograms. To estimate the impha single source of multiplicity (time
points, intervention groups, measurement scalesgllewed only one source of multiplicity
to vary at a time when randomly sampling SMDs factetrial. The other sources of
multiplicity were standardized at pre-specifiechskard values (time point: post treatment,
scale: first scale mentioned in text, groups: po@ups). For example in the analysis
regarding multiplicity originating from scales, thealysis is based on post treatment values
and pooled groups (if there were several possitdegs). The values of the different scales
for this time point and these groups were thenoarig sampled for the calculations of the
pooled SMD results. The variability of SMD resudise to multiplicity across possible
variants of a meta-analysis was expressed as theieah standard deviatioof the
distributions of pooled SMDs results obtained fritva Monte Carlo simulations. Meta-

analyses only including trials without multiple datid not contribute to these analyses.
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Results

Figure 1 shows the flowchart for the selection etaranalyses. Of 32 potentially eligible
systematic reviews, we excluded 8 because no p&WNHd index result could be selected, 2
because all SMD results were based on unpublisaid @l because only subgroup results
were reported, 1 because no protocol was avaitaidel because the SMD result was not
described in the protocol. The 19 eligible metahgses included 83 trials that contributed to
the study*?? Table 1 shows characteristics of included systemeaviews. 8 systematic
reviews addressed an intervention for a psychiatraition, 2 an intervention for a
musculoskeletal condition, 2 an intervention farearological condition, 1 an intervention
for a gynaecologic, hepatologic and respiratorydition, respectively, and 4 interventions
for other conditions. Psychological interventionsrgvstudied in 10 meta-analyses,
pharmacological interventions in 4, physical ingertrons in 3, pharmacological
interventions, and other interventions in 2 metakgses (exercise and humidified air). The
outcomes analyzed in the 19 meta-analyses wereséiviea 3 meta-analyses the index
outcome was pain, in 13 the index outcome was p8ymseverity scale and for 3 meta-

analyses, other index outcomes were selected.

Potentially eligible reviews (n=32)

Excluded (n=12)
No SMD result baseatlusively on randomized trials (n=6
No pooled SMD regunk=2)
Only SMD resultssbd on unpublished data (n=2)
Only subgroup regok1)
No available revipvotocol (n=1)
Outcome not available in protocol (n=1)

Y

Y
Eligible reviews (n=19)

l

One meta-analysis selected from eaclevwe(n=19)

Figure 1 Flowchart for selection of meta-analyses.
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Table 1 Characteristics of included systematic reviews

Author Outcome Disease Intervention Group
Yousefi- Low-back-related
Nooraie disability Low-back pain Low level laser therapy Cochrane Back Group
Ahmad Pain Hysterosalpingography (tubal patency) Analgesic Cochrane Menstrual Disorders and Subfertility Group
Gava Symptom level Obsessive compulsive disorder Psychological treatment Cochrane Depression, Anxiety and Neurosis Group
Woodford Range of movement  Stroke EMG biofeedback Cochrane Stroke Group
Subjective tinnitus
Martinez  loudness Tinitus Coghnitive behavioural therapy Cochrane Ear, Nose and Throat Disorders Group
Orlando Radiological response Non-alcoholic fatty liver disease Bile acids Cochrane Hepato-Biliary Group
Combined treatment Psychotherapy and
Furukawa Global judgement Panic disorders antidepressant Cochrane Depression, Anxiety and Neurosis Group
Hunot Worry/fear symptoms  Generalised anxiety disorder Psychological therapies Cochrane Depression, Anxiety and Neurosis Group
General functioning
Buckley score Schizophrenia Supportive therapy Cochrane Schizophrenia Group
Symptom severity
Ipser scales Treatment-resistant anxiety disorders  Pharmacotherapeutic augmentation Cochrane Depression, Anxiety and Neurosis Group
O’Kearney Depression Obsessive compulsive disorder Behavioural/cognitive-behavioural therapy Cochrane Depression, Anxiety and Neurosis Group
Patient knowledge
regarding disease or
Mistaen symptom management Postdischarge problem Telephone follow-up Cochrane Consumers and Communication Group
Abbass Anxiety/depression Common mental disorders Psychotherapy Cochrane Depression, Anxiety and Neurosis Group
Neonatal neurological
Afolabi and adaptive score Caesarean section Epidural Cochrane Pregnancy and Childbirth Group
Needle-related procedural pain and
Uman Pain distress Psychological interventions Cochrane Pain, Palliative and Supportive Care Group
Larun Anxiety Anxiety Exercise Cochrane Depression, Anxiety and Neurosis Group
Trinh Pain Neck disorder Acupuncture Cochrane Back Group
Symptom severity or
Moore symptom score Croup Humidified air Cochrane Acute Respiratory Infections Group
Mytton School responses Agression/violence Violence prevention program Cochrane Injuries Group
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Information in the review protocols: The level of information in the review protocols is
given in Table 2. None of the review protocols eaméd information on which scales should
be preferred. Eight protocols gave information dlwehich time point to select. One gave
enough information regarding time point to fullyo& multiplicity, as the outcome was post
treatment. A typical statement leaving much roondfta-driven decisionggarding the
selection of a time point was: “All outcomes weeparted for the short term (up to 12
weeks), medium term (13 to 26 weeks), and long {enore than 26 weeks)"Another
example was a review regarding humidified air feating croup?® which stated, “The
outcomes will be separately recorded for the wedkwing treatment.” The selected
outcome was croup symptom score and the threededltrials had time points from 20 min
to 12 hours to choose between. In such a cased@cpl does not help. Eighteen protocols
described which type of control group to selectrmute reported any hierarchy among

similar control groups or any intentions to combsueh groups.
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Table 2 Content of review protocols

Observed multiplicity in trial reports: Table 3 presents the extent of multiplicity observe
in the 19 reviews including 83 trials. Across aNiews 55 (66%) trials had multiple data
from one or more of the three sources. Twenty-{@0#0) trials reported data on more than
one intervention or more than one control group(3Yo) trials provided data on more than
one eligible time point and 28 (34%)) trials repdrtke index outcome using more than one
eligible measurement scale. In 11 of 19 (58%) nagi@yses, we found at least one trial that

provided data on more than one intervention or niimaa one control group. 13 (68%) meta-
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analyses included at least one trial that reparteck than one eligible time point and 11
(58%) meta-analyses at least one trial that regdhte index outcome using more than one
eligible measurement scale. We found one meta-sisalyhere all 3 included trials did only
report data of one intervention and control graupe eligible time point and one

measurement scale for the index outcdfne.

No trials with multiplicity regarding:

No trials Any Intervention Time Measurement

included source groups points scales
Yousefi-Nooraie et al. 3 2 (67%) 0 (0%) 1 (33%) 1 (33%)
Ahmad et al. 5 3 (60%) 1 (20%) 2 (40%) 1 (20%)
Gava et al. 7 6 (86%) 4 (57%) 3 (43%) 5 (71%)
Woodford & Price 5 4 (80%) 2 (40%) 2 (40%) 3 (60%)
Martinez Devesa et al. 4 4 (100%) 3 (75%) 3 (75%) 1 (25%)
Orlando et al. 3 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Furukawa et al. 7 6 (86%) 6 (86%) 2 (29%) 4 (57%)
Hunot et al. 9 5 (56%) 2 (22%) 0 (0%) 5 (56%)
Buckley & Pettit 2 2 (100%) 0 (0%) 2 (100%) 0 (0%)
Ipser et al. 7 6 (86%) 0 (0%) 5 (71%) 3 (43%)
O'Kearney et al. 2 1 (50%) 1 (50%) 0 (0%) 0 (0%)
Mistaen & Poot 3 1 (33%) 1 (33%) 0 (0%) 0 (0%)
Abbass et al. 2 2 (100%) 0 (0%) 1 (50%) 2 (100%)
Afolabi et al. 2 1 (50%) 0 (0%) 1 (50%) 0 (0%)
Uman et al. 9 2 (22%) 2 (22%) 0 (0%) 0 (0%)
Larun et al. 5% 4 (80%) 1 (20%) 3 (60%) 2 (40%)
Trinh et al. 3 3 (100%) 0 (0%) 3 (100%) 1 (33%)
Moore & Little 3 2 (67%) 0 (0%) 2 (67%) 0 (0%)
Mytton et al. 2 1 (50%) 1 (50%) 0 (0%) 0 (0%)
All included reviews 83 55 (66%) 24 (29%) 30 (36%) 28 (34%)

Table 30Observed multiplicity in the meta-analyses. §Qiad from Larun et al. were excluded because ldck o

data in trial reports.

181



Article 6: Multiplicity of data in trial reports

Effects of multiplicity on results of meta-analysesFigure 2 presents distributions of
possible pooled SMDs in each meta-analysis, wheaomaly selecting one possible SMD
result per trial. The dots below the distributiomdicate how many trials were included in the
meta-analyses, open dots are trials without mudttg] and filled dots are trials with
multiplicity. We found that pooled SMD results wexéected by any type of multiplicity of
data in the included trials in 17 of 19 (89%) matelyses, in 1 meta-analysis we did not find
multiple data in the trial reporfsand in 1 meta-analysis the observed multiplicég ho

effect on the pooled SMD resultsn all 11 (58%) meta-analyses including at least tial

with more than one experimental or control group,faund variability in the pooled SMD
results due to this type of multiplicitin 12 (63%) meta-analyses there was variabilitshan
pooled SMD results due to multiplicity of data redjag time points (Figure 2%column).

In one meta-analysis with two trials that reponteore than one eligible time point, we did
not find multiple possible pooled SMDs due to theiterent time points.In 9 (47%) meta-
analyses we found variability in pooled SMD res#iten trial data of multiple measurement
scales used for the index outcariretwo meta-analyses, one trial in each meta-aiglys
reported data on more than one measurement scdteefmdex outcome, but this multiplicity
did not affect the pooled SMD resuft$?

Table 4 presents the variability of pooled SMD fssaccording to different sources of
multiplicity. We found that in 18 meta-analysesluting trials with multiple data reported

for any of the three sources evaluated. The mesterdard deviation was 0.11 (range 0.03 to
0.41), which corresponds to a median differencevéetn two randomly selected SMDs

within the same meta-analysis. The median differeawoss the 11 meta-analyses that
included trials with multiple data regarding intention groups was 0.05 standard deviation
units (range 0.01 to 0.23) between two randomlgcetl SMDs calculated from different
eligible intervention groups. The median standadation across 13 meta-analyses that
included trials with data on multiple eligible tirpeints was 0.06 (range 0.02 t 0.41) and
across 11 meta-analyses including trials that piexvidata of multiple measurement scale for

the index outcome was 0.09 (range 0.01 to 0.15).
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Figure 2 Monte Carlo distributions of possible pooled SMBfach meta-analysis. The dots below the
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multiplicity, and filled dots are trials with muticity.
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Source of multiplicity Number of meta-analyses Variability in SMD results
with multiple data across meta-analyses

(standard deviation [range])

Any source 18 of 19 (95%) 0.11 (0.03 t0 0.41)
Intervention groups 11 of 19 (58%) 0.05 (0.01 to 0.23)
Time points 13 of 19 (68%) 0.06 (0.02 to 0.41)
Measurement scales 11 of 19 (58%)

0.09 (0.01 to 0.15)

Table 4 Variability in meta-analyses results
Comment

In 17 out of 19 meta-analyses included in our stwy/found multiplicity of data in trial
reports in at least one trial, which frequentlyutesd in substantial variabilities of pooled
SMD results. The magnitude of impact of multipleéadia trial reports regarding intervention
groups, time points or measurement scales on nmetigiszes results varied considerably
across meta-analyses ranging from essentially padtto an impact of multiple data
corresponding to a small to moderate treatmentfli€aestandard deviation of 0.2 across
possible meta-analysis results). In our study weevable to estimate the impact of individual
sources of multiple data in trial reports on thdarenalyses results, enabling us to judge

whether the three different sources individuallpauted on the pooled SMD results.

We randomly selected Cochrane reviews in our studitherefore, included a broad
selection of interventions and outcomes that wepgessed as SMDs. The variability of
pooled SMD results due to multiple trial data dad seem to be particular for certain types of
interventions or outcomes, although it varied samsally across meta-analyses. To estimate
the impact of multiplicity on meta-analyses resulte randomly selected one SMD per trial
from a pool of eligible SMDs that were calculateahfi multiple data in trial reports with
equal probability. This process explores the magieitof what is possible due to multiple
reported data. However, there might be impliciesulegarding data-extraction within
specialties. For example reviewers might find thra scale is more commonly used, e.g.
Hamilton, than another and therefore select thasest possible. This unwritten hierarchy of
scales naturally reduces the perceived multiplidityt should be made explicit to enhance

transparency.
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We relied on published information in the trial ogfs. Our results are transparent as we
limited ourselves to published results. Howevelea@e reporting of outcomes in trig$2°
might have distorted our results: Positive, statdlly significant results are more likely to be
published than non-significant resuifdn the presence of publication bias we might have
underestimated the overall multiplicity. Our studynly able to provide an estimate of
multiplicity among published results. Effective rplicity might be even higher as published
and unpublished results are likely to be diffefeotn each other. Our study was only possible
because Cochrane Reviews are required to publkhgiotocols. We believe that for most
meta-analyses published outside the Cochrane libmarprotocol is availabf€and the

choice of multiple data possibly extracted is elagger than we observed in our study.

We examined three frequent sources of multiplioftgata in trial reports: time points,
intervention groups and measurement scales. Howtnere are other types of multiple data
in trial reports. For example, results might beorggd from different types of analyses:
intention-to-treat analyses might be reported adadegywith per-protocol analyses. We were
unable to explore this issue, because only fewuded trials provided results from more than
one analysis. For each meta-analysis we specifieddex outcome and could therefore not
examine the impact of the selection of differenicomes for the reliability of meta-analyses

results.

Our study provides an estimation of the extentiamghct of multiplicity of data in trial

reports on the results of meta-analyses. To ouwladge, our study is the first to show
empirically that reliability of meta-analyses rasuhight be compromised due to multiple

data on time points, measurement scales and imtowegroups provided in trial reports. We
have previously reported results from an obsergezeament study performed on a sample of
the meta-analyses included in this stGdye found that disagreements among observers were
common and often large, the main reasons for déssgent being: different choices (groups,
time points, scales and calculations) whether ¢tugte certain trials and data extraction

errors? A recent paper by Bender et al. describes thel@mobf multiple comparisons in
systematic review5sThe authors identified common reasons for multtiliin reviews, but

did not estimate the impact on the meta-analysalts’

Multiplicity due to selection of time points andogips is not unique to SMD; future research
could therefore be done into whether multiplicitycais an issue for effect measures like the
mean difference, for which the outcomes have tmbasured on the same scale, or binary

outcomes.
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The extent of multiplicity of data found in trigdports reflects the information provided in the
review protocols: A badly specified outcome in teeilew protocol will have led to a larger
extent of observed multiplicity for this outcometha precisely specified outcome in the
review protocol, if an equal amount of data is fdumthe reports of included trials. Some
might argue that data extraction for a meta-analgsdependent on what is reported in trials
and cannot be entirely specified in advance withkoatvledge of the included trials.
However, systematic reviewers are usually not cetepl unaware of the potentially included
trials at the protocol writing stage. In additieve argue that to minimise data-driven
selection of time points, measurement scales ervahtion groups included in the meta-
analyses, researchers should specify these dexigigrotocol stage. If amendments to the
protocol are indicated, these should be transpgreeiorted?® **Whether more detailed

protocols increase the reliability of meta-analysssilts remains to be shown.

Implications: This study demonstrates that multiplicity is a n@@blem, two solutions come
to mind: one might be to report and analyse evergtanother to make the protocols for
systematic reviews more detailed. The first sotupoesents two large challenges, first how
to interpret the results? If for example one saalke trial shows a positive effect of an
intervention and another scale in the same trialvsha negative effect. The other challenge is
that this approach would involve multiple testirffglee same outcome, as there would be
multiple comparisons involving the same outcom@aAsible way of dealing with observed
multiplicity could be a multivariate meta-analysascounting for correlations among
outcomes, time points and comparisons. The seadotian regarding more detailed

protocols would imply that reviewers specified whtane points, scales and groups to
consider and presented a hierarchy for scales emgbg. It is however difficult to foresee
everything in a protocol; this makes the obligatidnhe reporting to be clear of the
systematic so much greater. The reporting neediaw the reader to follow the process
leading to the results; this also includes desomgtof choices made during the data
extraction process. It is not possible to repodrgthing, so what really matters and what
issues are less important? Our study shows thatpiomts, scales and groups have an impact

on the results and therefore are important to tepor

As for randomised trials, systematic reviews shdwade a detailed protocol. Only Cochrane
reviews are required to have a published protdcalescriptive study performed by Moher et
al showed that only around ten percent of non-Caoadreviews stated working from a

|'30

protocol.”” As pointed out in the PRISMA statement, protocokadments should not

necessarily be considered inappropriate but shideficditely be acknowledged as such and

186



Article 6: Multiplicity of data in trial reports

published?® **Our study suggests that protocol amendmentslaly lio produce differences
in results und thus, protocol amendments shouldisuraged unless clearly justified.

Conclusions:Variability in meta-analyses results is substartigd to multiplicity in trial

reports paired with protocols lacking details digfinwhat time points, scales and treatment
groups ought to be included. Reviews are studygdesn their own right and reviewers
should anticipate multiplicity of data in trial r@ps and take this into account when writing
protocols. To enhance reliability of meta-analysssilts, we suggest that protocols should
clearly define time points to be extracted, giveexarchy of scales and clearly define eligible
treatment and control groups and give strategieldadling multiple groups. Clinical
judgment will be important to define at protocage, which time points and scales to be
included. Ideally, the choice of time points andles should be evidence based, but empirical
evidence for the most interesting time points ahéearchy of scales according to good

validity and responsiveness are rarely available.
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Abstract

Objective To examine how different methodological approachesh as funnel plots,
stratified analyses accompanied by interactiorstastl heterogeneity-adjusted trial sequential

analysis contribute to our understanding of biakianonclusive results in meta-analyses.

Methods We re-analysed the trials of intravenous magnesiuatute myocardial infarction
using funnel plots accompanied by tests for asymynanhalyses stratified for allocation

concealment and sample size, and heterogeneitgtadjtrial sequential analysis.

ResultsVisual inspection of funnel plots and regressioed suggested asymmetry at all
stages of the meta-analysis, but tests for funie¢lgsymmetry became statistically
significant only after the inclusion of LIMIT-2, ¢honly adequately sized trial at that time.
Differences in pooled effects between trials witll avithout allocation concealment and
between large and small trials were apparent,ftataction tests for allocation concealment
were positive only in fixed-effect meta-analyseshéterogeneity-adjusted trial sequential
analysis, the z-curve didn’t cross the boundarpteefS1S-4, a large scale trial in 58’050
patients, became available and the necessary iafmmsize of nearly 25 000 patients was
reached, suggesting that the results of both, randnd fixed-effect meta-analyses were

inconclusive.

ConclusionsFunnel plots with statistical tests of asymmestyatified analyses accompanied
by tests of interaction and heterogeneity-adjusiatisequential analyses will all contribute

to our understanding of which meta-analyses carohsidered conclusive.
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In 1991, a meta-analysis of 7 small-scale trialswwhvenous magnesium in a total of 1266
patients with suspected acute myocardial infardtoiicated a more than 50% reduction in
the risk of death associated with magnesium (refaisk 0.48, 95% CI 0.26 to 0.88) usuf

et al updated this meta-analysis in 19@8include LIMIT-22 at the time the only adequately
sized trial, with a power of 80% to detect a motketa large relative reduction in the risk of
death of 33% associated with magnesium. Basedtataleof 8 trials in 3617 patients with a
pooled relative risk of 0.59 (95% CI 0.38 to 0.9hg authors concluded that “intravenous
magnesium is a safe, effective, widely practicabiel inexpensive intervention that has the
potential of making an important impact on the nggmaent of patients with myocardial
infarction”. In 1995, ISIS-4 became availalla,large scale trial in 58,050 patients, which
had nearly 95% power to detect a small, but paéwnttlinically relevant reduction in the
relative risk of death of 10% associated with magma. 1S1S-4 clearly refuted the earlier
meta-analyses and showed a trend towards moresdedtie patients allocated to
magnesium, with the lower limit of the 95% confidennterval excluding any relevant
benefit of the intervention (relative risk 1.0598%1 0.99 to 1.12).

The case of magnesium in acute myocardial infamatast serious doubts on the
trustworthiness of meta-analyses. Which meta-aralygere conclusive and which were
likely to be refuted by subsequent large-scalésRidntrigued by the magnesium example,
Egger and Davey Smittsuggested in 1995 that funnel plots could have ised as a
diagnostic tool, in which estimates of treatmeffe&fobtained in trials included in the
magnesium meta-analysésre plotted against a measure of sample sizatstatal

precision, to detect bias associated with smalldtriin the absence of bias, the plot will
typically resemble a symmetrical inverted funneihathe results of smaller trials more widely
scattered than those of larger, more precise tifalblication bia§,and poor design,

execution and analysis of small triafeay result in skewed funnel plots. Visual inspatf
the funnel plot of magnesium trials and a formatistical test of its asymmetry indicated that

the funnel plot was clearly asymmetrical beforeSt@lbecame availabté.

In 1997, Pogue and YugUftook a different approach and suggested that pieliboks in
meta-analyses of randomised trials may be integdrgimilarly to interim looks in a single
trial. The problem of interim looks in a singleairivas originally addressed by Armitage

and Pocock by group sequential analysis. Lan and DeMeatgtended the suggested concept
with an alpha-spending function to allow flexibleplanned monitoring in a trial. They

introduced the cumulative z-curve modelled as aMBran motion and an alpha-spending
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function according to O’'Brien and Flemmiridor the construction of monitoring boundaries.
If a treatment effect larger than expected ocautsal should be terminated early when the
cumulative z-curve for this treatment effect crakgee constructed sequential monitoring
boundary. In early stages of a trial when datsspegse only very extreme results
corresponding to extreme z-values are accepteaditoate premature termination of a trial.
The monitoring boundaries become less stringeni@s data accumulate and the planned
sample size of the trial is approached. The samneiplte could be applied to meta-analyses
to determine when a meta-analysis is conclusivédy €xtreme results leading to z-values that
cross highly stringent boundaries should be acddptitle information was accrued in a
meta-analysis of few, small scale trials. Boundasieould become less stringent as more
information accumulate’s’ In a cumulative meta-analysis of ten magnesiuatstrPogue and
Yusuf found that the cumulative z-curve of the rmatalysis did not cross the specified
monitoring boundary for overall mortality and sugtgsl that the meta-analysis was not
conclusive® However, Egger et al identified 15 trials of masjoen in myocardial infarction
published before ISIS-4When based on all 15 trials, rather than theriafstselected by
Pogue and Yusuf, the meta-analysis crossed thetonimg boundary and became conclusive,
although the results were still contradicted byst&t** The approach failed to become widely

adopted.

Recently, Wetterslev et al coined the term “tredjgential analysis” for an extension of
Pogue and Yusuf's approach, which reflects an as@en uncertainty if heterogeneity
between trials is present in a meta-analysis.this issue, two articles by the same group use
trial sequential analysis to determine whetherltesii published meta-analyses in
neonatologyf and across different fieltfsare conclusive. Using trial sequential analyses,
which account for the observed heterogeneity betviieals, they find a substantial
proportion of published meta-analyses potentiaibonclusive. In both articlé§’ the
authors point out that trial sequential analysissdoot deal with systematic errors resulting
from the inclusion of flawed triatd and outcome reportingor publication biasé8and that
these sources of systematic errors should be apately examined using funnel plétand
analyses stratified according to methodologicalati@ristics of trials accompanied by

appropriate tests for interaction between triarabteristic and effect estimat&s.

Here, we re-analyse the trials of intravenous msignein acute myocardial infarction to
determine how the different diagnostic measuraséil plots, stratified analyses according
to methodological characteristics of trials ancehageneity-adjusted trial sequential analysis

— contribute to our understanding of bias and ictsive results at four stages of the meta-
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Figure 1 Funnel plots. Funnel plots are presented (A) for
trials published until 1991, before LIMIT-2 became
available; (B) until 1995, before ISIS-4 becameilatde;
(C) until 1995, including ISIS-4; and (D) up to 200
Dotted lines indicate predicted treatment effects
(regression line) from univariable meta-regres&igmusing
standard error as explanatory variable; dashed line
represent 95% CI. Regression lines are truncated at
standard errors typically found in adequately sizids
with sufficient power to detect a moderate to langjative
risk reduction of 30-40% (stages A and B) and at th
standard error found in the largest trial incluitethe
meta-analysis (stages C and D). P-values are defioen

Egger’s test for funnel plot asymmetry.

analysis: (A) trials available until 1991, befor®MIT-2,* (B) trials until 1995, before 1S1S%4
became available, (C) all trials until 1995, indhglISIS-4 and (D) all trials available to

date'*?*Figure 1 presents funnel plots of effect sizeshenhorizontal axis against their
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standard errors on the vertical axis, displayingrasetry as regression lines with 95%
confidence bands derived from predicting the trestineffect from univariable meta-
regression analysis with the standard error asxptnatory variablé* Visual inspection of
funnel plot and regression line suggest asymmetayl our stages A to D of the meta-
analysis, but Egger’s test for funnel plot asymyfétbecomes positive only at stage B, after
the inclusion of LIMIT-23 the only adequately sized trial at that time.ubsequent stages,
the shape of the funnel plot remains essentialbhanged and Egger’s test for asymmetry

positive, suggesting bias.

Randome-effects meta-analysis Fixed-effect meta-analysis
P-value for P-value for Heterogeneity

Number Number Relative risk Relative risk

of trials of patients (95% CI) interaction (95% CI) interaction I (%)
A. Until 1991, before LIMIT-2"4
Overall 13 2028 0.46 (0.32-0.65) 0.42 (0.30-0.59) 0.0
Concealment of allocation 0.99 0.89
Adequate 2 551 0.45 (0.20-1.02) 0.44 (0.20-0.98) 0.0
Inadequate or unclear 11 1477 0.45 (0.29-0.69) 0.41 (0.29-0.60) 10.7
Sample size - -
>=2200 patients 0 0 — — —
<2200 patients 13 2028 0.46 (0.32-0.65) 0.42 (0.30-0.59) 0.0
B. Uniil 1995, before 1515-4'
Overall 15 4559 0.48 (0.34-0.67) 0.57 (0.47-0.70) 30.6
Concealment of allocation 0.64 0.036
Adequate 4 2531 0.50 (0.28-0.91) 0.67 (0.52-0.85) 50.0
Inadequate or unclear 11 2028 0.45 (0.29-0.69) 0.41 (0.29-0.60) 10.7
Sample size 0.094 0.002
>=2200 patients 1 2316 0.76 (0.59-0.99) 0.76 (0.59-0.99) 0.0
<2200 patients 14 2243 0.43 (0.31-0.60) 0.39 (0.29-0.54) 0.0
C. Until 1995, including 1815-4"
Overall 16 62609 0.53 (0.38-0.75) 1.01 (0.95-1.06) 66.8
Concealment of allocation 0.25 <0.001
Adequate 5 60581 0.69 (0.46-1.03) 1.03 (0.97-1.09) 77.3
Inadequate or unclear 11 2028 0.45 (0.29-0.69) 0.41 (0.29-0.60) 10.7
Sample size 0.007 <0.001
= 2200 patients 2 60366 0.92 (0.67-1.26) 1.04 (0.98-1.10) 8§24
<2200 patients 14 2243 0.43 (0.31-0.60) 0.39 (0.29-0.54) 0.0
D. All trials"***
Overall 24 72920 0.65 (0.53-0.80) 0.98 (0.93-1.03) 65.8
Concealment of allocation 0.40 <0.001
Adequate 9 67945 0.80 (0.65-0.98) 1.02 (0.97-1.07) 71.7
Inadequate or unclear 15 4795 0.56 (0.43-0.74) 0.58 (0.47-0.71) 7.6
Sample size 0.001 <0.001
>=2200 patients 4 69758 0.89 (0.75-1.06) 1.01 (0.97-1.07) 83.0
<2200 patients 20 2982 0.42 (0.32-0.57) 0.39 (0.30-0.52) 0.0

Table 1 Stratified analyses

Results from stratified analysis according to allan concealment and sample size are presented fisdd-
and random-effects models including trials publisbatil 1991 and before LIMIT-2; until 1995 and bed
ISIS-4, until 1995 including I1SIS-4 and up to 20@4values for interaction between treatment effect trial

characteristics were derived using meta-regredsiorandom-effects models and z-tests for fixectetffimodels.
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Table 1 presents the results from correspondiragifsdd analyses according to concealment
of allocation and sample size. At stage A, stredifanalyses using a fixed-effect and a
random-effects models indicate no relevant diffeesrbetween trials with adequate
concealment and the remaining trials, whereas equaately sized trials with sample sizes of
> 2200 patients were available. At stage B, aftéII}2° became available, differences
become apparent between trials with and withouteaiment of allocation and between large
and small trials, but pooled effects are statifiticagnificant in all stratified analyses and
interaction tests are positive only in fixed-effewtta-analyses. With the inclusion of 1S1$-4,
the between trial heterogeneity becomes promifidrdrefore, random-effects models
attribute considerably more weight to smaller stsdhan fixed-effect models and results
from fixed-effect and random-effects meta-analysekiding all trials are discordant: there is
still a clinically relevant mortality reduction amaling to the random-effects, but a clear-cut
null-result according to the fixed-effect meta-aséd. Even in the presence of high between-
trial heterogeneity, random and fixed-effect mod#isw concordant results if stratified
according to trial size: no effect in adequatehesditrials and an unrealistically large
beneficial effect on overall mortality in smallals. Positive tests of interaction in both,
random and fixed-effect analyses indicate thateli$erences between adequately sized and
small trials are unlikely to have occurred by cleaane.

Figure 2 presents results from trial sequentialysmausing fixed-effect meta-analysis (top)
and random-effects meta-analysis (bottom). Theeathblorizontal line represents the
monitoring boundaries to be reached by the z-vafemeta-analysis to indicate that results
are conclusive before the number of 24,899 patisntsached, which is necessary to detect a
relative risk reduction of 15% with 80% power atv@-sideda of 0.01. The boundary
becomes less stringent with more patients accramagwill converge to a z-value of 2.58
corresponding to the-level of 0.01 indicating conclusive results wheiffisient numbers of
patients have been accumulated. Neither in randteunts, nor in fixed-effect meta-analyses,
the z-curve crosses the boundary before ISIS-4rbes@vailable and the necessary
information size of nearly 25,000 patients is reaktsuggesting that the results of both,
random and fixed-effect meta-analyses were incaiau After inclusion of ISIS-4,

however, results are conflicting: evidence of d affect according to the fixed-effect model,
but evidence of a benefit of magnesium accordinpéaandom-effects model, which
vanishes only after the analysis is restricteditdstwith adequate sample size (data available

on request).
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Figure 2 Heterogeneity-adjusted trial sequential analysis

Trial sequential analysis of trials of intravenenagnesium using fixed-effect (top) and
random-effects meta-analysis (bottom). The dasketical line indicates that the
number of patients necessary to detect a relasikeeduction of 15% with 80% power
ata=0.01 is 24 899 if a baseline risk of 10% and &tugeneity between trials of
12=30% are assumed. The dashed horizontal line repithe monitoring boundaries to
be reached by the z-value of a meta-analysis tgatelthat results are conclusive
before the necessary number of 24 899 patientaished. The boundary becomes less
stringent when more trials and patients are inauated will converge to a z-value of
2.58, corresponding to tleelevel of 0.01, to indicate conclusive results wiseifficient

numbers of patients are accumulated.

It is the overall pattern found in funnel plotgasified analyses, and heterogeneity-adjusted
trial sequential analysis, which provides a claariasight into the trustworthiness of the
different stages of the meta-analysis of magnesiuacute myocardial infarctioh? * %3 At

stage A, formal tests of funnel plot asymmetry ameraction tests accompanying stratified
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analyses were still negative due to a lack of poaed some would have concluded that the
evidence accumulated was unbiased and trustwdtligterogeneity-adjusted trial sequential
analysis unequivocally indicates, however, thateieence was inconclusive at this stage. At
stage B, trial sequential analysis suggests tladticumulated evidence is still unconvincing
when LIMIT-2® was included. In addition, the test for funnelt@eymmetry becomes

positive. At stages C and D, after the inclusiohSi6-4 heterogeneity-adjusted trial
sequential analyses of random-effects and fixeeceffmeta-analyses are discordant. Here,
the appropriately powered tests of funnel plot astny and tests of interaction between
sample size and treatment effect indicate thairitlesion of trials of inadequate size leads to

a severe distortion of results.

Egger and Davey Smith concluded in 1995 that “tesafl meta-analyses that are exclusively
based on small trials should be distrusted - efvfreicombined effect is statistically highly
significant. Several medium-sized trials of higlabjly seem necessary to render results
trustworthy.” These conclusions still hold in 2009. If approfeia used and interpreted,
funnel plots with formal statistical tests of asystny, stratified analyses accompanied by
tests of interaction and heterogeneity-adjusted sequential analyses will all contribute to

our understanding about when to consider a metysaga@onclusive.

Acknowledgments:We are grateful to Kristian Thorlund, Jarn Wettevshnd Christian
Gluud for help with trial sequential analysis o thagnesium trials and for stimulating

discussions.
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Discussion and outlook

This thesis suggests that flaws in the conductdmsign of randomised clinical trials and
meta-analyses frequently result in biased estin@tegatment benefits. Methodological trial
characteristics, including allocation concealmartt axclusions of randomised patients from
the analysis were associated with estimated tradtbenefits and may have biased results of
individual trials and meta-analyses. In additiana#l study effects made the interpretation of
results from several included meta-analyses ditfidine impact of these characteristics on
estimated treatment benefits in a specific situatvas unpredictable, however. | also
assessed the impact of methodological quality angpte size on the between-trial
heterogeneity by restricting meta-analyses tostrath high methodological quality or to
large trials. The variability between trials wagstantially reduced when meta-analyses were
restricted. In two additional studies, inter-obsgrvariation in data extraction and

multiplicity of outcome data presented in trial oejg frequently hampered the validity of
results in the studied meta-analyses. Monte Carlalations showed that disagreements
between different observers when extracting data firial reports and multiplicity of data in

trial reports resulted in a substantial variabilitypooled estimates of treatment benefit.

To my knowledge, this thesis provides the firsteystic examination of bias and variation
in randomised trials and meta-analyses of patiepbnted outcomes measured on a
continuous or rating scale, and of the impact oftiple choices in data extraction on the
validity of results from meta-analyses. Most presaneta-epidemiological studies have
concentrated on the associations of methodologiehlcharacteristics such as allocation
concealment, double-blinding and dropouts or exahsswith estimated treatment benefits
measured on an odds ratio scaléeta-epidemiological approaches were used intktgsis,
which allowed assessing the variability in effdntsween meta-analyses.

The thesis is based on information extracted frofliphed trial reports and depends on the
quality of reporting, which is generally Iof¥ The assessment of methodological
characteristics such as allocation concealmentdeplend more on the quality of reporting
than sample size of a trit}* Trial misclassification, if it is non-differentialvill result in an
underestimation of the true associations betwedhadelogical characteristics and treatment
benefits. However, low quality of reporting and Igwality of trial conduct are often
intertwined: faulty reporting may represent fautigthods’ ** Therefore, misclassification
might not be a frequent problem. Because this shedrased on published trial results, the

results will also be affected by selective repaytri outcomes and analyses. Selective
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reporting of different analyses, e.g. reportinglonges rather than absolute values, or
preferential reporting of more favourable per-poaicanalyses rather than more conservative
intention-to-treat analyses, might have affectedrésults in this study. | was unable to
disentangle bias resulting from selective reporing methodological quality. The variability
of meta-analyses results due to different obsemedsmultiple outcome data presented in
trial reports might have been underestimated. Theahmultiplicity might be even be more

pronounced if both, published and unpublished cutcdata had been available.

Meta-epidemiological studies are observational &ityire and the associations between
estimates of treatment benefits and methodologimalponents might be confounded by
several factors. In this-epidemiological study 801rials, confounding by disease and type
of intervention was minimised by a restriction tetaranalyses of osteoarthritis trials and by
stratification according to type of interventidfflaws in methodological conduct are likely to
cluster in trials and therefore, confounding byeté#nt methodological components was
controlled by stratification and reported as sérgitanalyses. Differences between trials
with and trials without adequate methodology (cahment of allocation, patient blinding and
intention-to-treat analysis) diminished or disappdaentirely after accounting for sample size
of the trials. Conversely, the association betwssnple size and treatment effects were
completely robust, when accounting for methodolaggomponents. Sample size of a trial
might therefore be the best single proxy for theglative impact of methodological
deficiencies, selective reporting and publicatiaasbAlternatively, smaller studies may be
more careful in implementing the intervention orynvaclude patients who are particularly
likely to benefit from the intervention, both asgseresulting in larger treatment effects and

true clinical heterogeneit/;*°

The results presented in this thesis have sevemications for researchers performing
randomised trials and meta-analyses. To avoid piatdnas, trialists should always ensure
adequate concealment of allocation and take measurainimise dropout rates, maximise
compliance and minimise missing outcome data. Bligaf patients is desirable and should
be attempted. Results from intention to treat asedyshould always be described in reports of
randomised trials. The CONSORT statement urgespieaent reporting of concealment of
allocation, measures taken to blind study partidipathe flow of participants through the
various stages of a trial including withdrawals éosbes to follow-up and the reasons for
exclusions from the analysi&*® Authors of reports of randomised trials shoulddial the

CONSORT statemett*®to ensure fully transparent reporting of methaus mesults.
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In systematic reviews and meta-analyses, a detar@dcol might improve the reliability of
results. Data extraction should be done by mone time observer, and should be based on
results from analyses including all randomisedgrasi, whenever possible. Results of meta-
analyses based on methodologically questionalalks should be distrusted. Even a meta-
analysis that includes a large number of patiezdashing the required information size to get
adequate powétshould be interpreted with caution, if mainly Isiat high risk of bias
contributed to the analysis, which may have distbresult€® The influence of allocation
concealment, patient blinding, exclusions formdhalysis, and sample size should be

routinely assessed in stratified analyses.

The Cochrane Collaboration now advocates repottiagisk of bias for each included
randomised trial in a Cochrane review by assesautigidual methodological components
such as sequence generation, allocation concealbiamting, incomplete outcome data and
selective reporting bias, which should help reatlefadge the extent of bias in the reported
meta-analysié’ Recently, Bayesian hierarchical models have besmussed to adjust
treatment effects in a meta-analysis for BfaBhese models use empirical prior information
about the extent and direction of bias in randochtsi@ls and meta-analyses. Meta-
epidemiological studies might provide informatitwat can be used to calculate bias-adjusted
treatment effects in meta-analy$égurther studies that disentangle the interplaywben
different dimensions of methodological quality willovide better understanding of the

underlying mechanisms.
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